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COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

GEOTECHNICAL INVESTIGATIONS AND INTERPRETATIVE
GEOTECHNICAL AND TUNNELLING CONDITIONS
(REF. NO. 13844/1-1)

SECTION 1.0 - INTRODUCTION

Coast Mountain Hydro Corporation 1s planning the development of the Forrest Kerr
Hydroelectric Project comprising a Run-of-River power generation scheme on the Iskut
River in northwestern British Columbia. The project involves the construction of over
3.5km of underground excavations including an iniake tinnel, a bypass iunnel, the
main power tunnel, an access tunnel, an underground powerhouse cavern and a tailrace
tunnel.  The main tunnels are planned with widths of 6-7 meters and heights of 6-
9 meters. The powerhouse is planned with a width of 22m, a height of 16 m and a
length of 40 m. The general arrangeiment of the project and runnel alignment is shown
on Figure 1.1,

Knight Pi¢sold has undertaken an appraisal of the geotechnical and expected tunnelling
conditions for the main underground components of the project. Geotechnical site
investigations including the completion of five drill holes along with field and
laboratory testing as described herein were completed in October 2001 as part of the
geotechnical appraisal. The investigations comprised the completion of four drill holes
at the intake area situated approximately 350 m upstream of the confluence of the Iskut
River with Forrest Kerr Creek and one drill hole along the northern part of the tunnel
alignment, as shown on Figure 1.2. No investigations were completed along the
southern part of the tunnel alignment and at the powerhouse area.

This report presents a short discussion on previous studies undertaken in the project
area, the findings of the completed geotechnical investigations, discussion of the
cxpected geotechnical conditions and construction issues relating to the main
components of the project and recommendations for further work during construction,
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SECTION 2.0 - REVIEW OF EXISTING STUDIES

A sigmficant amount of geotechnical work was previously completed in the project
area by BC Hydro for the investigation of the Stikine-Iskut development scheme from
1979 10 1983, A review of the information from these earlier studies was undertaken
as part of the planning for the investigations completed for this study and the
assessment of the geotechnical conditions affecting construction of the proposed
Forrest Kerr Hydroelectric Project. The approximate locations of relevant drill holes

completed as part of these earlier studies are included in Figure 1.1.

The geology at the intake site is characterized by various basalt flows that overlic
basement bedrock that is thought to be comprised of tuffaceous siltstones and volcanic
andesites, The basait fiows are overlain by a thin deposit of organic overburden that is
described in previous studies as being comprised of sands and silts. Individual basalt
flows are in the order of 5 m in thickness and the combined thickness of basalt flows in
the project area extends to 230 m based on the findings of the previous investigations.
Unconsolidated alluvial materials are known to be present between the basement
bedrock and the overlying basalt flows as well as between the basalt flows in the
project area. However, these alluvial materials were not encountered at the intake area
during the recently completed investigations.

The Forrest Kerr Fault is located within the project area as shown in Figure 1.2 and
strikes north-south or perpendicular to the proposed intake tnnel and dips
sub-vertically towards the Iskat River. The Forrest Kerr Fault is described in previous
studies as a major regional fault that is located within the underlying basement bedrock.
There are no indications of this fault within the overlying basalt flows in the project
area. No other faults have been identified along the proposed tunnel alignment based
on a review of previous studies. A limited number of minor shear and fracture zones
and a single major shear zone have been identified from previous studies and will likely

intersect the proposed munnel alignment.

The geology along the northern and central parts of tunnel alignment as well as near the
powerhouse has been reviewed on the basis of findings of the previous studies. The
geology along the northern and southern sections of the power tunnel alignment is
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charactenized by tuffaceous siltstones and minor volcanic andesite breccias. Weak,
foliated interbedded argillite lavers have been observed in some drill holes and along
the Iskut River canyon walls within these rock types as reported from the previous
studies, The geology in the powerhouse area is characterized by mixed tuffaceous and

volcanic brecceia,
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SECTION 3.0 - FIELD INVESTIGATIONS AND TESTING

31 GEOTECHNICAL DRILLING

Geotechnical site investigations were completed in October 2001 as part of the
geotechnical appraisal. The investigations comprised the completion of four drill holes
at the intake area situated approximately 350 m upstream of the confluence of the Iskat
River with Forrest Kerr Creek and one drill hole along the northern part of the tunnel
alignment at CH O + 400 along with in situ rock mass permeability, field rock strength
and laboratory rock strength testing. A summary of the drithng information is
presented in Table 3.1 and the locations of the drill holes are shown in Figures 1.1 and
1.2. The geotechnical drilling was carried out using HQ3 triple tube diamond dnlling
over a period of 10 days by HYTECH Drilling Ltd. of Smithers, B.C. and utilized a
helicopter for the movement of equipment to the site and between drill holes.

32 GEOTECHNICAL LOGGING

Drill core from each hole was logged for geotechnical information including core
recovery, rock quality designation (RQD), rock type, degree of weathering, joint types,
joint condition and rock strength. Estimates of the rock mass quality were made using
the Rock Mass Rating (RMR) classification system (Bieniawski, 1989). The Rock
Mass Rating (RMR) system is hased on five key parameters as follows:

intact rock strength (uniaxial compressive strength},
e rock quality designation,

e {racture spacing,

» fracture condition and,

» groundwater conditions.

Ratings are assigned to each of the five key parameters and the sum of these ratings
defines the rock mass quality as an RMR value. RMR values range from 0 (equating
to extremely poor rock) to 100 (equating to extremely good rock). A description of the
RMR (1989) classification with the categories, weighting values and rock mass quality
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classes is presented in Figure 3.1. Intact rock strengths were estimated from both field
tests and point load strength tests on selected drill core.

Rock quality designation (RQD) values were determined by summing up the lengths
of core that were greater than 4 inches (10cm) long within a drill run and presenting
this total as a percentage of the length of the drill run. The joint spacing in each drill
run was determined by dividing the total number of natural joints counted in each run
by the length of the run,

The joimt conditions in each drill run were assessed from an evaluation of joint
petsistence, roughness, infilling, aperture and weathering. Groundwater conditions for
each drill run were rated from “DRY” to “DRIPPING” according to their respective
location in relation to the groundwater table. Descriptive geotechnical and rock mass
rating (RMR} logs for each of the drll holes are included in Appendix A and
photographs of the drill core are included in Appendix C.

33 PACKER PERMEABILITY TESTING

A total of five packer permeability tests were carried out at selected intervals within
drill holes GTO1-C and GTO1-E using a descending stage thru-the-bit packer testing
system. A total of five falling head permeability tests were carried out in zones of high
permeability in drill holes GTO1-A, GT01-B and GT01-C. A summary of the packer
permeability and falling head permeability tests is presented in Table 3.2, Packer
permeability test results are inclided in Appendix B and falling head permeability test
results are included in Appendix D.

PY(C standpipe piezometers were installed in the four drill holes completed near the

intake area to determine static water levels and perform falling heads tests on
completed holes. Construction details of the piezometers are included in Appendix E.

3.4  LABORATORY TESTING

A total of five uniaxial compressive strength tests were carried out on selected samples
of drill core from the drill holes. Testing was carried out at an approved laboratory in
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Vancouver. A summary of the laboratory testing results is presenied in Table 3.3. The
details of the samples and test results as well as photographs of the samples are
mcluded in Appendix F.
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SECTION 4.0 - GEOTECHNICAL AND TUNNELLING CONDITIONS

4.1 GENERAL

The expected geotechnical conditions at the intake area, at tunnel elevation along the
power mnnel ahgnment, and at the powerhouse logation have been interpreted based on
an evaluation of the recently completed dnlling angd testing data as well as a review of

existing information from previous studies.

The rock types along the intake, power tunnel, gnd powerhouse areas comprise a
mixture of generally competent, and very strong, tuffaceous siltstones, lapilli tuffs,
volcanic breccia and vesicular basalt. Zones of broken and weathered rock fragments
were intersected both above and below tunnel elevation in three of the four drill holes
completed i the intake area. A summary of the findings of the recently completed
geotechnical investigations is presented in Table 4]

The average rock mass quality'at the mnnel elevation for the completed drill holes can
generally be described as “GOOD” with rock masg rating (RMR) values ranging from
approximately 65 to 75. This information indicates that tunnelling conditions can
therefore be expected to be favourable along maost of these areas.

Laboratory testing of vesicular basalt samples from drill holes GTD1-A, GT01-B,
GTO1-C and GTO1-D have confirmed intact rock strengths indicating that the basalt is
very strong with uniaxial compressive strengths ranging from 120 to 150 MPa.

A sample of wffaceous siltstone from drillhole GTo1-E at a depth 66 meters indicated
an intact strength of 50 MPa from laboratory testing. In comparison, point load
strength index tests that were carried owt on dril] core from this drill hole ranged
between 110 to 140 MPa. Several micro-fractures were observed within the laboratory
test sample and therefore a lower intact strength was expected. The micro-fractures in
this sample may be due (o the minor fault/shear zone identified in this drill hole.

Detailed comments on the geotechnical and expected tunnelling conditions for each of

the main areas of the project are provided below,
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4.2 INTAKE AREA

Four drill holes (GTO1-A to GT01-D) were completed at the intake area to assess
geotechnical and the tunnelling conditions at this area. The drill hole locations are
summarized on Table 4.1 and shown on Figure 1.2. PVC standpipe piezometers were
installed in four drill holes at the intake area.

The geotechnical conditions encountered at the intake area comprise sandy organic
topsoil up to 2 m thick, which is underlain by vesicular basalt. Drill hole GT01-A was
completed in the left bank in the area of the proposed intake structure and indicates
competent and very strong, slightly to moderately vesicular basalt to tunnel elevation at
a depth of 24 m. These rock conditions generally represent “GOOD” conditions for
tunnelling and no significant problems should be assoctated with underground or open
cut excavation of the intake structure, Photograph 4.1 shows relatively good rock
conditions forming the near vertical cliffs along the Iskut River at the Intake area.
Vertical walls can be excavated in the competent basalt rock and nominal rock support
in the form of pattern rock bolts in conjunction with wire mesh with shotcrete can be
expected to be required for permanent support for both open cut and underground

excavation.

Drill holes GT01-B and GT01-C were completed approximately 40m along the intake
tunnel and intersected competent and very strong, slightly to moderately vesicular
basalt at tunnel elevation. These rock conditions generally represent “GOOD”
conditions for tunnelling and nominal rock support would again be required for
permanent support given the planned size of the intake tunnel. Highly fractured and
broken rock fragments were however intersected in both of these drill holes just below
tunnel invert elevation. No evidence of fault gouge was observ ed within these zones of
fractured and broken rock fragments of drill core. These zones can be described as
“POOR” to “VERY POOR” with rock mass rating {(RMR) values ranging from 5 to
25, These conditions are believed to represent the upper paleo-weathered zone of the
older, underlying basalt flow or possible tephra layers of loose volcanic materials, A
schematic long section of the interpreted geology at the intake area is presented on

Figure 1.2,
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The thickness and oriemtation of these fractured zones in relation to the tunnel is
unknown since the drill holes did not penetrate through them. Most immportantly, the
length over which the tunnel may intersect these conditions is unknown. Both the
basalt flows and these fractured zones in the intake area are interpreted to be sub-
horizontal as reported from previous studies. The contacts of the zones of fractured
and broken rock fragments may however be undulating and therefore may be
encountered at tunnel elevation in the Intake ar¢a. The thickness of the basalt flows in
the intake area is generally in the order of 5 metres and the thickness of the upper
paleo-weathered zones within an individual flow are expected to range from 2 to
& metres based on previous studies. The thickness of tephra layers of loose volcanic
materials can be as much as 5 to 10 metres based on information from previous
studies.

These fractured conditions represent adverse or “POOR” to “VERY POOR”
conditions for tunnelling. Special heavy tunnel support in the form of steel arch ribs
and shotcrete will be required for the permanent stability of the tunnel in the event
these broken rock conditions are encountered at tunnel elevation. The length over
which these tunnel support measures may be required is unkmown and cannot be
determined or predicted at this time. However, given the planned size of the power
tunnel it would be prudent to expect that such special tunnel support measures may be
required to be installed over lengths as much as tens of meters along the tunnel
alignment. In addition, these sections along the tunnel may require pre-support in
advance of tunnelling. Methods that are commonly used for these conditions include
forepoling (the installation of an umbrella of grouted steel support bars over the crown
and sides of the mnnel} and/or injection of grout from the advancing tunnel face. Grout
mjection through drill holes from surface may also be effective as a means of pre-
supporting these adverse tunnelling conditions given the relatively shallow depth to
tunnel elevation in the intake area. These adverse tunnelling conditions could also be
miersected at other locations along the intake tunnel area and require similar tunnel
support measures. The locations and lengths of these sections canmot however be
determined or predicied based on the limited drilling completed to date.
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Drill hole GTO1-D was completed further along the intake tunnel alignment and
approximately 50 m to the southwest from drill hole GT01-C, This drill hole was only
completed to a depth of 17 m due to the intersection of broken rock fragments and the
concern of the drill rods becoming stuck and lost within the drill hole. These rock
condittons are believed to also represent the upper paleo-weathered section of a basalt
flow with pink/red discolouration at this elevation at approximately 15 m above the
crown elevation of the tunnel. The thickness of this zone of broken rock fragments is at
least the 4 metres as indicated in the recovered drill core. The broken rock fragments
in this section of drill core also represent adverse or “POOCR” to “VERY POOR”
conditions for tunnelling and the true thickness of these conditions is also unknown at
this Jocation. In particular, the extent of these conditions along the tunnel alignment
beyond dnill hole GT01-D to the start of the Bypass Tunnel is unknown. Further mixed
basalt flows are expected to be present over this section of the Intake tunnel alignment
based on field mapping completed as part of previous studies. The presence of these
adverse or “POOR” to “VERY POOR” conditions at tunnel elevation over this section
of the Intake Tunnel alignment cannot be excluded.

As noted, if these “PCOR” to “VERY POOR” rock conditions are encountered within
the tmnnel alignment, special heavy tunnel support will be required for the permanent
stabality of the tunnel. The length over which these tunnel support measures may be
required is unknown and cannot be determined or predicted at this time. However,
given the planned size of the power tunnel it would be prudent to expect that such
measures may be required to be installed over lengths as much as tens of meters along
the tunnel alignment.

The groundwater table along the intake area is shown in the longitudinal section of
Figure 2 and has been based on measured static water levels in the completed drill
holes. These findings show that most of the intake tunnel is expected to be below the
groundwater table. The rock mass permeability of the competent vesicular basalt is
high, ranging from 107 10 10~ cm/s based on packer permeability and falling head
tests. The paleo-weathered zones of the basalt flows can be expected to have higher
rock mass permeability in the order of 107° cm/s based on attempted testing in drill
holes GTO1-C and GTG1-D.
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The groundwater testing indicates that moderate seepage inflows or “WET™ to
“DRIPPING” conditions can be expected during tunneling within the competent
vesicular basalt in the intake area. Significant water inflows, requiring major pumping,
may however be expected dunng tunnelling through the broken rock of the paleo-
weathered zones of the basalt flows along the intake area.

The highly fractured and permeable nature of some of the rock conditions intersected
within the drill holes along the Intake Tunnel requires the construction of concrete
lining over some sections of the Intake Tunnel in order to prevent excessive leakage.
The required total length of concrete hining is unknown due to the uncertainty of the
extent of these conditions and can only be determined upon completion of the initial
excavation through this section. For the purposes of preliminary costing and design it
is considered prudent to assume that concrete lining will be required over the entire
length of the Intake Tunnel.

43 POWER TUNNEL - NORTH

The geoldgical contact between the underlying basement bedrock of mixed tuffaceous
siltstones/volcanic breccia and the overlying basalt flows is interpreted to be located at
approximately CH 0 + 250 based on field mapping completed as part of previous
studies. The first 250 meters of the northern section of the power tunnel from the
intersection of the Bypass Tunnel is expected to compnse mixed basalt flows. The
presence of adverse or “POOR” to¢ “VERY POOR” conditions associated with the
basalt flows cannot be excluded along the alignment of this section of the power funnel
alignment. [f these rock conditions are encountered special heavy tunnel support will
be required for the permanent stability of the tunnel. As noted for the Intake Tunnel.
concrete lining is deemed necessary to prevent excessive leakage over this section of
the power tunnel.

Drill hole GTO1-E was completed at chainage 0 + 400m along the tunnel alignment as
shown on Figure 1.1. The objective of this drill hole was to obtain a sam ple of the rock
for geochemical tests to determine the potential for acid rock drainage (ARD) from the
waste rock that would be generated from the tunnel excavation. The drill core from
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this drill hole was also logged for geotechmical information to assess the tunnelling

conditions along the northern section of the power tunnel alignment,

The overburden at dnll hole GTO1-E was approximately 6 m thick and comprised
loose medium sand below thin organic topsoil. Below the overburden, the drill hole
mntersected competeni, very strong, tuffaceous siltstones/andesites throughout the
remaining length of the hole to a depth of 74m at tunnel elevation. A minor fault/shear
zone was intersected at a depth of 73 meters. This fault/shear zone is believed to sub-
vertical.

The rock conditions at tunnel elevation at this location and along the northern section of
the power tunnel from CH 0 + 250m where similar rock conditions are expected can be
generally described as “GOOD” to “FAIR”. No significant problems are expected
with tunnelling in this type of rock conditions. Nominal rock support in the form of
spot bolting in conjunction with shotcrete and mesh can be expected to be required
over most of this section for the planned size of the power tunnel.

Interbeds of weak and foliated argillite have however been reported to be present with
these rock types. The presence of continuous weak and folated argillite layers
represent adverse conditions that may influence the stability of the roof and walls of the
power tunnel if these conditions are encountered. Pattern rock bolting in conjunction
with shotcrete and mesh can be expected to be required if these conditions are
encountered as well as at the intersection of fault/shear or highly fractured zones.

The groundwater level in drill hole GTO1-E was measured at a depth 18 m. Rock
mass permeability values measured from packer tests through the tunnel zone ranged
from 107 cm/s to 10 cmv/s.  This indicates that minor seepage inflows or “DAMP”
conditions can be expected during tunnelling within the competent volcanic andesite
along the northern section of the power tunnel.

44 POWER TUNNEL - SOUTH

No drill holes were completed along the southern section of the power tunnel as part of
the recent geotechnical investigations.
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The geotechnical and tunnelling conditions along the southern section of the power
tunnel are generally expected to be similar to those along the northem section described
above, Nominal rock support in the form of spot bolting in conjunction with shotcrete
and mesh can be expected to be required over most of this section for the planned size
of the power tunnel if similar rock conditions to those in drill hole GTOI-E are
encountered.  Pattern rock bolting in conjunction with shotcrete and mesh can be
expected to be required if interbeds of weak and foliated argillite are encountered.

Major fault/shear zones are believed to transect the tunnel alignment at approximately
CH 1+ 900 and CH 2 + 900 a shown in Figure 1.1. The major fault/shear zone at
CH1+900 has been reported as typically consisting of a gouge, chloritized,
slickensided, cataclastic zone. The major fault/shear zone at CH 2 + 900 has been
interpreted as the contact between the tuffaceous rocks and the underlying volcanic
andesites and has been reported as comprised of thickly bedded weak argillite. The
thicknesses of these zones have not been reported and are unknown. Special tunnel
support measures including steel arch ribs in conjunction rock bolts, shotcrete and
mesh can be expected to be required over local areas at the intersection of these
fault/shear or highly fractured zones. Pre-support measures may also be required at
these locations,

Minor seepage inflows or “DAMP” conditions can be expected during tunnelling along
most of southern section of the power tunnel Significant seepage inflows or
“FLOWING™ conditions, possibly as much as over 100 litres/second, can be expected
at the intersection of the major fault/shear zones.

4.5 UNDERGROUND POWERHOUSE CAVERN

No drll holes were completed at the powerhouse location as part of the recent
geotechnical investigations. The rock types to be expected at the powerhouse location
comprise generally massive and competent andesite breccia with minor basalt flows.

These rock conditions are interpreted to represent “GOOD™ conditions for excavation
of the powerhouse. No major fault or shear zones have been identified in the
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powerhouse area from previous studies. Minor seepage inflows or “DAMP”
conditions can generally be expected during excavation of the powerhouse cavern,

Continuous rock support in the form of pattern rock bolts in conjunction with shotcrete
and mesh can be expected to be required for the permanent support of the powerhouse
cavern given the planned dimensions of the powerhouse. All permanent rock support
should be imtegrated wherever possible with internal structural concrete.

No information 1s available from the previous studies regarding the orientation of the
main joint sets within the andesite breccia at the powerhouse location. Geotechnical
mapping of the rock conditions near the powerhouse cavern should therefore be carried
out during the early stages of excavation of the powerhouse access tunncl in order to
investigate the presence of any adversely oriented joints andfor fault/shear zones that
may influence the stability of the powerhouse cavern and require significant permanent
rock support measures. Adversely oriented joint sets in relation to the powerhouse
cavern may result in the formation of large potentially unstable rock wedge blocks
along the roof and/or walls of the powerhouse.

In the event that adversely oriented joints and/or fault/shear zones are identified during
the early stages of construction it may appropriate to revise the orientation of the
powerhouse cavern.  This will allow for the optimization of the powerhouse cavern in
terms of stability and minimize the permanent rock support measures as part of the
final design process.
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SECTION 5.0 - CONCLUSIONS AND RECOMMENDATIONS

Geotechnical investigations comprising the completion of five triple tube HQ3 diamond
drill holes, in sim rock mass permeability testing, field rock strength testing and
laboratory rock strength testing were carried out for the Intake tunnel and northern
section of the power tunnel in October 2001 as part of a geotechnical appraisal of
tunnelling conditions for the project.

The geotechnical and expected wunnelling conditions at the intake area, at tunnel
elevation along the power tunnel alignment, and at the powerhousc location have been
interpreted based on an evaluation of the recently completed drilling investigations and
testing as well as a review of existing information from previous studies completed by
BC Hvdro.

The rock types along the intake mnnel, power tunnel, and powerhouse areas comprise a
mixture of generally competent, and very strong, tuffaceous siltstones, lapilli tuffs,
volcanic breccia and vesicular basalt. Zones of broken and weathered rock fragments
were intersected both above and below tunnel elevation in three of the four drill holes
completed in the intake area.

The rock conditions at tunnel elevation along the Intake Tunnel can generally be
described as “GOOD” with rock mass rating (RMR) vales ranging from
approximately 65 to 75 based on the findings from the geotechnical drill holes. Zones
of broken and weathered rock fragments near tunnel elevation can be described as
“POOR" to0 “VERY POOR” with rock mass rating (RMR) values ranging from 5 to
25. This information indicates that tunnelling conditions can therefore generally be
expected to be favourahle aleng some of these areas and unfavourable if zones of
broken and weathered rock fragments are encountered. The length of such possible
zones 1s unknown and cannot be determined or predicted due to the limited drilling
carried out to date. Nominal rock support can be expected to be required over some of

these sections however special tunnel support and possibly pre-support measures may
be required if zones of broken and weathered rock fragments are encountered.
Moderate seepage inflows or “WET” to “DRIPPING” conditions can generally be
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expected however significant water inflows may occur upon the imtersection of
unfavourable rock conditions based on in situ rock mass permeability test results.

Highly fractured and permeable rock conditions have been intersected in sections of the

drill holes completed within the mixed basalt flows in the Intake area. Basalt flows are

expected to be encountered along the entire Intake Tunnel and to CH 0 + 250 meters of
the power tunnel. The extent of these highly fractured and permeable conditions along
this section of the tunnel alignment is uncertain. The construction of concrete lining is
deemed necessary over these sections in order to prevent potentially excessive leakage.
The total length of concrete lining can only be determined upon completion of the initial

excavation through this section. For the purposes of preliminary costing and design it
is considered prudent to assume that concrete lining will be required over the entire
length of the Intake Tunnel and to chainage CH 0 + 250 meters of the power tunnel.

The rock conditions along the northern and southern sections of the power tunnel can
be generally described as “GOOD” to “FAIR”, Mixed basalt flows and associated
broken and weathered rock fragments are expected to be encountered along the first
250 meters of the northern section of the power tunnel. The extent of these adverse
conditions i unknown, Nominal rock support can be expected to be required over
some of these sections however special tunnel support and possibly pre-support
measures may be required if zones of broken and weathered rock fragments are
encountered.

Two major fault/shear zones have been identified along the southemn section of the
power tunnel. Nominal rock support can be expected to be required over most of these
sections however special tunnel support and possibly pre-support measures may be
required over local areas at the intersection of these fault/shear or highly fractured
zones. Minor seepage inflows or “DAMP” conditions can be expected during
runneling over most sections and significant seepage inflows can be expected at the
intersection of the fault/shear zones,

The rock types to be expected at the powerhouse location comprise generally massive
and competent andesite breccia with minor basalt flows. These rock conditions are

interpreted to represent “(GOOD” conditions for excavation of the powerhouse, Minor
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seepage inflows or “DAMP” conditions can generally be expected during excavation of
the powerhouse cavern.

Geotechnical mapping of the rock conditions near the powerhouse cavern should be
carried out during the early stages of excavation of the powerhouse access tunnel. In
the event that adversely oriented joints and/or fauli/shear zones are identified during the
early stages of construction it may appropriate to revise the orientation of the
powerhouse cavern in order to optimize the stability and minimize the permanent rock

support measures as part of the final design process.

Appropriate technical specifications should be included in the construction documents
to require the completion of minimum length probe drill holes in advance of tunnelling
along the Intake Tunnel and to extend to CH 0 + 250 and near the imerpreted locations
of the major fault/shear zones along the southern section of the power tunnel,

Geotechnical mapping and inspection of the rock conditions exposed in the
underground excavations should be carried out during the early stages of construction
to provide key data to confirm preliminary design assﬁmptions for rock support.
Pertodic inspections and pgeotechnical mapping should be carried out during
construction to identify any potentially adverse geotechnical conditions that may require
adjustrnents to the rock support designs for the tunnels and powerhouse cavem.

Geotechnical instrumentation should be installed and monitored during construction of
the powerhouse cavem to confirm the suitability of the pe rmanent rock support,
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SECTION 7.0 - CERTIFICATION

This report was prepared and approved by the undersigned.

Prepared by:

Dean R, Brox,, P.Eng.
Seniar Geotechnical/Tunnelling Engineer

Approved by,

al

Tom Vernon, PE g.
Principal

This report was prepared by Knight Piésold Lid. for the account of Coast Mountain Hydro
Corporation. The material in it relies on information pro vided to Knight Piésold by the operators
of the project, and Knight Pigsold's best judgement in light of such information available to it at
the time of preparation. Any use which a third party makes of this report, or any reliance on or
decisions to be made based on it, are the responsibility of such third parties. Knight Piésold Lid.
accepts no responsihility for damages, if any, suffered by any third party as a result of decisions
made or actions based on this report. This numbered report is a controlled document. Any
reproductions of this report are uncontrolled and may not be the most recent revision.
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SECTION 5.0 - CERTIFICATION OF DEAN R. BROX, P. ENG.

R. Brox of Suite 1450 ~ 750 W. Pender Street, British Columbia hereby certify that:

I was a consulting Geotechnicil Engineer with Knight Pigsold Lid. at the time of the
compilation of the project.

[ am a graduate of the University of Btitish Columbia with a B.ASc. in Geological
Engineering (1985).

T am a member in good standing as a Professional Engineer, in the Association of

Professions] Engineers and Geoscientists of the Province of British Columbia.
I have practiced my profassion as a geotechnical engineer since 1985,

I have had experience in many geotechnical investigation projects and am qualified to
prepare this report,

This report was prepared by me on behalf of Knight Pigsold Ltd. for VTEC Capital Corp.
To prepare this report, a review of, and reliance on, the work of other experienced
specialist professionals that, alithough not supervised by me, was cansidered to be reliable
enough on the basis of my own experience and their respective qualifications and
reputations 1o accept their work for the purposes of this technicel and economic
evaloation.

1 have no interest in the companijes: Coast Mountain Hydro Corp. or VTEC Hydro Corp.
nor do 1 intend to do so.

KNIGHT PIESOLD LTTv

\

Dean R.

Brox, P.Eng.

Dated this 31 May, 2002
Yancouver, British Columbia
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TABLE 3.1
COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT
GEOTECHNICAL INVESTIGATIONS OF INTAKE AND
UPPER TUNNEL ARFAS
SUMMARY OF DRILLHOLE INFORMATION
15-Oc1-01
M1 3844\ 1\Dats\[Trbs 3.1 & 4.1_r) xls] Tablc 3.1 Revised o1, 17, 2001
Drilihole Coordinates (UTM) Inclination Azimuth Completed Depth Objective
NorthiEE Easting Elevation (degrees) (deﬁrees) (m)
GTOLA | _ 6289.115 399,138 250 S /a 24 _intake Structure Geology
GT-01-R 6,289,128 399,091 260 90 | oa 3l Tunneling Conditions ]
777777 GToI-C 0,289,128 | 399,091 260 -60 _ 247 i 7.2 Tunneling Conditions |
GTOL-D 6,289,114 399,045 270 -90 na 17 Tunncling Conditions o
GTOI-E 6,288,680 398,830 300 -9 na 74.4 Tunneling Conditions and Geochemistry

Note:
1. Drillhole coordinates are approximate and were obtained using a hand held GPS unit and compass and hip chain measuremeats.
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TABLE 3.2
COAST MOUNTAIN HYDROELECTRIC CORPORATION

FORREST KERR HYDROELECTRIC PROJECT

SUMMARY OF PERMEABILITY TESTING RESULTS

Printed 18-Cct-01
M\138440 ] \Data\[Tab 3.2 & 3.3_r0.xIs]Table 3.2_r0 Revised 18-Qxct-01
Drill Hole Test Type Test Mid-section Test | Permeability
Number Depth, m. : cm/s
GTO1-A Falling Head 1 4.3 8.0x 10
Falling Head 2 13.5 1.0x 10°
Falling Head (in piezometer)! 3 22.0 20x 107
GT01-B Falling Head ; 1 19.0 2.0x 107
j
GT01-C Packer 1 12.5 4.1x10*
Falling Head L2 18.3 4.0x10°
Packer 3 311 7.2 x 10"
GT01-D - - - - I
GTOI-E Packer 1 59.4 1.1x 107
2 65.2 9.3 x 10°
3 714 1.1x 107

Rev [ - Issued for Report



- MA13B4AN\Data\[Tab 3.2 & 3.3_r0.xIs[Table 3.3_10

JABLE 3.3
COAST MOUNTAIN HYDROELECTRIC CORPORATION

FORREST KERR HYDROELECTRIC PROJECT

SUMMARY OF LABORATORY ROCK STRENGTH THESTING RESULTS

Printed on: 18-Oxet-01
Revised on: 18-Oct-01

Sample Depth Sample Natural Dry Saturated Unconfined
No. Type Moisture Density Density Compressive Comnments
Content Strength (UCS)
_ (m) (%) kg/m’® kg/m3 __MPa

GT01-B-1 16.5- 16.8 Basalt 0.3 2806 2814 21 Failed with multi vertical fractures
G101-B-2 26.5 - 26.8 Basalt 0.2 2845 2850 140 Conical failure

GTO01-C-1 219-221 Basalt 0.5 2823 2837 153 Conical failure

GT01-C-2 25-253 Basalt 0.7 2776 2795 120 Conical failure

GTOI-E-1 66.4 - 66.8 | Tulfaceous Siltstone 0.2 2762 2767 51 Failed along micro-fractures

REV. 0 - Issned for Report
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SUMMARY OF RESULTS OF GEOTECHNICAL INVESTIGATIONS

TABLE 4.1

COAST MOUNTAIN HYDRO CORPORATION

FORREST KERR HYDROELECTRIC PROJECT

GEOTECHNICAL INVESTIGATIONS OF INTAKE AND

UPPER TUNNEL AREAS

M:A13844\Data\[Tabs 3.1 & 4.1_r0.x1s§luble 4.1

18-Qct-01
Revised Oct. 17, 2001

Drillhole Inclination Azimuth Completed Depth Average Rock Mass Quality Rock Mass Quality Static Water Level  Average Permeability
(degrees) (degrees) (m) at Tunnel Elevation (See note 1) Description (MASL) (cm/s)

GTOL-A vertical wa 24 65 GOOD 229.05 10"

GT-01-B vertical /a 31 76 GOOD 237.99 R

GTO1-C 60 247 372 73  GOOD 243.56 > 10”

GT01-D vettical /a 17 N/A {sce nole 2) N/A (see note 2) »253 >!_D"

GTOL-E _vertical wa 744 74 GOOD 128192 10

Naotes:

1. Tunnel elevation is considered to range from El. 241 m (o El 236.5 m in the intake area and from EL. 270 m (o El. 200 m over the remaining section.
2. Dnllhole DH-D was stopped at 17 m due to serious concerns over drill rods becoming stuck in very poor ground (RMR. < 5),

Rev { - [szued for Report
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PHOTO 4.1 - Good Rock Conditions exposed along the Banks of the Iskut River near the Intake Area
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GEOTECHNICAL AND ROCK MASS QUALITY DRILL LOGS



y 1 = 1 # 1 v 1 r =1 » 1 F ] ¥ ] r : |
i : . I | | b | K d i
Knight Piésold
gﬂ ONSULTING
GEOTECHNICAL DRILLHOLE LOGGING DATA SHEET
(NON-ORIENTED DRILLCORE)
Date: 26 September , 2001 Inspector: RAD / DM Hole No.: GTO1-A Northing: 6289080 Sheet: 1 of 1
Client: Coast Mountain Hydro Contractor: Hy-Tech Hole Diameter HQ(3) Easting: 399148
Project: Forest Kerr Drill Type: Azimuth N/A Elevation; 250
Location: Intake Structure Inciination: -80
M1 38441 \Dala){Rock Core Log Dala Shest - DH-AxisIFMA Sheat
Intact Rock Hardness Joint Condition Joint Weathering Joint Roughness
Estimated PERSISTENCE | <1m | 1-3m |3-10m[10-20m] >20m Descriplion Deseription
ucs.mpa | PoSrplon Flakd Porlomnanco Rali AR, R ] A TN B ~orginal Tabric ard roikl Folished or Sickensided
] 025 710 | Extrernaly waak rock_[indanied by ihuminal APERTURE | None k 0.1 mn[0.1-10] 1-5 | 5-10 o ooy
T 0-80 | Very weak rock “ndar firm biows wilh the poin 6l 8 Rati GRS e [T A R S R
joeologioal pick: can bo peeiad with a pocket ROUGI V I weathared - mck s discolorad and sirangth Smaoh, Flanat
i) so-25 Waak mok {Can ba pasiad with a packal knile with difiicully;| Ratl i TE 5 18 significantly reducsd by weathering
shallow indentations made by fim blow of INFILLING Nona Hard |“ﬂn“g nﬂlqu thored - 100k I8 7] Slightly Rough, Undulaling
jpeciogical pick <5mm|>5mm| < 5mm | > 5mm f"‘"“'“"mmm
2550 | Mediim Strong ook |Cannol ba scrapped of pesled wilh a pockol Rali A g AN SOk MG i i
[knife; spaciman can ba Irsclured with & singlo Wﬁ&m‘ Slightly wealharmd - mck strength unchangad, Flough Undulating/Slepped
biow of geological pick 3 5 B g | weathering on joints only
Shong ok |Specimen ma. Tran o Blow wih Frosh ard Unweatherod Vary Pough, Sispped
and/or geological pick lo Imclura it
Very strong rock | Specimen requires many blows of hammer
T gecloghoal pick 1o frachum it
Iggvmeti] > Extremely sirong rock ‘can only be chipped with geologival |
BOX INTERVAL (m) RECOVERY RQD No. Joint |Typical] Wthr | Hard JOINT CONDITION Ground' Geaological Description
FROM| TO LENGTH m % m % Joints | Angle | Joints PE APER [ROUGH] INFILL | WTHR | Water (Rock Type, Colour, Texture, Alteration, Structure)
1 0.6 1.5 039 0.2 22 0.0 '] 3 AND | RND 3 3 -organics @ top of fun.
1 1.6 2.7 1.2 0.2 19 0.0 0 7 RAND | RND 3 3 ] 4 ] -] 3 10__| -vesicular basalt clay seam @ 10 i, (5 cm wide)
1 2.7 3.7 0.8 0.2 25 0.0 0 20 RND RND 3 3 ] 4 8 -] 3 10 | -highly frac. vesicular basalt
1 37 4.0 03 0.2 58 0.0 0 20 AND | RND 3 3 8 4 -] 6 3 10 | -highly Irac. vesicular basalt
1 40 58 18 13 69 05 25 13 AND | RND 3 3 B 4 5 ] 5 10 | -ox. on joint surfaca
1 5.8 63 0.5 0.0 (-] 0.0 1] 20 RND | RND 3 3 & 4 5 [ 5 10 | -highly fractured
2 6.3 7.3 1.1 0.8 76 0.4 36 8 RND RND 3 3 ] 4 5 ] 8 10 | -cooked meta seds @ 21" - rubbly 2 in wide
2 7.3 8.8 1.5 1.4 92 0.7 46 16 AND | RND 3 4 (] 4 5 6 (-] 10
4 14.9 16.5 1.5 1.5 100 14 93 5 AND | RND -] 4 ] 4 5 -] ] 10 | -vesicular basall - columnar joinis
4 165 18.0 15 1.5 100 13 88 ] RND | RND -] 4 -] 4 5 8 ] 10| -vesicular basall - lawer vasicles
45 18.0 19.5 15 1.5 100 12 78 8 RND RND [] 4 6 4 5 ] 6 10 | -vesicular basalt - fewer vesiclas
5 18.5 210 15 15 100 09 7 RND | RND 6 4 6 4 5 & ] 10| -vesicular basalt - sub-horlz joints [columnar?)
56 195 | 26 3.0 1.5 50 05 17 9 RAND | AND [ 4 6 4 5 3 [5 10 lar basalt - long sub-horiz joints
] 226 24,1 1.5 1.5 100 14 5 AND | AND [ 4 ] 4 5 & ] 10 | -vesicular basalt - long sub-horiz joints No water return during drilling of entire hole
(ERRRERE] it ol olovaton
Printed: 1017401
Rew'ah: O, 15, 2001
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b g: ONSULTING
|
| GEOTECHNICAL DRILLHOLE LOGGING DATA SHEET
[ (NON-ORIENTED DRILLCORE)
|
| Date: September 29, 2001 Inspector: DM/ RAD Hole No.: GT01-8 Northing: 6289105 Sheet: 1 of 1
I‘ Client: Coast Mountain Hydro Contractor: HyTech Hole Diameter HQ (3) Easting: 399100
| Project: Forest Kerr Drill Type: Azimuth N/A Elevation; 260
| Location: Intake Tunnel Inclination: .90
| Wi\ 3844\1\Dala\[Rook Cor Log Data Bhoot - DH-B.ds]RMR Shout -
Intact Rock Hardness Joint Condition | | Joint Weathering Joint Roughness
Estmated > Descripli Dascription
:i Hardnasa | oot Dascriplion Flsid Periomnance ) R g - original labnc and relict Polished or Sickensided
| 0.25- 1.0 | Exirenmely weak rock |Indenied by thumbnall Mmmm ook is decomposed and
1080 | Vary wedh rock | Grumibies under lirm biows wilh he poinl of
% goological pick: oan be poled with a pockel [Highly weathered - rock ts discolored and strength Smooth. Flanar
el 50-25 ‘Weak rock Can b pesiad with & pocket knile with difioulty| sigrifficantly reduced by weahaiing
i shatiow Indontations e by fim biow of aathared - rock i dscotored, Gl Sighity Fough, Undulaing
e is only slighlly aflacted, discontinuliiss
o P5-50 | Madium Sirong mok [Cannol bo sorapped of pesiod with 8 podket |
i lenife, ~ |Sightly - ook strength 0 Rough Undulaling/Slappecd
I i 0-100 [Froch and Unwoaihored Vory Rough. Sinppad
B
100 - 250
| =260
BOX INTERVAL (m) RECOVERY RQD No. | Joint |Typical] Wihr | Hard JOINT CONDITION Ground Geological Description
FROM| TO LENGTH m % m % Joints | Angle | Joints PERSIS] APER [ROUGH] INFILL| WTHR | Water (Rock Type, Colour, Texture, Alteration, Structure)
1.0 0.8 2.1 1.6 1.3 83 0.0 0 RND AND MW 2 6 4 5 ] 3 10__ | -cobbles / gravel pushed into casing
1.0 2.1 3.7 1.5 1.1 72 0.5 a0 11 RND | AND Mw 2 ] 6 4 ] 3 10 | -vesicular basalt clay seam at 10 feet Highly waethered
1.0 37 52 15 1.5 100 | 08 a7 12 AND | RND | MW 2 3 6 4 [ 3 10__ | -highly Fracturad vesicular basalt
20 52 67 15 15 100 12 80 1 RND | RND MW 3 -] 8 4 ] 5 10 | -vesicular basait - highly fractured
20 8.7 8.2 1.5 1.5 100 0.7 48 12 AND | RND SW 4 ] 6 4 6 5 10 | -vesicular basalt - weathered on joints
23 82 98 1.5 1.5 100 07 48 8 AND | RND uw 4 6 6 4 6 5 10 | -vesicular basalt
30 98 11.3 15 15 100 12 78 5 AND | RND uw 4 [ [ 4 6 5 10 | -Return water gauge vesicular basall
4 11.3 12.8 15 15 100 08 52 T RND RND uw 4 B [ 4 ] 5 10 -vasicular basall - AW - 50 psi
4.0 128 | 143 1.5 1.5 100 05 36 12 AND | RND | uw 4 [ [ 4 6 [ 15 | -vesicular basalt - AW OK - lewer vesiclas
4.0 143 159 16 1.5 87 0.5 34 7 AND | AND uw 4 ] 6 4 B ] 15 | - fewer vesicles
416 15.9 17.4 1.5 15 100 09 62 RND | RND uw 4 ] [ 4 ] ] 15 | -vasicular basalt - sample
5.0 17.4 18.9 1.5 1.5 100 1.2 77 5 RND | RND Uw 4 ] ] 4 -] 6 15 | -vesicular basalt - no water return
|
|
70 25.0 26.5 15 1.5 100 1.1 70 13 75 75 uw 4 6 6 4 6 6 15 | -vesicular basalt - more vesicles
70 | 265 | 280 | 15 | 15 | 100 | 15 [ 100 5 80 | 80 | uw 4 8 6 4 6 6 15__| -good vesicular basalt - few vesicles (sampla)
78 280 20.9 18 1.5 B3 0.9 48 12 RND | RND HW 3 ] ] 4 6 3 7 -highly weathered vesicles (57-98)
8.0 299 aii 1.2 1.2 98 0.0 0 25 RAND | RND HW 2 & [ 4 ] 3 7 -gravel sized rock basall fragy al 58-101 - basalt 101-102. Loss of waler during driling
[EEE ndicales wnnel elevation
L ———
Hev'd: Oct 17, 2001

Rev. 01
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Knight Piésold
gc ONSULTING
GEOTEC| DATA SHEET
(NON-ORIENTED DRILLCORE)
Date: Seplember, 28, 2001 Inspector: RAD /DM Hole No.: GT01-C Northing: 6289105 Sheet: 1 of 1
Client: Coast Mountain Hydro Contractor: Hy Tech Hole Diameter HQ(3) Easting: 399100
Project: Fores! Ker Drill Type: Azimuth: 247 Elevation; 260
Location: Intake Area Inclination: -60
W Fiald G - 51 and Testing of £3-1 - Failing Head SpreadshestxisfFH-1
Intact Rock Hardness Joint Weathering Joint Roughness
Dascripli De_“;_lggplbn
e Mw-mmww Polished or Slickensided
Exiremety weak rock _|indented by thumbnal e b,
| Vary wank rock [Grumbies undar fm Diows wih the poinLola |
|wectogical pick: can bo peoiod with a packet - mck Is Smooth. Planar
Woah o0k b poctoxd with 8 pooke! krile with dificuy | in sigrificantly reduced by westharng
shallow Indentalions made by fimn biow of waaihored « rock 19 discolored, but Siightly Rough, Undulaling
geological pick |strangth is anly slighlly afisciad, disconfiruilias
Medium Birong rock  [Gannol be scrapped or peeled with a pocket
fknils; spaciman can be imclured with & single [Slighlly weathered - rock strength unchanged, Rough Undulaling/Sieppad
of guolagical pick g on joints only
|~ Sirong ook TeqUiTes more than one biow wih Frash and Unwealared Vary Rough, Siappad
‘andior geologioal piok i imckure it
Vory strong rook. Spocimen requires many blows of hammar
and/or geolopical pick lo fraciure il
Eximmaly strong Tock | Spoaimen oan only ba chippad with geclagioal pf
BOX INTERVAL (m) __| RECOVERY RGD No. | Joint [Typical] Wthr | Hard JOINT CONDITION Ground Geological Description
FROM| TO |LENGTH| m % m % Joints_| Angle | Joints PERSIS| APER [ROUGH| INFILL | WTHR | Water (Rock Type, Colour, Texture, Alteration, Structure)
1 03 21 1.8 07 37 0.00 L] 5 RND FR 4 4 ] 5 1] 6 15 -vascular basalt
1 21 34 12 12 100 0.36 29 ] RND FR 4 4 ] 5 & & 15 -vesular Basalt - no water return
1 34 49 1.5 15 | 98 0.61 40 8 RND FR 4 4 6 5 & 6 15 ~vesicular basall - columnar jnis - no waler return
12 49 6.4 1.5 1.5 98 1.32 B7 6 AND FR 4 4 6 3 & 6 15 - no water return - vesicular basalt
2 6.4 79 15 15 100 1.04 68 ] RND FR 4 4 & 4 6 ] 15 -vesicular basalt - no waler return
23 7.9 25 15 1.5 100 0.81 53 10 AND FR 4 4 8 - 4 0 ] i5 - vesicular basall - no waler return - clay in soma joints
3 05 11.0 1.5 1.8 100 1.22 81 6 AND FR 4 4 8 3 2 5 10 - vesicular basalt - no water return - clay in joints
3 11.0 12.5 1.5 1.5 100 0.97 63 7 AND FR 4 4 6 4 2 ] 10 ~ vasicular basalt - no waler return
4 125 14.0 1.5 1.5 100 0.66 44 7 RND FR 5 4 6 3 ] ] 10| - watar prassura buildup in drill no waler return
4 14.0 15.5 1.5 1.5 100 0.81 54 2 RND FR ] 4 ] 3 6 & 15 = drilling water p = 50psi
4 16.5 16.8 1.2 1.2 100 0.81 67 8 RND FR 5 4 ] 3 ] ] 15 - vesicular basalt
5 16.8 18.3 1.5 1.5 100 1.27 83 5 RND FR 5 4 6 4 & 6 15 - vesicular basalt - drill frac in top 2 ft of core
5 18.3 19.8 1.5 15 100 0.84 55 [:] RND FR 5 4 ] 4 6 6 15 - vesicular basalt - sub horiz in 1 ft of core on
] 19.8 21.3 1.5 1.8 100 0.97 63 7 RND FR 5 4 [ 4 8 ] 15 - vesicular basall - no waler return
B 280 236 1.5 15 100 1.07 70 12 RND FAR 5 4 ] 4 6 6 15 - vasicular basalt - no waler return
B 296 ana 1.5 1.5 100 1.40 92 L) AND FR 5 4 [} 4 ] [ 15 - vasicular basalt - no water return
] 3l 326 1.5 1.5 100 1.356 B8 ] RND FR 5 4 [ 4 [ 6 18 - vesicular basall - no waler return
8 326 M1 1.5 1.5 100 086 57 8 RAND FR 5 4 ] 4 & 6 15 - vesicular basall - vesicles much denser from 108' down rubble @ 108'
8 34.1 346 05 0.0 o 000 0 50 AND | HW 2 - No recovery ¥
8 346 | 33 1.7 0.0 o 0.00 0 50 RND | HW 2 - No recovery
i) 363 36.9 0.6 0.6 100 0.10 17 50 AND HW 2 - gravel sized weathered rock fragments
[EESEER] ndicates wmnel elevalion

Privded: 1041701
Rev'd: Ot 15, 2001
Rev. 0



Knight Piésold

CONSULTING

GEOTECHNICAL DRILLHOLE LOGGING DATA SHEET
(NON-ORIENTED DRILLCORE)

Date: Septamber 29, 2001 Inspector: DM Hole No.: aro1-o Northing: 6285100 Sheet: 1 of 1
Client: Coas! Mountain Hydro Contractor: Hytech Drilling Hole Diameter: HO(3) Easting: 399050
Project: Forrest Kerr Drill Type: Azimuth: N/A Elevation; 270
Location: Intake Inglinati -90
M:\13844\ I\Dala\{Rock Coro Log Dala Sheat - DH-D.xis]AMA Sheat -
Intact Rock Hardness Joint Condition Joint Weathering Joint Roughness
Estmated PERSISTENCE | <1m | 1-3m |3-10m[i0-20m >20m Description Dascr]
UCS. MPa Description Fleld Performance A R Bk S EGAR i ‘weathered - original labc and relot Polished or Slickensided
|05 - 10 Exvomoly wask rock by umbnal APERTURE None k O.1mn0D1-10] 1-5 | 5-10 Siructures remain bul. rack |s decompoesd and
{7050 Vary woak ook |Crumbies undor firm blows with the poil of & Rali e i B T R
jpeclogical pick; can ha pasisd with a pocks! ROUGHNESS [V Smooth | Slicks - mack Is siranglh Smooth, Planar
5025 Wesk rock (Gan ba pested wih & pockal ke wih difculy, | atl : T 3 B by
{shallow Indantafions made by fiem blow ol i N None | Hard Infilling - n ~Tovk I8 Bul ‘Eightly augh, Unduating
3 [peoiogical pick <5mm|[>5mm| <5mm [ >5mm (virenighh s only wighty afiecied, duconiruties
R Madium Sirong rock | Gannol be scrappad of paoiod with a pockel A T T T T R
4 [knife; spacimen can ba Iractursd with a singls WEATHERING Al Firangih 0 Aough Undulating/Stapped
biow of geological pick weatharing on oints only
50+ 100 Birong 1ok Bpociman 19QUios Mora than ona Biow wih | [Froeh and Unweathared Very ough, Blepped
i ‘andior gaciogical pick 1o Imcturs It
| 706 - 280 | Very sirong rock [Speciman requires many biows o hammar
Ll land/or gaological pick to Iractura it
gl > 2% Extremely sirong rock  |Specimen can only be chipped with geclogical
BOX INTERVAL @ RECOVERY RQD No. Joint |Typical] Wthr | Hard JOINT CONDITION Ground, Geological Description
FROM| TO |[LENGTH| m % m % Joints | Angle | Joints PERSIS| APER |ROUGH| INFILL | WTHR | Water (Rock Type, Colour, Texture, Alteration, Struclure)
15 34 1.8 03 7 0.0 0 100 HW -cobbles - washad gut sand / silt
3.4 4.3 0.9 0.3 33 0.0 0 50 HW - cobbles - rubbla vesicular basalt @ bottom of run
4.3 46 0.3 0.3 100 0.0 0 50 HW - lignt brown clay rasidua on surface
4.6 5.2 0.6 06 100 0.4 50 10 RND | MW 3 4 s 4 6 3 10| - weathered vesicular basalt
5.2 6.7 1.8 1.3 B8 0.4 27 12 RND MW 3 4 ‘& 4 [ 3 10 - fractured vesicular basalt staining on joints, rubbly @ top of run
67 8.2 15 15 100 07 43 15 RND SW 3 4 [] 4 ] 5 10 - slight weathering on joinl surfaces - vesicular basall
8.2 9.8 1.5 1.5 100 1.0 67 13 AND | SW 3 4 [ 4 [3 5 10 | - siight Ing - basall - minor vesicles
8.8 122 2.4 1.5 62 0.8 ] 13 RAND SW 2 - ] 4 6 § 16 - vesigular basalt - 90 om core loss @ 40'
12.2 12.8 08 0.6 100 01 21 9 RND SwW 2 4 ] 4 & 5 10 - vesicular basall - no waler relurn
128 14.3 15 0.4 28 0.0 0 HW - vesicular basall - gravel sized Iragmenls. No waler raturn
14.3 159 1.5 08 50 0.0 0 HW - vesicular basall - gravel sized lragments. No waler relurn
15.9 17.1 1.2 0.9 73 0.0 0 HW - vesicular basalt - gravel sized fragments. No waler return during drilling ol entire hole
[ ncicates tunnel elevation

A h

Printed: 101720
Revid: Oct 17, 2001
Hev. 0
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Knight Piésold
gl:'. ONSULTING
EQTECHNICAL DRILLHOLE L ING DATA
(NON-ORIENTED DRILLCORE)
Date: 24 Bapleimber, 2001 Inspector: RAD Hole No.; QT01E Northing: 6288680 Sheet: 3 of 3
Cllent: Coast Mountain Hydro Contractor: Hylach Hole Diameter:HQ(3) Easting: 398830
Project: Farrasl Kerr Project Drill Type: N/A Elevation; 300
Location: Tunnal Alignment Inclinati -8
MA13844\ \Data\packarDH-E sisj@d. 3m-74.4m
Tniaci Hock Hardness Joint Weathering Joint Roughness
ion ‘Dasoriplion
Desntplon Fald Partsraanas weameind = e B
Exvromoly woak ook |Indented by Fumbnad rack and
Vary weak rock | [Crumbles under e blows with iha point of & ik
[geolagical pick; can ba pesied with s pockat 1 [ “Emacth, Planar
Weoah 100k (Con be peeled wilh & pochet il wih | £ {is significantly recuced by weathering
|diffioulty. shalow indentations mads by firm i Moderalely weathered - rock is discoiorsd, bul Shighily Rough, Undulaling
(hlow af gaciogicsl plck ;  sength s only sighlly alfecied, discontinuties
7 g apped of pesied wilth & pockel ) ——
, spocimen can b raciured with & singls [Sighily weathared - rock shengih Undulnting/stoppad
o geckogical pick L [weatharing on i arty o
Sirong rock, requires more han one biow with Frosh and Urweathered Vory Rough, Siepped
[ hammer and/or gectogical pick 1o fracture i
Vary sirong rock many
gedlogical pick io racturs it
can n
INTERVAL {m) RECOVERY RGD POINT LOAD No. | Joint |Typlcal] Wthr | Hard JOINT CONDITION Ground Geological Description
TO JENGTH m % m Y STRENGTH Joints | Angle | Joints PERSIS| APER [ROUGH| INFILL | WTHR | Water (Rock Type, Colour, Texlure, Alteration, Structurs)
m UGS (WFa) 1
114 | 581 | 807 15 15 08 1.5 28 800 88 3 40 40 FR 5 4 8 3 a 8 15 |CaCOR filled 277
14 807 622 15 15 100 11 L) 1000 110 4 35 40 FR 5 4 [:] 4 2 1] 15
14 622 63.7 1.5 1.5 jol:] 1.5 a7 1300 143 ] 80 80 FR 5 4 [] 5 2 6 15 - Shear at 207.5' - soma gouge
1S ) 837 | es2 15 15 100 13 83 1300 143 10 40 40 FR 5 S 4 [ 5 2 [ 15 | - shear al 213 . chiorite gauge
15 852 | 668 | 15 15 | ‘=8 1.3 88 1200 132 1 50 50 FR 5 4 [ 5 2 8 15 | - greenstone
1516 | 668 | 683 | 15 1.5 -1 14 80 1000 110 5 45 45 FR 5 4 8 5 2 8 15| - greenstons (melased)
18 683 | 698 | 15 1.5 58 15 98 1100 124 3 30 30 FR 5 4 8 5 2 8 15 |-
ST ndicates tunnal sievation
Frimed: 117401
A i g— Hevd: O 17, 2001
Lo A
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Knight Piésold
CONSULTING
GEOTECHNICAL DRILLHOLE LOGGING DATA SHEET
(NON-ORIENTED DRILLCORE)
Date: 24 Seplember, 2001 Inspector: RAD Hole No.: DH-E Northing: 626886880 Sheetl: 1 of 3
Cllent: Coast Mountain Hydro Contractor: Hytech Hole Diameter:HG(3) Easting: 39BBI0
Project: Forresl Kerr Project Drill Type: Azimuth: NA Elevation; 300
Location: Tunnal Alignment Inclination: -88
413844 1\Dola\{Hock Corw Log Dala Sheat - OH-E.isJRMA Shest —
Intact Rock Hardness Joint Condition 1 Joint Weathering Joint Roughness
: —- < Polishad or gﬁd
Vary waak rock, umblos undor firm blows wilh the poinl of &
(PO P, W ‘Smooth, Planar
| Sigidy Pough, Unduiaig |

Rauph Undulating’Slspped
Vary Rough, Siappsd
BOX INTERVAL (m) | RECOVERY RGD FOINT LOAD No. | Joint |Typicall Wthr | Hard JOINT CONDITION Ground Geological Description
FROM| TO JENGTH m | % | m | % STRENGTH Joints | Angle | Joints PERSIS| APER [ROUGH] INFILL | WTHR | Water {Rock Type, Colour, Texture, Alteration, Structure)
Gaugelps)) | UCS (MFa)
1 0.0 70 7.0 0.0 0 0.0 0 H 8
1 7.0 8.5 15 15 100 0.8 51 1500 1685 & 50 M 4 4 5 1 1 1 7 matasediments
1 B.5 98 13 13 100 13 o8 1400 154 3 80 M 4 4 5 5 3 1 - matasedi
1 o8 1.0 1.2 0.8 75 0.9 75 1350 148 1 B0 M 4 4 5 & 3 1 7 = ds - viened (Oiz)
2 11.0 125 1.5 1.6 100 08 50 1100 121 8 60 1] H 4 4 4 3 a 0 10 - weathered melased
2 125 14.0 1.6 15 100 1.0 66 1100 21 a 0-80 10 M 4 4 4 3 o 0 10 - highly weathered metased
213 140 155 1.5 15 100 13 S0 1200 132 8 10-80 70 u 4 4 5 4 2 [} 10 - frash melased
3 158 16.6 0.8 08 89 08 67 1100 121 “ 80 B0 u 4 4 5 4 2 ] 10 fresh melased
3 185 180 15 15 100 15 100 750 83 ] 40-80 50 u 4 4 5 [} ] ] 10 - frash J
3/4 180 195 1.5 1.5 100 15 100 600 88 4 70 70 FR 4 4 k] [:] [:] 8 15 - melasediments
4 1848 21.0 1.5 15 100 15 100 800 23 2 75 75 FA 5 4 5 ] [ ] 16 ! mnis
4 21.0 228 1.5 15 87 1.4 B2 1300 143 3 B0 | 80 FR 5 ‘4 5 ] 4 8 15 -melasediments
4/5 228 241 19 1.5 100 156 100 1200 132 2 70 70 FR £l 4 ] 5 8 8 15 -melasediments
5 241 2586 15 15 | 100 1.5 100 1150 127 L) 50 50 FR 5 4 8 5 8 ] 1% -metasedimants
5/8 258 211 1.5 16 100 15 100 1150 127 a 70 70 FR 5 4 8 5 8 ] 15 - fing grained metasedi
L] 271 287 15 1.4 93 14 80 1100 121 4 i) 75 FR 5 4 8 5 L] -] 15 - shear (oxidized) al 83'
] 28.7 302 15 15 100 1.5 100 1100 121 2 60 | 60 FR 5 4 6 5 B -] 15 - fine melased - iz viens
a7 30.2 3.7 1.6 1.5 100 15 100 1300 143 0 FR 5 4 - fine grainad melassdiments
[EEETEER ndicates tunnal elavation

Primed; 11700
— R O |7, 2001
Hev, 0
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Knight Piésold
gr; ONSULTING
OTECHNICAL DRILLHOLE LOGGING EET
(NON-ORIENTED DRILLCORE)
Date: 24 Beplamber, 2001 Inspector: RAD Hole No.: DHE Northing: 6288680 Sheet: 2 of 3
Client: Coast Mountain Hydro Contractor; Hylech Hole DI THQ(3) Easting 398830
Project: Forrast Kerr Project Drill Type: Azil N/A Elevation; 300
Location: Tunnel Alignment Inclination: ‘.88
MALI844 \Dnis\{Rock Care Log Data Shest . DH-Exis}AMA Shast
Intact Rock Hardness Joint Gondition Joint Roughness
pr— | PERBISTENGE | <1m | 1.3m [3.10mi0-201] >20m Faiing Descrpli
m[lﬂtll'l Descripton Flaki Parlommance o 1 O K 5 i - - Foltied of Biarsied
[ '0.25 . 1.0 Extromoly weuk rack |indaniad by thumbnal 01mm01-10] 1-5
10-50 Vary waak 4 With Whe poinl of a B g 3 [
alogical pick; can be pesied with & pocket OUGHNESS v Bmooth ‘Smooth, Planar
G-28 | Weak oo (Can ba posied wilh & pockel knifs with | i
: shallow Indenlations mada by firm TRFILLIN Sof |~ Slighty Rough. Unculasng |
of gaological pick <5mm|>Emm| < > 5 mm
‘Sirong rock | Gannal ba scrappsd o 0 ]
; Rpaciman can ba imciursd with a single SW MW HW e ’
o geological T 7 ~ T
1] 50- 100 Stong roquires more than one biow with Vary Rouph, Slepped
hammer and'or geological pick lo frecturs it
[Spaciman raguiat many biows of hamemer |
|ant¥or gaclogical pick ko frackura if
‘ean only be chpped wilh gedlogical
RECOVERY RQD POINT LOAD No. | Joint |Typical Wihr | Hard | JOINT CONDITION Ground Geological Description
m % m % STRENGTH Joints | Angle | Joints FERSIS| APER |ROUGH]| INFILL | WTHR | Water {Rock Type, Colour, Texture, Alteration, Structurs)
Gi {psi) (MPa)
7 317 | 332 | 15 15 100 1.5 100 1800 178 2 |asm0| a5 FR 5 4 5 3 4 5 10| - oxidized joint
7 332 | M8 | 15 15 88 15 08 1800 176 4 45 45 FA 5 4 5 5 4 5 10 | - oxidized joint
78 348 | 363 | 15 15 100 15 100 1300 143 4 |s000| 50 FR 5 4 5 5 4 5 10 | - metassd
8 383 | 318 | 156 15 98 13 83 1150 127 6 |8o5| s0 FA 5 4 5 3 4 ) 10 |- motaseds
8 378 | 393 | 15 15 100 15 100 1600 178 4 30 30 FR 8 4 8 3 8 8 15 | - metasediments - greensions (fine grainad)
&9 393 | 408 | 18 15 04 08 ag 1200 132 ? HW 3 4 4 3 3 1 4 - shattered core at 132'
9 409 | 413 | 10 1.0 100 04 43 500 55 7 0-90 80 HW 3 4 4 3 3 1 4 - shattered core at 132°
9 419 | 434 | 15 15 100 | o8 52 850 72 7 0-80 45 | wihr 3 4 4 3 3 1 7 - all open joints rust coloured._Return 7977
10 434 | 450 | 18 18 100 0.5 30 1000 110 ? 40 0 MW 4 4 5 3 2 3 7 - oxidizad jeints
10 450 | 488 | 17 1.8 84 1.3 80 1500 165 [ 40 | a0 FA 4 4 [ 1 4 5 4 - matasediments - pyrite visible
1011 | 488 | 482 | 15 15 L 1.4 05 1500 185 7 45 45 FR ) 4 8 1 8 5 15 |- Conjugale joints @ 45deg.
11 482 | 498 | 17 17 08 15 o2 1550 L¥al 4 50 50 FR a 4 8 1 8 s 15
1 408 | 514 1.5 1.5 98 14 95 1300 143 7 45 45 FR 4 4 8 1 8 5 15___| - conjugate joints at 45deg
112 | 514 | 530 | 17 1.8 95 18 95 1500 185 2 a5 45 FR a 4 8 3 [} [ 15
12 530 | 548 | 15 1.5 88 15 o8 1400 154 ] FA 4 4
1213 | 548 | 581 15 1.5 88 1.5 98 1400 154 2 40 40 FR 4 4 4 1 4 8 15 | - Onzfilled joints
13 561 | 518 1.5 1.5 98 15 98 1500 165 2 | 10,45 FR 4 4 8 5 4 [ 15| - Otz filed joinis
13 57.6 | 50.1 15 15 100 1.2 80 1450 160 5 78 75 FR 4 4 a 3 4 8 15 |- Otz filed joints
[ ndicates tunnel elevation

A-+

Prbwtesk, 100} 700
Revidl O 17, Juig
Rev i)
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COAST MOUNTAIN HYDRO CORP.
FORREST KERR HYDROELECTRIC PROJECT
ROCK MASS RATING CLASSIF TION - GEOTECHNICAL DRILLHOLE GT01-A
Printed on: 18-Oct-01
M:\3844\1\Data\[Rock Core Log Data Sheet - DH-A xIs]RMR Sheet - _ Revised on: 18-Oct-01
INTERVAL RECOVERY ROQD ucs ucs RQD | JSPAC | Rating Joinl Rating JCOND | WATER RMR
FROM| TO LENGTI-\ m % m %o Rating Rating Persistence Aperature Roughness Infilling Weathering Rating
(m) (m) (MPa) (mm) Sub-total
0.6 1.5 0.9 0.2 22 0.0 0 75 7135 E 13.6 0.4 0 0 0 0 0 0 0 9
1.5 2.7 1.2 0.2 19 0.0 0 75 15 4 13.6 0.4 6 4 6 6 3 25 10 44
2.7 37 0.9 0.2 25 0.0 0 75 7.5 4 13.6 0.4 6 4 [ 6 3 25 10 44
X7 4.0 0.3 0.2 58 0.0 0 75 1.5 1.4 13.6 0.4 6 4 6 6 3 25 10 44
4.0 5.8 1.8 1.3 69 0.5 25 75 15 6.1 37.5 5.5 6 4 5 6 5 26 10 55
5.8 6.3 0.5 0.0 6 0.0 0 75 1.5 1.4 13.6 0.4 6 4 5 6 5 26 10 45
6.3 7.3 1.1 0.8 76 0.4 36 75 75 B.I 47.7 6.7 6 4 5 6 6 27 10 59
7.3 8.8 1.5 1.4 92 0.7 46 140 11,7 10.0 57.4 7.7 6 4 5 6 6 27 10 66
16.5 18.0 1.5 1.5 100 1.3 88 140 1.7 17.9 179.0 13.4 6 4 5 6 6 27 10 80
18.0 19.5 1.5 1.5 100 1.2 78 140 1.7 16.0 113.9 11.1 6 4 5 6 6 27 10 76
19.5 21.0 L5 1.5 100 0.9 58 140 1,7 123 69.3 B.6 6 4 5 6 6 27 10 70
19.5 226 3.0 1.5 50 0.5 17 140 1.7 4.5 29.5 43 6 4 5 ] 6 27 10 58
22.6 24.1 1.5 1.5 100 1.4 90 140 1.7 18.2 201.2 14.0 6 4 5 6 6 27 10 81
_lndk.‘a!as tunnel elevation

A-&

Page 1 of 1




COAST MOUNTAIN HYDRO CORP,
FORREST KERR HYDROELECTRIC PROJECT

ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DRILLHOLE GT01-B

Printed on: 18-0ct-01
M:\13844\1\Data\[Rock Core Log Data Sheet - DH-B.xIs]RMR Sheet Revised on: 18-0ct-01
INTERVAL RECOVERY RQD UCs ucs RQD | JSPAC | Rating JoInt Rating JCOND |WATER| RME
FROM| TO LENGTH ft % it % Rating Rating Persistence Aperature Roughness Infilling Weathering Rating
(MPa) (mm) Sub-iotal
0.6 2.1 1.5 1.3 83 0.0 0 25 il 1.4 13.6 0.4 6 4 5 [ 3 24 10 39
2.1 3.7 1.5 1.1 72 0.5 30 25 .1 7.0 42.2 6.1 6 6 4 6 3 25 10 51
3.7 5.2 1.5 1.5 100 0.6 37 25 3.1 83 48.6 6.8 [ 6 4 6 3 25 10 53
5.2 6.7 1.5 1.5 100 1.2 80 130 11.2 16.3 118.9 11.4 6 6 4 [ 5 27 10 76
6.7 8.2 1.5 1.5 100 0.7 48 130 11.2 10.4 59.8 7.9 6 ] 4 6 3 27 10 66
8.2 9.8 1.5 1.5 100 0.7 48 130 11.2 10.4 59.8 7.9 6 [ 4 [ 5 27 10 66
9.8 11.3 1.5 1.5 100 1.2 78 130 11.2 16.0 113.9 11.1 [ 6 4 6 5 27 10 15
113 12.8 1.5 1.5 100 0.8 52 130 11.2 11.1 63.0 8.1 6 6 4 6 5 27 10 67
12.8 14.3 1.5 1.5 100 0.5 36 130 1.2 B.1 47.7 6.7 6 6 4 6 6 28 15 69
14.3 15.9 1.6 1.5 97 0.5 34 130 11.2 18 46.2 6.6 6 6 4 6 [ 28 15 69
15.9 17.4 1.5 1.5 100 0.9 62 130 1.2 12.9 72.5 8.9 6 6 4 6 6 28 15 16
17.4 18.9 1.5 1.5 100 1.2 77 130 11.2 15.7 1103 11.0 ] 6 4 6 6 28 15 81
25.0 26.5 1.5 1.5 100 1.1 70 130 11.2 14.5 100.5 10.5 6 6 4 6 6 28 15 79
26.5 28.0 1.5 1.5 100 1.5 100 130 11.2 20.0 944.3 219 6 [ 4 6 6 28 15 96
28.0 20.9 1.8 1.5 83 0.9 49 25 3.1 10.5 60.0 19 6 6 4 6 3 25 7 53
29.9 31.1 1.2 1.2 08 0.0 0 25 3.1 1.4 13.6 0.4 [ 6 4 [ 3 25 7 37
Indir.'alas tunnel elevation

A
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COAST MOUNTAIN HYDRO CORP.
FORREST KERR HYDROELECTRIC PROJECT

ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DRILLHOLE GT01-C
Printed on: 18-Oct-01
M:AL3844\\Data\|Rock Core Log Data Sheet - DH-C.x15]RMR Sheet _ Revised on: - 18-Oct-01
INTERVAL RECOVERY ROD ucs ucs RQD | JSPAC | Rating Joint Rating JCOND |WATER| RMR
FROM| TO LENGTH m % m % Rating Rating Persistence Aperature Roughness Infilling Weathering Rating

(m) (m) (m) (MPa) (mm) Sub-total

0.3 2.1 1.8 0.7 37 .0 0 25 i1 14 13.6 0.4 4 6 5 6 6 27 15 47
2.1 3.4 1.2 1.2 100 .4 29 100 9.3 6.9 414 6.0 4 6 5 6 6 27 15 64
14 49 1.5 1.5 98 6 40 100 93 8.9 51.8 7.1 4 6 5 6 6 27 15 67
4.9 6.4 1.5 1.5 98 1.3 87 100 9.3 17.6 160.6 12.9 4 6 3 6 6 25 15 80
64 79 1.5 1.5 100 1.0 68 100 93 14.1 97.0 10.3 4 6 4 6 6 26 15 75
7.9 9.5 1.5 1.5 100 0.8 33 100 9.3 11.4 64.5 B3 4 6 4 0 6 20 15 64
9.5 11.0 1.5 1.5 100 1.2 81 100 93 16.6 123.9 11.6 4 6 3 2 5 20 10 67
11.0 12.5 1.5 1.5 100 1.0 63 100 9.3 13.2 77.2 9.2 4 6 4 2 5 21 10 63
125 14.0 1.5 1.5 100 0.7 44 135 114 9.6 55.7 7.5 4 6 3 6 6 25 10 64
14.0 15.5 1.5 1.5 100 0.8 54 135 11.4 11.5 65.4 83 4 6 3 6 6 25 15 kil
15.5 16.8 1.2 1.2 100 0.8 67 135 11.4 13.8 92.3 10.1 4 6 3 6 6 25 15 75
16.8 18.3 15 1.5 100 1.3 83 135 114 16.9 134.4 12.0 4 6 4 6 6 26 15 8l
18.3 19.8 1.5 1.5 100 0.8 55 135 114 11.7 66.1 8.4 4 6 4 6 6 26 15 72
19.8 21.3 1.5 1.5 100 1.0 63 135 11.4 13.2 77.2 9.2 4 6 4 6 6 26 15 75
28.0 29.6 1.5 1.5 100 1.1 70 135 11.4 14.5 100.5 10.5 4 6 4 [ 6 26 15 77
29.6 3.1 1.5 1.5 100 1.4 22 135 11.4 18.5 2273 14.6 4 6 4 6 6 26 15 86
ETH 326 1.5 1.5 100 13 88 135 1.4 17.9 178.8 134 4 6 4 6 6 26 15 B4
326 34.1 1.5 1.5 100 0.9 57 135 114 120 61.7 8.5 4 6 4 6 6 26 15 73
34.1 34.6 0.5 0.0 0 0. 0 25 3.1 14 13.6 0.4 0 0 0 0 0 0 0 5
34.6 36.3 1.7 0.0 0 0 0 25 3.1 1.4 13.6 0.4 0 0 0 0 . [ 0 0 5
36.3 36.9 0.6 0.6 100 ; 17 25 3.1 4.5 29.5 4.3 0 0 0 0 0 0 0 12

Indicates tunnel elevation

A-t10
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COAST MOUNTAIN HYDRO CORP.
FORREST KERR HYDROELECTRIC PROJECT
ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DRILLHOLE GT01-D
- Printed on: 18-Oct-01
M:\138440\\Data\[Rock Core Log Data Sheet - DH-D xIs]RMR Sheet Revised on: 15-Oct-01
INTERVAL RECOVERY RQD TUCS UCS RQD | JSPAC | Rating Joint Rating JCOND |WATER| RMR
FROM| TO LENGTH #t % ft % Rating | Rating Persl Aperature  Rough Infilling Weathering Rating
(MPa) (mm) Sub-total
L5 3.4 1.8 0.3 17 0.0 0 05 1.4 13.6 0.4 0 0 0 0 0 0 0 2z
3.4 4.3 0.9 0.3 33 0.0 0 0.5 1.4 13.6 0.4 0 0 0 0 0 0 0 2
4.3 4.6 0.3 0.3 100 0.0 0 0.5 1.4 13.6 0.4 0 0 0 0 0 0 0 2
4.6 5.2 0.6 0.6 100 0.3 50 100.0 93 10.7 61.3 8.0 4 [3 4 6 3 23 10 61
5.2 6.7 1.5 1.3 88 0.4 27 100.0 93 0.4 39.1 5.7 4 6 4 [ 3 23 10 54
6.7 8.2 1.5 1.3 100 0.7 43 100.0 93 9.5 55.0 7.5 4 [ 4 6 5 25 10 61
8.2 9.8 1.5 1.5 100 1.0 67 100.0 9.3 13.8 92.3 10.1 4 [ 4 6 5 25 10 68
9.8 12.2 2.4 1.5 62 0.9 35 100.0 9.3 8.0 47.4 6.7 4 6 4 6 5 25 15 64
12.2 128 0.6 0.6 100 0.1 21 25.0 3.1 5.3 335 4.9 4 [ 4 6 5 25 10 48
12.8 14.3 1.5 0.4 28 0.0 0 25.0 31 1.4 13.6 0.4 0 0 0 0 0 0 0 5
14.3 15.9 1.5 0.8 50 0.0 0 25.0 3.1 1.4 13.6 0.4 0 0 0 0 0 0 0 5
15.9 17.1 1.2 0.9 73 0.0 0 25.0 3.1 1.4 13.6 0.4 0 0 0 0 0 0 0 5
[ indicates tunnel elevation

Drill Hole terminated above tunnel elevation due to poor rock conditions

At
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COAST MOUNTAIN HYDRO CORP.
FORREST KERR HYDROELECTRIC PROJECT
ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DRILLHOLE GT01-E
Printed on: 17-Oct-01
M:\13844\1\Data\[Rock Core Log Data Sheet - DH-E.xIs|RMR Sheet Revised on: 15-0Oct-01
INTERVAL RECOVERY RQD ucs ucs RQD | JSPAC | Rating Joint Rating JCOND | WATER RMR
FROM| TO LENGTH m % m % Rating Rating Persistence Aperature Rouvghness Tnfilling Weathering Rating
(MPa) (mm) Sub-total
0.0 7.0 7.0 0.0 0 0.0 0 0.0 0.5 1.4 13.6 0.4 0 0 0 0 0 0 0 2
7.0 8.5 1.5 1.5 100 0.8 51 165.0 12.9 10.9 62.1 8.1 4 S 1 1 1 12 ) 51
8.5 9.8 13 1.3 100 1.3 98 154.0 12.4 19.6 444.8 18.0 4 5 5 3 1 18 7 15
9.8 11.0 1.2 0.9 75 0.9 75 148.5 12.1 15.4 107.5 10.9 4 5 5 3 1 18 T 63
11.0 12.5 1.5 1.5 100 0.8 50 121.0 10.6 10.7 6l.3 8.0 4 4 3 0 0 11 10 50
12.5 14.0 1.5 1.5 100 1.0 66 121.0 10.6 13.7 90.1 10.0 4 4 3 0 0 11 10 55
14.0 15.5 1.5 1.5 100 13 90 132.0 113 18.1 197.5 13.9 4 5 4 2 6 21 10 74
15.5 16.5 0.9 0.8 89 0.6 67 121.0 10.6 13.8 92.3 10.1 4 5 4 2 [ 21 10 66
16.5 18.0 1.5 1.5 100 1.5 100 82.5 B.1 20.0 944,3 21.9 4 5 6 6 [ 27 10 87
18.0 19.5 1.5 1.5 100 1.5 100 88.0 B.5 20.0 916.3 21.7 4 5 6 ] 6 27 15 92
19.5 21.0 1.3 1.5 100 1.5 100 99.0 9.2 20.0 944.3 21.9 4 5 6 6 6 27 15 93
21.0 22.6 1.5 1.5 97 1.4 92 143.0 11.8 18.5 2273 14.6 4 5 6 4 6 25 15 85
22.6 24.1 1.5 1.5 100 1.5 100 132.0 11.3 20.0 916.3 21.7 4 6 5 6 6 27 15 95
24.1 25.6 1.5 1.5 100 1.5 100 126.5 11.0 20.0 944.3 21.9 4 6 5 [] 6 27 15 95
25.6 27.1 1.5 1.5 100 1.3 100 126.5 11.0 20.0 944.3 21.9 4 6 5 6 6 27 15 95
27.1 28.7 1.5 1.4 93 1.4 90 121.0 10.6 18.2 200.9 14.0 4 6 5 [ 6 27 15 BS
28.7 30.2 1.5 1.5 100 1.5 100 121.0 10.6 20.0 944.3 21.9 4 6 5 6 6 27 15 95
30.2 317 1.5 1.5 100 1.5 100 143 11.8 20.0 916.3 21.7 4 0 0 0 1] 4 0 58
31.7 33.2 1.5 1.5 100 1.5 100 176 13.3 20.0 944.3 21.9 4 5 3 4 5 21 10 86
332 348 1.5 1.5 98 1.5 98 176 13.3 19.7 561.3 19.2 4 5 5 4 5 23 10 85
34.8 36.3 1.5 1.5 100 1.5 100 143 11.8 20.0 9443 21.9 4 5 5 4 5 23 10 87
36.3 37.8 1.5 1.5 98 1.3 83 127 11.0 16.9 134.4 12.0 4 5 3 4 5 21 10 71
| 378 39.3 1.5 1.5 100 1.5 100 176 13.3 20.0 944.3 21.9 4 6 3 6 6 25 15 95
I 39.3 40.9 1.5 1.5 94 0.8 49 132 11.3 10.6 60.6 79 4 4 3 3 1 15 4 49
I 409 41.9 0 1.0 100 4 43 55 5.9 9.5 54.8 74 . 4 4 3 3 1 15 4 42
| 41.9 43.4 .5 1.5 100 .8 52 72 7.2 11.2 63.7 82 L 4 3 3 1 15 7 49
| 434 45.0 .G 1.6 100 .5 30 110 10.0 7.1 42.4 6.1 E 5 3 2 3 17 i a7
! 45.0 46.6 1.6 1.6 94 1.3 80 165 12.9 16.4 119.9 11.4 4 6 1 4 5 20 4 65
{ 466 | 482 1.5 1.5 98 1.4 95 165 12.9 19.1 295.2 16.0 4 6 1 6 5 22 15 85
48.2 49.8 1.7 1.7 98 1.5 92 171 13.1 18.6 240.9 149 4 [ 1 6 5 22 15 B4
49.8 51.4 1.5 1.5 98 1.4 95 143 11.8 19.1 295.2 16.0 4 6 1 6 5 22 15 84
514 53.0 1.6 1.6 95 1.6 95 165 129 19.2 306.2 16.2 4 6 3 6 6 25 15 88
53.0 54.6 1.5 1.5 98 1.5 98 154 124 19.7 5613 19.2 4 0 0 0 0 4 0 55
54.6 56.1 15 1.5 98 1.5 98 154 12.4 19.7 561.3 19.2 4 L) 1 4 ] 19 15 85
56.1 57.6 1.5 1.5 98 1.5 98 165 12.9 19.7 544.7 19.1 4 6 5 4 6 25 15 22
57.6 59.1 1.5 1.5 100 1.2 80 160 126 163 118.8 11.4 4 4 3 4 6 21 15 76
59.1 60.7 1.5 1.5 98 15 98 66 6.8 19.7 561.3 19.2 4 6 3 4 6 23 15 84
60.7 62.2 1.5 1.5 100 1.1 75 110 10.0 15.4 107.5 10.9 4 6 4 2 6 22 15 73
62.2 63.7 1.5 1.5 98 1.5 97 143 11.8 19.4 3139 16.3 4 [ 5 2 6 23 15 86
63.7 65.2 3 1.5 100 1.3 83 43 8 6.9 344 2.0 4 [ ] 2 6 23 15 79
65.2 66.8 5 1.5 98 1.3 88 32 3 7.9 78.8 3.4 4 [ 1 [¢ 23 15 81
66.8 68.3 3 1.5 98 1.4 90 10 .0 .2 200.9 4.0 4 [ 5 [ 23 15 80
68.3 69.8 1.3 1.5 98 1.5 o8 121 10.6 19.7 561.3 19.2 4 6 5 2 6 23 15 88
[EEEEE] indicates tunnel elevation
A-12
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Knight Piésold

COMBULTING

APPENDIX B

PACKER PERMEABILITY TEST RESULTS
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SHEET 1 OF 2

LUGEON TEST FIELD DATA SHEET

Knight Piésold

CONSULTING

—— Forrest Kerr Project | Fromoro: | 13844/1 cruwote|  GTO1-C
AREA: | Intake Area |
DIP: ' DEPTH CROUNDWATER: m TOP OF TEST INTERVAL:
FROM HORIZONTAL m (DOWN HOLE|
GATGE EEIGHT ABDOVE GROUND: ﬂ BOTTOM OF TEST INTERVAL:
GAUGE P TIME min [+] 1 2 3 4 B | svERscE FLow LUGEON
@an | noweea  wes | #8884 9513 | 9547 | 9579 | 9611
069 | e e 35.00 | 34.00 | 32.00 | 32.00 |34.00
GALUGE P TIME min 0 1 2 3 4 5

9761 | 9798

0.86 TAKE Hires. 38.00

37.00 | 37.00 | 38.00 | 37.00

GAUGE P TIME min o 1

AR rowveres  Ieres | 9913 | 9966

©1.08 TAKE Itres 42.00

43.00 | 45.00 | 44.00 | 45.00

@A | rowsme  wes | 10190| 10234 10274 [ 10315 | 10356 | 10808

40.00 , 41.00 | 41.00 | 42.00

57 B3 38

CAUGE P TIME min 0 1

@ | romena  wes | 10600 | 1064010680 | 107

089 | TwE ke 40.00 | 40.00
FLOW VERSUS PRESSURE PLOT
s0.0
450 +
a0.0 + -
74376
aso+
3.4
30.0 +
2504
-
200 4+
150 +
100+
50 +
0.0 +- + +
0.0 0.5 10 1.5
Pressare (BARS)
INTERPRETATION: LUGEON VALUE = WATERTAKE [I/ml  x 10 (BARS) I
STAGE LENGTH (m} TEST PRESSURE [BARS)
LUGEONS PERMEABILITY, cm/s -
STATIC WTR LEVEL MAX Lu= 4528 MAX k=
DE ATION:
! MIN Lu= [ 88.88 | MIN k= 3.0E-04
INTERPRETATION
REFERENCE: AVG [.u-l 40.86 AVG k= 4.1E-04
INTERPRETATION
TITE OF FLOW: Note: Parmeabity cakcuation
+ upon flow ification:
DRILLING / TEST RESULTS COMMENTS:

TEST BY: |Richard Dale

=

M:% 138447 1\ Data | packerDH-C xis{D.45m- 1 5.55m

Printod 197101
Revid Out 17, 2001
Revivion 0
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LuGeoN TEST FIELD DATA sEEeT | Kntight Piésold

CONSULTING

Pm:| Forrest Eerr Project

] e swsmna _GTOLC ]

AREA: |

Intake Area |

DIP; DEPTH GROUNDWATER:

TOP OF TEST INTERVAL:

FROM MORIDONTAL
GAUGE HEIGHT ABOVE GROUND: BOTTOM OF TEST INTERVAL:
GAUGE P TIME min o 1 2 3 4 B

@am | noweme  wes |11220[11281]11338] 11391 | 11445 | 11490
032 | ™we e 61.00 | 65.00 | 55.00 | 54.00 | 45.00

GALGE P TIME min o 1 2 3 4 &

mam | rowenn  wes | 1157211635} 11699 | 11763 11827 | 11892

060 | Tae  wm 63.00 | 64.00 | 64.00 | 64.00 | 65.00

@ | nomens  wes | 11950| 12088 | 12156 | 12958 | 12368 | 12467

108 | e e 105.00{101.00{102.00| 110.00 | 99.00

GAUGE P TIME min 0 1 2

@ | nowsss e | 1251012610 | 126601 1

0.69 TAKE Itres 100.00| 50.00 te ek
GALUGE P TINE min 0 1 2 3

TAKE lires 34.00 | 34.00 | 37.00
FLOW VERSUS PRESSURE PLOT BTAGE F JRE VERSUS L VALUE
L1200 Loc.0
1000 + 1034
800 +
g soo+ 848
@ a
40.0 +
34.4
200+
[+ 1] +—
0.0 05 1.0 L5 20
Pressure (BARS) BAR;
INTERPRETATION: LUGEON VALLE = WATERTAKE iymi  x 10 {BARS) l
STAGE LENGTH [m) TEST PRESSURE (BARS)
LUGEONS PERMEABILITY, cm/s
STATIC WTR LEVEL I | MAX Lu= [ 94.28 MAX k=
DETERMINATION:
MIN Lu= [ 50,67 | MIN k=
INTERPRETATION
REFERENCE: AVO Lu= | 71.82 AVO k= 7.2E-04
INTERPRETATION LAMINAR YES
TYPE OF FLOW: TURBULENT  NO e P By o
DILATION NO I — = Iwm“ﬂw
'WASH-OUT NO B
VOID FILLING __NO

'Good test - No leaks cbserved

TEST BY: |Tu:hudba|=

et

M\ 138440 1\ DatafpackerDiH -C xsj28.04m - 34. lm.

Pristed. 101704
Rev'd Ont 12, 2004
Eevson @
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LucEoN TEST FiELD paTA seeer | Knight Piésold

CONSULTING

PROJECT: r Forrest Eerr Project

] ars e GTOLE ]

e s

P DEPTH GROUNDWATER: o TOP OF TEST INTERVAL:

FROM HORIZONTAL)

GAUGE EEIGHT ABOVE GROUND:

GAUGE P TIME rin 0 1 2 3 4 5
mam) | nowseren  iees |#RESH] TT03 | 7704 7708 | 7707.5 | 7708
2.06. TAE e 1.60 | 170 | 1.60 | 1.60 | 1.60

GAUGE P TIME min o] 1 2 3 4 -]
man | nowenn  we | 7712 7716 | 7720 | 7724 | 77272 | 7731
213 | ™= owe 380 | 370 | 370 | 370 | 370

GAUGE P TIME min o 1 2 3 4 -]
o | nowenn e | 7701 | 7708 7755 | 7762 | 77674 | TTTS
8.8 TARE Iiees 7.20 | 6,70 | 6.60 | 590 5.20

GAUGE P TIME min 0 1 2 3 4 -]

wes | 7776 | 7780 | 7783 | 7787 | 7790 | T7O8

lires 3.50 | 3.60 | 3.40 3.50 3.40

min

lires 5
litres 2,20 | 2.30 | 2.30 2.10 2.20

FLOW YERSUS PRESSURE FLOT STAGE PRESSURE VERSUS LUGEON VALUE
70 - - L8
6.3
a0t L4
12
ELE
- 10
an 4
£ }u
®ap 1
08
201+
18 0.4
10+
0z
oo + 004
L1 20 &0 80 8.0 100
Pressure [BARS)

INTERPRETATION: F,wmu VALUE =

WATER TAKE {I/mi %

STAGE LENOTH (m)
LUGEONS : PERMEABILITY, em/s
STATIC WTR LEVEL | lw.xl.,u- - MAX k=
DETERMINATION:
MIN Lu= [_0.78 ] MIN k= 7.8E-06

INTERPRETATION
REFERENCE: AVO Lu= | 1.07 ' AVD k=
INTERPRETATION LAMINAR YES
TYPE OF FLOW: [TURBULENT ~ NO oo — -

DILATION NO |- .

e i upon flow 3
[WASH-OUT  NO
VOID FILLING _ NO

Good test - No leaks observed

TEST BY: |Richard Dale

e L

M\ 13844\ 1 \Data\ |[packer DH-E.xs|56.7m - 62.1m

Printet: 1071108
Revid: O 17. 20010
Beaiom O
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P . .
* LucEoN TEST FIELD DaTa seeer | Knight Piésold
CONSULTING
[
m.rm‘r:[ Forrest Eerr Project ] PROJECT NO: 13844/1 DRILLHOLE: GTO1-E
Blank
| e = | e
DIP: ' DEPTH GROUNDWATER: = TOP OF TEST INTERVAL:
gr IPROAS HORIZONTAL) m {DOWN HOLE]
; ] GAUGE HEIGHT ABOVE GROUND: BOTTOM OF TEST INTERVAL:
= (DOWN HOLE)
— GAUGE P | TME min 0 1 2 3 4 B AVERACE FLOW LUGEON
k BAR) rowsstzr s | EFERE | 7924 | 7028 | TO31 | T7933.7 | 7037
b 275 7| e ares 3.40 | 310 | 8.10 | 310 | 3.00
- GAUGE P TIME min o 1 2 3 4 ]
| BAR) nowseren s | 7942 | 7047 | 7961 | 7966 | 7960 | T963
| -
B6.61 TAKE tres 4.70 | 4.50 | 4.50 4.30 3.30
— GAUGE P TIME min 0 1 2 3 4 -]
(BAR) FLOWMETER  litres 77995 - B0O1
- ~ 5
7.58 TAKE s 5.40 | B.50 [ -.B.50 ] 5:0.96-
— GAUGE P TIME in o 1 2 3 4 5 FLOw LUGEDN |
maw | nowees e | 8005 | 8009 | 8013 | 8016 | 8019.9°| litres/min
881 | Tme res 3.80 | 380 | 360 | 3.60 | 3.50 : i
r— GAUGE P TIME min L] 1 2 3 4 -] Jrerace rLow LUGEON |
FLOWMETER litres. s .| Hltres/min X
o =T |
TAKE Ires :‘
FLOW VERSUS PRESSURE PLOT STAGE PRESSURE VERSUS LUGEON VALUE
L 680 (
50+ a
40+
S30¢
@
F 204
- 104
M [ + +
| 00 20 Y] 8.0 8.0 0.0 278 551 738 531 278
| Pressure (HBARS| Stage Gange Pressure (BAR)
.
INTERPRETATION: LUGEON VALUE = WATER TAKE (,/md x 10 [BARS) I
I STAGE LENGTH [m) ‘TEST PRESSURE (BARS)
oy .
LUGEONS PERMEABILITY, cm/s
- BTATIC WTR LEVEL I MAX Lu= | 1.12 MAX k= L.1E-05
DETERMINATION: .
) MIN Lu= [ 0.81 | MIN k= 8.1E-06
| = INTERFRETATION
| REFERENCE: AVG Lu= | 0.88 AVG k= 9.3E-06
-
INTERPRETATION LAMINAR YES
TIEOY Mow: ':JRBULENT m Nole: Permeability calculation :
| i MLATION b — Nlow classification:
| WASH-OUT ~ NO ST P |
i [VOID FILLING _NO |
e |
Good Lest - No leaks observed ‘
P— §
|
- TEST BY: [Richard Dale REVIEWED BY: l i
5 M\ 138440 1\ Data'| packerDH -E.xisj62. L m-58.3m.
)
Prited JOrTAA
Rev'd Ot 17 200
Rervision O



|
[

P

LUGEON TEST FIELD DaTA suEer | Knight Piésold

CONSULTING

p—— Forrest Kerr Project | emoscrro: [ 1384471 orumos|  GTO1-E |
Blank

- | e I

DIP: DEPTH GROUNDWATER: TOP OF TEST INTERVAL:

m [DOWN HOLE)

GAUGE HEIGHT ABOVE GROUND: BOTTOM OF TEST INTERVAL:
m {DOWN HOLE|
GAUGE P | - TIME min o 1 2 3 4 5 AVERAGE FLOW LUGEON
man | nowiem e shevs| 5168 '#135_-3;72 B175.6 | 8179. : :
e tres 3.50 | 3.40 | 3.40 | 3.30 | 3.00
GAUGE P TME min (] 1 2 3 4 5
mas | nowens  wes | 8186 | 8102 | 8196 | 8200 | 8204.5 | 8200
55’. TAKE Ieses 6.00 | 4.40 | 4.00 4.10 4.10
GAUGE P TIME min 0 1 2 3 4 B
man | nowens  ue | 8218 8229 | 8239 | 8245 | 8280 | s2es '
: E  wre 9.80 | 8.90 | 10.20| 1000 |10.00 y000 | ver
GAUGE P TIME min JAVERAGE FLOW LUGEON
Itres
min 1] 3 4 B wERACE FLOW LUGEON
e | 8308 | 310 | 8912 | 83143 | sa17 | | eresoun
ttres 240 | 2.30 | 2.40 | 240 | 2.40 ; 3

FLOW VERSUS FRESSURE PLOT

0.0

8.0+

8 (L/min)

40+

20+

L ne 278 851 L 551 2.7
Stage Gange Pressere (BAR)
WATER TAKE (/mi X 10 [BARS)
STACE LENGTH (m) TEST PRESSURE [BARS]
LUGEONS PERMEABILITY, cm/s
me- 167 | MAX k=
MiNLu= [ 0.88 | MIN k=

AVO Lu= I 1.14 AVO k= 1.1E-~

—

MNele: Permeabilty calculation
W upon flow

TEST BY: |Richard Dale REVIEWED BY:

M\ 13844% | \Data \|packerDH-E xis}68.3m-74.4m

B-s

Primied, 1OFTVD
Rev'd Ot 17. 2084
Revision 0



Knight Piésold

CONSVUVLTING

APPENDIX C

DRILL CORE PHOTOGRAPHS



Knight Piésold

G oA R LWL TI NG

PHOTO = GTO-A Box | oo 3

FHOTO 2 - GTO-A Box 4106

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

Mo e Rt A ppll P s
Revd | ILFTLD Frimi : N FULEED P20 A%




Knight Piésold

"TCODMBULTING

PHOTO 3 - GTOL-B Box | w3

PHOTO 4 - GTO1-B Box 410 6

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

[FETRT FE TR R ._' z
Haw'd - [ R Pl (19 AR 525 A

P



Knight Piésold

EO NS UWULTING

PHOTO S - GTOI-B Box 7w d

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

W R i il e i |
| P W Rl i (iEW R FIE AR
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PHOTO 7 - GTOI-C Box 4 o 6

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

Bl ] T | ] et " e FEL S l' |
Hae'dd (i1 NEG Prim : IETHEIR ¥ 28 AL




Knight Piésold

EOM®BLULTINE

PHOTOS - GTWH-C Box T 9

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

L 1Il|-uI||l.||'|--. ¥
L il owm - | AR 4 E A -5



Knight Piésold

EOMNSULTIiMG

PHOTO % - GTO1-I> Box | 10 3

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

Wi P paa Ppp] el ik [ Y
Ervil : FELAM| P - 1] WEE SR ]



Knight Piésold

GCoEHBEOLTI NG

PHOTO 11 - GTOI-E Box 4 10 6

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

B L gt ppll Pk a7
Rov'ad ; BOpicAi] Foim ol | SLOITH ) G 2 O r



Knight Piésold
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PHOTO 13 - GTOI-E Box 10w 12

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT




Knight Piésold

COMEULTING

FHOTO 14 - GTOI-E Box 1310 15

FHOTO 15 - GTOI-E Box 1510 17

COAST MOUNTAIN HYDRO CORPORATION

FORREST KERR HYDROELECTRIC PROJECT

PR il WM REDN | H A L=

T A T T T -
5 [




- Knight Piésold
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FALLING HEAD PERMEABILITY TEST RESULTS
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Hydraulic Conductivity 8e-004 cm/sec

Initial Displacement 0.3 m
Screen Length 3.1 m

Screen Inner Diameter 0.095 m
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Hvorslev Analysis DH-A (2.7-5.8 m)
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Hvorslev Analysis DH-A (10.4-16.5‘. m)
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Time (min)
Hydraulic Conductivity 1e-004 cm/sec d R- r
Initial Displacement 1.45 m Knlght eSOId
Screen Length 6.1 m
Screen Inner Diameter 0.095 m CONSULTING




Hvorslev Analysis DH-A (piezometer)
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Hydraulic Conductivity 2e-005 cm/sec g el 4
Initial Displacement 9.66 m Knlght l 1eSOId
Screen Length 3.05 m

Screen Inner Diameter 0.038 m CONSULTING
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Hydraulic Conductivity 2e-003 cm/sec
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Hvorslev Analysis DH-C (15.2 - 21.3 m)
mow ——— % L

H/HO

107 -
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Time (min)

Hydraulic Conductivity 4e-005 cm/sec od el 4
Initial Displacement 0.85 m Knlght PleSOId
Screen Length 6.1 m

. Cco
Screen Inner Diameter 0.0895 m NEULTING
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CONSTRUCTION DETAILS OF PIEZOMETERS
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PIEZOMETER CONSTRUCTION DETAILS

PROJECT CDAST MOUNTAN HYORO CORP. - FOREST KERR HYDROELECTRIC PROJECT

GEQTECHNICAL INVESTIGATIONS OF INTAKE AND UPSTREAM END OF POWER TUNNEL

PROJECT No. 1051

HOLE No.@TorA

NORTH GaY OH Scobw: 11001 Piot Scals: V=1 Zaved By: MO Locolln EAZDIDST\ACADLFGVADLOWG  Plol dolw; 200171018 — 1843
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1:1000  Plot Fcole: 1=1 Soved By: MO Localion E\O1D314,ACASAFIGVADL.ONG  Plot dola: 1001710418 — 10:48
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PIEZOMETER CONSTRUCTION DETAILS

PROJECT COAST MOUNTAIN HYDRQ CORP. - FDREST KERR HYDROELECTRIC PROJECT

GEOTECHNICAL INVESTIGATIONS OF INTAKE AND UPSTREAM END OF POWER TUNMEL

PROJECT No. 10351

LOCATION N: 6289128 E: 399091 HOLE Mo. mi-8
COMPLETION DATE Septemnber 29, 2001 GROUND ELEV. 260m {(Above seq tevel)
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PROJECT COAST WOUNTAIN HYDRO CORP. - FOREST KERR HYDROELECTRIC PROJECT

PROJECT No. 1051

GEGTECHNICAL INYESTIGATIINS OF INTAKE AND UPSTREAM END OF POWER TUNNEL

LOCATION N: 6289128 E: 399091 HOLE Ne.&Tel—C
COMPLETION DATE September 28, 2091 GROUND ELEV. 260m (Above sea level)
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PIEZOMETER CONSTRUCTION DETAILS

PROJECT COAST MOUNTAIN HYDRO CORP, — FOREST KERR HYDROELECTRIC PROJECT

GEOTECHNICAL INVESTIGATIONS OF INTAKE AND UPSTREAM END_OF POWER TUMNEL

PROJECT No. 1031

LOCATION N: 6289114

E: 399045 HOLE Na. &GR/-D

COMPLETION DATE September 29, 2001

GROUND ELEV. 270m (Above seg level)
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APPENDIX F

LABORATORY ROCK STRENGTH TEST RESULTS
AND PHOTOGRAPHS
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PROJECT # 012.1323
BOREHOLE DH-B-1
DEPTH 54 - 55.5 ft !

PHOTO 1 - GT01-B-1 Photo before testing.

PROJECT & 012-1323
BOREHOLE DH-B-1 !
DEPTH 54-55.5f

PHOTO 2 - GT01-B-1 Photo after testing.

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

M:11384411\Photos\UCS photos\AppF photos_r0.doc F-1
Rev'd: 10/17/00  Prine: L0/18/01 3:43 PM
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PROJECT # _012-1 323 i

BOREHOLE DH-B-2 E
DEPTH 87-88ft Pt

PHOTO 3 — GT01-B-2 Photo before testing

PROJECT # 012-1323
BOREHOLE DH-B-2 i
DEPTH 87 - BB ft S

PHOTO 4 - GT01-B-2 Photo after testing

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

M:113844\1'\Photos\UCS photos\AppF photos_r0.doc F- 2

Rev'd : 10/17/00

Print : 10/18/01 3:43 PM.
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PROJECT # 012-1323 :
BOREHOLE DH-C-1_ B
DEPTH  [72-727%  , ¢~

PHOTO 5 — GT01-C-1 Photo before testing.

PROJECT # 012-1323
30REHOLE DH-C1 !
DEPTH 72-72.7 1t P-

PHOTO 6 — GT01-C-1 Photo after testing.

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

MiN13844\1Photes\UCS photes\AppF photas_r0.doc F-3

Rev'd : 10/17/00

Print : 10/18/01 3:43 PM




N Knight Piésold

CONSULTING

PROJECT # 012-1323
BOREHOLE DH-C-2 F
DEPTH 82-83ft N

PHOTO 7 - GT01-C-2 Photo before testing.

PROJECT # 012-1323
EOREHOLE DH-C-2 8
DEPTH B2 - 83t

| »

n PHOTO 8 — GT01-C-2 - Photo after testing,

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

M:\3844\ ] Photos\UCS photostAppF photos_rll.doe F-4
Rev'd:10/17/00  Print: 10/18/01 3:43 PM
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PROJECT # 012-1323 ;
BOREHOLE DH-E % "
DEPTH  218-219ft

PHOTO 9 — GTO1-E-1 Photo before testing.

PRQJECT # 012-1323
"BOREHOLE DH-E !
DEPTH 218- 219 ft

PHOTO 10 - GTO1-E-1 Photo after testing,

COAST MOUNTAIN HYDRO CORPORATION
FORREST KERR HYDROELECTRIC PROJECT

M:M38441'Photos\UCS photos\AppF photos_r0.doc F-5
Rev'd : 10/17/00 Print : 10/18/01 3:43 PM
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- %‘ECH DRILLING LTD.

.. / BOX3M8 ———— .
/ "SMITHERS, B.C.

VOJ 2NO

cast Mountain Hydro Corp.
#8 8471 Ragina Ave.

y
.

i
-

L Ri
: Re: iskut 10115/01
! B8-15
: Date ltem Materials Services-NOFC Services-OFC
. 20-Sep 0.5 Day Pad Bullding 1 {4 fuems ¢ 150.00
21-Sep 3 Days Pad Building § * ' 900.00
12.5 hrs Moving @ $45/mhr 562.50
_ 4 hrs Higb Rental @ $80/hr 320.00
. 22-Sep 49.5 hrs Moving @ $45/hr 2,227.50
. 800 litres Fuel 600.00
23-Sep 1 3-Ring HW Casing Shoe 450.00
r 6 hrs OFC - Waterline 800.00
L 3 hrs Moving @ $45/hr 135.00
1 Day Pad Building 300.00
r 480 litres Fuel 360.00
'__ 24-Sep 2 hrs OFC - Waterline 300.00
3 hrs Moving @ 845/ 135.00
- 1 Day Pad Building 30000
' 25-Sep 1 hr OFC - Waterline 150.00
" 1 Day Pad Building 300.00
.- 2 hrs OFC - Reaming and Washing 300.00
‘ 3 hrs Packer Testing 450.00
1 hr Standby 100.00
. 26-Sep 1 hr OFC - Waterline 150.00
3.5 hrs OFC - Set Up and Moving 525.00
1 Day Pad Building 300.00
- 1 hr Reaming 150.00
: 1.5 hrs Packer Testing 22500
.- 5 hrs Standby 500.00
7 27-Sep 0.5 hr OFC - Waterline 75.00
. 1 Day Pad Building 300.00
. 2 hrs OFC - Reaming and Lost Circ. 30c.00
3.5 hrs Packer Tasting 525.00

- 1 hr Standby 100.00



S

Date item Materials Services-NOFC Services-OFC
38.5 Man Days R & B @ $50/cay 1825.00
T Orill Move 58 KM to 33 KM
by Bandstra 183.18
1 Hiab Truck Rental to Move Equip.
Split Charges with Hy-Tech 942 81
1 Bandsira Shipping Chargs
Knight Piesold - 1 Skid / 2 Tubes 170.33
1 Air Canada Charge for Shipping
Water Samples to ASL 51.45
25-Sep  74.37 mHole DHE @ $90.00 6663.30 . b
27-Sep 24.08 m Hole DHA @ $90.00 2167.20 !/ ! R
28-Sep 3719 mHole C @ $90.00 124710 e,
29-Sep 31.08 mHole B @ $50.00 THR 10
29-Sep 17.07 mHole A @ $80.00 32 30
-k.__.._:-—-’
SUBTOTAL MATERIALS 8,407.93
PLUS 15% 1,261.19
SUBTOTAL SERVICES-OFC 15,645.00 -
PLUS 15% 248175
SUBTOTAL SERVICES-NOFC 4,292.77
CHARGE FOR HOLES 18,842.00
SUBTOTAL 49,530,64
GST A6
TOTAL OF INVOICE $52,997.78 (A )
Less Payment ( Iny. 286 ) 25,000.00
Less 2nd Advance 20,000.00
Balance O/S $7,897.78 'S
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INVOICE 9192a
C QuEVISEL )
Coast Mountain Hydro Corp.

#B - 3471 Regina Avenue
Richmond, BC V6X 2K8

At Mr. Neil Brazier
Copy : Accounts Payable
Re: Coast Mountain Hydre Corp.

For Professional Services provided for the period

A. TIME CHARGES

R. Kostaschuk 5,235
I. Manning 17.50
J. Kinch 3.00
R. Dale 156.00
D.Ma £2.25

244.00

Knight Piésold Ltd.

Suire 1400

750 West Pender Streer
Vauneouver, British Columbia
Canada V6C 278

Telephore: [604) 685-0543
Facsimile: (604} 585-0{47
E-mail: kpl@knighipiesold.com

Our Reference:

Number:

K13844/1 .19
September 30, 2001

September 1, 2001 to September 30, 200!

Hrs @ $ 105.00

Hs@§
Hs@$
Hs@ §
Hrs @ S

88.00
88.00
88.00
75.00

551.25
1,540.00
264.00
13,728.00
4,668.75

20,752.00 20,752.00

Deiailed Tire Sheets and Back up for Relmbursable expenses mvailable on request

Saancia. o Cbbdelring Eagcuiems H Zusdy
Aok iy bt opgyrodent 15 ot b anlle

Paymient due within 30 days of imvoice date. Interasi will be charged on overdue accounts ar [ 5% per mon,
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Brought forward 20,752.00

B. REIMBURSABLE EXPENSES

CIBC Aerogold (Travel) 1,652.00 7
Fax ’ 6.00
Long Distance - Telephone & Fax 5.93
Xerox and Lazer Printing 1540
1,679.33
+10% 167.93
Site Staff Expenses 078.84

GST (Registration #R102864493)

TOTAL AMOUNT (Canadian $)

7

/»

|

T bove askid then & Lodee

& ey et Fr Loval prviic
i

LL?L‘.’,‘-'& e T3 D —g}' ¢ r?‘wu‘-{i)



h ]

B |

fl———f""‘
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COMSBULTING

20,752.00
Brought Forward
B. REIMBURS E EXPENSES
CIBC Acrogold 1,652.00
Fax 6.00 7
Knight Piesold 1,946.58 |
Long Distance - Telephone & Fax 593 -~
Xerox and Laser Printing 15.40 v
3,625.91
+10% 162.59 3,988.5!
24.740.51
GST (Registration# R102864453) 1.731.84
TOTAL AMOUNT (Canadia $26,472.35

Detailed I'ime Sheets and Back up for Reimbursable expenses availubde va reqgess
Papmont due witlin 10 days af invcice date. Interest will ha rharged en averdve ueeounts at {55 per mon
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Brought Forward

B. REIMBURSABLE EXPENSES

CIBC Acrogold

Fax

Knight Piesold

Long Distance - Teiephone & Fax
‘Xerox and Laser Printing

+10%

GST (Registration# R102864493)

TOTAL AMOUNT (Canadia

20,752.00
1,652.00
6.00
1.946.58 ¢
593 ~
15.40 v~
3,625.01
162.59 3,988.5}
24,740.51
1,731.84

$26,472.35

Desailed Time Sheets and Back up jor Reimbursable expenses avaifuble va requesi

Papmaent dus within 30 days of imvaice dute. Interest witl be charged nn nverdue arcounic ag {53
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