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Tyson Creck Hydroelectric Project -Tunnel Contract
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02650 Steel Pipe
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03300 Concrete
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(08970 Field Applied Coatings
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16050 Basic Mechanical Materials and Methods
15075 Identification Systems

15100 Building Services Piping

15200 Process Piping

15210 Valves
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15800 Air Distribution
15900 Alr Controls
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1. ENVIRONMENTAL COMMITMENT

Development of small run-of-tiver 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
Encrgy Outlook 2004, hydropower will remain the largest source of renewable
“Green” electricity generation until 2030.

'The Government of Canada recognizes that hydropower is a clean and renewable
source of energy that offers many co-benefits for the envirorupent. Thanks to
hydropowcer, Canada has the lowest cost of electricity p:odu&;tl tand one of the most
reliable generating systems in the world.

deliver “Green™ hydro power to Brit
BC built its first small hydro facility

lltlsh Coly
iy run-of-thesi

Permium .
\amtenance :

The ope @ and maintenance for the Brandywine “Green” Power Project.
The comwﬁy is responsible for bringing the plant to optimuim operating
performance.

« Participation in a joint research project with UBC that resulted in the
devclopment of an industry leading hydro power reconnaissance software

tool. This tool will provide the company with a technological advantage in
selecting potential sites for low impact run-of-the-river hydro.

Draft Version 2 — April 30, 2008 2
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2. PROPOSED MONITORING PROGRAM

Tyson Creek is a tributary of the Tzoonie River located at the head of Narrows Inlet
near Sechelt, BC. It is a lake fed tributary that spills over a rock siil into a steep
bedrock and boulder strewn channel. The upper diversion reaches (immediately
downstream of the lake) are characterized by subsurface flows and large bouider
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 viclent
channel events evident by the accumulations of wood debris a d\large diameter
bedload materials, .

post diversion for specific environmental/biolog

information will be supplemented with the dat# 22006 for the

?f/

collection of biological and
n the proposed diversion

The purpose of the monitoring program is the co
physical data on Tyson Creek. The s i
reaches and will help RPC develog
the environment,

2.1 Reporting Protocol

-r]ed resuits from field activities. Data
georeferenced for future works with

_ grid monitoring programs will be summarized and
&d. Inférences will then be made with respect to the pre and
Results of the data collection and analysis will be

include the prévidns $ars’ data. All monitoring data will be accompanied by known
operating, naturab#nd or man-made incidents that may impact the environment and

possibly affect tfie monitoring results.

[n order to ensure monitoring procedures arc 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
oceur 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 [FR moving up or down or adjustment the monthly IFR’s. The purpose of

Draft Version 2 — Aprif 30, 2008 3
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this is to ensure project operation has minimal impacts and that both positive and
negative effects of the project are identified.

The proposed review agencies for the Tyson Creek project should include:

. Sechelt First Nation

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

. Fisheries and Oceans Canada

3. ENVIRONMENTAL MONITORING
3.1 Water Quality

Water quality baseline data was first collected |
diversion and 5 year post diversion. The purpb
identify changes in “key” water quality parime
and riparian habitats. The “key” watet quallty‘
identified in Lewis ef al. (2004) and are shown in
proposed sampling frequency.

Parameter

Dissolve Oxygen (Yesat)
Total Gas Pressurc ,
Temperature
TSS
Conductance”
Alkal mlty

Phours
Quarterly
Yearly (fow summer flow)
Yearly (low summer flow)
Quarterly
Quarterly
Quarterly
Quartcrly
Quarterty
Quarterly

Nitrate

Water samples . e collected at predetermined sample locations both above and
below the propo <4 tailrace (diversion), and at the outflow from the headwater lake.
Water quality data for 2005 and 2006 is reported in FSCI (2006). Water temperature
is logged using an Onset temperature logger. An additional 3 temperature loggers will
be installed at the lake, midway through the diversion reach section and immediately
above the tajlracc. These will be installed in the summer of 2007. There is currently
one data logger operaling ncar the mouth of Tyson Creek. A second data logger
located in the diversion sectlion was lost during a storm event.

Dissolved oxygen, TGP and pH will be measured in the field during collection of
water samples. The remaining parameters will 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 suimmarized annually and a
finat report prepared upon completion of the 5 years post diversion.

3.2 Stage versus Channel Geometry - Modify this based on reality of working in
difficult reaches???11!!

In 2006, a set of 5 cross sections were benchmarked and sup¥ %@gn the tower
portion of Rcach 4 (dlverswn reach) 1mmedlately above : roposcd tailrace, The

. . ¢
reaches. It is anticipated that the results would
power project in an adaptive management appros
production to downstream fish be@ ]

¢ Evaluate and 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 [FR and/or allow
quantitative data to adjust the initial IFR when coupled with cxpected aquatic

macroinvertebrate data.

3.3 Discharge versus Uscable Aveq (Added)

Draft Version 2 — April 30, 2008 5
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Add details of velocity depth transect process. Transects will be measured using
Swaffer 2100 and using weighted Useable Avea model provided by Ron Piolemy -
MoE, Current model has HIS for inverts.

Conditions (Q) to be measured or targeted is 2.5%, 3, 10, 20, 40 and 1007? MAD.
Similar model relationship to be buill as used on C hapman Creek in 2007 (Baies)

3.4 Macroinveriebrates

Salmonids are drift feeding fish with their growth and abundance correlated (o the
quality of habitat and abundance of food presented as msect(ﬁﬁﬁ“‘:[hls applies 1o
stream reaches that support salmonid population directly d8well as non fish bearing
1eaches that “feed“ ﬁsh bedrmg :edches Asa rcsult th ___,,”f"’y (Creek Hydro Power is

program that will
r the Tyson

g
In 2006, initial B-IB1 data was co&iectcd and presentid
will continue and follow the followik:

o Samples will be collected fro%:____ i

g
: ;\‘SiOn reachig 4
Mearing rcachi These sites will be gemeferenced

=]
the second in late sunumer at summer flows.

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

» The period of monitoring for invertebrates will include 1 -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

Page 9 of 218 FNR-2016-60489



The B-IB] is considered 2 reliable index of general stream health and a reflection of
anthropogenic impacts within a watershed. The monitoring of the B-IB] will achieve
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 guidelines that would help direct “green” hydro
development in the area.

3.4.2 Invertebrate Drift

As previously staied invertebrate drift is important in both fish.bearing streams and
non-fish bearing streams and specific information does exigigh dtshows measurable
changes in drift with changes in discharge. As resulta : ormg program to address
the question of insect drift versus changes in dlschm
the drift program would also be used with the cha
understand the IFR. :

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

s The sampling of insect driff
continued for 1-2 years prewdi
This should meet the requirety
recommended by MoE.

hab;tats d include georeferenced sites;
'? be[ow the tallrace ﬂsh bearmg reach

» 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 filtered, sorted
by size classes then photographed and sample invertebrates imeasured. Length
weight refationships will be applied to the samples using information provided
by MoE (J. Rosenfeld — UBC).

Draft Version 2 — April 30, 2008 7
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» 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).

o Invertebrate drift results will also be compared to changes in uscable arca and
where possible the [FR.

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

4. ADAPTIVE MANAGEMENT

monitoring results from each aspe
submzttcd to the regulatory agency tito each area i€ program. A detailed
Bl be}omp!eted at thc end of

aquatic habltat §iream ﬂow charactcnsttcs in support of applications to dams
divert or exiract widter from streams in British Columbia. Ministry of Water, Land
and Air. Protection, Vicloria, BC,

Stewardson, M. 2005, Hydraulic geometry of stream reaches. Journal of hydrology,
306:97-1101.

Draft Version 2 - April 30, 2008 g
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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 # C1205623

Water Stewardship — Lower Mainland
Ministry of the Envircnment

10470 152" Street

Surrey, BC

VIR 0Y3

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

Dear Sir;

RE: TysoN CREEK HYDROELECTRIC CORPCRATION
TysoN CREEK HYDROELECTRIC PROJECT
LeAVE TO COMMENCE CONSTRUCTION — AMENDED

Further to prior correspondence, please find attached 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 Censtruction — Part 1 Report,
the proponents of the Tyson Creek project have changed the project layout for economic and environmental
reasons 1o include a direct lake tap and underground tunnel. This arrangement efiminates approximately
B00 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 Lfs of instream Flow Release
(“IFR") stipulated in the conditional water licence to the originat Peint of Diversion {"POD") at the lake. in
order to comply with the IFR requirements, the propenents have proposed a pump and conduit system be
instalied that will deliver water from the downstream tunnet portal overland back up te 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 to the required construction activities for
the project up to the point of commencement of the diversion of water for the commissiening 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 tha project General
Arrangement and Design and Operating Criteria in accordance with the guidance provided by the "Scope of
Information and Reports by the independent Engineer”.

Attached is the Civil Design Basis Report - Revision F prepared jointly by the Tyson Creek Hydro
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 aftached are the Construction Environmental Management Plan and a technical
memorandum that deals with care and control of tunnel driliwater, again prepared jointly by TCHC and FSCI
Biological Consuitants (“FSCI"). FSCI is the proposed Environmental Monitor for the project.

TCHC has entered into an agreement with Three Point Equipment ("Three Point") for the civil works,
Canyon Turbines (“Canyan”) for the turbine generator and Unit Electrical Engineering Limited ("UEE") for
electrical works associated with the construction of the Tyson Creek generating station. | 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 detailed design proceeds and the Independent £ngineer will be reviewing the sealed
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engineering drawings as part of the review process for the issuance of the respective Leaves to Construct
for the various elements of the project.

I am also in receipt of a technical design memerandum prepared by KWL that rationalizes the IFR purip
system design and general arrangement. The Independent Engineer has reviswed 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 to operate in an ambient femperaiure 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 pensiock.

The use of redundant pumps and a buried cable will reduce of the likelihood of system failure. With
adequate control functions puilt 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 ouifall.

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 propenent is in the process of completing the Operating Environmental Monitoring Program ("CEMP™)
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 completing an appropriate OEMP, 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
Asrangement, Design and Operating criteria are consistent with the terms of the Conditional Water Licence
and meet accepted industry standards.

Yours very truly,

Gope [

George L. Steeves, P. Eng
Independent Engineer
BC Licence #27528
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WATER STEWARDSHIP DIVISION
MINISTRY OF ENVIRONMENT

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

1.1

1.2

1.21

INTRODUCTION

George Steeves, P. Eng. has been retained to serve as the Independent Engineer ("IE"}, 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 Generat Arrangement and the Design Criteria; (3) monitor
the construction of the works for conformance with the plans reviewed under {2}, (4) periodicaily
submit reports to the Ministry of Environment on the results of the reviews and of the plans and the
monitaring of the canstruction of the works; (5) provide Project Summary reports summarizing the
construction of the works, including as-built drawings, and confirming the works as constructed are
in accordance with the conditions of the Conditional Water License. This report is intended to
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 confiuence with Narrows Inlet which in turn is part of
Sechelt inlet! Tyson creek is @ high alpine watershed with a northwest exposure, approximately
70 km northwest of Vancouver.

The proposed project develops the hydraulic resources of the tower reaches of Tyson Creek, with
the point of diversion (“POD™) 4.7 km upsiream from the powerhouse which in turmn is 500 m
upstream of the confluence of Tyson Creek with the Twoonie River, 6 km upstream of its
discharge into Narrows Inlet.

With a gross head of 868 m and a drainage area of 11.06 kmz, the project has a total installed
capacity of 9.3 MW, and includes a submerged iake tap in the bed of Tyson Lake, a tunne! with
concrete plug, penstock, powerhouse, substation and transmission line 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
funnet portal iocations.

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
Cesign and Construction Manual.
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1.2.2 Lake Tap and Tunnel

Water will be withdrawn from the lake through a 400 m long tunnel driven intc the lake boftom using
lake tap principles. The tunnel will have & nominal 3 x 3 m horseshoe crass-section, enlarged locally
o accommodate rock traps and chambers. The tunnel wilt 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 turnel will convey water directly, under pressure. Upstream of the piug, there
will be two rock traps excavated in the floor of the tunnel, The first wilt be directly below the lake tap
and will be designed to capture the bulk of the rock from the final blast that will break inte the lake.
A secondary rock trap is located about 320 m downstream and just upstream of the concrete tuninel

plug.

The concrete piug 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 fo the penstock. The first stage of concrete will form the
interface between the concrete and the rock wall of the tunnel. This will be pressure grouted
through the concrete info the rock. The second stage of concrete will complete the plug and hold
the penstock infet pipe.

Downsiream of the piug, 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, 2 portal chamber, containing the IFR pumping equipment
and funnei ventilation system will be excavated near the downstream end of the tunnel. The portal
will be sealed by an exterior bulkhead wall incorperating a door for maintenance access.

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

The lake tap will be excavated from the tunnei in a single blast designed to drop the result waste
rock into & 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 crder to accurately map the rock profile in the bed ¢f 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 set. The concrete plug will then be constructed and
the tunne! flooded with water. Cnce the tunnel is flooded, 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” technique, an onrush of
water into the tunnel, which would have a tendency of washing blast rock down the length of the
tunnel, wilt be avoided.

1.2.3 instream Flow Relgase — Pump and Conduit

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

The IFR pumping system will consist of a pair of variable frequency, horizontat 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 Lisecond to the lake outfall over the entire expected range of net heads. The
pumps will be attached to 470 m long, surface mounted HDPE (Sclairpipe) pipe with a diameter of
250 mm. The pipeline will be secured to the ground at nominal spacing that will be determined
during detailed design,

Primary power will be supplied to the pumps through a buried cabte from the powerhouse [aid next
to the penstock.

The system will require up to 57 kW (75 HP) of capacity and the range of dynamic net head wifl
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 funnel plug, 80 m upstream
of the tunnel portal. The penstock within the tunnel will be mounted on concrete cradies. Once
outside the tunnet portal, the batance of the penstock will run 4,040 m to the powerhouse. The
average gradient aover the penstock length is 19.4 %. The steepest section of the penstock is a
short 440 m section, 250 m downstream of the tunne! portal. Qver the 440 m, the penstock falls 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. H 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 designed concrete thrust blocks at all vertical or
horizontal direction changes. This section of the penstock wili be above grade. The design will
incorporate the required expansion jaints.

For the balance of the sieel penstock alignment (St 14210 to Sta. 4+620), the penstock will be
buried. The design incorporates the interaction between the soil and the pipe to resist the thermal
and hydraulic transient loads. The IE will be reviewing the detailed design for the high pressure
penstock sections both with respect to the selected design criteria as well as the application to the
actual design. Currenily 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 epoxy coating which a
known and reliable corrosion profection system.

At the tunnel plug, the steel penstock is under 75 m of static head. Over its tength of 4040 m as it
progresses down the valley to the powerhouse, the internal static head increases to 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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welded steel section with bell and spigot being used for the initial low pressure sections and butt
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 to 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 wili be a 20 m by 10 m pre-engineered
building founded on a concrete foundation. At the powerhouse, the 700 mm diameter penstock wilt
be reduced to 600 mm, pass through the turbine inlet valve (*TIV") and then be bifurcated to feed
the two nozzles of the horizontal peiton turbines with a rated generator output of 9.3 MW.

The powerhouse generatar 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 building with a building envelope consistent with the local
building code requirements and operating conditions.

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

The powerhouse will have the required mechanical and electrical station services including exhaust
fans, unit heaters, etc. The small office will house the computers which are used to operate the
plant and will 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 will have a large roliing overhead door to facilitate the delivery of larger items. A 5
ton overhead crane services the entire building. In accardance with the applicable Building Codes it
will have the required number of exits. The powerhouse will not have potable water or sanitary
facilities.

1.26 Tailrace

The tailraca delivers the plant flow back to Tyson Creek. The initial 5 m section is concrete which
is followed by @ 15 m trapezoidal rip rap channel.

1.2.7 Generating Equipment

The selected generating equipmeant arrangement includes one two jet horizontal pelton turbines,
directly coupted to a synchronous generator. The selection of the two jet pelton {urbine allows 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*fs. 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 manufacturer of this type of eguipment will ensure
on time delivery and performance of the equipment when installed and commissioned. The
protection, controls and switchgear are designed to meet industry standards as well as the
interconnection requirements 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
exiended shutdown.

1.2.8 Substation and Interconnection

An outdoor switchyard will be constructed adjacent to the powerhouse. Approximately 20.5 km of
25 KV woed pole transmission line from the switchyard fo the inferconnection 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
obtainad.

2.0 DESIGN & OPERATING CRITERIA

2.1 Design Criteria

The evaluation of the design criteria has two distinct aspects. Firstis the selection of the appropriate
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
baen referenced with respect to occupancy type, applicable building loads, fire pratection, etc. The
applicable design codes with respect to the design of structural elements have also been
referenced.

The design of certain elements of a hydreelectric generating station are, however, unigque,
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 inciuding 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 Cenditional Water Licence.
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2.2 Operating Criteria

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

The tunnel portal will be equipped with an IFR pumping chamber that wilt house two harizontal 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 plant 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 normal operating regime. It will, however, experience fauits both internal
and external to the plant. To respond to the fault and to 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 fram the
runner, aliowing the turbine/generator unit {o come to a halt. With the flows diverted by the deflector
piates, the flows in the system can be ramped down slowly.

The overall 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. It is the
conclusion 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 to the conditions of the Conditional Water Licence.

2.3 Protection of the Environment
2.3.1 Construction Environmental Management Plan

The Gonstruction 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 siopes, protection of riparian zones, elimination of
grubbing activities next to wetlands, controls on stockpiles of soil and overburden, soil and
overburden replacement, burming and disposal of trash, and reciamation/rehabititation of work
areas.

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

2.3.2 Operating Environmental Monitoring Program

The Operational Environmental Management Plan ("OEMP”) has been prepared by FSCi Biological
Consuliants on behaif of the project and reviewed by BC Ministry of Environment — Environmentat
Stewardship Division (ESD). I described the goals and methodology for the ongoing monitoring

Page 22 of 218 FNR-2016-60489



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 seascnally appropriate windows through construction, Once the plant achieves
commercial operation, collection of post-diversion vaiues will continue for five years. At that point,
statistically relevant impacts beyond a scientificalty accepted range will bring about further agency
consultation and appropriate remedial action.

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

o Water Quality

o Stage versus Channel Geometry to develop wetted width, depth and velocity response 1o
varying low flows

« Discharge versus Useable Area

» Macro-inveriebrates

DOCUMENTS REVIEWED

Civi! 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 — Introduction; Section 3 —
Description of Fagilities; Section 4 - Site, Environment and Design Parameters; Section 5 — Facility
Sizing; Section & — Civil 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 cther
recent similar sized hydroelectric projects. It is the opinion of the Independent Engineer that the
design criteria incorporated within the document is consistent with the requirements of the
Conditional 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 to be managed. The CEMP is intended to identify environmental issues
and the monitoring and mitigation procedures to be followed during the construction period. it is
complimentary to all environmental mitigation measures required by relevant legislation with the
higher standard to be applied in each instance.
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The report is structured by activity and divided info Section 1- Introcuction; Section 2 — Best
Management Practices; Section 3 — Environmental Management, Section 4 — Incident
Preparedness and Emergency Response; Section 5 — Compliance Monitoring; Section 6 -
Reporting; Section 7 — Commissioning.

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

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

3.3 Project Drawings

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

3.3.1 Kerr Wood Leidal
2488-001-001 — 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 & instrumeniation — Intake - Process Flow
Biagram

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

2468-001-015 — General Arrangement - Piping & Instrumentation - IFR Pumping System
2468-001-018 — General Arrangement - Piping & Instrumentation — Powerhouse
2468-001-310 B — General Arrangement - Intake — Tunnet Alternative — Direct ta 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 — General 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

2468-001-511 F — Generat Arrangement - Powerhouse — Plans

2468-001-521 F — General Arrangement — Powerhouse — Longitudinal Section
2468-001-522 F —- General Arrangement — Powerhouse — Transverse Section
2468-002-210 0 — General Arrangemenis — Tunnel — Plan, Profile and Typical Section
2468-002-2301 A — Tunnel — Overalt Plan and General Arrangement

2468-002-2401 0 — Tunne! — Excavation — Plan and Profile

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

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

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

2468-002-2458 C - Tunnel Portal {FR Equipment Chamber — Structure Cuttine

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 hydrauiic resources of the stream for which the licence
has been granted. i further defines the obligations of the Licensee to the Province of British
Calumbia.

RECOMMENDATIONS

The revieaw of the General Arrangements, Design and Qperating 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 reflect the appropriate consideration for the environment, it that the works
proposed are to be executed in a logical, safe and organized manner. tt is the opinion of the
Independent Engineer that the Engineer should provide the Leave to Commence Construction
{Amended) for the overail General Arrangement, Design and Oparating Criteria.
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Davies, James W FLNR:EX

From: Steeves, George <gsteeves@ameresco.com>
Sent; Wednesday, September 10, 2008 7.23 AM
To: Bennett, Timothy A ENV:EX

Subject: RE: Tyson Creek Tunnel (water file 2002777)
Tim

No,

They have always had the tenure and in the normal course of the approval process would have gone for the tunnel
option from the beginning as it is actually the least impactive environmentally, will be more easily operated, has less
canstruction risk (it may cost more but is fully understood from and engineering and construction perspective). Why not
a tunnel from the get go? It really was an issue of availability of a tunneling contractor. Less than six months ago you
could not find a tunnel/mining contractor anywhere {at {east at a viabie price}. There has been 2 slowdown in the
mining sector which made Procon available. This project is less than 10% of Procon's annual volume. Procon was the
tunnel contractor on the Browns Mill IPP project near Prince Rupert. | was the |E and they did a very goad job and it was
also a harizontal tunnel and vertical lake tap.

George

see you {omorrow morning

From: Bennett, Timathy A ENV:EX [mailto:Timothy.Bennett@gov.bc.cal
Sent: Tue 9/9/2008 8:15 PM

To: Steaves, George

Subject: RE: Tyson Creek Tunnel (water file 2002777)

Quick question for you.

Peter and Marc have been pursuing the tunnel option - and to that end, I've asked them to submit a format application
to amend their water license {i.e., changing their warks).

However, apart from the administration of it, it appears to be fairly innocutous. 1 understand that they have a signed
CEAA screening report (for the tunnel option), and already have tenure for the tunnel alignment?

Are you aware of any other issues that would delay issuing an order to amend that license?

Thx.

Timothy Bennett, M.Sc., P.Eng.
Section Head, Water Allocation
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Water Stewardship Division

Ministry of Environment

10470 - 152 Street, Surrey, BCV3R 0Y3
Ph. (604) 582-5227 Fx. (604) 582-5235
Timothy.Bennett@gov.bc.ca

—--—-0riginal Message--—

From: Steeves, George [mailto:gsteeves@ameresco.com]
Sent: September 9, 2008 4:08 PM

To: Bennett, Timothy A ENV:EX

Subject: RE:

s.22

i visited Fitzsimmons on Tuesday and am pretty well up to date. There

are several brojects in the Whistler corridor which have maost of the typical features of small hydro projects. depending

on what you want to see we could see up to 4 projects in one day assuming an early start.

See you Thursday at 9:00

George

From: Bennett, Timothy A ENV:EX [mailto; Timothy.Bennett@gov.bc.ca]
Sent: Tue 9/9/2008 5:55 PM

To: Sieeves, George

Subject: RE:

Hi George,
| am still on for a meeting on thursday.
As to a site visit, that is a possibility. Which site{s) do you have in mind?

regards,

Timothy Bennett, M.Sc., P.Eng.
Section Head, Water Allocation

Water Stewardship Division

Ministry of Environment

10470 - 152 Street, Surrey, BC V3R 0Y3
Ph. (604} 582-5227 Fx. (604} 582-5235
Timothy.Bennett@gov.bc.ca

From: Steeves, George [mailto:gsteeves@ameresco.com]
Sent: September 8, 2008 10:03 AM
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To: Bennett, Timothy A ENVIEX
Subject:

Tim

Assunming we are still on for Thursday. Is there a chance you might be able to go the site espacially if we left really early?
| recall you had a tater meeting on Thursday.

George

George L. Steeves, P.Eng.

cfo Ameresco Canada

7th Floor

90 Sheppard Avenue East
Toronto, Ontario

M2ZN 6X3

Tel: {416} 512-7700 x 3322
Fax: (416) 218-2288

Cell: s.22
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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 contained in it or attached to it is
strictly prohibited. H you have received this e-mail in error, please delete it and immediately notify the person named
above by reply e-mail. Thank you,
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Davies, James W FLNR:EX

From: Peter Schober <pschober@dccnet.com>

Sent: Thursday, September 11, 2008 3:44 PM

Fo: 'Steeves, George’; marc@renwablepowercorp.com
Cc: Bennett, Timothy A ENV:EX

Subject: RE: Tyson

Attachments: map27625.pdf

! have done a search of the mining tittles onfine for coal, gravel and mining claims and there is pothing in our area. See
resuits in attached map from the online site.

Peter

--—0QOriginal Message-—---

From: Steeves, George [mailtg:gsteeves@ameresco.com)

Sent: Thursday, September 11, 2008 11:52 AM

To: marc@renwablepowercerp.com; pschober@decnet.com; paulusl@dcenet.com
Subject: Tyson

Marc et al

[ just finished a relatively positive meeting with Tim Bennett. Tim needs confirmation of the following,

se the status of the wrokplan with

1) The amendment application you submitted should not have included a storage volume change. That will be subject of
an entirely new application.

So can you resubmit the amendment appfication. s.22
s.22

2} Can you confirm there are no mine tenures along the tunnel route.

3} Can you confirm the apilicable legislation the tunnel is going to be completed under. | advised it was going to be
under Worksafe BC and not the Mining Act. Can yoan you resend it to me plaeaseu advise the status of the wrok plan
with Worksafe BC?

4} Can you please have KWL provide a letter opinion with respecl to the status of the projecrt under the Dam Safety
regulations.

5} Have KWI completed a seismic analysis of the tunnel alugnment or was it part of the Duncan Wylie letter. | can't
locate it on my computor so can you resend it to me please.

6} The question came up as to how will you perform any maintenance on the penstock butterfly valve under 37 m of
head. The drawing shows a maximum operating range of 37 m which is not consistent with your current water
licence.MQE will require cirification on a number of technical issues prior to the Leave to Construct for the lake tap as
well as the bulkhead.

MOE are waiting for a response to items 1 through 5 prior to considering the amendment application as well as the
amended Leave to Commence Construction, Their response upon receipt wiil literality be the next day.

George
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Davies, James W FLNR:EX

From: Marc Soprovich <Marc@RenewablePowerCorp.com>

Sent: Thursday, September 11, 2008 4:58 PM

To: Steeves, George; Bennett, Timothy A ENV:EX

Cc: Peter Schober

Subject: FW: Notice of Work

Attachments: Brad Skeeles; NOP Work Safe BC. pdf; Notice of Project.pdf; Tyson

change_works.doc.pdf; Tyson Mineral claim map.pdf; Tyson Creek tunnei risk letter
Whyllie & Norrish 2008-08-22.pdf

George/Timothy;

Per your email request #1, 2 & 3. Peter has asked KWL to answer #4, I have forward a copy of their

email. Timothy is going to get back to me as to whether the attached letter from Duncan Wyllic answer #5. As
for #6 I would expect that George will take this up with KWL during the next regular engineering meeting as
part of his due diligence since it is a design issue. Please get back to me immediately if this does not met your
requirement.

Marc

From: Brad Skeeles [mailto:BSkeeles@PROCONGROUP.NET]
Sent: September 11, 2008 2:57 PM

To: Marc Soprovich

Subject: Notice of Work

Mare,

Please find attached cur Notice of Work for the Tyson Creek Tunnel. As discussed the tunnei excavation will be
constructed as per the WorkSafe BC (WCB) regulations. The magazines are licensed under the federal regulations
{Natural Resources).

If you have any other questions please calt.

Regards,
Brad.
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‘Procon

Mining & Tunnelling Lid.

July 29, 2008

WorkSafe BC - Regulatory Practices
PO Box 5350 Stn Terminal
Vancouver, BC, Canada, V6B 5L5

Attn: Alan Brose
Senior Prevention Advisor
Dear Sir:

Re: Nofice of Project — Tyson Creek Tunnel

Procon has been contracted to excavate a hydro tunnel on behalf of the Tyson Creek Hydro
Corporation. Tyson creek is situated just east of Narrows Inlet, north of Sechelt. Tyson Creek Hydro
Corporation’s office is located in Gibsons, BC.

Brief Project Description:

« The underground workings consist of a straight tunnef driven at plus 8% grade, 3.4m wide by 3.5m
high by 390m in length. Three chambers will be driven underground: 1} pump chamber near the
portal, 2} isolation valve assembly about 50 meiras from the portal, and 3) a rock trap chamber
near the end of the tunnel. The last development round into the lake will be drilled and piugged but
not ‘blasted until the following year after the mechanical installation of the penstock. The last
development (lake-tap} will involve loading explosives in the last round then filling the tunnel with
water upstream of the valve assembly and leaving a pocket of pressurized air at the lake-tap.
Once the last blast Is initiated, the pressurized air will assist in breaking the last round info the lake
and minimizing shock damage at the valve assembly.

» Mining wili be conventional drili and blast with a single boom jumbo and blasted rock wili be
removed with a scooptram. Blasting agents will include anfo, boosters and trim blast products
{Xactex) to minimize back-break. Blasting will be initiated remotely with nonel caps from outside,

s Major underground equipment will consist of one Tamrock H108D jumbo (Duetz FAL912 47kW),
two Eimeo JS350 scooptrams (Duetz F8413 137kW), two 225kW gensets at portal, and two 800
cfm air compressors at portal. The additional scooptram, genset and compressor are for backup
purposes only. A bolting platform will be used on the scooptram to assist in boiting.

» The anticipated start dates are as follows:
v Maobilize o site August 2008
v Start tunnel excavation September 1 2008
v" Demobitize from site November 15, 2008
v Lake-tap July 2008.

¢ We estimate a peak labour force of 9 people will occur during the tunnel excavation.

o A request for variance has been made to work two x 11 hour shifts per day during the tunnel
excavation,

108-4664 Lougheed Highway, Burmnaby, British Columbia, Canada V5C 575
T 604.291.8282 » F, 504,291.8082 » www procongroup.net
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" Procon

Mining & Tunnelling Lid.

+ The Owner will be responsible for the temporary and permanent ground support design.
Temporary bolts will be either six foot split sets or resin rebars and will be installed as directed by
the Owner and / or the Tunnel Superintendent. Permanent bolts will be designed for corrosion
resistance and will be galvanized rebar with cement grout. Each boit will be 6 feet long. Three
classes of permanent ground support are anticipated. Class 1, spot bolting as required, Class 2,
reqular bolting pattern with screen mesh and fiber shotcrete as required, and Class 3, regular bolt
pattern with full fiber shotcrete coverage. A diamond drillhole has been drilled proximate to the
tunnel location. The core analysis was favorable, with all core RQD greater than 50% and an
average RQD over 85%. This would indicate that the majority of the development will be supported
using class 1 ground support regime. Details are outlined in the attached report “Intake Tunnel
Geological Investigation and Tunnel Design”.

« Plans for construction are enclosed in the attached report “Intake Tunnel Geological
investigation and Tunnel Design”. A request for variance the on ventilation design has been
submitted since the development exceeds 300 metres {390m) and Procon has requested to employ
a push only ventilation system with flexible ducting. The diameter of flexible ducting will be 36" in
diameter and a 75HP fan blowing (pushing) fresh air into the ducting to the face wili be utifized (42
— 26/ 1770 rpm, blade setting 4). Aftached is the ventilation design.

+ Geological hazards will be minimal and will be managed with conventional ground support designs
and construction methods. Diamond drill core has not indicated any major faults in the vicinity,
The potential for gassy ground, explosive dusts, running ground or rock bursts is nit. Rock fall
potential will be managed with rock bolts and trim blasting methods. Grouting may be required as
the tunnel approaches the lake. Water may be encountered at this point, thereby requiring cement
grouting of the fissures to arrest water inflow. Details are outlined in the attached report “Intake
Tunnel Geological Investigation and Tunnel Design”.

The WorkSafe BC board will be notified of any unexpected issue during the mining sequence. Should
you have any questions or require any additional information, please do not hesitate to call me at 604
291-8292.

Yours truly,

Procon Mining and Tunnelling L.idl.

~7Jim) Dales, P. Eng,
ice President, Operations.

CC: Brad Skeeles (Procon)
Andrew Paulus (Renewable Power Corp)
Frank Nielsen (Work Safe BC)

108-4664 Lougheed Highway, Burnaby, British Columbia, Canada V5C 5T5
T §04.201.8292 + F. 604.291 8082 « www.procongroup.net
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Notice of Project Page 1 of 3

WORKING TG MAKE A DIFFERENCE
Notice of Project

Confirmation nmumber: ES39103

Owner information

Account #: ) City: Gibsons
Name: Andrew Paulus Province/State: BC
Address 1: PO I?:ox1611 -. ' Postal/Zlp Code: VON 1V0
Address 2: 666_th_sons Way i

Contracter Information

Account #: _ o S iy

Name: ’ ____ I ' Province/State:

Address 1; R S Pastal/Zip Code: ) o
Address 2: - '

Person in charge of project

e Ao saias 7 Towptones  (s04) 856-5868
Job title: Canstruction Manager Extensfon: : . B
Emall: Paulusl@dccnet.com

Person campleting this form

Name: Br;d_Skeelé;-_ - ‘_ - Telephone: (6?4]25:1-82_9—2
Emall: -bskeeles@procengroup.  Extension:
‘net

Has the prime contractor agreed in writing with the owner ta be the prime contractor?

Yes

Additional documents and delivery method

Additional ‘Yes Sent date: 2008/07/30
documents: . :
Delivery method: E-Mail

Confirmation number: EN291032

Underground Workings (OH&S Regulation 22.6) -~ At leagt 30 days rotice required.

Type of underground working

explanation:

https://online worksafebc.com/anonymous/NOP/submit_nop.asp 7/30/2008
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Notice of Project Page 2 of 3

Hydra tunnel tu be driven 390 meters in Iength (3. StH x 3.4mw) and eventually tappcd
‘into Tyson Lake the following year after the mechanical instaliatian is complete,
Mining imethod

Explanation:
‘Conventional machanized drill and blast methods with tempoarary and permanent ground

support,
Proposed hours of work

Hours of work from: {06:00 Hours of work to: 17:00

Maximum number of workers

Total: 1'9

Type of mining equipment

Type of mining equment number of units, and engine horsepower:

‘one Tamrock H105D jumbao drill (62 HP} fwe Eimco IS 350 Scooptrams (182 HP each} -
nnote that one scaaptram will be for backup only.

Number of units: 2 . Engine horsepower: 244

Parson responsible for ground suppott design

Person responsihle for ground support installation

Name: Les Wentzetl

Confirmation number: ES38i03
Site location 1
Start date: 2008/08}' 18 N ¢ Duration: 2 Weeks

Proiect City: véncouver

Indicate street address and dty. If unavailable, describe general geographic jocatfon - road,
kllometer, latitude/longitude, ete. - and nearest town. Attach a map If necessary:

‘Plan to mobifize equipment from Edmonton to Vancouver, then barge supplies and
‘equipment to the job site (north of Sechelt alang Narrows Inlet of Sechelt Inlet).

Site locatien 2

Start date: 2008/09/01 ~ Duration: 3 Months

Project City: North of Secheit

Indicate streat address and cily. If unavailable, descrlbe general geagraphic location - road,
ki[ometer, latitude{iongltude ctc. - and nearest town. Attach a map If necessary!

Portal site is at Tyson Creek, Narrows Iniet, Sunshine Coast, BC. (49 deg 48’ 49"N 123
deg 39" 51°W)

https://online. worksafebe.com/anonymous/NOP/subnut_nop.asp 743042008
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Notice of Project Page 3 of 3

Please send any questions or attachments to:

Mailing Address: Waerkers® Compensation Board of British Columbia, Prevention Division, PO
Box 5350 Stn Terminal, Vancouver BC V6B 5L5

Telephore: (604} 276-3100 in the Lower Mainland, ar 1 888 621-7233 Toll Free in BC

Fax: {604) 276-3247

Email: prevnop@WorkSafeBC.com

hitps://online. worksafebe.com/anonymons/NOP/submit nop.asp 7/30/2008
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BRITISI-
COLUMBIA MINISTRY OF ENVIRONMENT
The Bow Plaie on banih WATER STEWARDSHIP BIVISION

Water Act (Section [8)
File No.: 2002777 Date: September 10, 2008

I/We Marc Soprovich

of Tyson Creek Hydro Corp.

hereby apply to the Regional Water Manager for authority to alter or add to the works authorized
under Conditional/Final Licence No.: 120523

{(Stream) Tyson Creek as follows:

(a) The works (pipe-lines, ditches, ¢tc.) to be abandoned are:

Weir and trench at 040 and penstock from 0+0 to 0+500 approximately (See
MAP105_Tzoonie_68_UpperSite_10k_V11 4)

(b) The new works 1o be constructed are:

| tunnel at approx 0+500 and 1 pipe to accommeodate an “IFR™ running from the tunnel to
0+0 (See MAP105_Tzoonie 68 UpperSite 10k V11 4)

{¢}  The proposed new works will cross or otherwise affect the following lands:

Legal Description
That parcel or tract of land in the vicinity of district lot 5660 together with un-surveyed
foreshore or land covered by water being part of the bed of Tzoonie river and unnamed
creeks, group 1, new Westminster district, containing 69.9 hectares, more or less {Within
License of Occupation #240505, Schedule A)

Owner's Name: Province of British Columbia

Description of Works: Length __approx. 410M Widih approx. 3M by 3M (See
drawing 210)

{d) A copy of this application has been served on each of the following owners of land
touched or crossed by the proposed works:

(e} I enclose the required fee as identified in Schedule I — Water Application Fees
(effective June 1, 2003).
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Application for Change of Works on a Water Licence Page 2

\ <
Signed by Licensee: . Do )

Note: A sketeh must accompany the application showing the course of the siream, the works to
be abandoned, the proposed new works, and the lands affected by the proposed change.
Please return completed torm to your nearest FrontCounter BC office.
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[ET AR
‘;."!H'."

. : I:é\ugust 22 2008

Renewable Power Corporauon,
P. G Box 1611, 666 Gibsons Way,
Gibsons, B.C. VONI1V0

Attention:  Mr. Marc Soprovich, President.
RE: Tyson Creek Hydroelectric Project - Intake Tunnel

Dear Mr. Soprovich:

This letter discusses the construction of the proposed intake tunnel for the Tyson Creek
Hydroelectric project and assess the risk in relation to the alternative surface intake that
was originally proposed on the left bank of the creek outlet from the lake.

The rock conditions along the tunnel were investigated by drilling a 427 m long diamond
core hole parallel to the proposed original tunnet alignment, mapping the rock surface
and performing strength tests on core samples. The conditions at the lake tap connecting
the tunnel to the [ake have been investigated with an ROV (remotely operated vehicle,
submersible camera systent) ard bathymetric mapping of the lake bed.

All of the data coliected shows that the rock along the lunnel alignment ts 2 very strong
granite with widely spaced joints (600 to 2000 m) with no significant faults (zones of
crushed or closely fractured tock), and minimal water inflow occurred in the first 400 m
tength of the drill hole. According to standard procedures for classifying rock in tunnels,
almost all the rock is “Fair” lo “Good” quality in which a stable, 3 to 3.5 m wide tunne]
can readily be driven with low risk of instability. This condition is comparable to many
other power and railway tunncls in British Columbia that have been successfully driven
in similar strong granite and are standing unsupported or with minor support.

The lake tap will be located at a depth of about 30 m below the lake surface in a sieep
cliff of strong, massive granite that is similar to that observed wn the drill core and on the
ground surface. Dr. Steinar Roald, who has been engaged to provide advice on the lake
tap and has been working in this field for the last 23 years, considers that this [ake tap
will have less risk than the average for lake taps for the following reasons:

o [avourable rock quality;

e Shallow water depth and small cross section of the lake tap and tunncl;
Experienced contractor;

Knowledgeable and well quabfied designers.

o

TR E I A R C T
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Renewable Power Carporation Lid. August 22, 2008
My Marc Soprovich, President. -2 071-115

The generally favourable conditions for the tunnel can be compared to the alternate intake
on the lefl bank that will involve excavating a trench into the lake to a depth of 22 m
below fake lave! The feasibility of this excavation has not been proven because the rock
condition is not known, and it is also likely that considerable grouting would be needed (o
advance the trench into the lake while maintaining a safe, dry excavation in which to
work.

Yours very truly.

Wyllie & Norrish Rock Engineers Led.

¢ ol

Duncan C. Wyllic, P. Cng,.
President.

CAYWNRockFngi\Projects 20072007 - Canada\7 1+ 15 KWL Tyson Creck\ReportsV'yson (unnel intake letter 2008-08-
22

Wyllie & Norrish Rock Engineers Lid.
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BRITISH
COLUMBIA

“Fhe Best Place o Fanh

September 12, 2008 File: 2002777
Tyson Creek Hydro Corp.,

P.O. Box 1611,

608 Gibsons Way,

Gibsons, BC

VON 1V0

Attention: Petet Schober

[Dear Mr. Schober:

Re:  Tyson Creek Independent Power Project - Leave to Cominence Construction (Amended)

The plans of the general arrangement of the proposed wotks, and the design criteria used for the
major components of the project, for the Tyson Creek Water Power project have been received and
accepted by this office.

Those plans and criteria have been reviewed by the Independent Engineer, and found to be
consistent with the terms of the Conditional Water License (CWL 120523) and accepted industry
standards (Independent Linginecs’s August 8, 2008 report entitled “Tyson Creek Hydroelectric
Corporation, Tyson Creek Hydroclectric Project, Leave to Commence Construction — Amended™).

1 hereby grant leave to commence construction to Tyson Creek Hydro Corp., the licensee,
for the amended works authorized in CWL 120523,

The proposed works authorized include:
® Intake (lake tap) and Tunnel.

Please observe the following conditions in respect of the construction of the project:
1. Any significant changes made to design plans before or during construction must be
repurted to the Water Stewzrdship Division’s (WSD) Independent Engineer (1K) for this
project.

2. Construction of works shall be supervised by the contractot’s site engineer or reptesentative.

3. The construction environmental management plan for this project is to be monitored and
implemented by the environmental monitor.

4. A summary report detailing the progress of construction must be submitted to the [E, every
two weeks during the construction petiod.

Ministry of Water Stewardship Division Mailing AddressiLocation Telephone: 604-582-5200
Environment Lower Mainland Region #200 10470 — 152™ Street Facsimile: 604.582-5235
Surrey BC V3R 0Y3 Wehsite: www.gov.bc.cafeny
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BRITISH
COLUMBIA

‘The Besr Place on Lacth

5. Permits, licences and approvals under enactnents other than the Water Ad for the
construction of works may be required in addinon o the leave to commence construction,
and you should eusure the appropriate authorizations are in place.

6. 'Lhe following personnct have been identified {or this project:

a. Licensee representarive — Peter Schober
b. Construction engineer — David Vincent
Design engineer — Ron Monk
Environmental Moniror — Dave Bates
Independent [ingincer — George Steeves
WS project contact — ‘1im Bennetr

e oan

‘T'his office is to be notified before any of the ahove personnel are changed.

7. The construction of any component of the works may only begin afrer final construction
plans for that component of the works are submitied to and accepted by the 1L:, and a Leave
to Construct is received from the L.

If you have any questions, please contact the undersigned at (604) 582-5227.

Yours truly,

‘T'im Bennett, P.Iing.
Designated Engineer under the Water Ales

ce: Geotge Stecves, P.Eng.— Independent Engineer
Ministry of Water Stewardship Division Mailing Address/Location Telephone: 604-582-5200
Environment Management & Standards Branch  #200 10470 — 152" Street Facsimile: 604-582-5235
Surrey BC V3R Y3 YWebsite: www.gov.bc.calenv
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Davies, James W FLNR:EX

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

Sent: Wednesday, September 17, 2008 10:43 AM

To: Bennett, Timothy A ENV:EX; Andy Paulus

Cc: Michael Potyok

Subject: Tyson Leave to Construct - Tunnel - Portal to Sta. 0+425 (File no. 2002777; Licence No.
120523)

Attachments: Tyson Creek Drawing Log - rev September 8 2008.doc; 210_1.pdf; 2401_1.pdf; 2401_

2.pdf; 2411_1.pdf; Authorization - LTC - Tunnel Primary Excavation v1.doc; Leave to
Construct - Tunnel Primary Excavation vl.doc

Tim
Please find the leave to construct for the primary tunnel attached.

Ceorge

George £, Stavves, FLyg.

c/o Ameresco Canada

7th Floor

20 Sheppard Avenue East
Toronto, Ontaria

M2N6X3

Tel: (418) 512-7700Q x 3322
Fax: (416Y218-2288

Cell; 522

t*************t******************************************k**********k*************
*k k&
NOTE: This e-mail may contain PRIVILEGED and CONFIDENTIAL information and is intended
cenly for the use of the specific individual({s) to which it ig addressed. If You are not
an intended recipient of this e-mail, you are hereby notified that any unauthorized use,
dissemination or copying of thig e-mail or the information contained in it or attached to
it is strictly prohibited. If you have received this e-mail in error, rlease delete it

and immediately notify the person named above by reply e-mail. Thank you.
*i****************i*********i******************************ii*****i*i*************

* h ke
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TRUE NORTH ENERGY

September 18, 2008 File No. 2002777
Water Licence No. 120523

Water Stewardship — Lower Mainland

Ministry of the Envircnment

10470 152™ Street

Surrey, 8C

V3R 0Y3

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

Dear Sir;
RE: TySON CREEK HYDROELECTRIC CORPORATION

TrsON CREEK HYDROELECTRIC PROJECT
LEAVE TO CONSTRUCT — TUNNEL PRIMARY EXCAVATION — PORTAL TO STA. 0+425

Further to the role of independent Engineer in the provision of services to the Engineer — Ministry
of Environment, | have received and reviewad the following items.

(1) Conditional Water Licence
(2) Civil Design Basis Report — Revision F — Tyson Creek Hydroelectric Project
{3) Construction Environmental Management Ptan — FSCI Biological Consultants

{4) Kerr Wood Leidat Associates and Gygax Engineering Associates (sealed IFC drawings)

- 2468-001-210 Rev. 1 ~ General Arrangements — Tunnel - Plan, Profile and
Typical Section

- 2468-001-505 Rev. 1 - Tunnet — Excavation —~ Plan and Profile
- 2468-001-505 Rev. 1 — Tunne! — Excavation and Support — Sections

The work is comprised of the excavation and support of the primary tunnel advarice between the
tunnel portal and tunnel station 0+425. The work will include temporary portat development and
remuck bays as the contractor sees fit. This Leave is exclusive of the final lake tap; rock trap,
piug and headworks chamber, and IFR equipment chamber, which are all to be designed once
detail rock conditicns are understood.

Itis noted that preliminary results from ARD testing have indicated that rock from a 6 metre deep
hornblend inclusion encountered in the pilot hole at approximate depth of 137 metres may have
potential to generate acid rock drainage (ARD). Conclusive results are not currently known and
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further tests will be conducted. A total of 150 m? total of this material is expected to be excavated
from this tunnel.

This review of the drawings for conformity with the previously review General Arrangements and
Design Criteria for excavation works and associated construction activities, further confirms that it
is consistent with accepted industry standards and adheres to the conditions of the Conditional
Water Licence. It is the opinion of the Independent Engineer that the Tyson Creek hydroelectric
project can proceed with the undertaking of the primary tunnel excavation subject to any
restrictions and conditions noted balow:

This Leave to Construct is conditional upon the foliowing:

1. incorporating a drill water and inflow water management facilities acceptable to
the Environmental Monitor.

2. Obtaining any necessary permits required from other provincial and federat
agencies.

3. Pending results of further ARD testing, any tunnel spoils constituting of the
hornebiend inclusion noted above should be temporarily spoiled separately in a
manner acceptable to the Environmental Monitor until any necessary long-term
management procedures are established and put inte effect.

4. The proposed tunnel alignment is to be surveyed by an accepted professional to
canfirm the as constructed alignment is within the project land tenures.

This letter constitutes granting of permission to proceed with the excavation of the tunnel from the
portal ta Sta. 0+425 in accordance with the project submittals and applicable legistation.

Yours very truly,

George L. Steeves, P. Eng.
Independent Engineer

BC Licence #27528

Ontario Licence #44231017

True North Energy

ofa 1169417 Ontario Inc. Suite 1060

30 Catherine Avenue 401 West Georgia
Aurora, Ontario Vancouver, BC

L4G 1KS VBB 5A1

Office:  416-512-7700 x 3322 Office:  604-684-4384 x 229
Cell: 8.22
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Fax: 416-218-2288
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WATER STEWARDSHIP DIVISION
MINISTRY OF ENVIRONMENT

TYSON CREEK HYDROELECTRIC CORPORATION
TYSON CREEK HYDROELECTRIC PROJECT
LEAVE TO CONSTRUCT — TUNNEL PRIMARY EXCAVATION

George L. Steeves, P. Eng.
Independent Engineer

30 Catherine Ave.
Aurora, Ontario

L4G 1K5
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TRUE NORTH ENERGY

September 8, 2008 File No. 2002777
Water Licence No. 120623

Water Stewardship — Lower Maintand

Ministry of the Environment

10470 152™ Street

Surrey, BC

VIR 0Y3

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

Dear Sir;
RE: TySON CREEK HYDROELECTRIC CORPORATION

TySON CREEK HYDROELECTRIC PROJECT
l.EAVE TO CONSTRUCT ~ TUNNEL PRIMARY EXCAVATION — PORTAL TO STA, (425

Please find attached a copy of the Design Plan Review — Leave to Canstruct for your information and
review. This Leave to Construct is with respect to the primary excavation of the tunnel.

The work is comprised of the excavation and suppart of the primary tunne! advance between the tunnel
portat and funnel station 0+425. The work will include temporary portal development and remuck bays as
the contractor sees fit. This Leave is exclusive of the final lake tap; rock trap, plug and headworks chamber;
and IFR egquipment chamber, which are all to be designed once detail rock conditions are understood

The contractor is to install and operate temporary drainage management facilities to control drill water and
inflows in @ manner acceptable to the Environmental Monitor.

The representative of the Independent Engineer initially visited the site on August 15, 2008 and visited
the site again on September 11, 2008.

Yours very truly,

fope |

George L. Steeves, P. Eng.
Independent Engineer

BC Licence #27528
Ontario Licence #44231017

True North Energy

afa 1168417 Ontario Inc. Suite 1060

30 Catherine Avenue 401 West Georgia
Aurora, Cntario Vancouver, BC

L4G 1KS VBB 5A1

Office;  416-512-7700 x 3322 Office:  604-684-4984 x 229
Cell’ §.22

Fax: 416-218-2288
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WATER STEWARDSHIP DIVISION
VINISTRY OF ENVIRONMENT

TYSON CREEK HYDROELECTRIC CORPORATION
TYSON CREEK GENERATING STATION
LEAVE TO CONSTRUCT — TUNNEL PRIMARY EXCAVATION — PORTAL TO STA, 0+425
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1.0 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,

1.1 Objectives and Scope of Review

The role of the Independent Engineer is o {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) maonitor
the construction of the works for conformance with the plans reviewed under (2); (4) periedically
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; (&) provide Project Summary reports summarizing the
construction of the works, including as-built drawings, and confirming the works as constructed are
in accordance with the conditions of the Conditionai Water License. This report is intended to
respond to item (2Z) review the detaited plans for conformance with the General Arrangement and
the Design Criteria.

1.2  Project Description and General Arrangement

The Tyson Creek project is located in the southern section of the Tzoonie River valley. The
Tzoonie 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 expasure, 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 powerhcuse which in turn is 500 m
upstream of the confluence of Tyson Creek with the Tzoonie River, 6 km upstream of its
discharge into Narrows Iniet.

With a gross head of 868 m and a drainage area of 11.06 km? the project has a total instalied
capacity of 9.3 MW, and includes a submerged lake tap in the bed of Tyson Lake, a tunnet with
concrete plug, penstock, powerhouse, substation and transmission line to the interconnection.

1.2.1 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 fo provide access to the powerhause and
tunnel portal locations.

The roads and required drainage works will be designed, consiructed and maintained in
accardance with the requirements of Ministry of Forests for road construction, and the appropriate
recommendations of the Forest Road Engineering Guidebook, and the Farest Service Bridge
Design and Constructicn Manual.
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1.2.2 Lake Tap and Tunnel

Water will be withdrawn from the lake through a 440 m long tunnel driven into the lake bottom using
lake tap principles. The tunne! will have a nominal 3 x 3 m horseshoe cross-section, enlarged locally
to accommodate rock traps and chambers. The tunnel will fall at an 12% grade from the lake tap to
the tunnet 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 79 m upstream of the portal. The
remaining 360 m of tunnel wilt convey water directly, under pressure. Upstream of the piug, there
will be two rock traps excavated in the floor of the tunnet. The first will be directly below the lake tap
and will be designed to capture the bulk of the rack from the final biast that will break into the lake.
A secondary rock trap is located about 360 m downstream and just upstream of the concrete tunnel
plug.

The concrete plug will be an 12 m long mass of concrete poured in two stages. A 1.2 m diameter
steel pipe cast into the plug will serve as the inlet to the penstock. The first stage of concrete will
form the interface between the concrete and the rock walt 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 wili be a chamber that houses the maintenance and penstack intet
gate. The water conveyance downstream of the plug will be through a 750 mm diameter stee! pipe
supparted on concrete cradies. Finally, a portal chamber, containing the IFR purnping equipment
and tunnel ventilation system will be excavated near the downstream end of the tunnel. The portal
will be sealed by an exterior bulichead wall provided with a double door for access.

The dry portions of the tunnel, downstream of the plug, will be lined with shotcrete to provide
additional support and protection from damage of the steel 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 to drop the result waste
rack into a rock frap 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 wili be drilled through the rock
in and to the lake in order o 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 set. The concrete plug will then be constructed and
the tunnel flooded with water. Once the tunnel is flooded, 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” technique, an onrush of
water into the tunnel, which wouid have a tendency of washing biast rock down the length of the
tunnel, will be avoided,

1.2.3 Instream Flow Release — Pump and Conduit

During periods of high flow, when the lake has not been drawn down below its natural outfall
elevation of 1040 m, IFR's will flow naturally from the lake. During periods of lower inflows, when
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the project has drawn the lake level down below the sill of the outfall, IFR's will be pumped back up
te the to the lake's outflow through a surface mounted pipeline from the tunnel 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
fifing the full 70 L/second to the lake outfall over the entire expected range of net heads. The
pumps will be gttached to 470 m long, surface mounted HDPE (Sclairpipe) pipe with a diameter of
250 mm. The pipeline will be secured to the ground at nominal spacing that will be determined
during detalled design.

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

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

1.2.4 Penstock

The high pressure steel penstock ("HPP") will originate in the concrete tunnet 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 fo 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 falls 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 tunne! will be buried in the access read. It then drops
down an extremely sfeep slope with grades in excess of 200 %. The penstock will be supported by
concrete of stest cradles with appropriately designed concrete thrust blocks at all vertical or
horizontal direction changes. This section of the penstock will be above grade. The design wilt
incorperate the required expansion joints.

For the balance of the steel penstock alignment (St. 1+210 to Sta, 4+620), the penstock will be
buried. The design incorporates the interaction between the soil and the pipe to resist the thermal
and hydraulic transient loads. The IE will be reviewing the detailed design for the high pressure
penstock sections both with respect to the selected design criteria as well as the application to the
actual design. Currentty there are nine concrete thrust blocks contemplated in the lower high
pressure penstock section.

Corrasion protection of the HPP will be provided by an external and intemal epoxy coating which a
known and reliable corrosion protection system.

At the tunnel plug, the steel penstock is under 75 m of static head. Over its length of 4040 m as i
progresses down the valley to the powerhouse, the internal static head increases to a maximum of
B68 m. It is anticipated that the steel pipe will be a combination of butt welded and bell and spigot
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welded steel section with bell and spigot being used for the initial low pressure sections and butt
welds used for high pressure sections.

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

1.2.5 Powerhouse

The pawerhouse will be constructed adjacent to Tyson Creek, approximately 600 m upstream from
its confluence with the Tzoonie River. The powerhouse wilt be a 20 m by 16 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 feed
the two nozzles of the horizontal pelton turbines with a rated generator output of 9.3 MW,

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

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

The powerhouse has sufficient space to accommaodate the ancillary aquipment required to support
the aperation of the generating equipment. In addition to the switch gear, protection and controls the
powerhouse houses the hygdraulic pressure units ("HPU"), TiV, and an assortment of smaller
electrical equipment. The powerhouse will also house the dry type main transformer.

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

The powerhouse will have a large rolling overhead door to facilitate the dslivery of larger items. A §
ton overhead crane services the entire building. In accordance with the applicable Building Codes it
will have the required number of exits. The powerhouse will not have potable water or sanitary
facifities.

1.2.6 Tailrace

The taitrace delivers the plant flow back to Tyson Creek. The initial 5 m section is concrete which
is followed by a 15 m trapezoidal rip rap channel.

1.2.7 Generating Equipment

The selected generating equipment arrangement includes one two jet horizontal pelton turbines,
directly coupled to a synchronous generator. The selection of the two jet pelton turbine allows 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 maximurn unit fiow of 1.3 m*/s. This is especially significant for smaller watersheds such
as Tyson Creek because it can experience a wide range of fiows on a daily and monthly basis.

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

The turbine will be equipped with defiectors designed for long-term continuat use, enabling flows to
continue through the system and downstream of the powerhouse even during periods of extended
shutdown.

Substation and Interconnection

An outdoor switchyard will be constructed adjacent to the powerhouse. Approximately 20.5 km of
25 kv wood pole transmission line from the switchyard to the interconnection with BC Hydro at
Earle Creek. The route of the fransmission 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.

DESIGN & OPERATING CRITERIA

Design Criteria

The evaluation of the design criteria has two distinct aspects. First is the selection of the appropriate
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 building loads, fire protection, etc. The
applicable design codes with respect to the design of structural elements have also been
referenced.

The design of cerfain elements of a hydroelectric generating station are, however, unique,
especially with respect to the design of the hydrautic 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 ta the conditions of the Conditional Water Licence.
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Operating Criteria

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

The tunnel portat will be equipped with an IFR pumping chamber that will house two horizontal split
case style pumps, each capable of pumping the entire {FR up 75 m, through 470 m long, surface
mounted pipeline to the natural cutflow 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 availabie inflows to the lake and any available drawdown
storage in the lake as its normal operating regime. it will, however, experience fauiis both internal
and external to the plant. To respond to the fault and to not damage the equipment, the plant will
follow specified shutdown sequences depending on the type of faulf. In the instance of an
emergency shutdown, deflector plates will be deployed, which redirect the flows away from the
runnet, allowing the turbine/generator unit to come to a halt. With the flows diverted by the defiector
plates, the flows in the system can be ramped down slowly.

The overall 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. It is the
conclusion 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 to the conditions of the Conditionat Water Licence.

Protection of the Environment
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 inciude defining the cutting limits, providing sediment control structures down sicpe
of all activities, hand clearing on sensitive slopes, protection of riparian zones, elimination of
grubbing activilies next to wettands, controls on stockpiles of soit and overburden, soil 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.

Operating Environmental Monitoring Program

The draft Operational Environmental Management Plan ("OEMP"} has been prepared by FSCI
Biological Consultants on behalf of the project and reviewed by BC Ministry of Environment —
Environmental Stewardship Division (ESD). It described the goals and methodology for the
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ongoing menitoring 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 values will continue for five years.
At that point, statistically relevant impacts beyond a scientifically accepted range wili bring about
further agency consultation and appropriate remedial action.

The OEMP described reporting protocols and procedures and ouflines specific biclogical vaiues
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 Liseable Area

s Macro-invertebrates

3.0 DOCUMENTS REVIEWED

3.4 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 ~ Introduction; Section 3 —
Description of Facilities; Section 4 - Site, Environment and Design Parameters; Section 5 — Facifity
Sizing; Section 6 — Civil 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 detall and the format of the document have been used in the successful implementation of other
recent similar sized hydroelectric projects. it is the opinion of the Independent Engineer that the
design criteria incorporated within the document is consistent with the requirements of the
Conditional Water Licence and accepted industry practice.

3.2 Construction Environmental Management Plan — FSCI Biological
Consultants

The CEMP prepared by FSCI is intended to provide the broad framewark under which onsite
construction activities are to be managed. The CEMP is intended to identify environmental issues
and the monitoring and mitigation procedures to be followed during the construction period. It is
complimentary to all environmental mitigation measures required by relevant legislation 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- Intreduction; Section 2 — Best
Management Practices; Section 3 — Environmental Management, Section 4 - Incident
Preparedness and Emergency Response; Section § — Compliance Monitoring; Section 6 —
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 tunnel's excavation.

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

3.3 Tender Documents — Kerr Wood Leidal
3.3.1 Division 2 — Site Work — Section 02280 — Underground Excavation and Support

This specification covers excavation of the Intake Tunnel from the portal to Station 0+435
approximately for the Tyson Creek Hydroelectric Project, including portal development, rock traps
andg a chamber for the headwarks as shown in the contract drawings.

It specifically notes that all blasting shall conform to WorkSafeBC and other applicable federal and
Provincial regulations for blasting and tunnelling.

The details of the section provide the appropriate leve! of direction to the Contractor.

3.3.2 Division 2 - Site Work — Section 02390 - Rock Bolting

This specification describes the requirements for rock bolting at the portal and in the tunnel, as
shown on the drawings and as field conditions warrant. The Coniractor may etect to install rock
bolts to provide safe working cenditions in addition to those required for long-term support,

The details of the section provide the appropriate level of direction to the Contractor. The section
refers to relevant codes and standards from the Canadian Standards Association (CSA).

3.4 Project Drawings

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

3.4.1 Leave to Construct— Tunnel Primary Excavation
2468-001-210 Rev. 1 ~ General Arrangements — Tunnel — Plan, Profile and Typical Section
2468-001-505 Rev. 1 — Tunne! ~ Excavation — Plan and Profile

2468-001-505 Rev. 1 — Tunnel — Excavation and Support — Sections
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3.42 Leave to Construct— Powerhouse Building
2468-001-500 Rev. 0 — Generat Arrangements — Powerhouse — Structural Notes
2468-001-505 Rev. 0 — General Arrangements — Powerhiouse — Elevations
2468-001-511 Rev. 0 — General Arrangements — Powerhouse — Pians
2468-001-521 Rev. 0 — General Arrangements — Powerhouge — Longitudinal Section
2468-001-522 Rev. 0 — General Arrangements — Powerhouse ~ Transverse Section
2458-001-5401 Rev. 0 — Powerhouse — Concrete Qutline — Substructure Taifrace Plan
2468-001-5402 Rey. 0 - Powerhouse —~ Cancrete Outline — Substructure Footings Plan
2468-001-5403 Rev. 0 — Powerhouse — Concrete Outline — Floor Plan
2468-001-5405 Rev. 0 - Powerhouse — Concrete Qutline — Embedments
2468-001-5411 Rev. 0 — Powerhouse — Coencrete Cutfine — Tailrace Sections
2468-001-5412 Rev. 0 - Powerhouse — Concrete Outline — Sections
2468-001-5413 Rev. 0 — Powerhouse — Concrete Outline ~ Sections
2488-001-5414 Rev. 0 — Powerhouse — Concrete Qutline — Sections
2468-001-5415 Rev. 0 — Powerhouse — Congrete Outline — Sections
2468-D01-5431 Rev. 0 — Powerhouse — Reinforcement — Substructure Tallrace Plan
2468-001-5432 Rev. 0 — Powerhouse — Reinforcement — Substructure Footings Plan
2468-001-5433 Rev. ( — Powerhouse — Concrete Qutline — Floor Plan
2468-001-5441 Rev. 0 ~ Powerhouse — Caoncrete Qutline — Tailrace Section
2468-001-5442 Rev. 0 — Powerhouse ~ Concrete Oufline — Tailrace Sections
2468-001-5443 Rev. 0 — Powerhouse — Cancrete OQufline — Tailrace Section
2468-001-5444 Rev. 0 —- Powerhouse — Cancrete Qutline — Longitudinal Section
2468-001-5445 Rev. 0 — Powerhouse ~ Concrete Outline — Longitudinat Section
2468-001-5446 Rev. 0 — Powerhouse —~ Concrete Outline ~ Sections
2468-001-5447 Rev. 0 - Powerhouse — Concrete Outline — Sections
2468-002-501 Rev. 0 - Generat Arrangements — Powerhouse - Overalt Site Plan
2468-001-5448 Rev. (0 — Powerhouse — Concrete Qutline — Transverse Sections

2468-001-5449 Rev. 0 — Powerhouse — Concrete Qutline - Transverse Sections
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2468-001-5450 Rev. 0 — Powerhouse — Concrete Qutline ~ Sections

2468-001-5501 Rev. 0 — Powerhouse — Structural Steebwork — Roof Framing Plan
2468-001-5511 Rev. 0 — Powerhouse — Structural Steelwork — Framing Sections
2468-001-5512 Rev. 0 - Powerhouse — Structural Steelwork — Framing Sections
2468-001-5513 Rev. 0 — Powerhouse — Structural Steelwork — Framing Sections
2468-001-5521 Rev. 0 — Powerhouse — Structural Steelwork — Connections Details
2458-001-5522 Rev. § ~ Powerhouse — Structural Steetwork — Connections Details
2468-001-5531 Rev. 0 — Powerhouse — Structural Steetwork — Crane Runway
2468-001-556681 Rev. 0 — Powerhouse — Structural Timber — Plans, Sections & Details
2468-001-5571 Rev. 0 ~ Powerhouse - Secondary Steeiwork —Purlin Arrangement Plan
2468-001-5572 Rev. 0 — Powerhouse — Secondary Steelwork ~Girt Arrangement Sections
2468-001-5573 Rev. 0 — Powerhouse — Secondary Steelwork —Girt Arrangement Sections
2468-001-5575 Rev. 0 — Powerhouse - Secondary Steelwork — Purlin and Girt Sections & Details
Leave to Construct — Powerhouse Excavation

2468-002-501 Rev. 0 — General Arrangements — Powerhouse — Qverall Site Plan
2488-002-501 Rev. 0 — General Arrangements — Powerhouse — Overall Site Plan
2468-002-501 Rev. 0 — General Arrangements — Powerhouse — Overall Site Plan
2468-002-5303 Rev. 0 — Powerhouse — Borehole Logs

2468-002-5304 Rev. 0 = Powerhouse — Detailed Site Plan

2468-002-5305 Rev. 0 — Powerhouse — Finished Grade Sections

2468-002-5306 Rev. 0 — Powerhouse — Sitework Details — Sheet 1 of 2

2468-002-5307 Rev. 0 — Powerhouse — Sitework Details — Sheet 2 of 2

2468-002-5310 Rev. 0 — Powerhouse — Tailrace — Plan and Section

{ eave to Construct - Penstock Installation Part 1

2468-002-4300 Rev. 0 — Penstock — Key Plan and MNotes

2468-002-4304 Rev. (0 to 2468-002-4314 Rev. 0 — Penstock — Detailed Pian and Profile - Sheets
41014

2468-002-4327 Rev. 0 to 2468-002-4344 Rev. 0 — Penstock — Cross Sections — Sheets 8 to 25
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2468-002-4345 Rev. 0 — Penstock — Cross Sections — Buried Pipe — Typical Details
2468-002-4401 Rev. 0 — Penstock — Ground Anchors — General Requirements
2468-002-4420 Rev. 0 — Penstock — Buried Anchor Block Structure Cutline — AB 10
2468-002-4421 Rev. 0 — Penstock — Buried Anchor Black Structure Outline — AB 11
2468-002-4422 Rev. 0 — Penstock — Buried Anchor Block Structure QOutline — AB 12
2468-002-4423 Rev. { — Penstock — Buried Anchor Block Structure Cutline — AB 13
2468-002-4424 Rev. 0 - Penstock - Buried Anchor Block Structure Outline — AB 14
2448-002-4425 Rev. 0 — Penstock — Buried Anchar Block Structure Outline — AB 15
2468-002-4426 Rev. 0 — Penstock — Buried Anchor Block Structure Outline — AB 16
2468-002-4440 Rev. 0 — Penstock - Buried Anchor Block Reinforcement — AB 10
2458-002-4441 Rev. 0 — Penstock — Buried Anchor Block Reinforcement — AB 11
2468-002-4442 Rev. 0 — Penstock — Buried Anchor Block Reinforcement ~ AB 12
2468-002-4443 Rev. 0 ~ Panstock — Buried Anchor Block Reinforcement — AB 13
2468-002-4444 Rev. 0 — Penstock - Buried Anchor Block Reinforcemeni — AB 14
2468-002-4445 Rev. 0 — Penstock — Buried Anchor Block Reinforcement — AB 15
2468-002-4446 Rev. 0 — Penstock — Buried Anchor Block Reinforcement — AB 16

2468-002-4470 Rev. 0 to 2468-002-4474 Rev. 0 — Penstock — Buried Mitred Bends — Sheets 1 to
5

3.4.5 Leave fo Construct— Penstock Bulk Excavation Part 1
2468-002-002 Rev. B — General Arrangement — Key Plan
2468-002-004 Rev. 1 — General Arrangement — Land Tenure and Clearing Boundary

2468-002-401 Rev. C to 2468-002-403 Rev. C — General Arrangement — Penstock Alignment —
Sheets 1 to 4

2458-002-410 Rev. C — Generat Arrangement — Penstock Sitework — Sections and Details
2468-002-451 Rev. C — General Arrangement — Penstock - Typicat Details

2 468-002-4320 Rev. A to 2468-002-4324 Rev. A — General Arrangement — Penstock Cross
Sections — Sheets 1 to 25

2 468-002-4345 Rev. A - Penstock — Cross Section Buried Pipe — Typical Details

346 Leaveto Construct— Clearing and Grubbing Part 1

2468-002-401 Rev. C to 2468-002-404 Rev. C — General Arrangement — Penstock Alignment —
Sheets 1t0 4

11
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3.4.7 Leave to Commence Consfruction - Amended
2468-001-001 — General Arrangement — Lecation 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
2488-001-011 - 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 Arrangemeant - Piping & instrumentation — Powerhouse - Process Flow
Diagram

2468-001-015 — General Arrangement - Piping & Instrumentation — IFR Pumping System
2468-001-016 — Generzal Arrangement - Piping & Instrumeniation — Powerhouse
2468-001-310 B — General Arrangement — Intake — Tunnel Alternative ~ Direct to Lake
2468-001-321 C — General Arrangement — infake — Headworks & Dam — Longitudinal Section

2468-001-401 A to 2468-001-404 A — General Arrangement — Penstock Alignment — Sheets 1 to
4

2468-001-41¢ C — General 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

2468-001-511 F — General Arrangement — Powerhouse — Plans

2468-001-521 F — General Arrangement — Powerhouse — Longitudinal Saction
2468-001-522 F — General Arrangement — Powerhouse — Transverse Section
2468-002-210 0 — General Arrangements — Tunnel — Plan, Profile and Typical Section
2468-002-2301 A — Tunnel — Overall Plan and General Arrangement

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

2468-002-2411 @ — Tunnel — Excavation and Support — Sections

2468-002-2431 C — Tunnel — Concrete Plug and Headworks Chamber — Structure Qutline —
Profile, Pian

12
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2468-002-2432 C — Tunnel — Concrete Plug and Headworks Chamber - Structure Qutline —
Sections, Details

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

Conditionat 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 siream for which the ficence
has been granted. it further defines the obligations of the Licensee to the Province of British
Cotumbia,

RECOMMENDATIONS

The work is comprised of the excavation and support of the primary tunnel advance between the
tunnel portal and tunnet station 0+425. The work will include temporary portal development and
remuck bays as the contractor sees fit. This Leave is exclusive of the final lake tap; rock trap, plug
and headworks chamber; and IFR Equipment Chamber, which are all to be designed once detail
reck conditions are understood.

It is noted that preliminary results from ARD testing have indicated that rock from the 6 metre deep
horablend inclusion encountered in the pilot hole at approximate depth of 137 metres may have
potential to generate acid rock drainage {(ARD). Conclusive results are not currently known and
further tests wilt be conducted. A total of 150 m? total of this material is expected to be excavated
fram this tunnel.

This review of the drawings for conformity with the previously review General Arrangements and
Design Criteria for excavation works and associated construction activities, further confirms that it is
consistent with accepted industry standards and adheres to the conditions of the Conditional Water
Licence. it is the opinion of the Independent Engineer that the Tyson Creek hydroelectric project
can proceed with the undertaking of the primary tunnel excavation subject to any restrictions and
conditions noted below:

This Leave to Construct is conditional upon the following:

1. Incorporating a orill water and inflow water management facilites acceptable to the
Envirormental Monitor.

2. Obtaining any necessary permits required from other provincial and federal agencies.

3. The proposed tunnel alignment is to be surveyed by an accepted professional to confirm
the as constructed alignment is within the project land tenures.

4. Pending results of further ARD testing, any tunnel spoils constituting of the horneblend
inclusion noted above should be temporarily spoiled separately in a manner acceptable to
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the Environmental Monitor until any necessary long-term management procedures are
established and put into effect.

Page 84 of 218 FNR-2016-60489



Bennett, Timothy A ENV:EX

From: Steeves, George [gsteeves@ameresco.com)

Sent: Wednesday, October 14, 2009 11:03 AM

To: Davies, James W ENV:EX

Cc: Bennett, Timothy A ENV:EX; 'Michael Potyok'

Subiject: RE: Tyson Lake IPP - review of October 3, 2009 OPP - request for info from IE
James

Please find my responses embedded in the message below.

George

Goorge L. Stueres; P Ly,

c/o Ameresco Canada

7th Floor

90 Sheppard Avenue East
Toronto, Ontario

M2N 6X3

Tel: (416) 512-7700 x 3322
Direct: (647) 788-6028

Fax: (416) 218-2288
s.22

From: Davies, James W ENV:EX [mailto:James.Davies@gov.bc.ca]

Sent: October 8, 2009 6:52 PM

To: Steeves, George

Cc: Bennett, Timothy A ENV:EX

Subject: Tyson Lake IPP - review of October 3, 2009 OPP - request for info from IE
George Steeves

RE: Tyson Lake IPP - review of October 3, 2009 OPP - request for info from IE

We are reviewing the October 3, 2009 Operating Parameters and Procedures for the Tyson Lake IPP.

Can you provide clarification on the following:
The powerhouse does not have a 5-ton crane. The 5-ton crane is to be installed at a later date. The owner
decided to not install a crane at this time, primarily for cost considerations. The generating equipment was

installed with a mobile crane prior to the ewr3ection of the powerhouse. The structure was designed for a
crane and it can be added at a later date if proved necessary during plant operations

Does this issue require an action by date? | do not believe an action by date is required.

Do we have the drawings for the IFR pipeline, from the tunnel portal to Tyson Creek? | have attached the plan
and profile drawing for the IFR pipeline from the portal to the creek. This work has been completed.
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)
The OPP appears to imply the IFR is not measured for operational purposes in the IPP SCADA. It is not
currently measured as it is a constant flow of 0.07 m?/s. The intent is to confirm the flow at the discharge is
the mandated 0.07 m®/s and from then it is permanently on.

Is this understanding correct? How does the IPP SCADA at time x, know what is the IFR at time x? The plants

SCADA system will identify if the pumps are on or off, which is adequate as they will have a fixed output eg
0.07 m*/s

During a shutdown of the water turbine, what is the power source for the backup generator to supply power
to the IFR pumps? The power to the IFR pumps is from the powerhouse station services. When the turbine is
off line and the grid is present the IFR pumps would still be powered through the feed from the grid. If the
grid is gone, the standby genset set would provide the necessary station services which would then power the
IFR pumps.

The OPP mentions that the IPP can act as an island power source for Egmont. Does Tyson IPP have a utility
permit, a CPCN, for this? Or is this part of BCH system of providing power to Egmont during a blackout further
down the transmission line? It is the latter. From the perspective of the IPP they are only selling energy to BC
Hydro. There are additional features built into the plant paid for by BC Hydro which will allow BC Hydro to
continue to serve customers in Egmont and elsewhere depending on where the fault in the transmission
system is. The plant is ideal for this application because it can respond to the connected load due to the
presence of the storage. Therefore no utility permit is required.

Is a LTCC required for the blasting of the lake tap? Would there be a commissioning report of the blast? | do
not believe a separate LTCC is required but | can stand corrected. The IE prepared a LTCC (Amended) report
for MOE which included the lake tap blast which was submitted August 13, 2008 to MOE and the LTCC
subsequently issued on September 12, 2008. A Leave to Construct has been issued for the lake tap blast.

James Davies, P.Eng.

Regional Hydrologist

Ministry of Environment

Water Stewardship Division - Lower Mainland Region
2nd Floor - 10470 - 152 Street

Surrey, BC, V3R 0Y3

Tel: (604) 582-5203 FAX: (604) 582-5235

email: James.Davies@gov.bc.ca

-k*********************************************'k***********************************
* &k ok

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 contained in it or 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 reply e-mail. Thank you.
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Bennett, Timothy A ENV:EX

From: Steeves, George [gsteeves@ameresco.com}
Sent: Friday, November 6, 2009 4:22 AM

To: Dave Bates; Bennett, Timothy A ENV:EX
Subject: RE: Tyson Creek Q {2002777)

Tim/Dave

A} IFR System

Prior to issuing the Leave to Comstruct for the IFR sytem I considered the potential for
freezing.

First some general background. The pipe is a HDPE pipe which by itself has a low thermal
condictivity compared to steel. Secondly it has been laid on the ground and with the snow
will have some thermal insulation. Finally assuming there is a continuous €low in the pipe
you will reach an equilibrium point. The pipe will develop a thin layer of ice on the inside
and the velocity of the flow increases due to the reduced cross section. Eventually there is
an equiiibrium between the ice thickness and the velocity as the ice itself increases overall
R factor of the pipe. This subject has been discussed/researched extensively in the design of
penstocks for projects.

1) Pumping System - the pumping system has a redundant parallel system with two pumps each

capable of providing the IFR flows. They will be operated in a duty cycle eg one week on ,

one week off, which will ensure they are always ready for service, e.g. the spare is always
being tested.

2) Electricity Supply - there a a standby genset at the powerhouse which will provide power
to the IFR piumps in the instance there is a grid fault or the plant goes off line,

3) Mitigating solutions - I also considered the potential for mitigating solutions ir the
instance for whatever reason the IFR pipe froze. There are two realtively straght forward
solutions. 1) Bury or insulate the pipe from the portal to the discharge point; and ii)
install a heat trace system within the IFR pipe, similar to what is used to winterize cottage
pipe lines.

In summary I considered the potential for freezing and believe the design mitigates its
potential. Secondly I believe if it were to occur there are reasonable achieveable solutions.

B} Plug Leakage - I visited the site after the achievement of the lake tap for the express
purpose of looking at the tunnel plug. It is leaking slightly and the leaks appear to be on
the perimeter of the plug at rock seams. It is my understanding that the leaks will be sealed
with a grouting program. It is my view that the leaks are minor and the plant could safely
operate as is. The flow from the leak disappears almost immediately after the tunnel portal
which is at some distance from Tyson Creek.

Trust this is of some help.

George

From: Dave Bates [fsci@telus.net]

Sent: Thursday, November 95, 2089 7:28 PM

To: Bennett, Timothy A ENV:EX; Steeves, George
Subject: Re: Tyson Creek Q (2802777)

Page 87 of 218 FNR-2016-60489



Hi Tim

I agree with the freezing concern. I have raised this point in the past. Given the potential
for a mechanical breakdown and the possibility of the water sitting in the pipe. This area
and lake freeze solid. If the backup fails and the pipe were to freeze we would loos all IFR
input. Not sure of the likelihood of this happening. George may have a better idea.

I have been told there is some leakage but that the water was not making its way to Tyson. It
goes To ground well away from the area. I do not know what the implications from an
engineering perspective would be. I did ask if there was a chance of complete plug failure. I
am assured this will not be an issue,

Dave

On 95/11/09 2:27 PM, "Bennett, Timothy A ENV:EX"
<Timothy.Bennett@gov.bc.ca<UrlBlockedError.aspx>> wrote:

Hi George, Dave,
I’ve two concerns and am looking for your feedback/comments:

13} Would you have any concerns with water freezing within the IFR pipe? (noting that it
is a 1@ inch diameter pipe lying over €.5 km of ground, up to elevations of over 1006 m; and,
that we have observed other IFR pipes freezing up, and not releasing IFR).

2) I have heard that there have been some ‘leakage’ issues, presumably in the vicinity
of the tunnel/penstock. Are you aware of any concerns with (e.g., over and above that
designed for), or do you have any comments regarding, leakage? If not, could you please look
into it?

Thanks,
Timothy Bennett, M.Sc., P.Eng.

Section Head, Water Allocation

Water Stewardship Division

Ministry of Environment

1847@ - 152 Street, Surrey, BC V3R @Y3

Ph. (604) 582-5227 Fx. (6084) 582-5235
Timothy.Bennett@gov.bc.ca<UrlBlockedError, aspx>

D.J. Bates, PhD, CCEP, RPBic
Habitat Biologist
FSCI Biolegical Consultants
604-740-2637

****#**********************************$*****$***********’kl&********************ﬁc******

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,

2
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dissemination or copying of turs e-mail or the information conte.ned in it or 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 reply e-mail. Thank you.
************#***#********:k************************Jink**********************************
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Al Eansullants

Memorandum

DATE: Novemnber 12, 2009

To: Mike Wilcox, BC Ministry of Environment
Al Magnan, Fisheries and Oceans Canada
George Steeves, Ameresca Canada
Andy Paulus, Project Engineer
8. Quinn, shishalh Nation
Water Stewardship Branch, Ministry of Environment

From: D. Bates

RE: Tyson Creek IPP Environmental Monitoring Reports
Water File No.: 2002777; Water License No.: 120523

Attached please find copies of the Environmental Monitor reports for Tyson
Creek IPP. The reports cover the period October 1* through the 31%. Work
during Qctober included:

* Powerline,

* Tunnel,

*  Penstock anchors,
* Powerhouse.

Active construction in five principle areas: powerline pole installation and lines;
powerhouse preparation for building shell and electrical; continued construction
of upper penstock anchors, Opening (blasting plug) tunnel and preparation of [FR
pipeline.

Lake intake plug was blasted with no issues. Crews are working to grout leaks in
tunnel around pipe.

Most important issues continue to be surface water on roads and
construction sites in preparation for fall rains. High-risk areas on Tyson
main have been marked and contractor requested to create and maintain
cross ditches in expectation of heavy rains.
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Daily Inspection Report

PROJECT: Tysan Creek Hydro Project
Contractor: Three Peoint Equipment

PREPARED BY 5.22
REPORT NO. 03-10--09FG DATE Gt . 04-09-09
WEATHER Clear & wool inam, 14 deg

CONTRACTCOR’S EQUIPMENT AND WORKFORCE — Exc. moving from beach to Tyson , Fel. Moving sand
to PH, RT moving bedding —screen plant to above AB 1, Drill dritling rock anchors in SP 26 Hells Gate,
Exc moving lumber & rock anchors up to SP 26,Exc. plus RT trenching Portal o above AB 1; Crew
stripping AB1; Crew forming SP 24; batch plant & 2 cement trucks & water truck preparing for pour @
AB10; 2 Exc. on PL installing & drilling for pole culverts #34 down.

TUNNEL Grouting last 2 plug pipe anchor holts; erew framing portal door; coating crew Lo start tomorrow,
cleaning/coating tunnel plug pipe.

POWER HOUSE Installing poles & conduijt to PH; electrical contractor well advanced on PH wiring,

POWER LINE Drifl & cxcavators should complete all pole culverts above Misery Ck foday; they bave #15
left to driil; alf poles from #104 to #66 should be installed by end of next week & stringing of
power fines from #104 to #84 should start shortly thereafter.

PENSTOCK As in contractor comments.

INSPECTION ACTWVITIES  PH, PS plus Tunnel.

 DISCUSSIONS WITH CONTRACTOR

Moving yarder down to lower sky line landing in preparation to pour AB3 tomorrow.

DISCUSSIONS WITH OWNER
Repairs to AB3 & revisions {o SB23 have been addressed (CAE request).

ENVIRONMENTAL — No issues.

OBSERVATION/ISSUE
{Note: numbering corresponds to photograph labeling.) _ REQUIRED ACTION
2.1 [ AB 3 Hells Gate .

CADocuments and SettingsiFrediMy Documents\Dakota Creek Resources\Administration\Daly inspection Repontd3-10-09FG doc
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Daily Inspection Report

h_(Note: numbeﬁ?fﬁﬁ\s’iﬂgﬂﬂgﬁgprh labeling.} REQUIRED ACTION
2.2 | Start of forming AB 24 .
2.3 | Driling rock anchors SP 28 . .
2.4 =

25 .

hoto.' 25

Photo 2.3: Photo 2.4:

CBocumeanits ard Selings\Fred'\My Bocuments\Dakota Creek Resourcesbad ministrationtDally Inspection Repor(2-10-09F 3. doc
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Daily Inspection Report

PROJECT: Tyson Creek Hydro Project
Conlractor: Three Paint Equipment

PREPAREDBY | 22
REPORT NO. 07-10-09FG DATE [ Oct 8--09
WEATHER Clear & warm in pm

Exc. loading RT @ screen plant; Exc. covering powerfcom. cable @ super trench; 2 Exc. @ base of Hell's
Gate moving supplies; 2 Exc. & RT placing pipe from portal down; Ruskin crew forming AB3 for 2m
stage pour {also forming SP 26 & 27}; grouting rock anchors & stripping SP23; placing rock anchors
drilling rock dowels in AS4.

TFTUNNEL Coating crew started inside plug pipe today. ProCon connecting [FR pipe from end of plastic to portal;
setting instrument building (arrived this a.m.); cleaning the tunnel & moviag out equipment; plan to load
face for final blast Satorday.

POWER HOUSE  Electrical contractor continuing with wiring ... shoutd be finished Friday; getting ready to do
some repairs ou temp roof in preparation for heavy rain next week.

PENSTOCK As above.

POWER LLINE  Drill & exc. have finished installing culverts; Darwin’s crew instalting poles from #1904 down
Tough Ck. side.

INSPECTION ACTIVITIES

PL to tunned.

DISCUSSIONS WITH CONTRACTOR

SkyLing machine moved to heli-landing; ptan to move fo top of Hell's Gate when PS pipe Is finished between
portal & AB1 sometime next week (welders returning this afterncon).

DISCUSSIONS WITH OWNER

They are planning to pour AB3, SP26 & 27 on Friday if all goes as planned; locked @ re-vegetation
options & there is only one small area @ the PH that could be done now, but it’s too late in the year as
grass seed, once germinaied, is very sensitive to frost damage. | recommend we wait until next Spring to
seed.

ENVIRONMENTAL o
They have trenched & X-ditched the upper access road on Hell’s Gate (below SB26 as requested); further
deactivation work will be done as concrete is completed.

CADceurnents and SsttingsiFredWMy DacumenisiDakata Creek Resources\administration\Daily Inspection Report 07-10-09FG doe
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_I_'.__)a_i_ly_l__qspection Report

OBSERVATIONASSUE
{Note: numbering correspends to photograph labeling.) v____S_NE”QUIRED ACTION
2.1 Portal door aimost finished ]
(2.2 Preparing to connect IFR pipe to tunnel T

2.3 | Water control below SP 28] Helis Gate |

2:4 Skyline Yarder at Heli landing .
2.5 .
SITE PHOTRAPHS
Photo 2.1 Photo 2.2:
-‘a‘ & i
Photo 2.3: Photo 2.4:

ChDosuments and Settings'\Fred\My DocumenisiDakoia Creek Resources\Adminisiration\Dady Inspection Report 07-10-09FG doc
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Daily Inspection Report

PROJECT: Tyson Creek Hydra Project
Contractor: Three Point Equipment

PREPARED BY | 522
REPORT NO. 09-10-08FG DATE Qct. 10-09
WEATHER o Cloudy periods 12 deg.

CONTRACTORS EQUIPMENT AND WORK FORCE
Exc. & RT moving sand to 1+800 area from screen plant; Exc.-compacter covering power-com, cable @ 1+700
{creek X-ing); Exc. backfilting @ super french; Exc. placing pipe in trench for welders above AB1 plus
trenching/placing 1°' MB below portal; Ruskin crew completing rebar work on AB3 for concrete pour today,
finishing form work on SP26 & grouting rock anchors/dowels in AB4; batch plant, 2 concrete trucks & water truck
preparing for today’'s pour. R
TUNNEL Road closed to lunnel; spoke with Greg (ProCon) ... he said they are working on IFR pipe, transporting
explosives into face for tomorrow’s Joading; coating crew completed tunnel plug pipe ... working @ beach on
Hell's Gate pipe bridge.

POWER HOUSE Electrical contractor taking tong week end break ... should complete work by end of next week;
crane lifting reducer into place today so rebar work can be completed.

PENSTOCK Asabove. Because of the late start today, they plan to pour SPs 24 & 26 & base of AB4
HOIMOrTOW,

POWER LINE  Warren Hanscn in today so did not inspect PL.

INSPECTION ACTIVITIES Beach to Hell's Gate.

DISCUSSIONS WITH CONTRACTOR Askad S22 {0 ensure that drainage was controlied around PH
before expected rains next week.

DISCUSSIONS WITH OWNER  There is some guestion as to how much rebar is required in the lower
comer of AB4. Andy can resclve tomorrow.

ENVIRONMENTAL Reminded contractor heavy rains are expected next week & they should be thinking
about X-ditching Tyson Main,

C:\Documents and Setings\Fredity Docurments\Dakota Creek Resaurcestadministration'Daly Inspection Report®d-10-09FG.doc
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Daily Inspection Report

OBSERVATION/ISSUE
(Note: numbering corresponds to photagraph labeiing.} REQUIRED ACTION
2.1 | Crew completing rebar on AB #3 .
22 Lower corner AB #4 where they want to =
pour a level pad to start rebar work =
2.3 | Rock anchors ready to grout AB#4 .
2.4 ]
25 .
SITE PHOTGAPHS

Photo 2.1: | Photo 2.2:

Photo 2.3+ oomemo Photo 2.4

C\Documents and Settings\Fredhiy DoecumenisiDakota Creek ResourcesihdministratiomiDaly Inspection Reportds-10-08FG.doc
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Daily Inspection Report

PROJECT: Tyson Creek Hydro Project
Contractor: Three Point Equipment

PREPARED BY 5.22
REPORT NO. 17-16-09FG DATE Oct 18-09
WEATHER Cloudy — light rain [2deg. -

CONTRACTORS EQUIPMENT AND WORK FORCE

Exc.i2 RT & FEL @ screen plant; 1 RT later moving pipe to Hell’'s Gate; exc. back filling PS through Super
Trench area; dril/2 Exc. & yarder working lower Hell's Gate area; Exc. repairing road & bedding above AB1; Exc.
& welders installing last section of pipe between AB1 & Portal; Ruskin crew building scaffolding for welders on
AB3, finishing rebar & forming AB4 & SP28, & forming SP29; 2 exc. working on PL (1 X-ditching in Pass area &
1 working with Darwin’s crew.

TUNNEL  ProCon wiring instrument building & pump room.

POWER HOUSE Crew installing the roof; clectricians are off until commissioning.

PENSTOCK As above.

POWER LINE

Stringing linc between pole 86 & 66; all poles are installed except 42/43/45/29/15; exc. was atiempting
to shore up pole 55 duc to the pole base being situated on unstable ground ... may have to moved into
road & road widened @ this point.

INSPECTION ACTIVITIES Beach to Hell's Gate/Tunnel/PL.

DISCUSSIONS WITH CONTRACTOR

Asked 5.22 to pull excavators off their existing job & commence X-ditching Tyson Main (started in the p.m.}.

DISCUS'-S"I“CNS WITH OWNER There was some water damage to the PS bedding above AB# 1 as a result
of the heavy rain yesterday also some of the french drains in this section are not working.

ENVIRONMENTAL
Marked X-~ditches on Tyson Main & starfed marking on Tough Ck. Main, where in most situations they only are
required to be re-instalied from their-previous locations fast Winter. All streams in the working areas are

running clear

C\Documents and Settings'Fred\Wy DocumentsiDakota Creek Resourcesiadminisiration\Daiy inspection Repor17-10-08FG.doe
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Daily Inspection Report

OBSERVATION/ISSUE
{Note: numbering corresponds to photograph labetiing.) REQUIRED ACTION .
2.1 | Wetiders are completing the last section | = '
of P8 below this point "
2.2 | Crew installing Power House roof ]
2.3 | Reducer connected @ PH . T
24 =
25 =

SITE PHOTOGRAPHS

Photo 2.1: Photo 2.2:

Photo 2.3:

Photo 2.4:

CiiDooumenls and SetlingsiFredly DocumentsiDakata Creek Resources\Administralion\Daily nspection Report 7-10-09FG doc
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Daily Inspection Report

PROJECT: Tyson Creek Hydro Project
Contractor: Three Point Equipment

PREPARED BY s.22 e
REPORT NO. 21-10-09-FG DATE Oct 22-09
WEATHER Cloudy, 12deg, e

CONTRACTOR EQUIPMENT AND WORKFCRCE 2 RT hauling ag grcgate from heach to bateh plant, Exe. & 2
RT hauling bedding from screen plant to PS- Portal area, Exc +- 2 Concrete trucks @) batch plant, erew + yarder
pouring top of AB 3, Exc. digging water control ditch below AB 5, Drill + blast @ AB 5, Ruskin crew finishing
rebar on AB 4 { pour tomorrow |SP 28 & 29 are ready to pour , crew forming 30,31 & 32, crew placing dam sack &
bedding on PS below Porial, welders cutting man hole above AB1& fabricating pipe scctions @ 1+800, power /com.
cable strung fo control building @ Portal . _—
Tunnel—ProCon crew preparing to drill & grout water teaks @ plugt system to divert tunnel
water from PS trench below Portal so they can bed this section of PS .

Penstock—See above| contractor comments |

Power House—Electrical cont. finishing wiring.

Power Line---Crew stringing lines pole #70 to # 66 + installing remaining poles
INSPECTION ACTIVITIES ~ Beach to Turnel

DISCUSSIONS WITH CONTRACTOR

Talked toS-22 . re. Exc. deactivating road on PL from pole 86 to 155, to ensure that he is completing the
work to an acceptable standard. Water control bélow ABS is a real ‘problem ... they plan to construct a
narrow trench lined with clean rock:(French drain) until PS is In'ptace at which'tirme they shal- construct
a creek X-ing over PS.

DISCUSSIONS WITH OWNER

There is an area of safety concern for crews working AB4 & down, from loose rocks above work area. |
have recommended the installafion of a safety fence/ barrier above work area.

ENVIRONMENTAL - |
Water control measures have been instatled on Tyson Main to 1+800.& appear {o be functioning. Stream
tn work area running clear.

C:\Documenis and SettingsiFrediMy DocumentsiDakota Craek Resources\ddministrationiDaily Inspection Report21-10-09FG.doc
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Daily Inspection Report

OBSERVATION/ISSUE
{Note: numbering corraspands ta photagraph labeling.) REQUIRED ACTION
21 Power fcom. cable instalied to control )
building @ Porial *
2.2 | Crew setting up fo cut manhole above AB | "

2.3 Exe. installing French drain below AB 5 =

24 -
25 ’ .
ITE PHOTOGRAPHS
Photo 2.1: R " Photo 2.2
Photo 2.3: Photo 2.4:

CiDocuments and SettingsiFrediMy Documents\laketa Creek Resources\ad minisiraton\Daily Inspection Report21-10-09FG.doc
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Daily Inspection Report

PROJECT: Tyson Creek Hydro Project
Contractor: Three Point Equipment

PREPARED BY 5.22
REPORT NO. 24-10-09FG ] DATE 25-10-09
WEATHER

CONTRACTOR’S EQUIPMENT AND WORK FORCE .

2 RTs moving aggregate from beach to batch plant; fater moving sand/bedding to below ABS; welders fabricating
sections from 1+100 to AB5; exc. placing bedding in trench below ABS; Ruskin crew form/rebar saddie in back of
AB4: placing rebar & forming SPs 30/31/32; pouring concrete SP 30/31 later today; SP32 & base of AB5 on
Monday; coating crew completing inside coating of PS from man hole to portal; RT/Exc. back-filing PS from
skyline yarder access to below MB1; 1 exc. de-activating roads @ Drew Ck. & 1 working with PL crew.

TUNNEL ProCon crew out until next week.
PENSTOCK As above.

POWER HOUSE Cladding completed on west wall; presently working on south wall; clectricians
warking on instrument connections; Ruskin crew completing forming of thrust block
for pour Sunday or Monday.

POWER LINE  Installing poles 29 today (Misery Ck. X-ing); lincs strung to east side of Tough Ck
X- ing; pole 55 will be moved 2 m. into road to a more stable location (that leaves pole
15 left to install).

'INSPECTION ACTIVITIES Beach to tunnel.

DISCUSSIONS WITH CONTRACTOR
Planning to move the skyline yarder to top of Hell's Gate tomorrow.

DISCUSSIONS WITH QWNER
The tunnel, at present, has na ventilation, so is deemed a “confined space” ... therefore NO
ONE should enter the tunnel without a GAS MONITOR (coating crew's monitor indicated
HIGH LEVELS of CARBON MONOXIDE in back of tunnel). They said they would post notice
on portal door.

C\Documents and Settings\Fred\My DocumentsiDakols Creek Resources\AdministrationiDaily Inspection Report24-10-09FG.doc
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Daily inspection Report

ENVIRONMENTAL
No.issuss..
OBSERVATION/ISSUE
{Note: numbering carresponds to photograph tabeling.) REQUIRED ACTION
2.1 | Ceating crew ventilation- man hole .
above AB#1 .
2.2 | Forming for saddle back of AB#4 =
2.3 | Finishing 8P 30 for pour today =
2.4 | AB#5 rock anchors grouted, they will *
start forming base later today !
2.5 | PH cladding finished on West wall ]
SITE PHOTQGRAPHS

Photo 2.3: Photo 2.4:

CaDocuments and Settings\Fred\My DocumentsiDakota Creek Resources\Admiristratiom\Daily inspection Report24-10-09FG dog
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Daily Inspection Report

C:i\Documents and Setlingsi\Fred\My DocumentsiCakota Creek Resources\adminisirationiDaily Inspection Report24-10-08FG doc
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Daily Inspection Report

PROJECT: Tyson Creek Hydro Project
Contractor: Three Point Equipment

PREPARED BY $.22
REPORT NO. 28-10-09FG | DATE | 29-10-09
WEATHER Cloudy 8 deg ground frozen (@ the portal.

CONTRACTOR’S EQUIPMENT AND WORK FORCE .Exc & screen plant working, 2 Exc moving pipe section to
above MB 10 [AB 5} 2 RT, D7 + Exc. moving skyline yarder to {op of Hells Gate , laler Exc + RT moving
Tunnel rock to backfill PS{ completed aimost to Portal ,Ruskin crew forming AB b + crew setting all saddle boits
so they are flush | welders installing man hole below MB 10 Exc deactivating pole #120 down Drew cr ., Exc
with Darwins crew .

TUNNEL—-NA
PENSTOCK- as above

POWER HOUSE—A bee hive of activity —eleciricians & instrument people; eladding is almost complete; thrast
block is poured (only small end wall feft to pour).

POWER LINE Due to the fact [ didn’t have a vehicle at my disposal, I wasn’t able to check the PL.

INSPECTION ACTIVITIES  Beach to tunnel.

DISCUSSIONS WITH CONTRACTOR

They are geing to raise the sky line yarder this afternoon, and start moving pipe sections between ABt &
AB2 to top of Hell's Gate.

DISCUSSIONS WITH OWNER s.22 | did pull test on ABS ... they ali passed (one anchor they didn’t
have the correct iocking nut so they will leave the corner of the form open to install this nut as soon as
they get it). 5 2 asked that we ensure this is done to proper torgue.

ENVIRONMENTAL

All streams‘in work area-are running clear. -

ChiDocuments and SetingsWrediMy Docurmnenis\Dakota Cree k Resourcet\dministration'Caly Inspection Repart 28- 10-09FG doc
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Daily Inspection Report

OBSERVATION/ISSUE
{Nate:‘q_:\:_!_qpf[ili_gh_{;q_{rgsponds to photograph labeling.) REQUIRED ACTION
2.1 MB #10 in place ]

22 Welders installing man hole betow MB 10 =

2.3 | Pultestrock anchors AB#5 ~ |'»
24 | MB#9inplace [AB#5] ]
2.5 | AB #5 with support pads above ]

SITE PHOTOGRAPHS

Photo 2.1: S Photo 2.2:

hoto 2.3 hotz.4:

C:\Documents and SetlingsiFrediMy Documenis\Dakata Creek Resources\dministralioniDaiy Inspection Report 28- 10-09F3 . doc
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Daily Inspection Report

CACocuments and Setings\FrediMy Documents\Daketa Creek Resources\idministration\Daily Inspection Report 28- 10-08FG doc

Page 106 of 218 FNR-2016-60489



Daily Inspection Report

PROJECT: Tyson Creek Hydro Project
Contractor: Three Point Equipment

PREPARED BY 5.22
REPORT NO. 31-10-09FG [DATE [ 31-10-09
WEATHER Light rain / clearing , heavy rain Iaslmght 70+ mm. (0 deg

CONTRACTOR’S EQUIPMENT AND WORK FORCE
Crane @ beach loading pipe; exc. frenching (afternoon) for last section of pipe @ PH; exc. on Tyson Main (water

control); exc. between MBs 8&10 (water control); exc. + 2 concrete trucks @ batch plant; Ruskin crew adding
missing rods to downstream face of AB4 before today’s pour & finishing rebar /forming ABS; 1 exc. deactivating

roads @ Drew Ck. & 1 exc. working with Darwin’s crew.

TUNNEL. ProCon has 3-man crew drilling/grouting feaks in tunnet plug.
PENSTOCK  As above.

POWER HOUSE Electricians & instrument personnel almost finished; cladding crew are nearing completion of PH
building; crew petforming conductivity tests in PH area & crew removing short section of PS below the thrust blk.

POWER LINE  Stringing lines fram pole 60 to 50; starting line pulling {rom peles 50 to 30 later today.

INSPECTION ACTIVITIES Beach to tunnel.

DISCUSSIONS WiTH CONTRACTOR

Reviewed with $.22 the need for angled rebar under PS @ AB4 but had to move them back one dowe! in
arder to dritl the concrete on an angle; the alignment of the MB through AB4 to SB27 can be straightened (they assure mel)
after AB4 is poured. The skyline machine was raised today & they plan to rig the skyline itself early next week.

DISCUSSIONS WITH OWNER
All items | was asked to check were done.

ENVIRONMENTAL

Due t6 heavy rain tast niglit there was some damage to the trench balow MB10 & several X-ditches on
Tyson Main filled in. We had an exc. go & repair the damage, All streams in the working area were high &
clear. The Tzoonie River was quite turbid @ the first bridge but not the- secand one. One culvert @ 2 km-
on. T2 had-the south-end cribbing partially washed out.

Gi\locuments and Settings\Fred\My Documents\Dakota Creek Resources\AdministrationiDaily Inspection Report31-10-09FG.dac
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Daily Inspection Report

OBSERVATIONASSUE
{Note: numbearing corresponds to photograph labeling.) REQUIRED ACTION
2.1 | AB 5 rock anchor nut tightened to
5775bs
2.2 | Drill & epoxy exira | missing rebar] in
AB4
2.3 | PS adjusted to properly align with SP 32 | =
24 | Completing the rebar & forming of AB 5
Inspected & ok to pour with minor height
adjustments to rods in upstream right

| have lots of rebar photos if required

corner
2.5 | Crew removing short section of PS down | =
stream of the thrust bik.@ the PH -

SITE PHOTOGRAPHS

Pto 2.4

Photo 2.1:

Photo 2.3:

C\Documaents and Setiings\Fred\by DocumentsiDakota Creek Resources\AdministraliomiDaily Inspection Report31-10-08FG doc
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Daily Inspection Report

CADocurments and Settings\Frediy DocumentsiDakota Creek Resources\AdmiristrationiDaiy Inspection Report31-10-09F G.doc
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Tyson Creek Hydro Project ! Procon Mining & Tunnelling Page 1 of 2

Procon

hitp:AAwww.procongr net

T
“Squamish

Seiratus
Mauntain

TYSON CREEK HYDRO PROJECT

RENEWABLE RESOURCES CORP,

The Tyson Creek Hydro Tunnel project was located in Narrows Inlet, about a une hour boat ride north of Sechelt, British
Columbia. The Owner, Renewable Resources Corp is currently constriicting a hydro project to sell power to the BC Hydro

grid. Procon drove a tunnel about 400 meters in length at a grade of +/-12%. The tunnel was completed in 2008 then the
mechanical installations and lake tap in 2009.

¢ Location: Sunshine Coast, B.C.
= Start-up: August 2008

. . P 110 of 298 FNR-2016-60489
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Tyson Creek Hydro Project | Procon Mining & Tunnelling Page 2 of 2

+ Completion: November 2009
+ Resource: Renewable Energy

Like < 0 |
Tweet

G+to0

Seymour-Capilano Twin Tunnels ProjectNalunaq Mine Project

HOME | WEB FORTAL | SITEMAP | PRIVACY POLICY | TERMS OF USE | © 2016 PROCON MINING & TUNNELLING | ALL RIGHTS
RESERVED | B B &
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Bennett, Timothy A ENV:EX

From: Steeves, George [gsieeves @ ameresco.com)

Sent:  April 17, 2008 4:05 PM

To: Bennett, Timothy A ENVIEX

Cc: s22 - ; Pater Schober
Subject: RE: Tyson Creek (Water file 2002777)

1 will proceed with the third option then.,

George L. Steeves, P.Eng.

¢/o Ameresco Canada

7th Floor

80 Sheppard Avenue East
Taronto, Ontario

M2N 6X3

Tetk: {416) 512-7700 x 3322
Fax: (416) 218-2288

Call; s:22

From: Bennett, Timothy A ENV:EX [mailto: Timothy.Benneti@gov.bc.ca]
Sent: April 17, 2008 7:00 PM

To: Steeves, George _

Cc: s.22 _ Peter Schober

Subject: RE: Tyson Creek (Water file 2002777)

Hi George,

I'm open to the first and third options (i.e., either issuing a leave based on the
originally proposed traditional penstock, on the presumption that this is still the
most likely outcome, or issuing two separate leaves for the portion of the penstock
that remains unchanged and for a future, ultimate configuration of tunnel or
penstock) .

The second option (i.e., issuing a leave for the penstock including a tunnel) will
require either an amendment or new application to reflect a change in works

and/or storage amount. As such, it will require an application including fees and
appropriate supporting documentation. It would net be appropriate to issue an
leave for this option.

FYT, I had talked to Marc earlier today regarding this.

Regards,

Timothy Bennett, M.Sc., P.Eng.
Section Head, Waoter Allocation
Water Stewardship Division

Ministry of Environment

10470 - 152 Sireet, Surrey, BC V3R 0Y3
Ph. (604) 882-5227 #x. (404) 582-5235
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Timothy.Benneft@gov.be.ca

From: Steeves, Gearge [mailto:gsteeves@ameresco.com]

Sent; April 15, 2008 5:02 PM

To: Bennelt, Timothy A ENVIEX; 822 . Peter Schober
Subject: Tyson Creek

Tim

| am working on the preparation of the Leave to Cornmence Construction for the above project. Tyson is
considering a tunne! and submerged intake alternative in keu of the more traditional penstock and concrete
headworks. The use of the 400 m long tunnel would eliminate 840 m of penstock. The current ficence WTR
references the more traditional project and a specific storage volume. With the tunnel aliernative there is the
ability to use a larger storage volume. The project design for the tradition concept is well advanced.

Tyson has not yet made a decision with respect to a tunnel versus the more traditional penstock. They would
however lile to get started with respect o the site preparation, clearing and grubbing, transmission line, etc, and
therefore relatively urgent need for the Leave to Commence Construction and the subseguent Leaves to
Construct. With exception of the lake works and the first 800 m of penstock, the balance of the project is identical
regardiess of the selected alternative. There are three opiions. The firstis to do the Leave to Commence
Construetion for the entire project based on the traditional design. It would then need to be amended if the tunnel
alternative is selected. The second is to do a Leave to Commence Construction for the entire project based on the
tunnel alternative and subsequently amend it.

The third alternative is to do two Leaves to Commence Construction. The first would be for the entire project
except for the first 800 m of penstock or tunnel. And the second would be for the selected aliernative from the
take down 1o the match line with the initial leave to Commence Construction and would be submitted a few
months after the initial Leave to Commence Construction. ' '

| look forward to hearing from you in this regard.

George
George L. Steeves, P.Eng.

c/o Ameresco Canada

7th Floor

90 Sheppard Avenue East
Toronto, Ontario

M2ZN 6X3

Tel: (416} 512-7700 x 3322
Fax: (416 218-2288

Cell: 522
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Davies, James W FENR:EX

From: Steaves, George <gsteeves@ameresco.com>

Sent: Saturday, July 18, 2008 4:41 AM

To: Bennett, Timothy A ENVIEX; Babakaiff, Scott C ENV:EX

Subject: Tyson Creek - Tunnel and IFR delivery system

Tim/Scott

s.22 _ started when | advised them they

could not simply switch from a weir and intake to a tunnel and from a fixed IFR opening at the weir to a pumping system
without some confirmation from MOE that this was all acceptable.

ftis my intent to present the tunnel and IFR pumping system as sections of the Leave to Commence Construction
("LCC") Part 2. The LCC Part 1 dealt with everything from Sta. 0+840 up to and including the powerhouse and excluded
the weir and intake. Tyson is working at providing the required documentation to support the tunnel and the IFR
pumping system including system redundancies, all of which wili be presented within the LCC Part 2. The assumption is
that the iFR has to be delivered 1o the original POD.

The cover letter to the LCC Part 2 will include the [E's recommendations with respect o the two faregaing issues.

George

LR R L A s i e L R L R S L RSN LR R T R R L R R R R R R R L g R A
NOTE: This e-mail may contain PRIVILEGED and CONFIDENTIAL information and is intended anly for the use of the
specific individial(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 capying of this e-mall or the information contained in it or 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 reply e-mail. Thank you.
#************************#**********************************#*******#*****************
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Pavies, James W FLNR:EX

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

Sent: Wednesday, August 13, 2008 1:07 PM

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

Cc: s.22

Subject: Tyson Creek - feave to Commence Construction - Ammended (File no. 2002777; Licence
No. C120523)

Attachments: Leave to Commence Construction - Tyson - Amended v2.doc; Monitering Plan - Version

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

Fim/lim

Please find attached the above Leave to Commence Construction. | have also appended the tunnel plan and profile as
well as a drawing showing the proposed IFR infrastructure. } will send you the balance of the tunnel drawings tomorrow
when i 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 refiect the inclusion of the tunnel.

Faiso requested the completion of the final draft of the OEMP to refect the tunnel (after a cryptic reminder from Scott
B). | 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 tunnel which requires the issuance of the second Leave to Commence
Construction.

George

Fe e o oA oK ok o ok ok st ool ok o ok ok e ko oK ok e o R oK 0k ok sk o o ok ok ok o ok ok ok ok ko o R ol R ok o R R R ok ok e o ok ol o ok ok ok ok ke K B OR ok KK R ok ok e ok sk e sk

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 contained in it or 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 reply e-mail. Thank you.
EEEFR Rk ko Rk ko kk Rk kR R Rk kR kR kR R Rk ko ko h ohk kb ko ko ok ok ok e ok R e e ok
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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

Ce: s.22 _

Subject: Tyson Creek - Leave to Commence Construction - Amimended (File no. 2002777
Licence No. 1205230

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

2301_{A}.pdf, 02390 - Soil and Rock Anchors_0.pdf; 2401_{0).pdf; 2411 _(0).pdf; 2431
_{C).pdf; 2432 _(C).pdf; 2455_(C).pdf; 02491 - Rock Grouting_A.pdf; Design Basis - Rev F
2008-07-18.pdf; Drilt Waste - CEMP.pdf; Technical Specifications - Tunnel pdf;
Monitoring Plan - Version 2.pdf; Leave to Commence Construction - Tyson - Amended
vZ.doc

Tim/fjim

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.

Gearge

Gaorge £, Steeves, F L1g.

c¢lo Ameresco Canada

7th Floor

90 Sheppard Avenue East
Toronto, Ontario

M2N 6X3

Tel: {416) 512-7700 x 3322

Fax: (416) 218-2288
s.22

R AR ER A EREELELLEREELLERE AR EREST SRR ERE SR EEEE R TR R R R R R s R L ]

Kk kR

NOTE: This e-mail wmay 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 unautharized use,
dissemination or copying of this e-mail or the information contained in it or 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 reply e-mail. Thank you.
R R A SRR R R AR EER RS ARE SRR R R R R ERR R FEEEEREE R R R R R - e Y r R E kS

L8 ]
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FSC Biclogical Consultants

Memorandum
DATE: Juty 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 drill waste water
management on the downstream end of Tyson Lake. The following amendment
is suggested for the Tyson Creek Hydro CEMP:

3.20 Tunneil Drill Waste Water

A tunnel will be constructed from Tyson Lake that connects the lake fo the
penstock. The tunnel will require extensive rock drilling and excavation. The dril]
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:

» A sump measuring af 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 seftling structure for the drifl water, groundwater
segpage and any associated suspended drill flour;

e The sump should not have a surface connection fo 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
consitructed in impervious rock. The sump should have g
downstream surface outlet that moves settled water into an
adequately designed dilch constructed of pervious materials. The
water should go fo ground at this point or within a short distance
downsiream;
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s Sediment control structures such as rock plugs and/or silt fencing
may be required at the sump outiet in the event of heavy
suspended sediment loading. The onsife EM should be consulted,

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

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

In discussion with the contractor (Procon Mining and Tunnelling Ltd) they felt
confident wasie water and suspended sediments would be minimal. This opinion
is based on the drill core results reviewed.
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Technical Specification Section 02290

Tunneling

Miller Creek Hydroelectric Project Page i
02290 TUNNELING

1. General 1

1.1. Related Work 1

1.2. Work included 1

1.3. Reference Standards 1

1.4.  Additional Definitions 2

1.5. Submittals 2

1.6, Quality Assurance 3

1.7.  Site Testing 3

1.8. Site Conditions 3

1.9, Coordination 3

1.10. Inspection 3

1.11. Measurement and Payment 4

2. Products 5

2.1. Concrete Materials 5

2.2. Concrete Mixes 5

2.3. Grouis 8

2.4.  Rockboits 6

2.5, Welded Wire Mesh 6

2.6. Tunnel Support Sets 6

3. Execution 7

3.1,  Portal Facilities 7

3.2.  Tunnel Excavation and Support 7

GEA Gygax Engineering Associates Ltd. Rev. A/
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... Project Technical Specification Section 02290
Tunneling
Page 1 of 1

1. GENERAL

1.1. Related Work

.1 Excavation, Trenching and Backfilt Section 02200

.2 Roads Section 02224
.3 Cast-in-place Concrete Section 03330
.4 Shotcrete Section 03361

1.2. Work Included

.1 Mobilization of tunnelling egquipment and supplies, ventilation
equipment, and all portal facilities required for the safe and
efficient execution of the work.

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 zones.

4 Placement of tunne! spoil in a designated spoil area at the tunnel
portal,

5 Control of water and compliance with discharge water quality
reguirements.

6 Installation of permanent support in the tunnel.

1.3. Reference Standards

.4 Do work in accordance with the standards except where specified
otherwise.

.2 British Columbia Building Code 1992.

GEA Gygax Engineering Associates Ltd. Rev. A/
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... Profect Technical Specification Section 02290
Tunneling
Page 2 of 2

.3 Workers Compensation Board Industrial Health and Safety
Regulations.

1.4. Additional Definitions

.1 Drawings: the ptans, schedules and skeiches prepared by the
Engineer.

.2 Shop drawings: the plans, schedules and skeiches prepared by
the Contractor as a part of the work of this Section.

1.5. Submiftals

A Safety Program, complete with names and copies of mine rescue
cerlificates and first aid certificates, propcsed organization and safety
equipment.

.2 Proposed Ventilation Design

.3 Eguipment List, of all production eguipment for funnel excavaticn and
support.

4 Shotcrete Mix Design; Submit four (4} copies of the proposed
shotcreie mix design to the Engineer at least ten working days before
any shotcreie is placed on site. Include:

a) Name of Suppiier of all purchased materials

by Specification and proportions by weight of each design
coemponent.

¢) All admixtures

d}y Name and certilicate of nozzieman assigned to the work. The
Engineer will require that test panels are made prior to and at
various times during the work for the purpose of quality control
tests.

3. Portal Facilities Layout, to include defails of proposed equipment, fuel
siorage, explosives storage, lubricants and waste oil storage, office

GEA Gygax Engineering Associates Ltd. Rev. A/
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... Project Techrnical Specification Section 02280
Tunneiing
Page 3 of 3

and change reom, tunnel water treatment complete with oil separator,
and spoil area fayout.

& Grouting methed statement, complete with description of proposed
equipment.

1.6. Quality Assurance
1 The Owner wili appoint a testing agent, who at the Owner's cost, will:
a) Carry oui rock bolt pull tests.

b) Notify the Contractor and Engineer immediately if the results of
these fests are not in accordance with the specifications.

¢} Send copies of all results to the Engineer and Owner's
representative and Contractor.

1.7. Site Testing

.1 The Contractor shalt carry out rock bolt pull tests {0 60% of the yield
strength of the bolis on randomly selected bolts as agreed with the
Engineer, testing 2% of the total number of bolts instailed.

1.8. Site Conditions

1 Tunnei construction operations shall comply with applicable laws and
regulations governing veniilation; fuel, lubricant and waste oil storage;
explosives handling and storage; and ireatment and discharge of
water.

1.9. Coordination

.1Be responsible for correctness of tunnet alignment surveys.

1.10. Inspection

.1 The Contractor shail be responsible for instaliation of all temporary
support measures in the tunnel and shall carry out such

GEA Gygax Engineering Associates Ltd. Rev. A/

Page 122 of 218 FNR-2016-60489



... Project Techinical Specification Section 02290
Tunnefing
Page 4 of 4

evaiuations 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 enccountered to give the Engineer
an opportunity to inspect the tunnel prior to covering with
shoicrete.

.3 The Engineer will carry out mapping for the purpose of rock
classification and will designate in writing to the Contractor, 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 calcuiate the cost of the
work.

.2 Mobilization for tunnei consiruction will be paid at the lump sum
price entered for this item in the Schedute of Estimated Quantities
and Prices and shall include for all costs of establishment of the
pertal facilities in accordance with the portal facilities layout plan
submitted by the Contractor and approved by the Engineer.

.3 Demobilization for tunnei construction will be paid at the lump 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
tunnet spoil area.

4 Excavation of the tunnel will be paid on the basis of linear meires
of tunnei requiring each of the 5 support classes as designated by
the Engineer. Payment on a linear meter basis shali include for all
costs of excavation to the lines, grades and dimensions shown on
the Drawings, for drilling of the probe holes required by the
specifications, for disposal of tunnel spoil and for treatment and
discharge of water from the tunnei. No separate payment will be

GEA Gygax Engineering Associates Ltd. Rev. A/
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... Project Technical Specification Section 02280
Tuaneling
Page 5 of 5

made for passing bays, equipment recesses, or other
enfargements of the tunnel which the Contractor 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.

B Permanent support measures installed in the tunnel and at the
portais will be paid at the unit rates entered for the relevant items
in the Schedule and shall include for all costs of cleaning of rock
surfaces for shotcrete and concrete.

.7 Drilling 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 renial, 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 shall be
carried out based on an agreed written method statement for each
coccurrence.

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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... Project Technical Specification Section 02290
Tunneling
Page 6 of &

.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 w/c ratio or such other consistency as the
Engineer may require.

2 Epoxy resin cartridges for rock boit anchoring shall be a
commercial product 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. Rockbolts 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 6 mm thick deformable face plates and
standard nuts as supplied by Dywidag.

2.5. Welded Wire Mesh

.4 Welded wire mesh shall be carbon steel welded wire mesh as
designated on the Drawings, 152 x 152 x MW18.7 x MW18.7.

2.6. Tunnel Support Sets

1 Tunnel support sets shall be W100 x 17 wide flange |-beams rolled
to the dimensions shown on the drawings and provided with splice
piates 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 shail be 75 mm dia steel pipe of minimum 8 mm wal

GEA Gygax Engineering Associates Ltd. Rev. A/
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... Project Technical Specification Section 02290
Tunneling
Page 7 of 7

thickness.

3. EXECUTION

3.1. Portal Facilities

1 The portal facilities established by the Contractor shalt be
constructed in a neat and orderly manner and shall be maintained
in full compliance with the requirements of the General Conditions
and Special Conditions, with particular emphasis on safety and
environmental cansiderations.

.2 The excavated face of the rock bluff for the south pertal of the
tunnel shall be scaled, rockboited and shofcreted for safety prior to
the start of tunnel excavation. The excavated face for the north
portal of the tunnel shall be scaled, rockbolted and shotcreted for
safety prior to the tunnel face coming within 20 m of holing through
to the north portal.

3.2. Tunnel Excavation and Support

1 The majority of the length of the tunnel is expected o be
excavated in very good and good dioritic rock, Class | and Class H.
Notwithstanding this, a number of shear zones of varying width
and strength and with unknown water canditions are expected to
be intersected during the course of the work as shown on the
Drawings.

.2 The Contractor shatl drill a pilot hole or probe hole to 30 m ahead
of the face and shall redrill this probe heole after each 153 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 Class V ground are intersected in the probe hole(s),
the Contractor shall immediately notify the Engineer. The
Contractor shall have on 48 hr maximum mobilization leadtime

GEA Gygax Engineering Associates Ltd. Rev. A/
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... Project Technical Specification Section 02290
Tunneling
Page 8 of 8

standby, grouting equipment for pressure grouting with normal
cement grout or such other chemical grouts as may be 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 to the
Engineer for approval. If required, pregrouting of the tunnel will be
paid under the Provisional Sum item established for this
contingency.

A4 Drilling and blasting of the tunnel advance rounds shall be carried
out in accordance with commonly accepted standards of good
workmanship for civil tunnelling and in full compliance with
applicable safety regulations.

.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 sequential firing of the holes.

.6 Scaling and temporary support shall be completed concurrently
with excavation advance and shall not tag behind the face by more
than the length of one round.

.7 Permanent support shall be instalied concurrently 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
enlargements of the tunnel cross-section which the Contractor
elects to construct for his own convenience shall be excavated
only in Class | and Class Il ground to the dimensions and at the
tocations approved by the Engineer. Such approval will not relieve
the Contracter of his obligations for construction of a safe and
stable tunnel. Support installed in approved enlargements will be
paid at the unit rates in the Schedule.

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 Assoclates Ltd. Rav. A/
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... Project Technical Specification Section 02290
Tunneling
Page 9 of ¢

10 Drummy shotcrete, howsoever caused, shall be remaoved 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 overlapped by one full mesh
or 152 mm, whichever is greater.

.13 Sieel sets shall be installed with temporary footblocks and shall 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 02280

GEA Gypax Engineering Associates Lid. Rev. A/
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Technical Memorandum o lwdvs

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 Tunuel Intake Scenario
Our File 2468,002-450

1. BACKGROUND

Tyson Creek Hydro Corporation (TCHC) 1s 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 (he design options that would pump the required flow
back into Tyson Creek.

1.1 DesicN CONSIDERATIONS

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

* Robust: The system must operate 24/7/363 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 tuke over.

= Optimize for effictency: Energy consuinption should be minimuzed.

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

engincering excellence
since 1975
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Technical Memorandum - Tyson Creek IFR System 2
June 11, 2008

2.

2.1

OVERVIEW OF OPTIONS
Four options are considered and detailed herein, inchuding:

» 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 billside to the natural lake outlet;

* A pump in the tunpel, with the pipeline running 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 diamcter 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 flow at the ful range in heads
(about 10 m to 43 m TDH). Due 1o 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. [t would remain slightly above the high watcr level
until it would reach the natural lake outiet 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 tunnel 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 stalic 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 able to access the area. Further, the building would be exposed on a
steep rocky mountainside and would need to be designed to withstand high winds,
storms, and falling debris.

For these reasons Option 1 is not considered any further.

KERR WOOD LEIDAL
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Technical Memorandum — Tyson Creek IFR System
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2.2

2.3

2.4

OPTION 2: PUMP FROM TUNNEL, PIPELINE ON HILLSIDE

Option 2 would locate the pump sysiem inside the tunnel at the portal, downstream of the
tunnel plug, The water would be supplied via a nozzle instatled on the penstock upstream
of the penstock isalation valve, and run through down the funnel the pumps.

There would be approximately 100 m of pipeline from the tunncl plug to the pumps, 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 systen would
require up to 56 kW (75 HP). The range in total dynamic head would vary between $ and
43 m. To manage the range, the puinps would be run by VFD.

Option 2 is the favoured option,

OPTION 3: PUMP 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 option
proposes to run 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.

Further, the pipeline running 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 difficuls.

An alternative would have the pipeline running on the lake bottom (weighted down to
prevent floatation). However, as the lake level rises and lowers in the winter duting
freczing 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.

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 outlet. However, there are
significant drawbacks to this eption including:

KERRWOOD LEIDAL
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June 11, 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 Timits of successful VID 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 to access. Jt could
weigh over 800 [bs and so would require a complex lifting system.

An alternative to this option could be a floating structure or other type of permanent
wharf siructure founded to the lake bottom. The floating structure is not recommended
due to the uneven ice loading potentially crushing the structurc, The permanent wharf
structure would be very costly due to the lengih 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 {unnel, pipeline on hiliside) 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
upstremn of the portal. A larger, widened area would be blasted into the rock, and
concrete foundations would be poured as pump bases. Motor control centres inchuding
VEFDs and PLCs would all be located adjacent to the pumps. A monorail or other suitable
lifting mechanism would be provided.

The 230 mm diameter supply pipeline from the penstock would be steel, as would the
station piping and dischaige piping. From the portal onwards, the pipeline would be
HDPE, also 250 mm diameter.

Pump STYLES

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

In general, splitcase pumps last longer and are 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 ofien require morc scrvicing. End suction pumps can also be
installed on smaller footprints.

KERR WOQD LEIDAL
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Due 1o the remoteness 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 confirm 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 9 months of the year, 24/7 (the reservoir would typically spill 3
months of the year);

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

* 250 mn diameter HDPE pipeline, equating to 5.7 m of {riction loss; and

* A toal dynamic head requirement of 24.7 m (i.e. 19 mi plus 5.7 m).

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

3.2 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.

Punme SYSTEM 1 (SINGLE PUMP WITH BACKUP)

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).

KERRWQOOD LEIDAL
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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.

PUMP SYSTEM 2 {MAIN PUMP PLUS JOCKEY PLUS BACKUP}

This system would require four pumps in total which in turn would require a larger atea
inside the tunnel. There would be more mechanical compeonents that could fail, and the
controls would be more complex.

However, the power requirements would be much less, i.e. & 37 kW main pump, and an
18 kW jockey pump, compared with the 56 kKW pumps for System 1.

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

We note that this pump i1s $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

System 1 is preferred over System 2, primarily for its simplicity and overall reliability.
Specifically, Flowserve Pump model 6LR-18SA 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 tunne! (HVAC, instrumentation, and valve
actuators).

4. SUMMARY

Rased on the foregoing, we recommend the following:

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

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

KERRWOOD LEIDAL
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We trust the foregoing is satisfactory. We will wait for your comments prior to proceeding with
detailed design of the IFR pump station.

KERR WOOD LEIDAL ASSOCIATES LTD.

Prepared by: Reviewed by:

g
b4 ; THuEE
5, Q‘UM“\

"“‘ffj?fﬂgf’ﬁ"”
Robin Parker Allan Bronsro, MCIP, P.Eng
Intake Lead Engineer Senior Project Engineer

RDP/

STATEMENT OF LIMITATIONS
This document has heen prepared by Kerr Wood Leidal Associales Ltd. (KWLY for the exclusive use and benelit of the intended

recipient. No other party is enlitied o rely on any of the conclusions, data, opinions, or any other infonmation conrtained in (his
document.

This document represents KWL's best professional judgement based on the information available at the time of its conpletion
and as appropriale for the project scope of work. Services performed in developing the content of this document have been
conducted in a manner consislent with that level and skill ordinarily exercised by metnbers of the engineering profession
currently practising undcr similar conditions. Ne warranty, express or implied, is made.

Q\2400-24992468-0021450-IntakerTunnel IFR System\2008-05-28 IFR Tunnel Options.doc
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Tyson Creek Hydro Corporation Division 2: Site Wark

Tyson Creek Hydroeleteric Project _____ Section 02390 - Rock Anchors, Bolls and Dowel, Boits and Dowels

02390 ROCK ANCHORS, BOLTS AND DOWELS

1. General 1
1.1.  Related Work 1
1.2. Work included 1
1.3. Reference Standards 1
1.4. Submittals 2
1.5.  Quality Assurance 3
2. Products 3
2.1. Materials 3
2.2. Anchor Types 4
2.3. Grout 5
3. Execution 5
3.1,  Examination 5
3.2, Drlling 5
3.3.  Anchaor Instailation 6
3.4,  Grouting of Anchors 6
3.56.  Stressing and Proof Testing 7
3.6. Records 8
3.7.  Protection and Cleanup 9
GEA Gygax Engineering Associates Ltd. Rev. A, 19 September 2007
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Tyson Creek Hydro Corporation Division 2; Site Wark
Tyson Creek Hydroeleteric Project . Seclion 02390 - Rock Anchors, Boits and Dowel, Bolts and Dowels

1. GENERAL

1.1. Related Work

| Tunneling Section 02290
.2 Rock Remaval Section 02311
3 Excavation and Backfill Section 02315
4 Penstock Erection Section 02651
5 Cast-in-Place Concrete Section 03300
B Structural Steel Section 05120

1.2. Work Included

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

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

3 Grouting and testing of soil and rock anchors.

1.3. Reference Standards
A Contform 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: Portland Cement and Blended Hydraulic Cement
b) CSA A23.2: Methods of Test for Concrete
c) CSA A23.5: Supplementary Cementing Materials

d) CAN/CSA-G30.18: Billet-Steal Bars far Concrete Reinforcement

GEA Gygax Engineering Associates Ltd. 1 Rev. 0 18 July 2008
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Tyson Creek Hydro Corporation Division 2: Site Work
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e} CAN/CSA-G40.20: General Requirements for Rolled or Welded Structural Quality
Steel

f} CAN/CSA-G40.21: Structural Quality Steels
g} CSA G164-92: Hot Dip Galvanizing of irregularly Shaped Articles
h} CSA W59: Welded Steel Construction (Metal Arc Welding)

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

a) ASTM A722: Hot-rolled, Proof Siressed and Stress Relieved Post-tensioning
Threadbar

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

a) Recommendations for Prestressed Rock and Soil Anchars, 1996.

1.4. Submittals

1 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 hele support.

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

¢) Bar schedules with sizes, grades and lengths.
d) Detailed construction sequence.

e) Grout mix design.

f) Detailed testing procedure.

3 Shop drawings to be prepared in S1 metric units.

GEA Gygax Engineering Associates Ltd, 2 Rev. 0 18.uly 2008
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Tyson Creek Hydro Corporation Division 2: Site Work
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4 Review of shop drawings to be for size and arrangement only. Such review wilt not
relieve the anchor fabricator of his responsibility for general and detail dimensions,
correct fit, and any errors or omissions.

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

6 Submission of anchor overdrill lengths and drilthole diameters during installation.

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

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

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

b) Test grout samples in the laboratory for compressive strength.
¢) Witness and certify anchor proof tests.

2 The Owner reserves the right to carry cut 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

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

2 Accessories

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

b} Corrosion protection: hard pelyethytene (PE) or polyvinylchlaoride (PVC) sheath, 48
MPa tensile strength, 103 MPa compressive strength, free of water-soluble chlorides

GEA Gygax Engineering Associales Lid. 3 Rev. 0 18 July 2008
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and any other material causing corrosion, hydrogen embriittement or stress
corrosion. Minimum sheath/grout bond strength at 27 MPa grout compressive
strength: 4.8 MPa,

3 Grout Materials

a) Gement: CSA A300t Type GU or HE. Alkalai content less than 0.6%, tricalcium
aluminate content between 4 and 7%. Use same brand throughout work.

b) 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 Bolts
a} For anchoring penstock supports and excavation support within the tunnel.
b} Anchor steel: threadbar G30.18 Grade 500W.
c) Pre-approved supplier: Dywidag Systems International Canada Ltd.
d) Galvanized to CSA G164.
e) Design presiress load range: Pp = 0 kN

3 DCP Rock Anchors
a) For anchoring penstock bends.
b) Anchcr steel: Threadbar to ASTM A722 Grade 835/1030.
¢) Corraosion protecticn: double corrosion protection (DCP).

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

GEA Gygax Engineering Associates Lid. 4 Rev.§ 18 July 2008
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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: superplasticiser, thixotropic additive and expansion agent.
2 Plastic properties:
a) Expansion: 1 to 3%., admixture properties to suit grouting times.
b} Bleeding: 1% maximum
3 Water/cement ratio: 0.40
4 Flow: 12 to 30 sec per CSA A23.2-1B
5 Compressive strength:
a) At7 days: 25 MPa

by At 28 days: 40 MPa
3. EXECUTION

3.1. Examination

A Examine all surfaces and conditions to which the work of this section shall be applied.
Ensure that all 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 correspond with the geotechnical
information on which the dowe! and anchor design was based.

3.2. Drilling

A Befare drilling, obtain familiarity with all available geotechnical information describing the
anticipated ground conditions.

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

GEA Gygax Engineering Associates Lid. 5 Rev, 0 18 July 2008
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3 Use suitable measures to ensure against collapse of the borehole during driling and
anchor installation..

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

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

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

borehole or otherwise clean it cut.

3.4. Rock Bolt Installation (Tunnel)

A Comply with Sepcification Section 02290.

3.5. Grouting of Anchors

A Lower anchors into the borehole by self weight.

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

3 li the anchor cannot be completely inserted, remove the anchor and redrill the borehole

or otherwise clean it out.

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

must be suificient 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 (claguage), clean out injection tube by

low pressure flushing with water,

GEA Gygax Engineering Associates Ltd. 5 Rev. 0 18 July 2008
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9 If stiputated on the drawings, re-inject the anchorage zone (claquage} under high
pressure after 3 days.

3.6. Stressing and Proof Testing of Anchars
1 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 load cell.

¢} Equipment for elongation measurement, capable of recording to the nearest 0.025
mm.

2 Do not perform stressing and testing untit the grout has attained sufficient strength to
transfer 1.5 times the design load to the ground.

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

4 Load increments: Refer to Post Tensioning Institute, Recommendations for Prestressed
Rock and Soil Anchors, 12886.

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

a) 0

b) 0.25Pp

c) 0.50Pp

d) 0.75Pp

e) Pp

f) 1.20Pp

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

i) Lift-off test

.5 Take duptlicate readings on the load cell and pump dial gauge at ail load increment
tevels. Record the elongation and load at each increment,

GEA Gygax Engineering Associates Ltd. 7 Rev. 0 18 July 2008
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B Creep test: perform as part of all proof tests:

a) Hold the proof load (1.30 Pp) for at least 10 minutes.

b} Record the elongation at 0 sec, 30 sec, 1 min., & min. and 10 min,
i The anchor is acceptable if all the following are satisfied:

a} There is less than 1 mm of movement between the 1 and 10 minute mark, the creep
rate is less than 2 mm per log-cycie of time and the creep rate is linear or decreasing
throughout the load-hold period.

b) The total movement of the anchor head at ali 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 1o the Owner.

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

3.7. Records
A Keen an anchor record during the installation period for each anchor.
2 For each anchor, record:
a) Contractor's name
b) Drill rig operator's name
¢} Anchor location
d} Deviation from specified folerances
e) Design anchor length
fy Instalied anchor length
g) Date, start and finish time of drifling

i} 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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i) Date, time and method of grouting.

i} Quantity of grouts placed.

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

3 Maintain and sign all records in ink.

3.8. Protection and Cleanup

A At completion and during progress of the work maintain premises in a neat and orderty
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 resulling from the work of this section.

END OF SECTION 02330
18 July 2008

GEA Gygax Engineering Associates Lid. g Rev. 0 18 July 2008
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Tyson Creek Hydro Carporation
Tysan Creek Hydroelectric Project

Division 2: Site Work
Section 02491 - Rock Grouting

02491 ROCK GROUTING
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Tyson Creek Hydro Corporation Division 2: Site Work
Tyson Creek Hydroelectric Project Section 02491 - Rock Grouting

1 GENERAL

1.1 Related Work
.1 Rock Excavation Section 02311
.2 Cast-in-Place Concrete Section 03300
1.2  Work Included
.1 Consolidation grouting to reduce the permeability of the rock mass.

.2 Contact grouting between concrete structures and rock fo reduce the permability,
and increase the adhesion of the contact.

.3 Coring and drilling through rock and concrete.
4 Grouting of joints, fissures cracks and cavities in the rock.
1.3 Reference Standards

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

.2 British Columbia Building Code.
.3 Canadian Standards Association {CSA):
a) CSA A23.1: Concrete Materials and Methods of Concrete Construction
b} CS8A A23.2; Methods of Test for Concrete
¢} CSA A179: Masonry Mortars and Grouts
d) CAN/CSA A3000: Cementitious Materials Compendium
4 American Society for Testing and Materials (ASTM) Standards
a) ASTM C494. Chemical Admixtures for Concrete

by ASTM C1017: Chemical Admixtures for Use in Producing Flowing Concrete

GEA Gygax Enginesting Associates Lid, 1 Rev. A, 12 September 2007
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Tysen Creek Hydro Carporation Dhvision 2: Site Work
Tyson Creek Hydroelectric Project Section 02491 - Rock Grouting

1.4  Submittals

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

a) Name of Supplier
by Specification and proportions by weight of each design component.
c) All 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 AQuality Assurance
.1 The Owner will appoint a testing ageni, who at the Owner's cost, wiil:
a) Review the proposed mix designs.

b) Take samples of grout as it is delivered to the point of finat deposit. Make one
set of thres test cubes for every 3 cubic metres of grout placed but nat less than
one set each day if less than 3 cubic metres are placed.

¢} Record the grout temperature, air temperature, location 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 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,

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 zll resuits 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 lested to verify the grout meets the

GEA Gygax Engineering Associates Lid. 2 Rev. A, 18 September 2007
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Tyson Creek Hydro Carporation Divisich 2: Site Work
Tyson Creek Hydroeleclric Project Section 02491 - Rock Grouting

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 grout does not meet the specified requirements after retesting,
the Engineer shali have the right to require remedial measures or to require the
grout be removed and replaced at no exira cost to the Owner.

1.6  Site Conditions

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

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

1.7 Coordination

.1 Be responsible for comrectness of measurements and report to the Engineer, in
writing, all discrepancies between measurements and those shown on drawings
priot to commencing work.

.2 The Engineer may madify the injection programme at any time in order to suit actuat
site conditions as they are revealed during the construction activities.

1.8 Inspection
.1 Obtain the Engineet'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 montmoritlonite with following properties:

a) Retention on #200 sieve £2.5%
b) Moisture < 10%
¢) Fan reading =30 at 600 rpm
GEA Gygax Engineering Associates [ id. 3 Rev. A, 18 Seplember 2007
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Tyson Creek Hydro Caorporation Division 2: Site Work

Tyson Creek Hydroelectric Project Sectian 02491 - Rock Grouting
d) Yield point 3 X plastic viscosity
e) Plasticity index = 400%

.3 Aggregates: Fine aggregates comprising natural round-grained sand conforming {o
CSA A1T9. Maximum size of coarse aggregate 2.4 mm. Grading:

Particle size % finer
(mm)
24 160
1.2 95 to 100
0.6 60 to 85
0.3 20 to 50
0.15 10 ta 30
0.075 0io5

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

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

.6 Superplasticizers: toa ASTM C1017,
2.2 Grout Mixes
.t 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 principally expected
to comprise cement, water and plasticizing admixtures as well as small amounts of
bentonite. Grouts containing aggregates and accelerating admixtures may be used
to filt {arge voids near to the injection boreholes, and when grout takes are high.

2.3 Equipment

.1 Select mixing, pumping, transport and injection equipment as required 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 kPa].
GEA Gygax Engingering Associates Ltd, 4 Aev. A, 19 September 2007
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Tyson Creek Hydro Corperation Division 2: Site Work
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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 capahble of providing a tight seal between
the injection pipe and the borehole.

5 Packers shalt consist of mechanically expanded rings or pneumatically expanded
sleeves of rubber or other suitable material, which can be set tightly in a drillhole at
any depth required. Packers shall be capable of withstanding pressures of up fo
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 a section of a hole, and shall
have an adequate supply of spare packers of a size to suit the various drill hole
diameters,

2.4 Water-Pressure Testing Equipment

.1 Provide a sufficient number of complete sets of pressure testing equipment (with
spares) {0 allow simulianeous testing at the various drilling locations.

.2 Unless ctherwise 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 ki*a. 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 56 kPa and a range of 5000 kPa. Discharge shail be measured with an accuracy
of 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, carrection graphs for
pressure losses occurring in the pipes. Pressure gauges shall 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 Engineering Associates Lid. 5 Rev. A, 18 September 2007
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3 EXECUTION

31 General

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

.2 Consolidation grouting is expected to be either in single or in multiple stages, using
the successive withdraw! 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 Mulli-stage Grouting using the successive withdrawl method; the hole is drilled to ifs
full depth, washed out, and the packer is set at the {op 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 aliowed to remain in place
urttil 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 after injection hole drilling and will be based on:

a) The anticipated grout takes.

b) The number of injection stages.

¢} The depth of the packer for a given injection stage.
d} Any other relevant gectechnical 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 Consoclidation Grouting:

GEA Gygax Engineering Associates Lid. 6 Rev. A, 19 Septernber 2007
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a) Hole diameter to suit injection pipe packer diameter, but not less than 45 mm.
b) Drill holes no closer than 8 m to holes previously grouted within 24 hours.
¢) Carefully tog 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) Drill contact grout holes after completing the concrete structures.

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

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

e} Carefully log cuttings or core recoveries.
f}  Drilt 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 resuiting from freezing or injury in any manner
during placing and curing and shaill 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, 19 September 2007
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.5 Comply with the requirements of CSA A23.1 when the air temperature falls below
5°C.

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

a) The grout take, at the maximum injection pressure, is less than 30 litres per 10
minutes.

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

3.5 Control Borings

.1 Perform control borings as required by the Engineer.

.2 Carefully iog cuttings/recovered cores.

.3 Perform Water Pressure Tests in all contrel borings.

4 Fuliy grout the control 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 drilling proceeds or after completion of a drillhole,
as and where directed by the Engineer.

2 The permeabilty as measured in the drillholes shall be expressed in Lugeon units, 1
Lugean unit is equatl 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 to 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.

A After the packer is instalied, 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

GEA Gygax Engineering Assoclates Ltd. 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 he used. WUnless otherwise directed by the Engineer, the
pressure steps shall be as follows:

Step Pressure

0.2 Ppax
.5 Prax

Pmax
0.5 Prax
0.2 Pmax

o B W R -

8  Water take measurements shall 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 8 minutes
and the total 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
minttes.

.8 If, 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 intervals.

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 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 02495

19 September 2007

GEA Gygax Engineering Associates Ltd. 9 Rev. A, 19 September 2007
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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 Hydroetectnc Project, specifically the intake, penstock,
and powerhouse. The turbine, generator and electrical equipment, power fine and access roads
are being designed, supplied and construcied by athers.

Prefiminary 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
long pilot hole, a pressure tunnel with a take tap design has been developed. The tunrel would
be about 390 m long. Approximately 80 m from the downstream portal, a concrete plug would
seal the funnel. 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 tunnei plug to the powerhouse. The first
200 m betow funne! portal wilt be buried in the access road. At about 250 m from the tunnel
plug, the penstock transitions to a DN 750 mm steel section. The steel penstock traverses a
steep slope above ground for 470 m before dropping back below grade fo follow the access
road for a further 3,180 m. The final 270 m above the powerhouse will be DN 700 mm buried
steel penstock.

The powerhouse has a 20 m x 10 m concrete foundation and steel superstructure. It will
contain the turbine inlet valve, turbine, generator, switchgear, transfarmer, controls and
auxiliaries. Below the powerhouse, discharge is returned 1o Tyson Creek via a short tailrace.

Geotechnical investigations have been conducted and demonstrate acceptable conditions for
consiruction of the facilities.

Hydrology reports by others estimate the mean annuat flow for Tyson Creek as approximateily
1.5 m/s, which exceeds the 1.4 m®fs facility design flow. An independent review has found that
these reports provide a reasonable indication of Tyson Creek streamflow. Based on preliminaty
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. Tabie 1.1 provides summary data for the project.

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

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

Intake

Design Flow 1.4mfs
Intake type storage
Minimum Operating Water Level EL1.033m
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
Pensiock
Upper DN 750 in funnel, 50 m
DN 750 buried, 200m
Middie DN 750 above ground steel 470 m
DN 759 buried steel 3,180 m
Lower DN 700 buried steel 270 m
Powerhoiise
Building Type free-standing, concrete substructure, steei superstructure

Plan Dimensions

Crane

20mx10m

{raveling bridge crane 5 tonne
heok height to main fioor 6 m
hook height to mezzanine floor 4.2 m

Main Floor Elevation EL 174.20 m
Mezzanine Floor Elevation EL 176.00 m
Generation
Neo./Type of Units 1@ 9.3 MW
twin-jet harizontal axis Pelton
Rated Capacity 9.3 MW
Runner Elevation EL 175.00
Control Roomn Location powerhatise

Runner Maintenance Provision

runner removal from above

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 Hydroetectric Project
Civil Design Basis 3

2 INTRODUCTION

2.1 PURPOSE AND SCOPE

This Civil Design Basis establishes criteria far 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, refevant design guidelines, codes, and other key project information. The basic project
features outlined in this Design Basis are intended fo provide a foundation for the development
of the detailed design. This document will alsc serve as the basis for negotiation with
contractors 1o establish a construction contract for the project. It is recogrized that this
document may be revised during the detailed design development and construction as a resuit
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:

= turbine inlet valve, turbine, generator, controf, switch gear, fransformer and associated
electrical and mechanical works;

=« power line to connect the plant to BC Hydro near Egmaont; and
= access roads.

This section of the Civil Design Basis includes an introduction and overview of the project, while
Section 3 provides a more detailed description of proposed project facilities. Site conditions are
described in Section 4. Section § addresses facility sizing and optimization, while parameters
for civit 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 Inlet, a
branch arm of Sechelt intet. The intake site was selected o take advantage of natural storage
provided by a natural high-elevation lake at EL 1,040 m.

The powerhouse will be located at EL 175, With 865 m of available head, this is expecied to be
the highest-head project in North America. A peak turbine design flow of 1.4 m’/s will be
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withdrawn from Tyson Creek to praduce 57 GWh in a median flow year and about 48 GWh in a
year with a 5" percentile mean annual discharge.

Tyson Creek Hydro Corporation (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
Peninsuia.

Lake levels will be conimlled to obtain a five storage range of about 10 m. The natural lake
outiet will serve as the spillway. A pressure tunnei 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 km iong and will include an upper lower-
pressure section of buried steel pipe, a steep above-ground steel section, and buried steel pipe
aver the remaining alignment. The powerhouse will be a single-storey, semi-buried structure
and will house the turbine inlet vaive, twin-jet Pelton turbine, generator, switchgear, controls and
balance-of-plant. Water wili discharge back to Tyson Creek through a short tailrace channel.

Five maior coniracts are envisioned:

civil _engineering: covering detailed 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, tailrace, and site works. The contract would aiso cover associated
hydro-mechanical and building services, mechanical and electrical components, and
erection and commissioning of the water-to-wire equipment under the supervision of the
equipment supplier.

water-to-wire eguipment 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.

glectrical eguipment: covering specific elements of the electrical system inciuding the
transformer, switchgear, protection and cantrol systems, and ancillary electrical
equipment. TCHC is currently finalizing a contract for this package with Unit Etectrical
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.
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3 DESCRIPTION OF FACILITIES

3.1 TUNNEL

Water will be withdrawn from the lake through a pressure tunnel driven into the lake hottom
using lake tap principles. The tunnel will have a nominal 3 x 3 m horseshoe profile, enlarged
locally to accormnmodate rack 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);

s A primary rock trap, located below the short riser section leading up te the funnal mouth
in the lake bottom.

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

» A cencrete tunnel plug, that serves to seal the tunnel. 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 piug into the tunne! upstream.

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

« A portai chamber, containing the instream-flow release (IFR) equipment and funnel
ventilation system. The portat will be sealed by an exierier bulkkhead wall provided with
aa double door for access.

The unwatered portions of the iunnel downsiream of the plug will be permanently lined with
shotcrete. Aa crush gravel levelling course will be provided to ease maintenance traffic and a
drainage ditch will evacuate any ground water weeping in. The DN750 penstock wilt be carried
on concrete saddies along the right wall of the tunnel.

3.2 PENSTOCK

3.21 TYSON CREEK CROSSING AND LOW-PRESSURE SECTION

After exiting the trench, the penstock will cross Tyson Creek by means of a self-supporting steel
pipe bridge with a span of about 24 m. Steel bents will be provided at hoth abutments 1o
support the pipe bridge.
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From the bridge to approximately Station 0+848, the penstock comprises DN 800 mm HDPE
pipe laid in a trench within the bed of the access road. Careful attention will be given to ensuring
drainage of the penstock trench to avoid 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 to about 1+210, the penstock drops down a steep slope. As this slope is
largely bedrock with thin t¢ no suface cover, the penstock will comprise an exposed steel pipe
supported on concrete saddies.  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 control of thermal displacements. The exposed section is expected to have eight
anchored bends.

3.2.3 HIGH-PRESSURE BURIED SECTION

From approximately Station 1+210 to the powerhouse (Station 4+620), the penstock will be
buried steel pipe with a nominal diameter of 760 mm, decreasing to 700 mm for the last 270
mefres. The pipe sections will be joined by butt welds and bends will be mitred to a radius of
about 5 m. The buried section is expecied to include 18 bends and a total of nine anchor blocks.

3.2.4 CONSTRUCTION AND FILLING

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

it is anticipated that the steep, exposed section will be constructed by highline from the botiom
up. This will allow the expansion joints to be set at the correct location to accommodate
movements in both directions frem the fock-in peint.

The filing of high-pressure water conveyance systems must occur siowly under carefully
controlled conditions to avoid dangerous transient pressure waves, air blockages, and blow-
back. The filling operation is expected to take 6 to 8 hours. The intake gate will be opened
gradually to control the filling rate. Air displaced by the water during filling will be exhausted
through the air vent just downstream of the intake gate.

It is expected that the system will be emptied and refilled 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 Qwner prior fo being set out in detail in a Operations and
Maintenance Manuatl.
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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
approximately 800 m upstream of the Tzoonie River.

The turbine runner axis will be at EL 175.00 m, with the inlet pipe axis slightly higher at
EL 175.50 m. A twin-jet horizontal-axis Pelton turbine will be connected to a generator to
provide a nominal capacity of 9.3 MW. A turbine inlet valve will provide upsiream isolation of
the turbine assembly. Water will he discharged intc a 3 m deep plunge pit from where it will
drop into a tailrace channel and return to Tyson Creek. The powerhouse and failrace are
shown in Drawings 501 through 522.

The powerhouse structure has a plan footprint of 20 m x 10 m af the foundation and 23 x 13 m
at the roof level. it comprises a single split-level 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 anchorage of the inlet pipe. The lower level at EL 174.20 m provides space for the
turbine/generator, lay down area, control room, control cabinets, and batieries. 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 doors and a number of person
doors. A b tonne overhead crane will travei the entire length of the building.

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

An adequate laydown and truck-manoeuvring area will be provided around the building.
Exterior access to all sides of the structure will be provided.
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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 include the
Geotechnical Investigation Report and Addendum to the Geotechnical investigation Report,
respectively. A summary of the intake, penstock, and powerhcuse geotechnical conditions is
provided below.

4.1.2 TUNNEL ALIGNMENT

The tunnel will run roughly north to south through a rock ridge that rises above the north shore
of the lake. In May and June 2008, a pilot hole was drilled adjacent fo the proposed alignment
and generaily competent granite was found along most of its length. Very litile ground water was
encountered except afong the final 30 to 50 m as the pilot hole passed below the {ake bottom.
Ground fevel oufcrop mapping was also carried out. The lake bed was investigated with a
remote operated vehiclie (ROV} in early July 2008, and the lake bed appears to generally be
characterised by fine silts. Considerable woedy debris is also present. 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 {unnel construction recommendations are presenied in Appendix H.

4.1.3 PENSTOCK ALIGNMENT

Below the tunne! portal, terrain along the penstock alignment is characterized by steep bedrock
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 bed of the access road.

From Station 0+840Q to approximately Station 1+210, the penstock will descend straight down a
slope with an average grade of nearly 100%. Numerous sound bedrock outcrops will provide
locatiens for supports and bend anchorages.

Beitween Station 1+210 (approximately EL 650 m) and the powerhouse, the penstock alignment
follows the current forest road, which in turn generally follows the right bank of Tyson Creek,
The soil conditions encounterad at 18 test pit locations along this lower penstock alignment
generaily consist of thin to thick colluvial deposits comprising sand, gravel, cobble and boulders
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of variable proportions. The test pit logs indicate that these deposits range from dense to
compact. In piaces, boulders may be too large to practicably excavate and may have to be split
of blasted.

4.1.4 POWERHOUSE SITE

The powerhouse will be located on a bench five to fen 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 to dense based on the difficulty of excavation.

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

4.2 SEISMICITY

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

are:
= Peak ground acceleration PGA=0.3249
= Importance factor 1=1.0
»  Site Class:
Intake A (hard rock)
Powerhouse C (dense scil)

s Spectral parameters:

Period, T o 02s 05s 10s 20s
8(T) 0.70 0.51 0.294 0.16

4.3 CLIMATE

4.31 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, winter precipitation typically falls as rain and substantial snowpacks
do not develop. As ground elevation increases, an increasing percentage of the annual
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precipitation falls as snow. The Tyson Creek watershed lies in a transition zone between lower-
elevation watersheds {where runoff patterns are dominated by fall 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 reascnably caonsistent in
the Howe Sound region, but that precipitation values vary significantly by location. Tyscn 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 urban locations relatively close to the Tyson Creek project. The BCBC
design temperatures represent values commonly used for the design of heating and cooling
systems, with the assumption that these design conditions should be accasionally (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 design 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

. Elevation | January July
Powerhouse 170 -13 30
Intake 1,040 -21 27

If necessary, site-specific values can be obiained directty from Envirenment Canada’s
Atmospheric 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 resulis are given
in Table 4-2 below.

KWL Kerr Wood Leidaf Associates 18 July 2008
GEA Gygax Enginseering Associates Ltd. Rev. F

Page 175 of 218 FNR-2016-60489



Tyson Creek Hydroelectric Project
Civil Design Basis e t

Table 4-2: Estimated Average Daily Temperatures for Tyson Creek

. Average Daily Average Daily
f.ocation 'i’:s\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 foads, 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 appticable to the Tyson Creek powerhouse location are
shown below. These are approximately representative of the maost canservative data provided
in the Sunshine Coast Regional District building bylaw.

Total annual snowiall (equivalent depth of water): 115 mm
Total annual rainfall: 3,200 mm
Total annuat precipitation: 3,315 mm
Maximutm daily rainfall 330 mm

Based on the above data, the BCBC vaiues for nearby stations and the relaticnship derived at
Whistler for snow load as a function elevation, the following design snow and rain loads are
applicable:

»  Powerhouse:

Ground snow load S =5.0 kPa

Associated rain load 8, =0.5kPa

Depth of snow pack 2m
» [ntake:

Ground snow load S:.=15.0kPa

Associated rain load S =0.5kPa

Depth of snow pack Sm

434 WIND

Based on wind values for nearby stations, the following values are applicable at both the
powerhouse and intake sites.
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Table 4-3: Design Wind Values for Tyson Creek

Reference Velocity Reference Pressure
Return Period
Veal (mls) Vror (km’hr} ren: (kPa)
i0 years 25 85 0.35
50 years 30 105 0.55

44 HYDROLOGY AND FLOWS

4.41 BASELINE HYDROLOGY

Baseline hydrometric and hydroiogy 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) concludes that the approach used by Aquarius R&D
i5 generally consistent with accepted industry practices, and that the results provide a
reasonable indication of streamflow on Tyson Creek.

Shown below is a summary of the typical streamflow results reported by Aquarius R&D. The
data in the table are taken from Appendices B and C of Aguarius' 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 streamfiow
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.
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Table 4-4: Estimated Mean and Median Streamflow Data for Tysen Creek at the Intake

Period Media?ngiz;:harge Mean(aiss!;:}harge
January 0.20 0.35
February 0.23 0.33

March 0.26 0.37

April 0.35 0.51
May 1.72 2.18
June 3.69 a.82
July 3.23 3.34
August 1.59 1.76
September 0.92 1.24
QOctober 1.17 2.30
November 0.51 1.1%
December 0.32 G.53
Annual 079 1.50

The Hydrotogic Analysis prepared by Aquarius R&D includes a semi-quantitative analysis of
uncertainty in the mean annual discharge. Based on this anatysis, 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 runoff is a response to the high precipitation experienced at higher elevations along BC's
south coast and is simitar 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, ptiority date March 8, 2005}. 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 penstock.
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4.4.4 FLOOD HYDROLOGY

The hydrelogy report prepared by Aquarius R&D presents several approaches for estimating the
200-year discharge at the intake site. The resuliing estimates range from 62 m3¥s to 114 m3/s
with a recommended value of 87 m?¥s. KWL carried out an independent analysis of the
synthetic streamflow record provided by Aquarius R&D and cbtained a 200-year discharge
estimate of 115 m¥/s.

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. 1o 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 quantiles are shown in the table below.

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

Return Period Average Daily Flow | Instantaneous Flow
(years) {md/s) {m¥s})

2 12.5 18

5 20 30

10 25 40

20 30 50

50 40 70
100 45 90
200 55 115

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

4.4.5 DEBRIS FLOOD AND DEBRIS FLOW HAZARDS

Based on a field inspection and desktop 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 cebris flood evenis initiated in the upper
watershed.

4.4.6 LANDSLIDE-GENERATED WAVE

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

area.
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His review concludes that the only possible source of such activity is a biuffy area along the
middle 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 ar sagging). The bluffs are therefore unlikely to be a source of rockfall or
rockslide activity of sufficient valume to create significant waves in the lake.

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

4.5 MAPPING, SURVEYS AND CONTROLS

[nitial ptanning and feasibility assessments for the Tyson Creek Hydroelectric Project utilized
provincial TRIM mapping and forestry mapping provided by Interfor Forest Products Ltd. 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 o Earie Creek.

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

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

451 LIDAR MAPPING

Terra Remote Sensing Inc. compieted data acquisition for the LIDAR (Light 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
ahsolute accuracy for individual points on the order of 0.30 m. The digital aorthomosaic was
created from the aerial photography at 3.15 m pixel resolution.

4.5.2 GPS SURVEY CONTROL

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

During their first site visit, Bazett provided GPS control io the area. lLake soundings were then
collected using a beat-mounted digital depth sounder connected to a taptop computer and a
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Real-Time Kinematic (RTK) GPS receiver. Several photo targets were also 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, To obtain ground
level distances from UTM coordinates, the following equations can be applied (based on
conversion from UTM Zone 10 to Local-Ground Level at 600 m):

1. Scale Adjustment; Multiply Northing and Easting coordinates by 1/ 0.98953759
2. Northing Shift: N - 5502552.645

3. Easting Shift: £ - 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 inciuded the following:

= Hatizontal Datum: NAD83 (CSRS)

*  Vertical Datum: CGVD28

v Projection: UTM Zone 10

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

» Active Control Stations used:
NANQ (Nancose)
WSLR (Whistler)
BCOV (Beaver Cove)
CHWK {Chilliwack)

Accuracy of GPS

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

The positions of the local GPS base stations (IPRock #10000 and SPK #9928) were established
by processing 9 hours and 8 hours, respectively, of static observations to the four Western
Canadian Deformation Array (WCDA) stations listed above (NANO, WSLR, BCOV, and CHWK).
The reported absolute accuracy (95% confidence) of the final positions for IPRock#10000 and
SPK#9928 is 0.015 m horizontal 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.
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4.5.3 TOPOGRAPHIC SURVEYS

On July 4, 2007 the first of three site visits by KWL compieted the topographic survey at the
proposed intake sile. Subsequent site surveys were completed on August 13-17 (Powerhouse)
and August 28-31 (steep portion of penstock from Access Road Station 0+550 to 1+844).

The resulting topographic surveys have confirmed that the verlical accuracy of the LIDAR
mapping is within T m in most areas.

4.5.4 FUTURE SURVEYS

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

KWL also plans to perform a control survey from the infake fo the powerhouse prior {o
construction. The purpose of the contro! survey will be to "tighten up” measured observations
obtained under difficult circumstances. This work would include the use of RTK GPS, Robaotic
Total Stations, and differential levelling equipment. These surveys will also provide additional
survey control between the bottom end of the above-ground penstock section (Statien 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 to 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 extended from Narrows Inlet
to the powerhouse site. This work was undertaken directly by TCHC.

Construction of the access road from the powerhouse to 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 critical to the stability and structural integrity and performance of the penstock.
To ensure that the road design can accommodate 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 7m

Frank Baumann, P Eng., was retained by TCHC to review the proposed road alignment from EL
600 m to ihe intake. His review found that the new road crosses terrain where canstruction is
not likely to be very difficuit. No areas where unstable ground could impact road construction
were identified. While there is some rockfall hazard in areas of steep taius and bedrock,
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Baumann’s review notes that it will not affect read construction or create an unacceptable slope
hazard.

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

= Severa!l 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 to 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 wilt be crossed using a broad swale or ford with a culvert pipe to convey normal
runoff.

*  From approximate road chainage 14230 to 1+350 m, a full bench cut is needed to
accommodate the very steep terrain.

* The penstack will be located in the road prism from about road chainage 1+900 up to the
intake at road chainage 2+794. Depending the equipment required to install the pipe, the
road should be widened in this section to at least seven metres. [t should also be kept as
straight as possible in sections where a steei penstock will be used,

At the request of TCHC, KWL prepared a preliminary hydrautic model of Tyson Creek 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 to 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 oulflow plus 1.5 m freeboard. This elevation applies to the
bridge location shown in the preliminary design drawings just downsiream of the steel pipe
bridge across Tyson Creek and wili 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 fo limit potential impacts fo the penstock bridge (at the
upper crossing) and the powerhouse (downstream of the lower crossing).
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5 FACILITY SIZING
5.1 FINANCIAL PARAMETERS

5.2

This section outlines the process by which major facility components are sized and optimized.
This inciudes the selection of a live storage amount based on the time value of stored waler,
which leads to selection of spiliway and intake elevations. These eievations in turn can be set
by a combination of rack cut (for the intake) and concrete fill {for the weir and/or damj.

The financial analyses are based on the following basic parameters:

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

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

LIVE STORAGE VOLUME AND RESERVOIR OPERATING LEVELS

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

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

Detailed bathymetric and tepographic data are used to determine the actual storage volume at
various combinations of intake elevation 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 fo evaluate the cost for each increment of
storage.

Based on the above analysis and an evaluation of acceptable risk, the Owner has selected a
live storage volume of approximalely 1.25 million m®. The least-cost alternative far 1.25 million
m® combined surcharge and drawdown storage resulls in a maximum nermal operating level EL
1,043 m and a ntinimum operating level of EL 1,033 m.
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5.3 PENSTOCK SIZING
The penstock will be sized to meet the following two 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.

Sysiem curves are developed to describe how the net available head at the powerhouse varies
under different conditions. The net available head is converted info energy, and then into
revenue on a net present value (NPV) basis. Additional details on the approach io 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.

Tahie 5-1: Roughness Coefficients for Pipe Friction Caiculation

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

HDPE 0.002 0.009

Steel 0.031 0.051

Based on the above analysis, the penstock will consist of varying lengths of DN 800, 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 nominai
capacity of 9.3 MW.
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6 CIVI. AND STRUCTURAL DESIGN

6.1 DESIGN APPROACH

All engineering design wifl be carried out in Sl units (i.e. kN, MPa, mm, etc.}. Engineering design
will use a Limit States Design approach. All elevations witl be in metres above Geodetic Survay
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
conseguences of failure, per Canadian Dam Association Guideiines 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 foilowing performance
fevels:

= Normal Operation Condition: The facilities operate normally.

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

»  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 perfarmance level.

Where a limit state check requires factored loads, the load factors and combinations stipuiated
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;

» environmental loads due fo snow and wind; and

= egquipment operation loads.
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For certain loads and effects, discrete load levels are defined for the each performance level
and ne further load factors are appropriate. Examples of unfactored loads include:

= water levels and flow at the intake;
* pipe pressures and therma! 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 resulis.

Geotechnical Design Parameters

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

» temporary excavations:
maximum stopes for temporary unshored excavations less than 6 m desp 3H: 4V
Grade all 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.

»  backfili 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 ks, = 0.22
at-rest soil pressure coefficient k, = 0.45

but net less than the following compaction pressure 20 kPa
passive 50il pressure coefficient ko = 8.0
drained shear strength a' = 38°
total unit weight of backfill material 20 kN/m®

The active seismic pressure compaonent an vertical faces of height H [m] by the Monobe-
Okaba relationship is:

an inverted triangle with a maximum value of 2.7 H[kPza]
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= penstock lateral support:

The penstock will be DN 900, DN 760 or DN 700 pipe. Subgrade reactions of soil on the
pipe wilt be within the following ranges:

up to EL 600 m k, = k, = 5 to 15 MPatm
above EL 600 m kn = ky = 15 te 30 MPa/m

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

limits:
harizental component, at depth z [m] below grade Pra = 160 z [kPa]
vertical component Py, = 600 kPa

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

= penstock bend anchorage:

Far anchored hends, deuble-corrasion protected anchors will be used. Anchor sizes will
be based on the foliowing:

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

* powerhouse foundations:

The powserhouse will be founded on cofluvium that is generally free-draining, Foundation
design parameters are:

frost protection depth 450 mm
minimum spread footing dimension 600 mm
minimuim strip footing 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
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factored bearing resistance p, = 2000 kPa
interface friction coefficient for concrete cast directly against rock p=1.2
seismic site classification Class A

Concrete Design Parameters
Concrete mix types and corresponding design properties are as foilows:
*  Concrete Mix C15 (for concrete blinding on foundation inverts):
specified cylinder compression strength at 28 days =15 MPa
= Concrete Mix C25 (for mass concrete):
specified cylinder compression strength at 28 days fe=25MPa
fty ash portion of cementicecus materials 10-40 %

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

Poisson’s ratio {cracked section}

Concrete Mix C35 (for structural reinfarced concrete):

specified cylinder compression strength
fiy ash portion of cementicequs materials
characteristic flexural tensile strength

5" percentile tensile strength

modulus of elasticity

Poisson's ratio (cracked section)

Reinforcement Design Parameters

yield strength

vitimate tensile strength
elfongation at yield
ductility

fcik,o.gs = 3.0 MPa
fotk,O.US =1.5 MPa
Eem =21 000 MPa
v=017

fo = 35 MPa
5-40 %

fcu;’g_gs =4.2 MPa
fc{k’g_gs = 2.2 MPa
Ecm = 28’000 MPa
v=0.17

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

f, = 400 MPa
s, = 550 MPa

1> 0.2%
Ysomm > 12 %

modulus of elasticity Ea = 200°000 Mpa
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Penstock Materials

Penstock steel work, including line pipe, bends, appurtenances and iniegral stiffeners, ring
girders and other supports will be of grades suitable for vanable pressure and temperature

conditions. Pipe will be manufactured and shop-tested per AWWA C200.

» HDPE line pipe Type lll, Category 5, Class C Grade P34 to ASTM D1248:

cell classification to ASTM D3350
design stress

PE3408
15 MPa

»  steel line pipe, longitudinal 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

ultimate tensite strength
elongation at yield
ductility

modutus of elasticity
Poisson’s ratio

f, = 360 MPa
fu = 455 MPa

v, > 0.18 %

Ysom > 22 %

E. = 200000 MPa
v=03

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

25 mm = wall thickness < 38 mm

CVaverage = 27 J

Cvlowcsl =20J
Cvaveraga =344
Cvlowest =27J

» plate work, including fabricated appurtenances, integrat stiffeners, ring girders and other

supports, plate to C5A G40.21 Grade 350 WT, Category 1:

yield strength

ultirmate tensile strength
elongation at yield
ductility

modulus of elasticity
Poisson's ratio

= pipe lining:

f, = 350 MPa
f, = 450 MPa
¥y > 0.18 %

Y50 mm = 22 0{0
E. = 2000000 MPa
v=0.3

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

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

Backfill Materials

Pipe bedding and pipe zone backfill will consist of a single malerial that is either 19 mm minus
or bedding sand. Adequate drainage will be provided and will consist of a combination of trench
dams, perforated drainage pipe, filter fabric and drain rock.

Structural Steel
Steel sections and corresponding design parameters are as follows:

« | sections, welded wide flange members, structural platework CSA G40.21 Grade 350W.:

vield strength f, = 350 MPa
ultimate tensile strength fu = 450 to 650 MPa
modulus of elasticity E. = 200'000 MPa

» sguare hollow structural shapes (HSS} CSA G40.21 ASTM A 500, Grade C;

yield strength f, = 345 MPa
ultimate tensile strength fu. = 450 to 600 MPa
modulus of elasticity E; = 200'000 MPa

v and L sections and anchor rods, CSA G40.21 Grade 300W:

yield strength f, = 300 MPa
uitimate ensile strength fk = 450 - 620 MPa
modulus of elasticity E: = 200'000 MPa

* high-strength holts, ASTM A325:

yield strength f, =417 MPa
tensile strength f, = 830 Mpa

= weld material:

Weld materiat to maich the base metal per CSA W59:

for Grade 350W, 350WT and A139 steels E49XX

for Grade 300W steels E43XX
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GEA Gygax Engineering Associates Ltd. Rev. F

Page 191 of 218 FNR-2016-60489



Tysan Creek Hydroelectric Project
Givil Design Basis _ 27

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¢-E
= structural timber members DF-L Select Structural

6.1.4 GOVERNING DESIGN CODES AND STANDARDS
[1] British Calumbia Building Code, 2006
[21 (CSA A165 Standards on Concrete masonry Units, 1994

{31 CS8A A23.1 Concrete Materials and Methods of Concrete Construction, Canadian
Standards Association, 2004

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

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

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

[8] CSA 516 Design of Steel, Canadian Standards Association, 2001 (R2005)

[9] CSA $304.1 Masonry Design for Buildings (Limit States Design}, 1994 (R2001)

[10] CSA W47.1 Certificaticn of Companies far 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]1 CPCA Concrete Design Handbook , 3 edition, 2006.
[14] Canadian Wood Councit, Wood Design Manual, 2005

[15] Canadian Foundation Engineering Manual, Canadian Geotechnical Society, 1992
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[16] ASCE - Manuals and Reporis 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
conveyance piping design).

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

[19] Eurocode 2: Structural Concrete (for crack control limit state).

6.2 HYDRAULIC AND HYDROMECHANICAL DESIGN

6.2,1 PERFORMANCE REQUIREMENTS

Design Water Levels

The following 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 1,043.0m
Natural [ake cutlet approx.EL 1,040.0 m
Maximum Normal Operating Level EL 1,040.0m
Minimum Normai Opsrating Level EL 1,030.0 m

Operating Rules

The Minimum Normal Operating Level is based on assumed seasonal power flows, a realistic
estimate of monthiy inflow, and an acceptable (but ncn-zero) probability 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
levels 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 to
vary based on the operating rules adopted.

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 calculated by the Hecker (1987) equation:
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{n"B)esiicar = 1.0 + 2.3F,

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

if the required 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 tunnel will be driven from the portal on the north side of the rock ridge towards the fake 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 o allow for later
widening of the portal for the IFR chamber. If is anticipated that a nominal 3 x 3 m horseshoe
profile wili first be advanced about 340 m. Three classes of temporary rock support are
foreseen, ranging from:

Ciass |: 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

Ciass |ll: pattern rock bolts in the arch and walls with shotcrete on the full arch and on
the walls as required in extensively sheared, closely jointed rock.

The Rock Tunnelling Quality index, Q, per Barton (1974 will be used.
Lake Tap

The lake tap procedure has been developed in general terms, but will be finalized using an
Observational Approach as the tunnel is advanced over the final 56 m or so. Over fhis stretch,
groundwater inflow wil be controlled through injection grouting and probe holes will be drilled in
advance of the face to ensure that the ground conditions, and the precise iocation of the iake
bottorn are weli understood.

In general terms, a semi-wet tap is foreseen. Once the tunnel 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
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trap. Once the concrete plug has been constructad (see below), the final balst will be charged
and the tunnet upstream of it will be flooded leaving only a pressurized air cushion just below
the final lake tap rock plug. This air cushion will help attenuate the blast pressures travelling
down the flooded tunnel and acting on the concrete plug, 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 penstock inlet. The air cushion pressure will be carefully
maintainad prior {o the biast through compressed air (ines from the headworks chamber.

Congrete Plug

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

Pattern rack dowels will be used to enhance interface friction between the plug and the rock
further. Once the enlarged excavation is complete, a vertical grout curtain will be established to
consolidate the rock and ensure the piug 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 initial funnel drive.

The plug will then be cast in fwo stages. The first stage comprises a concrete ring 500 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
fhe rock. This serves to further consolidate the rock at the excavation boundary and fill any gaps
that may have formed due to 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
injection pipes and collection vents will installed respectively in the invert and crown of this ring
and two circumferential waterstops installed near the upsiream and downstream limits of the

piug.

After the penstock inlet pipe, bypass, compressed air and other piping that will penetrate the
concrete plug is instailed, the second stage will be cast. Once this has cured, the interface
between the two stages is grouted through the injection and vent pipes previously installed in
the first stage. The up and downstream waterstons will serve to confine the grouted surface fo 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 tunnei and IFR equipmeni chamber. The lining will impede
loosening and popping of rock that would damage the penstock and pose a safety risk for man

access.
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The penstock will be supported on concrete cradles spaced tc limit bending stresses to safe
levels. A sliding seat will be provided between the concrete and the steel pipe. About 200 mm of
crushed gravel will be placed in the tunnel invert fo provide a safe walking surface. A permanent
drain pipe will be instalied to evacuate any water that seeps into the tunnel.

6.2.3 INTAKE CONTROLS AND ISOLATION

Intake Gate

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

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

6.3 PENSTOCK DESIGN

6.3.1 TRANSIENT PRESSURE ANALYS!S
Transient analyses will be completed for the following scenarios:
= load rejection at full flow;

= manual closure of either the turbine inlet vaive or intake gate from fully open to fully closed
in 60 seconds under full flow;

* siam closure of ane needle valve during full flow.
6.3.2 STRUCTURAL ANALYSIS

Permissible Steel Stresses
Permissible stresses of the steel penstock are lintited to:
*  Normal Operation Performance Level:

The lesser of 0.67 f, or 0.33 {,
so for f, = 360 MPa and {, = 455 MPa fremissive = 150 MPa

= Emergency Operation Performance Level:
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The lesser of f, or 0,50 f,
so for f, = 360 MPa and f, = 4565 MPa foermissmie = 228 MPa

=  Survivability Performance Level;

The lesser of 1.67 f,or 0.83 1,
so for f, = 360 MPa and f, =455 MPa Toermizsile = 378 MPa

Penstock Design Loads
The load conditions relevant 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 loss, norma! vaive closure water hammer, and
surge for a piant load rejection closure P,=1.15 P4 [im]

extreme pressure due to a spear valve stem failure causing slam closure is determined
based on a transient analysis Ps {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 D;
weight of water contained within penstock D
weight of seil or rock surcharge and groundwater D,

»  Live Loads

wind load, normal operation L, = 1/3C year wind loads
wind load, extreme L; = 1.4 x 1/50 year wind loads
ground snow load, per Seciion, normal operation Ly =8,
ground snow load, per Section, extreme Ls=15x%x(5:+5)
traffic load, logging truck loading, per Section 0 Ls

= Earthquake Loads

quasi-static earthquake loads, determined for the 2500 year return event EQ
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=  Thermal L.oads

Thermal loads will be calculated for the buried and exposed secticns of penstack,
assuming site temperature variations 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 Ti=15-4=11°C
Difference between weld-up and extreme annual maxima Ta1=15~Thin
T2,2 = Tmax = 15

Load Combinations

The refevant load combinations for each Performance Level are presented in the table overleaf.
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Table 6-1: Relevant Penstock Laad Combinations for Various Performance Levels

Performance Level Loads
Intarnal Prassure Dead Loads Live Loads Earthquake Temp_efature
Load Variatich
.| narmal ; fact.
slatic water ; internal . /30 fact, .
pead ﬁ'iaetr:f- nammer| VACHUT] pipe 1700 scil wind ‘:i{; SN | teaflic nomial fextrems
Pt P2 P3 P4 D1 b2 03 1 Lz L3 L4 L5 EQ ™ T2

Normal Qperation .

Empty pipe ® L ] [ .

Full pipe, plant is shut . . " . . e .

Normal operation * ! - . . - *

Filting e ° o

Emergency Operation

Wind storm » [ 3 [ » »

Exireme winter L 2 [ ] - » L]

Extreme femperature - -
_change

Sudden draining [ ] » ® * | e
Survivabhility :

Earthquake, operating » L ] » . L ] [ ] [ ] L]
Earthquake, empty - - i ] L]

Slam closure . [ ] » [ 4 ] : [
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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, fransitioning downstream to a DN 750 mm steel section that
runs above ground for 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 fali 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:

e internal pressure;

s self weight;

+ environmental loads, including snow, wind and extreme {emperatures; and
« seismic loads.

The Hinckey-von Mises combined stress approach will be used for the strength design of this
portion of the penstock. All bends will be restrained by anchorages and intermediate supports
will 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
io thermal! variation within telerable fimits.

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 controlied by soil-pipe
inferaction. All bends with thrusts out of the ground (combined vertical and horizontal
components) will be designed as fully-restrained anchor blocks with double-corrosion protected
ground anchors. The ground anchaors will be pre-siressed 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 line-element computer model will 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 focally in combination with the hoop stresses.
This allows ground anchors at the bend anchorages to be modelled as tension-only springs and
the lateral subgrade reaction of the soil bedding as compression-only springs. Ground anchors
for bend anchorages will be prestressed to 80% of ultimate tensile strength (0.6f,) for the
governing thrust of the Normal and Emergency OCperation Performance Levels. At thrusis
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 Normal 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 also be checked for wall stability under full vacuum pressures wtih overburden
surcharge, Minimum shell thickness will be the lesser of;

FGE&E formula tmin = DI7T315
or USBR formula tmia = (D+508)/10160
where D and tmin are in mm units.

Section In Powerhouse

The short section of penstock within the powerhouse, up to the flange at the Turbine inlet Valve
(T}, will be designed in the same way as described for the buried sections. Piping
downstream of the TiV will he the responsibility of the supplier.

High-pressure mechanical piping connected {o the penstock, such as drain and bypass valve
piping, as well as the associated flanges, branches, and valves, will be designed io the ASME
B31.3 — Process Piping code. In this code, the Design Pressure {Pp) 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
axtreme pressure (P,) shall not exceed the test pressure, and the test pressure shall not be less
than 1.5Pp. Therefore Pg shaif not be less than Py / 1.5,

Flanges will be selected using ASME/ANS| B16.5 — Pipe Flanges and Flanged Fittings. Valves
will be cast or fabricated sieel.
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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 will 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 (47) 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 numeraus streams, most notably Tyson Creek. The design floed for all
water crossings will be the 200-year design flood, plus any applicable allowance for debris flow
ar debris flood hazards.

Based on hydraulic modeliing of the 200-year design flood plus 1.5 m freeboard, the low chord
of the Tyson Creek crossing along the preliminary penstock alignment {adiacent to the road
bridge} must be at a minimum elevation of EL 1,017 m. The low chord efevation wiil 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 culveris and swates be
provided at all other stream crossings. Sufficient cover, hydraulic capacity, and erosion
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 1o just upstream of the
proposed Tyson Creek crossing. Erosion protection is required to protect the backfilled {rench
from erosion during flood events 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 struciure 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 other sources.

6.4.1 LIMIT STATES

Limit States And Performance Levels

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

Table 6-2: Loads and Load Factors

Normal Operation Emergency Condition Survivability
Load Type Condition Condition
Cracking | Deflection | Stability | Strength | Stability | Strength
Seif weight U U F F F F
Usage and equipment U 1) F F F
Cresp and shrinkage | U U A
Soil pressures U 1) F F F F
Environmental Y u F F
Seismic E E
Turbine and generator U U F F
Infake water levels E E E E E E
Legend: U unfactored load

. factored load 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 confrolled over the effective tension zone of the concrete section, Limiting characteristic
crack widths are;

Surfaces not continuously exposed to water Wit < 0.30 mm
Surfaces continuously exposed to water Wiz < 0.20 mm
Surfaces of water-tight elements Wig < 0.10 mm
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Deflection Limit State

Unless otherwise stipulated by equipment suppliers, characteristic deflections (8} will be kept
below the following limits:;

Deflection under permanent and storage loads Sy = span length/240
Deflection under other variable loads Sy < span length/300
Deflection of crane rails, under permanent and variable foads (5 tonne capacity)

dke = span length/600

Stability Limit State

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

Factored Restoring Effects 1.0
Factored Driving Actions

Strength Limit State
To ensure sufficient member and structure strength:

Factored Resistance 1
Faciored Action

The factored resistance of concrete, masonry, structural steel and steel platewerk will be in
accordance with the relevant material codes.

6.4.2 DESIGN PARAMETERS

Self Weight Loads

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

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

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

Hollow concrete block masonry (reinforced and partially grouted) 3.0kPa
Roofing (insulated) 0.25 kPa
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Wiall cladding (insulated) (.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 fimit state. The parameters
of Section 1.2.3 of the CPCA Concrete Design Handbook and the approach of Eurocode 2 wil!
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 follows:

for the powerhouse floor:

the greater of 10.0 kPa
or 10 kN
or equipment loads

s roof areas

the greater of 1.0 kPa
or 1.3 kN
or snow foad

» 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 foliowing characteristics:

L165 axel loads GVW 149 700 kg
45%/55% unbalance
450 mm ecceniricity
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AYLE LUOADING [RNXSE.D 3%n

SFACING (mm)

... ]

1580 | 1680 45%  S5%

L-165 (OFF HIGHWAY) GVW 149,700 kg

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 soil mechanics. Lateral
earth pressures wilt be determined using the following criteria:

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

Structures located at sufficient distance from streams that they are not influenced by stream
water levels will be designed for geohydrostatic loads 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.

Envirchmental and Seismic Loads

Loads due to the effects of temperature change, wind, rain, snow and earthquake wilt 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 be 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

All impoundment structures, including the tunnel piug and control gates will be designed for
hydraulic joads inciuding 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.
s Dynamic effects on slender structures in the stream fiow, such as trashrack bars.

The tunnel plug will also be designed for blast pressures,

Turbine/Generator Loads
Turbine generator loads include:

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

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

= Normai and emergency rotational ioads

* Short-circuit lorque 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 reinfarcement (cover)
will be as foliows:

s surfaces exposed to air

Stirrups and ties of 10M and 15M 40 mm
Principal reinforcement 50 mm
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= reinforcement at faces in contact with scil backfill, groundwater or blinding concrete 50 mm
= all reinforcement at faces in contact with running water 60 mm

«  all reinforcement at faces cast against soil of rock 75 mm

Minimum Reinforcement
The following requirements apply cver and above those specified in CSA A23.3:
= Beam flexural reinforcement contents wilt be greater than Agmin = .003 by h

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

= Fvery second longitudinal column bar wilf be enclosed by a tie bend or hook and no bar wili
be more than 150 mm clear either side from such an enclosed bar.

Concrete Formwork And Finishes
The following formed (F) and unformed finishes (U} will be used:
« For surfaces that will have fitl ptaced against them:

Finish F1: Farms built with a 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
oblain an ewven, 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 for 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 U1 by floating either
by hand, or by power driven equipment. Started floating after some stiffening has taken
place in the surface concrete and the moisture or "shine" has disappeared. Work the
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concrate no more than necessary to produce a surface known as "wood float finish"”,
which is uniform 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
contro! buildings and interior surfaces of the powerhouse:

Finish F3: Form surface in contact with concrete to be plywoaod, steel or pre-approved
form liner. Plan form construction so that any residual pattern from the forms wiil
harmonize with the structure or building. All joints shall be horizontal or vertical.

Finish U3: Steel troweled finish. Follow 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 1o the surface. Trowel with firm pressure that
will flatten the sand surface left by the fioating 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 immediaiely after troweling with a fiber bristle broom in a direction perpendicular
to the direction of traffic. Broom grooves not mare than 1.80mm deep. After brooming,
neatly tool all 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 limiis 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 5 mm thin smooth sanded plywood
sheathing,

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

Mass Concrete

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

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

Walls and slabs with 400 < < 600 15M @ 150 each way
Gravity walls, silils and other mass pours, t > 1000 mm 20M @ 200 each way

Joints

Where movement joints are unavoidable, they will be designed to 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.

Continuous 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 {0 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 lieu of a bonding agent,

Benchmark materials to be used are:

Internal water-stops Sternson Durajoint Type 7
Bonding agent Sika Albitol Concentrate
Hydrophillic compound Xypex Concentrate

Connections

All holted connections will be designed as bearing connections. Bolts will be tensioned by the
furm-of-nut method to ensure slip-free behaviour under service loads.

Fillet weid dimensions will fall within the following limits:

Minimum weld leg Aieq > 6 MM
Minimurm weld length Lweld 2 4 8ieg OF = 40 mm
Angle included between weld legs:
Minimum 60°
Maximum 120°
Maximum pitch of discontinuous welds 6 tin = 300

where tm 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 maintenance 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 {oilst.

Cooling will be by means of ambient air ventilation. Heating will be by means of electric unit
heaters; these will rarely be required to 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 Institute, ANSI
* American Society of Heating, Refrigerating and Air-Conditioning Engineers, ASHRAE
¢ American Water Works Association, AWWA

« Canadian Standards Association, CSA

The latest editions of relevant standards shall govern.

7.2 VENTILATION

Ventilation shall be designed in accordance with the ASHRAE Handhook, HYAC Applications,
particularly Chapter 24 Power Planis and Chapter 28 Ventilation of the Indusirial Environment.
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7.2.1 CONTROL ROOM HEATING AND VENTILATION

The Controi Room will be heated by electric baseboard heaters and cocled by a small supply
fan drawing air from outside (not from the machine hall). The fan will be two-speed, capable of
providing at least § air changas per hour (ACH).

7.2.2 MACHINE HALL HEATING AND VENTILATION

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

Design criteria for Machine Hali 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, etc.); 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 alsc miscellaneous equipment. It is expected ouiside air cooling will be
sufficient so air conditioning will not be provided.

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 1989, p. 24 2, Table 1.

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

1. The generator efficiencies are given as follows: 97.1% 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 kKW at fult ioad,
equivalent fo an efficiency of 99.4%.

The losses are assumed to he all heat.

The foregoing criteria result in a maximum cocling airflow of 28,000 L/s.

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

1. 7.5 Lfsim?, 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 turbine 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. diesel
generator) in the powerhouse.

Design Cases
The design cases include the following:
1. Generator fuli ioad on a hot day (cooling 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 load on a cold day (ditution flow governs).

In this case dilution air flow typically governs and hence this case is likely to govern for
heating design. With minimal load 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 he set to its minimum setfting. I
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 wiil keep the
machine-haii temperatures below 25 C excepi during the extreme hottest summer days when
temperatures may rise to 35 C.

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

The ptant wili 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 1999, p. 28.8, Table 4. Inlet filters will net be provided.

Air will enter the building through weather louvers located near the bottom of the south wali.
The intake air system shall take special consideration of wind-driven rain. Louvers shall be
selected {o minimize water ingress as well as pressure drop. They shall be extruded aluminum
at least 150 mm deep. Exterior hoods may be required.

The inlet weather louvers shall be backed up by control dampers to control wind blowing
through the building. The control dampers shail 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 machine hail and exhausted by four fans, one
small and three identical large fans. The fans are sized such that the smali 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 wal-mounted high on the north fagade. Access will be provided for
maintenance. An alternative is to collect the air through ceiling-hung ductwork and exhaust it
through low-mounted centrifugal fans. The fans will have single-speed, 600 V, 3 phase motors
in accordance with the project electrical design criteria.

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

Air Recirculation

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

Air Heating

The supply of outside air for dilution must be as stated above for condensation controi and
contaminant 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 to be initially
set at 18-22 C but this is to be adjustable in the contral system. The opiimum humidity is to be
initially set to 70-80% reiative humidity but this is to be adjustable in the control system.

The default (start up) setting is for one exhaust fan {0 operate to exhaust the minimum dilution
air flow. As ilong as the temperature remains in the optimum band, control is through
humidistats in the machine room. If the humidity rises to the high set-paint, the second fan is
turned on. When the humidity falls to the low set-point, the second fan is turned off.

If at any time the temperature rises to 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. |f the temperature stays within the optimum range, the system reveris to humidity
control. If the temperature continues to fall, heaters are turned on te maintain the temperature
in the optimum range.

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

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

A control narrative based on the foregoing will be provided in Division 15 of the technical
specifications.

7.3 OVERHEAD CRANE

The powerhouse will be equipped with a 5 tonne bridge crane for maintenance of eqguipment.
The crane will be provided with electric hoist and travel.

KWL Kerr Wood Leidal Associates 40 March 2008
GEA Gygax Engineering Associates Lid. Rev. E
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7.4 WATER SUPPLY AND DRAINAGE

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

Hot and coid water will 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 oiliwater
separator and then to a rock pit located in an area where it can drain to soil or other suitable

disposal.
K W1, Kerr Wood Leidal Associates 10 March 2008
GEA Gygax Engineering Associates Ltd, Rev. E
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FSCI Bleloglost Consultants

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 drill waste water
management on the downstream end of Tyson Lake. The following amendment
is suggested for the Tyson Creek Hydro CEMP:

3.20 Tunnet Drill Waste Water

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

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

s The sump should not have a surface connection to drainage
channels that may directly enfer Tyson Creek. The onsite EM
should be consuited if this presenis problems:

e The sump should be lined and impervious as required. If may be
consfructed in impervious rock. The sump should have a
downstream surface outlet that moves settled water into 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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» Sediment control sfructures such as rock plugs and/or silt fencing
may be required af the sump outief in the event of heavy
suspended sediment loading. The onsite EM should be consulted;

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

¢« The EM will monitor the condifion and water quaiity within the
constructed sump. Observations and recommendations wifl be
reported in the environmental reporting.

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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