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WUSKWATIM PROJECT, INTERIM WATER POWER LICENSE
GENERAL LAYOUT PLAN AND SUPPORTING DATA SUBMISSION

Attached is a submission of the information available at this time provided in accordance with
the provisions of The Water Power Act (C.C.S.M.c. W60) and Sections 11 to 13 of Regulation
M.R. 25/88R in support of an application for an Interim Water Power Licence for the
Wuskwatim Project.

From the applicant’s perspective, the attached submission demonstrates that the Project
facilitates the most beneficial utilization of the resources of the stream, is feasible and
practicable, is in the public interest and should be approved to proceed.

In order that approvals process continues to progress, the applicant will submit a set of
construction plans for the first phase of construction within the next 90 days. A schedule of
when the remaining drawings and specifications will be submitted will be included with the
next submission. If you have any questions please do not hesitate to contact us at your
convenience.

Yours truly.
Original signed by: B.J. Osiowy
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B.J. Osiowy, P.Eng.
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MANITOBA HYDRO SUBMISSION
REGARDING THE
GENERAL LAYOUT PLAN AND SUPPORTING DATA
ASSOCIATED WITH THE WUSKWATIM PROJECTS
(GENERATION AND TRANSMISSION)
ON THE BURNTWOOD RIVER

Manitoba Hydro hereby provides the General Layout Plan and Supporting Data
associated with the Wuskwatim Projects (Generation and Transmission) on the

Burntwood River.

(@) Applicant:
Manitoba Hydro

(b)  Address:
820 Taylor Avenue
P.O. Box 815
Winnipeg, Manitoba
R3C 2P4

Occupation:
Electric & Gas Utility

(© River:

Burntwood River

(d) Purpose:
Thisinformation is provided in accordance with the provisions of the Water
Power Act C.C.S.Mc. W60 and Sections 11 to 13 of Regulation M.R 25/88R

in support of an application for an Interim Water Power Licence for the
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(e)

Wuskwatim Project. The submission has been organized to follow the
specific requirements of Sections 11 to 13 by including the text from the

regulation in bold text and the response in normal text.

Background to Submission:
Manitoba Hydro has previously submitted to Mr. S. Topping, then Director,
Water Branch, Dept. of Conservation (now — Executive Director,
Infrastructure and Operations Division, Water Stewardship) the following
documents as part of the Water Power Licencing process in accordance with
Sections 3 and 7 of the Water Power Regulation;
e  Wuskwatim Project Interim Water Power Application on 2003 06 04,
e Wuskwatim Project Interim Water Power Licence Survey Permit

Application on 2004 05 05,

Water Stewardship issued;
e Survey Permit on 2004 06 29.

DATED at Winnipeg, Manitoba the AL day of ﬂ'pw' / , 2005.

MANITOBA HYDRO
per: Original signed by: B.J. Osiowy

B.J. Osiowy, P. Eng. Manager
Hydro Power Planning Department
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General Layout Plan and Supporting Data
for Power Development Purposes Associated with the
Wuskwatim Project on the Burntwood River
in accordance with Sections 11 to 13 of the Regulations under
the Water Power Act

11 Forthwith after theissuance of the Survey Per mit, theapplicant shall
proceed with the preparation of general layout plans and data, and shall file

them within the time the director specifies.

Manitoba Hydro hereby provides the General Layout Plan and Supporting Data for
power development purposes associated with the Wuskwatim Projects (Generation
and Transmission) on the Burntwood River based on the best availableinformation at

the time of this submission.

12(1) The general layout plans and data shall be such as in conjunction
with the data already available in the department will enable the director to
deter minewhether the proposed wor ksar e of suitabledesign to accomplish the
purposeintended, whether the proposed development isin general accord with
the most beneficial utilization of the resour ces of the stream, and whether the
proposed undertakingisfeasibleand practicableand in thepublicinterest, and
such plans shall further conform to any requirements of the director not

inconsistent with thisregulation.

Manitoba Hydro and the Nisichawayasihk Cree Nation (NCN, Manitoba Hydro's
potential partner) on April 2003 submitted to the Director, Environmental Approvals,
Manitoba Conservation, a report entitled “Environmental Impact Statement,
Wuskwatim Generation, April 2003”.
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Under aseparate cover, Manitoba Hydro filed the “ Environmental |mpact Statement
for the Wuskwatim Transmission Project, April 2003” report and adocument entitled
"Need for and Alternatives to the Wuskwatim Project’” April 2003 to the Director,

Environmental Approvals.

Thereferenced documents described a proposal to proceed with the construction of a
200 megawatt generating station called Wuskwatim at Taskinigup Falls on the
Burntwood River and the associated transmission lines and switching stations to
connect the generating station to Manitoba Hydro’ s existing integrated transmission

system (Figure 1).

In addition to the previously referenced submission, ManitobaHydro and NCN have
undertaken to respond to several rounds of questions from members of the Technical
Advisory Committee, questions from funded participants through a series of
Interrogatory sessions, aswell as an intensive question and answer session as part of
the Clean Environment Commission public hearings held in the March to June period
of 2004.

The following summarizes the information previously submitted and addresses the

specific questions raised in Section 12(1).

The proposed Wuskwatim Projects (Generation and Transmission) in-service-dateis
being advanced from its domestic load requirement of 2020 in order to benefit from
additional export revenues and the potential for profit. The 1550 gigawatt hours of
energy produced annually from the Wuskwatim Project will assist in offsetting the
decline in exports resulting from growth in demand from within Manitoba. Such
advancement will also contributeto thereliability of power supply for Manitobansin
the early time period and will provide the additional power to Manitobans in the
event of higher than expected load growth. Current economic evaluations of the
Project show an attractive rate of return oninvestment, consistent with therelatively
low risks associated with the Project. Manitoba Hydro concluded at the CEC
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hearings in June of 2004 that there is a net positive effect on Manitoba Hydro
customer rates and that there would be no negative effect on Manitoba Hydro's
financia stability as a result of proceeding with the Wuskwatim Project. The
partnership between the proponents was described to the degree such information
was required to understand the financia analysisand thisinformation wasfully tested

throughout the pre-hearing and hearing processes.

The project concepts and preliminary engineering design that has resulted from the
planning process for Wuskwatim have been prepared by an experienced and mature
team of Professional Engineers from both Manitoba Hydro and its Engineering
Consultants. Workplace Safety and Dam Safety have been emphasized into the
design. The Wuskwatim Generating Station structures have been designed in
accordance with the Dam Safety Guidelines published by the Canadian Dam
Association. All design parameters are based on the appropriate incremental
consequence classification criteriaas described in the Guidelines. TheInflow Design
Flood is considered to be the PMF and seismic loads have been taken into
consideration in the design (See Appendix 1 for more details on the Dam Safety
considerations). Workplace safety has seen a number of key safety measures
included such as, fall protection measures such as non-dlip, stair treads/walkways,
hazard guards, pre-engineered-maintenance platforms and engineered fall protection
tieoff points. Along with workplace safety measures, “ designing with maintenancein
mind” and environmental stewardship are values engineered into Wuskwatim to
make operations and maintenance at the new stations safer for employees and the

environment.

Theinvolvement of the public, particularly the extensiveinvolvement of NCN inall
facets of project planning and the environmental impact assessment studies, has
contributed substantially to planning that has limited adverse effects and enhanced
positive effects of the Project. Traditional Knowledge and Western Science have
both contributed to an integrated planning process.

Page 5



Wuskwatim Project General Layout Plans
April, 2005

The project will result in minimal new flooding of lessthan one half square kilometre
which will bethe smallest amount of flooding of any generating station in Manitoba
Hydro's system. The design and planning for Wuskwatim has assumed that the
Churchill River Diversion (CRD) would continue to be operated asiit is currently,
including the annual modifications to the Interim Water Power License (the
“Augmented Flow Program” or AFP). The CRD seasona flow patterns that are
currently experienced would continue. No water level or flow effects of the project
would be experienced upstream of Early Morning Rapids. The Wuskwatim
Generating Station was designed to operate within the CRD Interim Water Power
License conditionsincluding the AFP and to operate efficiently at the most frequent
historic diversion flow of approximately 990 m®%s. Wuskwatim Lake, which isthe
station forebay, will be operated near the upper end of itspost CRD range at 234.0 m
(historic post CRD range from 232.7 — 234.3 m). The generating station will have
three turbine units which combined have the capacity to pass up to 1,100 m ¥s
without spilling. The 1,100 m */sflow iswithin the historic flow rangefor the reach
(historic range from ~ 430 to 1,250 m ¥s) resulting in flow through the spillway
structure being required lessthan 7% of thetime. The existing hydro power benefits
of the CRD will be further enhanced by the production of hydroelectricity from the
Wuskwatim Project such that the most beneficial utilization of the resource will be
further realized. Thetermsand conditionsdescribed inthe CRD 1973 Interim Water
Power License (Water Resources Branch 1973), as modified by the annua CRD
Augmented Flow Program, the City of Thompson Agreement (City of Thompson
1976), the Northern Flood Agreement (NFA, Northern Flood Agreement 1977), and
the 1996 NFA Implementation Agreement (NFA Implementation Agreement 1996)
and any downstream water related agreements, will not change as a result of the
Wuskwatim Project.

The Project planning was the primary means of mitigating potential adverse effects
related to the proposed Projects. Selection of the low head option and the shaping
mode of operation for the Generation Project significantly reduced environmental

effectstypically associated with hydroel ectric devel opments, which arein large part
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related to alteration of water regimes and flooding of terrestrial areas. Likewise,
route selection for the access road ensured that key areas (such as cultural sites and
important wildlife habitat) were avoided. Measures to avoid, reduce, or mitigate
potential impacts during construction and operation will be described in the
Environmental Protection Plans (EnvPPs) and associated documents such as the
Access Management Plan, Sediment Management Plan, and Monitoring Programs.
The EnvPPs are site-specific user friendly documents that provide practical
approachesto legidation, licenses, permits, standards, contracts, agreements, designs
and specifications for specific situations at specific locations. For example, the
EnvPP provides a guide to appropriate clearing and grubbing practices based on
terrain for each section of the accessroad and each stream crossing. The EnvPPswill
incorporate licence conditions, and will be finalized following receipt of the various

licences, subject to review by the various regulatory agencies.

The environmental investigations for the projects have spanned five years and have
had a level of aboriginal participation in the management, direction, fieldwork
investigations and consultation activities not seen in any other Manitoba project and
rarely, if ever, elsewherein Canada. TheEnvironmental Impact Statements conclude
that the Project isexpected to create no significant adverse effects on the biophysica

environments.

Positive biophysical effects are likely to result from displacing global green house
gasemissions aswell asreducing annual fluctuationsin water levels at Wuskwatim
Lake that were caused by CRD. Positive effects for people arelikely to result from
construction-related employment and business benefits for NCN and other
communitiesin the Northern Region, improved accessto the Wuskwatim Lake area
for NCN, and a Transmission Development Fund to provide ongoing community
benefitsto Aboriginal communities whose traditional use areas are traversed by the

Transmission Project.
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Subsequent to the public hearings that concluded in late spring of 2004, the Clean
Environment Commission (CEC) report was submitted to the Minister of
Conservation on September 22, 2004 recommending the Projects belicensed. The
Commission reported that they believe that MH and NCN had adequately justified
the Projects and the Commission was satisfied that the Projects are economic. The
Commission reported that adequate evidence was presented to allow the Commission
to determine, that, if the appropriate mitigation and monitoring regimeisput in place
and the Projects are constructed and operated as proposed, the adverseimpactson the
biophysical, socio-economic and cultural environment will not be significant. If
managed and devel oped in an appropriate manner, the benefitsfor Aborigina people,
northerners, and al Manitobans could be significant. For these reasons, the
Commission recommended licensing the projects subject to a series of terms and

licensing conditions contained within the report.
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12(2) The plans and specifications referred to in section 11 and

subsection (l) shall:

(a) be carefully prepared, and based upon actual and thorough surveys and
investigations on the ground;

- These requirements have been duly noted.

(b) be in sufficient detail to enable the department engineers to determine
exactly what is proposed to be done by the applicant;

- These requirements have been duly noted.

(c) show the position of the proposed works with reference to surrounding
objects, so that the exact scope of what is desired may be readily located and
ascertained; and

- These requirements have been duly noted.

(d) show what provision ismadefor navigation, logging, and other interests, as
required by section 87; “(Section 87) Notwithstanding any rights granted or
approval given by any licence, every licensee shall comply fully with the
provisions of the Navigable Waters Protection Act (Canada) and any rules and
regulations promulgated there under, and shall also comply fully with the
provisionsof any provincial statutesor regulationsgover ning the preservation
of thepurity of watersor governinglogging, forestry, fishing, wildlife or other
interests present or future conservation which might be affected by any
oper ationsconducted under thelicenceand shall also observeand carry out any
instructions of the minister concerning any of those matters not inconsistent

with the said statutes and regulations.”

Manitoba Hydro and NCN have been working with other regulatory authorities

charged with the various other federal and provincia statues to satisfy any pre-
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authorization requirements. Upon receiving appropriate authorizations and
approvals, Manitoba Hydro and NCN intend to comply fully with the associated

provisions.

12(3) Theplansand specificationsreferred toin subsections(1) and (2) and
section 11 shall ordinarily include the following items but in certain casesthe
applicant may be excused by the director in writing from supplying some part

or partsof theinformation called for by this subsection:

(a) a general map with scale so selected asto clearly define the location of all
dams, reservoirs, conduits, power houses and other works, except transmission
lines,

Please refer to the attached figures:

Figurel Wuskwatim Project Location Plan

Figure2 Stage 4 Studies Project Area Plan

Figure3 Stage 4 Studies Principal Structures General Arrangement

Figure4 Wuskwatim Generating Station Access Road Key Plan

Figure5 Camp Site, Work Area & Site Access Area Buildings Number &

Location General Arrangement.

(b) a cross section of each dam site along the centre line of the proposed dam

with graphical log of each boring, test pit, or other exploration, and a brief

statement of the character and dip of the underlying material;

Please refer to the attached figures and table below:

Figure6 Stage 4 Studies 1971 Investigations Taskiningup Falls Area Surface
Geology

Figure7 General Legends, Tables and Notes

Figure8 1999 Site Investigation Report Principal Structures Area Locations of
Explorations & Geological Sections

Figure9 1999 Site Investigation Report Principal Structures Area Bedrock
Geological Sections
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Figure10 1999 Site Investigation Report Principal Structures Area Bedrock

Geologica Sections

Table 12(3) b — Foundation M aterials

Structure

Foundation M aterials

Main Dam — on South
Abutment and North
Dyke (where founded

on overburden)

Lacustrine clays consisting of varved siltsand clays, plus
a thin, discontinuous layer of granular material which
immediately overliesbedrock. Thelacustrineclaysare of
low to high plasticity. Desiccation has produced an
overconsolidated surficia crust. The varving is highly

variable, but tends to be approximately horizontal.

Main Dam —river

section

South Transition

Structure

Greywacke gneiss Precambrian bedrock, which is
typically dark grey, fineto medium grained, strong, weak
to strong foliation, fresh to faintly weathered, typically
moderately spaced joints, good to excellent rock quality,
and low permeability. Two foliation sets have been
identified below the Main Dam —river section and South
Transition Structure: (i) generally has a northeasterly
strike and dips at 33° to the southeast; (ii) generally hasa
southwesterly strike and dips at 49° to the northwest.

I ntakes/Powerhouse

Service Bay

Non-Overflow Dam

Spillway
North Dyke — where
founded on bedrock

Greywacke gneiss Precambrian bedrock, which is
typically dark grey, fineto medium grained, strong, weak
to strong foliation, fresh to faintly weathered, typically
moderately spaced joints, good to excellent rock quality,
and low permeability. The foliation generally has a
northeasterly strike and dips at 41° to the southeast.
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Table 12(3) b — Foundation Materials (continued)

Structure Foundation Materials
Excavated Material Lacustrine clays consisting of varved silts and clays, a
Placement Area discontinuous layer of granular material, which

immediately overliesbedrock. Thelacustrine claysare of
intermediate to high plasticity, soft to stiff. Thetop 4 to
8m of the overburden forms a relatively dtiff
overconsolidated crust as a result of desiccation, and is
underlain by up to 17 m of soft normally consolidated
clays. The central portion of the area contains a wide
band of permafrost affected soils, containing high ice
contents, which extend to adepth of 7 m. Theareaaso
contains two linear depressions in the bedrock surface,
which trend southwest-northeast, and which areinfilled at
the base by granular material. These infilled zones are

covered by more than 18 m of lacustrine clay.
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(c) plans, elevations and cross sections of the dams, showing spillways,

sluiceways or dluice pipes and other outlet or control works, and of the other

principal structureswhich may berequired;

Please refer to the attached figures:

Figure 3

Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23

Figure 24
Figure 25

Figure 26
Figure 27
Figure 28

Stage 4 Studies Principal Structures General Arrangement

River Diversion During Construction Plans

River Diversion During Construction Sections

Principal Concrete Structures Plan

Intake and Powerhouse Sections

Service Bay Section

Powerhouse Plans

Intake and Powerhouse Water Passage Plans

Intake and Powerhouse & Service Bay Plans

Intake and Powerhouse & Service Bay Plan Above Generator Floor
Service Bay Plans

Intake and Service Bay Longitudinal Sections

Powerhouse and Service Bay Longitudinal Section at CL Units
Powerhouse and Service Bay Longitudinal Section Through Dewatering
Galery

Spillway and Non-Overflow Dam Plan and Sections

Walls, Diesel Generator Room & South Transition Structure Plan and
Sections

Stage 4 Studies Spillway Approach and Discharge Channels Sections
Earth & Rock Fill Structures Sections

Upstream Channel Improvements Plan and Sections

Page 13



Wuskwatim Project General Layout Plans
April, 2005

(d) a satisfactory contour plan showing the proposed power house and other
worKks;

Please refer to the attached figures:

Figure2 Stage 4 Studies Project Area Plan

(e) asatisfactory contour plan of the entire water conduit location and a plan,
elevation and cr oss section of each type of water conduit;

Please refer to the attached figures:

Figure3 Stage 4 Studies Principal Structures General Arrangement

Figure 14 Intake and Powerhouse Sections

Figure 17 Intake and Powerhouse Water Passage Plans

Figure 22 Powerhouse and Service Bay Longitudinal Section at CL Units
Figure 24 Spillway and Non-Overflow Dam Plan and Sections

Figure 26 Stage 4 Studies Spillway Approach and Discharge Channels Sections
Figure 28 Upstream Channel Improvements Plan and Sections

Figure 29 Stage 4 Studies Site Area Bedrock Surface Contours

(f) a satisfactory contour plan of each reservoir site showing the amount of
flooding involved, and thelocation and char acter of each proposed dam and of
other contingent works;

Please refer to the attached figures:

Figure2 Stage 4 Studies Project Area Plan

(g) amap or plan of the survey of the proposed final location of the centreline
of all main transmission linesto and including the receiving stations;

The proposed routes for the Wuskwatim transmission lines, including the
approximate locations of the existing and proposed transformer and switching
stations required to deliver eectricity from the proposed Wuskwatim Generating
Station into the existing Manitoba Hydro system are illustrated in Figure 1 —

Wuskwatim Project Location Plan and described below;
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At the Wuskwatim site, the lines to Birchtree Station and Herblet Lake
Station will be terminated into the Wuskwatim Switching Station which will
be connected to the Wuskwatim Generating Station via three transmission
lines. The construction power linewill betemporarily terminated (during the
construction period) at the Wuskwatim construction power station located
adjacent to the main access road from Provincial Road 391 and north of the
proposed site for the permanent switching station. Figure 30 Wuskwatim
Construction Power 230-12kV Switchyard Structure and Equipment Plan
View.

A new 230 kV transmission line from Wuskwatim to the a proposed new
switching station to be called Birchtree Station, located south of the City of
Thompson in the Local Government District of Mystery Lake. This
transmission line would provide construction power for the proposed
generating station. Figure 34 — Transmission Line B76W Plan showing
Construction Power TL Route from Thompson-Birchtree Station to
Wuskwatim GS.

Two new 230 kV transmission linesfrom Wuskwatim to the existing Herbl et
Lake Station, north of Snow Lake. Figure 35— Transmission Line H73W &
H74W Plan Showing Transmission Line Route from Herblet L ake Station to
Wuskwatim Generating Station.

Onenew 230 kV transmission line from Herblet L ake Station to the existing
Rall’s Island Station at The Pas. Figure 36 — Transmission Line H75P Plan
Showing Transmission Line Route from Herblet Lake Station to The Pas-
Ralls Island Station.

A detailed map or plans of survey of the proposed final location of the centre line of
the transmission line from Wuskwatim to Birchtree Station is currently in final
preparation and will be provided for regulatory approvals prior to construction. As
the Wuskwatim to Herblet Lake Station and Herblet Lake to Rall’sIsland Station’s
230 kV transmission lines are not required to be in-service until the generating

station is completed, in-service dates for these lines occur later, and hence detailed
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maps or plansof survey are not currently available at thistime and will be forwarded

for regulatory approval prior to construction.

Please refer to the attached figures:

Figure 31 Thompson - Birchtree Station Concept Layout w/Typical Mitsubishi
SvC

Figure 32 Herblet Stn. Stage 4 Development Wuskwatim H73W, H74W & The Pas
Ralls|s. H75P Line Terminations Complete with Associated Equipment

Figure 33 The Pas- Ral’s Island Station Concept Plan Photo Base 2000-05-22

(h) plansor mapsin every case showing thelocation and ar ea of thelandswhich
arerequired to be occupied, used, or flooded in connection with the proposed
works, described by section, township and range or by lot number, if in
surveyed territory, and, if other than Crown lands, by the name of the
registered owner in fee, of any registered mortgagee or lessee, and of any
claimant in actual possession other than a registered owner, mortgagee or
lesseg;

Please refer to the attached figures:

Figurel Wuskwatim Project Location Plan

The following has been extracted from the Licence application Section (k) and

modified to include additional landsthat may be included within the Severance Line

Drawing- Description of Land Area Required;

Part | - Crown Lands

The following is an estimate of the Provincial Crown lands required:

(1) “lands of the province not covered by water required for main diverting works,
powerhouse, and similar works’ including construction work area, campsite, dam
abutments, powerhouse, spillway, main dam, granular and impervious borrow
areas, intake and tailrace excavated channels and disposal areas for surplus
excavated materials as located in portions of Twp. 75-R7W of the Principle
Meridian, Twp. 76-R7WPM, Twp. 76-R6WPM, Twp. 77-R6WPM, Twp. 77-
R5WPM and Twp. 78-R5WPM.

200 hectares (494 acres)
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(2) “landsof the province covered by water required for the said purpose,” including
cofferdams, spillway, main dam, and channel excavations aslocated in portion of
Twp. 75-R7WPM:

26 hectares (64 acres)

(3) “landsof the province required only to be flooded in connection with the storage
of pondage of water (Figure 9) aslocated in portion of Twp. 75-R7WPM:

37 hectares (91.4 acres)

(4) “lands of the province required only for rights of way for water conduits,
transmission lines, and similar works” including the following:

(1) One 230-kV transmission line corridor from the Wuskwatim
Switching Station to a new “Birchtree” Station just south of the City of
Thomspon, with a right-of-way 60 m wide and 45 km long. Located in
portions of Twp. 76-R7WPM, Twp. 76-R6WPM, Twp. 76-R5WPM, Twp.
76-RAWPM, Twp. 77-RAWPM and Twp. 77-R3WPM.
270 hectares (667 acres)
(i) Two 230 kV transmission lines within one corridor from the
Wuskwatim Switching Station to the existing station at Herblet L ake Station
with a right-of-way 110 m wide and 137 km long. Located in portions of
Twp. 68-R17/WPM, Twp. 69-R17WPM, Twp. 69-R16WPM, Twp. 70-
R16WPM, Twp. 70-R15WPM, Twp. 71-R1SWPM, Twp. 71-R14WPM,
Twp. 71-R13WPM, Twp. 72-R13WPM, Twp. 72-R12WPM, Twp. 72-
R11IWPM, Twp. 72-R10WPM, Twp. 72-ROWPM, Twp. 73-ROWPM, Twp.
73-R8WPM, Twp. 74-R8WPM, Twp. 74-R7WPM, Twp. 75-R7WPM and
Twp. 76-R7WPM.
1507 hectares (3724 acres)
(i)  One230-kV transmission line corridor from the existing Heblet Lake
Station to the existing Rall’ sIsland Station near The Pas with aright-of-way
60 m (197 ft) wide and 165 km (103 miles) long. Located in portions of
Twp. 56-R26WPM, Twp. 57-R26WPM, Twp. 57-R25WPM, Twp. 57-
R24WPM, Twp. 58-R24WPM, Twp. 58-R23WPM, Twp. 59-R23WPM,
Twp. 59-R22WPM, Twp. 59-R21WPM, Twp. 60-R21IWPM, Twp. 60-
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Part 11 - Private Lands

Thereare no known private landswithin the designated area categorieslistedin 12(3)
(h) Part | - Crown Lands above, other than the lands that are held by Manitoba
Hydro for part of the Birchtree Station, and all of the Herblet Lake and Rall’ sIsland
Stations. There are several land selections within the lands required for the project
area that are currently in various stages of the Treaty Land Entitlement selection
process. Manitoba Hydro is currently in the process of acquiring the land for the
Generating Station and the access road on behalf of the potential Wuskwatim

business partnership.

(i) a general report outlining and describing the plan by which the applicant
proposes to develop the water privilege, setting out:

(i) thedams, weirs, tunnels, races, flumes, sluices, pitsand other structures
or workswhich it is proposed to build or make in connection therewith,
The camp facilities and infrastructure have been provisionally designed to
accommodate a construction work force of approximately 625 people. These
facilities are temporary and will be removed and the area rehabilitated following
construction. Wuskwatim is located on the Precambrian Shield. The topographic
relief inthe areaislow, seldom exceeding 30 m, with broad expanses of peat plains
overlying deep lacustrine deposits. Permafrost is sporadic throughout thearea. The
overburden consists primarily of lacustrinevarved silty layersand thereisgenerally a
thin layer of dense semi-perviousgranular till mantling the bedrock surface below the
varved clay. The bedrock is garnetiferous gneiss, and is competent and suitable for

the foundation of the Principal Structures at this site.

The proposed Wuskwatim Generating Station (Wuskwatim GS) will be constructed
downstream of the outlet of Wuskwatim Lake at Taskinigup Falls in northern
Manitoba, Canada, at Latitude 55° 32’ 29", and Longitude 98° 30’ 14", Section 33,
Township 75, Range 7 West of the Principal Meridian.

The site is located approximately 48 km southwest of Thompson, and 37 km
southeast of Nelson House. It islocated on Provincial Crown land and falls within
the Nelson House Resource Management Area. The location of Wuskwatim GSis
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shown on Figure 1. Wuskwatim Generating Station will consist of athree unit close-
coupled Intake/Powerhouse complex with an adjacent three bay Spillway.

These principal concrete structures will be linked by a short gravity section non-
overflow concrete dam and flanked by concrete elements that will tie into earth and
rockfill embankment closure sections. Each of the main elements, including the
concrete structures, and the earth and rockfill Main Dam and North Dyke will be
founded on competent bedrock. A short distance to the north and west, and
completing the containment of the reservoir, an engineered excavated material
placement area will be founded on overburden. Overburden and rockfill materials
from the excavations required for the construction of the Principal Structures and
which are surplusto the project construction requirements, will be disposed of inthis
area.

The project area plan and the principal structures general arrangement are shown on
Figures 2 and 3. The optimum arrangement of the structures places the Powerhouse
and Spillway on the left (north) bank of the river and the Main Dam immediately
above the crest of Taskinigup Falls. This arrangement takes advantage of the local
surface and bedrock topography to produce the best hydraulic entrance and exit
conditions, to minimize rock excavation quantities and costs, and to allow the most
expedient construction diversion sequencing. In consequence, the 630 m long south-
westerly trending axis of the main structuresis articulated through 47 degrees about
the South Transition that is approximately at the one-third point of the axis.

The Powerhouse, to be constructed close to the north bank of the origina river
channel, will have semi-spiral concrete scroll casesto accept the three vertical axis,
fixed-blade, propeller turbines. The overall rated plant capacity is estimated to be
204 MW. A Service Bay, housing station services and providing maintenance and
equipment assembly areasfor theturbinesand generators, will belocated at the north
side of the Powerhouse. The road to the main Service Bay entrance door will be
accessed from the crest of the Non-Overflow Dam via a descending ramp to alarge
parking area at the Service Bay floor level.

The Spillway, to the north of the Powerhouse, will be athree-bay sluice with heated
vertical lift gates operated by wire rope hoists. A concrete Non-Overflow Dam will
link the Powerhouse and the Spillway, and will provide continuous access from the
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North Dyke to the Main Dam crest. The Non-Overflow Dam structure will also
house a standby diesel generator.

To improve flow approach conditions to the Powerhouse and to reduce head losses
through the area of the natural flow control of Wuskwatim Falls, a channel will be
excavated through the peninsulato the north of the Wuskwatim Falls.

The Main Dam and North Dyke will be zoned earth and rockfill embankments each
with acompacted clay core, granular filtersand transitions, and rockfill shells. Both
structures will be founded on bedrock and, while the North Dyke will close
completely to bedrock, the south abutment of the Main Dam will closetoimpervious
native overburden.

To the north of the Spillway, a low saddle at € 231.0 m will be the site of an
engineered excavated material placement areafor surplusclay and rockfill materials.
A portion of the disposed fill will be placed on permafrost-affected overburden.

Construction of the project will be carried out in two stages. Stage | will involve the
construction of the Powerhouse and Spillway in the north bank spur, under the
protection of an upstream cofferdam and a downstream plug and cofferdam.
Following partial completion of the Powerhouse/Intake structure (sufficient to permit
inundation of the Intake Approach Channel) and the completion of the North Dyke,
along with the Spillway and its Discharge Channel, the Burntwood River will be
diverted from Taskinigup Falls into the Spillway Approach Channel, through the
partia removal of the Stage | Upstream Cofferdam, and the construction of the
Stage |l Upstream Cofferdam (to the upstream of the Main Dam’ saxis). The second
stage of the construction will involve the construction of acofferdam acrosstheriver
to the downstream of Taskinigup Falls, followed by completion of the Main Dam
earthfill, and excavation of the Powerhouse Tailrace Channel.

With the exception of concrete sand and finefilters, materialsfor construction will be
obtained and processed from the necessary excavations or within a short distance of
the project site. The concrete sand and finefilterswill be obtained from borrow areas
located 20 km to 25 km from the site, adjacent to the main access road.
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(i1) the form in which the power developed is to be used, namely direct
mechanical connection, generation of electricity or otherwise, and the
purpose for which it isto be used,
Wuskwatim Generating Station will generate electricity for the purpose of supplying
power and energy to Manitoba Hydro's integrated system. Manitoba Hydro's
integrated system serves domestic and export commitments, and includes sales to
Ontario, Saskatchewan and certain areas within the United States of America.

(iii) any contemplated sale, delivery or transfer of the power to other than

the licensee,
No specific sale has been negotiated for the Wuskwatim Project. The average

annual production of 1550 gigawatt hours of energy from the Wuskwatim Project
will provide additional supply which will be available to Manitoba Hydro's
integrated system which serves domestic and export commitments, and includes sales
to Ontario, Saskatchewan and certain areaswithin the United Statesof America. The
Wouskwatim Project will provide additional export revenueswhichwill contributeto
ManitobaHydro’ sprofits. Without the Wuskwatim Project, therewould beadecline

in exports as aresult of growth in electricity demand from within Manitoba.

(iv) if the power isto be transmitted, the territory within which such sale,
delivery or transfer isto be exercised,
Manitoba Hydro will export all surplus power and energy to export customerswhich
includes Ontario, Saskatchewan and certain areas within the United States of
America.

(v) the estimated demand for power within such territory,
The demand for power within the export territory continuesto be strong and evidence
presented to the CEC demonstrated that the market risk for Wuskwatim power islow
- that over the next 20 years, 9,600 megawatts of new generation capacity will be
required in nearby U.S. markets where Manitoba Hydro could look to sell
Wuskwatim's 200 MW.

(vi) any other data necessary to a full understanding of the nature and
objects of the undertaking,
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To restate from above, the proposed Wuskwatim Projects (Generation and
Transmission) in-service-date is being advanced from its domestic load requirement
of 2020 in order to benefit from additional export revenues and the potential for
profit. The 1550 gigawatt hours of energy produced annually from the Wuskwatim
Project will assist in offsetting the decline in exports resulting from the growth in
demand from within Manitoba. Such advancement will also contribute to the
reliability of power supply for Manitobans in the early time period and will provide
the additional power to Manitobansin the event of higher than expected |oad growth.

(vii) the natural height of thefall or rapid,
There are two sets of falls in the immediate vicinity of the proposed site for the

Wouskwatim GS, Wuskwatim Falls (approximately 7 m) and Taskinigup Falls
(approximately 15 m). Together, the two falls account for a drop of approximately
22 m.

(viii) the extreme high and low water levels at the power dam site and the
power station site, and of all bodies of water proposed to be used asstorage
I €Servoirs,
The high and low water levelsfor the reservoir, aswell asthe extreme levelsfor the
forebay and tailrace, are summarized below; if for licencing purposesit is necessary
to reference a particular water level, it is understood that such references will be
based on daily average wind and wave eliminated elevations above sea level;

The normal Full Supply Level (FSL) for the reservoir, as measured on
Wuskwatim Lake, will be 234.0 m adl.

Up-to one metre of storage has been designated for utilization for
operations.

The minimum reservoir level will be 233.0 m adl.

Extreme high water level for the reservoir will be 235.6 m adl under the
Probable Maximum Flood (PMF).

Extreme low water level for the reservoir will be maintained at or above
233 madl.
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Extreme high water level for the immediate forebay will be 235.5 m adl
under the PMF.

Extreme high water level for the downstream side of the power station
siteis expected to be 217.8 m ad under thePMF-.

Extremelow water level for the downstream side of the power station site

Is expected to be 209.8 m asl under one unit operation.

(ix) the flow of water in cubic feet per second at the high, low, and average

stages,
Manitoba Hydro has devel oped an estimate of the long-term (1912 to 1997) monthly
averageinflowsor project inflowsto Wuskwatim L ake, to assess the operation of the
Wouskwatim GS under amuch longer time period of flow conditionsthanisavailable
using the 25-year post-CRD (existing) record. The high flow that is expected over
the long term is 1 126 m°/s, the low flow that is expected is 435 m%/s with the
average expected to be 941 m?/s.

Wuskwatim Generating Station outflows through the Powerhouse are estimated to be
the following:
330 m*/s - 3% of the time;
660 m*/s - 18%;
990 m?/s - 52%;
990 to 1 100 m*/s - 20%; and,
over 1 100 m*/s - 7% (the excess flow above 1 100 will be passed through the
Spillway).
A significant amount of water regime information has been collected at various sites

within the Project area and can be made available, if required.

(x) the estimated capacity in horsepower of thefall or rapid in its natural

condition at the average low stage of water,

The average long term minimum monthly inflow into Wuskwatim L akeis estimated
to be 435 m¥/s. Thetotal drop over both Wuskwatim Falls and Taskinigup Falsis
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approximately 22 m. Therefore, the estimated capacity in horsepower available
under natural conditions over the 22 metre drop, for along term minimum flow of
435 m®/s assuming the efficiency of conversion to be about 91% would be 115,000
horsepower or approximately 85 MW (435 * 22 * 0.91 * 9.806 /1000).

(xi) the area and available capacity of each proposed storage reservaoir,

There will be one integrated reservoir formed by the Wuskwatim Project. The
reservoir created by the project comprises the immediate forebay area and
Wouskwatim Lake. The normal Full Supply Level (FSL) for the reservoir, as
measured on Wuskwatim Lake, will be 234.0 m above sea level (wind and wave
eliminated water level). Wuskwatim Lake water levelswill be stabilized within the
existing Wuskwatim Lake water regime near the FSL most of the time. Up-to one
metre of storage has been designated for utilization for operations. Approximately 37
ha of land will be flooded as a result of the construction of Wuskwatim GSin the
immediate forebay area. The estimated surface area of the reservoir at elevation
234.0 m is approximately 8 840 ha. The storage is separated into two areas; the
immediate forebay area, with asurface areaof approximately 90 ha, and Wuskwatim
L ake, with asurface areaof approximately 8 750 ha. Thelive storageisestimated at
8840 ha—m.

(xii) the estimated percentage of stream flow to be made available from

storage,

A modified run-of-river mode of operation is proposed for the Wuskwatim Project.
The plant will operate in the modified run-of-river mode of operation approximately
97.5 percent of the time by shaping daily outflows to balance daily inflows.
Therefore, for the mgority of operation, the percentage of stream flow made
available from storage is negligible.

(xiii) all other data necessary to a full consideration of the natural features

of the site or sites of the proposed works,

Manitoba Hydro was directed to include a description of the setting into which these
projects will be constructed. The physical environment of the project areas is
extensively described in supporting volumes to the Generation and Transmission
EIS's. The existing physical environment along the Burntwood River system has
been altered, and continuesto be influenced, by changes brought about by the CRD
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inthemid-1970’s. The CRD resulted in immediate changesin water regime and ice
processes along the river system. Volume 4 of the Generation EIS provides an
extensive description of the current situation and the anticipated changes that will
result from the project.

(xiv) the estimated total average effective head it isproposed to develop,

The estimated average head during open water conditions available for power
production will be 21 to 22 m, and ranges as high as 24.4 m which would occur with
one unit operating during the summer or as low as 20.8 m which would occur with
three units operating at full gate during the winter.

(xv) the height and full description of any dams, or weirs, which it is

proposed to construct,

Figures 2 and 3 show the location of the principal structures required for the
construction of the Wuskwatim Generating Station. A description of the dams and
weirs are listed below:

1. A reinforced concrete three-unit close-coupled Intake/Powerhouse will be
constructed, including a South Transition Structure and Service Bay. These
structures will have an overall length of approximately 159 m, with upstream
deck access across the structure at a nominal elevation of 235.5 m, and a
maximum height above the elevation of the structure's foundation of 57 m.
Please also refer to Figures 13 through 23 for more information.

2. On the north side of the Powerhouse, there will be a reinforced concrete
overflow Spillway. The Spillway will be 43 minlength and will havethree (3)
bays. Each of the bayswill have gates9 m wide and 16 m high. The concrete
deck of the structure will be at nominal el 235.5 m and the nominal Spillway
crest elevation will be 219.7 m. The height of the Spillway is 19.3 m. The
Powerhouse and Spillway will be separated by a42 mlong reinforced concrete
gravity Non-Overflow Dam. The height of the Non-Overflow Dam is
approximately 4 m. For details of the Spillway and Non-Overflow Dam please
refer to Figure 24.

3. Connecting the north end of the concrete structures and the left bank of the
river will be the North Dyke. The structure will be a zoned earth and rockfill
embankment, approximately 4.5 m high. It will have a22 m wide crest, a a
nominal elevation of 236.6 m with an overall crest length of approximately
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85 m. The structure will have a storage area for the Spillway stoplogs. See
Figures 3 and 27 for more information on the North Dyke.

4.  Connecting the south end of the concrete structures and the right bank of the
river will be the Main Dam. The structure will be a zoned earth and rockfill
embankment, with amaximum height above foundation level of approximately
14 m, with a9 m wide crest at anominal elevation of 236.6 m and an overall
crest length of approximately 330 m See Figure 27 for sections through the
Main Dam.

5.  Anearth and rockfill embankment will be constructed on the left bank as part
of the excavated material placement area, it will servetwo purposes. Firstly, it
will create apermanent disposal areafor surplus overburden materialsand blast
rock excavated during the course of construction. Secondly, the embankment
will fill in alow topographic saddle point to complete the confinement of the
reservoir. The part of the excavated material placement area adjacent to the
Burntwood River will have an elevated section, more specifically referred to as
the Upstream Rock Berm. Itsheight variesalong itslength; at its maximum the
embankment is approximately 7 m high. Thetotal length of the Upstream Rock
Berm is 700 m. See Figures 2 and 27 for further details.

(xvi) theincreasein thelevel of thewater to be brought about, and thearea

and character of landsto be flooded by such damsor weirs,

Flooding will be restricted to the area upstream of the concrete and earth structures,
and to the downstream of Wuskwatim Lake, that is, within the area between
Wuskwatim Falls and Taskinigup Falls. The vegetation growth in the areathat is
flooded is consistent with that of aconiferousforest. Theareathat will befloodedis
confined to 37 ha of land. The water level in the immediate forebay area will
increase approximately 7 m as a direct result of the Project. Water levels on
Wuskwatim Lake will not rise above the previously established High Water Mark.
Wuskwatim Lake water levels will be stabilized within the existing (post CRD)
Wuskwatim Lake water regime near the Full Supply Level most of thetime The
extent of flooding due to construction of Wuskwatim GSis shown in Figure 2.

(xvii) the effective dischar ging capacity of such damsor weirsand thetype

of the proposed control works,
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Spillway

The Spillway, shown in Figure 24, will be a gated three-bay concrete structure
situated approximately 42 m north of the Service Bay. Each bay will be configured
as aflat sluice with upstream and downstream guides and sill beams for upstream
stoplogs, a vertical lift gate, and downstream temporary barriers for protecting
maintenance operations. Neither a stilling basin nor an apron slab will be required
due to the soundness of the bedrock in the Discharge Channel.

During Stage Il Diversion, forebay impoundment and unit commissioning, the three
Spillway gates will be used to provide regulation of flows and water levels. Upon
completion of construction, the Spillway will be operated to manage flow conditions
that may exist and cannot be controlled satisfactorily by regulation of the flow
through the turbine units, such as during schedul ed maintenance, and management of
flood flows. The turbines can generally handle al flow conditions up to and
including the plant outflow capability of 1100 m?/s. A defined set of procedureswill
be developed to ensure safe passage of flood flows and that al regulations and
license constraints are maintained to the extent practicable.

The Spillway has been designed to allow the passage of water in the unlikely event
that the Probable Maximum Flood (PMF) occurs when all three units are disabled,
forcing all flow through the Spillway. Spillway gates regulate the amount of flow
passing through the Spillway. The Spillway gates are controlled through a hoist
mechanism that must be operated by qualified plant personnel. Manitoba Hydro's
System Operations Centre in Winnipeg determines how much water must be diverted
through the Spillway. Once the desired amount of spill has been determined, the
gates are adjusted by the plant personnel asrequired. Most of the time, the Spillway
Gates will be in the closed position.

The Spillway gates will be of the fixed-roller vertical lift type, with vertical guides
and individual wire rope hoists supported by atower and bridge structure. All gates
and guides will be heated. Each gate will have two lifting points and will be raised
and lowered by an independent, electrically powered, double drum wire rope hoist
mounted in the hoist housing on the bridge structure. An emergency power supply
will be provided from the diesel generator in the event that the station service supply
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islost.

A listing of discharge capacity and other related data are shown in the table below.

Table 12(3) (xvii) — Spillway Details

Type Concrete Sluiceway
Gates

- number Three

- type Vertical lift

- size (opening) 153mx9.0m

- hoists Wire rope

Discharge capacity at normal full supply 2320 m*/s
level

Discharge capacity at incipient overtopping | 2650 m*/s
of concrete structures (el 235.5m) (i.e.
PMF)

Power house

The arrangement for the three-unit Powerhouse for Wuskwatim GS is shown in
Figures 14 to 24. During normal operating conditions, opening and closing the
wicket gates of the unit will regulate flows. Manitoba Hydro's System Operations
Centre determines how much water must be passed through the Powerhouse at any
given time. With all three units operating at full gate, the discharge capacity of the
plant will be 1100 m%s at a forebay level of el 234.0 m and a net rated head of
21.0m.

There will be three Intake openings per unit, each equipped with agate. The gates
will normally belowered under balanced head conditionsto permit inspection and/or
maintenance of the turbines. In an emergency, such as a predetermined overspeed
condition of the turbine, the three gates for that unit will automatically and
simultaneously close to stop flow through the turbine. Provisions will be made on
the downstream side of the gate to vent the water passage during emergency closure.

Each gate will have an electric motor driven wire rope hoist mounted on a structural
steel frame. Each hoist assembly will include a wire rope drum assembly, sheave
blocks, electromechanical brake, fan brake, electric clutch to isolate the electric
motor, limit switches, cross shafting, position indicator, push button control station,
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and all other components necessary to operate the gate. This design isolates the
el ectric motor from the hoist drive system and allowsfor ahigh gate closing speed in
order to minimize the duration of rough turbine/generator operation encountered
during emergency gate closure at unit runaway speed. Isolation of the Intake Gate
hoist motors during closure ensures that they do not exceed their maximum safe
rotational speed.

(xviii) thelength and full description of the proposed water conduits,

Spillway Approach Channel

The Spillway Approach Channel, shown in Figure 3 and Figure 27, has two
functions. As part of the completed project, its primary function isto convey water
with minimal head lossto the Spillway. Aspart of the construction diversion works,
itisalso sized to enable the advancement and final closure of the Stage |1 Cofferdam
and then to serve as the diversion channel once the cofferdam is in place above
Taskinigup Falls. The river diversion sequence during construction is shown in
Figure 4.

The entrance to the Spillway Approach Channel will share a deep section of the
Forebay with the entrance to the I ntake Channel for the Powerhouse. To avoid large
excavationson theleft, the channel will be curved into the Forebay ontheright. The
channel will belimited to alength of approximately 157 m. Theinvert of the channel
entrance will be set at el 224 m, which is the approximate riverbed elevation at this
location. The channel will be cut through overburden and bedrock. The overburden
iIsmainly composed of lacustrineclays. Withinthe bedrock, the channel sideswill be
cut at 1H:20V. Within the overburden, the side slopes will be 5H:1V.

In areas where the invert of the channel lies within the bedrock, the toe of the
overburden excavation will belocally steepened to 2H:1V and an inverted filter will
be provided to control seepage from the bank and to protect against erosion. At the
bedrock/over-burden contact, a minimum 4 m wide berm will be provided. To
facilitate construction, al the overburden covering the bedrock area between the
Spillway Approach Channel and the Intake Channel will be removed.

From the channel’ sentrance, theinvert will slope downward on auniform grade over
alength of 58 mto el 220.8 m. Concurrently, the channel sideswill gradually narrow
from a channel width, as measured at the invert, of 72 m to 50 m. This point is
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located just downstream of the approximate contact between the overburden and the
bedrock. The grade of the invert will then become somewhat flatter, falling to
el 218.7 m over a distance of 85 m. Concurrently, the channel will continue to
narrow from 50 m to 37.5 m, the width between the outside piers of the Spillway.
Over thelast 14 m, the channel width and invert will remain constant at 37.5 m and
el 218.7 m respectively.

Riprap slope protection will be provided al ong the base of the excavated overburden
slopes below € 229 m in the area immediately upstream of the Spillway. At the
upstream extremity of the Spillway Approach Channel theflow velocity is expected
to increase by 3 m/s, erosion protection will be installed to prevent erosion of the
clays on the sides and invert of the channel if required.

Spillway Discharge Channel

The Spillway Discharge Channel, shown in Figures 3 and Figure 27, has been
designed to convey water from the Spillway to the Burntwood River, without
backwater effect at the Spillway structure. The channel will be excavated through
clay varying from zero to 15 m in thickness and into the underlying bedrock. In
bedrock, the Channel’s side slopes will be near vertical (1H:20V). In the clay
however, side slopes will be 5H:1V with a minimum 4 m wide berm at the
rock/overburden contact. For the most part, the flow of water in the channel will be
contained within the bedrock. Where thisis not possible however, the overburden
surface will be protected by either a concrete wall or riprap.

Thebedrock isgenerally asound and competent gneissthat has been locally intruded
by pegmatite or granite sillsand dykes and narrow veinsof quartz. It isweathered at
the clay/bedrock contact and has a distinct layering and foliation striking across the
channel and dipping in the direction of flow. Drilling results show that
approximately at its midpoint, the channel crosses Lineament L-4, a zone in the
bedrock wherethe surface elevation islow and which may be more erodible than the
surrounding bedrock. Thisareawill therefore requirethe special protective treatment
noted above.
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The maintenance of an appropriate separation between the outlets of the Spillway
Discharge Channel and the Powerhouse Tailrace Channel will be necessary to permit
construction of the Stage Il Downstream Cofferdam.

The Spillway Discharge Channel will be about 500 m long and 34 m wide at its
invert, the samewidth asthe Spillway. Theupstreaminvert will beat el 219.7 m, the
same as the invert elevation of the Spillway, and will slope downward at a slope of
3% over adistance of 27.5 m. Over the next 147.5 m, the channel will have a 5%
downward slope. For the remaining 150 m, the channel invert will be horizontal at
el 209.2 m, alowing thisreach of the channel to act asastilling basin. Theresulting
minimum 3% grade will be approximately twice the estimated critical slope of the
channel. Thiswill ensure that, within an adequate margin of safety, the flow along
the sloping portions of the channel will be supercritical.

Spillway

The Spillway, shown in Figure 26, will be a three-bay concrete structure situated
approximately 42 m north of the Service Bay. Each bay will be configured as aflat
sluice with 15.3 m by 9.0 m opening and approximately 24 m in length. Each bay
will include guides and sill beams for upstream stoplogs, a vertical lift gate, and
downstream temporary barriers for protecting maintenance operations. Neither a
stilling basin nor an apron slab will be required due to the soundness of the bedrock
inthe Discharge Channel. Three Spillway gateswill be used to provide regul ation of
discharge in the final operating arrangement of the station. The gates will be of the
fixed-roller vertical lift type, with vertical guides and individual wire rope hoists
supported by atower and bridge structure. All gates and guides will be heated.

Intake Channel

The Intake Channel, shown in Figure 3, has been designed to convey flows of up to
the maximum plant capacity of 1100 m*/s from the Forebay to the Powerhouse
Intakeswith minimal head loss. Thereachimmediately upstream of the Intakeswill
be excavated in rock, with the balance being excavated through up to 6 m of
lacustrine silty clay overlying athin layer of granular outwash or glacial till.
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During winter, and with a flow of 1100 m¥/s, the Intake Channel will have a
competent ice cover. To assure the formation of theice cover, the channel has been
designed for a Froude number that will not exceed 0.07 and a vertically averaged
velocity that will not exceed 0.7 m/s. The channel geometry has been devel oped to
minimize hydraulic losses. Flow velocities will be limited, to prevent the
entrainment of material into the flow.

The channel will have arectangular cross-section that convergesasit approachesthe
Intake Structure. The Intake Channel will start in a deep section of the Forebay
approximately 147 m upstream of the Intake structure. The invert of the channel
entrance hasbeen set at € 224 m, which isthe approximateriverbed elevation at that
location. At that point, the channel isapproximately 190 mwide. From the entrance,
the channel invert will slope downward at 10H:1V over a distance of 70 m to €
217.0 m and then slopes downward at 5H:1V over a distance of 54 mto el 206.2.
Concurrently, the channel sides will gradually bell-mouth inward to maintain a
constant cross-sectional area. For the remaining 23 m, the channel cross section will
stay constant with theinvert at el 206.2 m and thewidth at 72.4 m. A 3-mwide and
1.5-m deep rock trap will be provided in front of the Intake structure.

Tailrace Channel

The Tailrace Channel, shown in Figure 3, has been designed to convey the
Powerhouse flow from the draft tube exits to the Burntwood River with minimum
head loss. The design of the Tailrace Channel has been based on an economic
optimization that balances the incremental costs of excavation with the incremental
value of generation and maximizesthe present value of the net benefits. Asthehead
loss through the Tailrace Channel is an important economic consideration, ensuring
that the sides of the rock channel are formed by controlled perimeter blasting
techniquesand theinvert of the channel formed by the limitation of subgradedrilling
and trim blasting, as required, will minimize roughness.

The assessment of the optimum arrangement showed a channel 72 m wide with an
invert at el 201.0 m to be the most economic. The invert of the Tailrace Channel
slopes upward at approximately 4.5H:1V from el 194.0 mto el 201.0 m. Theinvert
then remains horizontal to a location approximately 240 m downstream from the
Powerhouse. The channel bottom is then feathered in to match the riverbed levels
near the toe of the cofferdam. Horizontally, the width of the Tailrace Channel
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remains at approximately 72 m, the width of the Powerhouse. The downstream
portion of the channel matchesthe river cross section near the toe of the cofferdam.
Within the bedrock, the sides will be excavated at 1H:20V. Within the overburden,
the side slopes will be at 5H:1V. At the bedrock/overburden contact, a 4 m wide
berm will be provided.

Intake

Therewill bethree water passages through each I ntake separated by two intermediate
piers extending from the upstream face of the Intake to the entrance to the semi-spiral
scroll case. The number of openings has been optimized by relating the costs of the
bulkhead and main Intake service gates to the costs of the intermediate piers. The
length of the Intake is 18.9 m. Each of the three water passages in the Intake will
have aset of vertical trashracks supported by guidesembedded in primary concrete at
the upstream limit of each pier. To mitigate trashrack vibrations, the height of the
upstream end of the Intake water passages has been determined on the basisof aflow
velocity of 1.2 m/s. The effective flow area was based on the width of the water
passages downstream of the tapered portions of the piers.

Downstream of the trashracks, therewill beindividual slotsfor the bulkhead and the
main Intake service gates. The maintenance gallery for the main Intake service gates
will be just above the soffit of the water passage and will interconnect all three gate-
dots. Themain Intake service gateswill be provided with steel guides embedded in
secondary concrete and will be operated by wire-rope hoists located just above deck
level and enclosed in the heated hoist housing. This structure will also house the
electrical load centresfor the hoists. The housing will be asingle storey annex to the
rigid-frame superstructure of the Powerhouse and will be enclosed by means of an
insulated steel roof and wall cladding system.

When necessary, the main gates can be removed through the housing by a mobile
crane after asection of the roof hasbeen removed. Inaddition, the hoist housing will
be provided with flaps and louvers to allow the inward and outward flow of air
caused by level surgesin the water passages. A gantry crane, supported on the road
deck, will be used to handle the bulkhead gates and, when required, clean or remove
the trashracks. The bulkhead gates will be stored in dots in the concrete gravity
section along the upstream side of the Service Bay. Sufficient bulkhead gate sections
will be provided to isolate one unit.
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The Intake has been designed as follows:

Theflow into the water passagesisto befreefrom air entraining vortices. Gordon’s
criteria, 3-D numerical model resultsand other standard criteriawere used to ensure
air entrainment isnot anissue. Thecrossflow velocity at the bulkhead gateswill not
deviate from the axial velocity by more than 5 degrees. The discharge through the
three Intake water passages for each unit will not differ by more than plus or minus
10% of thetotal unit discharge. The pier noseswill be of the USACE Type 2 design.

Power house and Draft Tube

The geometry of the semi-spiral scroll cases, draft tubes and generator parts are based
on aset of dimensions provided by one of the potential turbinesuppliers. Therelative
position of each generator and turbine has been set to correspond to the minimum
length and cost of the interconnecting shaft. The remainder of the Powerhouse
dimensions have been based on estimated spatial requirements, including access, for
ancillary equipment.

During the process of final design, it may be necessary to make adjustments to
various dimensions and equipment settings to suit final equipment selections. The
combined length of Powerhouse and Draft Tube is 42.37 m. The concrete
substructure for each Intake and Powerhouse unit will be separated from adjacent
units, and from the Service Bay, by contraction joints. Each substructurewill enclose
asemi-gpiral scroll casewater passageto distribute the water from the Intake over the
full circumference of the turbine. Discharge from the turbine will pass through a
draft tube, which will be divided into two sections downstream of the elbow by a
centre pier.

Channel Improvements at Wuskwatim Falls

The immediate forebay is separated from the main reservoir (Wuskwatim Lake) by
Wuskwatim Falls. Wuskwatim Falls are located at the outlet of Wuskwatim Lake
approximately 1.5 km upstream of the proposed site of the Wuskwatim Generating
Station. Under existing conditions, Wuskwatim Falls are a natural control for
Wuskwatim Lake outflows. To regulate the lake within the prescribed limits of el
234.0 to 233.0 m and minimize head losses through the area, it is necessary to
construct achannel through the peninsulato theleft of thefalls, shown in Figure 21.
The size of thischannel has been based on an economic comparison between the cost
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of excavation and the value of the head gain. Sizing optimization was undertaken so
as to maximize the net present value of the benefits. The most economic wasfound
to consist of a125 m wide channel with aninvert at el 229 m and approximately 100
min length. It also remained at or near the most economic alternative when various
sensitivity tests for discount rate, cost of excavation and value of energy, were
applied. The channel excavation will be carried out behind an upstream rock plug
that will be removed after forebay impounding.

(xix) afull description of the power station including thetype, number and
rated capacity of thewaterwheelsand gener ator sproposed to beused, both

in theinitial and in the final development,

The Wuskwatim Generating Station, shown in Figure 3, isto bea3 unit Powerhouse
with close-coupled I ntake and Powerhouse with fixed blade, vertical -shaft propeller
turbines driving vertical umbrella generators. Details of the turbines and generators
are contained in the following table. Studies, with respect to hydromechanical
equipment selection and plant operation mode, concluded that the most efficient
utilization of the water resource would be provided by vertical axis fixed blade
propeller turbines operated, on an average daily basis, in arun of river manner.

The outflows from the plant will be*“shaped” in such away asto maintain operation
of theturbine unitsat generally peak efficiency at all times. Thiswill be achieved by
shutting down one or two units temporarily, asrequired to maintain high efficiency,
and to balance inflows and outflows from the reservoir on a daily basis. In
consequence, the mode of operation isneither one of base loading nor peaking, but in
between. The plant will therefore operate with one, two or three units running,
withinthelimited live storagerange of 1 m (el 234.0 mto el 233.0 m). Thefull gate
discharge capacity of the plant will be 1100 m*/s at aforebay level of el 234.0mand
anet rated head of 21.0 m. With the forebay level and the plant discharge capacity,
as stated above, the nominal plant output capacity will be 204 MW for open water
conditions. The average annual energy that will be generated is 1550 GWA.
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Power Generation and
Transformation
Nominal plant output 200 MW
268 097 horsepower
Plant output at 1100 m*/s 204 MW
(open water) 273 459 horsepower
Number of units Three
Unit spacing 24.12m
Turbines
type Five fixed blades
rated power at full gate 69.5 MW
93,164 horsepower each
scroll case type Concrete semispiral
runner diameter 6.7m
governor type Electrohydraulic
Generators
type Vertical umbrella
rated capacity (each) 87.4 MVA (2 unitsfull gate)
rated power factor 0.85
Net operating head 22.2 m maximum, based on 2 units
full gate
20.0 m minimum
21.0 m rated, based on 3 units
operating at full gate and the
forebay at € 234.0 m
Average annual generation 1550 GWHR
Main transformers
number Three
type Outdoor, air/oil cooled
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(xx) the probable load factor of the power system,

Wuskwatim G.S. will be capable of producing as much as 204 MW of power at any
time. The average potential power, estimated by ManitobaHydro, isabout 180 MW
resulting in a plant capacity factor of just over 85%.

(xxi) thelength in milesand afull description of all main transmission lines,

The proposed routes for the Wuskwatim transmission lines are illustrated on the
attached figures as noted in 12 (3) (g). Based on the outcome of the route selection
process, the approximate line lengths for the various Wuskwatim transmission lines
areasfollows:

Wuskwatim Generating Station to Wuskwatim Switching Station (three
lines): less than one km each.

Birchtree Station to Wuskwatim Switching Station: approximately 45 km.
Figure34—Transmission LineB76W Plan showing Construction Power TL
Route from Thompson-Birchtree Station to Wuskwatim GS Wuskwatim
Switching Station to Herblet L ake Station (two lines): approximately 137 km
each. Figure 35 — Transmission Line H73W & H74W Plan Showing
Transmission Line Route from Herblet Lake Station to Wuskwatim
Generating Station

Herblet Lake Stationto Rall’ sIsland Station: approximately 165 km. Figure
36 — Transmission Line H75P Plan Showing Transmission Line Route from
Herblet Lake Station to The Pas-Ralls Island Station

A 60 metre right-of-way width will be required for the single transmission line
proposed between the Wuskwatim Switching Station and Birchtree Station, and
between Herblet Lake and Rall’s Island stations. The two parallel lines proposed
between Wuskwatim Switching Station and Herblet L ake Station will requirea 110
metre right-of-way width. The 110 metre width providesthe same 30 metre distance
between the line centerlines and the edge of the right-of-way asin the case of the 60
metre single line right-of-way, and provides a 50 metre separation between the
centerlines of the adjacent lines.
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Based on prior design experiencein northern Manitoba, aguyed | attice steel structure
has been chosen as a standard design for tangent locations along the transmission
lines. A self-supporting (free standing) lattice steel structurewill beusedinall angle
locationswhererock ispresent. A guyed lattice steel structurewill be used in angle
locations where soil conditions are poor. A typical guyed lattice steel suspension
tangent structure has asingle point foundation and is stabilized by four diagonal guys
with aspread of 33 to 45 metres. The structure’ soverall height variesfrom 29 to 38
metres. The average span between structures will be approximately 420 metres,
resulting in approximately 2.4 structures per km.

(xxii) all other data necessary to afull consider ation of the proposed works;

Noneidentified at thistime.

() the report mentioned in clause (i) shall in all cases be accompanied by

preliminary estimates of cost;

Asreported inthe NFAAT submission of April 2003, the total in-service cost of the
Wouskwatim Project, including the G.S. and associated transmission facilities, is
estimated to be $901 million, including interest and escalation. The base estimate
(i.e.in 2002 ‘overnight’ dollars, beforeinterest during construction and escalation to
the date of expenditure, are applied) on which thisis based is $568 million for the
generating station portion and $109 million for the transmission facilities portion, for
atotal of $678 million (rounded).

The most recent best estimate (November 2004) of the total in-service cost of the
Wuskwatim Project, including the G.S. and associated transmission facilities, isto be
$1 078 million, including interest and escalation. The base estimate (i.e. in 2004
‘overnight’ dollars, before interest during construction and escalation to the date of
expenditure, are applied) on which thisis based is $682 million for the generating
station portion and $137 million for the transmission facilities portion, for atotal of
$819 million.
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(k) copies of field notes of the entire survey of water conduits, transmission
lines, exterior boundaries, powerhouse and reservoir sites, or of such parts
thereof as the director may require, tied in wherever possible to the existing

system of the Manitoba Land Surveys;

No specific requirements were identified by Water Stewardship at the time of
submission of thisreport. The aboveinformation is maintained on file by Manitoba

Hydro and is available upon request.

() if thereare other works already constructed or in cour se of construction in
theneighbour hood of the proposed works, for divertingor usingwater fromthe
sameor tributary streams, thesaid plansshall indicatethelocation and givethe
distance from the proposed works, of the nearest of such other existing works
both above and below the proposed works, and, if a power development, the
normal elevation of the headwater and tailwater thereof, or if other than a
power development, the elevation of the sill of the headgate or headgates, such
elevationsin every caseto bereferred to the same system of elevationsas are
used to designate elevations at the site of the proposed works; and if thereare
any other worksor structures, such asbridges, railways, highwaysand canals,
or any other public or private works whatsoever which might affect or be
affected by the construction, maintenance or operation of the proposed works,
thesaid plansshall indicatethelocation and set out the gover ning elevations of

such other worksor structures.

Manitoba Hydro's neighbouring works consist of the Notigi Control Structure,
approximately 90 km upstream on the Rat River and the Manasan Falls Control
Structures, approximately 52 km downstream on the Burntwood River. The
Wuskwatim Project will not alter the operation of the CRD and will not affect water
levels and flows upstream of Early Morning Rapids on the upstream side of the
Project. The Wuskwatim Project operation will result in daily water level
fluctuations downstream of the generating station in the Burntwood River. Thedaily
water level fluctuations diminish with distance downstream from the generating
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station. Thetypical daily water level fluctuations are dampened to the point that they
are not noticeable at Birch Tree Lake (just upstream of the Manasan Falls Control
Structures) and would be hard to distinguish from wind-generated waves. Manitoba
Hydro to provide additional information upon request.

The elevation of the sill beam of the Notigi Control Structure is el 248.50 m. For
detailed information on the Notigi Control Structure pleaserefer to Figures 37, 38, 39
and 40. Please notethat elevations, dimensions and distances shown arein Imperial
Units. Also note that the elevations shown in these plates are based on a different
datum. To convert the elevations shown on Figures 37, 38, 39 and 40 to the datum
used for Wuskwatim, 0.22 m must be added to all el evations shown.

Please refer to Figure 41 for details of the Manasan Control Structure.

13 Theplansshall beon tracing film and cut toauniform sizeof 20 X 17
or 30 X 26 inches and be ether printed or typed; and both plans and
specificationsshall be signed by a professional engineer of recognized standing
in Canada, satisfactory to the director, and shall be filed with the director.

Elevations wherever possible should betied in to mean sea level datum.*

Manitoba Hydro has been directed to provide 11 X 17inches reproducible drawings
aswell aselectronic reproducible copiesin Adobe Portable Document Format, which

shall be signed by a professional engineer of recognized standing in Canada.

All water levelsreferenced in this document are to be inferred as measured in terms
of elevations Above SealLevel (ASL), GS of C CGVD28, 1971 Loca Adjustment
unless otherwise stated. The vertical survey control, topographic mapping,
geotechnical and water level information required for the planning and design of the
Wuskwatim GS has been based upon the Geodetic Survey of Canada, Canadian
Geodetic Vertical Datum 1928, 1971 Local Adjustment (GS of C CGVD28, 1971
Local Adjustment), which ManitobaHydro generally refersto as GS of C CGV D28,
1969 Loca Adjustment. Information about the benchmarksthat were established at
Wuskwatim GS by the Geodetic Survey of Canadaat the request of ManitobaHydro
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was published in Geodetic Survey of Canada - Vertical Control Data, Quadrangle
Sheet No. 55098, Revision 3, March 1971.

Horizontal survey control in the immediate Project area has been established for
planning, explorations, design and construction using alocal planar grid referred to
as the Revised Station Grid. Permanent control monuments (survey bench-marks)
have been established at the site using various survey techniques and are correlated to
the regional geo-reference system, please refer to Figure 42 - Plan Showing Survey
Control at Wuskwatim G.S. Site.

Horizontal survey control has also been established in the region using Global
Positioning System (GPS) techniques. Most of the early surveys utilized the North
American Datum 1927 (NAD27), and the Universal Transverse Mercator (UTM)
Projection, Zone 14. Recent surveys have utilized the Canadian Spatial Reference
System based on the North American Datum 1983 (NAD83 (CSRS)), and the
Universal Transverse Mercator (UTM) Projection, Zone 14. All regional geo-
referenced information has been transformed to NAD83 (CSRS), UTM Zone 14. All
Geographic Information System (GIS) support information that has been collected or
generated for this Project has been geo-referenced using NAD83 (CSRS), UTM Zone
14.

Vertical and Horizontal Control for the planning of the access road has been
established by the Department of Transportation and Government Services using
GPS techniques. The accessroad control has been established based on the regional
control established by Manitoba Hydro and uses the same vertical and horizontal

reference systems as described above.

The topographic mapping for the Wuskwatim GS site has been prepared from air
photostaken in 1986 at a photo scale of 1:10,000 and used to produce atopographic
map at a scale of 1:2,000. Contours, based on GS of C CGVD28, 1971 Local
Adjustment, were established at an interval of one metre.
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APPENDIX 1
Taken from J.B. Rogers, Acres Memrandum, Dated October 14, 2004
Wuskwatim Gener ating Station
Stage V Studies
Dam Safety — Water Power License Application

1. Introduction

The purpose of this memo is to document the dam safety aspects of the design of
Wuskwatim Generating Station to be included as part of the Water Power License
Application. The report is broken into sections as follows; a summary of the work
performed to date on the design of the generating station, an overview of the final
design stage, a description of the design team assembled for the final design of the
generating station and management of construction related activities, and the
operation, maintenance and surveillancethat will take place once construction of the

generating station is compl ete.

2. Previous Studies

The design of Wuskwatim Generating Station (Wuskwatim GS) has evolved through
engineering studies carried out in sequentia stages in accordance with Manitoba
Hydro's Generating Planning Procedures. The stages, listed below, are defined in
terms of the scope of work, level of detail, and range of confidence expected in cost

estimates for each stage:

Stage |l - Inventory

Stage Il - Feasibility

Stage |11 - Concept

Stage |1V - Preinvestment

Stage V - Final Design/Construction.
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The engineering studies for development of the Wuskwatim GS date back to 1965.
Throughout this process, data have been collected and various devel opment concepts
have been explored. The Stage IV Studies, initiated in June 1999 and completed in
2003, brought the conceptual design of Wuskwatim GS to a preinvestment level of
study. The Stage V —Final Design for Wuskwatim GS has commenced, however, the
finalization of the dimensions, various design calculations, etc, awaits the award of

the turbine and generator contract, which will establish many of thefinal dimensions.

The Stage IV Studies for Wuskwatim GS incorporated the following dam safety
related work:

- development of apreliminary water management action plan for safe passage
of river flows during construction, aswell as throughout the operational life
of the project

- preliminary design of major concrete and earthfill structures to substantiate
thelr acceptability, from adam safety perspective, for the conditionsthat exist
at the WGS site

- subsurface investigation programs and findings

- investigations of sources of construction materials

- preliminary stability calculationsfor all concrete and earthfill structures

- establishment of design criteria to be utilized in the Stage IV Studies and
followed in the Stage V - Final Design of structures and equipment. The
criteriawere devel oped to, as a minimum, be in compliance with guidelines,
design standards and code requirements of the Canadian Dam Association
(CDA), ManitobaHydro, the Canadian Standards Association (CSA) and the
National Building Code of Canada (NBCC).
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3. Fina Design

All design parametersto be utilized in the station’ s final design will be based on the
appropriate incremental consequence classification criteria, as described in the
Canadian Dam Association Guidelines (Canadian Dam Association 1999).

The design and planning for Wuskwatim GS assumes that the Churchill River
Diversion (CRD) will continue to operate as it has been operated to date and

therefore the CRD water regime will remain unchanged.

The terms and conditions described in the CRD 1973 Interim Water Power License
(Water Resources Branch 1973), as modified by the annual CRD Augmented Flow
Program, the City of Thompson Agreement (City of Thompson 1976), the Northern
Flood Agreement (NFA, Northern Flood Agreement 1977), and the 1996 NFA
Implementation Agreement (NFA Implementation Agreement 1996) and any
downstream water rel ated agreements, will not change asaresult of the Wuskwatim

Project.

The water management action plan for safe passage of river flows throughout the
construction period, as well as throughout the life of the Project, are based on the
combined experience, interpretation and application of the Canadian Dam
Association Guidelines (Canadian Dam Association 1999) by Manitoba Hydro and
their design consultants. In this regard, the Notigi Control Structure has been
assumed to continue operating in its normal mode and that further, its operation will

not be altered to accommodate the passage of the design floods.

The Construction Design Flood (CDF) has been established as having an annual
probability of exceedance of 1:20 years or less (i.e,, 5% annua probability of
exceedance). The CDF isused to determine the el evations of the various Cofferdams

that will be required to protect the site during construction. Severa scenarios,
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including lesser flows under winter ice conditions have al so been reviewed as part of

the investigation.

The Inflow Design Flood (IDF) has been set to be equal to the Probable Maximum
Flood (PMF). The PMF isan estimate of the most severe“reasonably possible” flood
at aparticular location, asderived from meteorological and hydrological studies. The
PMF is derived from coincident occurrence of a series of worst case antecedent
meteorological conditions and a design rainfall/snow melt event in the upstream
watershed. This event has an annual probability of exceedance of approximately
1:10,000 years. The IDF is used to determine the appropriate elevations of the
Primary and Secondary structures. During the passage of the PMF, the Wuskwatim
immediate forebay would surcharge by 1.5 m above the FSL, to 235.5 m. Dueto the
backwater effect through the Wuskwatim Falls channel excavation area, the level of
Wuskwatim Lake would rise to 235.6 m during this event.

Seismic loads, based on areview of the pending changes to the National Building
Code of Canada (NBCC 2005), have been taken into consideration in the design.

4. Design Team

The ManitobaHydro personnel involved inthe project’ sfina design, aswell asthose
of their design consultants, are highly knowledgeable in regards to hydroelectric
station design and dam safety issues. These personnel have all worked extensively on
projectslocated in northern Manitoba and are familiar with the local geological and

climatic conditions and design constraints.

In the last ten years, the lead design consultant’s firm has reviewed dam safety
aspects of over 250 earth and concrete water retaining structures for a variety of
clients. In addition, Manitoba Hydro and their consultants have taken activerolesin
the development of the CDA Guidelines and the formulation of dam safety programs.
Theproject’ sdesign team isvery knowledgeablein theinterpretation and application
of the various tasks identified in the CDA Guidelines, including:
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selection of hazard classification

detailed hydraulic studies, dam break assessments, hydrological reviewswith
PMF assessment, and freeboard analyses

assessment of flow control and discharge facilities

assessment of embankment and foundation conditions

condition and stability assessment of concrete structures

preparation of inundation maps

preparation of Emergency Preparedness Plans, and

preparation of Operation and Maintenance Manuals.

5. Operation, Maintenance and Surveillance of the Completed Generating Station
Once construction of the Wuskwatim GSis compl ete, the maintenance and operation
of the generating station will be the responsibility of the Manitoba Hydro-NCN
Partnership. The generating station will be treated the same as any of the other
generating stations in Manitoba Hydro's inventory of dams and will therefore
undergo on-going monitoring and surveillance through Manitoba Hydro's Dam
Safety Program. The operation and maintenance of the generating station will be
based on Manitoba Hydro experience, their interpretation and application of
Canadian Dam Association Guidelines and the operational constraints noted above.
Manitoba Hydro’s Dam Safety Program includes the install ation and monitoring of
instrumentation both within the generating station and the project’s associated

earthfill dams, dykes and structure foundations.
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NOTES:

{, COORDINATE AND ELEVATION VALUES SHOWHN ARE IN METRES.

2. COORDINATES SHOWN QN THIS DRAWING ARE BASED ON MANTO8A HYDRO
WUSKWATIM GENERATING STATION REVISED STATION GRID.

3. ELEVATIONS ARE BASED ON CANADIAN GOVERNMENT VERTICAL DATUM 192B
{GEODETIC SURVEY OF CANADA DATUM QUADRANGLE SHEET Ho. 53098,
REVISION 3, MARCH 1871. ALSO REFERRED TO BY MANITOBA HYDRO
AS GEODETIC SURVEY OF CANADA DATUM 3589 LOCAL ADJUSTMENT).

4, TOPOGRAPHY AND SURFACE FEATURES SHOWN WERE TASOLE DIGITIZED FROM
THE ORIGINAL MYLAR FLANS DRAWING NUMBER C7062—-£—-0Q0008, WHICH WAS
PRODUGED USING PHOTOGRAMMETRIC METHODS BASED ON 1:10,000 SCALE

PHOTOGRAPHY DATED JUNE 16,1986,

KEY PLAN

LIMITS OF CLEARING

GROUND SURFACE CONTOUR (SEE NOTE 5)
FOREBAY OUILINE EL 234.0

STREAM

GROUND SURFACE CONTOUR, SUBMERGED
SHORELINE, SUBMERGED (SEE NOTE 6)

COORDINATE GRID MARKER
{LOCATED AT 1000 MEFRE INTERVALS)

TUBULAR TRANSMISSION LINE TOWER
SQUARE TRAHSMISSION LINE TOWER
FLOODED AREA

5. CONTOUR INTERVAL IS5 § METRES,
6. LOCATIONS CF SHORELINES ARE AFFPROXIMATE AND RELATE TO THE DATE

OF PHOTOGRAPHY.

REFERENCE DRAWINGS:

0706Z—E—00008 SHTS 1 TD B, REV 0, WUSKWATIM GENERATING STATION ~
PHOTOGRAMMETRIC PLAM SHOWING LOCATIONS GF DRHJ, HOLES AND AUGER HOLES

1:2000.

SEE REFERENCE DRAWINGS BELOW.

1-00384—DE-115%0-0001 SHTS 1 TO B, REV 1, WUSKWATIM GENERATING STATIOH
— TOPOGRAPHIC PLAN IN VICINITY OF THE PROPCSED WUSKWATIM G.5. SPE 1:2000.
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NOTES:

COORDINATE AND ELEVATION VALUES SHOWN ARE

COORDINATES SHOWN ON THIS DRAWING ARC BASED ON MANITOBA
HYDRO WUSKWANM G, 5, REVISED STATION GRID.

I HWETRES.

. ELEVATIONS ARE BASED ON CANADIAN GOVERMNMENT VERTICAL

DATUM 1928 (GEODETIC SURVEY OF CANADA DATUM QUADRANGLE
SHEET Mo. 55098, REMISION 3, MARCH 1871. ALSO REFERRED
TO BY MANMOBA HYDRO AS GEODETIC SURVEY OF CANADA DATUM
1969 LOCAL ADJUSTMENT).

. TOPOGRAPHY AND SURFACE FEATURES SHOWN WERE FADLD

DIGITIZED FROM THE ORIGINAL MYLAR PLANS DRAVANG MUMBER
07062—-E—-0000B6, WHICH WAS PRODUCED USING PHOTOGRAMMEITRIC
METHODS BASED OMN 1:10,000 SCALE PHOTOGRAPHY DATED

JUHE 16, 1686, SEE REFERENCE DRAWINGS BELOWY.

. CONTOUR IMTERVAL IS 2 METRES.

LOCATIONS OF FOREEAY OUTLINE AND TAILWATER LEVEL BASED ON
JOPGGRAPIMY AND ARE APPROXIMATE,

REFERENCE DRAWINGS:

Q7082-E--00008 SHTS 1 TO 8, REV 0, WUSKWATIM GENERATING
STATION — PHOTOGRAMMETRIC PLAN SHOWING LOCATIONS OF
DRitL HOLES AND AUGER HOLES 1:Z000.

1-00184-DE-14510-0001 SHTS 1 TO 8, REV §, WUSKWATIM
GENERATING STATION — TOPOGRAFHIC PLAN N WICINITY OF
THE PROPOSED WLSKWATIM G. S. SAE 1:2000.
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LEGEND: (pPLAN)
(SEE HOTES (PLAN))

—220— GROUND SURFACE CONTOUR
—_— SHORELINE
[5E98—01) REFRACTIQON SEISMIC SURVEY LINE NO. SL89-1
AT AV AV AT
ELECTRCMAGNETIC INDUCTION SURVEY (EM—31, EA—34)
e LNE NO. ENSS-01
Wi, WATER LEVEL
w-o822 EXPLORATION HOLE MUMBER
—Ji— COORDINATE GRID POINT
{ —_-H_\ CUTLINE AMD DESIGNATION OF
sy HORROW AREA, CEPOSIT, OR OUARRY
7 (KEY PLAN)
AREA COVERED ON
77 THIS SHEET
A A

GEOLOGICAL SECTION A-A

1__EG END: (section)

'§ OFFSET DISTANCE FROM SECTION
EXPLORATION ] IN METRES
|(+or_£ TYRE ) é (SEE SECTION NOTE 1)
SEE TABLE 4 z
N FROZEN GROUND
ob
- | [ UNIFIED S0IL CLASSIFICATICN
EmiéﬂEraATlﬂN HOLE = s SYMBO0L {SEE TABLE 1)

FLASTIC LIMIT

LOGATION OF EXPLORATION MOISTURE CONTENT
HOLE ALONG SECTION LINE LQUID LIMIT
(SEE SECTION NOTE 4) l_
PL, M.C., LU (%)
- «2REIEE
RTINS | fa i

#ROZEN CROUND SYMBOL
{SEE TABLE 3)

1 ATTERBERG LIMITS
] {SEE SECTION NDTE 2}

|- MOISTURE CONTENT

At

(SEE SECTION NOTE 2)
LR T2 o
‘—*—*———___ggnnock SYMBEOL
(SEE TABLE 2)
ROCK QUALETY
DESIGNATION {RQD) By = LUGEON VALUC OVER

ZONE INDIEATED

LUGEON VALUE = D
OVER ZOWE INDICATED

SHOWN GRAPHICALLY
WHEN LESS THAN BOR }{IL
RQD VALUE > BOR

NOT SHOWHN
ROD VALLEZ
GIVER WHEN
FOD < BOR e
RQD=0 [1

LENGTH OF
CORE LOSS

(cm) '————‘|
35 —--

LocAaTian of I

CORE LOSS |

' i

CENTER LINE OQF HOLE

END QF HOLE

RQD % 0-80 —— 0-10 LUGEONS

'

| SOOI O IO S |

[+] L] 1
ROD (%) LUGEDNS

JABLE1

S0OJl, CLASSIFICATION S 0

ASED UPON THE UNIFIEE SOILS CLASSIFICATION SYSTEM
?SEE SECTION HWOTE 3)

BT PEAT, MUSKEG, HIGHLY ORGANIC 5CILS
OH QRGANIC CLAYS OF MEDIUM TO HIGH PLASTICMY
CH INORGANIC CLAYS OF HIiGH PLASTICAY, FAT CLAYS
HH INORGANIC SILTS, MICACEOUS OR DVATOMAGEGUS FINE SANDY
OR SILTY S0ILS, ELASTIC SILTS
ct NORGANIC CLAYS OF INTERMEDIATE FLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS
oL ORGANIC SILTS AND ORGAMIC SILT—CLAYS OF LOW
PLASTICITY
CL INDRGANIC CLAYS OF LOW PLASTICITY, GRAVELLY CLAYE,
SANDY GLAYS, SILTY CLAYS, LEAN CLAYS
ML INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR, SiLTY
OR CLAYEY FINE SANDS WITH SUGHT PLASTICHY
sC CLAYEY SANDS, POORLY GRADED SAND—CLAY MIXTURES
SM SILTY SANDS, POORLY GRADED SAMD—SILT MHXTURES
&P FOORLY CRADED SANDS, GRAVELLY SANDS; LITTLE OR NOD
FINES
Sw WELL GRADED SANDS, GRAYELLY SANDS; iHTLE OR NO FIHES
GC CLAYEY GRAVELS, FOURLY GRADED GRAVEL-SAND—CLAY
MIXTURES
GM SILTY GRAVELS, PODRLY GRADED GRAVEL—SAND-SILT
MIXTURES
GF POORLY GRADED GRAVELS, GRAVEL—SAND MIXTURES, LITTLE
OR NO FNES
GW WELL GRADED GRAVELS, GRAVEL~SAND MIXTURES; LITTLE OR
NQ FINES
CL—ML, GF~GC, TYFICAL BORDER LINE CLASSIFICATION REQUIRING THE USE
SP-SM, ETC. OF DUAL SYMBOLS
CaLS COBBLE(S)
BLDR BOULDER(S)
[#]:} UNDFFERENTIATED OVERBURDEN
N/R NO RECOVERY
JABLE 2
EEDROCK SYMBOLS:
AGGH ALTERED GREYWACKE GNEISS
GGH GREYWACKE GMEISS
GRARITE GRANITE
PEG FEGHATTE
BR UNDIFFERENTIATED BEDROCK
JABLE 3
ERGZEN GROUND SYMPOLS:
Frozen SEASONAL FROST
N POORLY BONDED OR FRIABLE ICE
Nin WELL BONDED, NO EXCESS ICE
Nbe WELL. BONDED, EXCESS ICE
Vi INDIVIDUAL ICE CRYSTALS OR INCLUSIONS
Yc ICE CDATINGS ON PARTICLES
vr RANDOM OR [RREGULARLY ORIENTED {CE FORMATIONS
Vo STRATIFIED OR DISTINCTLY ORIENTED ICE FORMATIONS

+

ICE WITH SOHIL INCLUSIONS

TABLE 4
EXPLORATION HOLE SYMBOLS:
ELAN  SECTION
X {ER) EXPLORATION POINT
1 {TRENCH) TRENCH
] (1) TEST PIT
=2 {HOTP) HAND DUG TEST PIT
e (AH} AUGER HOLE
® {SDH) SONIC DRILL HOLE
@ (S0H-DOH)  SOMIC/DIAMOND BRILL HOLE
® {DDH) DIAMOND DRILL HOLE
O (AH-5DH) AUGER/SONIC DRILL HOLE
@  (aH-00H) AUGER/DIAMOND DRILL. HOLE
a8 {PH) PERCUSSIIN DRILL HOLE
® (cPTU} CONE PENETROMETER TEST HOLE
[+] (PMH) PRESSUREMETER TEST HOLE
-] [VANE) VANE SHEAR TEST HOLE
® (WELL) WELL

/

INCLINED DRILL HOLE

NOTES: (rLaw)

. COORDINATES AND ELEVATIONS ARE W METRES.

REVISED STATION GRID.

ST PV,

1—001B4—DE-07311-0023 |0DO7 00

. COORDINATES ARE BASED ON MANITOBA HYDRO WUSKWATIM GENERARTING STATION

. ELEVATIONS ARZ BASED ON CAMADIAN GUVERNMENT VERTCAL DATUM 1925 {GEODETID

SURVEY OF CANADA DATUM OUADRAMGLE SHEET No. 55098, REVISION 3, MARCH 1871,
ALSD REFERRED TC BY MANITOBA HYDRO AS GEODETIC SURVEY OF CANADA DATUM

1969 LOCAL ADUMUSTMENT).

THE CROUND SURFACE CONTOURS AMD SURFACE FEATURES WERE TABLE DIGITIZED
FROM THE ORIGINAL MYLAR PLANS, DRAWING NUMBER 07082-E-00008, WHICH WAS
PRODUCED USING PHOTDGRAMMETRIC METHODS BASED ON 1:30 000 SCALE
PHOTQGRARHY DATEDR JUNE 36, 1986, SEE REFCRENCE DRAWINGS BELOW.

WATER SURFACE ELEVATION AND LOCATICNS DF SHORELINES ARE APPROXIMATE AND

RELATE TD THE DATE OF PHOTOGRAPHY.

W-0013) ARE APPROXIMATE.

. LOCATIONS OF EXPLORATIONS CONDUCTED IN 1965 (ie. BOREHOLES wW-0OD1 TO

ELECTROMAGNETIC INDUCTICH AND REFRACTION SEISMIC SURVEYS CONIMICTED OVER
SAME PATH. SURVEYS LINE WORK OFFSET EQUALLY FOR CLARMY.

NOTES: (skcTion)

OFFSET DISTAMCE SHOWN OHLY IF OFFSET IS GREATER THAN 5 METRES.

LABORATORY TEST RESULTS ARE PLOTTED AT THE MIDDLE OF THE
SAMPLE DEPTH INTERVAL. WHERE THE LENGTH OF THE SAMPLE
IS MOT KNOWN, THE TEST RESULTS ARE PLOTTED AT THE DEPTH

CF THE SAMPLE.

AND/OR VISUAL—MANUAL PROCEDURES.

. S0IL CLASSIFICATIONS ARE BASED ON LAHORATORY TEST RESULTS

CEMTER UNE OF EXPLORATION HOLE SHIFTED IN SECTION FOR CLARITY.

. GROUND SURFACE PROFILES HAVE BEEN ADJUSTED TO CONFORM TO

EXPLORATORY HOLE INFORMATION AND MAY VARY FROM THE TOPOGRAPHY

SHOWN ON THE EXPLORATION PLAN DRAWINGS.
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CONTROL SURVEY
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POINT NUMBER

NAD 83 (CSRS) UTM ZONE 14

NORTHING

EASTING

ELEVATION
GS OF C CGVvD28
1969 LOCAL ADJ.

SURVELY METHOD

MONUMENT TYPE

HORIZONTAL & VERTICAL

99MHO6

6152412.871

b30878.518

262.591

STATIC G.P.S.

BRASS

CAP

BEDROCK

98MHO7

6152331.927

530913.567

263.494

STATIC G.P.S.

BRASS CAP BEDROCK

99MHO8

6156207.770

533230.428

252.424

STATIC G.P.S.

BRASS CAF BEDROCK

99MHO9

6156246.543

D33301.271

252.355

STATIC G.P.S.

BRASS CAP

BEDROCK

99MH10 6156247.762 533260.240 253.492 TRAVERSE /SPIRIT LEVELS BRASS CAP IN BEDROCK
O1MH17 6154757.689 531900.420 228.410 TRAVERSE /SPIRIT LEVELS BRASS CAF IN BEDROCK
D1MH18 6154797.1360 531832.691 227.810 TRAVERSE /SPIRIT LEVELS BRASS CAP IN BEDROCK
OIMH19 61564758.409 531770.300 230.614 STATIC G.P.S./SPIRIT LEVELS| BRASS CAP IN BEDROCK
S8/BMS2 6154449.021 531138.835 243.623 STATIC G.P.S. BRASS CAF IN BEDROCK
S22 /BMS4 61562425.559 530917.960 261.618 TRAVERSE /SPIRIT LEVELS BRASS CAP IN BEDROCK
S40/BMS9 6161032.503 529237177 258.212 STATIC G.P.S. BRASS CAP IN BEDROCK
WN1 6154717.2735 531871.352 224.727 STATIC G.P.S. BRASS PLUG IN BEDROCK
WN5 6155054.851 532053.407 239.283 TRAVERSE /SPIRIT LEVELS | BRASS CAP IN BEDRQOCK
59ME91 6155256.617 532394.841 248.444 STATIC G.P.S. BRASS CAP IN BEDROCK
6OM3592 6155197.570 932377.239 247.144 TRAVERSE /SPIRIT LEVELS | BRASS CAP [N BEDROGCK
6OM593 6155192.336 532325.421 250.349 STATIC G.P.S. BRASS CAP IN BEDROCK
91MH21 6155469.239 535290.212 214.841 STATIC G.P.S./SPIRIT LEVELS| BRASS CAP IN BEDROCK

VERTICAL

HYDRO 2

214.877

SPIRIT LEVELS

IRON PIN IN BEDRQOCK

HYDRO 3

216.997

SPIRIT LEVELS

IRON PIN IN BEDROCK

Q1IMH16(L20-A2)

234136

SPIRIT LEVELS

BRASS CAP IN BEDRQCK

B5MH2H(L20-A1)

238.679

SPIRIT LEVELS

BRASS CAP IN BEDROCK

8SMHJ3H

237.210

SPIRIT LEVELS

BRASS CAP IN BEDROCK

91MH21
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LEGEND:
@ MANITOBA HYDRQO STATIC GPS HORIZONTAL AND VERTICAL CONTRQL PQINT
@ MANITOBA HYDRQ PRIMARY GPS HORIZONTAL AND SPIRIT LEVELED VERTICAL CONTROL POINT
@ MANITOBA HYDRQ SPIRIT LEVELLED VERTICAL CONTRQOL POINT
@ MANITOBA HYDRO TRAVERSED HORIZONTAL AND SPIRIT LEVELLED VERTICAL CONTROL POINT
@ FEDERAL GEODETIC MONUMENT WITH MANITOBA HYDRQO STATIC GPS HORIZONTAL COORDINATES
@ FEDERAL GECDETIC MONUMENT WITH MANITOBA HYDRO TRAVERSED HORIZONTAL COORDINATES
- ORIGINAL DYKE LINE (APPROXIMATE)
NOTES:
1. ALL VALUES SHOWN ARE IN METRES.
2. HORIZONTAL CONTRQL IS BASED ON NADR&3 (CSRS) UTM ZONE 14.
3. VERTICAL CONTROL IS BASED ON GS OF C CGVD2B, 1969 LOCAL ADJUSTMENT.
4, SCALE FACTOR IS 06.99957.
SCALE:
1T : 100600
200 0 500 1000 1500
METRES —— | I | I
2 2004-10-29 ISSUED IN CONJUNCTION WITH WATER POWER ACT SUBMISSION & REVISED L TL RAC
TITLE SURROUND.
1 2003-10-30 REVISED CONTROL SURVEY TABLE AND LEGEND, DELETED 91MH21Z AND RWB TL RAC
85MH1H, CHANGED SYMBOLS FOR 01MH16, 85MH2H AND 85MH3H AND
ADDED 91MHZ21 TQ PLAN
NQTED NO. DATE REVISIONS BY CKD. | APP,
MANITOBA HYDRO
ORIGINAL WUSKWATIM G.S.
SIGNED BY:
Rezso A Csupuok 4
FIGURE 2002-04-04 <
T
PLAN SHOWING SURVEY CONTROL AT |z
42 3
Q
RN WUSKWATIM G.S. SITE 2
CHECK e
T.L./C.E./R.A.C. >
SCALE
1:10000 SHT. REV.,
APPRQOVED DATE
02-04-04 1—00184—DE—-11520-000T1 0001 02






