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1.0 Introduction and Proposed Development

As requested by Peter Gribbon, RPF of British CdlianTimber Sales (BCTS) in Revelstoke, BC, Forsite
Consultants Ltd. (Forsite) has completed a Ter&ability Assessment (TSA) for TSL: A84538 Cutblsck
K68Q, K670, K671 and K672 in the Bigmouth Creekaa@proximately 90km north of Revelstoke, BC.

The four cutblocks are proposed for clearcut loggising a combination of cable and conventionaligdo
based methods. Several new spur roads are profmaedess the cutblocks.

Known elements at potential risk from a landslistiating within the proposed cutblocks or from the
proposed roads include: 1) the fisheries resouncBigmouth Creek (S1) and 2) the standing timbeat an
regenerating forest stand in the harvested cutbldokvnslope.

2.0 Rationale for the TSA

Requirements detailed in the Forest Planning amdtiees Regulation state that an authorized pendom
carries out a primary forest activity must ensina the primary forest activity does not causenadide that
has a material adverse effect in relation to onmore of the subjects listed in section 149 (B. @bjectives
set by government) of the Forest and Range Practice A primary forest activity is defined in thegulation
as:

1. timber harvesting;

2. silviculture treatments;

3. road construction, maintenance and deactivation.

In completion of the layout for thdevelopment, BCTS has identified sections of the proposed ¢inttarvest
areas and planned road construction on terrairhtihat slopes greater than 60%.

The objectives of this TSA are to:

1. Characterize the existing landslide hazard (teremid terrain stability conditions) in areas within,

adjacent to or connected to ttkevelopment area;

Evaluate the potential or existing effects of deeelopment on the terrain stability potential;

Determine the landslide hazard and potential effetthedevelopment on the identified elements at

risk (i.e. the resources); and

4. Recommend site-specific actions to reduce and/oragmthe landslide hazard and risk resulting from
the devel opment.

2.
3.

3.0 Limitations of the TSA

This TSA has been prepared in accordance with giyesccepted geotechnical practises in the British
Columbia forest industry and in general conformanith the “Guidelines for Terrain Stability Assessmbs in
the Forest Sectof” No other warranty, expressed or implied, is m&@aeneral observations are made on the
existing slope gradients, shape, morphology andgtweral stability. Information on the subsurfacd, s
groundwater and bedrock conditions are gatherem frand-dug test holes, bedrock outcrops, root ludlls
fallen trees and the cutslopes on the existinggaadhe surrounding area. No subsurface informatiom
deep test pits or drill holes was available.

! Aspects of forest management, existing and propastated to Planning and Operations.
2 Association of Professional Engineers and Geosstsrin British Columbia (APEGBC), 2003.
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The classification and identification of the typedacondition of the geological units present agggmental in
nature. Variations (even over short distances)rdrerent and are a function of natural processesiteé does
not represent or warrant that the conditions listethe report are exact and the user should réseghat
variations may exist. Sub-surface conditions ot those identified may be encountered, requign
review of the recommendations contained in thisrepvith amendments made as needed.

This report does not imply that a landslide wilt wacur following the proposedkvelopment. An estimate on
the likelihood (or probability) of occurrence ofspecific hazardous landslidee( the P(HJ) is given in
relation to the proposed activities. The magnitade runout of this landslide will be estimated whka
likelihood of occurrence exceeds very low.

The patrtial riski(e. the P(HA)) to the adjacent resources from theifipdmzardous landslide will be assessed
using methods described in the “Landslide Hazam Risk Case Studies in the Forest Sector” document
Partial risk is the product of the probability of occurrence of a specific hazardous landslide and the
probability of that landslide reaching or otherwise affecting the site occupied by a specific element.
Partial risk does not consider the vulnerabilityttod element(s), and therefore is not a compldimate of
risk. In practice, partial risk is usually the pratd type of analysis when little is known abdg vulnerability

of the element(s) or where an estimate of vulnétlis not required. For the purpose of this assgent only
the spatial probabilifywill be assessed and no analysis of the tempoohigbility’ will be undertaken. A risk
analysis will only be completed where the likelidoaf landslide occurrence exceeds low.

Elements included in the partial risk analysistase indicated on the mapping and materials peavizy the
client or coordinating registered professionaltfue proposed development. Additional elements nxist.dt

is the responsibility of the coordinating registerprofessional to review our assessment of langlslid
likelihood, runout and magnitude and determinenif additional elements may be impacted.

Where recommendations are given to reduce theHikad of landslide occurrence and/or mitigate iblk, the
residual rating (where given) applies only if thecommendations from this report are followed. The
acceptance of these recommendation86YS indicates a willingness to manage the risks toditvnslope
and/or downstream resourcég.(the elements at risk) associated with the occoe@f the specific hazardous
landslide.

4.0 Background Data and Fieldwork

The following aerial photographs were reviewed é&tednine terrain characteristics of the developnaszea
and to identify any specific terrain attributes fmdactivity of any geomorphic processes within adjacent
to the proposedevel opment that may be associated with existing or potemistability:

1) 30BCB92110 Nos. 110 to 112
2) 30BCB92110 Nos. 036 to 038

The following information was also referenced:

3 Probability of occurrence of a specific hazardemsislide.

4 Province of British Columbia, Ministry of Fores)04.

5 Spatial probability relates to the potential ddadslide to reach or otherwise affect the sitaupid by an element.

5 Temporal probability relates to the potential ahabile element, such as an occupant of a housenwsving vehicle, to be at the
affected site at the time the event occurs.
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1) Cruise Plan Map at a scale of 1:5000 provided hbgiteoConsultants Ltd.

2) Road traverse data provided by Forsite Consultadts

3) Deflection line profiles for selected deflectionds in this development.

4) Canadian Climate Normals available at http://wwimelte.weatheroffice.ec.gc.ca/climate_normals,
retrieved May 2008.

Fieldwork was completed on Septembel" &hd 13", 2008 by Rod Williams, P.Geo of Forsite. Field kor
involved foot traverses of potential areas of comagith respect to terrain stability in the propdseit blocks
and along the proposed road alignments. Field tiondiat the time of the assessment included cedrdry
weather, seasonally dry soil conditions, and niued snow.

5.0 General Site Description

The proposed development is located on southwgstcasslopes in the Bigmouth Creek watershed,
approximately 18km upstream of its confluence wlita Columbia River. The Bigmouth Creek watershed li
in the Selkirk Mountains physiographic region of B8edrock in the area is mapped as Upper Prot&rozo
coarse clastic sedimentary rocks of the Horsetbietk Group

The surficial materials encountered within the gtacea generally consist of sand and gravel tg silhd and
gravel till and glaciofluvial materials with abundacobble to boulder grade clasts. Localized depadisand
and gravel to boulder colluvium are also present.

The area is dissected by several S6 and S5 clabsifbutaries that flow within well incised draveguthwest
to Bigmouth Creek. It appears that these drawstadsbsnow avalanche events. Slopes vary from plarthe
upper portions of the cutblocks to concave throtinghlower slopes.

The development is located in the ICH biogeoclimatine with the upper portions of the blocks bardethe
ESSF zone. The climate in these areas is gendeaily severe with long cold wet winters with abamd
snowfall and warm to hot summers. Climate recdrds) the nearest available weather station (Gaidstr
River/Stitt Creek confluence approx 25km southratkevation of 700m) show an average annual predipn
of 1076.4mm, with 624.1mm, or 58% falling as raBimilar values are associated with the climateictat
located at Mica Creek (30km northwest, 580m asB40im/year total precipitation, 750mm falling am)a
suggesting these can be considered representatitteef development area.

The proposed cutblocks are bounded by existing dséed cutblocks south of K68Q and southwest
(downslope) of K672. The existing cutblocks appeanave been harvested using ground based methbds.
slopes in these cutblocks range from gentle to matelly steep with maximum gradients of 60 to 65%ngl
the upper boundaries. No post harvest landslides mated within these cutblocks during the fieldiea.

Several post harvesting landslides were observedglthe field review on steep slopes adjacentufisiope)

a cutblock to the north of K671. These slides aéd on steep slopes directly upslope of the ccithio a

burnt area, likely an escape of a slash fire wittiie cutblock. These slides are classified as @hall
translational open slope failures in a veneer ofisand gravel material overlying bedrock. The didan out
approximately 60m to flat gradient slopes in thtbtack downslope.

! Province of British Columbia, Ministry of Energy,iivs, and Petroleum Resources BCGS Geology Map.
http://webmap.em.gov.bc.ca/mapplace/minpot/bcgstchucessed February 2009.)
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6.0 Proposed Harvesting - Discussion, Results and R ecommendations

6.1 Cutblock K68Q

Cutblock K68Q is approximately 33 ha in size andrigposed for clear cut harvesting using cableiggrend
ground based methods. The cutblock extent is ldrig steep terrain of a large incised draw to their the
riparian area of Stream A (S6) to the south, anghite that is out of deflection for cable yardimgthe west
(refer to Figure 2).

The proposed Branch 17.6 Road switchbacks up thrdiug cutblock on gentle to moderately steep gradie
slopes. Two stub spurs are proposed off of the &rel third switchbacks within the cutblock. Gemhera
construction recommendations and specific recomat@s by chainage for these roads are contained in
Section 7.

The cutblock occupies primarily southwest aspegpest of a broad ridge. The northern falling boupdar
between approximately FC 19 and FC 11 is situaladgaa prominent break from moderately steep tepste
gradient west to southwest aspect slopes in theebarea to north aspect steep to very steep ssipme
greater than 80%) of the incised draw to the nofthe majority of the slopes within the harvest aaea
moderately steep (i.e. 50 to 65%). Moderate gradstopes (i.e. less than 50%) are present in thEeup
portion of the cutblock and in the lower portiontbé cutblock, downslope of the road between tret &ind
second switchback. A short pitch of steep gradiergin (i.e. greater than 70%) is present betvitkerroad
segments prior to and past the second switchbdwsel steep gradient slopes extend for approxima@glyn

to moderate gradient slopes at the lower road imtaSteep gradient slopes that appear bedrockaitmut are
present upslope and downslope of the Br 17.6 E. sthe slopes below the spur have an overall concave
profile and decrease to moderately steep (i.e. 6&%hin 100m downslope. The southern falling bouyda
follows a broad draw containing Stream A (S6). Shlape break from the slopes within the harvest toydéhe
incised draw varies form a gradual roll in the uppertion of the cutblock to a distinct escarpm&lope and
associated terrace in the vicinity of FC 4.

The harvest plan map indicates that the cutblodkbei harvested using a combination of cable arudig
based methods. Currently the upper portion of thiblock and the lower slopes between the lowerchiviick
on the Branch 17.6 road are proposed for grounddoamethods (see Figure 2). It is likely that additil areas
of moderate to moderately steep gradient terraip aso be harvested by ground based methods; hoytbee
steep gradient slopes upslope and downslope ofcBrai.6E are not suitable for ground based methbds.
areas of the cutblock currently proposed for célalsed harvesting are harvested by ground baseadsesii
trails must be rehabilitated as recommended below.

Surficial materials on the slopes within the cutisl@enerally consist of a thick blanket of loosedemse (at
depth) silty sand and gravel to sand and gravehnitl glaciofluvial materials. These materials gemerally
moderately well to well drained. Poor or imperfdcainage is encountered in swales, at toe-slogeeitech
transitions and in areas where convergent slopewetdrate drainage. Subsurface drainage may be
concentrated at the contact between looser, santitgrials at the surface (glaciofluvial and wegabtill)

and more compact, finer grained underlying material
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Flguré 2A copy of the Harvest Plan map for the proposetdlouk K68Q. North is to the top of the page and
the original map scale was 1:5000. The traverseensulepicted by the red dashed line.

Results

Within the majority of the cutblock the proposedntesting is expected to result inlaw likelihood®of
landslide initiation and any landslides that ddi@té will have a low runout potential (i.e. geribréess than
100m). Several areas of the cutblock with a paadipthigher likelihood of landslide initiation aral/potential
for increased runout are discussed in the folloveiactions.

Although the likelihood of a landslide within or downslope of this cutblock following the proposed
harvesting is determined to be low, to reduce the giential for impact on natural hillslope runoff
patterns it is recommended that within the areas ware ground based harvesting occurs and where

8 A low likelihood means that the likelihood of a landslide is remote over the lifetime of the proposed development. Quantitatively the
probability of a landslide is estimated as 1/1000 to 1/2500 annual probability [P(H).] and a long term 20 year probability [P(H).] of 0.02 to
0.01.
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backspar trails are required to facilitate cable havesting, bladed or scoured trails should be
rehabilitated upon completion of harvesting operatbns, typically by recontouring excavated/bladed
sections and restoring pre-existing drainage pathwe by ensuring no excess soil or logging debris is
blocking them.

6.1.1 The steep gradient slopes present downslope of Branch 17.6E
Discussion

From approximately 0+110 on DL 5 north to cruisetdl13 the slope gradients are steep (i.e. 65 %) &hnd
the surficial materials are assessed as moderatlyto imperfectly drained. Several areas of sgepare
present as well as several leaning or jack-stravesldr trees. The steep gradient slopes transipisiope to
steeper bedrock slopes directly downslope of Brai®tBE. Slopes gradients decrease downslope toratede
gradient slopes at the lower falling boundary. 8opreak over below the falling boundary into theised
draw of Stream 1 (S5).

The surficial materials present on this slope &insf veneer to thin blanket of sand and gravelugalm
and/or till with organic accumulations. The leaninges on this slope may indicate localized s@kprand/or
decreased rooting strength in the areas of higliem®isture.

Stream 1 flows within a well incised draw downslogfethis area of the cutblock. The stream gradesnt
measured off of 20m TRIM contours is approximat28f6, decreasing to 15% in the fish bearing reach
adjacent to Bigmouth Creek approximately 400m ddoyes

Results

Results from this TSA conclude that there is armesed high likelihood® of post harvesting landslide
occurrencewithin this area of Cutblock K68Q following thegmosed harvesting. This rating is based on:

@ The potential for imperfectly drained soils in thi®a of the cutblock; and
(i) The steep gradient slopes

A landslide initiating on the steeper slopes witthiis area of the cutblock following the proposeaesting
would likely be in the form of a small open slogglure with an estimated magnitude of 50 to 5804
landslide of this magnitude would be expected titgate on the moderate slopes near the lowemngglli
boundary but could run out to Stream 1 (i.e. th®:IR) is estimated as moderate). A landslide impgdiis
stream would not likely result in a debris flow aveue to the relatively low gradient; however,iseht and
debris that is delivered to the stream would likedytransported to the fish bearing reach durihigh flow
event.

Resources that would be impacted by a landslidei®imagnitude and runout include:

1. The soils and timber resources on the slopes wihith downslope of the cutblock. The partial risk
(i.e. the P(S:HY) to this resource is estimated as very high.
The water quality in Stream 1 (non fish bearind)e Partial risk to this resource is estimated gh.hi

2.
3. The fisheries resource in Bigmouth Creek. The ghrisk to this resource is estimated as high.

° A high likelihood means that a landslide is probable over the life of the development. Quantitatively the probability of a landslide is
estimated as 1/20 to 1/100 annual probability [P(H).] and a long term 20 year probability [P(H)2] of 0.64 to 0.18

12 p(S:H) The probability that there will be a spatial effect, given that a specific hazardous landslide occurs. The probability that the
landslide will reach the resource.
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Recommendations

1. These slopes must be harvested by cable based methoThis area is not suitable for winter or
summer ground based harvesting (i.e. cat logging).

2. Adequate deflection must be maintained during harvsting to maintain lift and prevent
excessive ground lead.

Successful implementation of these recommendatigihseduce the likelihood of a post harvestingdalide
on these slopes to moderate

6.1.2 The steep gradient slopes present downslope of the falling boundary between FC5 and FC3
Discussion

Between FC 5 and FC 3 the falling boundary is s#tti@adjacent to the break from moderate slopesmitie
cutblock to the steep escarpment slope of StreahA.escarpment slope ranges from 30 to 60m irthesmd
the falling boundary has been located up to 10mndbepe of the break effectively feathering the edfjthe
cutblock. The escarpment slope is dissected byosharaws, some of which contained seepage. Thegosexd
harvest area is situated on a gentle over stegfolan with respect to the steep gradient slopeshef
escarpment slope below.

The surficial materials present on this slope ainsi veneer to blanket of loose to medium densel sand
gravel glaciofluvial materials and/or till. Thesat@rials are expected to be well drained.

Stream A flows within a well incised draw downslopkthis area of the cutblock. The stream gradasnt
measured off of TRIM and from field observationsaisproximately 35%, decreasing to 15% in the fish
bearing reach adjacent to Bigmouth Creek approxiya®00m downslope. The stream flows within a
confined draw down to the lower gradient reach.

Results

Results from this TSA conclude that there is amegedmoderate likelihood of post harvesting landslide
occurrence on the escarpment slope downslope of this are€uiblock K68Q following the proposed
harvesting. This rating is based on:

0] The steep gradient slopes

(i) The potential for the proposed harvesting to rasu#t drainage concentration or alteration on the
terrain downslope.

A gentle over steep landslide initiating withingtdrea following the proposed harvesting wouldlyikee in
the form of a small open slope failure with an restied magnitude of 50 to 508mA landslide of this
magnitude would be expected to terminate on theemate slopes in the invert of the draw of StreamA.
portion of the mobilized sediment and debris wdikdly impact the channel (i.e. the P(S:H) is estied as
high). A landslide impacting this stream would tikely result in a debris flow event due to theatélely low

A moderate likelihood means that a landslide is not likely, but possible  over the life of the proposed development. Quantitatively the
probability of a landslide is estimated as 1/200 to 1/500 annual probability [P(H).] and a long term 20 year probability [P(H)2o] of 0.10 to
0.04.
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channel gradient; however, sediment and debrisishdé¢livered to the stream would likely be trarsgad to
the fish bearing reach during a high flow event.

Resources that would be impacted by a landslidei®imagnitude and runout include:

1. The soils and timber resources on the slopes wahith downslope of the cutblock. The partial risk
(i.e. the P(S:H)) to this resource is estimatethaderate.

2. The water quality in Stream A (non fish bearing)eTpartial risk to this resource is estimated gh.hi

3. The fisheries resource in Bigmouth Creek. The glariik to this resource is estimated as moderate.

Recommendations

1. Bladed or scoured trails associated with skidding r&d log forwarding in this section of the
cutblock must be rehabilitated upon completion of krvesting operations, typically by
recontouring excavated/bladed sections and restorin pre-existing drainage pathways by
ensuring no excess soil or logging debris is bloclg them.

2. Drainage structures on the proposed road upslope othis area must be spaced so that the
catchment areas of the draws downslope are not sidicantly increased.

6.2 Cutblock K672

Discussion

Cutblock K672 is approximately 25 ha in size angbrigposed for clear cut harvesting using cableiggrd
methods. The cutblock extent is limited by steapate upslope, an existing cutblock downslope anid i
flanked by well defined stream draws (refer to FégB).

The proposed Branch 17.6A and Branch 17.6D roalgpwavide access and facilitate yarding. Thesalsoa
are generally situated on moderately steep (i.¢05%5%) slopes. General construction recommenuaémd
specific recommendations by chainage for thesesraasl contained in Section 7.

The cutblock occupies primarily southwest aspece fanit slopes. The slopes are broken or benchdein
upper northeast corner of the cutblock becomingigdit to slightly concave in the lower portion. The
southeast corner of the cutblock contains unifatmgight to concave slopes. The slope gradientgexerally
moderately steep (i.e. 55 to 65%) with steeperigradslopes present in the southeast (upper) cofrier
benched slopes in the northeast corner are oveaalerate (i.e. less than 50%).

The face unit slopes are dissected by several pearhigully-like draws. These features are eithgradrhave
small S6 streams or NCDs in them (i.e. Stream Ba®t 4, NCD 5 and Stream 1). The gullies are iné¢eg
to be relic features formed during deglaciation areino longer active. However, if an open slofdarawere
to initiate in the cutblock and enter one of thdligsi the gradient and confinement would extendrthut of
a landslide event. The headwall areas of the gutia be expected to have seepage and higher cistlune.
The gullies diminish on the moderate gradient sdapehe cutblock downslope.

Surficial materials on the slopes within the cutisl@enerally consist of a thick blanket of loosedemse (at
depth) silty sand and gravel to sand and gravehnitl glaciofluvial materials. These materials gemerally
moderately well to well drained. Poor or imperfdcainage is encountered in swales, at toe-slogeeitech
transitions and in areas where convergent slopewetdrate drainage. Subsurface drainage may be
concentrated at the contact between looser, santitgrials at the surface (glaciofluvial and wegabltill)
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and more compact, finer grained underlying material
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Figure 3 A copy of the Harvest Plan map for the proposeatllook K672. North is to the top of the page and
the original map scale was 1:5000. The traverseensulepicted by the red dashed line.
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Results

Results from this TSA conclude that there is annmesed low likelihood of post harvesting landslide
occurrencewithin Cutblock K672 following the proposed hartieg. This rating is based on:

0] The well drained nature of the surficial mater@lerlying the steeper slopes in the cutblock

A landslide initiating on the steeper slopes witthiis cutblock following the proposed harvestinguablikely
be in the form of a small open slope failure withestimated magnitude of 50 to 500mandslides of this
magnitude would be expected to terminate on geatlmoderate slopes within the lower cutblock ate&s
very unlikely that a landslide would reach the #ris road downslope or Bigmouth Creek (i.e. the:RSs
estimated as low).
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Recommendations

1. Minor ground based harvesting may occur immediately adjacent to the proposed road
locations; however, the majority of the cutblock isnot suitable for winter or summer ground
based harvesting (i.e. cat logging) and must be hagsted by cable based methods as proposed.

2. Bladed or scoured trails associated with backsparsr log forwarding (adjacent to the road
locations) must be rehabilitated upon completion ofharvesting operations, typically by
recontouring excavated/bladed sections and restonn pre-existing drainage pathways by
ensuring no excess soil or logging debris is blocig them.

6.3 Cutblock K670

Discussion

Cutblock K670 is approximately 32 ha in size angbrigposed for clear cut harvesting using cableiggrd
methods in the upper portion of the cutblock anougd based methods on the lower slopes. The clitbloc
extent is limited by steep terrain upslope, thetixj road and riparian area of Bigmouth Creek ddape and

it is flanked by well defined stream draws (refeFigure 4).

The proposed Branch 17.6A road will provide accasd facilitate yarding in the upper portion of the
cutblock. This road is situated on moderately steegteep (i.e. 50 to 75%) slopes. General consbruc
recommendations and specific recommendations bpage for this road are contained in Section 7.

The cutblock occupies primarily southwest aspece fanit slopes. A prominent ridge is present in the
northeast portion of the cutblock. The ridge peifslla large avalanche chute and appears to be dkedro
controlled. Slope gradients are steep (i.e. up5#)7on the sides of the ridge and lead down toldker
valley bottom slopes. Coarse colluvium depositpédrthe ridge. The upper portion of the cutblocktamrs
moderately steep to steep gradient slopes (i.¢0 60%). The slope profile is straight transitignito convex

at the location of the proposed Branch 17.6A Rddaterately steep (60 to 70%) gradient slopes caetiior
approximately 120m downslope of the proposed BratweBA Road and then transition to moderate gradien
valley bottom slopes in the lower portion of thebtock.

One prominent gully (see Figure 4) extends dowa the cutblock area from the steep terrain upstipbe
cutblock. This gully had very little vegetationtime lower reaches and led down to a fan-like déposil area
with primarily deciduous (cottonwood) stems. Thédlygis timbered further upslope. It is likely thte lower
reach experiences frequent snow accumulation arall swalanche events. Two additional gullies extend
down to the upper falling boundary near FC 13 a@d18. These features are bedrock controlled wibkpst
bedrock sidewalls. A less pronounced fan or compmsidonal area is found at the base of these tfestu

Surficial materials on the slopes within the cutisl@enerally consist of a thick blanket of loosedemse (at
depth) silty sand and gravel to sand and gravehnitl glaciofluvial materials. These materials gemerally
moderately well to well drained. Poor or imperfdcainage is encountered in swales, at toe-slogeeitech
transitions and in areas where convergent slopewetdrate drainage. Subsurface drainage may be
concentrated at the contact between looser, santitgrials at the surface (glaciofluvial and weggbtill)

and more compact, finer grained underlying material
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Figure 4 A copy of the Harvest Plan map for the proposeatiloak K670. North is to the top of the page and
the original map scale was 1:5000. The traverstensudepicted by the red dashed line.

180

NPBR N\ L/ R, = il oo3

Results

Results from this TSA conclude that there is anmeded low likelihood of post harvesting landslide
occurrencewithin Cutblock K670 following the proposed hartieg. This rating is based on:

@ The well drained nature of the surficial mater@alerlying the steeper slopes in the cutblock

A landslide initiating on the steeper slopes witthiis cutblock following the proposed harvestinguwablikely
be in the form of a small open slope failure withestimated magnitude of 50 to 500rmandslides of this
magnitude would be expected to terminate on geatlmoderate slopes within the lower cutblock ateés
very unlikely that a landslide would reach the #ngs road downslope or Bigmouth Creek (i.e. the:R|Ss
estimated as low).

Recommendations

1. Minor ground based harvesting may occur immediatelyadjacent to the proposed and existing
road locations and on moderate to moderately steeplopes (<55%) in addition to those areas
presently proposed for ground based harvesting; hoever, the majority of the proposed cable
ground in this cutblock is not suitable for winter or summer ground based harvesting (i.e. cat
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logging) and must be harvested by cable based mettoas proposed.

2. Bladed or scoured trails associated with backsparer log forwarding (in the areas described
above) must be rehabilitated upon completion of hatesting operations, typically by
recontouring excavated/bladed sections and restonn pre-existing drainage pathways by
ensuring no excess soil or logging debris is blocig them.

6.3 Cutblock K671

Discussion

Cutblock K671 is approximately 31 ha in size angbrigposed for clear cut harvesting using cableiggrd
methods in the upper portion of the cutblock anougd based methods on the lower slopes. The cltbloc
extent is limited by steep terrain upslope, adjadecised draws and riparian areas and existingdsing
(refer to Figure 5). The cutblock was not specifjicassessed during the fieldwork component of T8 as
the office component concluded that it occupiesnprily gentle to moderate gradient slopes. Thetiaxgjs
Branch 17.6 road in the southern unit of the cutblas traversed when accessing the other cutbladkss
development and no stability concerns were idematifiy the author.

The proposed Branch 17.4 road will provide acceskfacilitate yarding in the upper portion of therthern
unit of the cutblock. This road is situated on ¢gegradient slopes suitable for conventional cut fith road
construction.

The cutblock occupies primarily southwest aspeeelovalley sidewall and valley bottom slopes. Tiparian

area of Streams S6-2 and S2-1 separate the nodhdrsouthern units of the cutblock. The southerih ig

generally situated on gentle to moderate gradiepies with moderately steep (to 60%) gradient $dpehe
cable portion. The northern unit is generally giddaon gentle gradient slopes (i.e. less than 3&i¥h)a short
moderately steep gradient (i.e. 65 to 75%) pitcth@tupper end of the cutblock. The moderatelypsteesteep
gradient slope is less than 100m long.

Surficial materials on the slopes within the cutisl@enerally consist of a thick blanket of loosedemse (at
depth) silty sand and gravel to sand and gravehnitl glaciofluvial materials. These materials gemerally
moderately well to well drained. Poor or imperfdcainage is encountered in swales, at toe-slogeeitech
transitions and in areas where convergent slopesetdrate drainage.

Results

Results from this TSA conclude that there is annmesed low likelihood of post harvesting landslide
occurrencewithin Cutblock K671 following the proposed hartieg. This rating is based on:

0] The well drained nature of the surficial mater@lerlying the steeper slopes in the cutblock

A landslide initiating on the steeper slopes witthiis cutblock following the proposed harvestinguablikely
be in the form of a small open slope failure withestimated magnitude of 50 to 500mandslides of this
magnitude would be expected to terminate on geatlmoderate slopes within the lower cutblock ate&s
very unlikely that a landslide would reach the g road downslope, Bigmouth Creek or one of tmalker
tributary streams that dissect the cutblock (he.R(S:H) is estimated as low).
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Figure 5A copyrof Ithe Harvest Plan map for the proposetloak K671. North is to the tob of the page anddfiginal
map scale was 1:5000. The traverse route is dejpligtehe red dashed line.

Recommendations

1. Bladed or scoured trails associated with backsparsr log forwarding must be rehabilitated
upon completion of harvesting operations, typicallyby recontouring excavated/bladed sections
and restoring pre-existing drainage pathways by enging no excess soil or logging debris is
blocking them.

2. The steep gradient slopes in the northern unit, upspe of a line between FC 5 and FC 12 are not
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suitable for winter or summer ground based harvestig (i.e. cat logging) and must be harvested
by cable based methods as proposed.

7.0 Proposed Roads - Discussion, Results and Recomm  endations

Several roads are proposed to access this devehbpiitee Branch 17.6, Branch 17.6 A, Branch 17.60] a
Branch 17.6E roads were reviewed as part of théesasnent. These roads generally traverse moderate t
moderately steep gradient terrain with isolatediges located on steep gradient (i.e. greater #@) slopes.

To our knowledge the roads are proposed as perrhageass structures that will be maintained foltayvi
harvesting. If the roads will not be maintainedytimeust be deactivated concurrently with the coniqbebf
harvesting.

7.1 Anticipated Soil and Bedrock Conditions

Observations made during the fieldwork for the TS8&ygest that the following subsurface conditiorsufh
be encountered during road construction:

1. The majority of the road excavation will occur vittthick blanket (>2m deep) deposits of medium
dense to dense silty sand and gravel colluviumaanill and till derived colluvium with common
boulders (0.5-1.0m) and occasional large bould&ns+). These materials are generally well drained.
Poor or imperfect drainage may be encountered alesyat toe-slope to bench transitions and insarea
where convergent slopes concentrate drainage. 8absurainage may be concentrated at the contact
between looser, sandier materials at the surfdeei¢fuvial and weathered till) and more compact,
finer grained underlying material.

2. The local bedrock, where encountered, is expeciéd thighly variable in strength and friability. to
is expected to be rippable, although some blastivay be required. Surface bedrock was only
encountered in isolated locations but can be erpgeah the upper slopes of K68Q, K670 and K672
and in the prominent ridges.

When adverse sub-surface conditions that differ frm those described above or detailed in Tables 7.4 t
7.3 are encountered in the cutslope excavation, thread crew should notify BCTS personnel so that
sufficient detail can be collected and forwarded tothe project geoscientist. Upon review of the
information the excavation recommendations conthineSection 7.3 may be amended.

7.2 Seepage Conditions

Surficial materials within the study area appedrdovell drained, however indicators of significanbsurface
flow are suggestive that seepage emergence fragh fnets should be anticipated during road construain
the lower slopes and possibly within draws.

7.3 Cutslope Excavation Recommendations

The till and colluvial materials expected to be @mtered during construction should generally beaeated
at a slope angle of 1V to 1.5H. Where the lagdess than 2 m thick and sideslopes are moderstedy or
steep the angle may be increased to 1V to 1H. I&hgs may ravel or slough at this angle wherebyiraty
seasonal maintenance of the ditchlines. If mire@page is encountered in this layer in the exaavathis
slope angle may have to be reduced. If considersddpage (i.e. a spring) is encountered in thevaiioa
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and/or slumping of the exposed soils occurs dudogstruction, road building activities at thesealins
should cease and the project geoscientist shoutdtacted for further direction.

The overall design cutslope in bedrock should beteeper than 4V to 1H. This is a design angke atttual
bedrock cutslope could be steeper in isolated atepsnding on natural joints or fractures in thekrand how
the rock breaks. During excavation the road crewstrdo visual inspections and check scale the dlafter
every blast (using the excavation equipment). Gansbn inspections by the project geoscientist @ty

required if the road crew notes the formation ofvragen fractures, or the formation of detached kdabat
cannot be scaled down. During road constructiomkers must not pass directly between the cutslape &nd
the excavation equipment and no equipment shoulddsking above the crest of the cutslope while veosk
or other equipment are located below.

7.4 Road Prism Recommendations

Construction on moderately steep to steep gradérdin (>65%) will generally require full benchtauith

some areas of ¥ bench. Where % bench cuts areripessthe fillslope must be constructed of plased
keyed-in coarse angular rock or compacted sandyemckl mineral soils. This material must be plaopdn
an excavated, blasted or natural bench at leaswizim and flat or slightly out-sloped. The bench s
founded in bedrock or competent (undisturbed) naingwils. If natural benches are not present acdwation
or blasting of a bench is not achievable the ra@hpshould be shifted into a full bench cut. Tteced rock
fill should be designed and constructed at an anglsteeper than 1V to 1H. Placed and compactatutar
material should be designed and constructed ahgle ao steeper than 1V to 1.5H. The slope lenftheofill

should be restricted to the reach of the excauat@nsure that the material can be carefully plakeged in
and compacted where applicable.

Road subgrade material should not be placed onrawateened or saturated slopes (isbopes where
considerable seepage and/or significant hydrophltats are present). All water softened matehalutd be
excavated to expose the compact till materialsara#drock. Unsuitable material will have to beikga in
lower slope areas and not incorporated into thesstral road prism.

7.5 Road Drainage Recommendations

Cross drain culverts are indicated in the traversies for this road where the road crosses S6nssreand
NCDs. Additional cross drain culverts may be reggito reduce the potential for drainage concdotrdiy
the road.

The following Tables 7.1 to 7.3 contain site desgtions, a partial risk analysis, and construction
recommendations for the assessed sections of theposed roads.

The Branch 17.6E road will require full bench cut with endhaul construction along the majority of the
alignment due to its location on a steep gradientdge. It is anticipated that most of the cut will @cur in
competent rock.
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Table 7.1 Branch 17.6 Road — Summary of Observat ions, Risk Analysis, and Construction Recommendati ons
Road Section Terrain Characteristics Road Construction Recommendations
Start End Estimated Landslide Likelihood Elements at Risk and | Partial Risk Residual
12 Ay .13 14
AP A Surficial Materials and Slope Morphology | Bedrock | Drainage R GUR LIRS S pliey FEEA) P(HA) Bench E?o(j)i;%ul Construction Recommendations and Design Cut and FiAngles e P
Depth
Road alignment switchbacks up through
existing cutblock on 45 to 55% slopes. Cut and fill construction
Road follows old trails for portions of the Low Small to medium Ensure adequate cross drain culverts are installeth reduce the
alignment. (<500 fill slope potential for drainage concentration and diversion.
0+000 | 1+549| Deep deposits of silty sand and gravel till 1-3m Well failure. runout IiF;nited b NA NA %3 0 Low
transitioning to a thin blanket to veneer of till moder’ate radient slo )é t: 70% in silty sand and gravel till and/or ceium
overlying a gently sloping bedrock surface on 9 P 400% in bedrock
the upper slopes. 70% for sidecast fill of local material
Surficial materials are loose to dense at depth
Town approach to large draw at 1+576
Steep gradient (80 to 90%) sidewall slopes Full bench cut with endhaul from approximately 1+54 to 1+560
extend 15 to 20m upslope of the alignment Transition to fillslope construction at approximatey 1+560 with full
and 10 to 20m downslope. Hiah Small to medium fill road prism by 1+570.
Expect deep deposit of silty sand till with g ' . . . Construct keyed in rock fill in the draw and install 1200mm culvert
organic enriched imperfectly drained upper (<250n) fil slope or Fisheries resource in Maximize fill truction to red ired cut
14549 | 14576 98 P y PP 1-3m Imperfect | cutslope failure, potential Bigmouth Creek Moderate Full 100% aximize Tiif construction to reduce required cut. . Low
horizon. Ensure fill is not placed on water softened or satated material.
for runout to Stream A | Low
Slope breaks over to 35% above the road. downslope
Stream channel is 3m wide by 0.2m deep 4t pe. t: 100% in silty sand and gravel till
HWM. 400% in bedrock
25 to 35% gradient 100% for keyed in rock fill
Likely snow avalanche path
Woods approach to large draw % to % bench construction with keyed in rock fills
Moderately steep gradient slopes Hiah Small to medium If significant seepage is encountered the cutslopell likely require
Slight bowl, possible old draw sidewall (<250ma,) cutslope Fisheries resource in y sloping back and armouring with coarse rock to redge potential for
slump i . - - 210 o slumping.
1+576 | 1+638 Expect significant seepage in cut. 1-3m Imperfect frilrl::)rl?{ tp())o;etpetgrlnf(;r Ecl)%vmouth Creek Moderate 3, 50% Low
Expect deep deposit of silty sand till with downslone t: 70% in silty sand and gravel till and/or ceiim
organic enriched imperfectly drained upper pe- 400% in bedrock
horizon. 70% for sidecast fill of local material
Cut and fill construction
Road alignment switchbacks up through Ensure adequate cross drain culverts are installeth avoid altering
proposed cutblock on generally 45 to 55% Low Sr;?all to medium natural drainage patterns to escarpment slope dowigpe of 2+050 to
slopes. i (<500m) fill slope 1 2+310
1+638 | 2+409 Deep deposits of silty sand and gravel till and 1-3m well failure, runout limited by NA NA 72 0 Low
glaciofluvial materials moderate gradient slopes t: 70% in silty sand and gravel till and/or ceium
Surficial materials are loose to dense at depth 400% in bedrock
70% for sidecast fill of local material
Soil and timber resources
on terrain downslope (les s .
M . . . Moderate Small to than 0.1 hectare . ¥ Bench cut construction
oderately steep gradient straight to slightly medium (<2507 fill disturbance) High
convex uniform slope . . : 3
2+409 | 2+599 Sand and gravel glaciofluvial materials, likely 2-3m well f:;%%itfi”u:gllpsoéﬁqnpc?l for High % 50-75 t: 100% in sand and gravel materials Low
overlying denser till. moderatg slopes below | Fisheries resource in Low 400% in bedrock
P : Fill: 70% to 100% for keyed in coarse rock or cacied sand and gravel fill
Bigmouth Creek
Low
12 p(H) Probability of occurrence of a specific hazardus landslidefollowing conventional sidecast road construciiothis section.
13p(S:H) The probability that there will be a spatial effegiven that a specific hazardous landslide ogéuesthe probability that the landslide will impact the specific element at risk
¥P(HA) = P(S:H) x P(H) = The probability of occurrence of a specific hazardous landslide and the probaity of it reaching or otherwise affecting the ste occupied by a specific element
®Road stations are referenced as P-Line stationsthe digital Roadeng survey notes which may or nayrepresent marked field locations
'®Refers to the approximate percentage of the totat@ume that will require endhauling off site.
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Table 7.1 Branch 17.6 Road — Summary of Observat ions, Risk Analysis, and Construction Recommendati ons
Road Section Terrain Characteristics Road Construction Recommendations
Start End Estimated Landslide Likelihood Elements at Risk and Partial Risk Residual
12 Ay .13 14
AP A Surficial Materials and Slope Morphology | Bedrock Drainage R e PEeEiE e ) A Bench E?o(j)i;%ul Construction Recommendations and Design Cut and FiAngles PN 1)
Depth
Road alignment switchbacks up through < cut and fill construction
proposed cutblock on generally 45 to 55% Low Small to medium u ! uet
2+599 | 3+014 slopes. . . . 1-3m Well (<.500m°') fill slopel NA NA %3 0 Cut: 70% in silty sand and gravel till and/or ceium Low
Deep deposits of silty sand and gravel till apd failure, runout limited by 200% in bedrock
glaciofluvial materials moderate gradient slope . o ) .
. - Fill: 70% for sidecast fill of local material
Surficial materials are loose to dense at depth
Table 7.2 Branch 17.6A Road — Summary of Observa tions, Risk Analysis, and Construction Recommendat ions
Road Section Terrain Characteristics Road Construction Recommendations
Start End Estimated Landslide Likelihood Elements at Risk and Partial Risk Residual
A A Surficial Materials and Slope Morphology | Bedrock Drainage PR Vil e RERY PR Bench En((g/i;;ul Construction Recommendations and Design Cut and FiAngles PN 1)
Depth
. e Cut and fill construction
Road alignment located on generally 45 to . . . .
. e Build up fill from placed and keyed in rock in the draws crossed at
()
ﬁc/agéanar slopes with some short steepe Low Small to medium 0+268, 0+331, and 0+416.
' . . ) (<500n7) fill slope N
0+000 | 0+455 gplﬁ?g slopes are dissected by relic meltwater 1-3m well failure, runout limited by NA NA 72 0 Cut: 70% in silty sand and gravel till and/or ceium Low
. . I o
Deep deposits of silty sand and gravel till moderate gradient slope Fill ?83/;)()'? ski)(‘je:égglt( fill of local material
Surficial materials are loose to dense at depth : ? X .
100% for keyed in rock fill
e Cut and fill construction with fill built up from p laced and keyed in
rock in the draws
Moderate Small to « If significant seepage is encountered the cutslopéll require sloping
Relic gully headwall area medium (<500r) . . . back and armouring with coarse rock to reduce potetial for
04455 | 04502 Several small gullies begin above the road 1-3m Imperfect cutslope failure, potential Elisr:c?lii rgfg:lice n Low 1 0 slumping. Low
and converge below centreline P to compromise drainage Lo%v 2
structures and result in & Cut: 100% in silty sand and gravel till
fillslope failure. 400% in bedrock
Fill: 70% for sidecast fill of local material
100% for keyed in rock fill
Road alignment located on generally 45 to Low Small to medium * Cutandfill construction
55% slopes with some short steeper pitches. (<500n?) fill slope 1 A0 i e .
0+502 | 0+654 Deep deposits of silty sand and gravel till 1-3m well failure, runout limited by NA NA 72 0 Cut Z%S)%ni:'ggdfggkd and gravel till and/or coflim Low
Surficial materials are loose to dense at depth moderate gradient slopes Fill: 70% for sidecast fill of local material
¢ Full bench cut on approaches transitioning to fillconstruction
e Strip organics from base and key in coarse rock ahe toe of the fill
Moderate Small to . Build lar fill i ted lift
Large gully-like draw with S6 stream medium (<500r) Fisheries resource in . UIt "ugo%ranuca:terp |nlt(;]omp”ac edi Sd Het
55% channel gradient cutslope failure, potential . Full nsta mm with well armoured outle
0+654 | 0+694 - . 1-3m Well . . Bigmouth Creek Low 50 Low
72% gradient on sidewalls for at least 70m to compromise drainage Low to %2 Cut: 100% in silt d and il
Dry, open ridge on woods side structures and result in a| ut: 0° In siity sand and gravel u
fillslope failure. 400% in bedrock
Fill: 70% for sidecast fill of local material
100% for keyed in rock fill
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Table 7.2 Branch 17.6A Road — Summary of Observa tions, Risk Analysis, and Construction Recommendat ions
Road Section Terrain Characteristics Road Construction Recommendations
Start End Estimated Landslide Likelihood Elements at Risk and | Partial Risk Residual
A A Surficial Materials and Slope Morphology | Bedrock Drainage PR Vil e RERY PR Bench En((g/i;;ul Construction Recommendations and Design Cut and FiAngles PN 1)
Depth
e Cut and fill construction
Road crosses broad ridge and broad bowl Low Sr;?all to medium e Good rock source for construction of required rockfills backchain.
beyond i (<500m) fill slope 1
0+694 | 0+788 Frequent boulders on surface 1-3m wel failure, runout limited by NA NA 72 0 Cut: 70% in silty sand and gravel till and/or ceium Low
Dry, rocky ground moderate gradient slopes 400% in bedrock
Fill: 70% for sidecast fill of local material
¢ Full bench cut on approaches transitioning to fillconstruction
. ) Moderate Small to e Strip organics from base and key in coarse rock ghe toe of the fill
Large avalanche chute / gully with S6 stream . -
medium (<500 . . *  Placed rock fill
Stepped bedrock channel cutslone failure. potentia Fisheries resource in Eull . 1 800 CMP with well d outl
0+788 | 0+842| Expect thin organics overlying dense silty 1-3m Well P ure, po Bigmouth Creek Moderate 50 nsta mm with well armoured outlet Low
to compromise drainage to %2
sand and gravel or bedrock . Moderate . o e .
45 to 55% channel gradient sftructures.and result in & Cut: 100% in silty sand and gravel till
fillslope failure. 400% in bedrock
Fill: 100% for keyed in rock fill
Moderate Small to
Steep gradient slopes on woods side draw medium (<500r) e Full bench cut with endhaul of material back to wate site on
0+842 | 0+917 ES::::?IllQm of organic rich sand and gravel 1-3m Imperfect gtﬂfﬂaﬁiﬁg?gt;ﬁge Eiisr:czijti rgfg:lice " Moderate Full 100 roseeie sopes Low
colluvium overlying dense silty sand and P failure compromise Mgderate Cut: 100% in silty sand and gravel till
gravel till or bedrock drainage structures and 400% in bedrock
Seepage present result in a road prism Fill: NA
failure.
e Cut and fill construction
Moderate to moderately steep gradient slopes I(é)g/vognr%a;il”tc;ge:lum e Good rock source for construction of required rockfills backchain.
04917 | 1+052| Frequent boulders on surface 1-3m Well . pe NA NA R 0 A0 i e . Low
Dry, rocky ground failure, runout I_|m|ted by Cut: 70% in silty sand and gravel till and/or ceium
' moderate gradient slopes 400% in bedrock
Fill: 70% for sidecast fill of local material
Moderate Small to
r_nedlum (<_500r?) * % Bench cut with placed rock fill and endhaul of egess cut material
o fillslope failure, also . . .
14276 Moderately steep .(65 to 70%) slopes potential for cutslope F[sherles resource in o _
1+052 | — Sand and gravel till with boulders 1-3m Imperfect X . Bigmouth Creek Moderate 3/4 50 Cut: 100% in silty sand and gravel till Low
=POT failure compromise .
: Moderate 400% in bedrock
drainage structures and -
> i Fill: NA
result in a road prism
failure.
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Table 7.3 Branch 17.6D Road — Summary of Observa tions, Risk Analysis, and Construction Recommendat ions
Road Section Terrain Characteristics Road Construction Recommendations
Start End Estimated Landslide Likelihood Elements at Risk and | Partial Risk Residual
A A Surficial Materials and Slope Morphology | Bedrock Drainage L) el B Esalpe PR ALY Bench En(c;l/?)aul Construction Recommendations and Design Cut and FiAngles btz )
Depth
Road alignment located on generally 45 to
55% slopes with some short steeper pitchegs. Cut and fill construction
Deep deposits of silty sand and gravel till . Build up fill from placed and keyed in rock in the draws crossed at
Surficial materials are loose to dense at depth I(é)gvogr?%a;il”tzlgne:lum 0+323 and 0+352.
0+000 | 0+518| Large incised draw of Stream A crossed at 1-3m Well failure. runout Ili?nite db NA NA R 0 Low
0+323 and Stream B at 0+352. moder,ate radient slo )é_ t: 70% in silty sand and gravel till and/or ceium
Streams have gradients of less than 40% and 9 P 400% in bedrock
flow within well defined meltwater channel 70% for sidecast fill of local material
like draws.
Moderate Small to
medium (<500r) s . . .
Moderately steep (60 to 70%) slopes through fillslope failure, also Cicherios resource in ¥2 Bench cut with placed rock fill and endhaul of egess cut material
0+518 | 0+605 broad swale - 1-3m Imperfect to pqtentlal for cut;lope Bigmouth Creek Low 3/4 50 t: 100% in silty sand and gravel till Low
Sand and gravel till with boulders well failure compromise )
. : Low 400% in bedrock
NCD at 0+580, expect localized seepage drainage structures and : )
; . 100% for keyed in rock fill
result in a road prism
failure.
Road alignment located on generally 45 to Low Small to medium Cut and fill construction
0, i H .
0+605 | 0+716 55% slopes .W'th some short steeper pltphes. 1-3m Well (<.500mq) fill slo.pel NA NA 2 0 t: 70% in silty sand and gravel till and/or ceium Low
Deep deposits of silty sand and gravel till failure, runout limited by 200% in bedrock
Surficial materials are loose to dense at depth moderate gradient slope 20% for sidecast fill of local material
Moderate Small to
medium (<500r) s . , .
Moderately steep (60 to 70%) slopes of draw fillslope failure, also . . . ¥a Bench cut with placed rock fill and endhaul of egess cut material
sidewall and adjacent ridge/bowl beyond Imperfect to | potential for cutslope F!sher|es resource in L .
0+716 | 0+833 AR 1-3m . . Bigmouth Creek Low 3/4 50 t: 100% in silty sand and gravel till Low
Sand and gravel till with boulders well failure compromise .
! . Low 400% in bedrock
NCD at 0+766, expect localized seepage drainage structures and . )
> . 100% for keyed in rock fill
result in a road prism
failure.
0+886 Road alignment located on generally 45 to Low Small to medium Cut and fill construction
- 65% slopes with some short steeper pitches. (<500n?) fill slope 1 A0 i e .
0+833 P(_)T Deep deposits of silty sand and gravel till 1-3m well failure, runout limited by NA NA 72 0 t Z%g)fyi)nir?lggdfgglf and gravel till and/or coflim Low
Surficial materials are loose to dense at depth moderate gradient slopes Fill: 70% for sidecast fill of local material
Page 20 of 25 A A
AFORSITE

Engineering & Geoscience



BC Timber Sales — Okanagan Columbia File: 23-16
Terrain Stability Assessment — A84538 — Cutblocks K670, K672, K68Q April 22, 2009

8.0 Snow Avalanche Assessment

General Discussion

An assessment of the terrain within and adjacerhéoproposed cutblocks was completed to deterithiee
potential for snow avalanche initiation. The assent follows procedures presented in the docurieaitd
Management Handbook 55 — Snow Avalanche ManageimeRbrested Terrain.” (LMH55) (Weir 2002),
published by the BC Ministry of Forests, Forestece Program.

The proposed development is located in an arednegeneavy snowfall during winter months that résuin
heavy snow packs for a significant portion of thimter. Climate records from the Goldstream Rivett/S
Creek confluence weather station approximately 24koth at an elevation of 700m show a mean maximum
water equivalent depth of 452mm. The Mica Creaki®t (32km northwest at elevation of 580m) indisaa
mean maximum water equivalent depth of 590mm.

According LMH55 the majority of destructive avalaes initiate on terrain with a concave profile Heit
down or across slope) with a slope gradient of tgrethan 58% (approx 30 degrees). The Bigmouth ICree
watershed is located in mountainous terrain whieiee dlope profile is prevalent. Significant sigsfsrecent
and historic snow avalanche activity are presethéform of numerous snow avalanche chutes loaatetie
valley walls.

This assessment is intended to estimate the snalarehe hazard pertaining to the proposed cutbl¢pk®
determine the potential for avalanche hazard tiotiaand runout resulting from the development éido
determine the incremental hazard to the cutbloela &rom existing snow avalanche activity. The parisk
stated in this assessment is to stationary resowabiees as outlined by (FRPA) and does not take int
consideration any other potential elements at tigd are not explicitly stated within this reporfThis
assessment is not in any way intended as analysiskananagement for workers working within theposed
development during the winter or spring period.abalress the Worksafe BC requirements for snow agh&a
safety BCTS must retain a qualified avalanche tieidim to develop an avalanche safety plan during
operations.

8.1 Active Snow Avalanche Terrain — Discussion and Conclusions

The northwest falling boundary of Cutblock K671veetn approximately FC 4 and FC 7 is situated adjace
to a snow avalanche runout zone. The avalanche lggtha start zone located in the alpine well alibee
block elevation and appears to host up to sizesGlagvalanché§ The runout zone consists of 15 to 25%
gradient slopes and vegetated with alder and atbeiduous species. Layout is such that the runouogt is
not included in the proposed harvest area andferoff timber 20 to 40m wide has been left alongedge of
the runout zone. The terrain within the bufferaagint to the terminus of the runout zone has simsitape
gradient as the runout zone. As natural avalantgres to runout on an average gradient of around (%
degrees) it is not expected that the runout woxldral significantly into the buffer area.

Cutblocks K672 and K670 are separated by a larglkaaghe track in a well defined draw. The runoutezfor
this avalanche track is located downslope of thehsast corner of Cutblock K672 in an area adjatziain

7 Weir P.W. 2002Handbook for Management of Show Avalanche Prone Forest Terrain Ministry of Forests Research
Program Victoria BC. (LMH55)
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existing cutblock situated downslope of Cutblock7rR@see Figure 3). The avalanche track is wellioedifin

a topographic draw. The track becomes confinedcadjato FC 9 of Cutblock K672. At this point young
hemlock is growing nearly completely across thekrand only a narrow bedrock channel approximadety
wide and incised 10 to 15m is present. This indigdhat the frequency of very large destructivenesvéhat
descend to the valley bottom is low enough thatlthe¢o 25 year old stand has been able to devBlop.to
the well incised nature of the draw that this awvelee path follows it is judged that the proposed/ésting
will have no significant impact on the runout pdiahor aerial extent of avalanches that desceisltthck
following the proposed harvesting

Cutblock K68Q is not adjacent to any significanalanche paths.
8.2 Potential Snow Avalanche Terrain — Discussiona  nd Conclusions

The proposed cutblocks in this development all @onareas with slopes greater than 58% with a naveler
downslope concave profile (terrain described in LB#Has being prone to snow avalanche initiation)rtter
potential contributing factors to avalanche inidatthat would be expected to be increased follgwogging
activities include a depth of winter snow thatxpected to be greater than the height of surfaatifes (i.e.,
stumps or slash), and an increase in exposurend lwading (LMH55). Table 8.1 summarises the fiecto
assessing avalanche hazard for the block in theogeal development.

Table 8.1: Factors in assessing avalanche hazard for the proposed development

Cutblock K68Q K672 K670

Elevation (m)

of potential starting 1200 1150 1150
zone

Estimated mean

maximum water 750 720 720

equivalent depth
20 year water

. 1195 1165 1165
equivalent (est)
Start zone angle 100% (45°) 67% (33.5°) 77% (37.5°)
Start zone area 3000m? (max) 9000m2 (max) 10000m? (max)
Path length 150 m 500 m 550 m
Runout Angle 50% (26.5°%) 50% (26.5°%) 26% (15°
Potential size 1-2 1-2 (potentially to 3) 2-3
Wind loading High Low Moderate in draw
Potential impact to Timber / plantation Timber / plantation Timber /plantation

Bigmouth FSR

8.2.1 Cutblock K670
Discussion

As described in the previous sections, Cutblock X6@s steep gradient terrain in the upper portiothe
cutblock. The Branch 17.6A Road traverses modecateoderately steep slopes that break over stdmgew

the road location. The slopes above this road,qudatly downslope of FC 21 to FC 18 are broken and
deposits of coarse blocky colluvium are presentr@ased surface roughness). An incised draw isptes
downslope of FC 17, this draw has timber withirnitthe upper portion of the cutblock but becomesrop
midway down through the cutblock and may host sifsdle class 1-2) avalanches. This draw extendb wel
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upslope of the cutblock and may be a transport Zoneavalanche events initiating well upslope oé th
cutblock. Several narrower but deeply incised aedrdick controlled draws are present in the eagtertion
of the cutblock. These draws also extend well ygslof the cutblock and may be transport zonesvents
initiating well upslope of the cutblock. Definechfeandforms, likely formed immediate post glacied aresent
downslope of the gullied draws at the valley bottom

The mean maximum snow water equivalent depth (#2@Qua / 1165 for a 20 year period) exceeds the
threshold for avalanche initiation as describedvicClung (2001)® and LMH55.  The potential for wind
loading in the central draw is assessed as modelageto the natural rolling over of terrain inkistfeature.

The potential starting zone — the upper portiothefblock in and around the central draw, has stoyges to
77%, well within the threshold for avalanche irita. The confined gulley extends down to the nmatie
gradient slopes approximately 500-550 m to the Bigtn FSR.

Results

It is expected that small scale avalanches (ize siass 1-2 — mass to 100t, and impact pressorg8kiPa)
could initiate in the cutblock following harvesttiaties, however the extent of the potential runisuikely to
confined by the gulley. Slope gradients in the lop@rtion of the cutblock are gentle to moderatdmad fan
landforms where deposition of avalanche debris didikély take place. Deposition of avalanche debisild
likely end at the road, and impact to the timbembthe block is unlikely.

8.2.2 Cutblock K671

Cutblock K671 is situated primarily on gentle todeoate slopes with no potential for post harvestingw
avalanche initiation. One small area less than@anes in size is situated on steep gradient slthmextent
for approximately 120 to 140m from the upper boumddown to gentle slopes immediately below. It is
expected that small scale avalanches (i.e. sizs diacould initiate in this portion of the cutbtdllowing
harvest activities. An avalanche in this area wdikiely be limited to the storm snow on the sl@wal would
likely run out to the gentle terrain within the bkodownslope. Due to the small size of the irtiatarea it is
not expected that a large scale destructive aviada(i®. size class 3 or greater) could be intliate the slope
following harvest activities.

8.2.3 Cutblock K672

Discussion

As described in the previous sections, Cutblock X&7situated on predominantly planar, moderatlgs to
steep slopes dissected by occasional incised, teddraws (refer to section 6.2 for a completewdison of
the terrain in this cutblock). The moderately steepsteep slopes are continuous for up to 500mréefo

transitioning to moderate to gentle valley bott@mdin.

The cutblock is bounded upslope by moderately steepteep terrain containing mature timber and no
apparent signs of avalanche activity.

The mean maximum snow water equivalent depth (##tua / 1165 for a 20 year period) exceeds the

8 McClung D.M. 2001Characteristics of terrain, snow supply and forest cover for avalanche initiation caused by
logging. Annals of Glaciology 32, 223-230.
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threshold for avalanche initiation. Wind loadiisgikely to be minimal on the generally planarpss in the
block.

The potential starting zone — the upper portiothefblock and the draw around FC12-13, has slogkesito
67%, which are just on the threshold for avalarioii@tion. Slope gradients are long and generngliynar but
with benched terrain, which is likely to slow avathe propagation within the block. Slope gradiexitthe
bottom of the block are 50% at the timber edge.

Results

It is expected that small scale avalanches (ize siass 1-2 — mass to 100t, and impact pressorg8kiPa)
may initiate in the cutblock following harvest afies. An avalanche initiating within this cutblogvould
likely be limited to the storm snow on the slopé @ not likely to likely run out beyond the exigji cutblock
downslope. Runout is not expected to reach the BigimFSR. The initiation of a large destructivalanche
on this slope (i.e. size class 3 or greater slataache) following harvest activities is possiltdat remote.

8.2.4 Cutblock K68Q
Discussion

As described in the previous sections, Cutblock @8 situated on predominantly planar, moderatilgsto
steep slopes. The majority of the terrain in thappsed cutblock slopes towards the incised dratvoiallels
the southern falling boundary. These slopes areergéiy 45 to 65% gradient and the steeper slopes ar
generally not continuous for more than 200m betwgemtle to moderate gradient benches that breakeip
slope. Stream A flows within a well defined, modergradient draw downslope of this terrain. Thigan
draw may host snow avalanche events that beginugslbpe of the cutblock.

The cutblock is bounded upslope by steep terramaioing mature timber and no apparent signs ofacae
activity outside of the draw discussed above.

The area of concern in this block consists of thes slopes below Spurl7.6E. Slope gradientssipdtential
avalanche start zone area (below the spur) areD@8o]l extending for 100-150m downslope to slopes of
approximately 50%. This slope is well within thegbhold for avalanche initiation.

The elevation of the area of concern is approxima00m. The mean maximum snow water equivalent
depth (750 annual / 1165 for a 20 year period) edsdhe threshold for avalanche initiation. Additithy, the
wind loading for this area is expected to be higie to the convex (cross slope) shape of the arehthe
presence of a broad ridge, to the south, which evbela source area for wind-transported snow.

Results

The likelihood of avalanche initiation in this ansaestimated to be moderate to high, however lsecafithe
short slopes, (100-150m) it is unlikely that theesivould exceed a class 1 to 2. An avalancheiimg in this
area would likely impact but not significantly dageatimber downslope, but may affect the plantatidthin
the proposed cutblock. Penetration into and detstiu of the timber below the falling boundary @nsidered
unlikely due to the expected size class of any ®vtrat do initiate. Due to the small size of tidicpated
initiation area(s) it is not expected that a lasgale destructive avalanche (i.e. size class 3eatgr) could be
initiated on these slopes following harvest adtegit
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9.0 Closure

This report contains information relating to thedén stability following the proposed harvestingdéor road
building activities. Should the proposed develophumange and/or the soil/bedrock conditions entered
differ from those outlined in this report, Forsifeould be contacted so that the recommendatiortained in
this report can be reviewed.

Factual data and interpretation contained withia teport were prepared specifically for BCTS withom
Forsite has entered into a contract. No other pandy rely upon this report without the express temit
permission of Forsite.

Sincerely,

Forsite Consultants Ltd.

Prepared by: Reviewed by:

Rod Williams, P.Geo., Eng. L Peter Weising#:/Sc.,GIT
Engineering Geologist Reviewing Geoscientist
Attached: Figure 1 Location Map

Figure 6 Overview Map
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Imagery D

Figure 1: Location Map sourced from GoogleEarth February 2008.
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