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1.0

INTRODUCTION

This report presents the results of a prefeasibility study for the dam at the proposed More Creek Hydroelectric
Project. The report was prepared by Golder Associates Ltd. (Golder) for Alaska Hydro Corporation (AHC).
The purpose of the prefeasibility study is to develop conceptual designs for the types of dam that are best suited
to the site. The work included developing layouts for each type of dam and appurtenant works, developing
comparative cost estimates and providing recommendations for the type of dam that best suits the site.
This study provides input to the overall pre-feasibility study undertaken for the project (Sigma 2015), and does not
consider such aspects as the power tunnels, penstock, and powerhouse for the project.
This prefeasibility study was a desk top study which relied on the site information provided in previous reports.
A site visit was not carried out as part of this study. Geotechnical investigations and studies of the hydrologic,
seismic, reservoir sedimentation, reservoir rim stability, environmental and archaeological characteristics of the
project were not included as part of this study. Cost estimates were developed to compare the relative costs of the
different types of dams considered in this study and do not include the cost of related facilities, enabling works and
access that are required for all types of dams; therefore use of the cost estimates for budgeting purposes is not
recommended.
The More Creek dam site is located some 10 kilometres (km) northwest of Bob Quinn, BC in the northwest of the
province, some eight hours north of Terrace, BC. The dam for the proposed More Creek Hydroelectric Project is
located approximately 3 km upstream of the confluence of More Creek and the Iskut River. The proposed dam
site is in a narrow, incised canyon that is about 1 km long.
This report should be read in conjunction with "Important Information and Limitations of This Report" which is
appended to the text. The reader's attention is specifically drawn to this information as it is essential for the report's
proper use and interpretation.

2.0

PREVIOUS STUDIES

The site has been studied at a preliminary level by BC Hydro about 40 years ago. The report on the BC Hydro
studies provided the background data on the geology, geotechnical conditions and hydrology that have been used
for this report.
The following reports were used to provide the technical information and background information for this
prefeasibility report:



BC Hydro “Preliminary Design Study – Phase 1 Interim Report” August 1984



Golder Associates “More Creek Site Visit Report” 28 September 2005



Golder Associates “Preliminary Concrete Aggregate Testing” April 2006



Sigma Engineering Ltd. (More Creek Hydroelectric Project Prefeasibility Study” June 2015
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3.0

ASSUMPTIONS FOR PREFEASIBILITY STUDY

This study focused on the type of dam that is best suited to the site, so it was necessary to rely on previous studies
and make the following assumptions as the basis for this study.

3.1

Height of Dam and Reservoir Level

BC Hydro (1984) studied a dam option with a height of 145 metres (m) with the reservoir level at el. 535 m, whereas
the Golder site visit report (2005) considered a dam height of 75 m. For this study, the dam height was based on
the same reservoir level (El 498 m) used for the pre-feasibility study (Sigma 2015), which results in a dam height
of about 95 m.
It is our understanding that the construction camp for the Galore Mine is just above el. 500 m, so the conceptual
dam designs developed for this study limit the reservoir flood rise to el. 500 m. It is recommended that the level of
the Galore Mine construction camp, the level of the mine access road and other features of the impounded area
(including environmental impacts) be verified before design of the project is developed further.
It should be noted that the dam site is suitable for a dam height of 150 m or higher.

3.2

Topography

The canyon at the dam site is about 1 km long. More Creek has a “dog-leg” turn near the upstream end of the
canyon and is straight through the downstream half of the canyon.
The slopes on both sides of the canyon are very steep with slope angles of 35° to 45°. The steep slopes extend
from river level at about el. 405 m, to about el. 550 m.
The existing topographic maps of the site are coarse and the topography in the Prefeasibility Study (Sigma 2015)
cannot be correlated with the topography in the BC Hydro Study (1984). The topography from the Sigma study
was used as the basis for the layout of the dam options in this report. A detailed topographic survey (Lidar survey,
or equivalent) is recommended for future studies.

3.3

Dam Alignment

BC Hydro studied and investigated a dam site near the downstream end of the canyon while Golder (2005) and
Sigma (2015) looked at a dam site near the upstream end – see Figure 1. While both the upstream and
downstream sites appear to be suitable for construction of a large dam, the BC Hydro centerline (or downstream
site) has been selected for this study for the following reasons:



The straight section through the downstream half of the canyon has more uniform topography so it is less
likely to have unfavourable geologic structure (faults, shear zones, jointing). There is probably a geologic
reason that the river does the “dog-leg” turn near the upstream end of the canyon.



Construction would be simpler in the straight section as the slopes are more uniform.
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BC Hydro has drilled six boreholes and done geologic mapping at the downstream site so the geologic
conditions are better known than at the upstream site.



The creek appears to drop of a few metres through the canyon, so a dam at the downstream site would only
have to be a few metres higher that at the upstream site to store water at the same reservoir level.



The downstream dam site would require a shorter power tunnel, shorter access roads, a shorter distance to
camp and aggregate sources, shorter travel time for labour, and, possibly, a shorter diversion tunnel.

3.4

Geologic Conditions

The BC Hydro Study Report (1984) describes the geology in the area as being volcanic and volcano-sedimentary
rocks with minor limestone of the Stikine and Laberge groups. The rock at site has been mapped as felsite with
feldspar tuff interlayered with andesite (see Figure 2). These rock types have similar strengths and characteristics
and are expected to behave in a similar manner in the foundations of a dam.
The rock is massive with widely spaced joints. Bedrock is exposed at surface of the canyon walls and there is a
veneer of colluvium overlying the bedrock in some places.
BC Hydro carried out geologic mapping of the site and drilled 6 boreholes along the downstream alignment in the
locations shown in Figures 2 and 3. The mapping and drilling indicate that there are no significant faults at the site
and the creek has not carved a deep, incised, infilled channel in the creek bed.
Rock samples from the drilling were tested in the laboratory and the test results indicate that the rock has a high
strength, with a Uniaxial Compressive Strength (UCS) of between 70 and 300 MPa. The mapping and borehole
information indicates that the rock mass is competent and that the foundations conditions are suitable for
construction of a large concrete or embankment dam.
Stability analysis (including seismic analyses) have not been undertaken as part of this study; however, the site
has relatively low seismicity so the seismic loading is unlikely to be the primary factor in the design of the dam.

3.5

Hydrology

The scope of this study did not include hydrologic studies so the estimates of flood flows in the BC Hydro Report
(1984) have been used for the design of the spillway in this prefeasibility report. BC Hydro estimated the probable
maximum flood (PMF) daily flow into the reservoir to be 2,960 m3/sec, which includes an allowance for glacial
outburst and includes the unregulated water diverted from Forrest Kerr Creek. When routed through the reservoir,
the estimated outflow flood is 2,600 m3/sec.
The probable maximum flood was estimated based on data collected in the 1970s and 1980s, so this should be
rechecked during a future phase of work as the estimate may have changed with additional years of data and
estimates of the effect of climate change.
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4.0

TYPES OF DAM

The More Creek Canyon provides good conditions for the construction of several types of large dam. As part of
this study, conceptual level designs were developed for the following types of dam:



Concrete Arch Dam



Roller Compacted Concrete (RCC) Dam



Earth/Rockfill Embankment Dam



Concrete Faced Rockfill Dam (CFRD)



Asphalt Core Rockfill Dam

5.0

SPILLWAY CONCEPTS

In order to compare the various dam types, conceptual options for the spillway for each dam type was considered.
To limit the rise in reservoir level during the design flood and to avoid inundating the construction camp for
Galore Mine), the spillway for all dam types has been designed to have 3-20 m wide x 6 m high Obermeyer
inflatable spillway gates. This maximum reservoir level during the passage of the PMF outflow (i.e., for the
10,000 year+ return period flood) of 2,600 m3/sec (BC Hydro 1984) is el. 500 m, i.e., this equates to 2 m of flood
rise above the normal pool level of el. 498 m. The spillway can pass 66% of PMF with no flood rise, i.e., with
reservoir at normal pool level and with the Obermeyer gates fully open.
The first spillway design developed for this study used 3 -10 m wide x 10 m high spillway gates which reduces the
width of the spillway channel and reduces the volume of rockfill excavation required for the spillway of
embankment-type dams but it increases the cost of the spillway gates. Further evaluation and optimization of the
spillway design will be required during the feasibility study level for the project.

5.1

Spillway for Embankment Dams

The preliminary design for the spillway for embankment dams at the site is shown on Figure 4. The spillway has
the following components:



an excavated approach channel



3-6 m high x 20 m wide Obermeyer gates on a concrete overflow crest



a 200-m long concrete lined chute



a flip bucket energy dissipater



a plunge pool in the river channel downstream
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The topography on the left abutment is better suited to a spillway alignment than the right abutment as it requires
less rock excavation. In addition, the supercritical flow does not need to change direction and the flow can be jetted
directly into the river bed at the downstream end of the spillway chute.
The spillway channel would require a large volume of rock excavation with high cut faces up to 70 m high. The
volume of excavation is approximately 700,000 m3 (bank), or 900,000 m3 (bulked). It is anticipated that the
excavated rock could be used in the embankment dams, subject to further assessment of rock characteristics.
The initial concept had a 30-m wide crest, radial or slide gates and a smaller volume of excavation. When the
preliminary design was changed, it was necessary to change the cross section of the earth/rockfill dam so that all
the excavated rock could be used as rockfill in the dam embankment cross section. As mentioned above, further
studies will be required to optimize the width of the spillway, type of spillway gates, volume of excavation and cross
section of embankment dam

5.2

Spillway for Concrete and RCC Dams

The spillway for concrete arch and RCC dams are more simple and cheaper than for embankment dams as the
spillway flow can pass directly over the dam and return to the river bed at the toe of the dam.
As with the embankment dams, the spillway for arch and RCC has 3-6 m high x 20 m wide Obermeyer gates on
an overflow crest.

6.0

CONCEPTUAL DESIGNS FOR DAMS

Conceptual level designs were developed for the five types of dam. In the absence of detailed site information, a
number of assumptions were developed; these assumptions and some notes related to the design concepts for
each type of dam are listed below.
Concrete Arch Dam



The foundation excavation is 5 m into rock (to remove loose and stress relieved blocks of rock).



The 3 no. Obermeyer spillway gates are on the crest of the dam.



The spillway crest structure has a ski-jump-type lip and splitters to aerate the flow and dissipate the energy
and to limit scour at the toe of the dam. The aerated flow falls to a concrete apron at the impact area.



The preliminary design (and quantity estimate) includes an upstream embankment cofferdam, however, there
is potential to optimize the diversion concept to eliminate, or reduce the sizes of, the diversion tunnel and the
cofferdam.



The layout and preliminary design of the arch dam are shown on Figure 6.



The prefeasibility design is based on “Guide to the Preliminary Design of Arch Dams” by USBR,
Eng. Monograph No. 36, 1966.
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RCC Dam



The foundation excavation is 2 m into rock under the body of dam and 5 m into rock under the plinth.



There are several options for the upstream facing and downstream scour protection for the spillway of RCC
dams. This concept assumes the use of Grout Enriched RCC (GERCC).



The 3 no. Obermeyer spillway gates are on the central 60-m wide section of the dam crest.



The quantity estimate includes an upstream embankment cofferdam, however, optimization of diversion
concept could potentially eliminate, or reduce the size of, the diversion tunnel and cofferdam.



The layout and preliminary design for the RCC dam are shown on Figures 7 and 8.

Earth/Rockfill Embankment Dam



The foundation excavation is 5 m deep under core and filters and 2 m deep under dam shells.



The core material is from borrow area 8 km downstream of site (the suitability of such material is to be
confirmed in future studies).



The rockfill is from the spillway excavation.



The gravel fill, fine filter and coarse filter are from borrow area 2 km downstream of site (the suitability of such
material is to be confirmed in future studies).



The cross section is designed to maximize the use of rock excavated from spillway. This enables the slopes
to be steepened compared to the initial Golder concept and the BC Hydro concept.



The upstream cofferdam is incorporated in upstream shell of dam.



The layout and preliminary design of the earth/rockfill dam are shown on Figures 9 and 10.

CFRD



The foundation is excavated 5 m deep under the plinth and 2 m under the body of dam.



Most of the rockfill is from the spillway excavation.



The balance of rockfill is quarried from left abutment downstream of dam.



All rockfill must be placed before upstream concrete facing is started.



The upstream reinforced concrete facing is 0.3 m thick.



The upstream cofferdam is separate from the body of the embankment and is upstream of the plinth.



The quantity estimate includes the upstream cofferdam.



The layout and preliminary design of the CFRD are shown on Figures 11 and 12.
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Asphaltic Core
A layout and preliminary design of an asphaltic core dam was developed initially, as shown on Figures 13 and 14.
However, after further consideration, this design was not developed further because this type of dam is not
common in North America and, to our knowledge, none have been built in BC.

7.0

COMPARATIVE COST ESTIMATES

For this prefeasibility study, comparative cost estimates were developed for arch, RCC, earth/rockfill and CFR
dams. The following sections list the basis and assumptions for these comparative cost estimates.
Basis for Comparative Cost Estimating – General



The costs in the estimates are for comparative purposes only. They have been developed to assist in
selecting the most cost effective type of dam for the site. They should NOT be used for budgeting as
they stand.



As discussed earlier in this report, this study was specific to the dam, and excluded many other project
elements. Many of these elements are common to all options, so have little effect in comparing costs for the
various options. The costs for the following items are not included in the comparative cost estimates.

 Diversion works (diversion tunnel, cofferdam, etc.)
 a low level outlet to lower the reservoir and/or to pass sediment in the long term
 the grout curtain, drainage works, etc. (considered to be similar for all options)
 other project features, including,


the power tunnel



the powerhouse



access road to site



access roads around site and quarry areas



transmission lines



Cement has been estimated at $300/MT (based on recent delivery to Mt. Polley Mine Dam Rehab).



Suitable aggregates and borrow materials are available in the site borrow areas.



Limited processing costs for screening and washing the aggregates and the fine filter material are included
where required.



Loading and hauling costs are included and vary depending on the quarry (approximately 3 km from the sand
and gravel quarry, and 8 km for the earthfill dam core).
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Concrete has been assumed to batched on-site. The batch plant will be setup close to the dam site in order
to minimize concrete haul/pumping distance.



Supply and installation of Obermeyer Spillway Gates for all options estimated at $1,500,000 (based on recent
run-of-river projects) + 15% mark up.



Loading of $25 per manhour is included for camp costs.



Loading of $5 per manhour is included for small tools and PPE.



Contractors markup (overhead and profits) are included in unit costs at 15%.



Indirect costs have been included separately in cost summary at 12% of direct costs. Indirect costs include
the following items:

 site supervision
 construction / project management
 temporary site facilities and utilities (offices, tool cans, washrooms etc.)
 minor site equipment (generators, telehandlers, small pumps)



QA/QC costs are not included.



Engineering costs are not included.



Construction schedules have not yet been developed.

Comparative Costs for the Arch Dam



The concrete will be batched on-site and the batch plant will be close to the dam on left abutment.



The concrete will be pumped directly to dam from the batch plant using concrete pumps and line pumps.



Multiple crawler cranes and a tower crane will be used to construct the arch dam.

Comparative Costs for the RCC Dam



Large trucks will be used to haul the RCC directly from the pug mill (or batch plant) onto the fill.



Further studies may identify a conveyor system as being more suitable for hauling the RCC.



The aggregate will be hauled from the borrow area 2 km from the site.



The aggregate will require screening and washing.
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Comparative Costs for the Earth Rockfill Dam



Blasted rock from spillway excavation will be hauled directly to the dam for placement in the upstream and
downstream shells without stockpiling.



Gravel fill and core material will be placed in thin lifts (as with conventional fill).



Rockfill will be placed in 1 m thick lifts.



Concrete in spillway will be pumped from batch plant.



Earthfill and rockfill will be hauled by truck, and placed with dozers and compactors.

Comparative Costs for the CFR Dam



Blasted rock from spillway excavation will be hauled directly to the dam for placement in the body of the dam
without stockpiling.



The transition zones will be placed in thin lifts (as with conventional fill).



Rockfill will be placed in 1-m thick lifts.



Rockfill will be hauled by truck.



Concrete in spillway and upstream facing will be pumped from batch plant.

Cost Comparisons
Using the assumptions listed above, the following table compares the relative costs of the arch, RCC, earth/rockfill
and CFR dams.
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Biditem

Takeoff
Quantity

Description

Units

Unit Price

Total Price

OPTION 1 - ARCH DAM
11000 OPTION 1 - MOB / DEMOB
11500 COFFERDAMS
12000 OPTION 1 - DAM

1 LS

$402,000.00

$

402,000

72,000 M3

$12.17

$

876,240

130,000 M3

$296.00

$

38,480,000

13000 OPTION 1 - SPILLWAY APRON

4,200 M3

$826.00

$

3,469,200

14000 OPTION 1 - SPILLWAY GATES

1 LS

$3,500,000.00

$

3,500,000

19999 OPTION 1 - INDIRECTS

1 LS

$5,607,292.80

$

5,607,293

$

52,334,733

TOTAL - OPTION 1
OPTION 2 - ROLLER COMPACTED CONCRETE
21000 OPTION 2 - MOB / DEMOB
21500 COFFERDAMS
22000 OPTION 2 - RCC DAM
23000 OPTION 2 - GROUT ENRICHMENT

1 LS

$402,000.00

$

402,000

72,000 M3

$12.17

$

876,240

337,000 M3

$147.00

$

49,539,000

19,000 M2

$224.00

$

4,256,000

25000 OPTION 2 - SPILLWAY GATES

1 LS

$3,500,000.00

$

3,500,000

29999 OPTION 2 - INDIRECTS

1 LS

$7,028,788.80

$

7,028,789

$

65,602,029

TOTAL - OPTION 2
OPTION 3 - EARTH/ROCKFILL DAM
1 LS

$402,000.00

$

402,000

32000 OPTION 3 - DAM ROCKFILL SHELL PLACEMENT

31000 OPTION 3 - MOB / DEMOB

910,000 M3

$2.12

$

1,929,200

32500 OPTION 3 - GRAVEL FILL - LOAD, HAUL, PLACE

434,000 M3

$12.72

$

5,520,480

33000 OPTION 3 - CENTRAL FILTER AND DRAIN

118,000 M3

$29.51

$

3,482,180

34000 OPTION 3 - TILL CORE

100,000 M3

$36.17

$

3,617,000

35000 OPTION 3 - SPILLWAY EXCAVATION, MUCK, LOAD HAUL

700,000 M3

$45.72

$

32,004,000

36000 OPTION 3 - SPILLWAY CONCRETE

9,000 M3

$822.00

$

7,398,000

37000 OPTION 3 - SPILLWAY GATES

1 LS

$3,500,000.00

$

3,500,000

39999 OPTION 3 - INDIRECTS

1 LS

$6,942,343.20

$

6,942,343

$

64,795,203

TOTAL - OPTION 3
OPTION 4 - CONCRETE FACED ROCKFILL DAM
41000 OPTION 4 - MOB / DEMOB
41500 COFFERDAMS
42000 OPTION 4 - ROCKFILL SHELL
43000 OPTION 4 - U/S TRANSITION
44000 OPTION 4 - U/S CONCRETE FACING
45000 OPTION 4 - SPILLWAY EXCAVATION
46000 OPTION 4 - SPILLWAY CONCRETE

1 LS

$345,000.00

$

345,000

72,000 M3

$3.04

$

218,880

1,363,000 M3

$5.01

$

6,828,630

58,300 M3

$46.31

$

2,699,873

4300 M3

$844.00

$

3,629,200

700,000 M3

$42.59

$

29,813,000

9,000 M3

$815.00

$

7,335,000

47000 OPTION 4 - SPILLWAY GATES

1 LS

$3,500,000.00

$

3,500,000

49999 OPTION 4 - INDIRECTS

1 LS

$6,524,349.96

$

6,524,350

$

60,893,933

TOTAL - OPTION 4
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The comparative cost estimate for the RCC, earth/rockfill and CFR dams are within about 7% of each other. The
estimate for the arch dam is about 20% less than the other three types of dam. The four estimates are remarkably
close to one another and the differences are well within the range of accuracy of the cost estimates. A similar
spread in bid prices for the construction of any type of large dam could be expected. However, the arch dam
appears to be the most economic type of dam for the More Creek site.

8.0

RECOMMENDED TYPE OF DAM

Arch dams have become less common in the last 30 years. This may be because arch dams are particularly well
suited to narrow, steep sided valleys where good rock is close to the surface and most of these types of dam sites
around the world have been had dams built in them already.
The More Creek site does have these favourable conditions so the site is well suited to the construction of an arch
dam. In addition, an arch dam offers the following potential for further reducing the cost compared to the design
shown in Figure 7:



It may be possible to significantly reduce the size of the cofferdam and the length of the diversion tunnel.
Alternatively, it may be possible to construct a small concrete cofferdam and eliminate the diversion tunnel
by diverting low flows into pipes through the dam and diverting high flows over partially constructed blocks of
the dam. A more detailed study of the hydrology, topography and construction sequence will be required to
optimize the diversion scheme.



It may be possible to eliminate the spillway apron, depending on a more detailed evaluation of the erodibility
of the rock at the toe of the dam.



A low level outlet to lower the reservoir after an earthquake could be more economically included into an arch
dam than into the other types of dam.



The same low level outlet could be used to pass sediment if subsequent reservoir sedimentation studies
indicate that this could be required for long term sustainability of the project.

9.0

SUMMARY

The summary and recommendations from the assessment of the dam site, the preliminary dam designs, and the
comparative cost estimates for this prefeasibility study can be summarized as follows:






The site has favorable topography and geology for the construction of a high dam.





For embankment dams, the left abutment is more suitable for the spillway than the right abutment.

The site is suitable for several types of dam.
The steep topography favors concrete dams which can incorporate the spillway over the dam.
In this steep topography, embankment dams require large rock excavations for the spillway on one of the
abutments.

Comparative costs vary from $52.3 M (Arch Dam) to $65.6 M (for RCC Dam).
Bid prices on large dams often vary by at least this percentage.
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As stated above, the range of estimates between the four dam types is well within the accuracy of the estimates,
so a preferred option should not be made at this stage based on cost alone. In addition, this study has not
considered other factors (environmental, archaeological, etc.) which may have a bearing on the preferred dam
type. However, it is understood that it is preferred to reduce the number of dam types under consideration, and
identify a single option to be carried forward to further study. Based on this study, an arch dam is considered to
be the preferred option to be carried forward to the next level of investigations and design because it has the
lowest estimated cost and an arch dam has the greatest potential to reduce costs by optimizing the diversion
scheme and minimizing the cost of a low level outlet. Should further study identify factors that increase the
complexity, or cost of the arch dam, it may be necessary to revisit one or more of the other dam types.

10.0 CLOSURE
We trust the information contained in this report is sufficient for your present needs. Should you have any additional
questions regarding the project, please do not hesitate to contact the undersigned.

GOLDER ASSOCIATES LTD.
Reviewed by

Richard Humphries, PEng
Senior Consultant

Bruce Downing, PEng
Principal

BD/RH/lih

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.

https://golderassociates.sharepoint.com/sites/15072g/deliverables/issued to client/1669229-001-r-rev2/1669229-001-r-rev2-more creek report 06sep_17.docx
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APPENDIX A
Figures 1 though 14
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APPENDIX B
IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level
of care and skill ordinarily exercised by members of the engineering and science professions currently practising
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and physical
constraints applicable to this report. No other warranty, expressed or implied is made.
Basis and Use of the Report: This report has been prepared for the specific site, design objective, development
and purpose described to Golder by the Client. The factual data, interpretations and recommendations pertain to
a specific project as described in this report and are not applicable to any other project or site location. Any change
of site conditions, purpose, development plans or if the project is not initiated within eighteen months of the date
of the report may alter the validity of the report. Golder can not be responsible for use of this report, or portions
thereof, unless Golder is requested to review and, if necessary, revise the report.
The information, recommendations and opinions expressed in this report are for the sole benefit of the Client.
No other party may use or rely on this report or any portion thereof without Golder’s express written consent. If the
report was prepared to be included for a specific permit application process, then upon the reasonable request of
the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User for
the specific and identified purpose of the applicable permit review process. Any other use of this report by others
is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other documents as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder, who authorizes only the Client and Approved Users to make copies of the report, but
only in such quantities as are reasonably necessary for the use of the report by those parties. The Client and
Approved Users may not give, lend, sell, or otherwise make available the report or any portion thereof to any other
party without the express written permission of Golder. The Client acknowledges that electronic media is
susceptible to unauthorized modification, deterioration and incompatibility and therefore the Client cannot rely
upon the electronic media versions of Golder’s report or other work products.
The report is of a summary nature and is not intended to stand alone without reference to the instructions given to
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by Golder
for the Client relative to the specific site described in the report. In order to properly understand the suggestions,
recommendations and opinions expressed in this report, reference must be made to the whole of the report. Golder
can not be responsible for use of portions of the report without reference to the entire report.
Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only
for the guidance of the Client in the design of the specific project. The extent and detail of investigations, including
the number of test holes, necessary to determine all of the relevant conditions which may affect construction costs
would normally be greater than has been carried out for design purposes. Contractors bidding on, or undertaking
the work, should rely on their own investigations, as well as their own interpretations of the factual data presented
in the report, as to how subsurface conditions may affect their work, including but not limited to proposed
construction techniques, schedule, safety and equipment capabilities.
Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and geologic units have
been based on commonly accepted methods employed in the practice of geotechnical engineering and related
disciplines. Classification and identification of the type and condition of these materials or units involves judgment,
and boundaries between different soil, rock or geologic types or units may be transitional rather than abrupt.
Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to soil
variability, fill of variable physical and chemical composition can be present over portions of the site or on adjacent
properties. The professional services retained for this project include only the geotechnical aspects of the
subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are outside
the terms of reference for this project and have not been investigated or addressed.
Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions
at the time of their determination or measurement. Unless otherwise noted, those conditions form the basis of the
recommendations in the report. Groundwater conditions may vary between and beyond reported locations and
can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock and groundwater
may be significantly altered by construction activities (traffic, excavation, groundwater level lowering, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting, drying
or frost. Unless otherwise indicated the soil must be protected from these changes during construction.
Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.
Follow-Up and Construction Services: All details of the design were not known at the time of submission of
Golder’s report. Golder should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder’s report.
During construction, Golder should be retained to perform sufficient and timely observations of encountered
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted
conditions considered in the preparation of Golder’s report and to confirm and document that construction activities
do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report. Adequate
field review, observation and testing during construction are necessary for Golder to be able to provide letters of
assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or measurement during the
preparation of the Report.
Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or
revise the recommendations within this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.
Drainage of subsurface water is commonly required either for temporary or permanent installations for the project.
Improper design or construction of drainage or dewatering can have serious consequences. Golder takes no
responsibility for the effects of drainage unless specifically involved in the detailed design and construction
monitoring of the system.
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