Davies, James W FLNR:EX

. L
From: Steeves, George <gsteeves@ameresco.com>
Sent: Wednesday, August 13, 2008 1.07 PM
To: Bennett, Timothy A ENV:EX; Davies, James W ENV:EX
Ce- s.22
Subject: Tyson Creek - leave to Commence Construction - Ammended (File no. 2002777; Licence
No. €C120523)
Attachments: Leave to Commence Construction - Tyson - Amended v2.doc; Monitoring Plan - Version

2.pdf: Drill Waste - CEMP.pdf: 2401_(0).pdf; 2301_(A).pdf

Tim/Jim

Piease find attached the above Leave to Commence Construction. | have also appended the tunnef plan and profile as
well as a drawing showing the proposed IFR infrastructure. | will send you the bafance of the tunnel drawings tomorrow
when T am back in my office. As part of the process i requested and received an updated Civil Design Basis as well as an
amenedment to the CEMP to reflect the inclusion of the tunnel.

I also requested the completion of the final draft of the OEMP to reflect the tunnel (after a cryptic reminder from Scott
B). 1 was surprised to discover this document was still in the draft stage. It is my understanding that the proponents
consultant Dave Bates is working with Scott to get it into a close to final form, something that should have been done
saoner.

They are continuing to move forward with the construction of the project based on the intitial Leave to Commence
Construction, but are anxious to get going on the tunne! which requires the issuance of the second Leave to Commence
Construction,

George
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NOTE: This e-mail may contain PRIVILEGED and CONFIDENTIAL information and is intended only for the use of the
specific individual(s) to which it is addressed. If you are not an intended recipient of this e-mail, you are hereby notified
that any unauthorized use, dissemination or copying of this e-mail or the information cantained in it or attached to it is
strictly prohibited. If you have received this e-maii in error, please delete it and immediately notify the person named

above by reply e-mail. Thank you.
********#******#***##**********************************#**********************t*#**#**
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Davies, James W FLNR:EX

From: Steeves, George <gsteeves@ameresco.coms>

Sent: Thursday, August 14, 2008 5:05 AM

To: Bennett, Timothy A ENV'EX; Davies, James W ENV.EX

Cc 522

Subject: Tyson Creek - Leave 1o Commence Construction - Ammended (File no. 2002777;
ticence No. €1205230

Attachments: Drill Waste.pdf; 210_{0).pdf; 2008-06-11 IFR Tunnel Options.pdf; 02290 Tunneling.pdf;

2301 _{A).pdf; 023590 - Scil and Rock Anchors_0.pdf; 2401_(0).pdf; 2411_{0).pdf; 2431
(Ch.pdf, 2432_(C).pdf; 2455_(C).pdf, 02491 - Rock Grouting_A pdf; Design Basis - Rev F
2008-07-18.pdf; Drill Waste - CEMP.pdf; Technical Specifications - Tunnel.pdf:
Monitoring Plan - Version 2 pdf, Leave to Commence Construction - Tyson - Amended
v2.doc

Thm/jim

Further to the documents | sent you yesterday, following are the additional drawings and documents wrt to the leave to
Commence Construction. Some may be repeats.

George

Guorge £, Staorss, P g,

cio Ameresco Canada

7th Flgor

90 Sheppard Avenue East
Toronto, Ontario

M2N 6X3

Tel: (416) 512-7700 x 3322
Fax: (416) 218-2268

Cell: (418) 452-4715
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NOTE: This e-mail may contain PRIVILEGED and CONFIDENTIAL information and iz intended
ouly for the use of the specific individual({s) to which it is addressed. If you are not
an intended recipient of this e-mail, you are hereby notified that any unauthorized use,
dissemination cr copying of this e-mail or the information contained in it cr attached to
it is strictly prohibited. If you have received this e-mail in error, please delete it

and immediately notify the person named above by replv e-mail. Thank you.
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WATER STEWARDSHIP DIVISION
MINISTRY OF ENVIRONMENT

TYSON CREEK HYDROELECTRIC CORPORATION
TYSON CREEK HYDROELECTRIC PROJECT
LEAVE TO COMMENCE CONSTRUCTION — AMENDED

|

George L. Steeves, P. Eng.
Independent Engineer

30 Catherine Ave.
Aurora, Ontario

L4G 1KS
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TRUE NORTH ENERGY

August 8, 2008 File # 2002777
CWL # 120523

Water Stewardship — Lower Mainland
Ministry of the Environment

10470 152" Street

Surrey, BC

V3R 0Y3

Attention: Mr. Timothy Bennett, P. Eng.
Section Head, Water Aliocation

Dear Sir:

RE: TvsoN CREEK HYOROELECTRIC CORFORATION
TYSON CREEK HYDROELECTRIC PROJECT
LEAVE TO COMMENCE CONSTRUCTION — AMENDED

Further to prior correspondence, please find altached a copy of the Leave to Commence Construction —
Amended Report for your review and comments.

As you are aware, in the time since we prepared our first Leave to Commence Construction — Part 1 Report,
the propanents of the Tyson Creek project have changed the project layout for economic and environmental
reasons to include a direct lake tap and underground tunnel. This arrangement eliminates approximately
600 metres of penstock and the weir and intake structures at the outflow of Tyson Lake. The elimination of
the weir and intake structures requires additional works to deliver the 70 L/s of Instream Flow Release
("FFR™) stipulated in the conditional water licence to the otiginal Point of Diversion ("POD"} at the lake. In
order to comply with the [FR requirements, the proponents have proposed a pump and conduit system be
instalied that will defiver water from the downstream tunnel portal overland back up to the POD. In addition
the plant equipment design incorporates the provision to maintain a further bypass flow though the turbine in
the instance the headpond water level is below the crest elevation at the discharge from the lake.

This amended Leave to Commence Construction is with respect o the required construction activities for
the project up to the point of commencement of the diversion of water for the commissioning of the plant.
This report reviews the transmission line and interconnection, access roads, powerhouse, penstock,
headworks, tunnel, lake tap and IFR pumping system. This report specifically deals with the project General
Arrangement and Design and Operaling Criteria in accordance with the guidance provided by the "Scape of
Information and Reporis by the Indepandent Engineer”.

Attached is the Civil Design Basis Report — Revision F prepared jointly by the Tyson Creek Hydre
Corporation ('TCHC"), Kerr Wood Leidal Associates Limited ("KWL") and Gygax Engineering Associates
Limited ("GEA" with respect to the project. Within the report is the relevant information with respect to the
design requirements and construction standards to be utilized in the detailed engineering and construction
process. Further attached are the Consfruction Envircnmental Management Plan and a technical
memorandum that deals with care and control of tunnel drillwater, again prepared jointly by TCHC and FSCI
Biological Consultants ("FSCI"). FSCl is the proposed Environmental Menitor for the project.

TCHC has entered into an agreement with Three Point Equipment {"Three Point"} for the civii works,
Canyon Turbines {“Canyon") for the furbine generator and Unit Electrical Engineering Limited ("UEE") for
electrical works associated with the construction of the Tyson Creek generating station. 1 am in receipt of 31
sealed engineering drawings for Tyson Creek of sufficient detail to identify conformance of the proposed
general arrangement with the conditions of the Conditional Water Licence. These drawings will be
supplemented as the detalled design proceeds and the Independent Engineer will be reviewing the sealed

Paged of 150 FNR-2016-60484



engineering drawings as part of the review process for the issuance of the respective Leaves to Construct
for the various efements of the project.

| am also in receipt of a technical design memorandum prepared by KWL that rationalizes the IFR pump
system design and general arrangement. The independent Engineer has reviewed the adequacy of the
proposed system for delivering the mandated IFR'’s to Tyson Creek at the outfall of the lake as stipulated in
the conditional water licence. The system has been designed with the appropriate ruggedness and
redundancies required. The proposed system has been designed 1o operate in an ambient temperature of -
20°C. The design provides for two separate pumps, each capable of delivering the entire IFR to the POD
through a 470 m long, 250 mm diameter pipeline. Primary power will be provided from the powerhouse
through a cable buried with the penstock.

The use of redundant pumps and a buried cable will reduce of the likelihood of system failure. With
adequate control functions buiit into the plant's operating system and a rigorous preventive maintenance
and testing regime, neither of which have been prepared or reviewed at this time, the Independent Engineer
is of the opinion that the proposed system is adequate to deliver the required IFR's to the lake outfall.

In the event of plant shutdown during periods when Tyson Lake has been drawn down, flows downstream of
the powerhouse will comprise the IFR, natural inflows into Tyson Creek downstream of the lake and partial
flows through the powerhouse. The turbine deflectors have been designed for extended continuous use,
essentially maintaining the plant flow at the time the plant went off line.

The proponent is in the process of completing the Operating Environmental Monitoring Program (“OEMP”)
and has initiated the collection of background data consistent with the requirements of the draft OEMP. It is
the understanding of the IE that TCHC are moving forward with ongoing discussions with MOE-ESD with
the objective of compieting an appropriate QOEMP, reflecting the environmental requirements of the site and
the proposed operating regime.

Please accept this report as confirmation that it is the Independent Engineer's opinion that the General
Arrangement, Design and Operating criferia are consistent with the terms of the Conditional Water Licence
and meet accepted industry standards.

Yours very truly,

fope [

Gearge L. Stesves, P. Eng
independent Engineer
BC Licence #27528
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WATER STEWARDSHIP DiVISION
MINISTRY OF ENVIRONMENT

TysonN CREEK HYDROELECTRIC CORPORATION
TYSON CREEK GENERATING STATION
LEAVE TO COMMENCE CONSTRUCTION - AMENDED
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1.0

1.1

1.2

1.2.1

INTRODUCTION

George Steeves, P. Eng. has been retained to serve as the Independent Engineer ("[E"), supporting
the Ministry of Environment in the review of the design and construction of the 8.3 MW Tyson Creek
Generating Station.

Objectives and Scope of Review

The role of the Independent Engineer is to (1) review the General Arrangement Plans and Design
Criteria for conformance to the objectives of the Engineer under the Water Act; (2) review the
detailed plans for conformance with the General Arrangement and the Design Criteria; {3) monitor
the construction of the warks for conformance with the plans reviewed under (2); (4) periodically
submit reports to the Ministry of Environment on the results of the reviews and of the plans and the
monitoring of the construction of the works; {5} provide Project Summary reports summarizing the
construction of the works, including as-buili drawings, and confirming the works as constructed are
in accordance with the conditions of the Conditional Water License. This report is intended fo
respond to item (1)} Review General Arrangement Plans and Design Criteria.

Project Description and General Arrangement

The Tyson Creek project is located in the southern section of the Tzoonie River valley. The
Twoonie River flows south easterly to its confluence with Narrows Inlet which in turn is part of
Sechelt inlet/ Tyson creek is a high alpine watershed with a northwest exposure, approximately
70 km northwest of Vancouver.

The proposed project develops the hydraulic resources of the lower reaches of Tyson Creek, with
the point of diversion {("POD") 4.7 km upstream from the powerhouse which in tumn is 500 m
upstream of the confluence of Tyson Creek with the Twoonie River, & km upstream of its
discharge into Narrows inlet.

With a gross head of 868 m and a drainage area of 11.08 km?, the project has a total installed
capacity of 9.3 MW, and includes a submerged lake tap in the bed of Tyson Lake, a tunnei with
concrete plug, penstock, powerhause, stibstation and transmission fine to the interconnection.

Access Road

To provide access to Tyson Creek, 15 km of existing roads will need to be upgraded and
approximately 1 km of new access roads constructed to provide access to the powerhouse and
tunnel portal lecations.

The roads and required drainage works will be designed, constructed and maintained in
accordance with the requirements of Ministry of Forests for road construction, and the appropriate
recommendations of the Forest Road Engineering Guidebook, and the Forest Service Bridge
Design and Construction Manual.
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1.2.2 Lake Tap and Tunnei

Water will be withdrawn from the lake through a 400 m long tunnel driven into the lake bottom using
lake tap principles. The tunnel will have a nominal 3 x 3 m horseshce cross-section, enlarged locally
to accommodate rock traps and chambers. The tunnel will fall at an 8% grade from the lake tap to
the tunnel portal located on the access road, some 200 m west of the top of the steep penstock
section.

The tunnel will be sealed with a concrete plug approximately 80 m upstream of the portal. The
remaining 317 m of tunnel will convey water directly, under pressure. Upstream of the plug, there
will be two rock traps excavated in the floor of the tunnel. The first will be directly below the lake tap
and will be designed to capture the buik of the rock from the finat blast that will break into the lake.
A secondary rock trap is focated about 320 m downstream and just upsiream of the concrete tunnel

plug.

The concrete plug will be an 11 m long mass of concrete poured in two stages. A 1.2 m diameter
steel pipe that will serve as the inlet to the penstack. The first stage of concrete will form the
interface hetween the concrete and the rock wall of the tunnel. This will be pressure grouted
through the concrete into the rock. The second stage of concrete will compiete the plug and hold
the penstock inlet pipe.

Downstream of the plug, there will be a chamber that houses the maintenance and penstock inlet
gate. The water conveyance downstream of the plug will be through a 750 mm diameter steel pipe
supported on concrete cradles. Finally, a portal chamber, containing the IFR pumping equipment
and tunnel ventilation system will be excavated near the downsiream end of the tunnel. The portal
will be sealed by an exterior bulkhead wall incorporating a door for maintenance access.

The dry portions of the tunnel, downsiream of the plug, will be lined with shotcrete to provide
additional support and protection from damage of the stee! penstock. A crushed gravel leveling
course will be provided to ease maintenance traffic and a drainage ditch will evacuate any ground
water weeping in.

The lake tap will be excavated from the tunnel in a single blast designed fo drop the result waste
rock intc a rock trap below the lake. The tunnel will be advanced using standard drill and blast
procedures to within 30 m of the lake. At this time, several pilot holes will be drilled through the rock
in and to the lake in order to accurately map the rock profile in the bed of the lake. The pilot holes
will be then sealed with grout. The tunnel will then be carefully advanced to within &5 m of the lake,
the rock trap excavated and the final charges sef. The concrete plug will then be constructed and
the tunnel flooded with water. Once the tunnel is floeded, the final charge will be shot to break the
final rock into the lake. By filling the tunnel with water, or using a “wet blast” technigue, an onrush of
water into the tunnel, which would have a tendency of washing biast rock down the length of the
tunnet, will be avoided.

1.2.3 Instream Flow Relgase - Pump and Conduit

During pericds of high flow, when the lake has not been drawn down below its natural outfall
elevation of 1040 m, IFR’s will fiow naturally from the lake. During periods of lower inflows, when
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the project has drawn the lake tevel down below the sill of the outfali, IFR’s will be pumped back up
to the to the lake's outflow through a surface mounted pipeline from the tunnet portal.

The IFR pumping system will consist of a pair of variable frequency, horizontal split case style
pumps located inside a chamber excavated at the portal of the tunnel. Each pump will be capable of
lifting the full 70 L/second to the lake outfall over the entire expected range of net heads. The
pumps will be attached to 470 m long, surface mounted HOPE (Sclairpipe} pipe with a diameter of
250 mm. The pipeline will be secured to the ground at nominai spacing that will be determined
during detailed design.

Primary power will be supplied to the pumps through a buried cable from the powerhouse laid next
to the penstock.

The system will require up to 57 kW (75 HP) of capacity and the range of dynamic net head will
vary, depending on plant fiows and lake levels, between 5 and 43 m.

1.2.4 Penstock

The high pressure steel penstock {*HPP") will originate in the concrete tunnel plug, 80 m upstream
of the tunnel portal. The penstock within the tunnel will be mounted on concrete cradles. Once
outside the tunnel portal, the balance of the penstock will run 4,040 m to the powerhouse. The
average gradient over the penstock length is 19.4 %. The steepest section of the penstock is a
short 440 m section, 250 m downstream of the tunnel portal. Over the 440 m, the penstock fafls a
total of 290 m with an average gradient of 65 %. It has a short 30 m section that has a slope in
excess of 200 %.

The first 250 metres of penstock outside the tunnel will be buried in the access road. It then drops
down an extremely steep slope with grades in excess of 200 %. The penstock will be supported by
concrete of steel cradles with appropriately designad concrete thrust blocks at all vertical or
horizontal direction changes. This section of the penstock will be above grade. The design will
incorporate the required expansion joints.

Faor the balance of the steel penstock alignment (St. 14210 to Sta. 4+620), the penstock will be
huried. The design incorporates the interacticn between the seil and ihe pipe {o resist the thermal
and hydraulic transient joads. The |IE will be reviewing the detailed design for the high pressure
penstock sections both with respect te the selected design criteria as well as the application to the
actual design. Currently there are nine concrete thrust blocks contemplated in the lower high
pressure penstock section.

Corrosion protection of the HPP will be provided by an external and internal epaxy coating which a
known and reliable corrosion protection system.

At the tunnet plug, the steel penstock is under 75 m of static head. Over its length of 4040 m as it
progresses down the valley to the powerhouse, the internal static head increases o a maximum of
868 m. It is anticipated that the steel pipe will be a combination of butt welded and bell and spigot
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weided steel section with bell and spigot being used for the initial low pressure sections and huit
welds used for high pressure sections.

The design of the HPP and all the associated elements will be in accordance with accepted industry
standards. Due fo the public safety endangerment in the instance of HPP failure it is assumed that
the most stringent of criteria will apply.

1.2.5 Powerhouse

The powerhouse will be constructed adjacent to Tyson Creek, approximately 600 m upstream from
its confluence with the Twoonie River. The powerhouse will be a 20 m by 10 m pre-engineered
building founded on a concrete foundation. At the powerhouse, the 700 mm diameter penstock will
be reduced to 600 mm, pass through the turbine inlet valve ("TiV") and then be bifurcated to fead
the two hozzles of the harizontal pelton turbines with a rated generator output of 8.3 MW,

The powerhouse generator floor is at elevation 173.8 m, well above the 1:200 year flood level of the
creek at this location.

The powerhouse is a steel framed buitding with a building envelope consistent with the local
building code requirements and operating conditions.

The powerhcuse has sufficient space io accommodate the ancillary equipment required to support
the operation of the generating equipment. In addition to the swiich gear, protection and controls the
powerhouse houses fhe hydraulic pressure units ("HPU"), TiV, and an assoriment of smaller
electrical equipment. The powerhouse will also house the dry type main transformer.

The powerhouse will have the required mechanical and electricat station services including exhaust
fans, unit heaters, etc. The small office will house the computers which are used to operate the
plant and wilt be the depository for one copy of all operating and maintenance manuals. The office
will also house the various communication systems for contact with BC Hydro ("BCH").

The powerhouse wili have a large rolling overhead door fo facilitate the defivery of larger items. A 5
ton averhead crane services the entire building. In accordance with the applicable Building Cedes it
will have the required number of exits. The powerhouse will not have potable water or sanitary
facilities,

1.2.6 Tailrace

The tailrace delivers the plant flow back to Tyson Creek. The initfal 5 m section is concrete which
is followed by a 15 m trapezoidal nip rap channel.

1.2.7 Generating Equipment

The selected generating equipment arrangement includes one two jet horizontal pelton turbines,
directly coupled fo a synchronous generator. The selection of the two jet pelton turbine aliows the
plant to operate at very high efficiencies over a wide range of flows varying from as little as 0.3 m’/s
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up to the maximum unit flow of 1.3 m/s. This is especially significant for smaller watersheds such
as Tyson Creek because it can experience a wide range of flows on a daily and monthly basis.

The selection of Canyon, a recognized leading manufaciurer of this type of equipment will ensure
on time delivery and performance of ihe equipment when installed and commissioned. The
protection, controls and switchgear are designed to meet industry standards as well as the
interconnection requirernents of BCH.

The turbine will be equipped with deflectors designed for extended continuous use, enabling flows
to continue through the system and downstream of the powerhouse even during periods of
extended shutdown.

1.2.8 Substation and Interconnection

An outdoor switchyard will be constructed adjacent to the powerhouse. Approximately 20.5 km of
25 kV wood poele transmission line from the switchyard to the interconnection with BC Hydro at
Earle Creek. The route of the transmission lines follows existing FSRs where feasible. The last 2.2
km of the transmission line crosses over private lands for which the required easements have been
obtained.

2.0 DESIGN & OPERATING CRITERIA

2.1 Design Criteria

The evaluation of the design criteria has two distinct aspects. First is the selection of the apprepriate
design processes, and the second is the technical specifications of the materials to be incorporated
in the project. The technical specifications identify all the relevant codes to be utilized and material
specifications and are consistent with industry standards. The applicable building standards have
been referenced with respect to occupancy type, applicable huilding loads, fire protection, etc. The
applicable design codes with respect to the design of structural elements have also been
referenced.

The design of certain elements of a hydroelectric generating station are, however, unique,
especially with respect to the design of the hydraulic elements including the weir, intake, penstocks
and powerhouse. Further, the design and selection of the generating equipment including the
turbine, generator, protection controls and switchgear is very site specific.

The referenced national design standards and the technical specifications are consistent with
accepted utility standards and adhere to the conditions of the Conditional Water Licence.
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2.2 OQOperating Criteria

Within the Design Basis Report and the appended Technical Memorandum — Tyson Creek IFR
System, the proponent has described the cperating procedures. The following discussion is a broad
brush summary of those procedures

The tunnei portal will be equipped with an IFR pumping chamber that wili house fwo horizontal split
case style pumps, each capable of pumping the entire IFR up 75 m, through 470 m long, surface
mounted pipeline to the natural outflow of the lake. The redundancy of the pump system has been
designed to guarantee the release of the 70 L/sIFR of Tyson Creek. Inflows to Tyson Lake greater
than the IFR and the piant flow will first fill the lake to its natural water level of 1040 m and then flow
out over the natural lake outlet.

The generating plant will respond to the available inflows to the lake and any available drawdown
storage in the lake as its normat operating regime. It will, however, experience faults both internal
and external to the plant. To respond fo the fault and te not damage the equipment, the plant will
follow specified shutdown sequences depending on the type of fault In the instance of an
emergency shutdown, deflector plates will be deployed, which redirect the flows away from the
runner, allowing the turbine/generator unit to come to a halt. With the flows diverted by the deflector
plales, the flows in the system can be ramped down slowly.

The overalt flow diversion and associated operating criteria is consistent with the maximum plant
flow of the Conditional Water Licence and the other operating conditions of the licence. !t is the
canclusion of the IE that the operating criteria, with respect to flow utilization and diversion, is
consistent with accepted industry standards, meets the technical requirements of the project and
adheres fo the conditions of the Conditional Water Licence.

2.3 Protection of the Environment
2.3.1 Construction Environmental Management Plan

The Construction Environmental Management Plan (*CEMP") provides for an extensive
construction mitigation program, of which a significant portion is applicable to clearing and grubbing
activities. These include defining the cutting limits, providing sediment control structures down slope
of all activities, hand clearing on sensitive slopes, protection of riparian zones, elimination of
grubbing activities naxt to wetlands, controls on stockpiles of soil and overburden, seil and
overburden replacement, burning and disposal of trash, and reclamation/rehabilitation of work
areas.

The environmental monitoring program will provide a continuous review of the construction
activities to ensure all the requirements of the Forest Practices Code of BC Act are complied with,

2.3.2 Operafing Environmental Monitoring Program

The Operational Environmental Management Plan (‘OEMP”} has been prepared by FSCt Biological
Consultants on behalf of the project and reviewed by BC Ministry of Environment — Envirenmental
Stewardship Division (ESD). It described the goals and methedology for the ongoing monitoring
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3.0

3.1

3.2

program that will take place over the next six years. Collection of pre-diversion baseline data will
continue during seasonally appropriate windows through construction. Once the plant achieves
commercial operation, collection of post-diversion vaiues will continue for five years. At that paint,
statisticalty relevant impacts beyond a scientifically accepted range will bring about further agency
constltation and appropriate remedial action.

The OEMP described reporting protocols and procedures and outlines specific biological values
that will be measured. These include:

»  Water Quality

= Stage versus Channel Geometry to develop wetted width, depth and velocity response to
varying low flows

« Discharge versus Useable Area

¢ Macro-invertebrates

DOCUMENTS REVIEWED

Civil Design Basis Report — Tyson Creek Hydroelectric Project

The Civil Design Basis Report — Revision F prepared by KWL and GEA is comprehensive and
covers the fundamental Design and Operating Criteria.

The report is divided into Section 1 — Executive Summary; Section 2 — Infroduction; Section 3 —
Description of Facilities; Section 4 — Site, Environment and Design Parameters; Section 5 — Faciity
Sizing; Section 6 — Civit and Structural Design; Section 7 — Powerhouse Mechanical Systems and
Appendices.

The document sets out the design and operating criteria in the appropriate manner detail. This level
of detail and the format of the document have been used in the successful implementation of other
recent simitar sized hydroelectric projects. it is the opinion of the Independent Engineer that the
design crteria incorporated within the document is consistent with the reguirements of the
Conditicnai Water Licence and accepted industry practice.

Construction Environmental Management Plan — FSCI Biological
Consultants

The CEMP prepared by FSCI is intended to provide the broad framework under which onsite
construction activities are {o be managed. The CEMP is intended to identify environmental issues
and the menitoring and mitigaticn procedures to be followed during the construction period. It is
camplimentary to all environmental mitigation measures required by relevant legisiation with the
higher standard to be applied in each instance.
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The report is structured by activity and divided into Section 1- Introduction; Section 2 — Best
Management Practices; Section 3 - Environmental Management, Section 4 - incident
Preparedness and Emergency Response; Section 5 — Compliance Monitoring; Section 5 —
Reporting; Section 7 — Commissioning.

An addendum memorandum was prepared that discusses the care and control of drill wastewater
that will exit from the tunnel portal during the tunnef's excavation.

The CEMP is very comprehensive and exceeds the standards set with other plans developed and
implemented on other recent hydroeiectic projects of similar scale.

3.3 Project Drawings

The following listing of project drawings comprises the sealed gereral arrangement drawings
submitted by the proponent is support of the Leave to Commence Consfruction. With each
subsequent submission by the proponent for 2 Leave to Construct, there will be a revised and
expanded list of engineering drawings which will reflect the specific Leave to Construct.

33.1  Kerr Wood Leidal
2468-001-001 — General Arrangement — Location Plan & Drawing List
2468-001-002 B - General Arrangement — Key Plan
2468-001-003 ~ Civil - General Arrangements
2468-001-010 — General Arrangement - Piping & Instrumentation Standards — Sheet 1 of 2
2468-001-011 — General Arrangement - Piping & Instrumentation Standards — Sheet 2 of 2
2468-001-012 — General Arrangements — Hydraulic Profile

2468-001-013 — General Arrangement - Piping & Instrumentation — Intake - Process Flow
Diagram

2468-001-014 — General Arrangement - Piping & Instrumentation — Powerhouse - Process Flow
Giagram

2468-001-015 — General Arrangement - Piping & Instrumentation — IFR Pumping System
2468-001-016 — General Arrangement - Piping & Instrumentation - Powerhouse
2468-001-310 B — General Arrangement - Intake — Tunnel Aternative - Direct fo Lake
2468-001-321 C — General Arrangement — Intake — Headworks & Dam - Longitudinal Section
2468-001-401 A ~ General Arrangement — Penstock Alignment — Sheet 1 of 4

2468-001-402 A - General Arrangement — Penstock Alignment — Sheet 2 of 4

2468-001-403 A ~ General Arrangement — Penstock Alignment — Sheet 3 of 4
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3.4

4.0

2468-001-404 A ~ General Arrangement — Penstock Alignment — Sheet 4 of 4
2468-001-410 C — Generat Arrangement — Penstock Sitework — Sections and Details
2468-001-451 B - General Arrangement — Penstock

2468-001-501 A — General Arrangement — Powerhouse — Site Plan

2468-001-505-1 A — General Arrangement — Powerhouse Elevations

2468-001-505 A — General Arrangement — Powerhouse Elevations

2458-001-511 F — General Arrangement ~ Powerhouse — Plans

2468-001-521 F — General Arrangement — Powerhouse — Longitudinal Section
2468-001-522 £ — General Arrangement — Powerhouse — Transverse Section
2468-002-210 0 — General Arrangements — Tunnel — Plan, Prcfile and Typical Sectian
2468-002-2301 A — Tunnel — Qverall Plan and General Arrangement

2468-002-2401 0 — Tunnel -- Excavation — Plan and Profile

2468-002-2411 0 ~ Tunnel — Excavation and Support — Sections

2468-002-2431 C — Tunnel ~ Concrete Piug and Headworks Chamber — Structure Outline —
Profile, Plan

2468-002-2432 C — Tunnel — Concrete Plug and Headworks Chamber - Structure Outline ~
Sections, Details

2468-002-2455 C ~ Tunnel Portal IFR Equipment Chamber — Structure Outline

Conditional Water Licence — Ministry of Environment

The Conditional Water Licence provides a number of conditions which must be met before the
licensee can generate electricity utilizing the hydraulic resources of the stream for which the licence
has been granted. It further defines the obligations of the Licensee to the Province of British
Columbia.

RECOMMENDATIONS

The review of the General Arrangements, Design and Operating Criteria for the Tyson Creek
Hydroelectric Project, as amended to include a lake tap and tunnel conveyance from Tyson Lake,
as opposed to the previously reviewed weir and low pressure conduit, has confirmed that they are
consistent with accepted industry standards and adhere to the conditions of the Conditional Water
Licence. Further, they reflact the appropriate consideration for the environment, in that the works
proposed are to be executed in a logical, safe and organized manner. 1t is the opinion of the
Independent Engineer that the Engineer should provide the Leave to Commence Construction
{Amended) for the overall General Arrangement, Design and Operating Criteria.
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Memorandum

DATE: July 18, 2008
To: Peter Schober
Tyson Creek Hydro Corporation
From: D. Bates
RE: Tunnel Construction and Drill Water Sump

It is our understanding Tyson Creek Hydro will be constructing a tunnel for the
intake and penstock from Tyson Lake. The tunnel will require drili waste water
management on the downstream end of Tyson Lake. The following amendment
is suggested for the Tyson Creek Hydro CEMP:

3.20 Tunnef Drifl Waste Water

A tunnel will be constructed from Tyson Lake that connects the lake lo the
penstock. The tunnel will require extensive rock driffing and excavation. The drill
process uses water for cooling that may be supplemented with water seeping
into the tunnel from surrounding scurces (groundwater). In order fo protect
surrcunding enviroanmental values the following processes will he implemented:

* A sump measuring at least 3-m and 4-m and 1-m deep will be
constructed at the tunnel entrance. The sump size will provide a
collection and settling structure for the drill water, groundwater
seepage and any associated suspended drill flour;

» The sump should not have a surface connection to drainage
channeis that may directly enter Tyson Creek. The onsite EM
should be consulted if this presents problems:

» The sump should be lined and impervious as required, It may be
constructed in impervious rock. The sump should have a
downstream surface outlet that moves seftied water into an
adequalely designed ditch constructed of pervious matferials. The
water should go to ground at this point or within a short distance
downstream;
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s Sediment control structures such as rock plugs and/or silt fencing
may be required af the sump outlet in the event of heavy
suspended sediment loading. The onsife EM should be consulted;

s Driif operations and associated fuel tanks must have appropriate
spill response equipment on-site to deal with fuel and/or lubricants
that enter the drill waste water sump and/or downstream ditch;

» The EM will monitor the condition and water quality within the
consfructed sump. Observations and recommendations will be
reported in the environmental reporfing.

In discussion with the contractor (Procon Mining and Tunnelling Ltd) they felt
confident waste water and suspended sediments would be minimal. This opinion
is based on the drill core results reviewed.
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Memorandum

DATE: July 18, 2008
To: Peter Schober
Tyson Creek Hydro Corporation
From: D. Bates
RE: Tunnel Construction and Drill Water Sump

it is our understanding Tyson Creek Hydro will be constructing a tunnel for the
intake and penstock from Tyson Lake. The tunnel will reguire drill waste water
management on the downstream end of Tyson Lake. The following amendment
is suggested for the Tyson Creek Hydro CEMP:

3.20 Tunnel Drill Waste Water

A tunmnel will be constructed from Tyson Lake that connects the lake to the
penstock. The tunnel will require extensive rock drilling and excavation. The drill
process uses water for cooling that may be supplemented with water seeping
into the tunnel from surrounding sources (groundwater). In order to protect
surrounding environmental values the following processes will be implemented:

s A sump measuring at least 3-m and 4-m and 1-m deep wifl be
constructed at the tunnei enitrance. The sump size will provide a
colfection and settling structure for the dnilf wafer, groundwater
seepage and any associated suspended drill flour;

» The sump should nof have a surface connection to drainage
channels that may directly enter Tyson Creek. The onsite EM
should be consulted if this presents problems:

» The sump should be fined and impervious as required. It may be
constructed in impervious rock. The sump should have a
downstream surface outlet that moves settled water info an
adequately designed ditch constructed of pervious materials. The
water should go to ground at this point or within a short distance
downstream,
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e Sediment controf structures such as rock plugs and/or silt fencing
may be required at the sump outlet in the event of heavy
suspended sediment loading. The onsite EM should be consulted;

o Drill operations and associated fuel tanks must have appropriate
spill response equipment on-site to deal with fuel and/or lubricants
that enter the drill waste water sump and/or downstream ditch;

e The EM will monitor the condition and water quality within the
consftructed sump. Observations and recommendations will be
reported in the environmental reporting.

In discussion with the contractor {Procon Mining and Tunnelling Lid) they felt
confident waste water and suspended sediments would be minimal. This opinion
is based on the drill core results reviewed.
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Tyson Creek Hydroelectric Project
Civil Design Basis 1

1 EXECUTIVE SUMMARY

The Tyson Creek Hydroelectric Project is a proposed 9.3 MW plant located north of Narrows
Inlet, a branch of the Sechelt Inlet approximately 70 km northwest of Vancouver, British
Columbia. This Civil Design Basis establishes the basic criteria for the design and construction
of the civil portions of the Tyson Creek Hydroelectric Project, specifically the intake, penstock,
and powerhouse. The turbine, generator and electrical equipment, power line and access roads
are being designed, supplied and constructed by others.

Preliminary Civil Design is now complete for the penstock and powerhouse. Further work is
underway for the intake based on a request by Tyson Creek Hydro Corporation to revise the live
storage design to 1.25 million m®,

Based on geotechnical investigations undertaken in May and June of 2008, including a 420 m
jong pilot hole, a pressure tunne! with a lake tap design has been developed. The tunnel would
be ahout 390 m long. Approximately 60 m from the downstream portal, a concrete pfug would
seal the tunnel. The penstock would start at this plug and the tunnel would be enlarged there to
provide space for the maintenance and isolation gates.

The penstock runs approximately 4.25 km from the tunnel plug to the powerhouse. The first
200 m below tunnel portal will be buried in the access road. At abaut 250 m from the tunnel
plug, the penstock transitions to a DN 750 mm steel section. The stee! penstock traverses a
steep slope above ground for 470 m hefore dropping back below grade to follow the access
road for a further 3,180 m. The final 270 m above the powerhouse wili be DN 700 mm buried
steel penstock. )

The powerhouse has a 20 m x 10 m concrete foundation and steel superstructure. [t will
contain the turbine inlet valve, turbine, generator, switchgear, fransformer, controls and
auxiliaries. Below the powerhouse, discharge is returned o Tyson Creek via a shorti tailrace.

Geotechnica! investigations have been conducied and demonstrate accepiable conditions for
construction of the facilities.

Hydrology reports by others estimate the mean annuat flow for Tyson Creek as approximately
1.5 m?/s, which exceeds the 1.4 m¥s facility design flow. An independent review has found that
these reports provide a reasonable indication of Tyson Creek streamflow. Based on preliminary
facility design and hydrology, the plant is expected to generate approximately 57 GWh in a
median flow year and about 48 GWh in a year with a 5" percentile mean annual discharge.

The project is technically feasible and can likely be developed for commercial operation by late
2009. Table 1.1 provides summary data for the project.

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev, F
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Tyson Creek Hydroelectric Project

Civil Design Basis 2
Table 1-1: Project Summary Data

Intake

Design Fiow 1.4 m's
Intake type storage
Minimum Operating Water Level EL 1,033 m
Maximum Operating Water Level EL 1,043 m

Live Storage

1.25 million m*

Dam concrete
Spillway sharp-crested 15 m wide passage
200 Year Flood Discharge 115 m'/s
200 Year Flood Level EL 1,046 m
Penstock
Upper DN 75C in tunnel, 50 m
DN 750 buried, 200 m
Middle DN 750 above ground steel 470 m
DN 750 buried steel 34980 m
Lower DN 700 buried stee! 270 m
Powerhouse
Building Type free-standing, concrete substructure, steel superstructure

Plan Dimensions
Crane

20mx10m

traveling bridge crane 5 fonne
hook height to main floor 6 m
hook height to mezzanine floor4.2 m

Main Floor Elevation EL174.20 m
Mezzanine Floor Elevation EL 176.00 m
Generation
No./Type of Units 1@ 9.3 MW
twin-jet horizontal axis Pelton
Rated Capacity 9.3 MW
Runner Elevation EL 175.00
Contro! Room Location powerhouse

Runper Maintenance Pravision

runner removal from abhove

isolation Systems

main gate at penstock inlet
turbine inlet valve

KWL Kerr Wood Leidal Associates

GEA Gygax Engineering Associates Ltd.

18 July 2008
Rev. F
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Tyson Creek Hydroelectric Praject
Civii Design Basis ) 3

2 INTRODUCTION

2.1 PURPOSE AND SCOPE

This Civil Design Basis establishes criteria for the design and construction of the civil portions of
the Tyson Creek Hydroelectric Project. The document describes the project at the completion
of the preliminary design phase and summarizes basic project site data, specified design
criteria, relevant design guidelines, codes, and other key project infoermation. The basic project
features outlined in this Design Basis are intended to provide a foundation for the development
of the detailed design. This document will also serve as the basis for negotiation with
contractors 1o establish a construction contract for the project. It is recognized thai this
document may be revised during the detailed design development and construction as a result
of site conditions.

The scope of this document includes the main project civit works, including the tunnel, penstock
and powerhouse. The following components of the project are being completed by others and
are not included in the scope of this document:

= iurbine intet valve, turbine, generator, control, switch gear, transformer and asscciated
electrical and mechanical works;

» power fine to connect the plant to BC Hydro near Egmont; and
= access reads.

This sectien of the Civil Design Basis includes an introduction and overview of the project, white
Section 3 provides a more detailed description of proposed project facilities. Site conditions are
described in Section 4. Section 5 addresses facility sizing and optimization, while parameters
for civil and structural design are given in Section 6. Mechanical design requirements for the
powerhouse are given in Section 7.

2.2 PROJECT OVERVIEW

The proposed Tyson Creek Hydroelectric Project is a 9.3 MW plant located on Tyson Creek, a
tributary of the Tzoonie River. The Tzoonie River flows into the upper end of Narrows Infet, a
branch arm of Sechelt Inlet. The intake site was selected to take advantage of natural storage
provided by a natural high-elevation lake at EL 1,040 m.

The pawerhouse will be located at EL 175. With 865 m of available head, this is expected to be
the highest-head project in North America. A peak turbine design flow of 1.4 m/s will be

KWL, Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F
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withdrawn from Tyson Creek to produce 57 GWh in a median flow year and about 48 GWh in a
year with a 5" percentile mean annual discharge.

Tyson Creek Hydro Cerporation (TCHC) has an Electricity Purchase Agreement (EPA) with BC
Hydro and the project will connect to the BC Hydro grid near Egmont on west end of the Sechelt
Peninsula.

Lake levels will be controlled to obiain a five storage range of about 10 m. The natural lake
ouliet will serve as the spifllway. A pressure tunnel will draw water from near the lake bottom an
daylight on the north slope of the ridge that forms the depression in which the lake has
collected. The penstock will be approximately 4.25 kmi long and will include an upper lower-
pressure section of buried steei pipe, a steep above-ground steel section, and buried stee! pipe
over the remaining alignment. The powerhouse will be a single-storey, semi-buried structure
and will house the turbine iniet valve, twin-jet Peiton turbine, generator, switchgear, controls and
balance-of-plant. Water will discharge back to Tyson Creek through a short tailrace channel.

Five major coniracts are envisioned:

civii _engineesing: covering delailed design engineering for the intake, penstock,
powerhouse, tailrace and site works. This report covers preliminary civil engineering.

civil works construction: covering construction of the intake, supply and fabrication of the
penstock, powerhouse, {alirace, and site works, The contract would alsc cover associated
hydro-mechanical and building services, mechanical and slectrical components, and
erection and commissioning of the water-to-wire equipment under the supervision of the
equipment supplier.

water-to-wire _equipment_supply: covering energy production equipment including the
turbine inlet valve, turbine, generator, and hydraulic governor. TCHC is currently finalizing
a contract for this package with Canyon Hydro.

electrical equipment: covering specific elements of the electrical system including the
fransformer, switchgear, protection and control systems, and ancillary electrical
equipment. TCHC is currently finalizing a contract for this package with Unit Electrical
Engineering Ltd. (UEE).

power line: covering the 25 kV power line to the interconnection point with BC Hydro.
Access roads have been designed by others and are under construction.

The EPA between TCHC and BC Hydro requires revenue service by December 31, 2010. The
target in-service date is November 2009.

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F
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3 DESCRIPTION OF FACILITIES

3.1 TUNNEL

Water will be withdrawn from the lake through a pressure funnel driven into the lake bottom
using lake tap principles. The tunnel will have a nominal 3 x 3 m horseshoe profile, enlarged
locally to accommodate rock traps and chambers. The tunnel will fall at about 8% from the lake
tap to the tunnel portal located on the access road, some 200 m west of the top of the steep
penstock section.

The tunnel comprises the following features (see Drawing 210):

« A primary rock trap, located below the short riser section leading up to the tunnel mouth
in the lake bottom.

+ A secondary rock trap, located about 320 m downstream and just above the concrete
tunnel plug.

» A concrete tunnel plug, that serves to seal the funnel, The plug will be penetrated by a
DN1200 pipe that serves as the inlet to the penstock and also allows access, by means
of a manhole, through the plug into the tunnel upstream.

» A chamber, just below the tunnel plug, that houses the maintenance and penstock inlet
gate.

= A portal chamber, containing the instream-flow release (IFR) equipment and tunnel
ventilation system. The porta! will be sealed by an exterior bulkhead wall provided with
aa double door for access.

The unwatered portions of the tunnel downstream of the piug will be permanently fined with
shotcrete. Aa crush gravel leveilling course will be provided fo ease maintenance traffic and a
drainage ditch will evacuate any ground water weeping in. The DN750 penstock will be carried
an concrete saddles along the right wall of the tunnel.

3.2 PENSTOCK

3.2.1 TYSON CREEK CROSSING AND LOW-PRESSURE SECTION

After exiting the trench, the penstock will cross Tyson Creek by means of a self-supporting stee!
pipe bridge with a span of about 24 m. Steel bents will be provided at both abutments to
support the pipe bridge.

KWE Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F
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From the bridge to approximately Station 0+840, the penstock comprises DN 900 mm HDPE
pipe laid in a french within the bed of the access road. Careful attention will be given fo ensuring
drainage of the penstock trench to aveid erosion and to the construction of the access road to
ensure stability of the penstock within the road.

3.2.2 EXPOSED SECTION

From Station 0+840 {o about 1+210, the penstock drops down 3 steep slope. As this slope is
lzrgely bedrock with thin to no surface cover, the penstock will comprise an exposed steel pipe
supported on concrete saddles. All bends will be harnessed by thrust blocks anchored to
bedrock as required. The location of movement joints will be optimized to provide the most
efficient conirol of thermal displacements. Tha exposed section is expected to have eight
anchored bends.

3.2.3 HIGH-PRESSURE BURIED SECTION

From approximately Station 1+210 to the powerhouse (Siation 4+620), the penstock will be
buried steel pipe with @ nominal diameter of 760 mm, decreasing to 70¢ mm for the last 270
metres. The pipe sections will be joined by butt welds and bends will be mifred to a radius of
about § m, The buried section is expected to inciude 18 bends and a total of nine ancher blocks.

3.2.4 CONSTRUCTION AND FILLING

The construction of the buried sections is expected to progress concurrently on numerous
fronts. For the steel pipe sections, attention must be paid to weld-up temperatures. Typicaliy,
solar protection will be required during mid-summer, and sections will need 1o be backfilled as
quickly as is practicable.

It is anticipated that the steep, exposed section will be constructed by highfine from the bottom
up. This will allow the expansion joints to be set at the correct location to accommodate
movements in both directions from the lock-in point.

The filling of high-pressure water conveyvance systems must occur slowly under carefully
controlled conditions to avoid dangerous fransient pressure waves, air biockages, and blow-
back. The filling aperation is expecied to take 6 to 8 howrs. The intake gate wiil be opened
gradually to contrel the filling rate. Air dispiaced by the water during filling wili be exhausted
through the air vent just downstream of the intake gate,

It is expected that the system will be emptied and refilied for inspection every 2 to 5 years.
Complete operating procedures for control of the penstock head gate operation will be
developed and discussed with the Owner prior to being set out in detail in a Operations and
Maintenance Manual.

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F
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3.3 POWERHOUSE AND TAILRACE

The powerhouse will be located on the right bank of Tyson Creek where the stream branches
approximatefy 800 m upstream of the Tzoonie River,

The turbine runner axis will be at EL 175,00 m, with the inlet pipe axis slighily higher at
EL175.50 m. A twin-jet horizontal-axis Pelton turbine will be connected to a generator to
provide a nominal capacity of 9.3 MW. A turbing inlet valve will provide upstream isclation of
the turbine assembly. Water will be discharged into a 3 m deep piunge pit from where it will
drop into a tailrace channel and retumn ic Tyson Creek. The powerhcuse and tailrace are
shown in Drawings 501 through 522.

The powerhouse structure has a plan footprint of 20 m x 10 m at the foundation and 23 x 13 m
at the roof level. It comprises a single split-ievel storey, with the upper level (at EL 176.00 m}
providing space for the indoor-type switchgear and substation equipment as well as mass-
concrete ancharage of the iniet pipe. The lower level at EL 174.20 m provides space for the
turbine/generator, lay down area, control room, control cabinets, and batteries. Other
auxiliaries, such as hydraulic power units and the turbine bearing cooling system will be
arranged along the walls. Access is provided through two roll-up doars and a number of person
doors. A 5 tonne overhead crane will travel the entire length of the building.

The powerhouse will be constructed in an open-cast excavation and founded on native soils.
The substructure will be of reinforced concrete. The superstructure will comprise conventionally-
braced steel frames of moderate ductility with light gauge steel purlins and girts supporting the
envelope system. The envelope system will comprise an inner steel lining, vapour barrier,
insutation and exterior metal cladding or roofing. The roof will be mono-pitched and overhang at
the eaves and gable ends. Flow through ventifation will be provided from low-set wall louvers
on the south wall to high-set exhaust louvers on the north wall, Airflow will operate on negative
pressures.

An adequate laydown and truck-manceuvring area wil be provided around the building.
Exterior access to all sides of the structure wilt be provided.

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F
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4 SITE, ENVIRONMENT AND DESIGN PARAMETERS

4.1 GEOTECHNICAL CONDITIONS

4.1.1 GENERAL

Geotechnical conditions at the intake are discussed in detail in Appendix A, Geotechnical
assessments for the balance of the site are discussed in Appendices B and C, which includs the
Geotechnical Investigation Report and Addendum to the Geotechnical Investigation Report,
respectively. A summary of the intake, penstock, and powerhouse geotechrical conditions is
provided below.

4.1.2 TUNNEL ALIGNMENT

The tunnel will run roughly north to south thraugh a rock ridge that rises above the north shore
of the lake. In May and June 2008, a pilot hole was drilled adjacent to the proposed alignment
and generally competent granite was found along most of its length. Very little ground water was
encountered except along the final 30 io 50 m as the pifot hole passed below the {ake bottom.
Ground level cutcrop mapping was alsc carmried out. The lake bed was investigated with a
remote operated vehicle (ROV} in early July 2008, and the lake bed appears to generally be
characterised by fine silts. Considerable woody debris is also prasent. From the apparent depth
of penetration of boulders that have fallen into the lake, it can be suggested that the silt
overburden is fairly thin.

The site investigations and tunnel construction recommendations are presented in Appendix H.

4.1.3 PENSTOCK ALIGNMENT

Below the tunnel portal, terrain along the penstock alignment is characterized by steep bedrack
slopes partly overlain with colluvium, From the pipe bridge to approximately Station 0+840, the
penstock will be placed in a trench that will be fully contained within the hed of the access road.

From Station 0+840 {o approximately Station 1+21G¢, the penstock will descend straight down a
slope with an average grade of nearly 100%. Numerous sound bedrock outcrops will provide
locations for supports and bend anchorages.

Between Station 1+210 (approximately EL 650 m) and the powerhouse, the penstock alignment
follows the current forest road, which in turn generally foliows the right bank of Tyson Creek.
The soil conditions encountered at 18 iest pit locations along this lower penstock alignment
generally consist of thin to thick colluvial deposits comprising sand, gravel, cobble and boulders

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev.F
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of variable proporiions. The test pit logs indicate that these deposits range from dense to
compact. In places, boulders may be too large to practicably excavate and may have to be split
or blasted.

4.1.4 POWERHOUSE SITE

The powerhouse wili be located on a bench five {0 ten metres above the creek bed and
approximately 30 m from the creek channel. Two test pits near the creek exposed a colluvium
material generally consisting of clast-supported cobbles and boulders with a matrix of moist to
wet sand, gravel, and silt with some organics. These soil deposits were inferred to range from
compact {o dense based on the difficulty of excavation.

Two additional test pits within the proposed building footprint exposed slightly lcoser and
sandier materials.

4.2 SEISMICITY

A site-specific seismic risk assessment was obtained from the National Research Council's
seismic zoning website. The seismic parameters for the governing return period of 2,500 years

are;
» Peak ground acceleration PGA=0324g
* Importance factor 1=1.0

+  Site Class:

Intake A (hard rock)
Powerhouse C {dense soil)

=  Spectrai parameters:

Period, T 02s 05s 108 20 s
S(T) 0.70 0.51 0.294 0.16

4.3 CLIMATE

4.3.1 OVERVIEW

The peninsula between Howe Sound and Egmont is subject to a maritime climate with moderate
summers and mild winters, during which the area receives heavy precipitation from Pacific
storms. At lower elevations, winier precipitation typically falls as rain and substantial snowpacks
do not develop. As ground elevation increases, an increasing percentage of the annual

KWL Kerr Wood lLeidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. £

Page32 of 150 FNR-2016-60484



Tyson Creek Mydroelectric Project
Civil Design Basis 10

precipitation falis as snow. The Tyson Creek watershed lies in a transition zone between lower-
elevation watersheds (where runoff patterns are dominated by fali and winter rains) and higher-
elevation watersheds (where runoff patterns are dominated by snow accumulation and a strong
spring freshet),

Regional climate normal values indicate that temperature values are reasonably consistent in
the Howe Sound region, but that precipitation values vary significantly by location. Tyson Creek
is located in an area of relatively high precipitation.

4.3.2 TEMPERATURE

Design Temperatures

The 2006 BC Building Code (Appendix C, Division B) provides 2.5% exceedance design
temperatures for several urhan locations relatively close to the Tyson Creek project. The BCBC
design temperaiures represent values commonly used for the design of heating and cooling
systems, with the assumption that these design conditicns should be occasionally {but not
regularly or greatly) exceeded.

The BCBC design temperatures are based on hourly ambient temperature records and do not
.include the effects of wind or solar radiation.

Transposing the nearby BCBC designh temperatures to the project site using conservative
seasonal lapse rates and an allowance for climate change yields the results below.

Table 4-1: January and July Design Temperatures for Tyson Creek

; Eievation | January July
Location {m GSC) °C) °C)
Powerhouse 170 -13 3a
Intake 1,040 21 27

If necessary, site-specific values can be obtained directly from Environment Canada's
Atmaspheric Environment Service during detailed design.,

Average Summer and Winter Temperatures

To provide an idea of more typical summer and winter temperatures, 1971-2000 climate normal
average daily maximum (August) and minimum (January) temperatures have been transposed
to the project facility elevations using conservative seasonal lapse rates. The results are given
in Table 4-2 below,

KWL Kerr Wood Leidal Associates 18 July 2008
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Table 4-2: Estimated Average Daily Temperatures for Tyson Creek

. Average Daily Average Daily
Location ?:ﬁ‘ggg? Minimum Maximum
{January, °C) {August, °C}
Tyson Creek Powerhouse 170 -2 23
Tyson Creek Intake 1040 -11 20

The above data will be used to estimate average-day heating and ventilation loads, as well as in
establishing construction requirements such as maximum weld-up temperatures and concrete
curing procedures,

4.3.3 SNOW AND RAIN

Typical precipitation values considered applicable {o the Tyson Creek powerhouse iocation are
shown below. These are approximately representative of the most conservative data provided
in the Sunshine Coast Regionat District buiiding bylaw.

Total annual snowfali {equivaient depth of water): 115 mm
Total annual rainfall: 3,200 mm
Total annual precipitation; 3,315 min
Maximum daily rainfall 330 mm

Based on the above data, the BCBC values for nearby stations and the relationship derived at
Whistier for snow lead as a functicn elevation, the following design snaw and rain loads are
applicable:

= Powerhouse:

Ground snow load S. =5.0kPa

Associated rain load 5, =05 kPa

Depth of snow pack 2m
= |ntake:

Ground snow load S: = 15.0 kPa

Associated rain load S, =0.5kPa

Depth of snow pack 5m

4.3.4 WIND

Based on wind values for nearby stations, the following values are applicable at both the
powerhouse and intake sites.

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F

Page34 of 150 FNR-2016-60484



Tyson Creek Hydroslectric Project
Civil Design Basis 12

Table 4-3: Design Wind Values for Tyson Creek

. Referance Velocity Reference Pressure
Return Period
Vral (mfs’ Vyar {km!h l‘} Qrata (kpa,
10 years 25 85 0.35
50 years 30 105 0.55

4.4 HYDROLOGY AND FLOWS

4.4.1 BASELINE HYDROLOGY

Baseline hydrometric and hydrology studies for Tyson Creek were carried out by Gabe
Sentlinger, M.A.Sc., EIT, of Aquarius R&D. The Instream Flow Measurement Program is
attached as Appendix C and the Hydrologic Analysis as Appendix D. A review of these studies
by Kerr Wood Leidal Associates Lid. (KWL) conciudes that the approach used by Aguarius R&D
is generally consistent with accepted industry practices, and that the resuits provide a
reasonable indication of streamflow on Tyson Creek.

Shown below is a summary of the typical streamflow results reported by Aguarius R&D. The
data in the table are taken from Appendices B and C of Aquarius’ Hydrologic Analysis report.
Mean and median vaiues are calculated from a 23-year series of synthetic daily average
discharges for the 11.8 km? watershed above the proposed intake. The synthetic streamflow
series is based on monthly multiple linear regression analysis of concurrent measured
discharges at Tyson Creek and nearby Water Survey of Canada hydrometric stations on the
Clowhom River and the Cheakamus River.

KWL Kerr Wood Leidal Associates 18 July 2008
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Table 4-4: Estimated Mean and Median Streamflow Data for Tyson Creek at the Intake

Period Media?ngigharge Mean{ll?]i:‘s;:]l'earge
January 0.20 0.35
February 023 0.33
March 0.28 0.37
April 0.35 0.51
May 1.72 2.18
June 3.69 3.82
July 3.23 3.34
August 1.59 1.76
September 0.92 1.24
Oclober 1.17 2.30
November 0.51 115
December 0.32 0.53
Annual 079 1.50

The Hydrologic Analysis prepared by Aquarius R&D includes a semi-quantitative analysis of
uncertainty in the mean annual discharge. Based on this analysis, hydrologic uncertainty in the
mean annual discharge is estimated to range from approximately £ 6.5% to 13%. This
uncertainty is distinct from year-over-year hydrologic variability, which is implicitly considered in
monthly and annual mean and median values for the 23-year synthetic flow series.

it is noted that total annual runoff for Tyson Creek is quite high for a watershed of this size. The
high runcff is a response to the high precipitation experienced at higher elevations along BC's
south coast and is similar to published values for other nearby watersheds.

4.4.2 WATER LICENCE

As of September 2007, the BC Ministry of Environment is still adjudicating the water licence
application for Tyson Creek (Application No. Z120523, priority date March 8, 2008). The water
licence application requests a diversion flow of 2.5 m3s and storage of up to 1.25 million m>.

4.4.3 MINIMUM INSTREAM FLOW REQUIREMENTS

Based on 5% of mean annual discharge, Aquarius R&D has proposed a continuous minimum
instream flow release of 0.07 m%s. The minimum flow release will be provided via a bypass
valve off the pensiock.

K WI. Kerr Wood Leidal Associates 18 July 2003
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4.4.4 FLOOD HYDROLOGY

The hydrotogy report prepared by Aguarius R&D presents several approaches for estimating the
200-year discharge at the intake site. The resuiting estimates range from 62 m?*fs to 114 m¥/s
with a recommended value of 87 m¥s. KWL carried oui an independent analysis of the
synthetic streamilow record provided by Aquarius R&D and obtained a 200-year discharge
estimate of 115 m3s.

The results of the KWL analysis generally concur with the more conservative values calculated
by Aquarius R&D at all return periods from two years to 200 years. To ensure that the facility is
not underdesigned, these more conservative estimates for clear-water design flows have been
adopted for preliminary design. The resulting flow guantiles are shown in the tabie below.

Table 4-5: Recommended Clear-Water Design Floods at the Tyson Creek Intake

Return Period Average Daily Flow | Instantanecus Flow
(years) {m®s) (m/s}

2 12.5 18

5 20 30

10 25 40

20 30 50

50 40 70
100 45 g0
200 55 115

Differences between the Aquarius R&D and KWL approaches will be discussed with the goal of
reaching consensus diring the detailed design phase.

4.4.5 DEBRIS FLOOD AND DEBRIS FLOW HAZARDS

Based con a field inspection and deskiop review of available information, Frank Baumann,
P.Eng., has concluded that the proposed works on Tyson Creek are not subject to debris flow or
debris flood hazards (see Appendix B). The gradient of the wide channel upstream of Tyson
Lake is insufficient to support debris flow and debris flocd evenis initiated in the upper
watershed.

4.4.6 LANDSLIDE-GENERATED WAVE

Frank Baumann, P.Eng., carried out a field inspection and desktop review to determing whether
mass wastage into the lake could result in waves capable of damaging or overtopping the intake

area.
KWL Kerr Woed Leidal Associates 18 July 2008
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His review concludes that the only possible source of such activity is a bluffy area along the
middie south shore of the lake; however, this area is found to consist of competent granitic rock
cut by widely-spaced, near-vertical joints. The area does not exhibit any evidence of instability
{e.g., tension cracking or sagging). The bluffs are therefore uniikely to be a source of reckfall or
rockslide activity of sufficient volume to create significant waves in the lake.

Given the time that has elapsed since glacial recession, the absence of any evidence of recent
rockiall activity below these bluffs alsc implies that rockfall activity is not a significant issue in
this area.

4.5 MAPPING, SURVEYS AND CONTROLS

Initial planning and feasibility assessments for the Tyson Creek Hydroelectric Project utilized
provincial TRIM mapping and forestry mapping provided by Interfor Forest Products Lid. The
Interfor mapping provided 10 m contour interval mapping for the lake, penstock, and
powerhouse sites. Provincial TRIM mapping provided 20 m contours for the remaining areas
from Narrows inlet to Earle Creek.

Lake soundings were taken during the early stages of the project and served as the basis for
extrapotated bathymetric contours prepared by Aquarius R&D.

The above mapping provided a good basis for the project feasibility studies but is insufficient for
prefiminary and detailed design engineering. LIDAR mapping has subsequently been
completed for the project site, including the area around the lake as well as the penstock and
powerhouse areas.

4.5.1 LIDAR MAPPING

Terra Remote Sensing Inc. completed data acquisition for the LIDAR (Llght Detection And
Ranging) mapping on July 10, 2007. The total area of mapping and digital imagery was
approximately three square kilometres. The data collection specifications provided by Terra
Remote Sensing include a relative accuracy of better then +0.15 m on hard surfaces and
ahbsoiute accuracy for individual points on the order of .30 m. The digital orthomosaic was
created from the aerial photography at 0.15 m pixel resolution.

4.5.2 GPS SURVEY CONTROL

Under the direction of KWL, Bazett Land Surveying Inc. provided survey controi for the project
as well as an accurate bathymetric survey of the headpond lake.

During their first site visit, Bazett provided GPS control to the area. Lake soundings were then
coliected using a2 boat-mounted digital depth sounder connected to a laptop computer and &

KWI. Kerr Wood Leidal Associates 18 July 2008
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Real-Time Kinematic (RTK) GPS receiver. Several photo targets were aiso set during this site
visit to confirm the accuracy of subsequent air photo and LIDAR data.

All project mapping has been prepared in ground-level measured distances. Ta obtain ground
level distances from UTM coordinates, the foliowing equations can be applied (based on
conversion from UTM Zone 10 to Local-Ground |evel at 800 m):

1. Scale Adjustment: Muliply Northing and Easting coordinates by 1/ 0.99953758
2, Northing Shift: N - 5502552.645

3. Easting Shifi: E - 400209.324

The equations given above were sent to Terra Remote Sensing to facilitate production of the
LIDAR mapping in the project's ground-level coordinate system.  Additional mapping
parameters provided to Terra Remote Sensing included the following:

»  Horizonial Datum; NADS3 (CSRS)

» Vertical Datum: CGVD28

= Projection: UTM Zone 10

= Height Transformation (ellipscidal to Geodetic): HTv2.0 (Geodetic Survey of Canada)

»  Active Control Siations used:
NANQ {Nancose)
WSLR (Whistler)
BCQCV (Beaver Cove)
CHWHK (Chilliwack}

Accuracy of GPS

All 3D-GPS positions were transformed to UTM Zone 10-Orthometric, Measured ellipsoidat
heights are transformed to orthometric using the Geodetic Survey of Canada's HT2.0 height
transformation. The Geodetic Survey of Canada provides a quoted absolute accuracy for this
transformation of "+5 cm in the southern regions”.

The positions of the local GPS bass siations (IPRock #10000 and SPK #8928) were established
by processing 9 hours and 8 hours, respectively, of stalic observations to the four Western
Canadian Deformation Array (WCDA) stations listed above (NANG, WSLR, BCOV, and CHWK).
The reported absolute accuracy (85% confidence} of the final positions for IPRock#10000 and
SPK#9928 is 0.015 m horizontai and 0.030 m vertical. All other GPS measurements are based
on these two positions with a redundant check tie between them at SPK #9926.

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Lid. Rev. F

Page39 of 150 FNR-2016-60484



Tyson Creek Hydroelectric Project
Civil Dgsign Basis o 17

4.5.3 TOPOGRAPHIC SURVEYS

On July 4, 2007 the first of three site visits by KWL completed the topographic survey at the
proposed intake site. Subsequent site surveys were compieted on August 13-17 (Powerhouse)
and August 28-31 (steep portion of penstock from Access Road Station 0+550 to 1+944).

The resulting topographic surveys have confirmed that the vertical accuracy of the LIDAR
mapping is within 1 m in maost areas.

4.5.4 FUTURE SURVEYS

A survey of the newly-constructed intake access road will be necessary to facilitate the detailed
design.

KWL aiso plans to perform a control survey from the inlake fo the powerhouse prior fo
construction. The purpose of the control survey will be to “tighten up” measured observations
obtained under difficult circumstances. This work would include the use of RTK GPS, Robotic
Total Stations, and differential levelling equipment. These surveys will also provide additional
survey control between the bottom end of the above-ground penstock section (Station 1+210)
and the powerhouse site (Station 4+600). There is presently no survey control in this area.

4.6 SITE ACCESS

Access to the project area is by boat, barge or seaplane to the head of Narrows Inlet. Direct
access 1o the intake site is also possible by helicopter. In 2007, the existing forest service roads
along the east side of the Tzoonie River valley were upgraded and exiended from Narrows Inlet
to the powerhouse site, This work was underiaken directly by TCHC.

Construction of the access road from the powerhouse 1o the intake was also undertaken directly
by TCHC in 2007. Where the penstock is buried in the access road, the construction of the
access roads is criticat to the stability and structural integrity and performance of the penstock.
To ensure that the road design can accaommodate the penstock, KWL has worked with the road
designers to develop the following general requirements:

= Maximum grade 20 %
= Minimum grade, where penstock shares alignment 1%
»  Minimum roadway width, where penstock shares alignment im

Frank Baumann, P.Eng., was retained by TCHC to review the proposed road alignment from EL
600 m to the intake. His review found that the new road crosses terrain where construction is
hot likely to be very difficult. No areas where unstabie ground could tmpact road construction
were identified. While there is same rockfall hazard in areas of steep talus and bedrock,

KWL Kerr Wood Leidal Associates 18 July 2008
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Baumann’s review notes that it will not affect road construction or create an unacceptable siope
hazard.

This section of rcad has been designed by others according to the general reguirements
outlined above and the following summary of additional specifications proposed by Frank
Baumann, P.Eng. Detailed reguirements are listed in Appendix B.

= Several potentially volatile creeks cross the lower stretch of the road. Every watercourse
will be culverted or, preferably, will have a combination of a culvert and swale. A sufficient
number of cross-drain culverts will be installed 1o prevent excessive runoff retention on the
upslope shoulder, and the road will be seasonally deactivated with a sufficient number of
cross-ditches when it is not being used.

»  The creek crossing between road chainage 1+160 and 1+230 is particularly prone to flash
floods and will be crossed using 2 broad swale or ford with a culvert pipe to convey normal
runoff.

= From approximate road chainage 1+230 to 1+350 m, a fulf bench cut is needed to
accommodate the very steep terrain.

= The penstock will be located in the road prism from about road chainage 1+20C up to the
intake at road chainage 2+794. Depending the equipment required to install the pipe, the
road should he widened in this section to at least seven metres. |f should also be kept as
straight as possible in sections where a sieel penstock will be used.

At the request of TCHC, KWL prepared a preliminary hydraulic modet of Tyson Creck at the
proposed upper road crossing near the intake, The goal of the model was to establish an
approximate minimum low chord elevation at the bridge structure so that the road profile coutd
be designed all the way up fo the intake. KWL found that the permanent bridge crossing at
Tyson Creek should have a minimum low chord of EL 1,016.5 m, corresponding to the water
surface of the 200-year reservoir outflow plus 1.5 m freeboard. This elevation applies {o the
bridge location shown in the preliminary design drawings just downstream of the steel pipe
bridge across Tyson Creek and will have to be updated if the bridge location is changed.

During the detailed design phase, KWL will refine hydraulic design criteria for the upper and
lower bridge crossings of Tyson Creek {o limit potential impacts to the penstock bridge (at the
upper crossing) and the powerhouse (downstream of the lower crossing).

KWL Kerr Wood Leidal Associates 18 July 2008
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5 FACILITY SIZING

5.1 FINANCIAL PARAMETERS

This section outlines the process by which major facility components are sized and optimized.
This includes the selection of a live storage amount based on the time value of storad water,
which leads to selection of spillway and intake elevations. These elevations in turn can be set
by a combination of rock cut (for the intake) and concrete fill (for the weir and/or dam).

The financial analyses are based on the foliowing basic parametiers;

= return period 20 years
= discount rates (net of inflation): 17 %, 12%, and 7.5%

The value of energy is set by the BC Hydre F2006 Open Call for Power — Smalt Project EPA,
included as Appendix F to this report. The Initial Bid Price for this project is defined in Appendix
F as $101/MWh.

5.2 LIVE STORAGE VOLUME AND RESERVOIR OPERATING LEVELS

The live storage volume for the Tyson Creek Hydroelectric Project is selected based on an
analysis of the relationship between live storage volume, construction costs, and project
revertue. For a given quanfity of storage, Present Value (PV) construction costis are calculated
and compared to the PV revenue generated over the 20-year design life. The analysis was
completed in 500,000 m® storage increments up to and including 3,500,000 m°.

The resuiting series of cost curves (one for each discount rate) can be used as a decision
making tool by the Owner. Each curve compares gross revenue, net revenue, and capital cost
with storage volume. Cosis are clearly identified as actual or incremental.

Detailed bathymetric and topegraphic data are used to determine the actual storage volume at
various combinations of intake efevation and spillway elevation. The combinations are
evaluated at minimum 1 m increments in elevation. The least-cost combination of surcharge
(dam) and drawdown (trench) storage will be used to evaluate the cost for each increment of
storage.

Based on the above analysis and an evaluation of acceptable risk, the Owner has selecied a
live storage volume of approximately 1.25 million m®. The least-cost alternative for 1.25 million
m® combined surcharge and drawdown storage results in a maximum normal operating level EL
1,043 m and a minimum operating level of EL 1,033 m,

KWL Kerr Wood Leidal Associates 18 July 2008
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5.3 PENSTOCK SIZING
The penstock will be sized to meet the following twa criteria;

« produce at least 9.3 MW at full pond, measured at the tail leads of the generator; and
= maximize revenue vs. construction cost over the project return period.

System curves are developed to describe how the net available head at the powerhouse varies
under different conditions. The net available head is converted into energy, and then into
revenue on a net present value (NPV) basis. Additional details on the approach to penstock
sizing are provided in Appendix G.

Friction losses in the pensiock were estimated using the Darcy-Weisbach method. The
roughness coefficients used are shown in Table 5-1.

Table 5-1: Roughness Coefficients for Pipe Friction Caijculation

Pipe Smooth Coefficient | Rough Coefficient
Material {mm) {mm)

HDPE 0.002 £.009

Steel 0.031 0.061

Based on the above analysis, the penstock will consist of varying lengths of DN 900, DN 760
and DN 700 pipe.

5.4 TURBINE/GENERATOR SIZING

The turbine, generator, and appurtenant works will be sized by the supplier based on a nominat
capacity of 9.3 MW.

KWL Kerr Wood Leidal Associates 18 July 2008
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6 CIVIL AND STRUCTURAL. DESIGN

6.1 DESIGN APPROACH

All engineering design will be carried out in S1 units (i.e. KN, MPa, mm, etc.). Engineering design
will use a Limit States Design approach. All elevations will be in metres above Geodetic Survey
of Canada (GSC) datum CGVD28.

6.1.1 FACILITY CLASSIFICATION

The power project is designed as a post-disaster facility. The BCBC 2006 classification is
Division F Class 3. The design life of the facility is 50 years. The overall downstream
consequences of failure, per Canadian Dam Association Guidelines and BC Water Regulations
(44/00), are rated as LOW.

6.1.2 REQUIRED PERFORMANCE LEVELS

The civil structures will be designed to perform as specified under the following performance
levels:

« Normal Qperation Condition: The facilities operate normally.

» Emergency Operation Condition: The facilities operate without damage but components
may be at their design fimit.

»  Survivability Condition: The facilities may suffer local permanent movement or deformations,
as well as minor, repairable damage.

The design of the facilities will consider the component performance limit states appropriate for
each performance level.

Where a limit state check requires factored loads, the load factors and combinations stipulated
by BCBC will be used. Examples of factored loads include:

= gravity loads due to self weight, usage, and equipment;
» creep and shrinkage effects;

» rock and soil pressures,;

« envirecnmental loads due o snow and wind; and

= equipment operation loads.

KWL Kerr Woad Leidal Associates 18 July 2008
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For certain loads and effects, discrete load levels are defined for the each performance level
and no further [oad factors are appropriate. Examples of unfactored loads inciude:

= water levels and flow at the intake;
= pipe pressures and thermal effects; and
= sesmic loads.

6.1.3 MATERIAL PARAMETERS

The following is a summary of the principal material parameters assumed for the preliminary
design. More detailed information and requirements can be found in the relevant material
specifications and actual test results.

Geotechnical Design Parameters

Geotechnical design parameters for the penstock and structures in loose ground are derived
from twenty test pits and eight piate bearing tests carried out in the summer of 2007,

s temporary excavations:
maximum slopes for temporary unshored excavations less than 6 m deep 3H 4V
Grade ait areas adjacent to excavations to drain water away from the excavation.

Store and stockpile materials more than 2 m or half the excavation depth away from
excavation edges.

v backfill pressures:

Select native free-draining granular materials, compacted in controlled lifts, will be used
for structural backfills. The following strength parameters are appropriate:

active soil pressure coefficient ka=0.22
at-rest soil pressure coefficient ke = 0.45

but not less than the following compaction pressure 20 kPa
passive soil pressure coefficient ko = 8.0
drained shear strength @' =38°
total unit weight of backfill material 20 kN/m®

The active seismic pressure component on vertical faces of height H {m] by the Monobe-
Okaba relationship is:

an inverted triangle with a maximum value of 2.7 H [kPa]
KWIL Kerr Wood Leidal Associates 18 July 2008
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= penstock lateral support:

The penstock will be DN 800, DN 760 or DN 700 pipe. Subgrade reactions of soil on the
pipe will be within the following ranges:

up to EL 600 m kn = ky =5 to 15 MPa/m
above EL 600 m ky = k, = 15 {o 30 MPal/m

For thrust blocks where thrust is into the ground, values equal to one-half of those
specified above are appropriate. Ultimate resistance should be within the following

limits:
horizontal component, at depth z {m] below grade pne = 160 z [kPa]
vertical component pw = 600 kPa

A resistance factor, g of 0.5 should be applied to the above when comparing with
factored or survivability performance level loads.

* penstock bend anchorage:

For anchored bends, double-corrosion protected anchors will be used. Anchor sizes will
be based on the following;

matching performance tevel for prestress Normal operation
pre-stress level 0.6 ultimate tensile strength
soil-grout transfer strength at prestress level 160 kN/m

» powerhouse foundations:

The powerhouse will be founded on colluvium that is generally free-draining. Foundation
design parameters are:

frost protection depth 450 mm
minimum spread footing dimension 600 mm
minimum strip focting dimension 450 mm
factored bearing resistance pr = 600 kPa
modulus of subgrade reaction (vertical) k, = 15 MPa/m
seismic site classification Class C

= intake foundations

The dam and headworks structure are founded on competent granitic rock. Foundation
design parameters are:

rock excavation slope 0.2H : 1V
KWL Kerr Wood Leidal Associates 18 July 2008
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factored hearing resistance pr = 2000 kPPa
interface friction coefficient for concrete cast directly against rock p=1.2
seismic site classification Class A

Concrete Design Parameters
Concrete mix types and carresponding design properties are as foliows:
= Congcrete Mix C15 (for concrete blinding on foundation inverts);
specified cylinder compression strength at 28 days fe= 15 MPa
=  Concrete Mix C25 (for mass concrete):
specified cylinder compression strength at 28 days fc=25MPa
fiy ash portion of cementiceous materials 10-40%

95" percentile tensile strength
5" percentile tensile strength
modulus of elasticity

Poisson’s ratio (cracked section)

Cancrete Mix C35 (for structural reinforced concrete);

specified cylinder compression strength
fly ash portion of cementiceous materials
characteristic flexural tensile strength

5" percentile tensile strength

modulus of elasticity

Poisson's ratio (cracked section)

Reinforcement Designh Paramefers

yield sirength

ultimate tensile strength
elongation at yield
ducfility

fakoes = 3.0 MPa
fclk,0.0S =15 MPa
Ecnm = 21 GO0 MPa
v=0.17

fx = 35 MPa
5-40%

faco9s = 4.2 MPa
fctk.O_OS = 2.2 MPa
Een = 28000 MPa
v={0.17

All reinforcing steel will be CSA G30.18 Grade 400W, weldable. Design parameters are:

f, = 400 MPa
ftk = 550 MPa
v, > 0.2 %

Y50 mm = 12 %

modulus of elasticity Ex = 200000 Mpa

KWL Kerr Wood i eidal Associates
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Penstock Materials

Penstock steel work, including line pipe, bends, appurtenances and integral stiffeners, ring
girders and other supports will be of grades suitable for variabie pressure and temperature
conditions. Pipe wili be manufactured and shop-tested per AWWA C200.

=  HDPE line pipe Type Ill, Category 5, Class C Grade P34 to ASTM D1248:

cell classification to ASTM D3350 PE3408
design stress 15 MPa

= steel line pipe, tongitudinal or spiral welded, to ASTM A138 Grade E or API 5L X52, ASTM
A1011 HSLAS Grade 55, or ASTM A1018 HSLAS Grade 55:

yield strength f, = 360 MPa
ultimate tensile strength fu = 455 MPa
elongation at yield vy > 0.18 %
ductility Ysomm > 22 %
modulus of elasticity E. = 200'000 MPa
Poisson’s ratio v=0.3

In addition, for pipe walls greater than 16 mm, the required impact energy, measured per
ASTM A370 at 0° C on three specimens is:

16 mm < wall thickness < 25 mm CVaverage = 27 J
Cvluwesl = 20 J
25 mm < wall thickness < 38 mm CVaverage = 34 J
CViowest = 27 J

= plate work, including fabricated appurtenances, integral stiffeners, ring girders and other
supports, plate to CSA G40.21 Grade 350 WT, Category 1:

yield strength f, = 350 MPa

ultimate tensile strength f, = 450 MPa

elongation at yieid 7y >0.18 %

dUCtility Y50 mm = 22 %

modulus of elasticity Es = 200000 MPa

Poisson's ratio v=1{.3
= pipe lining:

Line pipe will be internally coated with urethane epoxy to AWWA C210.

KWL Kerr Wood Leidal Associates 18 July 2008
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¥ pipe coating:

All pensteck components will be externally coated with urethane epoxy to AWWA C210.

Backfill Materials

Pipe bedding and pipe zone backfill will consist of a single material that is either 1¢ mm minus
or bedding sand. Adeqguate drainage will be provided and will consist of a combination of french

dams, perforated drainage pipe, filter fabric and drain rock.

Structural Steel

Sieel sections and carresponding design parameters are as follows:

= | sections, welded wide flange members, siructural piatework CSA G40.21 Grade 350W:

yield strength
ultimate tensile strength
madulus of elasticity

f, = 350 MPa

fu = 450 {0 650 MPa

Es = 200°000 MPa

s sguare hollow structural shapes (HSS) CSA G40.21 ASTM A 500, Grade C:

yield strength
ultimate tensile strength
modulus of elasticity

»  C and L sections and anchar rods, CSA G40.21 Grade 300W,;

yield strength
ultimate tensile strength
modulus of elasticity

* high-strength bolis, ASTM A325:

yield strength
tensile strength

= weld material:

Weld material to match the base metal per CSA W59:

for Grade 350W, 350WT and A139 steels
for Grade 300W steels

KWL Kerr Wood Leidal Associates
GEA Gygax Engineering Associates Ltd.

f, = 345 MPa

fik = 450 {0 600 MPa

E, = 200'000 MPa

f, = 300 MPa
fy = 450 - 620 MPa
E, = 200°'000 MPa

f, = 417 MPa
f, = 830 Mpa

E49XX
E43XX
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Timber
Timber will be Douglas Fir Larch species, possibly locally sourced and visually graded.

*« glulam members

grade of flexural members Grade 24f-E
grade of compression members Grade 16¢c-E
* structural timber members DF-L Select Strycturat

6.1.4 GOVERNING DESIGN CODES AND STANDARDS
[1] British Columbia Building Code, 2006
[2] CS8A A165 Standards on Concrete masonry Units, 1994

[3] CSA A23.1 Concrete Materials and Methods of Concrete Construction, Canadian
Standards Association, 2004

[4] CSA A23.2 Methods of Test for Cancrete, 2004

[5] CS8A A23.3 Design of Concrete Structures, Canadian Standards Association, 2004
[61 (CSA G30.18M Biliet Steel Bars for Concrete Reinforcement, 1992 (R2002)

[7] CSA 086 Engineering Design in Wood Canadian Standards Association, 2001

[8] CSA 516 Design of Sieel, Canadian Standards Associgtion, 2001 {R2005)

[9] CSA S304.1 Masonry Design for Buildings {Limit States Design), 1994 (R2001)

[10] CSA W47.1 Certification of Companies for Fusion Welding of Steel Structures, 2003

[11] CSA W59 Welded Steel Construction {Metal Arc Welding), Canadian Standards
Association, 2003

[12] CiSC Canadian institute for Steel Construction, Handbook of Steel Construction, Eight
Edition, 2004

[13] CPCA Concrete Design Handbook , 3" edition, 20086.
[14] Canadian Wood Council, Wood Design Manual, 2005

[15] Canadian Foundation Engineering Manual, Canadian Geotechnical Saciety, 1992

KWL Kerr Wood Leidal Associates 18 July 2008
GEA Gygax Engineering Associates Ltd. Rev. F

Page50 of 150 FNR-2016-60484



Tysan Creek Hydroslechic Project
Civil Design Basis 8

{16] ASCE - Manuals and Reports on Engineering Practice No. 79 -Steel Pipeworks (for tunnel
liner and general conveyance piping design).

[17] AISI- Steel Plate Engineering Data, Volume 4: Buried Steel Penstocks (for general
cenveayance piping design).

[18] AWWA — Manuai M11: Steel Pipe, a Guide for Design and Installation {for coating and
lining design).

{19] Eurocode 2: Structurat Concrete (for crack contro! limit state).
6.2 HYDRAULIC AND HYDROMECHANICAL DESIGN
6.2.1 PERFORMANCE REQUIREMENTS

Design Water Levels

The foliowing elevations will be used for design based on the operating range set out in Section

5.2
Maximum (1 in 200 year) Water Level EL 1,043.0 m
Natural lake outlet approx.EL 1,040.0 m
Maximum Normal Operating Level EL 1,040.0m
Minimum Normal Operating Level EL 1.030.0m

Operating Rules

The Minimum Nermal Operating Level is based on assumed seasonal power flows, a realistic
estimate of monthly inflow, and an acceptable (but non-zero) probabifity of exceedance. Table
4-4 shows that expected monthly inflow is less than the plant design capacity of 1.4 m¥s for
seven months of the year. Operating rules will therefore be necessary to ensure that the water
tevels do not fall below the Minimum Normal Operating Level.

Energy production estimates quoted in this report have been produced by hindcasting using the
synthetic streamflow data provided by Aquarius R&D. Actual energy production is expected o
vary based on the aperating rules adopied.

Submergence

In the event that the lake is drawn down below the minimum operating level, minimum
submergence of the tunnel inlet will dictate the lowest lake level. The minimum submergence
will be calcuiated by the Hecker {1987} equation:

KWL, Kerr Wood Leidal Associates 18 July 2008
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{h”!B)criticai =10+ 23Fr

where h" is the submergence above the soffit of a horizontal intake of height B, and F, is
the Froude Number.

if the reguired depth is excessive, it may be slightly reduced by increasing the intake diameter.
If the intake is oversized, a long-taper reducer would be used. The will be eccentric with
constant crown elevation {BC Hydro Section 3.5.2 {a) (v}].

6.2.2 TUNNEL DESIGN

The tunnel will be designed in accordance with accepted rock mechanics and tunnelling design
practices as well as Worksafe BC and Mines Act requirements.

Conventional Tunnel Drive

The tunne! will be driven from the portal on the north side of the rock ridge towards the lake in
approximately a north-south direction and at a rise of about 8%. On open trench will be used to
develop a portal headwall of adequate height to safely start the drive and to allow for tater
widening of the portal for the IFR chamber. It is anticipated that a nominal 3 x 3 m horseshoce
profie will first be advanced about 340 m. Three classes of temporary rock support are
foreseen, ranging from:

Class |- spot bolting as required in strong, jointed, rock, to

Class II: rock bolts in the arch with shotcrete and or chain link mesh as required in
strong rock with localized shears and closely jointed seams, to

Class IIt: pattern rock balts in the arch and walls with shotcrete on the full arch and on
the walis as required in extensively sheared, closely jointed rock.

The Rock Tunnelling Quality index, Q, per Barton (1374} will be used.
Lake Tap

The lake tap procedure has been developed in general terms, but wili be finalized using an
Observationa! Approach as the tunnel is advanced over the final 50 m or so. Over this stretch,
groundwater inflow will be controlled through injection grouting and probe holes will be drilled in
advance of the face to ensure thai the ground conditions, and the precise tocatian of the iake
bottom are well understood.

In general terms, a semi-wet tap is foreseen. Once the tunne! has been advanced to the point
where one final blast remains and the upstream rock trap has been excavated, construction will
focus on establishing the headworks chamber, concrete tunnel plug and the secondary rock

KWL, Kerr Wood Leidal Associates 18 July 2008
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trap. Once the concrete plug has been constructed (see beiow), the final balst will be charged
and the tunnel upstream of it will be flooded leaving only a pressurized air cushion just below
the final take tap rock plug. This air cushion will help attenuate the blast pressures travelling
down the flooded tunnel and acting on the concrete piug, while the flooding of the tunnel itself
avoids a sudden in-rush of water that would carry blast rock and debris down to the concrete
plug and potentially block the pensiock inlet. The air cushion pressure will be carefully
maintained prior fo the blast through compressed air lines from the headworks chamber.

Concrete Plug

The concrete plug upstream of the headworks chamber keeps the lake from draining out of the
tunnei. The tunnel will be enlarged so that the concrete plug is wedged against the rock surface.
The piug geometry will be seiected so thal it can safely withstand blast and hydrostatic
pressures.

Pattern rock dowels will be used fo enhance interface friction between the piug and the rock
further. Once the enlarged excavation is complete, a vertical grout curtain will be established to
consolidate the rock and ensure the plug cannot be bypassed by substantial seepage. The
length and spacing of the grout curtain boreholes will be established once the rock at that
location has been mapped from within the initia! tunnel drive.

The plug will then be cast in two stages. The first stage comprises a concrete ring 800 to 1000
mm thick cast against the rock excavation. Once this ring has cured and aged about 28 days
contact grouting will be undertaken through a pattern of holes drilled through the concrete into
the rock. This serves to further consolidate the rock at the excavation boundary and fifl any gaps
that may have formed due 1o concrete shrinkage or incomplete air evacuation at the crown
during concrete placing. The inner surface of the first stage ring will be roughened. A system of
injectiont pipes and collection vents will installed respectively in the invert and crown of this ring
and two circumferential waterstops installed near the upstream and downstream limits of the

plug.

After the penstock inlet pipe, bypass, compressed air and other piping that will penetrate the
concrete plug is installed, the second stage will be cast. Once this has cured, the interface
between the two stages is grouted through the injection and vent pipes previcusly installed in
the first stage. The up and downstream waterstops will serve to confine the grouted surface to a
know area.

Unwatered Tunnel and Chambers

A permanent shotcrete lining will be provided on the arch and walls of the headworks chamber,
the downstream unwatered tunnel and {FR equipmeni chamber. The lining will impede
loosening and popping of rock that would damage the penstock and pose a safety risk for man

aceess.
KWL Kerr Wood Leidal Associates 18 July 2008
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The penstock will be supported on concrete cradles spaced to limit bending stresses to safe
levels. A sliding seat will be provided between the concrete and the steel pipe. About 200 mm of
crushed grave! will be placed in the tunnel invert to provide a safe walking surface. A permanent
drain pipe will be installed to evacuate any water that seeps into the tunnel.

6.2.3 INTAKE CONTROLS AND {SOLATION

Intake Gate

A butterfly-type intake gate will allow draining of the penstock for periodic inspections. The
intake gate will be designed to operate with the lake at full pool. An air inlet pipe will be
provided downstream of the intake gate to prevent the development of high negative pressures.
The gate will close automatically in the event of a penstock rupture.

A heavy, cast-iron slide gate wili be provided above the intake gate as the a maintenance
isolation device. The gate will be provided with a flap that automatically seals the leaf casing as
the leaf is withdrawn from the flow. This allows inspection and maintenance of the leaf seals.

6.3 PENSTOCK DESIGN

6.3.1 TRANSIENT PRESSURE ANALYSIS
Transient analyses will be completed for the following scenarios:
= joad rejection at full flow;

»  manual closure of either the turbine inlet valve or intake gate from fully epen to fully ciosed
in 60 seconds under full fiow;

s slam closure of one needle valve during full fiow.
6.3.2 STRUCTURAL ANALYSIS

Permissible Steel Stresses
Permissible siresses of the steel penstock are limited to:

= Normal Operation Performance Level.

The lesser of 0.67 §, 0r 0.33 1,
sa for f, = 360 MPa and f, = 4565 MPa foermissipie = 150 MPa

=  Emergency Operation Performance Level:

KWL Kerr Wood Leidal Associates 18 July 2008
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The lesser of f, or 0.50 1,
sg for f, =360 MPa and f, = 455 MPa foermissivle = 228 MPa

= Survivability Performance Levet

The lesser of 1.67f,0r0.831,
so for f, = 360 MPa and f, = 455 MPa fpermissibe = 378 MPa

Penstock Design Loads
The load conditions refevant for design are defined as follows, using the ASCE notation:
= Internal Pressure:

maximum static head Py=1,046 — z [m]
where z [m] is the elevation of the section under consideration.

maximum static head, including head toss, normal valve closure water hammer, and
surge for a ptant load rejection closure P, =115 P;[m]

exireme pressure due to a spear valve stem failure causing siam closure is determined
hased on a transient analysis P; [m]

vacuum pressure P4 =-100 kPa
» Dead Loads:

Dead loads comprise all permanently acting gravity loads due to self weight of structure,
contained water and surcharge soil or rock, and are defined as follows:

weight of penstock C,
weight of water contained within penstock B
weight of soil or rock surcharge and groundwater Dy

» Live Loads

wind load, normal cperation Ly = 1/30 year wind loads
wind load, extreme L, = 1.4 x 1/50 year wind loads
ground snow inad, per Seclion, normal operation Ls =S8,
ground snow ioad, per Section, extreme Lai=15x(5:+8)
traffic foad, logging truck loading, per Section 0 Ls

= Earthquake Loads

quasi-static earthquake loads, determined for the 2500 year return event EQ
KWL Kerr Wood Leidat Associates 18 July 2008
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= Thermal Loads

Thermal foads will be calculated for the buried and exposed sections of penstock,
assuming site temperature variaiions as provided in Section 4.3.2 and accounting for
wind and solar radiation where appropriate,

Thermal analysis will be undertaken for exposed sections of penstock to determine the
requirements for minimum flows, insulation, or other protective measures to prevent
freezing in the penstock.

Difference between temperature at weld-up and cold water T,=15-4=11°C
Difference between weid-up and extreme annual maxima To1=15- Thin
T2,2 = Tmax - 15

Load Combinations

The relevant load combinations for each Performance Level are presented in the table overleaf.

KWL Kerr Wood Leidal Associates 18 July 2008
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Table 6-1: Relevant Penstock Load Combinations for Various Performance Levels

Performance Level Loads
, Internal Pressure Dead Loads Live Loads Eart!:)t;i;ake T%";Ei::?;:re
’ :l::;' r;_::é%?' _I:‘:t:j;r vacuum| pipe in:::;gral soil :ﬁg EEEE SNoW ;:Etw traffic normat [ extreme
; P1 P2 P3 P4 D1 o2 03 L1 Lz L3 L4 L5 EC i/ T2
Normal Dperation N N s
Ernply pipe L] [ ] L] ] L ] |
Full pipe, ptant is shot - . . . . ° . °
down
Normal operation L] ] ] © L] L] L ] »
Filling . o« | o | o | .
-‘é;;;rgencywdperation ;
Wind starm L] . ] L ] |
Extreme winter e o | o . »
Sg;r:gn;e termperalure ° - N .
Sudden draining L ] [ ] * ] »
Survivabiity ! :
Edrthquake, operating . L] ] [ ] s ‘ L] . )
Earthquake, empty T 2 [ ] L ] »
Slam closure . . . . . ¥
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6.3.3 PENSTOCK STRUCTURAL DESIGN

The penstock will be DN 750 steel pipe on concrete cradles witthin the tunnel, then buried DN
750 steel for following 200 meters, transitioning downstream to a DN 750 mm steel section that
runs above ground far 470 m and below ground for a further 3,180 m. The penstock reduces to
DN 700 m buried steel section approximately 270 m above the powerhouse.

The penstock has been aligned using the LIDAR survey supplemented by ground-level surveys
at the steep section. The number of bends has been minimized and a minimum falt of 1%
maintained over the entire alignment.

Steep Above-Ground Section
The exposed portion of the penstock will be subjected to the broadest range of loads, including:

» internal pressure;

+  self weight;

« environmental loads, including snow, wind and extreme temperatures; and
s seismic loads.

The Hinckey-von Mises combined sitress approach will be used for the strength design of this
portion of the penstock. All bends will be restrained by anchorages and intermediate supports
wili be provided to maintain combined stresses below the permissible stress limits set out
above. A minimum number of movement joints will be provided to maintain axial stresses due
to thermat variation within tolerable limits.

Buried Section

The buried penstock will be designed as an isostatic pipe, with hydrostatic thrusts at bends and
axial movements due to temperature changes and Poisson’s effects controlled by soil-pipe
interaction. All bends with thrusts out of the ground {combined vertical and horizontal
components) will be designed as fully-restrained anchor biocks with double-corrosion protected
ground anchors. The ground anchors will be pre-stressed to accommodate normal operating
pressures, but the penstock may be allowed to behave fully autostatically for pressures above
this level. For bends with thrusts into the ground, the pipe bedding will be relied on to transfer
the forces into the ground in bearing and friction.

Pipe wall sizes will generally be selected based on hoop stress alone, as the hoop stress will
always be greater than the combined stress with axial stresses included in the Hinckey-von
Mises relationship.
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A three-dimensional tine-element computer model wili be used with the programme MultiFrame
4D to design for adequate control of displacements by the pipe bedding and anchor blocks and
to check the axial and bending stresses that occur tocally in combination with the hoop stresses.
This allows ground anchiors at the bend anchorages to be modelled as tension-only springs and
the iateral subgrade reaction of the soil bedding as compression-only springs. Ground anchors
for bend anchorages will be prestressed to 60% of ultimate tensile strength (0.8f,) for the
goveming thrust of the Normal and Emergency Operation Performance Leveis. At thrusts
exceeding the pre-stress level, anchorages will move, with the ground anchors acting as tension
spring members. At the Survivability Performance Level, anchor stresses must not exceed the
0.9 times the tensile strength.

The loads considered in this modet include;

* hydraulic thrusts at bends for Normat Operation, Emergency Operation, and Survivability
performance levels.

* temperature change from weld-up to cold water.
* Poisson’s effect as an equivalent temperature change.

Pipe sizes will alsc be checked for wall stability under full vacuum pressures wtih overburden
surcharge. Minimum shell thickness will be the lesser of:

FPG&E formula tmin = DI7315
or USBR formufa Inin = {D+508)/10160
where D and tmin are in mm uhits.

Section In Powerhouse

The shart section of penstock within the powerhouse, up to the flange at the Turbine Inlet Valve
(TIV), will be designed in the same way as described for the buried sections. Piping
downstream of the TIV will be the responsibility of the supplier.

High-pressure mechanical piping connected to the penstock, such as drain and bypass vaive
piping, as well as the associated flanges, branches, and valves, will be designed to the ASME
B31.3 — Process Piping code. in this code, the Design Pressure (Pg) is the pressure at the
most extreme condition of temperature and pressure expected during service, except for
infrequent exceedances that are set out in the code or by experience. In any case the most
extreme pressure (P;} shall not exceed the test pressure, and the test pressure shall not be less
than 1.5Pp. Therefore Py shall not be less than Py /1.5,

Flanges will be selected using ASME/ANSI B16.5 — Pipe Flanges and Flanged Fittings, Valves
will be cast or fabricated steel.

KWL Kerr Wood Leidal Associates 10 March 2008
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6.3.4 PENSTOCK DRAIN AND ENERGY DISSIPATION

A penstock drain will be provided to allow periodic de-watering of the penstock for inspection.
The penstock drain wili be equipped with an energy dissipating system to discharge water into
the tailrace at an outlet pressure of approximately 345 kPa (50 psi). The 100 mm (4”) drain
system will have flanged fittings. All valves and energy dissipaters will be located in a buried
chamber near the penstock tee.

The energy dissipater system will consist of three valves that will be opened in succession as
the pressure in the penstock drops. The drain time to full dewater the penstock will be
approximately five days.

6.3.5 STREAM CROSSINGS

The penstock crosses numerous streams, most notably Tyson Creek. The design flood for alt
water crossings will be the 200-year design flood, plus any applicable allowance for debris flow
or debris floed hazards.

Based on hydraulic modelling of the 200-year design flood plus 1.5 m freeboard, the low chord
of the Tyson Creek crossing along the preliminary penstock alignment (adjacent to the road
bridge) must be at a minimum elevation of EL 1,017 m. The low cherd elevation will be updated
if the location of the proposed bridge is changed.

The steel pipe bridge will be designed during the detailed design phase.

As reported in Appendix B, Frank Baumann, P.Eng., recommends that culverts and swales be
provided at all other stream crossings. Sufficient cover, hydraulic capacity, and erasion
protection will be provided at each crossing to minimize the potential for high streamflows to
affect the penstock.

6.3.6 EROSION AND FLOOD PROTECTION WORKS

The penstock alignment follows the intake trench from the headworks to just upstream of the
propased Tyson Creek crossing. Erosion protection is required to protect the backfilled trench
from erosion during flood evenis on Tyson Creek.

The proposed flood wall and creek training structure will begin about 40 m downstream of the
dam with a crest elevation of EL 1,024 m. The height of the structure should be minimum 4 m
(3 m water depth plus 1 m freeboard) above the adjacent channel invert.

The flood wall training structure will tie into the left abutment erosion protection at the steel pipe
bridge with a top elevation equal to the low chord of the bridge.
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Erosion protection at other locations will be addressed as required during detailed design.

6.4 INTAKE AND POWERHOUSE STRUCTURAL DESIGN

The following is a summary of the applicable general loads for structural design specified by the
BCBC and cther sources.

6.4.1 LiMIT STATES

Limit States And Performance Levels

Appropriate load combinations will be formed for the Normal Operation and Survivabiity
conditions. The table below lists the loads to be considered for each condition and whether or
not & load factor, per BCBC 2008, is to be applied.

Table 6-2: Loads and Load Factors

Load Type Normat C{p_eration Emergency Condition Surviv?l::ility
Condition Condition
Cracking | Deflection | Stability | Strength | Stability | Strength

Seif weight U U F F F F
| Lisage and equipment U U F F F

Creep and shrinkage | U

Scil pressures U U oo F L F L F r

Environmental U U F F

Turbine and generator U u |1 F F .

intake water levels E E E E E E

Legend: U: unfactored load

F: factored ioad to BCBC 2006
E: explicit load defined for condition

Cracking Limit State

Cracking of concrete sections will be fimited by providing sufficient reinforcement that the cracks
are controited over the effective tension zone of the concrete section. Limiting characteristic
crack widths are:

Surfaces not continuously exposed o water Wi < 0.30 mm
Surfaces continuously exposed to water W € 0.20 mm
Surfaces of water-{ight elements Wy < 0.10 mm
KWL Kerr Wood Leidal Associates 10 March 2008
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Deflection Limit State

Unless otherwise stipulated by equipment suppliers, charsacteristic deflections (5¢) will be kept
below the following limits:

Deflection under permanent and slorage loads S < span length/240
Deflection under other variable loads 8 < span length/300
Peflection of crane rails, under permanant and variable loads {5 tonne capacity)

Sk < 8pan length/600

Stability Limit State
To ensure sufficient safety against overturning, sliding and uplift of the structure:

Factored Restoring Effects 51
Factored Driving Actions

Strength Limit State

To ensure sufficient member and siructure strength:

Factored Resistance 5 1.0
Factored Action

The factored resistance of concrete, masonry, structural steel and steel platework will be in
accardance with the relevant maternial codes.

6.4.2 DESIGN PARAMETERS

Sel Weight Loads

Unit weights of materials for calculating dead loads due to self-weight of structural members
and building components are as follows:

Mass concrete 23 kNfm?
Reinforced concrete 24 KN/m?
Steel 78.5 kKN/m?
Structural steel deck 0.30 kPa

Self-weights of finishes and non-structural elements are as follows:

Hollow concrete block masonry {reinforced and partially grouted) 3.0 kPa
Roofing (insulated) 0.25 kPa
KWL Kerr Wood Leidal Associates 10 March 2008
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Wall ¢cladding (insufated) 0.30 kPa
Partition walls {drywall and steel studs) 0.30 kPa
Suspended ceilings, including luminaires and HVAC 0.50 kPa

Creep And Shrinkage

Creep and shrinkage effects will be considered for the crack-control limit state. The parameters
of Section 1.2.3 of the CPCA Concrete Design Handbook and the approach of Eurocode 2 will
be followed for crack control in mass concrete,

Usage Loads

Usage loads due to human and vehicular traffic, equipment (pending equipment suppliers’
loading drawings) and lay-down of parts are as fallows:

= for the powerhouse fioor:

the greater of 10.0 kPa
or _ 10 kN
or equipment loads

» roof areas

the greater of 1.0 kPa
or 1.3 kN
or snow load

* horizontal usage loads due to persons:
railings and partition walls, applied at 1.0 m above floor 0.75 kN/m
or 1.0 kN
* vehicle loads, based on a logging truck with the folfowing characteristics:

L1685 axel loads GVW 149 700 kg
45%/55% unbalance
450 mm eccentricity
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Soil And Rock Pressures

Soil and rock pressures will be determined using the final geotechnical parameters determined
from the additional field investigations, using established principles of soit mechanics. Lateral
earth pressures will be determined using the foilowing criteria:

Gravity retaining walls and substructure walls braced by floor slabs at-rest conditian
Cantilever retaining walls average of at-rest and active condition

Structures located at sufficient distance from sireams that they are not influenced by stream
water levels will be designed for gechydrostatic lcads obtained using presumed groundwater
tables. The factored geohydrostatic load in this case will be limited to that obtained by assuming
the groundwater table is coincident with the ground level.

Environmental and Seismic Loads

i oads due to the effects of temperature change, wind, rain, snow and earthquake will be
determined using the general design parameters given in Section 4.

Active lateral seismic soil pressures will be determined using Wood's approach for rigid
basement walls. Passive lateral seismic soil pressures will bhe determined from static
equilibrium, but will not be greater than those determined using the Monobe-Okabe approach.
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Water Levels and Flow

Al impoundment structures, including the funnel plug and control gates will be designed for
hydraulic loads including the following:

= Differential pressure heads upstream and downstream of the structure.

= Uplift pressures on structures due to seepage through the foundation. The pressure gradient
is assumed to vary linearly between the upstream and the downstream water level heads.

*  Hydrodynamic effects, such as dynamic pressure head on structures in the stream flow.
»  Dynamic effects on slender structures in the stream flow, such as trashrack bars.

The tunnel piug will aiso be designed for blast pressures.

Turhine/Generator Loads
Turbine generator loads include:

= Weight of the assembled unit, acting at the anchorages.

= Weight of disassembled compenents on the powerhouse floor in the laydown area.
= Normal and emergency hydraulic thrust loads

= Normal and emergency rotatienal loads

* Short-circuit torgue acting on the generator stator anchorages.

6.4.3 KEY DESIGN DETAILS

Concrete Cover

The minimum distance from the face of a concrete member to the edge of reinforcement (cover)
will be as follows:

=  surfaces exposed to air

Stirrups and ties of 10M and 15M 40 mm
Principal reinforcement 50 mm
KWL Kerr Wood Leidal Associates 10 March 2008
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» reinforcement at faces in contact with soil backfill, groundwater or blinding concrete 50 mm
= all reinforcement at faces in cordact with running water 60 mm

+ gl reinforcement at faces cast against soit or rock 75 mm

Minimum Reinforcement
The following requirements apply cver and above those specified in CSA AZ3.3:
= Beam flexural reinforcement contents wilt be greater than Agnin = 003 b h

= Free edges of slabs will be reinforced with U-bars whose legs extend at least 2h away from
the edge.

« Every second longitudinal column bar will be enclosed by a tie bend or hock and no bar will
be more than 150 mm clear either side from such an enclosed bar.

Concrete Formwork And Finishes
The fellowing formed (F} and unformed finishes (U) will be used:
« For surfaces that wili have fill placed against them:

Finish F1: Forms buili with 2 minimum of refinement. Form surface in contact with
concrete to be standard formply that will not leak mortar or yield beyond specified
tolerances when the concrete is vibrated.

Finish U1: Even, uniform finish. Consolidate concrete level and screed concrete to
obtain an even, uniform surface. Surplus concrete to be removed immediately after
consolidation by striking off with a sawing motion of the straight edge or template across
wood or metal guide strips. When the surface is curved, use screen strips at approved
intervals. For long, narrow stretches of curved surfaces such as on invert paving, a
heavy slip form may be used. In the case of extensive fiat paving, a paving and finishing
machine is preferred.

= General application far surfaces exposed to view without stringent aesthetic requirements:

Finish F2: Form surface in contact with concrete to be plywood, steel or pre-approved
form liner.

Finish U2: Wood float finish. Follow treatment specified for Finish U by fleating either
by hand, or by power driven equipment. Started fioating after some stiffening has taken
ptace in the surface concrete and the moisture or "shine™ has disappeared. Work the
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concrete no more than necessary to produce a surface known as "wood float finish”,
which is uniferm in texture and free of screen marks. Do any necessary cutting and
filling during the floating operations.

* Surfaces where aesthetic or mechanical performance requires a high quality finish such as
controf buildings and interior surfaces of the powerhouse:

Finish £3: Form surface in contact with concrete o be plywood, steel or pre-approved
form liner. Plan form construction so that any residual pattern from the forms will
harmonize with the structure or building. All joints shali be horizontal or vertical.

Finish U3: Steel froweled finish. Foliow the treatment specified for Finish U2, but leave
a small amount of mortar without excess water at the surface to permit effective
troweling. Start steel troweling after the moisture film or "shine" has disappeared from
the float surface and after the concrete has hardened enough to prevent an excess of
fine material and water from being worked to the surface. Trowel with firm pressure that
will flatten the sand surface left by the floating and produce a dense, uniform surface
free of blemishes, ripples and trowel marks.

Finish U5: Broom finish: Follow the treatment specified for Finish U3 by roughening the
surface immediately after troweling with a fiber bristle broom in a direction perpendicular
to the direction of traffic. Broom grooves not more than 1.60mm deep. After brooming,
neatly tool ail joints and edges to configuration.

Finish U6: Hardened finish: Follow the treatment specified for Finish U3 and
immediately after troweling, apply floor hardener per manufacturer's instructions.

» Surfaces with severe tolerance Emits because they are exposed to flowing water with a
velocily exceeding 0.5 m/s:

Finish F4: As for Finish F3, but with severe tolerance limits. Smooth sanded plywood to
be used for form surfaces in contact with concrete. Steel or impermeably lined plywood
forms are not permitted unless lined with at least 8 mm thin smooth sanded plywood
sheathing.

Finish U4: A hard, burnished steel troweled finish, Follow the treatment specified for
Finish U3 with additional stee! troweling after the surface has nearly hardened, using
firm pressure and froweling until the surface has a burnished appearance.

Mass Concrete

For the mass concrete sections, the provisions CSA A23.3 will be madified to take into account
the absence (or low ratio) of reinforcement. Where reinforcement is provided fo balance
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overturning moments of the section above a presumed crack or construction joint, the steel
strain will be checked to assure the specified elongation at yield is not exceeded.

For preliminary design, the following reinforcement will be assumed for mass concrete faces
requiring reinforcement for crack control:

Walls and slabs with 400 < t < 600 16M @ 150 each way
Gravity walis, sills and other mass pours, t > 1000 mm 20M @ 200 each way

Joints

Where movement joints are unavoidable, they will be designed t¢ accommodate the full
anticipated movement, with water-tightness assured by a combination of internal waterstop and
surface sealant. Water-stops will be bulb-type, sized for the required transverse and shear
movement capacities.

Conlinuous reinforcement and internal water-stops will be used for construction joints.
Concrete joint surfaces will be water/air pressure blasted to an amplitude of 5 mm and to reveal
the coarse aggregate. Prior to casting the continuing pour, a bonding agent will be applied to
the hardened joint surface. Where hydrostatic pressures on the joint exceed 15 kPa, a
hydrophillic compound will be applied in iteu of a bonding agert.

Benchmark materials to be used are:

internal water-stops Sternson Durajoint Type 7
Bonding agent Sika Albitol Concentrate
Hydrophillic compeound Xypex Concentrate

Conneclions

All bolted connections wilt be designed as bearing connections. Boits will be tensioned by the
turn-of-nut method 1o ensure slip-free behaviour under service loads.

Fillet weld dimensions will fall within the following limits:

Minimum weld leg Aieg = 6 MM
Minimum weid length Lweld = 4 8i¢g OF 2 40 mm
Angle included hetween weld legs:
Minimum 60°
Maximum 120°
Maximum pitch of discontinuous welds 8 {nin = 300

where tn, is the thickness of the smaller piece being connected.
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7 POWERHOUSE MECHANICAL SERVICES

7.1 DESIGN PARAMETERS

7.1.1 PERFORMANCE REQUIREMENTS

Mechanical services, including water supply, drainage, heating and ventilation will be provided
to facilitate operation and mainienance of the powerhouse, and to protect the facility.

In general, water supply is for washdown and maintenance; both hot and cold water will be
required. The water provided will not be treated to potable standards. Sanitary facilities will
consist of a portable foilet.

Cocling will be by means of ambient air ventilation. Heating will be by means of electric unit
heaters; these wili rarely be required tc operate because of the heat radiated by the generator
and indoor transformer.

Fire Protection will be provided by means of hand-held extinguishers located in the powerhouse.

7.1.2 GOVERNING CODES AND STANDARDS

The mechanical services in the powerhouse shall conform to applicable codes, standards and
other standards referenced:

» American National Standards instifute, ANS]
» American Society of Heating, Refrigerating and Air-Conditioning Engineers, ASHRAE
« American Water Works Association, AYWWA

¢ Canadian Standards Association, CSA

The latest editions of relevant standards shall govern.

7.2 VENTILATION

Ventilation shall be designed in accordance with the ASHRAE Handbook, HVAC Applications,
particularly Chapter 24 Power Plants and Chapter 28 Ventilation of the Industrial Environment.
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7.2.1 CONTROL ROOM HEATING AND VENTILATION

The Control Room will be heated by electric basebeard heaters and cooled by a smalt supply
fan drawing air from cutside (not from the machine hall). The fan will be two-speed, capable of
providing at least 5 air changes per hour (ACH).

7.2.2 MACHINE HALL HEATING AND VENTILATION

The Machine Hall will normally be heated by the generator. When the generator is not
operating electric unit heaters will be used to heat the Machine Hali. The Machine Halt will be
cooled by a series of exhaust fans drawing air from outside via intake touvres. The intakes will
be located low and the exhausts high, to faciliate air flow across the equipment.

Design criteria for Machine Hall Ventilation are set out below.
7.2.3 MACHINE HALL VENTILATION

Design Basis
The air flow supplied shall be the largest of the flows required for:

1. Cooling (heat radiated from equipment);
2. Dilution (air changes to eliminate condensation, vapours, efc.); and
3. Replacement (such as combustion air).

These air-flows are not additive.

Cooling Air

Cooling air carries away the heat radiated from equipment, primarily the main generator and
transformer but also miscellaneous equipment. [t is expected outside air cooling will be
sufficient so air conditioning will not be pravided.

With outside air cooling, the temperature in the building can never be less than the temperature
outside. Therefore, the design uses differential temperature above ambient, rather than an
absolute maximum. A differential of 10 C is used, which is within the range of 6 to 12 C set by
ASHRAE HVAC Applications 1999, p. 24.2, Table 1.

The main sources of heat in the huilding are the generator and transformer. TCHC has
provided the following design criteria in these regards, for units rated 9.3 MW:

1. The generator efficiencies are given as follows: 87.1% at full load; 96.9% at 3/4 load; 96.7%
at 1/2 load; and 94.1% at 1/4 load.
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2. For dry type power transformer (Class F), the radiated heat is given as 58.8 kW at fufi ioad,
equivalent to an efficiency of 98.4%.

The losses are assumed to be all heat.

The foregoing criteria result in @ maximum cooling airflow of 28,000 L/s.

Dilution Air
The minimum dilution airfiow criterion is set by the larger of the following:

1. 7.5 Lis/im® based on ASHRAE Standard 62, Table 2. This results in a flow of approximately
1,500 L/s or 4.5 ACH.

3. The flow required to control condensation on the furbine casing. This Is set by the
manufacturer's specification sheet.

Replacement Air

Combustion air is not required as there is no significant consumption of air (e.g. diese!
generator) in the powerhouse.

Design Cases
The design cases include the following:
1. Generator full load on a hot day (cocling flow governs).

Maximum generating capacity on a hot day. The design generating capacity is 9.3 MW as
defined by the generator manufacturer. The design temperature is set out in Section 4. This
case is likely to govern for cooling air design.

2. Low ioad on a cold day {dilution fiow governs).

In this case dilution air flow typically governs and hence this case is fikely to govern for
heating design. With minimal lcad on the generator, the radiated heat may approximately
balance the heat-loss from the building, meaning that the dilution air must be heated.

3. Generator not operating on a winter day. Station service would power the building loads
including electric heating. The ventilation system should be set to its minimum setting. It
should be assumed that the temperature is no colder than the average minimum winter day

temperature.
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Temperature Limits

A temperature differential (AT) of 10 C will be used for Design Case No. 1. This will keep the
machine-hall temperatures below 25 C except during the extreme hottest summer days when
temperatures may rise to 35 C.

The plant will be designed far an average minimum temperature of 15 C for Design Case No. 2.

The ptant will be designed for an absolute minimum temperature of 7 C for Design Case No. 3
[Ref: ASHRAE HVAC Applications 1999, p. 24.2, Table 1].

Air Intake and Exhaust Systems

For simplicity the machine hall will be ventilated with exhaust fans. This will provide a negative
pressure in the building; the negative pressure shall not exceed 5 Pa as recommended in
ASHRAE HVAC Applications 1699, p. 28.8, Table 4. Inlet filters will not be provided.

Air will enter the building through weather louvers located near the bottom of the south wall.
The intake air system shail take special consideration of wind-driven rain. Louvers shali be
selacted to minimize water ingress as well as pressure drop. They shall be extruded aluminum
at least 160 mm deep. Exterior hoods may be required.

The iniet weather louvers shall be backed up by control dampers to control wind blowing
through the building. The control dampers shall be high-quality with aluminum airfoil blades.
The combined pressure drop across the intake louvers and control dampers shall not exceed
the allowable negative pressure in the building.

The exhaust air shall be collected from high in the maching hall and exhausted by four fans, one
small and three identical large fans. The fans are sized such that the small fan provides the
minimum dilution air flow (air changes). The three large fans operating together provide the
maximum cooling air flow.

The fans will be wall-mounted high on the north fagade. Access will be provided for
maintenance. An alternative is {o collect the air through ceiling-hung ductwork and exhaust it
through low-mounted centrifugat fans. The fans will have singie-speed, 600 V, 3 phase motors
in accordance with {he project electrical design criteria.

Silencers wili not be provided on either the inlet or exhaust openings.

Air Recirculation

There shall be an air circulation system in the machine halt to maintain a uniform temperature.
If wall-mounted exhaust fans are used, air circulation can be provided by two ceiling fans. ! air-
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collection ducting is used, bypasses can be provided on the fan discharges to recirculate air; the
fans shall be increased in size accordingly.

Air Heating

The supply of oufside air for dilution must be as stated above for condensation control and
contaminani dilution, and the heating system must be capable of heating this air-flow during
periods of low plant demand.

Heating will be by means of electric unit heaters {minimum 4).

Air System Controls

The control system will automatically control the fans and heaters to maintain airflows,
temperatures and humidity within design limits. The optimum temperature band is {c be initially
set at 18-22 C but this is to be adjustable in the control system. The optimum humidity is tc be
initiafly set to 70-80% relative humidity but this is to be adjustable in the control system.

The default (start up) setting is for one exhaust fan to operate to exhaust the minimum dilution
air flow. As long as the temperature remains in the optimum band, contral is through
humidistats in the machine room. If the humidity rises to the high set-point, the second fan is
turned on. When the humidity falls o the low set-point, the second fan is turned off.

If at any time the temperature rises fo the high temperature set-point, the second fan is turned
on if it is not already operating. When the temperature falls to the low set-point, the second fan
is turned off. If the temperature stays within the optimum range, the system reverts to humidity
control. If the temperature continues to fall, heaters are turned on fo maintain the temperature
in the optimum range.

if the temperature falls to the minimum allowable, the fan is turned off and the inlet control
damper is closed, A building air low-temperature alarm is sent.

When the temperature again rises fo an intermediate set point 5 C above the minimum
allowable, the fan is turned on again and the system reveris to temperature control. When the
temperature rises to the optimum band, the system reverts to humidity control.

A conirol narrative based on the foregoing will be provided in Divisian 15 of the technical
specifications.

7.3 OVERHEAD CRANE

The powerhouse will be eguipped with a 5 tonne bridge crane for maintenance of eguipment.
The crane will be provided with electric hoist and travel.
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7.4 WATER SUPPLY AND DRAINAGE

The powerhcuse will be equipped with a non-potabie water supply system, Waier will be
supptied (pumped) from the taitrace by a submerged pump to a 2,000 L storage tank above the
control room in the powerhouse. Water will be heated by an electric tankless heater and
pressurized by means of a booster pump and hydropneumatic tank.

Hot and cold water wilt be provided to at least two hose bibs so that warm water can be used for
cleaning. The hose bibs will be heavy-duty janitorial type with bucket hooks. Heavy washdown
hoses and a two-basin janitor sink will also be provided. A portable toilet will be provided.

Concrete floors will be sloped to floor drains. A duplex automatic sump pump system will be
provided at the lowest point if necessary. Floor drainage will be directed to an oil/water
separator and then to a rock pit located in an area where it can drain to sail or other suitable

disposal.
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1. ENVIRONMENTAL COMMITMENT

Development of small run-of-river hydroelectric energy generation is being
developed worldwide increasing clean, sustainable energy and helping to reduce
greenhouse gas emissions. According to the International Energy Agency’s World
Energy Outlock 2004, hydropower will remain the largest source of renewable
“Green” electricity generation until 2030.

The Governmenl of Canada recognizes that hydropower is a clean and renewable
source of energy that offers many co-benefits for the environment. Thanks to
hydropower, Canada has the lowest cost of electricity prodygtiontand one of the most
reliable generating systems in the world.

? 3xI'he Program
recognizes technologleq that use natuwlly Oce}m’rmg chergy sources &t
and sun, and powel sources that, with é:n_ Lontrﬁtls add little in

5 Jambians. The'eolf :fgdny based in Gibsons,

E?;M NaitEieck in L}éwe Sound, BC. The
T <

ritish Cottigitbia. This facility provides a model for the

run- 0f—thé§ iver prajects.

deliver “Green™ hydro power to Bri
BC buiit its first smalf hydro facility

ol w
sivand maintenance for the Brandywine “Green™ Power Project.
The com ny is responsible for bringing the plant to optimum operating
performance.

¢ Participation in a joint research project with UBC that resuited in the
development of an industry leading hydro power reconnaissance software

tool. This too! will provide the company with a technological advantage in
sclecting potential sites for low impact run-of-the-river hydro.
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2. PROPOSED MONITORING PROGRAM

Tyson Creek is a tributary of the Tzoonie River located at the head of Narrows I[nlet
near Sechelt, BC. it is a lake fed tributary that spills over a rock sill into a steep
bedrock and boulder strewn channel. The upper diversion reaches (immediately
downstream of the lake} are characterized by subsurface flows and large boulder
fields. The lower diversion reaches are characterized by steep, boulder cascade and
step pool morphology. There are limited off-channel habitat opportunities that are
connected to the main channel and numerous indicators of unstable and violent
channel events evident by the accumulations of wood debris aud large diameter
bedfoad materials.

The proposed monitoring program wilt begin in the sp dsummer of 2007. This
wiil allow an additional t possibly 2 years ol pre-divegsion datg
post dlversxon for specific cnv;ronmentab’btolo 'rameters ks, additional

coltection of bilogica] and
n the proposed diversion

The purpose of the monitoring program is the cong
physical data on Tyson Creek. Thg,
reaches and will help RPC develo}
the environment.

2.1 Reporting Protocol

¥ ed results from field activities. Data
Lbe georeferenced for future works with

. [nfErences will then be made with respect to the pre and
iogs! Results of the data collection and analysis will be

pFlate government agency by January 31 of each year and will
cars” data. All monitoring data will be accompanied by known
operating, naturaiahd or man-made incidents that may impact the environment and
possibly affect thie monitoring results.

In order to ensure monitoring procedures are adequate the results from each year will
be reviewed and recommendations regarding changes to the monitoring program will
be submitted to the regulatory agencies. A broader review of the monitoring data will
occur in year 2, post diversion. At this time the pre and post monitoring data will be
analyzed and adjustments to the project operation recommended. This may result in
changes to the water license identified in the initial license and could result in the
identified IFR moving up or down or adjustment the monthly IFR’s. The purpose of
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thig is to ensure project operation has minimal impacts and that both positive and
negative effects of the project are identified.

The proposed revicew agencics for the Tyson Creek praject should include:

. Scchelt First Nation

. BC Ministry of Environment-Water Stewardship Division
. Integrated Land Management Branch

. Fishertes and Oceans Canada

3. ENVIRONMENTAL MONITORING
3.1 Water Quality

Water quality baseline data was first collected 72005 and will o
diversion and 5 year post diversion. The pu;ﬁsc of the watcr quallt '
identify changes in “key” water quality pgran :

and riparian habitats. The “key” water quallty' |
identificd in Lewis ef al. (2004) and are shown in
proposed sampling frequency.

Parameter
Dissotve Oxygen (Yosat)
Total Gas Pressure
Temperature
TSS

Conductance

2 hours
Quarterly
Yearly (flow summer flow)
Yearly (low summer flow)
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

Nitrate

Water samples wil % collected at predetermined sample locations both above and
below the proposed tailrace (diversion), and at the outflow from the headwater lake.
Water quality data for 2005 and 2006 is reported in £SC/ (2006). Water temperature
is [ogged using an Onset temperature logger. An additional 3 temperature toggers will
be installed at the lake, midway through the diversion reach section and immediately
ahove the tailrace. These will be installed in the summer of 2007. There is currently
one data logger operating near the mouth of Tyson Creek. A second data logger
located in the diversion section was lost during a storm event.

Dissolved oxygen, TGP and pH will be measured in the ficld during coliection of
water samples. The remaining parameters wilt be determined from water samples
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collected at the assigned (georeferenced) and benchmarked water stations, then
shipped to a certified water quality testing laboratory in Vancouver, BC.

Additional pre and post diversion water quality data will be added to the existing data
set and comparisons made between years. Results will be summarized annually and a
final report prepared upon completion of the 5 years post diversion.

3.2 Srage versus Channel Geometry - Modify this based on reality of working in

power pro ject in an adaptwe management appro
production to downstream fish bear

The stage versus geometry method i
(Stewardson, 2005) and provides a qugntitatiyg:
changes in the stream channel with ch ing

« Evaluate grid determine changes in the wetted perimeter under restricted
diversion flows and attempt to relate this to biological parameters measured.

It is expected that the ASG data will help support the current IFR and/or allow
quantitative data to adjust the initial IFR when coupled with expected aquatic
macroinvertebrate data.

3.3 Discharge versus Useable Area (Added)
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Add details of velocity depth transect process. Transecis will be measured using
Swoffer 2100 and using weighied Useable Area model provided by Ron Plolemy -
Mol Current model has HIS for inverts.

Conditions (Q} o be measured or targeted is 2.5%, 3, 10, 20, 40 and 10077 MAD.
Stmilar model relationship fo be built as used on C hapman Ceeek in 2007 (Bates)

3.4 Macroinvertebrates

Salmonids are drift feeding fish with their growth and abundange correlated to the

_reek Hydro Power is
ing program that wiil

dwp:oc

7 species (or genus)

presenys in Karr and Chu (1999), In addition to the B-IBI
ed to establish an estimate of benthic invertcbrate density

; rowth penod The first early sumimer under moderate ﬂows and
the second in late summer at summer flows.,

* Data will be compiled and compared to data collected in 2006. The data will
be summarized and presented to the regulatory agencies.

e The period of monitoring for invertebrates will include | -2 years post
diversion and 5 years post diversion. The period of sampling will be reviewed
by the proponent and regulatory agencies following year 2 post diversion.

Draft Version 2 — April 30, 2008 6

Page80 of 150 FNR-2016-60484



The B-IBI is considered a refiable index of general stream health and a reflection of
anthropogenic impacts within a watershed. The monitoring of the B-iBI will achicve
two purposes. First, monitor changes positive and negative in the B-1BI that may be a
result of the hydro power project. Secondly, to determine area specific B-IBI values
that could assist in developing guidetines that would help direct “green” hydro
development in the area.

3.4.2 Invertebrate Drift

searing streams and

As previously stated invertebrate drift is important in both fis
i itsfows measurable

non-fish bearing streams and specific information does exis
changes in drift with changes in discharge. As result a mgfforing program to address
the question of insect drift versus changes in discharged¢ prsiased. Information from
the drift program would also be used with the changdsin str cometry to better
understand the IFR. o

This program is expected to begin in the sy
following design:

» The sampling of insect driff wi in in thedggmmer of 2008 and be
continued for 1-2 years previivgrsi years post devebpmcnt
This should meet the requireggéntg
recommended by MoF., -

d include georeferenced sites;

tersion Reac . below the tailrace, fish bearing reach
acent non- ﬁ h-bear mg stream with similar geomorphic

s (disgharge, weather) will be made each year. This is an
ariation in sampling conditions between years,

cross sectfon. The area and velocity at the mouth of the net will be recorded.

» Sampling duration will be set between 2 -~ 3 hours starting within 4 hours after
sun-up and the time the sampling begins will be recorded.

= Samples will be preserved and processed. The samples will be filered, sorted
by size classes then photographed and sample invertebrates measured. Length

weight relationships will be applied to the samples using tnformation provided
by MoE (J. Rosenfeld - UBC).
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s All abundance and biomass data will be expressed per volume of water,
tabulated and graphed and presented to regulatory agencies at the end of each
sample year (January 31).

¢ [nvertebrate drift results wilf also be compared to changes in useable area and
where possible the [FR.

The purpose of the macroinvertebrate monitoring will be to address specific
hypotheses regarding measurable effects of small hydro.

4. ADAPTIVE MANAGEMENT

Renewable Power Corporation is coinmitted to responsib]
“Cireen” power. Thls monltormg plan is evidence ofﬁgﬁ

monitoring results from cach aspe!""
submitted to the regulatory agency p
report highlighting the pre and post 4
year 2 post diversion 1

rfy reports will be
1 fﬂfé progrdm A detailed

aquatic habitat agg: Stream ﬂow charactcr;sttcs in support of appllcattons o dams
divert or extract ygiter from streams in British Columbia. Ministry of Water, Land
and Air. Protection, Victoria, BC.

Siewardson, M. 2005, Hydraulic geometry of stream reaches. Journal of hydrology,
306:97-111.
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Technical Memorandum e

DATE:  June 11, 2008

TO:

Peter Schober, P.Eng
Tyson Creek Hydro Corporation

FROM: Robin Parker

RE:

TYSON CREEK HYDRO POWER PROJECT
IFR Pump Options for Tunnel Intake Scenario
Our File 2468.002-450

1.1

BACKGROUND

Tyson Creek Hydro Corporation (TCHC) is developing a hydro power project on the
Tyson Lake watershed, near the Tzoonie Valley. Water will be drawn from Tyson Lake
through a tunnel, which will cause the water level in the lake to vary between 1040 m and
1003 m. The natural outlet is at 1040 m.

The conditions of the water license require that and minimum of 70 L/s is present in the
creek at all times at the point of the natural outlet, and particularly when the lake level is
below 1040 masl.

This memorandum summarizes the design options that would pump the required flow
back into Tyson Creek.

DESIGN CONSIDERATIONS

The following considerations are critical to the successful operation of the system, and
are incorporated into the analysis:

* Robust: The system must operate 24/7/365 in a hostile mountain environment
where access is difficult many months of the year.

« Reliability: The system must be reliable, with redundancy built into it. Should
there be a failure of one component, a secondary, backup system must be present
to take over.

= Optimize for efficiency: Energy consumption should be minimuzed.

v Freezing: For components located in the eclements, the ambient design
temperature is -20° C.

engineeving excellenee
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Technical Memerandum ~ Tyson Creek IFR System 2
June 11, 2008

2.

2.1

OVERVIEW OF OPTIONS

Four options are considered and detailed herein, including:

= A submersible well style pump on the east lake shore hillside;

* A pump at the tunnel portal, with the pipeline running down the tunnel, to the
pumps, onto the access road, and over the hillside to the natural lake cuilet;

» A pump in the tunnel, with the pipeline ranning from the pumps, up through the
tunnel, into the lake, and up to the natural lake outlet; and

= A submersible pump in the lake.

QPTION 1: WELL STYLE PUMP ON HILLSIDE

Option 1 would be a well style submersible pump station located on the hillside above the
tunnel in a small container style building. Redundancy would be provided by two pumps.
Each pump would be placed above two vertical 350 mm diameter shafts that would be
drilled down through the rock and into the top of the tunnel. Each pump would be 250
mm diameter, capable of pumping the full 70 L/s design fiow at the full range in heads
{about 10 m 0 43 m TDH). Due to the extreme range, variable frequency drives (VFDs)
would be necessary.

Approximately 100 m of 250 mm diameter HDPE piping would run from the station
westward and parallel to the lake. It would remain slightly above the high water level
unti} it would reach the natural lake outlet where it would discharge.

This system would require between 40 and 45 kW (52 - 60 Hp). Electrical power and
control cable would be supplied from the tunnet portal, up and over the hillside, and into
the station.

Hydraulically, this option would be the most beneficial; well-style pumps are best suited
to large ranges in static head. However, the system would be difficult to maintain or
access. Removing the pump from the well would require a complex lifting mechanism as
a crane would not be ablc to access the area. Further, the building would be exposed on a
steep rocky mountainside and would need fo be designed to withstand high winds,
storms, and falling debuis,

For these reasons Option 1 is not considered any further.

KERR WOOD LEIDAL
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Technical Memeorandum — Tyson Creek {FR System 3
June 11, 2008

2.2 OPTION 2: Pump FROM TUNNEL, PIPELINE ON HILLSIDE

Option 2 would locate the pump system inside the tunnef at the porial, downstream of the
tunnel plug. The water would be supplied via a nozzle installed on the peustock upstream
of the penstock isolation valve, and run through down the tunne! the pumps.

There would be approximately 100 m of pipeline from the tunnel plug to the pumnps, then
the pipe would be run overland on the hillside and terminate at the natural lake outlet.
The total run would be about 470 m of 250 mm diameter HDPE pipe. The system would
require up to 56 kW (75 HP). The range in total dynamic head would vary between 5 and
43 m. To manage the range, the pumps would be run by VFD.

Option 2 is the favoured option.

2.3  OpTION 3: PumpP IN TUNNEL, PIPELINE IN TUNNEL

Option 3 would place the pumps inside the tunnel just downstream of the tunnel plug.
The actual pumping system would be the same as in Option 2, as would the overall length
of pipe.

However, rather than run the pipeline down the tunnel and around the hillside, this optien
proposes to un the pipeline through the tunnel plug, into the lake, along the lake shore,
and to the natural lake outlet. Due to the destructive nature of the lake tap blast, the pipe
would likely need to be installed after the tunnel is watered up; this would require divers
and man-handling pipe under water.

Furthet, the pipeline runmmg along the lake shore would have some significant
construction challenges; it would need to be protected from falling rocks and debris on
the hillside, and access could be difficult.

An alternative would have the pipeline running on the lake bottom (weighted down to
prevent {loatation). However, as the lake level rises and fowers in the winter during
freezing conditions, significant ice loading would be placed on the pipeline, particularly
at the point of interface between lake level and atmosphere.

Due to the construction challenges this option is not considered any further.

24 OpTION 4: PUMP IN LAKE

Option 4 would be a submersible pump located in the lake below the low water level,
with a pipeline running along the lake bottom to the outiet. However, there are
significant drawbacks to this option including:

KERRWOOD LEIDAL
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Technical Memorandum — Tyson Creek [FR System 4
June 41, 2008

3.1

= The pump would require a VFD, but the distance between the MCC and the pump
would be at least 130 m; this length pushes the limits of successful VIFD control.

*  The pump would not be accessible during the winter when it would be below the
ice.

*  During non-frozen conditions the pump would also be difficult 1o access. It could
welgh over 800 1bs and so would require a complex lifling system.

An alternative to this option could be a floating structure or other type of permanent
wharf structure founded to the lake bottom. The floating structure is not recommended
due to the uneven ice loading potentially crushing the structure. The permanent wharf
structure would be very costly due to the length and height requirement (over 40 m tall}.

Based on the above, Opticn 4 or any version of it is not considered any further,

IFR PUMP STATION

Option 2 {pump from tunnel, pipeline on hillside) is the recommended option. The
following sections detail the proposed pump station.

GENERAL DESCRIPTION

From discussions with TCHC, the pump station would be located inside the tunnel, just
upstream of the portal. A larger, widened area would be blasted into the vock, and
concrete foundations would be poured as pump bases. Motor control eentres including
VFDs and PLCs would all be located adjacent to the pumps. A monorail or other suitable
lifting mechanism would be provided.

The 250 mm diamecler supply pipeline from the penstock would be steel, as would the
station piping and discharge piping. From the porial onwards, the pipeline would be
IIDPE, also 250 mm diameter,

Pume STYLES

Two style of pumps are considered, including spilt case horizontal shaft pumps, and cnd
suction horizontal shaft pumps.

In general, splitcase pumps last longer and arc more reliable than end suction pumps,
assuming best practices are employed during installations. In contrast end suction pumps
are considered “industrial workhorses”, where they can continue to opcrate under less
than ideal conditions, but often require more servicing. End suction pumps can also be
installed on smaller footprints.

KERRWOOD LEIDAL
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Technical Memorandum — Tyson Creek IFR System 5
June 11, 2008

3.2

Duc to the remoleness and requirement for an extremely robust design, split case pumps
are recommended. Further, space limitations are not expected to be an issue. A brief
comparison was completed to confinn that there are no significant energy or other cost
savings between the two styles.

ENERGY COSTS

Energy costs were developed based on the following assumptions:

* Energy value of 101 $/MWh;
* Pump operating ¢ months of the year, 24/7 (the reservoir would typically spill 3

months of the year);

" An average annual lake level of 1021 masl, or a static head of 19 m {(a daily flow
model confirms the average lake level);

* 250 mm diameter HDPE pipeline, equating 10 5.7 m of friction loss; and

= A total dynamic head requirement of 24.7 m (i.e. 19 m plus 5.7 m).

Based on the foregoing, the annual energy cost is approximately $15,000 in today’s
doliars, based on an average pumping efficiency of 80%.

Pump SysTems

A detailed analysis of potential pumping systems was completed. Two basic systems
were considered, They include;

1. A single pump (with a backup pump) capable of pumping the design flow at the
full total dynamic head (TDH) range (i.e. from 5,7 m to 43 m), or

2. A main pump (with a backup pump) capable of pumping the design flow for
approximately 70% of the TDH, and a second “jockey” pump (with backup)
capable of pumping the lower head flows.

PUMP SYSTEM 1 (SINGLE PUMP WITH BACKUR)

This option would have a single horizontal split case pump operate over the full range of
head at the design flow, A second, backup pump would be provided. Detailed system
and pump curves were developed for two different pumps and compared. The one with
the highest overall efficiency (80%) and best reputation was selected.

Because the pump would be required to operate over such a large range, the minimum
efficiency would be 72%; this would require a motor running at 56 kW (75 Hp).

KERR WOOD LEIDAL
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Technical Memorandum — Tyson Craek IFR System &
June 11, 2008

The budget price for the supply of two pumps including pump, coupling, guard, driver,
and base plate is $61,000. Taxes, markup, installation, MCCs, controls, and all pipng and
appurtenances would be extra.

PuUMP SYSTEM 2 (MAIN PUMP PLUS JOCKEY PLUS BACKUP)

This system would require four pumps in total which in turn would require a larger area
inside the tunnel. There would be more mechanical components that conld fall, and the
controls would be more complex.

However, the power requirements would be much less, i.e. a 37 kW main pump, and an
18 kW jockey pump, compared with the 56 kW pumps for System [.

The budget price for the supply of all four pumps including pump, coupling, guard,
driver, and base plate is $45,000. Taxes, markup, installation, MCCs, controls, and all
pipng and appurtenances would be extra.

We note that this pump is $16,000 less exensive than System 1. However, there would
be double the valves, instrumentation, pipe supports, and pump supply and discharge
piping; this complete would be comparable if not more expensive.

Pump SELECTION

Systemn 1 is preferred over System 2, primarily for its simplicity and overall reliability.
Specifically, Flowserve Pump model 6LR-185A as supplied by Smith Cameron
Industrial.

However, TCHC should comment on the incremental cost of power supply between 37
kW and 56 kW to the tunnel portal. An allowance for an extra 5 kW should be provided
to account for other power draws in the tumnel (HVAC, instrumentation, and valve
actuators).

4, SUMMARY

Based on the foregoing, we recommend the following:

General Arrangment: Option 2 (pump from the tunnel portal, onto the access road, and over
the hillside to the natural fake outlet.)

Pumping System: Two horizontal split case style pumps inside the tunnel, each capable of
pumping the design flow at all heads.

KERRWOOD LEIDAL

wisocintes 1w ired

Page88 of 150 FNR-2016-60484



Technical Memorandum — Tysen Creek IFR System
June 11, 2008

We trust the foregoing is satisfactory. We will wait for your comments prior to proceeding with
detailed design of the 1FR pump station,

KERR WOOD LEIDAL ASSOCIATES LTD.

Prepared by: Reviewed by:

vameese”
Robin Parker Allan Bronsro, MCIP, P.Eng
Intake Lead Engineer Senior Project Engineer

RDP/

STATEMENT OF LIMITATIONS

This document has been prepared by Ketr Waod Leidal Associates Lid. (KWL} for the exclusive use and benefit of the intended
recipient. WNo other pariy is entitled to rely on any of the conclusions, data, opinions, or any other information contained in this
document.

This document represents KWL's best professional judgentent based on the information available al the tine of ils completion
and as appropriaic for {he project scope of work. Services performed in developing the content of lhis docwnent have been
conducted in o manner consistent with that level and skill oedinarily excreised by members of the engineering profession

currently practising under similar conditions. No warranty, express or hnplied, is made,

Cr2400-243912468-002450-Infake\Tunnel IFR System\2008-05-28 [FR Tunne! Oplions.doc
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Tyson Creek Hydra Corporation Division 2: Site Work
Tyson Creek Hydroeleteric Project Section 02330 - Rock Anchors, Boits and Dowel, Bolts and Dowels

023990 ROCK ANCHORS, BOLTS AND DOWELS
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2.2.  Anchor Types 4
2.3 Grout 5
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3.3.  Anchor Instaltation 6
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3.5,  Stressing and Proof Testing 7
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3.7. Protection and Cleanup 9
GEA Gygax Engineering Associates Lid. Rev. A, 19 Seplember 2007
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Tyson Creek Hydro Comporation Division 2: Site Wark
Tyson Creek Hydroeletcric Project Section 32320 - Rock Anchors, Bolts and Dowel, Bolts and Doweis

1. GENERAL

1.1. Related Work

A Tunneting Section 02290
2 Rock Removal Section 02311
3 Excavation and Backfill Section 02315
A Penstock Erection Section 02651
5 Cast-in-Place Concrete Section 03300
8 Structural Steel Section 05120

1.2. WorkIncluded

-1 All labour, materials, accessories and equipment necessary for the fabrication and
installation of soil and rock anchor work as indicated an the drawings and specified
herein.

.2 Drilling of holes in loose ground, apan-cast rock excavations and within the tunnel.

3 Grouting and testing of soil and rock anchors.

1.3. Reference Standards
.1 Cenform to the current version of the following standards for work in this section:
2 British Columbia Building Code.
3 Canadian Standards Association (CSA) Standards:
a) CSA A3001: Portiand Cement and Blended Hydraulic Cement
by CSA A23.2: Methods of Test for Concrete
¢} CSA A23.5: Supplementary Cementing Materials

d) CAN/CSA-G30.18; Billet-Steel Bars for Concrete Reinforcement

GEA Gygax Engineering Associates Lid. 1 Rev. 0 18 July 2008
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Tyson Creek Hydro Gorporation Division 2: Site Work
Tyson Creek Hydroeleteric Project Section 042380 - Rock Anchors, Bolts and Dowel, Bolts and Dowels

e} CAN/CSA-G40.20: General Requirements for Rolled or Welded Structural Quality
Steel

fy CAN/CSA-G40.21; Structural Quality Sieeis
g} CSA G164-92: Hot Dip Gaivanizing of Irregularly Shaped Articles
hy CSA W58 Welded Steel Construction {Metal Arc Welding)

4 American Society for Testing and Materials (ASTM) Standards:

a) ASTM A722; Hot-rolled, Proof Stressed and Stress Relieved Post-tensioning
Threadbar

b) ASTM C494: Chemical Admixtures for Concrete
¢) ASTM C1017: Chemical Admixtures for Use in Producing Flowing Concrete
.5 Post Tensioning Institute

a} Recommendations for Prestressad Rock and Soil Anchors, 1996.

1.4. Submiitals

A Mill Certificates: Submit two (2} certified copy of mill reports covering chemical and
physical properties of steel used in this work.

2 Submit shop drawings in Adobe pdf format to the Engineer for review prior to fabrication.
Shop drawings to show;

a} Drilling methods and hole support.

b} Complete anchor assemblies, including centralisers, grout tubes, couplers and
sheaths.

¢} Bar schedules with sizes, grades and iengths.
d} Detailed construction sequence.

e} Grout mix design.

f) Detailed testing procedure.

.3 Shop drawings to be prepared in 5] metric units.

GEA Gygax Engineering Associates Ltd. 2 Hev. 0 18 July 2008
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Tyson Creek Hydro Corporation Division 2; Bite Work
Tyson Creek Hydroeleteric Project __Sectian 02350 - Rock Anchors, Bolts and Dowel, Bolts and Dowels

4 Raview of shop drawings to be for size and arrangement only. Such review will not
relieve the anchor fabricator of his responsibility for general and detall dimensions,
correct fit, and any errors or omissicens.

.5 Allow a minimum of 15 working days for the Engineer to review drawings in addition to
the time required for other consuitants.

B Submission of anchor overdrnil! lengths and drillhole diameters during installation.

7 Proof of equipment set-up calibration within two months of testing.

1.5. Quality Assurance
A Appoint an independent testing agency that will:

a) Take grout samples and test them in the field for flowability, bleeding and
expansion. Prepare three compression test samples for each batch of grout prepared
or each day’s grouting, whichever is less.

b} Test grout samples in the laboratory for compressive sirength,
c) Witness and certify anchor proof tests.

.2 The Owner reserves the right to carry out random tests and inspections of the work, and
will designate testing authority and pay costs for same.

2. PRODUCTS

2.1. Materials
A Steel
a) Reinforcing bar: to CSA G30.18, Grade 400W

b) Threadbar: CSA G30.18 Grade 500W as noted herein or
pre-stressing steel to ASTM A722, Grade 835/1030 as noted herein.

2 Accessgries

a) Anchorage head, wedges and other accessories: per manufacturer’s requirements to
suit anchor steel.

b) Corrasion protection: hard polyethylene {PE} or polyvinylchloride (PVC) sheath, 48
MPa tensile strength, 103 MPa compressive strength, free of water-soluble chiorides

GEA Gygax Engineering Associates Ltd. 3 Rev. 0 18 July 2008
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Tyson Creek Hydro Corporation Division 2: Site Work
Tyson Creek Hydroeletcric Project Sectian 02380 - Rock Anchors, Bolts and Dowel, Bolts and Dowels

and any other malerial causing corrosion, hydrogen embritlement or stress
corrosion. Minimum sheath/grout bond strength at 27 MPa grout compressive
strength: 4.8 MPa.

3 Graut Materials

a) Cement: CSA A3001 Type GU or HE. Alkalai content less than 0.6%, tricalcium
aluminate content between 4 and 7%. Use same brand throughout work,

k) Silica fume; CSA AZ23.5 Type U,

¢) Fine aggregate: sand to CSA A23.1.

2.2. Types

A Rock Dowels
a} For tying concrete structures to rock foundation and for excavation support.
b} Anchor steel: reinforcing bar G330.18 Grade 400W.
c) Design prestress load: Pp = 0 kN

2 Rock Boits
a) For anchoring penstock supports and excavation support within the tunnel.
b) Anchor steel: threadbar (G30.18 Grade S00W.
¢} Pre-approved supplier: Dywidag Systems International Canada Lid.
d) Galvanized to CSA G164.
e) Design prestress load range: Pp = 0 kN

3 DCP Rock Anchors
a) For anchoring penstock bends,
b) Anchor steel; Threadbar to ASTM A722 Grade 835/1030.
¢} Corrosion protection: double corrosion protection (DCP).

d) Pre-approved supplier: Dywidag Systems Internaticnal Canada Ltd.

GEA Gygax Engineering Associates Ltd. 4 Hev. Q0 18 July 2008
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Tysan Creek Hydro Corporation Division 2: Site Work
Tyson Creek Hydroeleteric Project Section 02380 - Hock Anchors, Bolts and Dowel, Bolts and Dowels

e) Design prestress load range: Pp = 500 to 5000 kN.

2.3. Grout
A Mix limitations:
a} Silica fume content; 12 and 15% of cement mass.
b} Admixtures: superptasticiser, thixotropic additive and expansion agen.
2 Plastic properties:
a) Expansion: 1 to 3%., admixture propetties o suit grouting times.
b) Bleeding: 1% maximum
3 Water/cement ratio: 0.40
4 Flow: 12 1o 30 sec per CSA A23.2-1B
5 Compressive strength:
a) At 7 days: 25 MPa

b) At 28 days: 40 MPa

3. EXECUTION

3.1. Examination

N Examine all surfaces and conditions to which the work of this section shall be applied.
Ensure that ali conditions are suitable to provide a complete and satisfactory installation.
Report any deficiencies to the Engineer.

.2 Before commencing installation of the dowels and anchors, ensure that the ground
conditions encountered during drilling substantially cotrespond with the geotechnical
information on which the dowel and anchor design was based.

3.2. Drilling

g Before drilling, obtain familiarity with all avallable geotechnical information describing the
anticipated ground conditions.

2 Adopt the drilling method best suited to the anticipated ground conditions.

GFA Gygax Engineering Associates Lid. 5 Rev. 0 18 July 2008
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Tyson Creek Mydra Corporalion Divisian 2. Site Waork
Tyson Greek Hydraeletcric Project Section 02390 - Rock Anchors, Bolts and Dowel, Bolts and Dowels

3 Use suitable measures to ensure against collapse of the borehole during drilling and
anchor installation..

3.3. Rock Dowel and Rock Bolt Installation (Open Excavation)

A Filt the borehole with grout by pumping to the lowest point of the borehole through an
injection tube.

.2 Fili the entire borehole with grout in one continuous operation.
3 Lower dowel or bolt into the borehole by self weight.
4 If the dowel or bolt cannot he completely inserted, remove the anchor and redrill the

horehole or otherwise clean it out.

3.4. Rock Bolt Installation (Tunnel)

A Comply with Sepcification Section 02290,

3.5. Grouting of Anchors

A Lower anchors into the borehole oy self weight.

2 Ensure that smooth sheaths limiting the anchorage zone are properly and securely
located.

3 If the anchor cannot be completely inseried, remove the anchor and redrill the borehole

or otherwise clean it out.

4 Inject the grout by pumping ta the lowest point of the borehole through the injection tube.
.5 Inject the entire borehole in one continuous operation.
6 Carefully control and record the quantity of grout used. The minimum quantity required

must be sufficient to completely fill the borehole interstice, voids and fissures anticipated
in the ground, as well as expected radial deformations due to grouting pressure.

7 Ensure that grouting is complete before expanding action of the expansion admixiure
commences.
.8 For anchors in ground requiring double injection (claquage), clean aut injection tube by

tow pressure flushing with water.

GEA Gygax Engineering Associates bid. 8 Hev. 0 18 July 2008
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Tysan Creek Hydro Corporation Division 2: Site Work
Tyson Creek Hydroeleteric Project Section 02390 - Rock Anchors, Balts and Dowel, Bolts and Dowels

9 i stipulated on the drawings, ra-inject the anchorage zone (claguage) under high
nressure after 3 days.

3.6. Stressing and Proof Testing of Anchors
A Equipment: Submit proof of set-up calibration within two months of testing.
a) Centre-hole jack and hydraulic pressure pump with calibrated pressure gauge.
b) Annular foad cell.

c) Equipment for elongation measurement, capable of recording to the nearest 0.025
mrm.

2 Do not perform stressing and testing until the grout has attained suificient strength to
transier 1.5 times the design load to the ground.

.3 Perform proof tests for all anchors, unless otherwise instructed by the Engineer.

4 Load ingrements: Refer to Post Tensioning Institute, Becommendations for Prestressed
Rock and Scil Anchors, 1996.

Incrementally laad the anchor by the following increments of the design prestress load
(Pg). Hold each increment for at least one minute:

ay 0

b} 0.25P;

c) 0.50P;,

d) 0.75Pp

e} Pp

i 1.20Pp

g) 1.30Pp Hold for creep test
h) 1.00Pp Lock-off

i) Lift-off test

.5 Take duplicate readings on the foad cell and pump dial gauge at all load increment
levels. Record the elongation and load at each increment.

GEA Gygax Engineering Agsociaies Lid. 7 Rev. 0 18 July 2008
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Tyson Creek Hydro Corporation Division 2: Site Work
Tyson Creek Hydroeleicric Project Section 02390 - Rock Anchors, Bolts and Dowel, Bolts and Dowels

6 Creep test: perform as part of all proof tests:

a} Hold the proof load (1.30 Pp) for at [east 10 minutes.

b) Record the elongation at 0 sec, 30 sec, 1 min., 5 min. and 10 min.
7 The anchor is acceptable if all the following are satisfied;

a) There is less than 1 mm of movement hatween the 1 and 10 minute mark, tha creep
rate is less than 2 mm per log-cycle of time and the creep rate is linear or decreasing
throughout the lcad-hold period.

b) The total movement of the anchor head at all load levels is within 80 and 100% of the
theoretical elastic elongation of the free anchor length at that load.

.8 Anchors that fail the proof test must be replaced per the Engineer’s instructions at no
extra cost to the Owner.

9 After lock-off, but hefore removing the jack and load celi, determine the load required to
lift off the end anchorage. If this load is less than 95% of Py, repeat the lock-off and lift-
off test.

3.7. Records
.1 Keep an anchor record during the instafiation period for each anchor.
2 For each ancher, record:
a} Contractor's name
b} Drill rig operator’'s name
¢} Anchor iocation
d) Deviation from specified tolerances
e) Design anchoer fength
f) Installed anchor length
g) Date, start and finish time of drilling

h) Borehole log, including groundwater conditions, casing or bentonite requirements,
caving or sloughing experienced, drilling difficulties encountered.

GEA Gygax Engineering Associates Lid. 8 Rev. 0 18 July 2008
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Tyson Creek Hydro Corporation Division 2: Site Work
Tyson Creek Hydroeleteric Project Section 02390 - Rock Anchors, Bolts and Dowel, Bolts and Dowels

i) Date, time and method of grouting.

i) Quantity of grouts placed.

k} Record of stressing and proof testing.
) Design mgdifications made

.3 Maintain and sign all records in ink.

3.8. Protection and Cleanup

| At completion and during progress of the work maintain premises in a neat and orderly
manner. Dispose of all rubbish, construction debris and surplus materials at least on a
weekly basis.

2 Cover and protect the work from damage by work of other sections.

3 Protect the work of other sections from damage resulting from the work of this section.

END OF SECTION 02390
18 July 2008

GEA Gygax Engineering Associates Ltd. g Rev.0 18 July 2008
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Tyson Creek Hydro Corporation
Tyson Creek Hydroelectric Project

Division 2: Site Work
Section 02491 - Rock Grouting

02491 ROCK GROUTING

1

GENERAL

1.1 Related Work

1.2 Work Inciuded

1.2 Reference Standards
1.3 Submittals

1.2 Quiality Assurance
1.3 Site Conditions

1.4 Coordination

1.5 Inspection

PRODUCTS

2.1 Grout Materials

2.2 Grout Mixes

2.3 Equipment

2.4 Water-Pressure Testing Equipment

EXECUTION

3.1 General

3.2 Injection Hole Drilling

3.3 Grout Mixing and Transpori

3.4 Injection

3.5 Control Borings

3.6 Water Pressure Testing (Lugeon Method)
3.7 Protection and Clean-up
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GEA Gygax Engingering Associates Ltd.

Rev. A, 19 September 2607
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Tyson Creek Hydro Corporation Division 2: Site Wark
Tyson Creek Hydroelectric Praject Section 02491 - Rock Grouting

1 GENERAL

11 Related Work

N

2

Rock Excavation Section 02311

Cast-in-Place Concrete Section 03300

1.2  Work Included

A

2

3

4

Consalidation grouting to reduce the permeability of the rock mass.

Contact grouting between concrete struciures and rock i{o reduce the permability,
and increase the adhesion of the contact.

Coring and drilling through rock and concrete.

Grouting of joinis, fissures cracks and cavities in the rock.

1.3 Reference Standards

N

Do work in accordance with the current versions of the following standards except
where specified otherwise.

British Columbia Building Code.

Canadian Standards Association (CSA);

a) CSA A23.1: Concrete Materiais and Methods of Concrete Construction
by CSA A23.2: Methods of Test for Concrete

¢} CSA A179: Masonry Mortars and Grouts

d) CANICSA A3000: Cementitious Materials Compendium

4 American Society for Testing and Materials (ASTM} Standards
a) ASTM C494: Chemical Admixtures for Concrete
b) ASTM C1017: Chemical Admixiures for Use in Producing Flowing Concrete
GEA Gygax Engineering Associates Lid. 1 Rev. A, 19 September 2007
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1.4 Submittals

.1 Mix Design: Submit four {4) copies of the proposed grout mix design to the
Engineer at least ten working days before any grout is placed on site. include:

a) Name of Supplier
b) Specification and proportions by weight of each design component.
c) Alladmbdures

2 Delivery tickets: Submit copies of delivery ticket for each load of grout delivered to
the site together with progress draw each month.

1.5 Quality Assurance
.1 The Owner will appoint a testing agent, who at the Owner's cost, will:
a) Review the proposed mix designs.

by Take sampies of grout as it is delivered to the point of final deposit. Make one
set of three test cubes for every 3 cubic metres of grout placed but not less than
one set each day if less than 3 cubic metres are placed.

¢) Record the grout temperature, air temperature, lacation of pour and mix number
for each set of test cubes made,

d) Make one additional grout cube during cold weather when air temperature is
forecast below 5°C within 72 hours of concrete piacement. Test additional cube
as directed by the Engineer.

e) Test grout for density and viscosity from each day's pour at the time that grout
cuthes are made.

f) Test one cube at 7 days and two cubes at 28 days. Compressive strength is
defined as the average strength of 2-28 day cubes taken from a single batch.

g} Notify the Contractor and Engineer immediately if the resuits of these tests are
not in accordance with the specifications.

h) Send copies of all results to the Engineer and Owner's representative and
Contractor.

.2 f testing of grout cubes indicates grout below the specified strength, core sampies
of the in-situ grout shall be taken and tested tc verify the grout meets the

GEA Gygax Engineering Asscciates Lid. 2 Rev. A, 19 September 2007
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specifications. Costs of all retesting and remedial work to repair grout, if required, to
be barne by the Contractor.

.3 In the event that the grout does not meet the specified requirements after retesting,
the Engineer shall have the right to require remediai measures or to require the
grout be removed and repiaced at no extra cost to the Owner.

1.6 Site Conditions

1 Lew Temperature Conditions: Comply with the requirements of CSA A23.1 for work
when the air temperature falls below 5°C. Do not place grout if temperature is less
than 0°C.

.2 Hot Weather Conditions: Comply with CSA A23.1 for work when the air
temperature is above 30°C.

1.7  Coordination

.1 Be responsible for correctness of measurements and report to the Engineer, in
writing, all discrepancies betwesen measurements and those shown on drawings
prior to commencing waork.

.2 The Engineer may modify the injection programme at any time in order to suit actual
site conditions as they are reveated during the construction activities.

1.8 Inspection
.1 Obtain the Engineer's approval before drilling injection holes or injecting grout.

.2 Provide at least 24 hours notice to the Engineer for required inspections.

2 PRODUCTS

2.1 Grout Materials
.1 Cement: Type GU or HE, conforming to CSA 3000.

.2 Bentonite: sodium montmorillonite with following properties:

a) Retention on #200 sieve £2.5%
b} Maisture =10%
¢) Fan reading 2 30 at 600 rpm
GEA Gygax Engineering Associates Lid. 3 Rev. A, 19 September 2007
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d) Yield point 3 x plastic viscosity
e} Plasticity index z 400%

.3 Aggregates: Fine aggregates comprising natural round-grained sand conforming to
CSA A179. Maximum size of coarse aggregate 2.4 mm. Grading:

Particle size % finer
{mm)
24 100
1.2 95 to 100
0.6 60 to 85
0.3 20 to 50
0.15 10 to 30
0.075 Cta s

4 Water: potable. Use hot water in the mix when forecasted temperature is below 5°C.

5 Accelerating, retarding and water-reducing admixiures: to ASTM C494 and only with
prior approvai of the Engineer.

.6 Superplasticizers: to ASTM C117.
2.2 Grout Mixes
.1 Conform to CSA A179 and British Columbia Building Code.

2 Grout mixes are 1o be designed hy the Contractor to meef the requirements listed
hergin and in the Notes on the structural drawings. Grouts are principally expected
to comprise cement, water and plasticizing admixtures as wel! as small amounts of
bentonite. Grouts containing aggregates and accelerating admixfuras may be used
to fill large voids near to the injection boreholes, and when grout takes are high.

2.3 Equipment

1 Selsct mixing, pumping, transport and injection equipment as required o suit the
proposed method of execution,

.2 Injection equipment must be capable of injecting grouts at the following pressures:

a} Consolidation grotting up to 3000 kPa.
b) Contact grouting up to 500 kPa}.
GEA Gygax Engineering Associates Lid. 4 Rev. A, 19 September 2007
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.3 Injection equipment must be furnished with gauges capable of reading injection
pressures to an accuracy of 5% of the design injection pressure.

4 Injection pipes must be capable of reaching each injection stage of the borehole and
be furnished with packers or manchettes capable of providing a tight seal hetween
ihe injection pipe and the borehole.

.5 Packers shall consist of mechanically expanded rings or pneumatically expanded
sieeves of rubber or other suitable material, which can be set tightly in a drillhole at
any depth required. Packers shail be capable of withstanding pressures of up to
10000 kPa without leakage. Keep at the site single packers, as well as double
packers spaced 3 and 6 m apart to allow to isolate & section of a hale, and shal
have an adequate supply of spare packers of a size to suit the various drill hale
diameters.

2.4 Water-Pressure Testing Equipment

.1 Provide a sufficient number of complete sets of pressure testing equipment (with
spares) to allow simuitaneous testing at the various driliing locations.

.2 Uniess otherwise directed by the Engineer, the pumps shall have a capacity of 100
liters per minute at a pressure of 2500 kPa and shall be capable of exerting a
pressure of at least 5000 kPa. The pumping system shall be capabie of maintaining
any desired pressure without fluctuation and the pressure and discharge must be
continuously adjustable.

.3 Water pressure shall be measured by means of a pressure gauge with an accuracy
of 50 kPa and a range of 5000 kPa. Discharge shall be measured with an accuracy
aof 2%. The water meter shall measure the discharge from 0.5 {/min. Water meters
as well as all pipes, hoses and couplings shall be designed to resist a pressure of
6000 kPa.

4 Water meters and pressure gauges shall be calibrated and certified by an
independent laboratory prior to installation at the Site and shall be subject to
periodic verification. One pressure gauge and one meter shall, after independent
checking, remain at the disposal of the Engineer for further checking purposes. The
Contractor may be requested to establish, by way of tests, correction graphs for
pressure losses occurring in the pipes. Pressure gauges shall be installed directly at
the collar of the drillhole.

.5 For water levet measurements, electrical probes with an accuracy of 10 mm shall be
used. They shall be provided with measuring tapes marked with centimeter
gradations.

GEA Gygax Engineering Associates Ltd. a Rev. A, 19 September 2007
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3 EXECUTION

3.1 General

.1 Al work of this section must take place in the presence of the representative of the
Engineer, uniless that person decides, on a day by day basis, thal their presence is
not required.

.2 Consolidation grouting is expected to be either in single or in muitiple stages, using
the successive withdrawl method, depending on the rock conditions encountered.

.3 Contact grouting is expected to be in a singie stage.

4 Single-stage Grouting: Single-stage grouting is carried out by introducing the grout
at either the collar of the hole through a nipple or by means of a grout supply pipe at
the bottom of the hole. The entire [ength of the hole is grouted in one operation,

5 Mulfi-stage Grouting using the successive withdrawl method: the hole is drilled to its
fuil depth, washed out, and the packer is set at the top of the deepest section be
grouted. The section is then water-pressure tested and grouted at the required
pressure through the grout supply pipe. The packer is allowed to remain in place
until there is no back pressure and then withdrawn fo the top of the next deepest
section to be grouted, and thus successively water-pressure testing and grouting
the entire length of the hole.

.6 Design injection pressures and pump injection pressures will be confirmed by the
Engineer after injection hole drilling and will be based on:

a) The anlicipated grout takes.

b} The number of injection stages.

c) The depth of the packer for a given injection stage.
d) Any other relevant geotechnical considerations.

.7 Design injection pressures are defined as the pressure in the borehole beyond the
packer. For deep packer placements, the design injection pressure is equal to the
injection pump pressure plus the product of the vertical distance between the pump
pressure gauge and the packer and the density of the fluid grout.

3.2 Injection Hole Drilling

.1 Consolidation Grouting:

GEA Gygax Engineering Associates Lid. ) Rev. A, 19 September 2007
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a) Hole diameter to suit injection pipe packer diameter, but not less than 45 mm.
b) Drilt holes no closer than 8 m to holes previously grouted within 24 hours.
c) Carefully log cuttings or core recoveries.
d) Drill hole to slopes, depths andfor lengths specified.
g) Perform Water Pressure Tests in all consolidation grouting injection hotes.
.2 Contact grouting
a) Hole diameter to suit injection pipe packer diameter, but not less than 25 mm,
by Drilf contact grout holes after completing the concrete structures.

c) Inlieu of drilling through concrete, pre-placed pve sleeves of equal diameter 1o
the borehole diameter may be used.

d} In general, drill all contact grouting holes for a given structure prior to
commencing grout injection.

e} Carefully log cuttings or core recoveries.
fy  Drill hele to slopes, depths and/or lengths specified.
3.3 Grout Mixing and Transport

.1 Do not mix concrete while the air temperature is below 5°C. The Contractor is
responsible for any defective work resulting from freezing or injury in any manner
during placing and curing and shall replace concrete not meeting these
specifications at no extra cost to the Owner,

.2 Truck-mixed and mechanical small batch mixed grout. mix for a minimum of 3
minutes and a maximum of 5 minutes.

.3 Discharge grout at the placing site within
a) 1 hours after cement was first introduced into the mix.
b) Prior to any set of the mix.

.4 Comply with the requirements of CSA A23.1 when the air temperature rises above
30°C.

GEA Gygax Engineering Associates Lid. 7 Rev. A, 10 September 2007
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5 Comply with the requirements of CSA A23.1 when the air iemperature falls below
5°C.

3.4 Injection
.1 Inject grout using the single stage or mutiti-stage injection method defined above,
.2 Definition of completion of grouting:

a} The grout take, at the maximum injection pressure, is less than 30 #tres per 10
minuies.

b) Stop contact grouting immediately if grout is observed exiting adjacent
construction joints, concrete-rock contact joinis or from the face of the rock
mass. Move the to the next injection hole and continue iniecting from this hole.

3.5 Control Borings

.1 Perform control borings as required by the Engineer.

.2 Carefully lag cuttings/recovered cores.

.3 Perform Water Pressure Tests in all control borings.

4 Fully grout the controt borehole after Water Pressure Tests are complete,
3.6 Water Pressure Testing (Lugeon Method)

.1 Perform water-pressure tests by the Lugeon Test Method in grout and exploratory
holes or section of holes, as the driliing proceeds cr after comptetion of a drilthole,
as and where directed by the Engineer.

.2 The permeabilty as measured in the drillholes shall be expressed in Lugeon units, 1
Lugeon unit is equal to a water take of 1 liter per minute per linear meter of hole at a
pressure of 1000 kPa.

.3 Seal the hole or section of a hole io be subject to testing with single packers, or
double packers with the packers 3 m apart. Measure the groundwater table, if any,
before and after each test.

4 After the packer is installed, flush the drillhole throughly and check that the flow
through the packer is not obstructed.

5 Pump water shall be pumped into the hole through a header apply pressure in steps
up to the maximum pressure. The maximum pressure shall be determined by the
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Engineer, but shall in general not exceed 1000 kPa. Where water-pressure tests are
carried out in grout holes, the maximum pessure shali not exceed the maximum
grouting pressure to be used. Unless otherwise directed by the Engineer, the
pressure steps shall be as follows:

Step Pressure

0.2 Pmax
0.5 Prax

Pmax
0.5 Prax
0.2 Prax

M b Ly I —

.8  Woater take measurements shalt be started only after a stable pressure has been
established. For each pressure step, measure water takes 3 times for periods of 3
minutes each. Each pressure step will therefore require approximately & minutes
and the totaf time requirement for each Lugeon Test will be 45 minutes to 1 hour.

.7 If during water take measurements the rate of take or pressure changes, extend the
test until discharge and pressure remain constant over a period of 5 consecutive
minutes,

8 Hf, due to high takes, it is not possible to maintain the required pressure, operate the
pump at its maximum discharge rate for 10 minutes and measure the pressure at 2
minute intervais.

3.7 Protection and Clean-up

1 At completion and during progress of the work maintain premises in a neat and
ordetly manner. Dispose of all rubbish, construction debris and surplus materials at
least on a weekly basis.

.2 Cover and protect the work from damage by work of other sections.

3  Praotect the work of other sections from damage resulting from the work of this
section.

END OF SECTION 02495

19 September 2007
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Structural Steel
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1 GENERAL

1.1 Related Work

N

2

Rock Excavation Section 02311

Cast-in-Place Concrete Section 03300

1.2 Work Included

A

2

3

4

Consolidation grouting to reduce the permeability of the rock mass.

Contact grouting between concrete structures and rock to reduce the permabiiity,
and increase the adhesion of the contact.

Coring and drilling through rock and concrete,

Grouting of joints, fissures ¢cracks and cavities in the rock.

1.3 Reference Standards

B

Do work in accordance with the current versions of the following standards except
where specified otherwise.

British Columbia Building Cade.

Canadian Standards Association (CSA):

a} CS8A A23.1: Concrete Materials and Methods of Concrete Construction
b) CSA A23.2: Methods of Test for Concrete

¢} CSA A179: Masonry Mortars and Grouts

d) CAN/CSA A3000: Cementitious Materials Compendium

American Society for Testing and Materials (ASTM) Standards

a) ASTM C494; Chemical Admixtures for Concrete

b} ASTM C10147; Chemical Admixtures for Use in Producing Flowing Concrete

GEA Gygax Engineering Associates Lid. 1 Rev. A, 19 September 2007
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1.4 Submittals

1 Mix Design:  Submit four {(4) copies of the proposed grout mix design to the
Engineer at least ten working days before any grout is placed on site. Include:

a) MName of Supplier
b) Specification and proportions by weight of each design component.
¢) Al admixtures

.2 Delivery tickets: Submit copies of delivery ticket for each load of grout delivered to
the site together with progress draw each month.

1.5 Quality Assurance
.1 The Owner will appoint a testing agent, who at the Owner’'s cost, will:
a} Review the proposed mix designs.

b} Take samples of grout as it is delivered to the point of final deposit. Make one
set of three tesi cubes for every 3 cubic metres of grout placed but not less than
one set each day if less than 3 cubic metres are placed.

c) Record the grout temperature, air temperature, location of pour and mix number
for each set of test cubes made.

d) Make ane additional grout cube during cold weather when air temperature is
forecast below 5°C within 72 hours of concrete placement. Test additional cube
as directed by the Engineer.

e) Test grout for density and viscosity from each day's pour at the time that grout
cubes are made.

fy Test one cube at 7 days and twe cubes at 28 days. Compressive strength is
defined as the average strength of 2-28 day cubes taken from a single batch.

g) Notify the Contractor and Engineer immediately if the resulis of these tests are
not in accordance with the specifications.

h) Send copies of all results to the Engineer and Owner's representative and
Contractor,

.2 If testing of grout cubes indicates grout below the specified strength, core samples
of the in-situ grout shall be taken and tested to verify the grout meets the

GEA Gygax Enginecring Associates Ltd. 2 Reav. A, 19 September 2007
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specifications. Costs of all retesting and remedial work to repair grout, if required, to
be borne by the Contractor.

.3 In the event that the grouf does not meet the specified requirements after retesting,
the Engineer shall have the right to require remedial measures or to recuire the
grout be removed and replaced at no extra cost to the Owner.

1.6 Site Conditions

.1 Low Temperature Conditions: Comply with the requirements of CSA A23.1 for work
when the air temperature falls below 5°C. Do not place grout if temperature is less
than 0°C.

.2 Hot Weather Conditions: Comply with CSA A23.1 for work when the air
temperature is above 30°C.

1.7 Coordination

.1 Be responsible for correctness of measurements and repart to the Engineer, in
writing, all discrepancies beitween measurements and those shown on drawings
priar to commencing work.

.2 The Engineer may modify the injection programme at any time in order to suit actual
site conditions as they are revealed during the construction activities.

1.8 Inspection
.1 Obtain the Engineer's approval before drilling injection holes or injecting grout.

.2 Provide at least 24 hours notice to the Engineer for required inspections.

2 PRODUCTS

2.1  Grout Materials
.1 Cement: Type GU or HE, conforming to CSA 3000.

.2 Bentonite: sodium montmoritionite with following properties:

a) Retention on #200 sieve < 2.5%
pb) Moisture < 10%
¢) Fan reading 2 30 at 860 rpm
GEA Gygax Engineering Associates Lid. 3 Hev. A, 19 September 2007
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d) Yield point 3 x plastic viscosity
g) Plasticity index 2 400%

.3 Aggregates: Fine aggregates comprising natural round-grained sand conferming to
CSA AT79. Maximum size of coarse aggregate 2.4 mm. Grading:

Particle size % finer
(mm)
2.4 100
1.2 95 to 100
0.6 60 1o 85
0.3 20 t0 50
0.15 10 to 30
0.075 Oto 5

4  Water: potable. Use hot water in the mix when forecasted femperature is below 5°C.

.5 Accelerating, retarding and water-reducing admixtures: to ASTM C494 and only with
prior approval of the Engineer,

B Superplasticizers: to ASTM C1017.
2.2  Grout Mixes
.1 Conform to CSA A179 and British Columbia Building Code.

.2 Grout mixes are to be designed by the Contractor to meet the requirements listed
herein and in the Notes on the structural drawings. Grouts are principaily expected
to comprise cement, water and plasticizing admixtures as wel as small amounts of
bentonite. Grouts containing aggregates and accelerating admixtures may be used
to fill large voids near o the injection boreholes, and when grout takes are high.

2.3 Equipment

.1 Select mixing, pumping, transport and injection equipment as reguired to suit the
proposed method of execution.

2 Injection equipment must be capable of injecting grouts at the following pressures:

a} Consolidation grouting up to 3000 kPa.
b) Contact grouting up to 500 kPal.
GEA Gygax Engineering Associates Lid. 4 Rev. A, 19 September 2007
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.3 Injection equipment must be furnished with gauges capable of reading injection
pressures to an accuracy of 5% of the design injection pressure.

4 Injection pipes must be capable of reaching each injection stage of the borehole and
be furnished with packers or manchettes capable of providing a tight seal between
the injection pipe and the horehole,

.5 Packers shall consist of mechanically expanded rings or pneumatically expanded
sleeves of rubber or other suitable material, which can be set tighily in a drillhole at
any depth required. Packers shail be capable of withstanding pressures of up o
10000 kPa without leakage. Keep at the site single packers, as well as double
packers spaced 3 and 8 m apart to allow to isclate a section of a hole, and shall
have an adequate supply of spare packers of a size to suit the various drill hole
diameters.

24 Water-Pressure Testing Equipment

1 Provide a sufficient number of complete sets of pressure testing equipment (with
spares) to allow simultaneous testing at the various drilling locations.

.2 Untess otherwise directed by the Engineet, the pumps shall have a capacity of 100
liters per minute at a pressure of 2500 kPa and shall be capable of exeriing a
pressure of at least 5000 kPa. The pumping system shall be capable of maintaining
any desired pressure without fluctuation and the pressure and discharge must be
continuously adjustable.

.3  Water pressure shall be measured by means of a pressure gauge with an accuracy
of 50 kPa and a range of 5000 kPa. Discharge shali be measured with an accuracy
of 2%. The water meter shall measure the discharge from 0.5 l/min. Water meters
as well as all pipes, hoses and couplings shall be designed fo resist a pressure of
8000 kPa.

4 Water meters and pressure gauges shall be calibrated and certified by an
independent laboratary prior to installation at the Site and shall be subject to
periadic verification. One pressure gauge and one meter shall, after independent
checking, remain at the disposal of the Engineer for further checking purposes. The
Contractor may be requested to establish, by way of tests, correction graphs for
pressure losses occurring in the pipes. Pressure gauges shalt be installed directly at
the collar of the drillhole.

5 For water level measurements, electrical probes with an accuracy of 10 mm shall be
used. They shall be provided with measuring tapes marked with centimeter
gradations.

GEA Gygax Enginearing Associates Lid. 5 Rav. A, 18 September 2007
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3 EXECUTION

3.1 General

.1 All work of this section must take place in the presence of the representative of the
Engineer, uniess that person decides, on a day by day basis, that their presence is
not required.

.2 Consolidation grouting is expected to be either in single or in multiple stages, using
the successive withdrawl method, depending on the rock conditions encountered.

3 Contact grouting is expected to be in a single stage.

4 Single-stage Grouting: Single-stage grouting is carried out by introducing the grout
at either the collar of the hole through a nipple or by means of a grout supply pipe at
the bottom of the hole. The entire length of the hole is grouted in one operation.

.5 Multi-stage Grouting using the successive withdrawl method: the hole is drilled to its
full depth, washed out, and the packer is set at the top of the deepest section be
grouted, The section is then water-pressure tested and grouted at the required
pressure through the grout supply pipe. The packer is allowed to remain in place
until there is no back pressure and then withdrawn to the top of the next deepest
section to be grouted, and thus successively water-pressure testing and grouting
the entire length of the hole.

.6 Design injection pressures and pump injection pressures will be confirmed by the
Engineer afier injection hole drilling and will be based on:

a) The anticipated grout takes.

b} The number of injection stages.

c) The depth of the packer for a given injection stage.
d} Any other relevant geotechnical considerations.

.7 Design injection pressures are defined as the pressure in the borehole beyond the
packer. For deep packer placements, the design injection pressure is equal io the
injection pump pressure plus the product of the veriical distance between the pump
pressure gauge and the packer and the density of the fluid grout.

3.2 Injection Hole Drilling

.1 Consolidation Grouting:

GEA Gygax Engineering Associates Ltd. 6 Rev. A, 19 September 2007
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a) Hole diameter to suit injection pipe packer diameter, but nat less than 45 mm.
) Drill holes no closer than 8 m to holes previcusly grouted within 24 hours.
¢) Carefully log cuttings or core recoveries,
d) Drill hole to slopes, depths and/or lengths specified.
e) Perform Water Pressure Tests in all consolidation grouting injection holes.
.2 Contact grouting
a) Hole diameter to suit injection pipe packer diameter, but not less than 25 mm,.
b) Drilt contact grout holes after completing the concrete structures.

¢} Inlieu of drilling through concrete, pre-placed pvc sleeves of equal diameter to
the borehole diameter may be used.

d) in general, drill all contact grouting holes for a given structure prior 1o
commencing graut injection.

e) Carefully log cuttings or core recoveries.
f}y  Drill hole to slopes, depths and/or lengths specified.
3.3  Grout Mixing and Transport

.1 Do not mix concrete while the air temperature is below 5°C. The Contractor is
responsible for any defective work resuliing from freezing or injury in any manner
during placing and curing and shalt replace concrete not meeting these
specifications at no extra cost {o the Qwner.

.2 Truck-mixed and mechanical small batch mixed grout: mix for a minimum of 3
minutes and a maximum of 5 minutes.

.3 Discharge grout at the placing site within
a) 1 hours after cement was first introduced into the mix.
b) Prior to any set of the mix.

4 Comply with the requirements of CSA A23.1 when the air temperature rises above
30°C.

GEA Gygax Engineering Associaies Ltd. 7 Rev. A, 19 September 2007
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5 Comply with the requirements of CSA A23.1 when the air temperature fails below
5°C.

3.4 Injection
.1 Inject grout using the single stage or mulii-stage injection method defined above.
.2 Definition of completion of grouting:

a) The grout take, at the maximum injection pressure, is fess than 30 litres per 10
minutes.

b) Stop contact grouting immediately if grout is observed exiting adjacent
construction joints, concrete-rock contact joints or frem the face of the rock
mass. Move the io the hext injection hole and continue injecting from this hole.

3.5 Control Borings

.1 Perform controi borings as required by the Engineer,

.2 Carefully log cuttings/recovered cores.

3 Perform Water Pressure Tests ih all controt borings.

.4 Fully grout the control borehole after Water Pressure Testis are compiete.
3.6 Water Pressure Testing (Lugeon Method)

.1 Perform water-pressure tests by the Lugeon Test Method in grouf and exploraicry
holes or section of holes, as the driling proceeds or after completion of a dritthole,
as and where directed by the Engineer.

2 The permeazbilty as measured in the drillholes shall be expressed in Lugeon units, 1
Lugeon unit is equal to a water take of 1 liter per minute per linear meter of hole at a
aressure of 1000 kPa.

.3 Seal the hole or section of a hole to be subject to testing with singie packers, or
double packers with the packers 3 m apart. Measure the groundwater table, if any,
before and after each test.

4 After the packer is instalied, flush the drilthole throughly and check that the fiow
through the packer is not obstructed,

5 Pump water shall be pumped into the hoie through a header apply pressure in steps
up to the maximum pressure. The maximum pressure shall be determined by the

GEA Gygax Engineering Associates Lid. 8 Rev. A, 19 September 2007
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Engineer, but shall in general not exceed 1000 kPa. Where water-pressure tests are
carried out in grout holes, the maximum pessure shall not exceed the maximum
grouting pressure to be used. Unless otherwise directed by the Engineer, the
pressure steps shall be as follows:

Step Pressure
1 0.2 Prax
2 0.5 Pmax
3 Pmax
4 0.5 Prax
5 0.2 Prax

.6 Water take measurements shall be started only after a stable pressure has been
established. For each pressure step, measure water takes 3 times for pertiods of 3
minutes each. Each pressure step will therefore require approximately 9 minutes
and the total time requirement for each Lugeon Test will be 45 minutes ta 1 hour.

.7 If during water take measurements the rate of take or pressure changes, exiend the
test until discharge and pressure remain constant over a period of 5 consecutive
minutes.

.B K, due to high takes, it is not possible to maintain the required pressure, aperate the
pump at its maximum discharge rate for 10 minutes and measure the pressure at 2
minute intervails.

3.7 Protection and Clean-up

.1 At completion and during progress of the work maintain premises in a neat and
orderly manner. Dispose of all rubbish, construction dehris and surplus materials at
least on a weekly basis.

.2 Cover and protect the work from damage by work of other sections.

.3 Protect the wark of other sections from damage resulting from the work of this
section.

END OF SECTION 02495

19 September 2007

GEA Gygax Engineering Associates Lid. g Rev. A, 19 September 2007
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Tunneling

Rock Anchors, Belts and Dowels
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Steel Pipe

Pipeline and Penstock Installation
Concrete Formwork and Falsework
Concrete Reinforcement
Concrete

Pipe Weiding

Structural Steel

Door & Frame Schedule
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Standard Steel Frames

Finish Hardware
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Painting
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Butterfly Valves

Packaged Pump Station

Basic Mechanical Materials and Methods
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Process Piping

Valves
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1. GENERAL

1.1. Related Work

.1 Excavation, Trenching and Backfili  Section 02200

.2 Roads Section 02224
.3 Cast-in-place Concrete Section 03330
4 Shotcrete Section 03361

1.2. Work Included

.1 Mohbilization of tunnelling equipment and supplies, ventilation
equipment, and all portal facilities required for the safe and
efficient execution of the wark.

.2 Scaling and rock-bolting at tunnel portals.

.3 Excavation and temporary support of a 2.75 m high by 2.5 m wide
tunnel of approx. 1055 m length in dioritic rock with some known
and other unknown fracture and shear zanes.

4 Placement of tunnel spoil in a designated spoil area at the tunnel
portal.

.5 Control of water and compliance with discharge water quality
requirements.

.6 Installation of permanent support in the tuninel.

1.3. Reference Standards

-1 Do work in accardance with the standards except where specified
otherwise,

.2 British Columbia Building Code 1292,

GEA Gygax Engineering Associates Ltd, Rev. A/
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.3 Workers Compensation Board Industrial Health and Safety
Regulations.

1.4. Additional Definitions

.1 Drawings: the plans, schedules and sketches prepared by the
Engineer.

2 Shop drawings: the plans, schedules and sketches prepared by
the Contractor as a part of the work of this Section.

1.5. Submittals

1 Safety Program, complete with names and copies of mine rescue
certificates and first aid certificates, proposed organization and safety
equipment.

.2 Proposed Ventilation Design

.3 Equipment List, of all production equipment for tunne! excavation and
support.

4 Shotcrete Mix Design: Submit four (4) copies of the proposed
shotcrete mix design to the Engineer at least ten working days before
any shotcrete is placed on site. Include:

a) Name of Supplier of all purchased materials

b) Specification and proportions by weight of each design
component.

c) All admixtures

d} Name and certificate of nozzleman assighed to the work. The
Engineer will require that tesi panels are made prior to and at
various times during the work for the purpose of gquality conirol
tests.

5. Portal Facilities Layout, to include details of proposed equipment, fuel
storage, explosives storage, lubricants and waste oil storage, office

GEA Gygax Engineering Associates Ltd. Rev. A/
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and change room, tunne} water treatment compiete with oit separator,
and speil area layout.

6 Grouting method statement, complete with description of proposed
equipment,

1.6. Quality Assurance
.1 The Owner will appoint a testing agent, who at the Owner's cost, will:
a) Carry out rock bolt pull tests.

b) Notify the Coniractor and Engineer immediately if the results of
these tests are not in accaordance with the specifications.

¢) Send copies of all results ta the Engineer and Owner's
representative and Comtractor.

1.7. Site Testing

.1 The Contractar shali carry out rock bolt pull tests to 60% of the yield
strength of the bolts on randomly selected bolts as agreed with the
Engineer, testing 2% of the total number of boits installed.

1.8. Site Conditions

1 Tunnel construction operations shall comply with appiicable laws and
regulations governing ventilation; fuel, tubricant and waste oil starage;
explosives handiing and storage; and freatment and discharge of
water.

1.9. Coordination

.1Be responsibie for correctness of tunnel alignment surveys.

1.10. Inspection

.1 The Contractor shali be responsibie for installation of all temporary
support measures in the tfunnet and shall carry out such

GEA Gygax Engineering Associaies Lid. Rev. A/
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evaluations of the ground conditions as he deems necessary to
assure safe and efficient progress of the work.

.2 The Contractor shall notify the Engineer whenever Class IV or
Class V ground conditions are enccuniered to give the Engineer
an opportunity to inspect the ftunnel prior to covering with
shoicrete.

.3 The Engineer wili carry out mapping for the purpose of rock
classification and will designate in writing to the Contracior, the
limits of the rock class designations and permanent support types
to be installed by the Contractor.

4 Provide at least 4 hours notice to the Engineer for required
inspections.

1.11. Measurement and Payment

.1 Unit prices submitted shall be used to calculate the cost of the
wark.

.2 Mobilization for tunnel construction wili be paid at the lump sum
price emtered for this item in the Schedule of Estimated Quantities
and Prices and shall include for all costs of establishment of the
portal facilities in accordance with the portal facilities layout plan
submitted by the Contractor and approved by the Engineer.

.3 DPemobilization for tunnel construction will be paid at the [ump sum
price entered for this item in the Schedule and shall include for all
costs of removal of temporary facilities and final grading of the
tunnel spoil area.

.4 Excavation of the tunnel will be paid on the basis of linear metres
of funnel requiring each of the & support classes as designated by
the Engineer. Payment on a linear meter basis shall include for ali
costs of excavation to the lines, grades and dimensions shown on
the Drawings, for drilling of the probe haoles required by the
specifications, for disposal of tunnel spoil and for treatment and
discharge of water from the tunnel. No separate payment wiil be

GEA Gygax Engineering Associates Ltd. Rev. A/

Page130 of 150 FNR-2016-60484



... Project Technical Specification Saction 02290
Tunneling
Page 5 of §

made for passing bays, equipment recesses, or other
enlargements of the tunnel which the Contracior may elect to
excavate for his own convenience. No separate payment will be
made for installation, operation and final removal of tunnel
ventilation, lighting, power, water, compressed air and drainage
systems.

.5 Temporary support installed by the contractor for safety and
efficiency of production will, if accepted upon inspection by the
Engineer as correctly installed in accordance with the
requirements of permanent support, be paid at the unit rates for
permanent support.

.8 Permanent support measures installed in the tunnel and at the
portals will be paid at the unit rates entered for the relevant items
in the Schedule and shall include for alt costs of cleaning of rock
surfaces for shotcrete and concrete.

.7 Dirilling for drainage in Class V ground and grouting of spiling
pipes, if required by the Engineer, will be paid on the basis of
actual and necessary net cost plus 15% as demonstrated by
invoices for materials and equipment rental, transport, and
manpower timesheets from the Provisional Sum established by the
Engineer for this purpose. Work under provisional sums shall be
carried out only under the direction of the Engineer and shail be
carried out based on an agreed written method statement for each
occurrence.

2. PRODUCTS

2.1. Concrete Materials

.1 Refer to Section 03300,

2.2. Concrete Mixes

.1 Concrete Type C30, for tunnel invert in Class IV and V ground
support, refer to Section 03300.

GEA Gygax Engineering Associates Ltd. Rev. A/
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.2 Shotcrete = refer to Section 03361.

2.3. Grouts

.1 Neat cement grout shall be Portland cement Type 10 with addition
of 3% pre-hydrated bentonite by weight of cement, mixed in a high
shear mixer to 1:1 wfc ratio or such other consistency as the
Engineer may require.

.2 Epoxy resin cartridges for rock bolt anchoring shall be a
commercial praduct approved by the Engineer.

2.4, Rockbolts

1 Type 1 rockbolts as designated on the Drawings shall be 22 mm
nominal diameter Dywidag threaded bar with steel strength fy/fu of
413/620 MPa. Rockbolis shall be 1.2 m length for use in the
tunnel and 3 m length for use at the portals and shall be supplied
with 100 x 100 mm x 8 mm thick deformable face plates and
standard nuts as supplied by Dywidag.

2.5. Welded Wire Mesh

.1 Welded wire mesh shall be carbon steel welded wire mesh as
designated on the Drawings, 1562 x 152 x MW18.7 x MW18.7.

2.6. Tunnel Support Sets

.1 Tunnet support sets shall be W100 x 17 wide flange {-beams rolied
to the dimensions shown ¢on the drawings and provided with splice
plates and foot plates and welded angle brackets for spreader bars
as shown on the Drawings. The Contractor shall submit a detailed
fabrication sketch for review by the Engineer prior to ordering the
steel sets,

.2 Spreader bars shall be 25 mm nominal diameter reinforcing steel,
cut and bent on site to lengths as needed in the work.

.3 Spiling pipes shall be 75 mm dia steel pipe of minimum 8 mm wall

GEA Gygax Engineering Assoclates Ltd. Rev. A/
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thickness.

3. EXECUTION

3.1. Portal Facilities

4 The portal facililies established by the Contractor shalt be
constructed in a neat and orderly manner and shail be maintained
in full compliance with the requirements of the General Conditions
and Special Conditions, with particular emphasis on safety and
environmental considerations.

.2 The excavated face of the rock bluff for the south portal of the
tunnel shall be scaled, rockbolted and shotcreted for safety prior to
the start of tunnel excavation. The excavated face far the north
portal of the tunnel shall be scaled, rockboited and shotcreted for
safety prior to the tunnel face coming within 20 m of holing through
{o the north portal.

3.2. Tunnel Excavation and Support

1 The majority of the length of the tunnel is expected to be
excavated in very good and good dioritic rack, Class [ and Class 11
Notwithstanding this, a number of shear zones of varying width
and strength and with unknown water conditions are expected to
be intersected during the course of the work as shown on the
Drawings.

.2 The Cantractor shall drill a pilot hole or probe hole to 30 m ahead
of the face and shall redrill this probe hole afier each 15 m of
advance of the tunnel face, The Engineer may require that
additional probe holes be drilled if very soft ground and/or high
inflows of water are encountered.

3 In the event that significant water inflows and or ground conditions
indicative of Ciass V ground are intersected in the probe hoie(s),
the Contractor shall immediately notify the Engineer. The
Contractor shall have on 48 hr maximum mobilization leadtime

GEA Gygax Engineaering Associates Ltd. Rev. A/
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standby, grouting equipment for pressure grouting with narmal
cement grout or such other chemical grouts as may he approved
by the Engineer to reduce inflows and stabilize the ground prior to
excavation. Such work shall be carried out in accordance with a
method statement prepared by the Contractor and submitted {o the
Engineer for approval. If required, pregrouting of the tunnel will be
paid under the Provisional Sum item established for this
contingency.

A Drilling and blasting of the tunnel advance rounds shall be carried
out in accordance with commoniy accepted standards of good
workmanship for civit tunnelling and in full compliance with
applicable safety reguiations.

5 The contractor shall adjust his drilling pattern in accordance with
the ground conditions to produce a regular and clean profile and
shall avoid damage to the rock to the greatest degree reasonably
possible by appropriate loading and sequentiat firing of the holes.

6 Bcaling and temperary support shall be completed concurrently
with excavation advance and shall not lag behind the face by more
than the length of one round.

./ Permanent support shall be installed concurrenily with the
advance of the face and shall not lag behind the face by more than
50 m.

.8 Passing bays. turnouts, equipment recesses and any other
enfargements of the tunnel cross-section which the Contractor
elects to construct for his own convenience shali be excavated
only in Class | and Class Il ground to the dimensions and at the
locations approved by the Engineer. Such approval will not refieve
the Contractor of his obligations for construction of a safe and
stable funnel. Support installed in approved entargements will be
paid at the unit rates in the Scheduls.

9 All rock surfaces and surfaces of previously installed shotcrete
shall be pressure washed to assure a good bond of the shotcrete
to the substrate.

GEA Gygax Engineering Associates Ltd. Rev. A/
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A0 Drummy shofcrete, howsoever caused, shall be removed and
replaced at the expense of the Contractor.

.11 Rock bolts shall be installed as recommended by the material
suppliers, including flushing of the holes.

12 Adjacent panels of wire mesh shall be averlapped by one full mesh
or 152 mm, whichever is greater.

.13 Steel sets shall be instalied with temporary footblocks and shali be
brought to line and grade prior to shotcreting. Footblocks shall be
removed for installation of invert bracing and pouring of the
concrete invert slab.

END OF SECTION 02290

GEA Gygax Engineering Associates Lid. Rev, A/
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