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COAST MOUNTAIN HYDRO CORPORATION 
FORREST KERR HYDROELECTRIC PROJECT 

GEOTECHNICAL INVESTIGATIONS AND INTERPRETATIVE 
GEOTECHhTCAL AND TUNNELLING CONDITIONS 

IREF. NO. 13844/1-l) 

SECTION 1.0 -INTRODUCTION 

Coast Mountain Hydro Corporation is planning the development of the Forrest Kerr 
Hydroelectric Project comprising a Run-of-River power generation scheme on the Isknt 
River in northwestern British Columbia. The project involves the construction of over 
3.5 km of underground excavations including an intake tunnel, a bypass ttmnel, 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 arrangement of the project and tunnel alignment is shown 
onFigure 1.1. 

Knight Pi&old has undertaken an appraisal of the geotechnical and expected mnnelhng 
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 compIeted 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 upstre~am of the confhtence 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 
expected geotechnical conditions and construction issues relating to the main 
components of the project and recommendations for further work during construction. 

-Pagelof19- 13844/1-l 
Rev. 0 

October 22,2001 



Knight Pit%old co*s”LTm*o 

SECTION 2.0 - REVIEW OF EXISTING STUDIES 

A significant 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 to 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 aspart of these earlier studies are included in Figure 1 .l. 

The geology at the intake site is characterized by various basalt flows that overlie 
basement bedrock that is thought to be comprised of ttrffaceous siltstones and volcanic 
andesites. The basalt 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 arc 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 laiown to be present between the basement 
bedrock and then overlying basalt flows as weJl as between the basalt flows in then 
project area. However, these alluvial materials were not encountered at the intake area 
during the recently completed investigations. 

The Forrest KNIT Fault is located within the project area as shown in Figure 1.2 and 
strikes north-south or perpendicular to the proposed intake mnnel and dips 
sub-vertically towards the Iskut 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 tnnnel alignment based 
on a review of previous studies. A limited number of minor she~ar and fracture zones 
and a single major shear zone haves been identified from previous studies and will likely 
intersect the proposed tunnel 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 fmdings of the previous studies. The 
geology along dre northern and southern sxtions of the power tunnel alignment is 
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characterized by h.uYaceous siltstones and minor volcanic andesite breccias. Weak, 
foliated interbedded argillite layers have been observed in some drill holes and along 
the Iskut River canyon walls within these rock t-es as reported from the previous 
studies. The geology in the powerhouse area is characterized by mixed toffaceous and 
volcanic breccia. 
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SECTION 3.0 -FIELD INVESTIGATIONS AND TESTING 

3.1 GEOTECHNICAL DRILLING 

Geotechnical site investigations were completed in October 2001 as part of the 
geotechnicaJ 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 at CH 0 + 400 along with in situ rock mass permeability, field rock strength 
and laboratory rock strength testing. A summary of the drilling information is 
presented in Table 3,l and the locations of the drill holes are shown in Figures 1.1 and 
1.2. The geotechnical drilling was carried out using HQ3 tripIe tube diamond drilling 
over a period of 10 days by HYTECH Drilling Ltd. of Smitbers, B.C. and utilized a 
helicopter for the movement of equipment to the site and between drill holes. 

3.2 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 usiug 
the Rock Mass Rating (RMR) classification system (Bieniawski. 1989). The Rock 
Mass Rating (RUR) system is based on five key parameters as follows: 

l intact rock strength (uniaxial compressive strength), 
. rock quality designation, 

l fracture spacing, 

l fi-acmre condition and, 
9 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 (1Ocm) 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 joint conditions in each drill run were assessed from an evaluation of joint 
persistence, roughness, intiUing, 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 drill holes are included in Appendix A and 
photographs of the drill cores are included in Appendix C. 

3.3 PACKER PERMEABILITY TESTING 

A total of five packer permeability tests were carried out at selected intervals within 
drill holes GTOl -C and GTOl -E using a descending stage thruthe-bit packer testing 
system. A total of five falling head permeability tests were carried out in zones of high 
permeability in drill holes GTOl-A, GTOl-B and GTOI-C. A summary of the packe~r 
permeability and falling head permeability tests is presented in Table 3.2. Packer 
permeability test results are included in Appendix B and fa!hng head permeability test 
results are included in Appendix D. 

PVC standpipe piezometers were installed in the four drill holes completed near the 
intake area to determine static water levels and perform falIing 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 presented in Table 3.3. The 
details of the samples and test results as well as photographs of the samples are 
included 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 tunnel alignment, and at the powerhouse location have been interpreted based on 
au evaluation of the recently completed drilling and testing data as well as a review of 
existing information from previous studies. 

The rock types along the intake, power tunnel, and powerhouse areas comprise a 
mixture of generally competent, and very strong, tuffaceous siltstones, IapiIli 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. A summary of the findings of the recently completed 
geotechnical investigations is presented in Table 4.1. 

The average rock mass quality at the tunuel elevation for the completed drill holes can 
generally be described as Y3OOD” with rock mass rating (KMR) values ranging from 
approximately 65 to 75. This information indicates that tuuuelling conditions can 
therefore be expected to be favourable along most ofthese areas. 

Laboratory testing of vesicular basalt samples from drill holes GTOI-A, GTOI-B, 
GTOI-C and GTOI-D have confirmed intact rock strq@s indicating that the basalt is 
very strong with uniaxial compressive strengths ranging from 120 to 1.50 MPa. 

A sample of tuffaceous siltstone from drill hole GTol -E at a depth 66 meter-s indicated 
an intact strength of SO MPa from laboratory testing In comparison, point load 
strength index tests that were carried out on drill core from this drill hole ranged 
between 110 to 140 MPa. Several micro-fracmres were observed within the laboratory 
test sample and therefore a lower intact stren-mh WAS expected: The micro-fractures in 
this sample may be due to the minor fault/shear zone identified in this drill hole. 

Detailed comments on then ge~otechnical and expe~cted tunnelling conditions for each of 
the main areas of the project are provided below. 
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4.2 NTAKE AREA 

Four drill holes (GTOI-A to GTOl-D) were completed at the intake ama to assess 
geoteclmical and the tunnelbng 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 unde~rlain by vesicular basalt. Drill hole GTOl -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 
tnnnelhng and no significant problems should be associated 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.pattem rock bolts in conjunction with wire mesh with shotcrete can be 
e~xpected to be required for permanent support for both open cut and underground 
excavation. 

Drill holes GTOl-B and GTOl-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 
2.5. These conditions are believed to represent the upper paleo-weathered zones 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. 

-PageSof19- 13844/1-l 
Rev. 0 

October 22,ZOOl 



The thickness and orientation of these fractured zones in relation to the tunnel is 
unknown since the drill holes did not penetrate through them. Most importantly, 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 z.ones of fractured 
and broken rock fragments may however beg undulating and therefore may be 
encountered at tunnel elevation in the Intake area. The thickness of the basalt flows in 
the intake area is generally in the orde~r of 5 metres and the thickness of the upper 
paleo-we~athered zones within an individual flow are expected to range from 2 to 
6 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 repmsent 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 beg 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 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 &se conditions include 
forepoling (the installation of an umbrella of grouted steel support bars over the crown 
and sides of the tunnel) and/or injection of grout from the advancing tunnel face. Grout 
injection through drill holes from surface may also be effective as a means of pre- 
supporting these adverse tunnelhng conditions given the relatively shallow depth to 
tunnel elevation in the intake area. These adverse tunnelling conditions couId also be 
intersected at other locations along the intake tunnel area and require similar tunnel 
support measures. The locations and lengths of these sections cannot however be 
determined or predicted based on the limited drilling completed to date. 

r 
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Drill hole GTOI-D was completed further along the intake tunnel alignment and 
approximately 50 m to the southwest from drill hole GTOI-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 
conditions 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 “POOR’ to “VERY POOR” 
conditions for nmnelbng and the true thickness of these conditions is also unknown at 
this location. In particular, the extent of these conditions along the tunnel alignment 
beyond drill hole GTOl -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 srudies. The presence of theses 
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 ‘POOR” to “VERY POOR” rock conditions are encountered within 
the tunnel alignment, special heavy tunnel support will be required for the permanent 
stability 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 oveI 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 permeabfity of the competent vesicular basalt is 
high, ranging from lo5 to 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 lo-* cm/s based on attempted testing in drill 
holes GTOl -C and GTOl -D. 
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The groundwater testing indicates that moderate seepage inflows or “WET’ to 
“DRIPPING;’ conditions can be expected dnring tunnelling within the competent 
vesicular basalt in the intake area. Significant water inflows, requiring major pumping, 
may however be expected during 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 lining 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. 

4.3 POWER TUNNEL - NORTH 

The geological 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 comprise 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 tunnel 
alignment. Lf 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 GTOl-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 sample of then rock 
for geochemical tests to determine the potential for acid rock drainage (ARD) from the 

c 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 geotechnical information to assess the nmnelling 
conditions along the northern se~ction of the power tunnel alignment. 

The overburden at drill hole GTOI-E was approximately 6 m thick and comprised 
loose medium sand below thin organic topsoil. Below the ove~rburden, the drill hole 
intersected competent, 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 tutmelting in this type of rock conditions. Nominal rock support in then form of 
spot bolting in conjunction with shotcrete and mesh can be e~xpected to beg 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 foliated 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 drip hole GTOl-E was measured at a depth 18 m. Rock 
mass permeability values measured from packer tests through the tunnel zone ranged 
from 10” cm/s to IO-’ cm/s. This indicates that minor seepage inflows or “DAMP” 
conditions can be expected during hmnelling within the competent volcanic andesite 
along the northern section of the power tunnel. 

4.4 POWER TUI’JJNEL 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 h~mrelling conditions along the southern section of the power 
ttmnel are generally expected to be similar to those along the northern 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 me planned size 
of the power tunnel if similar rock conditions to those in drill hole GTOl-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 z.one at 
CH 1 + 900 has been reported as typically consisting of a gouge, chloritized, 
slickensided, cataclastic zone. The major fault/shear zone at CH2 + 900 has been 
interpreted as the contact between the ruffaceous rocks and the underlying volcanic 
andesites and has been reported as comprised of thickly bedded weak argillite. The 
thicknesses of the~se 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/sec~ond, can be expected 
at the intersection of the major fault/shear zones. 

4.5 UNDERGROUND POWERHOUSE CAVERN 

No drill 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 integrated wherever possible with internal stmctmal concrete. 

No information is available from the previous studies regarding the orientation of the 
main joint sets within the andesite breccia at the powerhouse location. Geoteclmical 
mapping of the rock conditions near the powerhouse cavern should therefore be carried 
out during the early stages of excavation of the powerhouse access tunnel in order to 
investigate the presence of any adversely oriented joints and/or fault/shear z.ones 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 then event that adversely oriented joints and/or fauh/she~ar 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 - CONCLCSIONS AND RECOMMENDATIONS 

Geotechnical investigations comprising the completion of five triple tube HQ3 diamond 

drill holes, in situ 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 
tunnelhng conditions for the project. 

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

The rock types along the intake tunnel, power tunnel, and powerhouse areas comprise a 
mixture of generally competent, and very strong, tnffaceous siltstones, lapfi tnffs, 
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) values 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” to “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 favourable along some of these amas and untavourable if zones of 
broken and weathered rock fragments are encountered. The length of such possible 
zones is 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 intlows or ‘WET:’ to “DRIPPING” conditions can generally beg 
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expected however significant water inflows may occur upon the intersection of 

unfavourable rock conditions based on in situ rock mass permeability test results. 

Highly fractured and perme~able rock conditions have been interse~cted 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 tie 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 
2.50 meters of the northern section of the power tunnel. The extent of these adverse 
conditions is unknown. Nominal rock support can be expected to be required over 
some of these sections however special tunnel support and possibly pre-suppon 
measures may be required if zones of broken and weathered rock fragments are 
encountered. 

Two major fault/shear zones have bee~n identified along the southern 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 
tunnelling over most sections and significant seepage inflows can be expected at the 
intersection of the fault/shear zones. 

The rock tpes 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 e~arly stages of excavation of the powerhouse access tunnel. 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 in order to optimize the stability and minimize the permanent rock 
support measures as pan of the fiial 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 hmnelling 
along the Intake Tunnel and to extend Tao CH 0 + 250 and near the interpreted locations 
of the major fault/shear zones along the southern section of the power tunnel, 

Geotecbnical mapping and inspection of the rock conditions exposed in the 
underground excavations should be carried out during the early stages of constmction 
to provide key data to confirm preliminary design assumptions for rock support. 
Periodic inspections and geotechnical mapping should be ctied out during 
construction to identify any potentially adverse geotechnical conditions that may require 
adjustments to the rock support designs for the tunnels and powerhouse cavern. 

Geotechnical instrumentation should be installed and monitored during construction of 
the powerhouse cavern to confirm the suitability of the permanent rock support. 
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SECTION 7.0 - CERTIFICATION 

This report was pre~pared and approved by the undersigned. 

Prepared by: 

Dean R. Brox,, P.Eng. 

Senior GeotechnicalJhnnetig Engineer 

Approved by: 

Tom Vernon, P.Engl 
Principal 

This report was prepared by Knight Pi&old Ltd. for the account of Coast Mounrain Hydra 
Corporation. The material in it relies on information provided to Kni$t Pi&sold by the operators 
of the project and Knight Pikold’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 repon, or any reliance on or 
decisions to be made based on if: are the responsibility of such third parties. Knight Pi&old Ltd. 
acceprs no responsibility 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 unconuolled and may not be the most recent revision. 

r 
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r Knight Pi&old 

SECTION 5.0 - CER’I’IFICA’TION OF DEAN R. BROX. D. ENG. 
c 

r- I, Dean R. Brox of Suite 1450 - 750 W. Pender Street, British Columbia hereby certify that: 

L 

-- 

r 

r. 

I. I was a consulting Geotechnical Engineer with Knight Pitsold Ltd. at the time of the 
compilation of the project. 

2. I am a graduate of the University of British Columbia with a B.A.Sc. in Geological 
Engineering (I 98.0. 

3. I am a member in good standing as a Professional Engineer, in the Association of 
Professional Engineers and Geoscientists of the Province of British Columbia. 

4. I have practiced my profession as a geotechnical engineer since 1985. 

5. I have had experience in many geotechnical investigation projects and am qualified to 
prepare this repon. 

6. This report was prepared by ma on behalf of Knight Pi&sold Ltd. for VTEC Capita? Corp. 
To prepare this report, a review of, and reliance on, the work of other experienced 
specialist professionals that. although not supervised by me, was considered IO be reliable 
enough on the basis of my own experience and their respective qualifications and 
reputations to accept their work for the purposes of this technical and economic 
evaluation. 

7. 1 have no mtemst in the companies: Coast Mountain Hydro Corp. or VTEC Hydro Corp. 
nor do 1 intend to do so. 

KNIGHT PIESOLD LTD. 

r 
Dated this 31 May. 2002 
Vancouver. British Columbia 
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TABLE 3.1 

COAST MOUNTAIN HYDRO CORPORATION 
FORREST KERR HYDROELECTRIC PROJECT 

GEOTECHNICAL INVESTIGATIONS OF INTAKE AND 
UPPER TUNNEL AREAS 

SUMMARY OF DRILLHOLE INFORMATION 
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COAST MOUNTAIN HYDROELECTRIC CORPORATION 

FORREST KERR HYDROELECTRX PROJECT 
SUMMARY OF PERMEABILITY TESTING RESULTS 

Plioted 18.Oct.01 
I:\13844\1U)a!a\[Tab 3.2 & 3.3_rO.xlslTable 3.2-c Revised 18.Oct.0 

kill Hole Test Type Test Mid-section Test ~ Permeability 
Number Depth, m. cmls 

GTOI-A Falling Head 1 4.3 8.0 x lo4 

Falling Head 2 13.5 ~ 1.0 x 10~’ 

Falling Head (in piezometer): 3 22.0 1 2.0 x m5 
I 

GTOI-B Falling Head 1 19.0 2.0 x 1o-3 
/ 

GTOl-C Packer / 1 12.5 4.1 x lo-’ 

Falling Head 2 18.3 4.0 x 10.’ 

Packer 3 31.1 7.2 x 10” 

GTOl-D 1 
I I 

GTOl-E Packer 1 59.4 1.1 x 1o-5 

2 65.2 9.3 x 1o-6 
3 71.4 1.1 x m5 



TABLE 3.3 
COAST MOUNTAIN HYDROELECTRIC CORPORATION 

FORREST KRRR HYDROELECTRIC PROJECT 
SUMMARY OF LARORATORY ROCK STRENGTH TESTING RESUJ.TS 

GTOI-B-I 
‘X01-B-2 
GTOI-C-I 
GTOI -C-2 
GTOI-E-l 

(ml 
16.5 16.8 Hssalt 
26.5 26.8 Basalt 
21.9-22.1 Basalt 

25 25.3 Basalt 
66.4 66.8 Tuffaccous Siltstone 

Nk3,“Kd 

Moistwe 
Content 

(%) 
0.3 
0.2 
0.5 
0.1 
0.2 

Dry SSd”r2tCd 

Dcnsity Density 

kp/m’ kglm3 

2806 2814 
2845 2850 
2823 2837 
2776 2795 
2762 2767 

I’rinled on: I x-oc,-0, 

Revised ““: 18.“c,-“1 

Unconfmed 
Ccmpressive CommcnL~ 

Slrcngth (UCS) 
MI?3 

121 Failed with multi vertical fractures 
140 Conical failure 
153 Conical failure 
120 Conical failure 
51 Failed along micro-fracture+ 



TABLE 4.1 

COAST MOUNTAIN HYDRO CORPORATION 
FORREST KERR HYDROELECTRlC PROJECT 

GEOTECHNICAL INVESTIGATIONS OF JNTAKJX AND 
UPPER ‘JIJNNEJ, AREAS 

SUMMARY OF RESULTS OF GEOTECHNICAL INVESTJGATJONS 

1. Tunnel elevation is considered to range from El. 241 m lo El. 236.5 m in the intake area and from El. 270 m LO El. 200 m wcr the remaining scctiom 
2. Drillhulc DH-D was stopped at II m due to serious concerns over till rods becoming stuck in very poor ground (RMR c 5). 







COAST MOUNTAIN HYDRO CORPORATION 

\ FORREST KERR HYDROELECTRIC PROJECT. 
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APPENDIX A 

GEOTECHNICAL AND ROCK MASS QUALITY DRILL LOGS 
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GEOTECHNICAL DRlUHOLE LOGOING DhTA SHEET 

(NON-ORIENTED DRILLCORE) 
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COAST MOUNTAIN HYDRO CORP. 
FORREST KERR HYDROELECTRIC PROJECT 

ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DWLHOLE GTOl-A 
Prhlcd m: I*.oct.ol 



COAST MOUNTAIN HYDRO CORP. 
FORREST KERR HYDROELECTRIC PROJECT 

ROCK MASS RATING CLASSIFICATION - GEOTECRNICAL DRILLHOLE GTOI-B 
printi MI: 16cm.OI 



COAST MOUNTAIN IWDRO CORP. 
FORREST KERR HYDROELECTRIC PROJECT 

ROCK MASS RATING CLARXE’ICATION - GEOTECHNICAL DWLHOLE GTOl-C 



COAST MOUNTAIN HYDRO CORP. 
FORREST KERR HYDROELECTRIC PROJECT 

ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DRILLHOLE GTOl-D 
Prinlcd cm 18.OF,-01 



COAST MOUNTAIN HYDRO CORP. 
F_ORREST 

ROCK MASS RATING CLASSIFICATION - GEOTECHNICAL DRILLHOLE GTOl-E 
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APPENDIX B 

PACKERPERMEABILITYTESTRESULTS 
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APPENDIX C 

DRILL CORE PHOTOGRAPHS 
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APPENDIX D 

FALLING HEAD PERMEABILITY TEST RESULTS 
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APPENDIX E 

CONSTRUCTION DETAILS OF PIEZOMETERS 



Knight Pi&old CoUs”LTm*O PIEZOMETER CONSTRUCTION DETAILS 
I 

PROJECT CC.63 MOUNTAN “XX70 CORP. - FOREST KERR HWROELECTBC PKWECT 
GEOTECHNlCAL IH”ESTK4TIONS OF INTAKE M4D UPSTREAM CM0 OF POWR TUNNEL 

LOCATION N: 6289115 E: 399138 

COMPLETION DATE September 26. 2001 

overbwde- 1 

PROJECT NO. 1051 

HOLE No&fokA 

GROUNO ELF”. 2SOm (Above sea level) 

E-l 



Knight Pi&old C(III*“LTI*= PIEZOMETER CONSTRUCTION DETAILS 

PROJECT C0A.V WNlAh’ HYORO CORP. - FOREST KERR HlDROELECTRlC PRUJECl 

GE0TECHNlcAl INMmnONs OF INTAKE AN0 UPSTREAM EN0 OF POWER TUNNEL 

LOCATION N: 6289128 E: 399091 

COMPLETION DATE Se+dxr 29. 2001 

PROJECT No. 1051 

HOLE NO. &i-e 

GROUND ELN. 260m (Above sea level) 

----- 

El. 237.94m 
sfatlt m,w 
*WI 
----- 

27.*m 

27.7m 

- m 9*mJ r#----.--------- 

E-Z 
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Knight Pi&old CmMs”LTI”O PIEZOMETER CONSTRUCTION DETAILS 

PROJECT CONT UOUNTAlN HWRO CORP. - FOREST KERX mOROELECTRlC PROJECT 
GEOiECHNlLX IhVESTlXF4NS OF INTAKE AND “PslRvul END OF WWER TUNNEL 

LOCATlON N: 6289128 E: 399091 

COMPLETION DATE September ZB, ZOO1 



Knight Pi&old PIEZOMETER CONSTRUCTION DETAILS CDYIULTIWO 
PROJECT COAST MO”nlAlN H-m0 CORP. - FOREST KERR hYoROELECTRIC PROJECT 

CEO,ECnNlcM INWSIIWTIONS OF INTAKE AN0 UPsTRVUl END OF POWER TUNNEL 
PROJECT NO. 1051 

LOCATKIN N: 6269114 E: 399045 HOLE NO. &v-D 

COMPLETION DATE September 29. 2001 GROUND ELF”. 27Om (Atwe sea level) 

E-4 



APPENDIX F 

LABORATORY ROCK STRENGTH TEST RESULTS 

AND PHOTOGRAPHS 
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PRdJECT R 012-1323 
BOREHOLE OH-B-, 
DEPTH 54 - 55.5 R 

PHOTO 1 - GTOl -B-I Photo before testing. 

. 

- . 

PHOTO 2 - GTO l-B-1 Photo after testing. 

COAST MOUNTAIN HYORO CORPORATION 
FORRESTKERRHYOROELECTRICPROJECT 

F-l 



PROJECT d 012-1323 
aoREHOLE OH-B-2 
DEPTH ,87 - 88 ft jk 

PHOTO 3 - GTOl-B-2 Photo before testing 

PHOTO 4 - GTOl-B-2 Photo after testing 

COAST MOUNTAIN HYDRO CORPORATION 
FORRESTKERRHYDROELECTRICPROJECT 

.  .  

F-2 
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PHOTO 5 - GTOl -C-l Photo before testing. 

PHOTO 6 - GTOl-C-1 Photo afkr testing. 

COAST MOUNTAIN HYDRO CORPORATION 
FORREST KERR HYDROELECTRIC PROJECT 
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PROJECT x 012.1323 
BOREHOLE DH-C-2 
DEFT! 82-83rt 

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

PHOTO 8 - GTOl-C-2 -Photo after testing 

COAST MOUNTAIN HYDRO CORPORATION 
FORREST KERR HYDROELECTRIC PROJECT 
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PHOTO 9 - GTOl -E-l Photo before testing. 

PROJEC- = 312.:323 
‘BOREHOLE OH-E 
DEPTH zla-219ft 1.: 

PHOTO 10 - GTOl-E-l Photo after testing. 

COAST MOUNTAIN HYDRO CORPORATION 
FORREST KERR HYDROELECTRIC PROJECT 
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Y-TECH DRILLING LTD~ 

Re: lskut 10115101 

Date 

ZO-Sep 
21 -Sep 

22-Sep 

2%Sep 

24-Se? 

25-Sep 

26-Sap 

27-&p 

B-15 

Item 

0.5 Day Pad Building i 
3 Days Pad Building j ’ 

I,+ L - 

12.5 hn Moving @ $45hr 
4 hrs Hiab Rental @ $80/hr 

49.5 hrs Moving @ $45/hr 
800 li:res Fuel 

1 3-Ring HW Casing Shoe 
6 hrs OFC -Waterline 
3 hfs Moving @ $45/hr 
1 Day Pad Building 

480 litres Fuel 
2 hrs OFC - Waterline 
3 hrs Moving @ S45hr 
1 Day Pad Building 
1 hr OFC - Waterline 
1 Day Pad Building 
2 hrs OFC - Reaming and Washing 
3 hrs Packer Testing 
1 hr Standby 
1 hr OFC -Waterline 

3.5 hrs OFC - Set Up and Moving 
1 Day Pad Building 
1 hr Reaming 

1.5 hrs Packer Testing 
5 hrs Standby 

0.5 hr OFC - Waterline 
1 Day Pad Building 
2 hrs OFC - Reaming and Lost Circ. 

3~5 hrs Packer Testing 
1 hr Standby 

Materials Services-NOFC SetvIces-OFC 

600.00 
450.00 

360.00 

150.00 
900.00 
562.50 

320.00 
2,227.50 

900.00 
135.00 
300.00 

300.00 
135.00 
300.00 
150.00 
300.30 
300.00 
45000 

100.00 
150.00 
525.00 
300.00 
150.00 
225.00 

500.00 
75.00 

3oc.00 
300.00 
525.00 

100.00 



Item Materials Services-NOFC Services-OFC 

38.5 Man Days R & B @ $SO/day 1325.00 

1 Drill Move 58 KM to 33 KM 
by Eandsira 183.18 

1 Nab Truck Rental to Move Equip. 
Split Charges with Hy-Tech 

1 Banddtra Shipping Charge 
Knight Piesold - 1 Skid I2 Tubes 

1 Air Canada Charge for Shipping 
Water Samples to ASL 

942.81 

170.33 

51.45 

25ssp 74.37 m Hole DHE @p $90.00 6693.30 i c 
27-Sep 24.08 m Hole DHA @ $90.00 

” 

28-Sep 37.19 m Hole C @ $90.00 
2167.20 r: , / :- “r 
?14:,10 , 

29-Sep 31.09 m Hole B @ $90.00 “45 10 
29Sep 17.07 m Hole A @ $90.00 1.5 30 

7 

SUBTOTAL MATERIALS 8.407.9.3 
PLUS 15% 1,261.19 
SUBTOTAL SERVICES-OFC 18,645.OO - 
PLUS 15% 2.401.75 
SUBTOTAL SERVICES-NOFC 4,292.7? 
CHARGE FOR HOLES 16,542.00 

SUBTOTAL 
GST 

TOTAL OF INVOICE 

Less Payment ( Inv. 286 ) 
Less 2nd Advanca 

Balance 01s 

~~~\~ ~~ ~~~ 

S52,997.78 

25,ooo.oo 
20.000.00 



Coast Mountain Hydro Corp. 
#8 - 347 1 Regina Avenue 
Richmond, BC Y6X 2K8 
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K13844/1 .19 
September 30,200 1 

Ann: Mr. Neil Bra&r 
copy : Accounts Payable 

Re: Coast Mountain Hydro Carp 

For Professional Services provided for the period September I,2001 to September 30,ZOOl 

A. TIME CHARGES 

R. Kostaschuk 5.25 Hrs @ $ 105.00 551.25 
I. Manning 17.50 Hrs @ $ 88.00 1,540.oo 
J. Kinch 3.00 Hrs @ % 88.00 264.00 
R. Dale 156.00 HrsQ% 88.00 13.728.00 
D. Ma 62.25 Hrs@S 75.00 4,668.?3 

244.00 20.752.00 20.752.00 



Brought forward 

B. REIMBURSABLE EXPENSES 

CIBC Aerogold (Travel) 
Fax 
Long Distance - Telephone Sr Fau 
Xerox and Lazes Printing 

+ 10% 

Site Staff Expenses 

1,652.OO ’ 
6.00 
5.93 

15.40 

1.67933 
167.93 

978.84 

GST (Registration 4R102864493) 

TOTAL AMOUNT (Canadian S) 



. 

Brought Fomard 

-2- 

20.752.00 

B. REIMBURSABLE EXPENSES 

CIBC Acrogold 
Fax 
Knight Piesold 
Long Distance - Telephone & Fax 
‘Xerox and Laser Printing 

+lo% 

1,652.OO ,, 
6.00 

1,946.58 7 , 
5.93 ’ 

15.40 J 

3,625.Ol 
3G2.59 3.938.5 1 

24,740s 1 
GST (Rcgistration# R102864493) 1,731.84 

TOTAL 
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Brought Forward 

B. REIMBURSABLE EXPENSES 

CIBC Acrogold 
Fax 
Knight Piesold 
Long Distance - Telephone & Fax 

‘Xerox and Laser Prinfing 

+lO% 

GST (RcgismtionR R102864.493) 

-2- 

20.752.00 

1,652.OO 
‘,’ 6.00 

1.946.58 ~7 , 
5.93 ‘~ 

15.40 J 

3,625.91 
362.59 3,9S8.5 i 

24.740.5 1 
1.731.84 


