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NEWFOUNDLAND AND LABRADOR HYDRO

Head Office: St. John's, Newfoundland A1A 2X8 e Telephone (709) 737-1400 e Telex 016-4503

1982 July 27

“Mr. L. J. Cole

Vice-President, Engineering & Construction
Newfoundland and Labrador Hydro

P.0. Box 9100

St. John's, Newfoundland

AT1A 2X8

RE: Lake Michel Hydro Development
Feasibility Study and Cost Estimate

Dear Mr. Cole:

We present herewith our report on the Feasibility Study and Cost
Estimate for the Lake Michel Development on the Great Northern
Peninsula.

This report takes the form of three volumes; (1) the main report,

(2) drawings and (3) the Work Definitions and Detailed Cost Estimate.

The report was based on the conceptual development outlined in
The Four Rivers Study, prepared by ShawMont Newfoundland Limited
in 1979. The information in the Study has been supplemented with
additional field information, updated cost data based on unit
prices being tendered on the ongoing major projects and budget
quotations from suppliers. Survey information has been obtained
in sufficient detail to undertake conceptual design for most
structures.

The cost is given for one (1) - 12 000 kW Unit operating under a
net head of 271 metres. :

You will note that the Direct Costs for the project has increased

substantially since the budget estimate last year. We point out
that all prev1ous estimates prepared by our Department were based
on the cost given in The Four Rivers Study, adjusted for the change
in schedule and escalated in accordance with the escalation figures
provided for this type of construction.

We have included the Detailed Cost Estimate in the report as a

separate volume. However, we suggest this document not be given
wide circulation outside Hydro.
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Vice-President, Engineering & Construction

Vi

In order to complete the civil work in the 1985 construction
season and to have the plant generating power to the spring
runoff of 1986, a decision on the project will have to be made
by May 1, 1983.

Prior to that date the tender documents for the road and major
equipment will have to be prepared for release shortly thereafter.
Work-on preparation of these documents must start by March 1, 1983.

A study of the deletion of the Omega Diversion aspect of this project
confirmed the feasibility of utilizing the diversion. We therefore
feel that the project as outlined is the most feasible for development.

We trust that this report will enable the Environmental Assessment
to proceed so that a decision on the project can be made.

We wish to express our thanks to the people throughout the Engineering
and Construction Department who worked on this assignment and who
put in long hours to compile and edit the report.

Yours very truly,

AL s

L. G. Sturge, P. Eng.
Manager of Engineering

Jdc/jc
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N INTRODUCTION

Purpose

The preparation of this Report was undertaken by the Engineering and
Construction Division to meet the requirement of Newfoundland and Labrador

" Hydro to review the feasibility of the Lake Michel Hydro Development and

confirm the validity of the Project.

Intent of Study

The intent of the study was to.confirm the technical feas1b111ty of the
Project, to gather information for input to the Environmental Impact’
Statement-(E.I.S.), and to .update the Capital Cost and Construction Schedule

“for the Project.

Information for E.I.S.
Information required for.-the Environmental Impact Statement (E.I.S.) included:-

‘Description of the Project;
Identify road alternatives and stream crossing requirements;
Identify material requirements and borrow sources;

-Identify ‘1and requiremehts.

Previous Engineering Studies
The following Report was reviewed and referred to during the course of the

work. .
1. -ShawMont Newfoundland Limited Report # SMR-9-79 on the Hydro—E]ectkic

Potential Study for Dry Pond Brook, Pinware. Brook, Lake Michel and
Cloud River. )

Report SMR-9-79 covers the 6vera11 concepts and general arrangements, hydrology.
and regulation studies for the Development and was used as the basis for the
present study.

-~

Scope of Work
In the fall of 1981 and ear]y 1982, the. Eng1neer1ng and Construction-Division

carried out field and office programs to meet the terms of the study.
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Scope of Work (cont'd.)

The Field Program included:-
-= Control and Engineering Surveys;
- Field investigation and test pit work;
- Geotechnical review of structure sites.

- The 0ffice Program included:-

- Aerial photo interpretation work;

Preparation of plans and profiles of recent surveys;
Review of all structures using latest field data;
Determination of quantities and review of costs;

Review of Construction Schedule;
Optimization studies of some of the structures.
Preparation of report and updated Capitél»Cost Estimate.

Some optimization studies were undertaken during the office work and the
updated cost estimate was prepared.using the latest field data to confirm
guantities using the recommended schemes for the various facilities and
structures, conceptual designs in the previous ShawMont Newfoundland Limited

report and updated unit prices.

Changes in elevations in the ShawMont Report were. made which relates to the
control survey carried out in 1981 to bring all information to one permanent

geodetic datum.,

Becduse of .the size of the Project and the rough terrain, engineering survey
work was limited to layout of structures and centreline profile work. This
information was sufficient to allow updating of the Capital Cost Estimate,
however,. further engineering work including optimization of.the penstock route
and cross-section survey of all structure sites is required prior to final

design work.
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2’ SUMMARY AND CONCLUSIONS

(a) The Lake Michel Hydro Development 1is technically feasible at the

(b)

proposed site.

The scheme selected to form the basis of the Capital Cost Estimate for
the proposed Lake Michel Hydro Development is defined as follows:-

Installed Capacity 12 MW
Number of Units _ ]

FSL (Lake Michel) Elevation 523.0 m
FSL (Lake Omega) Elevation 492.5 m
FSL (Head Pond) o Elevation 402.0 m
TWL (maximum) Elevation 113.0 m
Rated Flow _ 5.3 m3/s

The energy production at Lake Michel is as follows:-

Capacity 12 MW
Energy:
Average _ 62.2 gwh/yr

Firm 34.9 gwh/yr

The selected scheme consists of regulating the flow from Lake Michel to
the Head Pond, diverting the flow of Lake Omega to the Head Pond and

" thence via the generating station to Lake Gamma.

Major components of the Project are the Lake Michel Control Structure,
Omega Dam, Omega Canal, Head Pond Dam, Intake, Penstock, Surge Tank,
Powerhouse and Tailrace. ‘

The total cost of the Project is:-

$ x 1,000
Total Direct Cost 23,100
Management and Engineering Costs 3,511
Owner Administration ' 896
Contingency 4 4,038
Sub-total 31,545
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(cont'd.) ' - ' $ x 1,000
Escalation ' 11,857,000
Interest During Construction 5,175,000
TOTAL 48,571,000

The cost of transmission and telecontrol is not included in this Report.

Geotechnical field investigations have established the existence of
competent foundation conditions within the vicinity of the main structures.
The availability of construction materials in sufficient quantities for
the Project within the Project area has been established.

The optimum full supply levels (FSL) for the Project reservoirs are in

the range of 402.0 m for the Head Pond, 492.5 m for the Omega Diversion

and. 523.0 m for the Lake Michel Reservoir. .These should be refined and @
confirmed at. the next phase of engineering.

A three year construction schedule was developed for the project with-
the in-service date being December, Year 3. This is shown on Drawing
Bi-124-C-12.

To meet this date, the engineering necessary to keep essential contracts
on scheduie should start in-early May, Year 1.

Critical items in the schedule. are the selection of unit, the award of
turbine contract and the construction of the site access road.
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3 DESCRIPTION OF STUDY AREA

Location and Access

The area of the proposed development is centrally located on the northern
peninsula approximately 35 km east of Daniel's Harbour and 160 km southwest
of St.- Anthony. The area is situated between Lake Michel and Western -

Blue Pond which comprise pért of the River of Ponds drainage area. Principal
Takes and rivers within the development area include Lake Michel which forms
the new resekvoir, Lake Omega which forms part of a diversion, Lake Gamma

.into which the tailrace would discharge and Lake Michel River which will

transmit -flow to the head pond.

The site is remote and access to the site for geotechnical and survey

“investigation can be partly gained by a series of existing woods roads

built by Bowater Newfoundland Limited and thence over land by tracked
vehicle. More reasonable access to the site is by helicopter. Details of
the.aTternative routes considered for permanent access are given in Section 7
of this repoft. | ' ’

Proposed Development _ ‘
The'proposed Lake Michel Hydro. Development will develop a portion of the
available head between Lake Michel and Western Blue Pond.

At present, flows pass from Lake Michel toWesternm Blue Pond directly
yia a system of small ponds and streams.

The Lake Michel Hydro Development prov{des for the utilization of fiow
from Lake Michel and the surrounding area as well as the diversion of

' a portion of the flow from Lake Omega. Both flows will converge to the

head pond and then via a Tow pressure and high pressuréipenstock to the
powerhouse. . This will be accomplished by constructing a dam/spillway
structure at Lake Michel, a dam/spillway structure and a canal at Lake
Omega, a dam/spillway and intake. at the head pond and a Tow/high pressure
penstock.

. The proposed development.is shown on Drawing B1-124-C-1 and is discussed

in detail under Section 6 of this report.
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Hydrology

The Lake Michel drainage area is a humid region with high precipitation.
The:Tand surface is generally poorly drained with many lakes and bogs.
These result in a significant amount of natural runoff regulation.

No hydrological records are available for the 83 km2 (103 km2 with diversion)
Lake Michel catchment area. However, hydro1ogica1 studies and records are
available for the Cat Arm River which is an adjacent watershed. Records and

studies available cover the period from 1958 to 1978.

Topography and Geology

The development area is located in rugged terrain which has been heavily
glaciated. Thelupper,plateau.hasuan irregular surface comprising bedrock
ridges and small depressions which sustain 1ittle vegetation. In contrast
the steeply sloping stream valley and colluvial slopes support well-developed
vegetation and bedrock exposures are limited. Granitic boulders up to 2 m

in diameter are-common over the whole site. A land form outline of

the area is shown on Drawing B1-124-C-3. '

The area is underlain by coarse-grained granite which is typically
massive. A thin veneer of glacial drift covers the major portion of

the plateau areas below the crests of the hills. Accumulations of
boulders .and weathered materials predominate on the valley slopes. ‘
No areas of mass instability, structural faults or other major geological
problems have been detected.

The penstock route traverses terrain with variable and often difficult
topographic and surficial ground conditions. A]dng several sections of

the initial route the valley wall is too steep for practical penstock
construction. 1In addition, disturbance of the surficial boulders at several
locations on the steep slopes would promote instability. The final alignment

.of the penstock route will require careful selection to minimize construction

and stabilization problems.
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3.4 Topogréphy and Geology (cont'd.)
Foundation conditions at the majority of structure sites should be
straightforward providing good construction practices.are followed.
Large boulders and rock blocks will have to be removed at a number of
locations and rock excavation will be required frequently.

Substantial . lengths of construction road will be required but should
not create major problems, although road construction materials are
scarce on the plateau. Materials suitable for earth structure and road
construction exist along the proposed access road.routes, but moderate
haul distances are necessary to.reach the plateau locations.
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4 HYDROLOGY

General
Hydrologic studies were undertaken to establish a nineteen or twenty
year long sequence of monthly flows (1958/59-1978) - inputs needed for

~ flow regulation studies to determine average, firm and secondary flows

and storage requirements. Storage requirement and volume curves were
formulated from this information and are shown on Figures 3-3, 8-1A

and 8-2A. This period includes both the Towest flow years and the severest
seasonal droughts observed in the more than sixty years that systematic flow
records have been kept in Newfoundland; moreover observations on rivers
having Tow term flow records (Exploits River and Grand Lake) indicate that
average flows for these study periods.shou1d be almost identical with the
Tong term (fifty + years) average.

Flood frequency analyses were also carried out to establish design
floods for spillways and construction floods for unwatering works.

Technical Titerature on the control of river ice was reviewed to identify
solutions to ice problems which may be encountered on the study rivers.
Discussions were also held with engineers from other Newfoundland
utilities to enquire about their operating experience in dealing with

ice problems at hydro plants on the fs]and.

The climate of the Island of Newfoundland is typically a maritime

climate with extremes of temperature moderated. by the surrounding ocean.
The Island is affected by two major oceanic currents--the Gulf Stream
passing to the south of the Island and the Labrador Current which
circulates through the Strait of Belle Isle and along north and northeast -
coasts.. Labrador is subject to a continental climate Fégime modified
somewhat in coastal areas by proximity to the ocean.

Abrupt changes in elevation also affect climate.on a. more local scale
with appreciably high precipitation occurring on coastal mountain ranges
and colder temperatures, greater snow accumulations and later spring
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General (cont'd.)

runoffs noticeable in zones above elevation 300 m. A further feature
of the climate of Newfoundland and Labrador is the presence of Artic
drift ice and icebergs which frequently block the coast of Labrador,

Strait of Belle Isle, north and northeast coasts in the spring and

early summer and interrupt coastal shipping. These general climatic
features are illustrated in Table 4.1 which summarizes climatic normals
from a meteorological station at Daniel's Harbour, located near the
development.
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Table 4.1 - Climatic Characteristigs

ITEM - JAN FEB MAR APR MAY JUN JUL AuG SEP ocT NOV DEC ANN.

gean Daily Temp.
C -6.8 -7.4 -4.4 0.2 5.1 9.8 14.4 14.6 10.8 6.1 2.1 -3.2 3.4

Mean Rainfall

mm 21 12 12 28 62 80 78 107 82 78 78 23 661
Mean Snowfall » |

mm ( 625 597 480 285 51 0 0 0 2.5 15 .208 549 2812
Mean Total

PPT mm 80 71 59 . 56 67 80 78 107 82 80 100 80 940
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General (cont'd.)

The tbpography of Western Newfoundland is characterized by the following
major uplift areas; a central plateau with a general elevation of

300 m, peaks in the Annieopsquotch Mountains rising somewhat above 600 m,
and the Long Range Mountains which form the spine of the Great Northern
Peninsula., In this area plutonic and intrusive rocks predominate with
varying occurrence of metamorphic rocks where these basal masses have
been subject to alteration. Metamorphic and sedimentary.rocks are more
prevalent along the margins of these masses.

The entire Province has been subject to glacial action with the consequent
alteration of drainage patterns. Unorganized drainage and widespread
areas of bog interspersed with small Takes and ponds is typical of plateau
areas. Tree cover tends to be scanty in plateau areas, but valleys and
Tower slopes are covered with thick stands of spruce and fir. The mantle
of overburden is usually thin and underlying rocks generally impervious.

Drainage Areas

Drainage areas have been determined by.planimetry from 1:50,000 scale
maps. Table 4.2, below shows. Project drainage area:-

Table 4.2 - Drainage. Areas (sg. km)

Parenf Diversion - Total
D.A. D.A. D.A.
83 20 = 103

Synthesis of Flow Records

Flow records were unavailable for the Léke Michel Hydro Development area,
therefore, 1t was necesSary to synthesize monthly flows.. Relatively long
term records are available on an adjacent river system having similar
drainage areas and physiographic characteristics. Synthesis of the flow
records was therefore on the basis of simple drainage area proration.

Flow into the development area originates entirely on the Long Range

. Mountain plateau at elevations in excess of 300 m and the orographic
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Synthesis of Flow Records (cont'd.)
effect of lower annual temperatures will significantly alter seasonal flow

patterns relative to rivers, such as the Torrent, drainihg zones of lesser
elevation. This temperature related modification of seasonal flow patterns
was clearly observed in earlier studies on the Cat Arm River.*

]

Flood Frequency Analysis

Design floods for development area were estimated by the transportation
of flood statistics obtained from the frequency analyses of the stream
flow data fromAthe"nearby Cat. Arm Riven,"Atlog:normalgdistribution was
assumed in these analyses and the curves fitted by the method of moments.
Design floods were based on "parent” drainage area as shown in Table 4.2.

Table 4.3 - Flood Peaks (Daily Maxima) cu.m. per sec.
Return Period (years) _ ‘
2 10 20 100 1,000
a4 64 72 94 141

Selection of design floods are made in accordance with the U.S. Army Corps
of Engineers Design Flood Criteria.** Where the Maximum Probable Flood
(MPF) Method is recommended, floods of equivalent return periods are used:
specifically for 1/2 MPF-and 1 in 1,000 year flood and for the MPF a

1 in 10,000 year flood is used. These equiva]ehts were established in
other flood studies for small watersheds in Newfoundland.

The selection of design floods for individual structures is discussed
under Section 6 of this report.

Ice Problems

The most common icing problem affecting the operation of hydro plants is

~the clogging of intake trash racks with accumulations of frazil ice which

* "prefeasibility Study. Cat Arm Development", ShawMont Newfoundland Limited,

Report No. SM-12-1977.

**"Recommended Guidelines for Safety Inspection of Dams" U.S. Army Corps of

Engineers, Department of the Army, Washington, D.C.
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Ice Problems (cont'd.)

occurs when inflow is super cooled, the result of critical temperature

gradients combined with open water condjtions.. The accepted‘solution to
this problem is to provide a tranquil head pond and adequate intake
submergence to facilitate the formation and maintenance of a stable ice
cover over the power plant head pond. Newfoundland Light and Power
indicate some of their plants experience occasional frazil problems
before the ice‘covers have the.time to develop. The plants affected,
mainly those along the “Southern Shore" have head pond configurations
which expose power plant intakes to winds from the northwest quadrant
which is the prevailing direction of the coldest winds.

Discussions with Bowater Powér Company Limited revealed another type of
problem, the filling of Watson Brook head pond with loose river ice
carried down by winter or spring freshets. Watson.Brook's head pond

has filled to the point where flow velecities under the ice have reached
a magnitude sufficient to entrain debris from the reservoir bottom which
would be drawn into the power plant intake unless power production was
curtailed.

The Lake Michel Hydro Development provides. a head pond of sufficient
surface area and depth to sustain the desired ice covers.

‘Monthly Flows

Monthly inflows to the reservoirs in the development were required for
input to.a regulation study of the system in order to assess the energy
output of the proposed develcpment. Tﬁesezrecords were synthesized as
outlined in Section 4.3 and are included in Appendix D along with the
resulting regulation study.
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5 GEOTECHNICAL CONSIDERATIONS

Program of Investigation '
The program of investigation consisting of geologic surface observation
and test pits was carried out in October, 1981. Geologic observation

was carried out at all structure sites except at the-Lake Michel dam/
spillway structure. To evaluate the quantity of the small amount of
earth fill required six possible borrow. sites were identified (see Drawing

B1-124-C-4). Test pitting was carried out at these sites (see Drawing

B1-124-C-5) and one representative sample from each was tested for grain
size distribution. The results of these tests are included in . Appendix A.

Construction Materials

Aerial photo. interpretation was first undertaken to.identify and locate
potential sources of borrow materials using sterographic aerial photographs.
To supplement the aerial photo study, test pits were excavated. As. the
only structure requiring granular borrow was the Omega‘Dam, only borrow

"areas in the general area of the structure were investigated. Al1 other

structures required either rockfill for timber crib or concrete. It was

.felt that due to the geology, construction materials for these types of

construction would be available from quarries that would be developed
in the immediate structure area or from excavation from the structures
themselves. '

Several deposits were found in the vicinity of Western Blue Pond. Most

were found to fall in the category of sand-gravel mixtures and are generally
good for gravels and filters. One deposit was found to meet the require-
ments for impervious fill and one was identified as a sand. Further
excavation and testing is required to verify the.consistency and suit-
ability of these materials. o

Pfe]iminary investigation indicates that there is .an ample supply of
gravel, fine filter, coarse filter and impervious fill avajlable without
the need for major mechanical processing. (See Appendix B.) The sand
deposit, if used for concrete sand would need minor processing.
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Construction Materials (cont'd.)

The Tocations of these deposits are shown on Drawing B1-124-C-4 and are
summarized in Table 5.1. g :

Table 5.1 - Borrow Area Information

Area Volume Classification Possible Use

1 600,000 Sand-Grave]l Gravel

2 - 400,000 Silt-Sand Impervious

3 300,000 Sand ~ Concrete Sand

4 500,000 Sand-Gravel Coarse Filter/Gravel
5 300,000 Gravelly -Sand . Coarse Filter/Gravel
6 250,000 Sandy. GraveT Fine Filter

Locations of quarries for all the structures will be field Tocated at
the time of construction but it is foreseen that they will be located
very near to those structures and most 1ikely located within the Tand
requirements shown on Drawing B1-124-C-2,

Lake Michel Dam, Spiliway and Cut-0ff Dams

The proposed dam and spililway site is in a small northeast-southwest
oriented valley and the relief is in the order of 20 m.  The overburden
on both banks is shallow, varing from 1 m to about 2. m. The overburden
consists of a thin layer of organics, over large boulders and some
gravels. It is felt from preliminary observation that granitic bedrock
should be encountered at an average depth of 2 m and will serve as

an adequate foundation for the proposed structure. The two proposed
cut-off dams have the same geo]ogic-structure'and are iocated in
isolated Tow areas around the.reservoir perimeter.

Omega .Dam -and Spillway

The proposed dam and spillway site is in a.small north-south oriented
valley and the relief is in the order of 30 m. A thin veneer of glacial
drift overlies the bedrock and medium to large granitic boulders are
scattered over the ground. Granitic bedrock should be encountered at -
approximately 0.5 m depth and will serve as an adequate foundation for

the proposed structure. A
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5.5 Omega Canal
The omega canal will be about 800 m in Tength and will run in a
predominantly east-west direction through a ridge between Lake Omega
and a series of small ponds draining to the head pond. The first 450 m
is to be excavated through granite bedrock with little overburden. The
maximum excavation through this area is in the order of 22 m. The last
350 m is to be excavated through an area of small ponds and bogs which
overlay granitic bedrock. Excavation is in the order of 1-3 m but will
probably be affected by the poor drainage of the area. The bedrock will
provide adequate side support for the canal.

5.6 Head Pond Dam and Spillway
The head pond dam and spillway site is in a small east-west oriented
valley and the relief is in the order of 15 m. A thin organic layer
over medium to large granitic boulders exists in the.structure area.

Granitic bedrock is expected to be encountered at approximately 2 m
depth and will serve as an adequate foundation for the structure.

5.7 Intake
The intake is to be constructed in the same general area as the head
pond dam and. is located in a relatively high granitic bedrock portion
of the valley. Granitic bedrock is expected to be encountered at
abproximate]y 0.5 m depth and will serve as an adequate foundation for
the structure.

5.8 Penstock )
The penstock route extends 2.4 km in a general north-south direction
along the side slope of a deep valley. The.first 350 m of the route
from the intake transverses gently sloping terrain which is strewn with
medium to large granitic boulders. Overburden is estiméted to be in the
order of 0.5 m. The next 250 m of the route extends along a side hill
with slope approaching 55°. Granitic bedrock outcrops are evident in
this area. Slope stability in this general area needs further investigation
as it is difficult to determine detached rock blocks. from solid masses of
bedrock in this area. - The next 700 m traverses steep :sideslopes with
frequent granitic bedrock sideslopes. Again sideslope stability should
be investigated. The next 150 m traverses a modern sideslope area that
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Penstoock (cont'd.)

has no significant bedrock outcrops. Overburden is estimated to be
shallow however. The remaining 1,000 m consists of a steep downslope,
in the order of 20-30°, with several vertical cliffs. Overburden is
expected to be relatively shallow.

The surge tank will be located at a distance of approximately 1,400 m
from the intake. Granitic bedrock exists at shallow depth at this

1ocat1on and will serve as an adequate foundat1on for the structure.

Due to the type of terrain further optimization of this route is necessary
to achieve the most stable foundation for this structure.

Powerhouse and Tailrace

The proposed powerhouse site is located at the base of a rock slope near
the shoreline of Lake Gamma. The site is located on a fan deposit
comprising coarse granular debris from the slope above. No bedrock
outcrop was observed.but medium to large boulders are common on the
surface. Granitic bedrock underlies the area and is expected to be
encountered at moderate depth. The coarse granular material is expected
to be adeqqate as- a foundation with some foundation. preparation work.

“The tailrace excavation will be mainly in -coarse granular material and

granitic boulders below- the existing water level of Lake Gamma.

Access Roads

The approximately 40 km of access roads will be constructed over relatively
flat areas with the exception of a short section ascending the plateau

and the section of construction road for the penstock. No major problems:
of a geotechnical nature are expected to affect the rcad construction.
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6 PROJECT DESCRIPTION

General

The scheme selected to be the basis of the Capital Cost.Estimate is
defined by the following parameters:-

Installed Capacity 12 MW
Number of Units 1

FSL (Lake Michel) Elevation 523.0 m
FSL (Lake Omega) Elevation 492.5 m
FSL (Head Pond) Elevation 402.0 m
TWL (Maximum) Elevation 113.0 m
Rated Flow 5.3 m3/s

A general description of the principal features of the development is given
below and shown on Drawings B1-124-C-1, 7, 8, 9 and 11 and Figure 8-9A.

Access Roads
A study of access roads to the development site and structure sites was
undertaken.  Alternative routes to the Powerhouse area were considered

and aré detailed in Section 7.

_(a) Permanent Access Roads

The selected arrangement consists of access to the general area by a
system of woods road originating at Hawkes Bay. From there a 5.0 km
section of woods road is to be .upgraded. From_that point all construction

will be néw.

A 13.0 km section is to be constructed along the southern edges of

Flat Pond and Western Blue Pond and thence along the south eastern

edge of Lake Gamma. To gain access. to the powerhouse a bridge crossing
is required at the powerhouse site. This route consists of relatively

level topography with adequate construction materials and minor stream

crossings. '

Access to the head pond structures is by a relatively steep section
rising to the plateau where these structures are located. The -
7.0 km route leaves the powerhouse access road near the southern
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6.2 Acéess Roads (cont'd.)

(a)

Permanent Access Roads (cont'd.)

extremity of Western Blue Pond and traverses the plateau slope to
minimize grades. Once on the plateau the most direct route to the
head pond structures is followed. The head pond section of road

‘crosses the spillway structure and stops at the intake. No stream

crossings are encountered on this route.

These roads will be of Tow profile construction and will have a
6 m'gravel driving surface.

Temporary Access Roads -
The selected arrangement consists of two roads, one each to the Omega
structures and the Lake Michel structures.

Access to the Omega structures is by a relatively level 3.0 km
road which exits the head pond access road approximately 1 km west
of the spillway and runs in a general southerly direction to the

" Omega structures. Construction should be.relatively straightforward

as there are no stream crossings.

Access to the Lake Michel structures is by a 10.8 km relatively
rugged séction of road traversing the watershed boundary to a point
where the road. crosses the main stream from Lake Michel. From there
the road extends directly to the Lake Michel area. ‘One major
stream crossing is to. be encountered where.a bridge is envisaged,
although. fording may be possible. Within the Lake Michel area a

1.2 km section of road is to be built along the water Tline of Lake
Michel to the .two.cut-off dams. .

These roads will be of Tow profile construction. A1l the roads
will have a 5 m gravel driving surface with the exception of the
road to the cut-off dams which will have a. 4 m gravel driving
surface. .It was initially felt that an all-terrain vehicle route
could be used, but further review of the amount of materials to
be transported to the area ruled out this option. The amount of
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6.2 Access Roads (cont'd.)

(b)

6.3 Lake

Temporary Access Roads (cont'd.)
work at the site has increased substantially from that originally

envisaged and thereby a good quality road is necessary.

Michel Structures

(a)

Lake Michel Control Structure »

The Lake Michel control structure is located on the outlet stream
from Lake Michel. The structure is of timber crib, rockfill
construction. The 162'm length of the structure is composed of

a 125 m spillway section and two abutments with a total length of
37 m. One of the abutments contains the.control equipment. An
entrance and exit channel is provided for the control equipment.

The structure rises to a dam crest of 525 m and. a spillway crest of
523 m. Freeboard in the absence of wind wave analyses was assumed
as 2 m.

The abutment sections comprise 8 m wide timber crib sections filled
with rockfill and sheeted on the upstream face. The abutments will
rise to a maximum height of 6.5 m. The base will be dowelled to
prepared bedrock. A partial or total seepage cutoff will be achieved
by utilizing a grout curtain at the face of the dam.

The spillway section is similar in construction to the abutments but
will be 6 m wide and will have a sheeted inclined face to relieve

ice pressure. The spillway will rise to.a maximum height of 4.5 m
and is 125 m long. - The spillway is designed to pass the 1:1000 year
flood. at a water level of 523.5 m. ‘ ' ‘

The control structure will consist of a gated 0.9 m diameter culvert
embedded in the north abutment. Approach and exit channels will be
excavated to and from the culvert. Flow for the design of the control
structure is taken as 95% of the project firm flow.
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6.3 Lake Michel Structures (cont'd.) ,
(a) Lake Michel Control Structure (cont'd.)

The whole structure will have a wedge of impervious fill on the

- upstream face to prevent seepage between the rock and timber crib
and will have a wedge of boulder till on the downstream face to
disperse the energy of the spill water-and.thus prevent erosion.

The cofferdams will consist of rockfill, transition and impervious
zones and will be relatively Tow. Unwatering flow will be
directed through the previously -constructed control section. The
cofferdams will also serve as access to the cut-off dams located
on the far side of the structure. |

(b) Lake Michel-Cut-0ff Dams
The two Lake Michel cut-off dams are located in two low areas on
the perimeter of Lake Michel approximately 1 km to the southeast.
Both cut-off dams are of timber crib, rockfill construction.
Cut-off dam #1 has a crest length of 45 m and cut-off dam #2 has
a crest Tength of 30 m. )

Both cut-off dams rise to a crest elevation of 524 m and have T m
of freeboard. As water levels rarely reach the base of the dams, a
1 m freeboard was used. Over topping of these structures was

not considered important due to the type of construction,

Both dams comprise 4 m wide timber crib sections filled with rock
fil1l and sheeted on the upstream face. Dam #1 will have a maximum
height of 4 m and Dam #2 will have a maximum height of 1.5 m.
Seepage will be minimzed by minimal foundation preparation and an
upstream wedge of impervious fill.

Unwatering will be accomplished by pumping as normal water levels
do not reach these structures.

(c) Construction
The north abutment containing the control structure will be completed .
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6.3 Lake Michel Structures (cont'd.)

(c)

Construction (cont'd.)

in the dry along the approach and exit channels. Upon completion

of this phase the upstream cofferdams will be built allowing completion
of the remainder of the structure. At this point, construction of

the access road to the cut-off dams can start and shortly thereafter
the cut-off dams can be completed.

6.4 Omega Structures

(a)

Omega Dam and Spillway Structure

The Omega dam and spillway structure is Tocated on the western
side of Lake Omega. The structure will be of hybrid construction,
the deeper southern most portion near the river will consist of

- rolled rockfill with an impervious core section. On the northern

bank of the river where the embankment height diminishes to 5 m

or less, a homogenous earthfill section will.be used. A transition
zone will not be necessary as the spillway will be Tocated where
this transition would usually take place. The spillway will be

the concrete gravity type with concrete walls on both sides.

The dam will have a crest elevation of 494.5 m, a crest length of
500 m and a maximum height of 8 m and will require about 35,000
cubic metres of fill. The spillway is 50 m Tong and has a crest
elevation of 492.5 m. The spillway is designed to pass the 1:1000
year flood at a water level of 493.1 m. '

Unwatering of the structure will be accomplished by a long Tow
cofferdam which will direct flow into a short rock channel with

a gated upstream section. This section is designed to pass the 1:20
year construction flood and.will be closed off after the spring
flood and then only after the structure is complete. Final closure

‘where the channel passes through the spillway will be accomplished

immediately after closure of the :upstream gate. This channel
provides a 1ikely position for a flow compensation valve if one is

required.



CIMFP Exhibit P-01028 ‘ Page 38

/23

6.5 Omega Structures (cont'd.)

(b)

Omega Diversion Canal

The Omega diversion canal is Tocated on the eastern side of Lake Omega
and extends in a general east-west direction. The 800 m Tong canal
will be excavated through a low saddle on the perimeter of Lake Omega.
It was determined by field investigator that overburden was very
shallow and bedrock was essentially at the surface. The volume of
excavation, some of which can be utilized in the construction of the
Omega dam will be about 77,000 cubic metres.

The canal will have an entrance invert of 492.3 m, slope of 0.3
percent, bottom width of 4 m and side slopes of 4 vertical to 1
horizontal. Where excavation exceeds 10 m, a 2 m bench is required
to prevent overbdrden and. falling rock from blocking the canal.

The canal will pass, at a full supply level of 492.5 m, a design
flow of 1 cubic metre per second with a velocity not exceeding 0.8
metres per second. The design flow was obtained by proportioning
the maximum tailrace flow.at the powerhouse on the basis of drainage
area; the maximum turbine flow is about 130 percent of the average
runoff from the entire Project area.

The canal will discharge into a small stream valley which drops

steeply into the head pond. Flow through the canal will be uncontrolled
but a concrete weir at the canal entrance will prevent degradation

of the canal invert during times.of high runoff. '

Unwatering of the canal will not be extensive as the existing Take
Tevel will not rise to the canal invert until impoundment. The only

- unwatering required will be in the area where excavation extends

through several small bogs and ponds near the downstream end of the

.canal. These can be drained by excavating a drainage ditch from

the downstream end of the canal.

Construction
The unwatering channel will be excavated in the dry after which the

| upstream and downstream cofferdams will be constructed. After the
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6.4 Omega Structures (cont'd.)

(c)

6.5 Head

Construction (cont'd.)

site is pumped dry, the earth fill dam and concrete spillway can
be completed except for the small section of spillway spanning the
unwatering channel. This will be closed off after all Omega
structures are complete.

The canal excavation can start as soon as access is possible as it

is not affected by the construction of the other structures. Ideally
construction should start before construction of the dam as some of
the excavated rock can be used for dam construction.

Pond Structures

(a)

Head Pond Dam and Spillway
The head pond dam and spillway is Tocated on the northern side of the

head pond. The structure will be of timber crib, rock fill construction
with a homogenous earth fill section where the height diminishes to

2 mor less. The earth fill section will abut the timber crib abutment
to the west of the spillway section. The spillway will be a suppressed
section of the timber crib section and will be gravity flow type.

The dam will have-a crest elevation of 404 m, a crest length of 210 m
and a maximum height of 4 m. The earth fill section will require about
5500 cubic metres of fill. The spi]]wéy is 100 m Tong and has a

crest elevation of 402 m. The spillway is designed to pass the 1:1000
year flood at a water level of 403.0 m. '

There is a requirement for infrequent crossings of this spillway after
construction. Several alternatives such as a downstream bridge,
incorporated bridgé or incorporated catwalk were considered but proved
to be prohibitively costly. Therefore, the scheme selected was to slope
the abutments of the spillway such that a vehicle could cross the
spillway deck in periods of little or no flow.

The abutment and spillway sections will comprise 6 m wide timber crib
sections filled with rockfill and sheeted on the upstream face as
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6.5 Head Pond Structures (cont'd.)

(a)

(b)

. Head Pond Dam and Spillway (cont'd.)

well as the spillway surface. The base will be dowelled to prepared
bedrock. A partial or total seepage cutoff will be achieved by
uti]izing a grout curtain at the face of the.dam. An impervious

fill wedge will be placed at the front of the dam to minimize seepage
between the grout curtain and dam face. Rock till will be placed

on the downstream side to prevent erosion.

The remainder of the dam will be of homogenous earth fill type.

Unwatering will be accomplished in the same manner as for the Omega

“dam and spillway.

Intake

The intake structure is located on the northern side of the head
pond approximately 300 m west of the head pond dam and spii]way.
The structure will be Tocated in a low rock area and is completely
embedded in rock with the exception of the top 2 m. The intake
will consist of a standard bellmouth intake reduced to a 1.5 m
diameter valve which connects to the 1.5 m diameter pipeline. The
structure will have provided steel stoplogs for.emergency repairs.
The structure will be of mass reinforced concrete construction with
an insulated 4 m by 4 m manhole for access to the valve and related
equipment. Pressure transducers will be.provided for water level
and trash rack differential measurements and a 150 mm diameter air .
vent pipe to allow pipeline draining.

A small earth i1l dyke will be required. on each side of the intake
to prevent damage of the penstock by possible wave run-up in the
intake area. ‘ ‘

Unwatering will be accomplished by leaving a rock plug in the intake
channel and pumping out any surface runoff or seepage. The rock
plug will be removed only after installation of the intake valve.
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6.6 Penstock

The penstock is Tocated on the eastern slope of the main stream from
the head pond and is oriented in a general north-south direction. The
Tine consists of a low pressure penstock approximately 1.4 km Tong and
a high pressure penstock approximately 1.0 km Tong. The Tow pressure
penstock will be a completely buried 1.5 m diameter steel pipe and the
high pressure penstock will be a partially buried, partially above
ground, 1.5 m diameter steel pipe.

The low pressure penstock route traverses a route as described in Section 5
of this report. The excavation will be completely in rock and will provide
for a minimum grade to minimize excavation. Where.a side cut occurs

a construction road bed will also be excavated to allow placement of the
pipe. After placement on a prepared sand bed the pipe will be backfilled
with select granular material to 1 m over the top of the pipe and then
further backfilled with- 1 m of rock backfill or to original grade. Anchor
block will be provided on all major bends and side drainage will be provided
where necessary. '

The high pressure penstock route traverses a route.as described in Section
5 of this report. Excavation will be minimal in this section and access
will be impossible. by conventional means. Saddles will be provided for
the pipe support. The saddles will be of concrete dowelled to the bedrock.
Anchor blocks will also be provided at all major bends. Construction

will be by use of a cable hoist system which will allow construction
materials and .personnel to be transported either from the top or bottom.

The penstock will be of welded steel construction and will have three
different wall thicknesses. The first 1641 m will be.6 mm thick, the

next 200 m will be 10 mm thick and the last 500 m will be 13 mm thick.

The hijh pressure section that will be on saddles will be provided with
standard pipe insulation to protect against freezing. Burying of the
remainder of the pipe will provide for adequate insulation for that section.

Unwatering of this-structure is not expected to be a problem as only surface
run-off or ground water seepage can be expected. This can be handled by
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Penstock (cont'd.)
standard pumping procedures where required. Where small streams cross
the route, culverts may have to be installed to prevent future erosion
of the pipe bedding or cover.

Surge Tank
The surge tank is located on the edge of the bill approximately 1 km south
of Lake Gamma. The tank is located at the transition between the pipeline
and the penstock.

In order to limit the height of the riser-section and thereby 1imit the

overall height of the surge tank, a 1.2 m diameter riser section will be
constructed along the side of the hill and thus only the surge tank will
be vertical.

The surge tank will be of the restricted orifice type with a diameter of
4.3 metres and a height of 22 metres. It will be designed to Timit the

pressures in the pipeline/penstock to 30% above and below static.

(a)

Powerhouse

Arrangement

The surface powerhouse located on the northern end of Lake Gamma at

the base of a hill, is an indoor type. The powerhouse layout is
developed for one turbine governor unit rated at 12 MW. Electrical
Details are shown on Drawing A3-124-E-1. The .substructure consists of
reinforced concrete founded on rock, and the superstructure consists of
insulated metal siding and roofidg on structural steel framing.

The nominal dimensions of the machine hall are 16 m Tong, 8 m wide

-and 7 m to the roof from the generator floor. The bottom of the

draft tube is 7.5 m below the generator floor.

A service bay is provided at one end of the powerhouse at the generator
floor Tevel for erection and maintenance of the units. One 30 tonne
overhead crane will traverse the full length of the powerhouse and

will be capable of Tifting the generator rotor, the heaviest component
to be hand]eg during erection and maintenance.
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6.8 Powerhouse (cont'd.)

(a)

Arrangement (cont'd.)

A control room and a communications room are Tocated at the
generator floor level on the upstream side. The generator circuit
breakers and station service switchgear are situated at this Tevel
on the upstream side of the units. A Tunchroom and washroom,
sufficient in size for a regular maintenance staff, are provided
along with a battery room-and a-storage room. An equipment room
housing excitation transformers, accumulator tanks and governor
actuator tanks, terminal room and an electrical shop are also
provided. '

The main sump is located on the downstream side of the powerhouse
and contains the'drainage, cooling water, unwatering and fire
protection pumps.

The main transformers and station service transformers are located
outdoors adjacent to the upstream-wall of the powerhouse at the
generator floor Tlevel.  Appropriate blast wall protection and oil
retention measures will be provided. ' '

Turbine and Generator

The turbine will be of the Francis type and will have a rated
capacity of 12 MW at 900 r/min operating'under a.net head of 271 m.
The turbine will be equipped with an electrohydraulic governor
connected to the wicket gate servomotors by a high pressure oil
system.

The generator will be rated at 12 MW, 4160 V, 300 r/min and 0.9
lagging power factorﬂ

There will be air cooled with air-to-water heater exchargers located
on the periphery of the stator frame. '

Excitation of the generator field will be from static exciter
equipment, consisting of an indoor dry type transformer, thyristor
convertor and electronic automatic voltage regulator.
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6.8 Powerhouse (cont'd.)

(c)

(e)

(9)

(h)

‘Mechanical Services

The powerhouse will be provided with all essential mechanical
services such as cooling water, oil handling system, compressed
air, fire protection, potable water, drainage and unwatering,
sewage, heating and ventilating system.

4160 Volt Equipment

Cable bus duct and outdoor wall mounted bushings will be used
to bring power to the outdoor, 4160 V generator breaker.

Tap offs will be provided for surge protection equipment, station
services, upstream power and excitation equipment.

Station Services

Station services will be provided at 600 V, 3 @ and 120/240 V,

1 @ through one 75 KVA, 4160/600 V indoor transformer ONAN rating.
This supply will be maintained’ during shutdowns, by a standby

- diesel generator and autbmatic transfer switch. Building services

will be supplied.at 120/240 V single phase from the 600 V, 3 phase
system. ‘ '

Main Transformer

- One main transformer, rated at - 12/15/20 MVA, will be Tocated outdoors,

to step up the voltage to 69 kV. Lightning arrestors will be used
at the high voltage bushings.

Switchyard

A wood.pole switchyard will accommodate the main transformer generator
breaker and associated disconnects and ground switches. Wall mounted

bushings will connect the generator bus. to the outdoor overhead 1lines.
(Refer to Drawing A3-124-E-1.) |

Upstream Structures _
Power for the intake and surge tank structures will be supplied from.
the generator bus at 4160 Volt. Tech cable from the powerhouse
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Powerhouse (cont'd.)

(h) Upstream Structures (cont'd.)
will be run alongside the penstock to the intake and the surge tank.

No power is required at the spillway structure.

Tailrace Channel

Flows will be conveyed downstream from the plant by a tailrace channel
into Lake Gamma.

The tailrace channel from the plant into Lake Gamma is approximately
200 m Tong and is excavated mostly in coarse granular material with
numerous boulders. Bedrock excavation may be necessary but is expected
to be shallow.

Unwatering of the tai]répe will be done in conjunction with the unwatering
of the powerhouse. A plug will be left in the tailrace channel to allow
for conventional draining of the construction site. This can be removed
as soon as construction is complete above the existing water level.

Land Requirements -

For the structures outlined above,. the Tand requirements are shown on
Drawing B1-124-C-2, and are outlined as follows:-

Block #I Lake Michel Cutoff Dams 2.2 ha

Block #2 Lake Michel Dam and Control Structure 10.0 ha
Block #3 Omega Diversion Dam . : ' 21.0 ha
Block #4 Omega Diversion Canal 22.5 ha
Block #5 Intake, Penstock, Powerhouse and
' Head Pond Dam 86.0 ha -

Block #6 Permanent Access Roads 120.0 ha
Block #7 Temporary Access Roads : - 75.0 ha
Block #8 Construction Camp 4.0 ha
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7 ALTERNATIVE ARRANGEMENTS

General

Alternative arrangements and comparative cost estimates of the Project
components were developed in order to select the preferred scheme for the
Capital Cost Estimate. This section discusses the development of the
alternative arrangements and the comparative cost estimates. The segments
of the Project that warranted optimization at this level of study were
the access road routes, the oméga structures FSL, the head pond dam and
spillway crossing and the penstock routing.

Access Roads

A study of access roads to the development sites and structure sites

(see Drawing B1-124-C-6) was undertaken. Alternative routes to the

powerhouse area were considered and consisted of the following:-

Route DBC - This route traverses the northern side of Western Blue Pond,
crosses a narrow waterway between Lake Gamma and Western Blue
Pond and entered to the powerhouse site via the southern side
of Lake Gamma. |

Route ABC - This. route traverses the southerﬁ side of Flat Pond via
existing woods roads, then along the southern side of Western
Blue Pond and then.along the southern side of Lake Gamma. This
route includes Section EB which has to be built to gain access
to the head pond and omega areas.

Access to the start of the new roads.is via existing fair condition woods
roads from Hawkes Bay. These roads extend in a general southerly direction
to an area approximately 15 km from the powerhouse site. '

Another alternative was initially proposed similar to route DBC but extending
along the north side of Lake Gamma. Extreme ruggedness of terrain quickly
proved:thaf this route was unacceptable. Route ABC was selected on the

basis of the following summary:-

Route ~ Length (km)  Cost ($ x 1,000)
DBC 15 2299
ABC (excluding EB) 14 1456
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7.2 Access Roads (cont'd.)
Access from the powerhouse to the head pond structures and omega structures
could follow only one route. This route leaves at Point B and travels
along the base of the plateau and ascends the plateau at a point.where the
grade would be the least (Point E). This route is shown as EFH and FGL.
Other alternatives were originally considered but the steepness of the

plateau slopes in all other areas except route EFH were too severe to permit
construction. Route FGL is relatively short and is the shortest route
possible. The length of this scheme is 10 km and will cost $1,430,000.

Access from the head pond area to Lake Michel could follow only two routes,
HIJ or GIJ. '

Route HIJ extends from the general area of the omega structures along the

watershed boundary to Point I, common to both routes, crosses the main

stream from Lake Michel and then extends directly to Lake Michel. Stream
~ crossings are very rare along this route.

Route GIJ extends from the intake structure and traverses to the north
of the main stream from Lake Michel, crossing many tributaries of that
stream, to Point I and thence follows the same alignment as Route HIJ.

Both routes seem equally attractive as shown below. but Route GIJ was selected
for estimate purposes bécause of the absence of stream activity involved

in construction of this road as well as a reduction in traffic flow through
the head pond area during and after construction. A more detailed analysis
of these routes should be undertaken before a final decision is made.

Route Length (km) Cost ($ x 1,000)
GIJd - 11 995

HIJ : 11 1050

Access from Lake Michel to the Lake Michel cut-off dams is by the most
direct route and will consist of a 1 km road costing $60,000.
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Access Roads (cont'd.)

The total scheme selected involves 25 km of permanent access roads and

- 15 km of temporary access roads at a total cost of $3,941,000. Site

construction roads near structures are included in the individual
structure unit prices. Sufficient materials should be found along or
near the proposed route with the possible exception of. the Lake Michel
access road where material is expected to be relatively scarce and may
have to be trucked from deposits for distances up.to 5 km. In all cases
the source of road topping is located at borrow areas 1 or 4 and will
have to be trucked. Other than the steep haul up to the plateau, road
construction should not be a serious problem.

Omega Structures

(a) General
The Omega Diversion system required two separate optimizations. The
first was to optimize the FSL of the diversion to minimize the cost
of the scheme. The second was to check whether the cost of energy
was raised or lowered by deletion of the diversion; a raising of’
the cost would confirm the-feasibi]ity of the diversion.

(b) FSL Optimization - .
In the Tight.of site condition changes from the original proposal
as well asApricg changes, the FSL of the diversions needed to be oo

optimized. Two schemes were possible for the diversion and were ;.. |-
S o

optimized separately; the lower priced being the optimum. .wﬂ”l A

R

™,
. \{ \
Scheme 1 - Canal, Dam and Spillway in locations as outlined in

A
.

Section 6.

Scheme 2 - Canal and Dam as per Scheme 1 but with the Spillway
located in a low area .1 km to the south of the Dam.

The optimization of each scheme is outlined in Tables 7.1 and 7.2
and is shown on Figure 1 of Appendix C.
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7.3 Omega Structures (cont'd.)
(b} FSL Optimiation (cont'd.)
Table 7.1
Scheme 1 Optimization

FSL {(m) Cost ($ x 1,000) ’ ﬂ,,,jﬁﬂv“éﬁ
494.5 2087 o g
493. 5 2] 90~! j‘ : L«’-" . o _.3.4:-‘ =
492.5 2]87""} R t ‘
2 Lt
491.5 2268 S
Y :?}" { }” ) K] /1"'/
490.5 35]5 . L@,_?“_';l' put T4
' Table 7.2
Scheme 2 Optimization
FSL (m) Cost ($ x 1,000)
496.5 3281
495.5 3030
494.5 2987
493.5 3380

The optimum scheme is therefore Scheme 1 with a FSL of 492.5 m
costing $2,187,000. More detailed refining of this optimization
will be necessary at the next phase of engineering. Outlines of
Scheme 1 (492.5) and Scheme 2 (496.5) are shown in Drawings
B1-124-C-9 and 10 respectively.

Using the previous optimization the feasibility of the diversion
is then checked and outlined in Table 7.3.
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7.3 Omega Structures (cont'd.)

7.4

“(b) FSL Optimization (cont'd.)

Table 7.3
Omega Diversion -Energy Cost

Project with Project without

Diversion Diversion
Total Capital Cost $48,571,000 $43,973,000
Annual Costs - - 6,460,000 5,848,000
Install Capacity 12,000 - kW 12,000 kW
Annual Firm Energy 34.9 gWh 28.1 glWh
Annual Average Energy 62.2 gkh . 53.7 ghh
Cost of Firm Energy 185 mills/kWh -~ 208 mills/kMh
Cost of Average Energy 104 mi11s/kWh 109 mills/kWh

The Project with the diversion produces energy at a lesser cost than
without the diversion, therefore the feasibility of the diversion is
confirmed.

Head Pond Dam and Spillway
(a) General ,
The head pond dam required, at this stage of engineering, only
- two optimizations, type of construction and crossing requirements.
Optimization of the FSL was not considered as observation indicated

that. raising or Towering the FSL significantly, would increase Mojjpbgz

drastically 'the amount of work on the head pond structure. A

(b) Type of Construction

Only two types of construction were considered practical for con-
struction of the structure. These are concrete or timber crib.

Cost estimates that both alternatives produce a comparable cost,

in the order of 1.3 million. It was therefore decided to use the
timber alternative for estimate purposes. due to ease of construction.
In both cases where the structure is Tow, a homogenous earth i1l
embankment will be used.
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7.3 Head Pond Dam and Spillway (cont'd.)

(c)

Crossing Requirements

The requirement for permanent access over the head pond dam and
spillway can take three forms.
1. Full Time Vehicle Access ,

Full time vehicle access requires the use of a standard bridge.

Two schemes are possible; an incorporated bridge or a downstream
bridge. The incorporated bridge regardless of spillway construction
would cost $1,300,000. as compared to the preferred downstream
bridge costing $675,000.

2. Full Time Personnel Access

Full time personnel access requires only the use of a standard
catwalk structure over the spillway. This scheme would cost-
$150,000. '

3. Occasional Vehicle and Personnel Access

Occasional vehicle and personnel access. requires that during
times of little or no flow over the spiliway, a vehicle could
drive across the spillway crest. This would only requiré
modification to the spillway abutments (sloping). As this
modification would be done in the okigina1 construction no cost
“increase is foreseen.

As full time access is not feasible for the whole year (i.e. during
winter) and as the degree of maintenance of the intake will be low,
it is felt that the occasional access alternative is the most
attractive and is the scheme used for the estimate.

7.5 Penstock

e e e v 2manmy

(a)

General

The only optimization at this. stage of engineering was carried out

in the field during the baseline survey. (See Drawing B1-124-C-8.)
During the survey the best route was chosen giving particular attention
to grades, excavation requirements, and slope stability (Scheme B).
Several variances from the line finally choéen in the field occurred
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7.5 Penstock (cont'd.)

(a)

(b)

General (cont'd.)

but were abandoned for the above reasons. Another route shown as
Scheme A initially chosen was also abandoned for the above reasons.
Based on the field information some route changes differing from
the route surveyed are suggested and are shown as Scheme C. This
scheme is based on field observations and should be reviewed and
resurveyed at the next stage. of engineering.

Route Alignment

From the field information it was evident that the survey line was
generally the only reasonable route from the intake to the power-
house. Refinements of the route alignment are suggested to decrease
the quantity of excavation and to avoid slope instability.

Gradelines

To minimize headloss by the addition of bends in the pehstock and to
reduce excavation quantities the low pressure penstock section was
considered to follow a minimum downslope from the intake to a point
near the surge tank location. From the surge tank to the powerhouse,
construction would be difficult, therefore it is necessary to follow
the natural ground surface as much as possible, again eliminating
excavation quantities.
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8 CAPACITY AND ENERGY

8.1 General
Regulation studies of the Project scheme were carried out for the
period.1958 - 1978, as indicated in Section 4 of this report. A firm
flow of 2.02 cubic metres per second and an éverage flow of 3.29 cubic
metres per second were established for the scheme outlined in Section
6. This study is included in Appendix D.

8.2 Energy Calculations

Firm Energy

Average Net Head 287.0 metres

Firm Fiow 2.02 cu. m. per sec.
Overall Plant Efficiency 0.70

Firm Energy 34.9 gWh per year

Secondary Energy

Average Net Head 285.5 metres

Average Flow : 3.29 cu. m. per sec.
Overall PTant Efficiency 0.77

Averal Annual Energy 62.2 gWh per year
Secondary Energy 27.3 gWh per year

The following efficiencies were assumed:

Turbine (operating to produce firm ' . }
energy only) 0.78 g

Turbine (operating to produce firm

and secondary energy) 0.86
Generator 0.96
Transformer 0.99 -
Plant 0.99
Water Utilization 0.95

Cm e i e eaiem wmeampemetmas =y emaTre T R b 7 i S T A et = pt T4 e e o
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Energy Costs .
Total Capital Cost $48,571,000
Annual Costs $ 6,460,000
Installed Capacity 12,000 kW
Annual FTrm'Energy 34.9 gWh
Annﬁa] Secondary Energy 27.3 ghh
Total Annual Energy 62.2 gWh ﬁCLF
Cost of Firm Energy . 185.1 mms'/kWhg !&/’,
Cost of Average Energy 103.9 mills/kWh _

Head Losses

Head losses, calculated to arrive at the average net heads, were based
on standard engineering formula relating head loss to pipe diameter,
pipe length, pipe flow, number of bends, etc.

For the production of firm energy a head loss of 2 m was calculated
and a head loss of 3.5 m was calculated for the production of average
energy.
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9 ENGINEERING AND CONSTRUCTION SCHEDULE

General

Schedules of engineering and construction activities, shown on Drawing
B1-124-C-12 indicate the development going on 1ine by December, Year.3.
This is based on a project release of May 01 in Year 1.

The project will be constructed in two phases. The first phase>w111
consist of completing access to the head bond and powerhouse as well as
completing some preliminary site work, such that the second year's work
can start as early as possib]e;

The second phase will consist of completing all structures in a two year
period. The first year of this period will consist of partial completion
of the penstock as well as the completion of the civil aspects of the
intake and powerhouse. Access to the Omega and Lake Michel structures
will be completed in this year. The second year of this period will
consist of completion of all upstream structures as well as the remaining
penstock work.

The construction of dams is scheduled such that placement of impervious
and filter materials occurs in July-August and placement of concrete is
complete before winter. Initial work on dams must also occur after the
spring runoff., Major powerhouse mechanical work can not start until
April of Year 3 due to delivery schedules.

In order to-achieve the on-power date for the development, it will be
necessary to construct the main civil works in accordance with the following

. schedule:-

- access to intake and powerhouse August, Year 1 to December, Year 1.

- intake and powerhousé civil works, May, Year 2 to December, Year 2.

- penstock, May, Year 2 to October, Year 3.

- reservoir clearing, May, Year 2 to July, Year 2.

- construction camp, May, Year 2 to July, Year 2.

- head pond dam, Omega structures and Lake Michel structures, May, Year 3
to November, Year 3.
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General (cont'd.)
- electrical and mechanical, January, Year 3 to November, Year 3.

Contract Packages

To achieve this construction schedule, construction work would be
divided into a few interrelated work packages to ensure efficient
execution of the work. These work packages would be:-

Contract 1

Access Roads and Site Preparation - A preliminary contract which would

include construction of the main access roads and clearing and stripping
of the main structure sites. The value of this contract will be
approximately $4.3 million.

Contract 2A and 2B
Civil Works - Normally a main civil works contract would be awarded to

undertake: construction and operation of a camp, construction of project
roads, all earthworks,  concrete works, architectural works and landscaping.
Where the project includes two geographically separate structure sites

or sub-projects, two secondary civil works contracts would be awarded.

One will incorporate all the structures relating to dams, namely the Lake
Michel structures, the Omega structures and the Head Pond dam and spillway.
The value of this contract would be approximately $5.2 million. The other,

valued at approximately $4.9 million wolld incorporate the intake, the
penstock and the powerhouse structures. )

Contract 3

Penstock Construction - The penstock comprises an important component of

the overall construction work. It would be advantageous to employ a
specialist contractor for this work rather than leave it as the responsibility
of the civil works contractor. The value of this contract would be
approximately $3.7 million. |

Contract 4 _

Equipment Contracts'— These contracts would include the. design, supply.,
transportation, erection and testing of the major pieces of equipment
including but not 1imited to turbines, valves, generator, etc. The total

“value of these contracts would be approximately $4.0 million.
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9.2 Contract Packages'(cont‘d.)

9.3

9.4

9.5

Contract 5

Electrical and Mechanical Erection - A single erection contract would

be awarded for the installation of electrical and mechanical auxiliaries
valued at. approximately $1.0 million. '

ObviousTly these separate contracts, though conceived as separate entities
will have to fit into the master construction schedule.

Turbine and Generator

The eary start of May 01 in Year 1, on the turbine and generator contract
is essentijal to meet the on-power date of December in Year 3, and to
obtain the turbine data relating to the powerhouse desjgn.

Site Access »

Contract documents for access roads will be awarded by July, Year 1, to
ensure access to the intake and. powerhouse by May in Year 2. The remainder
of the access will be complete in Year 2, to provide access to Lake Michel
and the Omega structures by early Year 3.

Construction Camps

~

In the first year of construction it is envisaged that the road contractor
will use a floating/moving type camp that will move as construction
progresses. '

Once access to the site is accomplished a méin construction camp will be
provided near the intersection of the head pond and Omega structure
access roads, which will cohprise the major work centre of the project.
Clearing and road contractors will provide their own separate floating/
moving camps as required.

The camp will provide accommodation and dining facilities for approximately
150 persons. The.camp will provide a cafeteria-style dining hall, a
recreation complex, a guest house, central laundry, fire hall, first aid
post, fire truck and ambulance.

amian A
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Construction- Camps (cont'd.)

In ground water services for potable water and fire protection w111 be
provided. The water will be obtained from a nearby suitable source and
will bé.ch1or1nated. A sewage system will be provided, including a
package sewage treatment plant. Cost associated with contractor's
accommodations are included in the structure costs and the cost of the
Owner's accommodations are included in the management. and engineering cost.

Construction Power

‘Construction power at each structure site will be by portable diesel

power plants and will. be the responsibility of individual contractors.
Power for the construction camp will also be. by a diesel power plant.

‘Lake Michel Structures

Tenders will be called and a contract awarded by June of Year 3. The major
consideration in the schedule of this structure is to avoid the spring
runoff and yet complete impoundment by use of the fall runoff.

Omega Structures

Tenders will be called and awarded by June of Year 3. The major consideration
in the schedule of this structure is again to avoid the spring runoff and

yet complete impoundment by use of the fall runoff. Excavation of the canal

must be started prior to rockfill placement of the dam in order to utilize
some of the excavated rock.

Head Pond Structures
Tenders for the intake structure will be called and awarded by May of
Year 2 so that the pipeline/penstock construction can begin in Year 2.

Tenders for the head pond dam structure will be called and awarded by May
of Year 3. The major consideration in the schedule of this structure is to
avoid the spring runoff. Impoundment should not pose a problem in the

head pond reservoir.
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Penstock/Surge Tank

Tenders for the civil works pdrtion of these structures will be called

~and awarded by May of Year 2. The excavation and concrete work for

these structures must be at least fifty percent complete before
installation of the pipe can begin. The contract for installation of

the pipe must be awarded by July of Year 2 to ensure complete installation
and backfill by November of Year 3.

Powerhouse and Tailrace

Tenders for the civil works portion. of this structure will be awarded

by May of Year- 2 although complete- turbine and generator information may
not be available at that time. The schedule will also have to be
co-ordinated with the placement of the penstock.- Receipt of major

~ embedded parts such.as the draft tube or spiral case can be expected

around October of Year 2. All of the above has to be. co-ordinated with
the award of the turbine generator contract, to ensure the proper
scheduling of the placement of components. Information from the turbine
manufacturer, regarding the foundation design will be necessary before
May of Year 2.. With these factors in mind the earliest possible turbine/
generator contract award date is necessary and is August of Year 1, to
ensure an on-power date of December, Year 3.

AN

Mechanical and Electrical Services

Mechanical and electrical services must be co-ordinated with the install-
ation of the turbine/generator. This will occur from May to December,
Year 3, therefore the electrical/mechanical contract should be awarded

by March, Year 3. w
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10 CAPITAL COST ESTIMATES AND CASH DISBURSEMENTS

General

Capital Cost Estimates have been prepared for the selected Tayout of
the development outlined in Section 6 of this report.  This estimate
totals $48.6 million and is summarized in Table 10.1 below. These
figures include all direct costs, engineering and management,‘Owner's
costs, contingencies., escalation and-interest during construction.

Table 10.1
Summary Cost .Estimate by Facility

Estimate
Base Cost
January 1982 Dollars

1. Energy Structures ‘ 4 4,139,000
2. Power Structures 15,020,000
3. Permanent Support : 2,886,000
4, Temporary Support _ .1,055,000
5. Management and Engineering 3,511,000
6. Owner Administration . :
a) Owner's Costs _ 430,000
b) Corporate Overheads \ : 466,000
7. Escalation 11,851,000 —
. Interest During Construction 5,175,000 —
9. Contingency ~ 4,038,000

Total Project Estimate - ' . 48,571,000



D €0 €0 D €@ £ € 0 2 90 3 O OO OO 9o oo

) o

" CIMFP Exhibit P-01028 Page 66

/46

10.2 Basis of Estimate
(a) Civil Works
.1 Quantities

Basic material quantitieé used in preparing the Cost Estimate
have been determined from recent engineering plans and profiles
produced from the 1981 Engineering Survey Program, using the
conceptual development and stfﬂcture drawings from The Four
Rivers Study produced by ShawMont Newfoundland Limited in 1979.

Refinement to the. conceptual deve]opment.in the Four Rivers
Study were made using information obtained. by aerial photo
interpretation (A.P.I.), Geotechnical Reconnaissance Study,
and subsurface. investigation (test pits) work undertaken in
1981.

The main access roads- quantities are based‘upon typical sections
that are felt to be appropriate for the actual field conditions.

.2 Unit Prices
The unit prices in January 1982 dollars applied to civil
quantities have been obtained from updated cost data based on
unit prices being tendered on the ongoing major projects such
as The Upper Salmon Development and Cat Arm Development, prices
experienced on other similar projects on the Island, and review
of recent Cost Estimates for the Cat Arm Development. '

The prices for the major earthworks and the large structures
recognize the efficiencies of the large scale operations and

the remoteness of the Lake Michel Hydro-Project.

(b) Electrical and Mechanical

The method of estimating employed in the definitive estimate, all in
-January 1982 dollars for electrical and mechanical equipment, may be
generally categorized as follows:-
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10.2 Basis of Estimate (cont'd.)

(b) Electrical and Mechanical (cont'd.)
a) Cost estimates were requested where feasible from suppliers

and budget costs received were used and modified based on
whether the specific supplier is 1ikely to be a low tenderer
or whether other factors are applicable as below.

b) Previous tenders and purchase/contract prices for other
projects were evaluated in relation to Lake Michel Hydro
requirements and with due account for escalation to January 1982.

c) Adjustments made for the special and specific requirements for
Lake Michel Hydro Development as foreseen from the feasibility
study and field investigations.

d) Costs also. recognized in some cases increases, identified by
formally or informally quoted prices where these prices have
significantly exceeded the recognized escalation rates over the
comparison periods used.

e) Transportation rates for major equipment have been estimated for
foreign trans-oceanic shipments where such is likely to occur.
Most other rates are predicated on deliveries from Ontario.

10.3 Management and Engineering

Management and engineering costs during the design and construction
period is based on 15% of the direct costs. This cost includes the cost
of office design, field engineering, construction supervision and job
administration. It also includes such indirect costs as field officé
expenses, board and lodgings of field personnel, construction site
services, vehicTes, materials testing, etc.

10.4 Owner's Costs

The total estimate includes an amount equal to 1.0 percent of the
estimated construction costs to cover the Owner's own project administration
costs.

10.5 Contingencies

Based on the level of estimating and the amount of site data still required
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Contingencies (cont'd.)

for more accurate assessment of the quantities, a contingency amount of ]
15 percent has been added to the total of the construction and indirect
costs for the Project.

Escalation and Financing

Escalation during the construction period and interest during construction
are based on the following values.

Escalation Rate (%) Interest During Construction Rate (%)
1982-3 11.192 : 1982 16.0
1983-4 10.385 _ 1983 15.5
1984-5 10.388 1984 15.0

1985-6 10.388 : 1985 14.5

Cash Disbdrsement Schedule

A monthly cash disbursement schedule is shown on Appendix E. The schedule
reflects the proposed construction schedule and includes retention payments
for the major contracts in accordance with the ‘Tegal requirements. The
cost of transmission is excluded.
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11 PROGRAM OF ONGOING STUDIES '

General

Several studies and investigations are required in the early stages

of the next phase of engineering to firm up the project and to provide
sufficient data for detailed final design and data for tenderers.

Reservoir Full Supply Levels
It has been noted in the project description of this report that the

optimum reservoir F.S.L.'s are in the range of_e]evation 523.0 m for
Lake Michel, 492.5 m for Lake Omega and 402.0 m for the Head Pond.

Studies should be undertaken to optimize these water levels using all
relevant additional data included in proposed future investigations.

Geotechnical Investigations

The 1982 geotechnical program should be augmented .in early summer of

1982. The program objectives should be:

- appropr1ate testing of soil samples taken during the 1981 f1e1d
program to confirm sources of potential impervious, granular and
concrete aggregate materials.

- boreholes, rock probes and test pits at structure sites as recommended
by the geotechnical consultant in his report (see Appendix A).

Field Surveys

Profiles and cross-sections should be completed for final design and
layout of all civil works including stream crossings. Underwater
contours of the tailrace entry to Lake Gamma and ‘the intake canal area
will also be required.

Facilities

Further design of the penstock alignment and grades should be done based
on the field information from Section 11.4. Based on the final alignment
and grades further design of the penstock and surge tank will be necessary
to optimize penstock material, diameters and wall thicknesses as well as
surge tank diameter and height. '
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Facilities (cont'd.)

The powerhouse Tocation and tailrace arrangement needs further design
based on the further geotechnical investigations to firm up foundation
conditions.

The possible types of turbines arrangement needs to be finalized (1-12MW
or 2-6MW, Pelton or Francis, etc.) as this affects the powerhouse size
and layout requirements.

11.6 Hydrology

Optimization of flows available and power output should be carried out
by further regulation studies based on unit flow requirements as well
as reservoir.F.S.L. optimization.

Ice Studies

A field program should be commenced to.collect water temperature data
and other data relating tb the formation of icg in the 1ntake area
and tailrace. The datd and the thermal regime of rivers and lakes in
the project area should be analyzed to establish ice related criteria
for the project. The potential for frazil ice productioh should also
be studied.



’ -ﬁnﬂ"’; m -=-m.y, )

A-1

A-2

A-3

CIMFP Exhibit P-01028

APPENDIX A A
GEOTECHNICAL INFORMATION

Report on Preliminary Geotechnical reconnaissance.
Lake Michel Hydro Development.

Lake Michel Hydrb'Deve1opment Visual Classification
of Soil Samples.

Particle Size Distributions of Soil Samples.
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APPENDIX A-1

REPORT ON PRELIMINARY GEOTECHNICAL RECONNAISSANCE

LAKE MICHEL HYDRO DEVELOPMENT

General

The development area is located in rugged terrain which has been heavily
glaciated. The upper plateau has an irregular surface comprising bedrock
ridges and small depressions which sustain Tittle vegetation. In contract
the steeply sloping stream valley and colluvial slopes support well-developed
vegetation and bedrock exposures are lTimited. Granitic boulders up to 2 m
fm diameter are common over the whole site.

The area is underlain by coarse-grained granite which is typically massive.

A thin veneer of glacial drift covers. the major portion of the plateau areas
below the crests of the hills. Accumd]ations of boulders and weathered materials
predominate on the valley slopes. No areas of mass instability, structural
faults or other major geological problems have been detected.

The penstock route traverses terrain with variable and often difficult topographic
and surficial ground conditions. Along several sections of the jinitial route

the valley wall is too steep for practical pipeline construction. In addition
disturbance of the surficial boulders at several Tocations on the steep slopes
would promote instability. The final alignment of.the. penstock route will

require careful selection to minimize construction problems and future risk.

Foundation conditions at the majority of structure sites should be straightforward
providing good construction practices are followed. Large boulders and rock
blocks will have to be removed at a number of locations, and rock excavation

will be required frequently.

Substantial lengths of construction road will be required but should not create
major problems, although road construction materials are scarce on the p]ateau.>
Materials suitable for earth structure and road construction are present along

the proposed access road routes, but moderate haul distances are necessary to
reach the plateau locations.
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Penstock

The following comments relate to the cut line along the initial alignment
selected for these components. The first 350 m of the route from the intake
traverses gently sloping terrain which is stewn with large to medium boulders,
but bedrock outcrop is rare. Farther along the cut line sidehill conditions
prevail with the slope angle varying considerably with elevation, and at some
locations approaching 55. degrees. In addition accumulations of boulders near
the surface are marginally stable where the steep slopes prevail. Operation
of construction equipment in such areas would be very difficult and the long
term stability of such deposits would be questionable.

Beyond 350 m from the intake along the cut line the side slope flattens somewhat
above the 1ine with bedrock outcrops farther upslope. Typically the bedrock

is relatively massive granite with major joint sets oriented sub-horizontal

and near-vertical. The sub-horizontal joints are tybica]]y spaced 0.3 to 1 m
and dip up to 15 degrees southwest. The near-vertical joints are genera]]y

wide spaced (1 to 2 m) and strike at roughly 40 and 140 degrees Az. Exposed
rock surfaces are moderately weathered, and weathering along the joint surfaces
has resulted in the formation of open joints (typically to 50 mm) and tabular
rock blocks. In some locations loosened blocks are in evidence but for the

most part the bedrock is relatively intact. No evidence of recent mass movement
was noted, but several detached rock blocks have tumbled downslope. |

Between 350 and 600 m from the intake along the route an. alignment at an elevation
somewhat above the cut 1ine would probably result in fewer construction and
potential stability problems. Rock excavation will be required, however, at

~ some sections. The overall stability of the slopes in this area would be

improved by permanently draining a small pond some 45 m above the cut line.

Between 600 and 1300 m é]ongAthe routé the cut line crosses two very steep

sections of the valley wall about. 1050 and 1250 .m from the intake. Along this
section of the route rock outcrop is common upslope from the cut Tine. Realign-
ment of the route to be east should be considered along this section (600 - 1330 m)
to avoid the very steep, boulder-strewn areas.

The final 150 m of the cut Tine route to be surge Fank traverses a moderate
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Penstock (cont'd.)
cross slope without significant rock outcrops, and construction should be
reTatively straightforward.

Vegetation is moderate to heavy over the whole valley wall. Care should be

~ taken to minimize disturbance of this material on the slopes since its presence

is beneficial to surfacial stability.

Considerable attention should be given to optimizing a route for the penstock.
In general construction will be more practical if the alignment is Tocated
where relatively flatter slopes exist or a bedrock bench. The optimum pipeline
route may require significant rock excavation, but this alternative is
considered preferable to partial embankment construction on the steep bouldery
slopes or elaborate stabilization measures. Consideration should be given

to setting the initial grade of the penstock 1intake at the highest practical
elevation to permit greater flexibility of alignment farther along the route.
In consideration of stability during construction and long term it is recommended
that the penstock not be supported on accumulated boulders where the natural
surface slope exceeds 33 degrees. (1 1/2 h:lv). '

Adequate support for the surge tank will be provided by bedrock which is
reasonably c¢lose to the ground surface above the intake to the penstock.

The proposed penstock alignment traverses a heavily-wooded and moderately steep
slope of the escarpment falling about 230 m at an average slope of about 28
degrees, The boulders. and colluvial debris covering the major bortion of the
slope face appear relatively stable. Disturbance of the boulders at several
locations, however, will create locally unstable areas. Several bedrock
outcrops were noted in the upper half of the penstock route but none were
observed in the lower half. Minor relocation of this.portidn.of the alignment
should not result in significantly improved foundation or construction consider-
ations.

Powerhouse/Tailrace
These facilities are located in a fan deposit at the toe of the escarpment

mainly comprising coarse granular debris from the slope above. No bedrock
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Powerhouse/Tailrace (cont'd.)

outcrop was observed but medium to large boulders are common on the surface
and along the adjacent stream bed. Vegetative cover is moderate near the
toe of the escarpment and along the stream.

Granite bedrock underlies this aréa but the rock surface is anticipated at
moderate depth. Foundation support for the powerhouse from the coarse granular
material would probably be adequate, but some' foundation preparation would be .
required. The tailrace excavation will be mainly in coarse granular material

and boulders. Excavation for structures below river level will require extensive

_ dewatering.

Head Pond - Spillway/Intake

B MR DU WA DUD R DN MU B

Medium to large granitic boulders predominate in the vicinity of the pipeline

intake and are common along the shoreline of the pond. Bedrock outcrop is not
obvious in the immediate area but overburden is expected to be shallow. Pond

water depths in the vicinity of the intake appear shallow.

At the proposed spillway location the streambed comprises small to large
granite boulders and tabular rock blocks. Stream flow passes over an apparent
bedrock sill but it was not possible to determine whether or not several of

the larger rock blocks were detached. Weathering of the bedrock typically
occurs along the joint surfaces resulting in separation of individual blocks.
Support of the proposed timber crib spillway structure on the underlying bedrock
should be reasonably straightforward. Foundation preparation will include

the removal of large boulders, and grouting of the bedrock may be required.

Eastward from the stream an organic-filled depression exists which will require
filling if the level of the head pond is to be raised significantly. The height
of structure required at this location will depend on the pipeline intake.
elevation desired.

Lake Omega - Divérsion Dam _
Granite bedrock is exposed inithe stream bed near the dam axis and along the
shoreline to the northeast about 100 m. The rock is generally massive with
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Lake Omega - Diversion Dam (cont'd.)

prominent joint sets sub-horizontal and near-vertical striking roughly at

0%, 40 and 100° Az. Moderate weathering along the joint surfaces has resulted
in. the formation of tabular rock blocks which are typically horizontal along
the stream bed. A thin veneer of glacial drift overlies the bedrock, and
medium to large granitic boulders are scattered over the ground surface and
continuously along the Take shoreline. Above-surface vegetation is sparseibut
the ground surface is covered for .the most part by organic mat.

Foundation conditions appear reasonably straightforward for an earth/rock
embankment structure of Tow to medium height. The crest elevation of this
structure will depend on the final grade .selected for the diversion canal.
Foundation preparation will include the removal of boulders and rock blocks,
and possibly grduting of the underlying bedrock to minimize seepage. Northeastward
along the dam axis excavation of unsuitable material may be required at several
localized depressions. The major portion of the proposed structure alignment
is. above the existing lake level and foundation dewatering requirements during
construction should be minimal. The proposed spillway site and canal at Lake
Omega and the control structure site at Lake Michel were not examined during
the visit reported herein. Foundation conditions at the spillway afe expected
to be generally similar to those described at the diversion dam however. From
a verbal description of conditions at the Lake Michel control structure it is
anticipatéd that adequate support for the proposed timber structure will be
provided, but a substantial volume of boulder excavation within the foundation

.area will probably be necessary in addition to possibly foundation grouting.

Proposed Borrow Areas - South Access Road

A visual examination of test pits in potential borrow areas previously identified
along the tentative south access route was carried out. In each case one test

pit considered representative of two or three which has been dUg in each deposit
was examined.

Water in the pits limited direct observations but the materials excavated were

examined., General descriptions of the mineral soils observed and comments

regarding suitability are summarized below. Deposits are identified as on
Drawing B1-124-C-4 and 5. '



| S T SN ST W SN W S Y SN i IR BNU MR N SN Mn i IR

' CIMFP Exhibit P-01028 Page 78

Proposed Borrow Areas - South Access Road (cont'd.)

Borrow Area 1 - Fine to medium sand, trace grave, trace silt - suitable
for embankment fi11.

Borrow Area 2 - Silt, trace sand, wet, suitable as impervious zone material
' only if water content reduced.

Borrow Area 3

Well-graded sand to gravelly sand, trace silt probably
suitable as filter material.
Borrow Area 4

Silty fine sand, trace organics, wet. - generally unsuitable
at present water content.

Borrow Area 5 - Sand with some gravel to gravelly sand, trace silt, wet -.

possibly suitable as filter material.

Utilization of these deposits will be improved if drainage is provided prior to
removal of the materials. Additional comments regarding material characteristics
and suitability will be made after the test pit samples are made available for
examination and testing.

High quality granular and impervious materials are not generally present on
the plateau, although several thin deposits of glacial drift suitable for

use as general fill are present. The massive granite bedrock is competent and
is suitable for use as rock fill, slope protection and crib ballast.

Additional.-Geotechnical Investigation
Additional field data will be necessary for final design and costing for this

project. As requested, recommendations for the extent of additional geotechnical
investigation are presented herein based on the conditions observed on site.

Penstock Route - Visual evaluation and mapbing along route after office
| ) optimization. based on topographic information.
Surge Tank - Two sampled boreholes to determine bedrock and over-
4 burden charactaristics.
Tailrace - Machine-dug test pits at maximum 100 m intervals.
Head Pond Spillway - Two sampled boreholes to determine bedrock characteristics.

Geological mapping.
Lake Omega Dam - Three to four sampled boreholes to determine bedrock
and overburden. If Take level to be raised substantially
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Investigation (cont'd.)

Lake Omega Spillway

Lake Omega Canal
Lake Michel Control
Structure

-Borrow Areas

Access Roads

machine - dug test pits or additional borings required
along northerly portion of structure. Gelogical mapping.
Visual examination, possibly supplemented by one or

two sampled borings if conditions not obvious.

- Visual examination and surface mapping.

- Visual examination, possibly supplemented by one or

two sampled boreholes if conditions not obvious.

- Four to six machine - dug test pits per deposit to
confirm quantities. '

- Visual examination and surface mapping.
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APPENDIX A-2
LAKE MICHEL HYDRO DEVELOPMENT

VISUAL CLASSIFICATION OF SOIL SAMPLES

General

(a) Soils classified by Unified Soil Classification System (Modified).

(b) Soils identified in a particular use category are generally not suitable
in a higher category as listed in code below.

(c) E-type soils will typically be difficult to place and compact when wet.

(d) I-type soils will be unsuitable for general embankment construction
because of susceptibility ¢o disturbance when wet.

(e) Soils classified SM are moderately to slightly frost susceptib]e;
(f) Soils classified ML are. highly frost susceptible.

Suitability Code

(NN W NN WA NERD SN WA B NI niny NeulN SR U SR i e N e .

F - Filter or Select Granular 1 - Suitable

R - Road Surfacing 2 - Acceptab]e - possibly requiring
minor processing

E - Embankment Fil1 3 - Probably acceptable with considerable
processing.

I - Semipervious to relatively
impervious :
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Pit*
Area No.

1 LM-001
1 LM-002
] LM-003
2 L.M-004
2 LM-005
2 LM-006
2 .M-006
3 LM-007

" *Refer to Drawing B1-124-C-5.

CIMFP Exhibit P-01028

APPENDIX A-2

PROPOSED LAKE MICHEL HYDRO DEVELOPMENT

- VISUAL CLASSIFICATION OF SOIL SAMPLES

Samp]e Depth
No. (m)

1 0.9

1 0.9

1 1.5

1 0.9

1 0.9

1 0.9

1 0.6

1 0.9

SILT

SILT

SAND -

SAND

SILT

SILT

SILT

SAND

Description (Visual)

SAND - fine to coarse sand,
some gravel, sl. plastic
dk. brn., wet.

SAND - fine to medium sand,
tr. gravel, some friable
Tumps, moist, 1t. brn.

gravelly, some silt, fine to
med. gravel, dk. brn.

gravelly, fine to coarse sand
and gravel, tr. to some silt,
well-graded, grey, moist.

sandy, s1. plastic, tr. organics;

some hard, friable lumps; dk. brn.

tr. fine sand, tr. clay, sl.
plastic, 1t. brn., dry (med.
strength).

SAND - fine to med. sand, tr.
gravel, tr. organics,
sl. plastic, dk. brn,
wet.

gravelly, fine to med. sand and

gravel, tr. to some silt, tr.
organics, dk. brn.

USC Class.

{Visua]}

SM-ML

SM-ML

SM

SW-SM

ML

- ML

SM-ML

SW-SM

Suitability
(Preliminary)
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APPENDIX A-2 (cont'd.)

PROPOSED LAKE MICHEL HYDRO DEVELOPMENT

VISUAL CLASSIFICATION OF SOIL SAMPLES

Pit* . Sample  Depth - - USC Class. Suitability

Area No. No. ~ (m) - Description (Visual) (Visual) (Preliminary)
3 LM-008 ] - 0.9 SAND'-'gravelly, fine to coarse sand & SM ' R-2
4 LM-009 1 1.2 SAND - fine to coarse, some silt, tr. SM E-]

gravel, well-graded, tr.
organics, dk. brn., wet.

4  LM-009 2 1.5 SAND.- silty, fine to coarse sand, tr. SM E-2
. * gravel, tr. organics, dk. grey,
wet. _
4  LM-010 1 1.2 " GRAVELLY SAND - fine to coarse sand & SW ' F-2
5  LM-011 1 0.9 SAND - some gravel, tr. to some silt, SW-SM R-2
: ‘ fine to coarse.sand, well-grade : F-3
| ‘ tr. organics, dk. brn. o
6 LM-012 1 o 0.9 GRAVEL - sandy,.fine to coarse gravel, GW ~ F-2
' ' med. to coarse sand, tr. silt
well-graded, tr. organics, :

vfu4' _ ‘ '_ dk. brn. . .
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APPENDIX B
BORROW MATERIAL INFORMATION

B-1 Material Specification

B-2 Material Requirements and Source



£ O &3

| -y

el WS S B S B e

" CIMFP Exhibit P-01028 N Page 90

APPENDIX B-1

MATERIAL SPECIFICATION

A. Impervious Fill (Zone 1)

1.

Description .
Materials for impervious fill shall consist of a well graded glacial

till obtained from approved borrow areas. The minus No. 4 size
fraction shall contain not Tess than 20% passing the No. 200 sijeve
size.

Borrow Areas

Borrow Area No. 2 will be utilized as the source of material for
the Lake Omega Dam and the Head Pond Dam. This material requires
no processing for use in the dams.

B. Fine Filter (Zone 2)

1.

Description
Fi]ter material shall consist of a well graded, processed, free

' draining mixture of sand and gravel. The filter material shall range

within 40 to 70 percent gravel sizes graded from 75 mm to 10 mm. The
remaining minus 10 mm material shall comprise 30 to 60 percent of the
material and shall contain not more than 2 percent passing the 200
mesh size.

Borrow Areas
Borrow Area No. 6 will be utilized as the source of material for the
Lake Omega Dam. This material may require some screening to remove

oversize material.

C. Coarse Filter and Gravel (Zone 3)

1.

Description
Materials for coarse filter shall consist of a well graded sand and

gravel with approximately 20 percent greater than 75 mm and not more
than 7 percent passing the 200 mesh size. The maximum size shall be
2/3 the thickness of the 1ift beihg placed (300 mm).
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C. Coarse Filter and Gravel (cont'd.)

2.

Borrow Areas

Borrow Area No. 4 will be utilized as a source of material for the
Lake Michel Dam and Head Pond Dam. This materia] will require no
processing for use in the dams.

D. Rockfill (Zone 4)

1.

E. Rip

. Description

Materials for rockfill shall consist of particles of hard, durable,
dense rock which shall be well graded within the following Timits:-

Materials Size Percent Finer Than
(mm) by Weight
600 ' 100
300 80 - 100
50 | 40 - 75
25 , 0- 50
12 0- 30
3 0- 10

Material finer than a No. 100 sieve will not exceed 5 percent by
weight of the fraction passing the 500 mm sieve.

Borrow Areas

Excavated rock from the canal area will be utilized as rockfill for
the Lake Omega Dam; excavated rock from the penstock will be utilized
as rockfill for the Head Pond Dam; ahd.quarried rock from a quarry

to be established near the structure will be utilized as rockfill

for the Lake Michel Dams. -

1.

Rap (Zcne 5)

Description _ A
Rip rap material shall consist of particles of hard, durable, dense

rock which shall be well graded within the following Timits:-
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Rip Rap (Zone 5)

1.

Description (cont'd.)

Materials Size
(mm)

900
600
300

50

Percent Finer Than
by Weight

100
90 - 100
35 - 60
0- 5

Particles less than 2 inches in size shall comprise not more than

5 percent by volume of the material placed.

Borrow Areas

Excavated rock from the canal area will be utilized as rip rap for

the Lake Omega Dam and excavated rock from the penstock will be

utilized as rip rap for the Head Pond structures.

Page 92
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APPENDIX B-2
MATERIAL REQUIREMENTS AND_SOURCE

l:i?" &« " ¥ ) [ 3 -
.mmmm%egp

QUANTITY

MATERIAL

STRUCTURE MATERIAL* REQUIRED PROCESSING AVAILABLE REMARKS
ZONE SOURCE (m3) REQUIRED (m3)
1. Lake Michel Dams ,
- rockfill Quarry 5,000 Crushing UnTimited
2. Lake Omega Dam ’ , -
- impervious Borrow Area 2 19,000 None 400,000 May need drying.
- fine filter Borrow Area 6 1,000 Screening 250,000 Alt. Borrow Areas 1 & 5.
- coarse filter Borrow Area 4 1,000 None 500,000 Alt. Borrow Areas 1 & 5.
- rockfill Excavation (canal) 13,000 " Crushing -77,000 :
- rip rap Excavation (canal) - 1,000 Selection 77,000 -
3. Head Pond Dam _
- rockfiTl Excavation (P.S.) 3,000 Crushing 175,000
- impervious Borrow Area 2 5,000 None 400,000 May need drying.
- coarse filter Borrow Area 4 1,000 None 500,000 Alt. Borrow Areas 1 & 5.
4, Penstock - ~
- select backfill Borrow Areas 3 & 4 34,000 None . 800,000 Area 3-Sand,Area 4-Gravel.
- Rockfill Excavation (P.S.) 27,000 Crushing 175,000
5. Roads |
- rockfill Quarry 119,000 Crushing Unlimited Quarries Opened as req'd.
- base coarse Borrow Areas 4,738 45,000 None 850,000 Alt. Borrow Areas 1 & 5.
- topping ~ Borrow Areas 4,738 23,000 Screening 850,000 Alt. Borrow Areas 1 & 5.
6. Concrete (A1l Strs.)
- gravel Borrow Area 4 - 1,000 Washing & Screening 500,000 Alt. Borrow Areas 1 & 5.
- sand

Borrow Area 3 800 Washing & Screening 300,000

*Refer to Drawing B1-124-C-4,
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APPENDIX C
. OMEGA DIVERSION

F.S.L. OPTIMIZATION
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_LAKE MICHEL HYDRO - DEVELOPMENT
OMEGA DIVERSION OPTIMIZATION
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APPENDIX D
HYDROLOGICAL INFORMATION

D-1 Monthly and Annual Mean Flows
D-2 Regulation Study |
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MONTHLY AND ANNUAL MEAN FLOWS FOR LAKE MICHEL

Drainage Area 103 sqg. km.

Flows in cu. m/s

Year Jan. Feb. Mar.  Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean

1958 - 1.11 2.99 4.67 3.57 5.32 2.16 2
1959 0.56 0.40° 0.19 3.92 10.5 9.6 1.86 1.27 1.46 3.05 4.26 4.41 J.6% g
1960 0.94 1.11 0.38 2.73 14.4 5.3 0.81 0.40 1.21 3.83 2.40 1.49 2..92 2
1961 0.35 0.16 0.43 2.57 13.6 7.3 2.89 1.33 2.70 6.05 3.21 1.30 2.88 E
1962 0.72 0.89 0.56 4.89 11.6 15.1 1.86 2.92 1.27 2.86 8.05 2.21 4.4) S
1963 4,26 0.97 0.27 3.19 18.1 7.5 ,2.46 3.19 3.13 . 2.73 4.38 2.86 4.76 e
1964 0.38 0.52 0.56 5.46 12,3 14.8 3.81 2.05 1.40 2,16 3.11 1.70  4.02

1965 0.97 0.24 2.73 1.33 8.1 19.9 1.81 2.18 1.16 3.78 4.94 0.78 3.99

1966  0.62 0.62 1.00 2.37 10.5 13.4 1.16 2.05 2.46 6.75 3.54 1.49 3.83

1967 ° 0.71 0.32 0.246 0.49 12.6 13.2 1.16 0.71 2.51 4,05 5.22 1.30 3.54

1968 0.49 1.70 2.67 °5.69 8.9 9.1 1.33 1.65 2.83 2.95 2.97 2.54 J.57

1969 1.35 4,38 1.11 0.97 14.4 19,1 1.19 2.57 1.81 2.97 5.67 6.81 5.28

1970 1.78 0.72 0.30 0.46 17.0 5.5 0.81 0.71 1.75 2.76 . 4.67 1.73 J.18

1971 0.62. 0.46 0.38 8.89 21.7 4.5 1.86 2.95 .2.37 ' 5.25. 4.62 1.16 4.56

1972 0.59 0.40 °1.73 -1.40 11.4 19.9 3.08 . 2.00 3.57 4.57 2.30 2.08 4.42

1973 0.38 0.62 0.89 1.11 18.2 10.9 4.67 4.00 2.05 2.35 -3.02° 4,70 4,41

1974 0.46 0.19 0.22 0.71 7.0 18.9 2.57 1.30 1.65 3.5 2.67 2.08 J.aj
1975 0.40 0.13 0.32 1.78 14.9 10.6 0.72 2.21 2.21 4.48 5.62 2.99 .3.86

1976 2.59 2.37 3.51 6.24 14,7 5.5 1.97 1.95 2.18 3.58 4.13  2.55 4.27

1977 1.37 0.56 0.46 2.65 13.4 26.3 5.43 2.62 2.97 7.80 2.33 3.48. 5.8

1978 5.59 0.40 0.16 0.49 17.9 8.0

Mean 1.26 0.83 0.91 2.87 13.0 12.2 2,13 2.05 2.27 3.95 4,12 2.49  4.00

\
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LAKFE MICHEL REGULATION STUDY  APPENDIX D2 Work Sheet

SUMMARY SHEET

INPUT DATA:
Study Period July 1, 1958 to June 30, 1978 = 240 months
Average Basin Flow 4.03 cms P -
Drainage Area Ratios: - Lake Michel Reservoir = 0.311
- Omega Reservoir = 0.495
- Omega Diversion = 0.194
Reservoir Volumes - Lake Michel Reservoir = 7.61 cms.mos.
- Omega Reservoir = 0.65 cms.mos.
Maximum Plant Flow = 5.30 cms
Firm Flow = 2.02 cms
kW Ratio = 2141
cms.

Rule Curve Points cms.mos.

Jan.. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
4.36: 2.80 1.30 1.00 3.76 7.04 5.77 4.14 '3.32 5.10 6.20 5.67

RESULTS: - 3
Total Spill at Oﬁega Diversion = 50.80 Cms.mos .
Total Plant Spill : = 130.84 "

Total Plant Flow = 788.88 "o
Total Basin Flow = 970.52 o
Average Spill at Omega Diversion = 0.21 cms )
Average Plant Spill = 0.54 - cms
Average Plant Flow = 3.29 cms
Average Basin Flow = 4.04 _
Firm Energy Output = 4325 kW '37.9  (gWh p.a.)
Secondary Energy Output = 2712 kW 23.7 (gWh p.a.)
Average Energy Output = 7037 kW 61.6 . (gWh p.a.)
Plant Capacity Factor (Firm) = 36.0 % '

Plant Capacity Factor (Avg.) = 58.6 %
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LAKE MICHEL — ALTERNATIVE Wwagi sae T
YEAR 1qtg I ENTYY FEB MAR | APR | may JUN oL | aue | sEPT | ocT | Nov CEG U
BASIN_FLOW /s 1.11]2.99| 4.67| 3,57(5,32 | 2,16/ - .
LAKE MICHEL RESERVOIR : . o
INFLOW m/s : D.2e a0 | 148 | eS| 6-67 '
OUTFLOW ms - ' Vt2. | 2.5% | .08 | a.oa | p.om I to )
VOLUME m/s -mos . Ads | mor fase | et | s
viL. m e | conm | S [ Fisa] Zina | Siah B
'OMEGA DIVERSION : ' '
DIVERTED FLOW m/s . o2 | 652 [ amn 8.65 | 1. ol o.am
SPILL m/s a.0s [ 0.9 6.05 | a.0on [ 6.0%3 soea Lo s
OMEGA RESERVOIR: 1 ' i )
IHFLOW m7/s 2.2% |4.62 | .30 | 2.46 | 3.7 2.5% R
OUTFLOY/ m/s ’ ’ 238 (A | &% [2.06 | 3.0 |20
VOLUME . m/s-mos 0.6% -1 [ P
\iL. m 514.0 — —dH24.0
PLANT FLOW n's T.28 S S.%a |2 -24 2.7 AR ~. h
SPILL AT PLANT m/s |- | " [ ann [58a | 0.95 [~am | o-na | 5a .
| YEAR 1959 JAN | FEB MAR APR | MAY JUN JuL [ Aug SEPT ocT HOV DEC CU{';}{;@?E{
BASIN FLOW m/s | 0.56) 0,40] 0,19 3.92| 10.5 9.611.8611.27) 1.46] 3 05| 4 26} a g1] v
LAKE MICHEL RESERVOIR: - 1
INFLOW mA |l oa9 | ool ooe] 12z | 337 | 299 0.5% | 0.39 | eag | a8 | 132 | 1.3 L
OUTFLOW m/s .63 V.74 1.8 0.94% ©.00 Q- 2} 1.8% | .oz | l.272 0.600 a.pv 1.1 Co
VOLUME | m/s~mos 4.2 .59 | 0.6 1.00 | 4.7 .04 | £.77 | A ] k| AT | .5 §. 17
VL m g15.3 | ©15.8 |S15.% | 'e1s. 4| 516.2% | T829.5 | Sue.t | S0 [ Brn.o [ SThr | stsie | T2
| OMEGA DIVERSION : , ' B
DIVERTED FLOW ms [ a.n | 6.88 | o0l | a1t 147 | 6.36 | 0.25 | 0.2 | 0.5% | 0.8% | o.%u
SPILL ms | o.0n | 6.00 | o.0n | a.oa 0:2% | 0.56% | mn.00 | aes | a.oo | p.oo | a.00 A. a0 e
OMEGA RESERVOIR: '
INFLOW ms [2,02 | 2.ov | 2.0 | 368 | 640 | a4 | 3.2 | 1.0 [ 2an | 2.0 | 294 | 43R
OUTFLOW m/s | 2eC | 2.0 |20 | 2ot | Godo | 64 | Tz | 2va e | 2ae | rew | A
VOLUME m/s-mos | 0,65 _ I A e ) - 0.65
vi.L. m 914.0 . -] . VR {14 .0 o
PLANT FLOW ms | toor | 202 |26t | 283 | Si%0 | S | 2% | 2,50 | 228 | 2.6 | 294 | 3T | <%
SPILL AT PLANT m‘/s 0.00 [P TN 0.750Q O-O_(;)_. 1. lEJ_ ~-'O.3'4- o.00 a.on .66 0.00n D.on f\.oc;" o [
-

. ) A . l oo . i &f ! [ .
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1

LAKE MICHEL — ALTERNATIVE ' D
YEAR 1040 T Tuan | res | mar [ aen MAY | Jun | wuL | aue | seet | oct | Nov | pec [ r'h';“‘
BASIN FLOW wys | 0.94] 1.11| 0.38] 2.73/14.4 5.3 0.81] 0.401.21 | 3.83] 2.40| .49/ 25>
LAKE MICHEL RESERVOIR : ‘ ]
INFLOW m/s | aas| 6.85 | aav | ans [ 4an ]| e | A2 | oo | aand | tas (1093 | o
OUTFLOW m/s 1.6 | 1.1 1.7% Yol 5. 00 n.o%m | V.S ) 1.7s 1.10 n.oo | & 77 ] o.en _
VOLUIE m’/s—mos a.304 AN Vove, oo [AER 7.9 eyl 4,14 3,27, A KIS KA IPCRR N _
L. m o (2 | S2%e | eas.o | S2a [STah [ S27.0 | $16.7 | ST6.7. | STh.a | 5760 { STAAf TN
OIEGA DIVERSION :
DIVERTED FLOW m/s 6.\ ' a2 n.n7 5.9%3 1 1.3b 1.0} o-lb 0.0 2.2.3 .74 | o.47 5.29 o~
SPILL m/s | -.a 7y 8.1 noan | 143 0.02. | 9.2 4.02 a.nn 2.00| o©-00 3.0 i
OMEGA RESERVOIR: o
IHFLOW m/s [ 2.25 [ 2.67 | 2.0 | 2.55 | 8.45. ] =92 | 108 | 2.02 | 203 | 2.64 | 2.0n | 2.0 ‘
OUTFLOW ms | 2.5 | 207 | 2o | 200y | Roas | 21 [ 2.6 | 7an | 2 et |26 | 262 | 0
VOLUILE mA-mos| o. 65 0 B T AR I I AP ’
Vi L. m % TOUPN —_— e e e RN G O -°_~f.f.__~. ,
PLANT FLOW s | e 17 2 [ 22 [ Rz ] 2 [ Toan |2 |26 26 [ 2T | 20T Ao
SPILL AT PLANT m'/S ').'ﬁ;, G.006 Q.00 | 2.2 7.Aa5n Do S, 3.1 ALan R :\‘ 3.0 AL . -
YEAR 1961 . oan | rFeB | mar | apR | may | wun | wu [ aue | seet [ oct [ mov | pec [CUSIPLAT-
BASIN FLOW mY/s 0.;55 0.16) 0,43 2,57 1 13,61 7.3 2.891 1.33) 2,70} 6.0581 3.2111.30 13205
LAKE MICHEL RESERVOIR: : ‘ :
INFLOW s o.\| 0.05| 6% | 0.0 | 423 | 2.7 0.%0 [ 6.4] | 0.4 [ .BY t.oo [ 6.0
OUTFLOW ms | 173 | 191 | 026 | a.25 | 0.00| .ot | 2.7 | 2.04 | Vbt | 0.52 | .80 | 112 .
VOLUME m’/S_-mos T | ALY .00 | 0.8% 4.78, | 7.aA 2. | A 2.27. | A .49 S.68 | 4
VIL. I R R N Y R R N O T s o
OMEGA DIVERSION.: , ‘
DIVERTED FLOW mAs | 0.67 | 0.83 | 008 | 0.50 | 1.3% | Lo | 6.8 | 0.2 | 051 | 1e3 | ez | a2t B
SPILL ms | a.00 a.%0 | 0.00 n.00 1.3 .27, a.na | 6.60 | aan | 0.1 0.04 TR T
OMEGA RESERVOIR: _
INFLOW m/s | 1.0n {20z | 1.25 | 2.02. | Boa | 471 | 4.6 | 2.9¢ | 252 | 455 | 220 | 20n |
OUTFLOW mis | 2ot 2o | ot | 202 | 7.2 ] a7 | ane [2aa {2 L ass [ 220 [ 2on
VOLUME mAs-mos| 5.65 | 0.65 |-o.11 | ~o.11 0.65 _0.65%
W.L. m  |ota.s [n24.0 | on1.0| 0220 | o740 : ' . Sat.o -
PLANT FLOW m/s | on [2.01 [T.oz [2.0% | Siso | 471 | Aae | roa [ 3.5 [4.95 (2.2 [ 202 cnw
. |SPILL AT PLANT m/s 0.0u Doy 0.62 0.6% Z..00 0N.00 0:00 o.‘oo S.00 0.00 | G.on SRR L

a. L. A ' . s ' (YY) ) [ .
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LAKE MICHEL — ALTERNATIVE | . =
YEAR 19027 | AN FEB | MAR | APR™ | mMa¥ | wun | “wuL | aus [ seet [ ocT | wov G [CNy 7
BASIN FLOV | mys 10.72 | 0.89] 0.56] 4.89 11.6) 15.1] 1.86] 2.92] 1.27] 2.86] 8.05]
LAKE MICHEL RESERVOIR: ' _ . _ _ | L
INFLOW ‘m/s | 0.1 | ozn | e.ig 152 | 2.6l | 470 | 0.6 | o.on | a.ta | oo [ 2.50 | 0.
OUTFLOW mA | 1.2 | tar [ren [ 1.8 | oo | 220 | 1ias 294 ] L | aios | oone | 1. an
VOLUME mA-mos| 2.6 | 252 | 197 [ twoo | a4t | Toa [ [ | 22 |4 | 646 | 2.ia7 '
w.L. m o [ert.1] 9258|524 825.4 |5.4 [517.0 [526.7 | 520 | S0 [S26.] ST6.% | S50 ;
OMEGA DIVERSION : ‘ : | » ,
DIVERTED FLOW  m/s | a.14- | @a7 | o.n 0.9 | 1.2% | 1.35 | 6.36 [ 6.67 | 0.25 [ o558 | 1.0V [ o.ax L
' SPILL - m/s | 0.0 a.a0 a.00 ©-0a 1.0 1.54. 6.00 a.0a | 800 | 000 | 0.45 | o.40 vk o
OMEGA RESERVOIR: , - . _ ‘ ' ; D
- INFLOW - m/s {z.00 |20t |20 | 49 | 6o ] nav | 2.2 [ 4.95 [ ven | 20n | s.30 | 3.00
OUTFLOW mfs | 2o | 2.0 | 200 | 400 | aos | naz | 303 465 [2.09 [ 202 | 5.20 | 300
VOLUME " mAs-mos| o.u6¢ - ' . _ o.4S
WL, ‘ m 314d.0 4— - : - —_ 240
PLANT FLOW - mA |z | 1ot |20n |49 | 530 | 5,30 [ 3.3 |4es [2.09 [zon | 5.20 [ 2.00 R
SPILL AT PLANT m/s  a-.00 | 8.00 | ©.0a Q.aq oo | 8.92 | n.oa | ase | o.0n 4.00 b.0a | a.ao X .:‘
YEAR 1963 JAN | FEB | MAR | APR | MaY | JuN | u [ Aus [ sert | oct | nov | opec [CUSNLRTVE
BASIN FLOW - ~m7s | 4.26] 0.97] 0.27{3.19118.1] 7.5( 2,461 3,19 3,13] 2.73] 4.33] 2. 86| 243
LAKE MICHEL RESERVOIR . .
INFLOW. mA |13 | o.30] 00n [0.99 | 5.63 | 233 o oo |0.97 | oas | 136 [ oso
OUTFLOW oms [ 23 | 293 ] 183 [ 104 Joeo | 13t ] 20s |26 [ 195 | 0ud [ 600 | 6.0 o
VOLUME = m/A-mos| 442 | 2.80 | 1.05 | .00 | @.o3 | Toa | 897 | 404 | 332 | 403 | g 3a | .07 |
w.L. m [526.4 [ 515.9 ] 525.4 [515.4 [S2.> [527.6 [526.7 | St [ S2L.0 g%t | St 6 |5
OMEGA DIVERSION : k : . ' '
DIVERTED FLOW w5 | .83 | 04% | 0.05 | 0.4 1 1.50 | 1.0 | o.ay | or [ 0.6t [ 051 | 6.85 [ o.5¢
_SPILL “mis | e.00 | o.00 a.00 | o.an | 2.0t | 0.2 o.60 [ 0.8 ©.00 .00 a.0a | s.00 ER
OMEGA RESERVOIR: _ | ' ' _ ' B o
INFLOW - m/s [5.30 | 2.80 | 2ov | 224 | 10.46 | .73 | 313 [ 48v | oS | r.ev | L.07 | 2.59 ?
OUTFLOW __'ms | 530 | 2.80 | t.et [ 324 | 1046 | .73 | 3.7 | <48 [ 305 | 2o | %o | 2.58 j
VOLUME 'rn’/s-mos 0.-65 S S _ . _ . 0.6S
] WL, ' m (®t4.n i ' N S __ler40 ]
PLANT FLOW mis | 5.30 | 2.80 | 2.0 [3.24 |'530 [85.30 | 3.93 |41 |3.85 |2-0n | v.en | .58 | 2 oa2S
SPILL AT PLANT m/s | o.as | 0.00 | 0,08 | a.o0 | 5.1 | 1.43 | 0.00 | 6.00 | 6.00 0.06 | ®.00 0-50—1 -y ot

on ’ "o I‘. e 3 ! [
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LAKE MICHEL — ALTERNATIVE

YEAR 1964 ' - JAN FEB | MAR | APR | MAY JUN | Jur | aue sepT | ocT | Nov | oEg e
BASIN FLOW mys | 0.38] 0,524 0.56| 5.46} 12.3v14.8 3.812.051}11.40 | 2.16] 3.11 | 1,70 x> 12
LAKE MICHEL RESERVOIR ! :
INFLOW - ms | aar | 6 | 97 | 110 3.87 | 4.6a]| 1.1 | 6.64 | 6.44. | 0.0 [t 6.7 | 053
OUTFLOW mA | 1,16 | Vb | 1623 ] 1,55 | 6.00| 2:S7] 2.45 | 2.27 | 1.2 [ 0.53 | 0.00 | 0.8%
VOLUME mA-mos| 2,07 | 2.63 ] 1.67 | 18 | 8.1 | 70al 897 | 404 | 3.0 | 34l | 4.an | 40
vi.L. m S726.7 | 6263 (9S54 | 625.5 [SW.S [527-0 [S24L-7 [S24h.7%] Sl | 5Tkt [SU. 2| ST
OMEGA DIVERSION : S .
DIVERTED FLOW m/s 6.077 Q.!In o-1] =} 1.8 1.37 0-74- 0.40 0.7 0-4L | o.60 0.3} .
SPILL w5 | o.an | 0.09] aen| 0.85] i 1.€a | n.aa | 6.co0 | o.oa | 6.0a [ 0.0 | 0.54 o )
OMEGA RESERVOIR: ‘ S
INFLOW m/s [ z.oL | 1.0v | z.0v | S.39 7.37 w1 | 608 [1.65 | 2.2 2o | Ras | 2o
) OUTFLOW m/s | 2.8 2,02 | 2o | $30 | .37 127 [ 08 [2.68 |20 (2| 204 | 2.0
VOLUME . mf-mos| o0.¢ 7 eef 2-65 |
L. m %514.0 C— -t 1% lc.0
PLANT FLOW mA |2.ov| 2.0 [2.00 | S.%a | S.30] S.30 | 5.08 | 3.68 (2.2 [2.on | 204 | Z.on | ?s%.T
SPILL AT PLANT m/s | a. oo | 200 | 0.a0 | ©.0a] .07 .| a.9a] a.00 | 0.0a | 0.0 | d.00 | o.0a Tk Sv
YEAR 1965 saN | FeB | mar | ApR | Mav [ wun | wur [ aue [ seet [ oct [ mov [ oec [CURLATVE
DASIN FLOW . m/s | 0.97] 0,24 2,73 1,33 8.1 ] 19,9 1.8102.180 1.16] 3.78) 4. 94] 0. 78} 1es.30,
LAKE MICHEL RESERVOIR:
IHFLOW mA | 0.2 | 6,07 ] 085 | 0.4l |25t | eus | 6.5 0.6 [6.36 | 118 [ .54 | 6.24 _
OUTFLOW ms [ 1,35 | 1.as | 0.33 | 1uo |o0.0a | =22 ]| 1,82 | 2.21 [ 1.2 | 606 | .00 | 1 ag _
VOLUME m/s=mos| 3.0k .22 | .20 | o.61 | =202 704 | 897 | 404 | Rt& | Ad.an | S| 478
VL. m |RW.0 [S3.5 |925.¢|515.3 | S2.0 | 527.0 | S52h.0 [SW.1 | S2b.0|526.3 |BLL.7 ] 51764
OMEGA DIVERSION: : _ . ‘ , i
DIVERTED FLOW ms | 0.0 | 00s | .83 [a.n6 | 1.$7 035 | 641 | o3 | 6.72 | .96 | 2.8 1
SPILL m?/s 5.00 | ©0.00 | A.00]| 0.0a | a.46 | 2,729 | .00 | n.0a 0.00 0.0060 | 0.00 | o.0a 15 <6
OMEGA RESERVOIR: ' X ‘ ' ' i
\ INFLOW m/s | 2.00 Lo | 2.0 .1 | 13%.70 1.09% L. Bl 2-0L | .60 2.40 | .o “
OUTFLOW . CmA 2.0% | Z.0 | 2.7} Z.-QL | Sar [ 1I%.70 ] .08 | 3.8\ 2.02 | .60 | B.40 | .o S
VOLUME m/s-mos | ©.6S . v - 6.6S
w.L. m |40 — —_—— - Sra.0 o
PLANT FLOW ms laa [ rov 2.0 Jren (802 | S.30 | 308 [2.81 | 2.0 | 2w | 2.40 | .02 | 285.3%
SPILL AT PLANT m/s | .00 | 5.00 | 0.00 | 0.60 | 0-0a | 8.45 | 0.00 | 860 | 0.06 | 000 | 0.00] 6.00 3e 23

Y . ‘ “we . T [ . ’
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Page 103

bw-t-mmumummmmmmmmmmmmm

Al

Q.00

YEAR  1qkf JAN FEB | MAR | APR may | oun | wr | aue | sert | oct | wov [ pEc |- {,’ ibvs =
BASIN FLOW mys | 0.62] 0.62]1.00 |2.37 [10.5 ]| 13.4 ] 1.16] 2.05] 2.46| 6.75] 3.54]| 1.49] 33-~.
-|LAKE MICHEL RESERVOIR : . » o ‘. :
~ INFLOW ms | 0% | oas | 0.21 | 0.4 | 2.2 | 447 | 030 |6.64 | 097 | 210 110 | 0. -
OUTFLOW/ mis | 18o] e | 1.33 ) 0.67 | an ] 125 ] ex 279 ] 1ee [ 0.32 ] 0.00] a.ce
VOLUME mA-mos| 335 [ 1.8 ] ax | 1oo | 417 T0a| 897 |ane | 3.0 | 50| 6.20 | 5.67 i
WL, m {S26.0[5813.7 [517.4[517.4[8%6-30527.5 | 526.7 [52L-2 [ SUe.0 |526.5 | St6-3 [516.6
OMEGA DIVERSION @ 7 . ’ ' '
DIVERTED FLOW m/s [ ot | o | 0.9 | 0.46 | 121 | 1232 [ 627 [ a.4n | 0.as [Vog [ 0.69 | 0.2 5_,;
SPILL m/s | o.a6 | 0.08 | 0.060 | 0.00 |-6.82 | 1.22 | a.60 | 6.0 | 6.00 {n.28 | 6.60 | .80 =
OMEGA RESERVOIR: ‘ ’ e
INFLOW m/s {200 | 2.0n | 2.0 | 230 | ¢.40.] .35 [t.av [ 368 [ 3.d | 491 | .44 | z.0v
OUTFLOY m/s | 2.02 | 2.02 | 2.02 [ 238 [ ¢ao [o.28 (202 v | 328 [ 472 | 244 | 2.00
VOLUME mAs-mos| o.o% : ' ' 0. 6§
vi.L. m |oraef : —te2s.0
[PLANT FLOW mA [7.02. [R.02 | 2.02 | 2.3%0 | S.30 [ g.20 | 2.4 | 3.68 [ 228 | 472 | 744|200 | 31651
SPILL AT PLANT m/s | 50.00 | 0.00 | 3.00 | 9.05 | Tin | 4.08 | d.an | 6.00 | 0.65 | 0.0a | @06 | a.aa ™. 5T
YEAR - 1qg7 JAN | FEB | mAR | APR May | wuN | ouL [ aue | sert | oct | Nov pec  [CURDLATV"
BASIN_FLOV/ ms | 0,7110,32 | 0,24 0.49012.6 113,20 1161 0.71] 2.51] a.05] s.22} 1:30] <:*
LAKE MICHEL RESERVOIR :
INFLOW w5 | 617 | oo | 0.07) 05 ] 3.02 | 4. N 0.3 | 0.t | 6.9 ] V.16 ]| l.en | 0.2
OUTFLOV/ mfs | 163 | 1.po | 1.85] 1.03| c.o0! 0.9 | (.63 | 1.85 | 1.0 | 0.00] 0.00 | 1.1¢ .
VOLUME m/s=mos| 4.36 | 2.66] 0.88 | 0.00 | 3.92 | 7.02| 5.97 | 444 | 332 | 45| c.20]| 5.4
Wi, ‘m|gh.3 [515.8 [S15.4 [S2y. [ S|S0 {5267 | 526.2|526.0 [926.4 {528 | S &
OMEGA DIVERSION : ' '
DIVERTED FLOW ma | 044 | 006 | 0.058 | 6.10 | 1.2 | 1.3} 0.2y | .14 | 0.4 | 0.95 | 1.00 | 0.25
, ‘ SPILL mis | 0.600 | a.oo | .00 | 0.00 | 116 1.2S |.6.00| 0.06 | 0.0ca| b.oa| o.01 | 6.00 To-33
OMEGA RESERVOIR: , ' ' - ’
INFLOW m/s | z.02 | vot | 2oz | 1,27 [ 963 | Boa3 | 24 [ .34 [ 331 [ 2.7 [ 3.5 | 2 .en
OUTFLOW mi | 2.0% | z.02 [ 2.00] 2.0n. ] 6.88 | B.83 ]| 243 [ 234 | 3.33 [ 295 [ 3.53 | 2.02
VOLUME mA-mos| 6.5 | 0-65 | 0.6 | 900 o.65 : 0.65
W.L. m [3ra.0 |24 [92408 [B1n0 [ 92240 _ , s14.0
PLANT FLOW mis | 2.0 |2.02 |20 | 2.00. | 8.3 | .20 | 2.43 2.34 | 3-33 | 2.9 | 3.5% 1-0'1—,__’?_%.'_%.:?9.“
SPILL AT PLANT - m/s 0.00 | 0-0a 0.00 a.00 1.5 | 3.83 o)oe. O.oa 0.00 .00 | 5.00 a4.372
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YEAR 1948 oan- [ FeB | mar [ apR | mav | wun | o | avs | sert | oct | mov | oec  [Mip-TiT
BASIN FLOW ’ mys | 0.49] 1.70) 2.67f 5.69f 8.9 |9.1 1.33/ 1.65] 2.83] 2.95| 2.97| 2.5 47 3.
t=AKE MICHEL RESERVOIR: : _ ' : '
INFLOW ms | 018 | 0.53 | a.83] 1.77 | 1.07 | 2.83 | a.4y | 0.1 | 0.8 | 0.5 |f 0.82] .70 _
OUTFLOW mAs | 1.en b 1es | 23n] vae | .00 | 06 | 1.eg | 204 | 1.70 | b 00 6.00/ o0-28
VOLUME oA-mos| .08 | 2.20 | V3o | V.G | 437 704 g | 44 | 232 [ aae| S.06] 5.7
VL. m o ]%%6.|SL5.% [ 65.4 | 325.6 | S16.3 [S$17.0 | 6267 [ a2 | S$16-D [ §T4.% | ST56.§ {S k-
OMEGA. DIVERSION : _ ' »
DIVERTED FLOW m/s | o0 | 023 | 0.6 | 102 | 1218 1.8 | o.726 | 6.32.] 055 | 0.7 | 0.8 | 0.4 .
SPILL ' m/s | a.c0 | 5.00 | b.0oo| o.08 0.58 | o-61 .00 | b.ca| a.00 | s.00]| 06.00 .03 =
OMEGA RESERVOIR: ‘ , _ Sy .
INFLOW m/s | tov | 2.8 | 47 | $.30 [ $.55. )l s.an | 2o | 3.28 | v.6Y | 2-0% | 2.0€% ] 2len o
OUTFLOW m/s | 20n | 2.85 | 47 | s.20[g.55 [ 5.82 | 1ee | 328 ] 3.65 | 203 [ 205 | 2.0% i
VOLUME m/s~mos | o0.55 ‘ - ©:56
wi.L. m  |o4.0 _ PO
PLANT FLOW mAs | 200 [ 2.85 1417 | S.26 [5.36 [ S.3c [2.60 [ 3.28 | 3.65 | 2.03 | 2.05 | 203 | <3t ¢
SPILL AT PLANT m’/s o.0a | a.0a 0.00 0.00 | 0.15 0.5 | 5.0 0.060 a.060 5.00 a.00 0.00 ~
YEAR 1969 JAN | FEB | MAR | A®R MAY | ouN | ouL | Aaue | sept | oct | Nov DEC CU"LL&AE'
BASIN FLOW ms | 1,350 4,38] 1,11] 0.97] 14.4l39. 3011900 2.57) 1.81] 2.97] s 67| a.81] 533"
LAKE MICHEL RESERVOIR: _ : j i -
INFLOW mA | 0.42]-1.36 | 0.35 | ©0.30] 4.43] 5.54] 0.3 | 080 | 0.56 | 6.%2] 1.7 | 2.z
OUTFLOW mi [ 197 ] zaa | res | 1.35] e.00] 363 | tea [ 2.4 128 ] 5 00 ] o.00] 1.08
VOLUME - m/s=mos| 4.36 | 3.44 | 1.30 | 0.25 | 4.93 ] 7.0a] 5.77 | 404 | v | 4.24] €.or | 704
W.L. m 5162 | 6261 | $25.5| 515 -] S26.4 [527.0 [S26.7 | 526. | S26.0 [52L-3 [ S2W.7|527.0
OMEGA DIVERSION : ‘ i '
DIVERTED FLOW ns | o0tb| 0.85 [ 0.2 a2 | 1.36 [1.54 | 6.23 | 6.5 | 0.3 0.8 l.oL | l.o6 )
SPILL ms | 0.00] 6.00 | 0.00| 6-00] 1.42 | 2.16 | 0.00 | 6.00 | o.00) s.00 | 6.08 {0.76 1S .S
OMEGA RESERVOIR: - ' ' R
INFLOW m/s | 2.6l < -0 3.0 | 2.0ov | 3.49 |14 | 2.44 4.10 | 2.2 205 | 3.83 | s.S2
OUTFLOW mAs | L6k | 530 | 3.2S | z.on | 8.4 1462 | 246 | 470 | 2.63 | 2-05 [ 3.83 | S.52
VOLUME m/s-mos 0.6S i - 0.6
. WL, m  |st4.0 : >14.0 .
PLANT FLOW ms | 2.66[5.% [ 3,25 | 2.01] §.30 | S30 | 2.46 | 4.20 | .63 [2.63 [3.83 | 5.30 | aar.Se
SPILL AT PLANT m/s | 0.00 | 0.00 | 6.00 | 0.00 | 3.1% | .32 | 0.00 | 0.06 | S.a5 | 0.08 [ 0.00 | 6.22] 58.24

a4
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LAKE MICHEL — ALTERNATIVE
YEAR 1970 " fuan {-reB | mar | AR | mar | wuN | wuL [ aus | sepT | ocT | Nov
BASIN FLOW m/s 1.78{ 0,72/0.30| 0.46) 17,0} 5,5} 0.81f 0.71] 1.75] 2.76 4.67
LAKE MICHEL RESERVOIR ; ]
INFLOW - ms | 055 | o0.22.] 0.0% | a.14 | 5.25) -1 | eas | 022 o054 | ame | 1.45 | 0.5+ .
OUTFLOW m/s ] 3.1 1.78 ) 1.8) .22 | o.00| ©0.00 1.48& vas |1 3. o\ o.co0 | ©.81 »
VOLUME ~ mA-mos| 4.36 | z.ac | 1.08 | 0.00 | 6.25] 7.00 | s.97 | 42| 232 | 406 ) 5.5 | 5.12
viL. mo | St6.3525.5 [ ¢15.4 | 825 2| Ste.5 [ 5170 [ 5267|2262 { S .0 [S1er | S26.a | g1u.€
OMEGA DIVERSION : _ - ' , . - T
DIVERTED FLOW m/s | 0.15 | o0.14 | 006 | 0.0 | 1.4 | 1o 0.6 | 014 | 0.34¢ | 0.54 ] 0.5 | 0.3a
SPILL m/s 0.00 0.00 .00 | 60.04a .34 o.oS 0.00 | o.00 0.00 0.00 | 0.60 o.00 = .
OMEGA RESERVOIR: ‘ ' BE , e
“ INFLOW s | a4k | 2.28 | 20| 1.54 | 087 | 2374 | 204 [ 234 | 297 [ ron | 3.2 | 202
OUTFLOW . ms | aag ] v2e | o] 2o 2] 394 | 2ea 114 [ 257 [ 2o [ v | 10
VOLUME _ mA-mos| o.u3 | 0.65 | 0.6%5 | 0.7 | ©.65- : ~o.as !
w.L. m  (924.a [924.0 [524.0 [421-F |{o24.a : : lo24-0 T
PLANT FLOV/ mA | 4.46 | 228 |20 | 2.0 | S.30 |94 | 204 [ 134 | 2.87 [ 20 | Brx | zeon | 4 S
SPILL AT PLANT m/s 0.00 | 6-00| 06.00 | 0.00 | 3.2 | 0.00 | 0.00 | 0.00 o.00 .o.og 0. %0 o.00 | L1 -
YEAR 1971 : JAN FEB MAR | APR MAY JUN JUL [ AUG | sepT | ocT | Nov pec [CUNRLRRTT
BASIN_FLOW ms | 0. 62l 0.46 0.38] 8.89] 21.7] 4.5 | 1.86] 2.95] 2.37]5.25 ) 4.621.16] o6 &"
LAKE MICHEL RESERVOIR ! ‘ .
INFLOW mA | o | 6.4 | on| 276 | 6.5 | 140 | o.58] o2 0.74 [ 1.3 | 1,44 | o306
OUTFLOV/ m/s | | se .70 | 1.76| e.00] .6 | V.40 1.85 | 2.5 1.0 | .27 | o.c0 b.2n -
VOLUME m/s-mos 3.8 .. 1.6 | a.62] 3.3 7.04 "1.04. S.17 | 4.4 2.2 4R G\ S. %6
Ww.L. ‘m S2L-L|STS.?2|5LS5.3 | Stb-0l S1-0 | ST .0 $26.7]|626-%|S2Le.0 | S2h.-4|STL. 8 |92L.§ )
OMEGA DIVERSION : ' - .
DIVERTED FLOW mA | o | o.on | 0.01 ] V4 | 1ed | 0.87 ] 6.5 | 657 | 6.46 | 1.00 | 090 | 0.23
SPILL . m/s 0.00 0.00 | 0.00 0.58 2.57 0.00 | o.a06 Q.60 0.00 | 6.61 0.00 | a.en Ro.8s .
OMEGA RESERVOIR: ' ' - o ' e L
INFLOW ooms | ver |0 | 2o | s.5s [543 | a0 | 303 [ 458 | 3o | vpge | 3o [ 2.on
OUTFLOW “mis | 2o zer [ 20w [ 555 [isan | 450 2z [ acy [3an [ 188 | 308 | m.en
VOLUME m/s-mos | 0.6C | ~ ' - o.6S
w.L. A m [e2an - - : %24 o B
PLANT FLOW ms | L.oL | 2.0t |tor | S30 | S.%0 | 4.%0 | 313 | 458 |39 [ 3.88 | 3.8 | z.en| 51T
SPILL AT PLANT m/s | 6.00 [ 5.00 [ 0.00 | 925 ] 10.18 | 6.00 | 00 | 0.00 [ 6.00 | 8.60 | s.00 | G.08 | UL T

Tl ’ e i LY 1§ ! 1 . -
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LAKE MICHEL — ALTERNATIVE -
YEAR- 1972 | uan | FEB | MAR | aPR May | gun | oL | aus | sert | oct | wov '
BASIN FLOW wys | 0.59] 0.40{1.73 | 1.40 11.4] 19.9 3.08[ 2.00] 3.57| 4.57[2.30
LAKE MICHEL RESERVOIR : . ' —
INFLOW m/s | oy | o.11] o0.6a ] 0.4a | 3.65 | win | 0.0 | 06 | 1-11 1.a7 |* 0.7 | 0.68 L
OUTFLOW ma | 1.6l | 4] 144 ] 166 | cioe ] 237 223 | 1S | o3y | o-66 ] o.aa] e.59 .
VOLUME mA-mos| 3.3 [ 2.0 [ 1.0 | 0.6% [ 4.3 | Toa [ §.77 | 4da | 3.3 |4.6R | 4.9 | S.o
- WL, m st 515.7 [ 1. [ 925 [ 9y [$19.0 [ S26.7 [ S| STb0 | $2-A | S26. ] 5300
OMEGA DIVERSION ¢ . ' . . _
' DIVERTED FLOW m/s | oy | aop | 034 | 0.7 | .24 | 1.9 | 068 | 0.38 | 0.6% | 0.8%] 6.45 | 6.45 g
SPILL ' mY/s 0.60 ] 6.00 .00 0.00 | 6.7 1.2% .00 &-.0a 0.00 0.00 | o0.00 a.00 | X3
OMEGA RESERVOIR: T ' SR
INFLOW m/s | z.ov | 100 | ve4 | 2.0 | 6.85 [14.30 ] 4.35 | 3.63 | 43n 3.2 | 2en | e
OUTFLOW m/s | tor | zov | 2.64 | 2.92 | 6.89 [14.80 | 435 | 2.63 | 435 | 3.u | 2.0 | 2.0%
VOLUME . mA-mos| o.65- |- o-6S§
w.L. ' m dL 4.0 _ 4-. 0
PLANT FLOW ‘ mA | 2.0t 10n [2.64 [non | S.30 | S.30 | 238 [ 363 (4.7 (3.2 | 2on | 202 | S6...
SPILL AT PLANT mi | 0.0 5.00 | 0.on | .00 | 1.5 | ®5a | 000 | a.08 | 6.00 | 0.00 | 2.00 [ a.se 8%.nz .
YEAR 1973 oan | reB | mar [ apr | Mav [ wun | s [ ave [ ser [ ocr [ mov [ oec [CURTLATVE
BASIN_FLOW | ms | 0.38] 0.62[0.89] 1.11] 18,2] 10.9) 4,67] 4.00] 2.05{ 2.35(3.02 [4.70 | 73278 _
LAKE MICHEL RESERVOIR: : o _
INFLOW mAs | oo | eas | 028 | 0.3s | See | 3.3 ) 1as | 114 | e.eaf 0.93 | 004 | 1ag
OUTFLOW m/s | 1.9 ] Vs [ t.ar [ 1.20 | 6.oa | 2.01 | 2.08 [ 2.4 | 2.41 | 0.40 | 0.00 0.18 "\LA
VOLUME m/s-mos| 338 | 1.3 | 0.85 [ 0.00 | .66 | 704 |64t | son | 232 ] 3.8 | 450 | ¢l
VL. m|S1b.0[315.7 [S25.4 [ 525 |St6.b|S17- 0] s16.8 |92-F [S26. 0 ST6-1 {$26L-4 [S106. 6
OMEGA DIVERSION : ' ' :
DIVERTED FLOW mA | 607 | oo | 0.9 [ .2 | 1.5 1.2 | 0.9 | 0.718 | 0.40 | 0.4k | ©.5% | o.o . ,
SPILL msls 0.00 0.600 0.00 0.00 2.0 | 0.8 ©.00 0.00 0.00 | ©.00 . 0.00 a.00 36.7¢
OMEGA RESERVOIR: . , o ‘ ‘
INFLOW ma | gor |20t |20t (1% |10.5% | .63 §.3% [ .30 | 3.84 [ 2.0 | 2.08 | 3.6
OUTFLOW . mA | 2ot | 2.0 | tor] 20t {1046 ] 863 ] .30 | Siva | vaa [ rion | 20y | 302 i
VOLUME m’/s—mos 0.656 0.LS - 0.6S 0.5% 0.6S ; ) &.68% .
W.L. ' m  [924.5 |90 [Sr4.0 [923.3 |9r4.0 | —1 : L %140 L
PLANT FLOW mAa ety fron[ov | SI30 530 $.%0 | S-%0 | 3.84 (20 208 | 3.62 | Geunny
SPILL AT PLANT m/s | .00 | 0.00 | 6.00 | ©.00 S.l6 | 3.3%3 | a.00 | 0.00 | .00 | 6.00. | 0.0 Q.06 &Y VT

- . ’ ) ’ ' e . , e 3 ",
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LAKE MICHEL — ALTERNATIVE

'YEAR 1974 JAN FEB MAR | APR | MaY JUN JuL | aue | seet { oct | Nov
BASIN FLOW mys 10,46 0,190 0.22] 0.71] 7.0 18,9 {2.57 |1.30 | 1.65(3.45] 2.67
LAKE MICHEL RESERVOIR : R _ ‘ ' ‘ - ~ , '
INFLOW ms | 034 | 0.0 | 6.07 | 6.2 2.8 | .88 | a.80 [ 0.40 | 0.9 1.07 | 0.23 | 0.65 !
OUTFLOW ms | 1.9 1.29 | 1.87 1-S3 | o.o0 | 1o | 2.07 |1.03 | 1,33 | a.0n] o.18 | 0.5% ;
VOLUME m/s - mos AN 21 ] 0.48 o.00 | 2.18 ‘ .04 | S.m | L1 .12 | 4.1 5. 04| .12 1
W.L. : Com [s1eet [ 9250 fs2eTev 9t [ 528.7{927.0 [S1e.7 [$k. | S26.0 | S1e.g [ S26-S [S1a.€ :
OMEGA DIVERSION : ;
OIVERTED FLOW m/s 0.00 0.04. | 0.04 | a.14d. .09 .83 0.50 a-2¢ | 0.3 o.47 o.52 | o.cn - 7
SPILL m/s | 2.00 | 6.00 | 0.00 | 6.0a | 0.1 2% | 0.00 | 0.00 6.00 | o.00 o-0o | a6.00 I3 .
| OMEGA RESERVOIR: ) ' . _
~ INFLOW “m/s {2-0n |20t [ron | 20| as4 |l ey | vaa [ 293 [2.47 | 238 [ 2.0z | T -
OUTFLOW ms | 2ot | v.02 | R.0n | 20| 2. | wey | 3ae |29 [ 247 {2.38 [ r.0n | 2.0 —
VOLUME mA=-mos| 0.65 [o0.66 | ©-65 [-0.1a | a.4S ' 0.6
W.L. m  |3z4.0 [S2t.0 [524.0 [D22.0 [S24.0 : » a24.0 |
PLANT FLOW mAs | 1o 1.0 | e | .ot | 30 s.20 | naL | 2%t f2a0 {232 [0 |22 635.T
SPILL AT PLANT m/s | 0.00 [0.06 | 0.0u | 3.00 | a.00 [G.e1 | 0.c5 | 0.00] 0.00 [ 0.0a | .00 | 5.0a A>T
YEAR 1975 aN | Fe | mar | APR | may | wun | oL [ ave | sert | oct | wov pec  [CUNTALVE
BASIN FLOW mss | 0.4000.13 [0.32 [1.78 | 14.9(10.6 {0.72 [ 2.21] 2.21| 4.48(5.62 2.99 ?‘";
LAKE MICHEL RESERVOIR: ' '
INFLOW ‘mA o.uz. | 0.04 | o.10 o0.6$ 4.63 { 3.3 6.2} 0-69 | 0.6% | 1.38 .78 0.93
OUTFLOW m/s .74 | 1.93 | 1.6 | o.53 o.0o | 6.8 | 1.¢T | 2.19 1.S1 |o.03 | o.1d 1.4 _
"~ VOLUME _ m/fs=mos| 3.48 | 1.55 | a.oo | 600 [ a6z ]| 7.04a) s34 [ 4.1a] 23] 468 | 60! 5 67
W.L. m |s26-1 [$25.5 [sis.] $es.fgrp.n [S27.0 [ S1e-T [Se. ] S16.0 [ S20.4] Sk, 2| S50
OMEGA DIVERSION : ' ' . S
_ DIVERTED FLOW mAs | con | 6.02 | 006 [ 0.7s | 1xm [ 1.2 | 014 [ 0.43 | 0.43 | 087 [ 1.0n | 0.52
SPILL : m/s o0.00 | o.00 0.00 | 0.00 1.5} - 0.8% 0.-00 | 8.00 o.00 0.-00| o.07 o.00 Al 6o
OMEGA RESERVOIR! ot . ] - ' _ .
INFLOW ms | vev | vew | vty | 178 | 2.5 | 738 [ 2.ev | v.an | 3.0v | 3ar [ a0 | 1.sT
OUTFLOW ms | 2.0 | 2.ov | 2oon | 2o | 8.0 235 | 2o | 3.8 | 3.03 | 3.0n | 403 | 3-SC
VOLUME m/s-mos| 0.6%.| 0.6% | 0.5¢ | 6.2 | .6 _ 065
w.L. © m |94 |9t4.0 2237 |2720.9 a0 ‘ —i>d0 |
PLANT FLOW cmss | 2.6 | ron | 1o Lo | 530 5.0 ] 2.0 | 3.8 3.03 | 34| 4a.03 | R.57 673 .45
SPILL AT PLANT . m/s ,ib-oo 0.00 | D.an | ©-00 | T.%) .05 | ©.06 | 0.00 ©.00 | 0.00 o.60 | ©0.00 lon.6d

. PR TR B u') RPN . rdun- ! by a
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LAKE MICHEL — ALTERNATIVE . _ , . O
YEAR 1976 JAN | FEB | MAR | APR MAY | JUN | JuL | aue | seet | oct | Nov | pec [V it
BASIN FLow - ¥ |2.59 | 237 | 351 | 6.24 | 147 | 55 | 1.97 | 1.95 |2.18 358 | 443 |2.55 | 1.4 |
LAKE MICHEL RESERVOIR : RER : ' ) i

INFLOW mss | 0.81 | 674 | 109 o4 | 4.57 ] 171 | 0.6l | ol [ o | nn 1.28 0.7%

OUTFLOW m/A 200 | U 2.5% 117 ©.00 .3y (.67 | 2.4 1. 5o 0.0 0.00 0.3 Jl

VOLUME mA-mos| 436G | =.80 | V.30 | 2.07 | ¢-62 | 704 | 897 | 404 [ 33U |44 | 6.1 | 5.7

W.L. ™ [S16.% | STS.» [525.5[ $25.7 [526.% [S27.0 |26 [$26.4 [STe.0 5163 [ S0 | Snihn ' :
OMEGA DIVERSION : . » : ‘ - 1 , : :

DIVERTED FLOW m/s | o.50| 0.4 | 0.68 | 1.0 | 1.37 | t.et | oxa | 0.38 | 0.4z | 0we | 0.830 | 0.43

SPILL mY/s 0.00 | o.00 | v.00 0-17 1.48 .05 ©.o0an Q.00 0.00 ©.0a 0.00 0.00 = )
OMEGA RESERVOIR: ) : - : ' SIS

__INFLOW s | 390 3.93 | 5.0t | 30 | 8.65 | s.65 | 324 | 1.68 [ 3.00 | v.47 | 2.85 | z.00 j

OUTFLOW ~mis | 300 [ 1303 [ S.er | 2.v0] 8.65 [ 5.08 [ 274 | 2.65 [ 300 | vav | 2.85 [ 2.6 ‘

VOLUME .. mA-mos| o.e¢ _ N 0.65 | L

w.L. m %14.0 - . - N B - Y Y
PLANT FLOW mA [ 1.0 [3.03 [ s.o1 | 5.2 [ 520 [5.65 | 3.24 [ 3.¢8 | 3.00 | 2.47 | 2.85 | 2.60 | 715.43
SPILL AT PLANT ' mis | 0.00 |o.00 0.00 | c0.00 | 3.35 | g.00 | ©0.00 | 0.oo | ©-00 | 6.00 | 6.00 | 0.00 106 . Ny J
YEAR 1977 AN | FEB | MAR | APR May | oun | wu. | Aue | seet | oct | Nov pEC [“Wilges =
BASIN_FLOW __ms | 137 ] 056 | 046 2.65 | 134 | 263 | 543 | 262 | 297 | 7.80 | 2.33 | 3.48 | 94504 -
LAKE MICHEL RESERVOIR: ' _ - ’ ' ) '-

INFLOW mA | o.a3 | 0.7 |04 | 0.6 | 407 | 2.8 1.65 | 0.8] | 0.00 | 2.43 | 0112 | 1.0% .

OUTFLOW m/s | 174 \. 7'5 1.70 ).06 | ©.006 | 6.3} 1oy | 3.49 | 1.9 0.3 | .4 1oy s

VOLUME * mA-mos| 4tk | 280 | 124 | 1oo| a7 | v.04| 704 4.3 | 232 | S.at | s | s.67 i

W.L. ' m 4%6.3 | 315.n [ s1s. v [ s1s.4 | seig {50 | S e (363 | S0 S0 [ S10.7 [ Sla- g A :
OMEGA DIVERSION: ' _ , . '

. » DIVERTED FLOW mA | 017 | ot | 0.05 | 6.6t | 1.3 | 1.82 ] 1.0] | ©-SV | 0.5R [ ).10 | 6.4C | 0.63 .

SPILL » m‘/s 0.00 0.00 5.00 .00 1.8 .8 0-04 0.00 6.00 6.4\ 0.00 0.0 <350 i
OMEGA RESERVOIR! BN . ' ' §

INFLOW mAa | 268 | TaL | 2oL | .85 7.95 | viag 5.1 | '$.30 4.0\ 5.2 2.0 | 3.53 “

OUTFLOW mA | 168 | 20 [ 2oL [ 2-80 | 7.8 [ 25 | 5% | S.30 | 4.0l [ S5.30 | 20r | 3.53

VOLUME . mA-mos| 0.65— N N S -t Y~

Wi, ' m %4..0 - SR ‘ 224 .0 _ )
PLANT FLOW ma | 2.68 |tar |2.00 [285 [ S%0 ] 5.30]| S.30 [6.30 {401 [&8.3 | moon| %53 | TCS.4S ey
SPILL- AT PLANT m/s | o.00 |0:00 | 0.00 | ©-00 | 2.65 | 15.85] 0.0% | 0.00 | 6.00 | 0.06 | 0.06 | 0.08 | 125.53

- * TS ] ’ ' e . w41 ! Yol . ’ ' N ‘
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‘-I . v '.' , "‘3 .
LAKE MICHEL — ALTERNATIVE . L o
| YEAR. 1978 | 9aN | FeB MAR | APR MAY | JuN | JuL AUG - | SEPT | ocT | Noy | DEGC [SW i’
BASIN FLOW ‘ wys | 5.59 | 0.40 | 0.16 | 0.49 | 17.3 | 8.0 | ' T e e
LAKE MICHEL RESERVOIR E ,
INFLOW m/s | 1.4 ] o0 | 0.05 | 0.5 | 5.87 [ 21.49
OUTFLOW mA 1.5 | 2.2 | 1.9 1. 6% o.0o | . l.an.
. VOLUME mA=-mos| < ps, | .85 | 6.84 [ m.00 | &.87 | 7,04
wL o ‘ m o [s26.m [ S25. [suz.a| S| sb.6 [ S0
OMEGA DIVERSION A - 7 -
DIVERTED FLOW ms | j.ov | 6.08 | 0.63 | o.to | 1.49 NIEE v
SPILL m/s | 0.07 | 0.00 | 6.00 | o.o0 | 1.0 | 0.44 53
OMEGA RESERVOIR: ' ' . 1 L
INFLOW . m/s | 5.30 | 3.49 [ 2.0 | 143 | 1e.2g | 6.0
OUTFLOW ' mis | S.3e | veo| ten | 2en | 9717 | 6i0s ,
VOLUME . mA-mos| a.6% 0.6% 0.6% 0.04% 0.6% a.6% ' . ’
w.L. m {%2a.0 | 240 |9rc.0 [9222 | S2d.0| %40
PLANT FLOW mA | S | v.45 | .o [2.9C | 5.70 [ .30 728, 58
SPILL AT PLANT ' m/s | 6.oo | 0.oo | D.oa | 0.06 | 4.4 | 6.7% R
YEAR _ JAN | FEB | MAR |.APR | MAY | wuN | JuL | AuG | serT | ocT | Nov S e A
BASIN' FLOW ' mh B o
LAKE MICHEL RESERVOIR: ,
INFLOW mA . : _ ‘ -
OUTFLOW m/s ‘
VOLUME * m/s=mos ' i} ' , T : A - ' :
T WL, . m : T ’ ‘ '
OMEGA DIVERSION ,
- DIVERTED FLOW m/A
~ SPILL mA 7
OMEGA:RESERVOIR: , - -
'INFLOW | m/s ‘ | | , -
OUTFLOW m/A
VOLUME m/s~mos
| W.L. m
PLANT FLOW s | — .
SPILL AT PLANT m/s

e . -_, Ve . . e $1 ? s
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APPENDIX E
COST AND CASH SCHEDULES

Cost and Cash Flow Requiremen?s

Cash Flow Estimate

Page 110
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bREPAREn pY: J. J. CARNELL

APPROVED BY:

CIMFP Exhibit P-01028

CAPITAL BUDGET PROPOSAL

CAPITAL COST ESTIMATE & CASHl FLOW REQUIREMENTS -

1983  FISCAL YEAR, PREPARED 1982-06-03
($'s x 1,000)
Capital Cost Estimate (Budget)

Page 111

LAKE MICHEL HYDRO DEVELOPMENT

(Project Description)

Permanentf Manageme:
Energy Power  ATemporary/ b Quner” L ontingen orporate ff sus I TOTAL CASI FLOW
Structures/Structuref support fEngineerigy 05t Escalatio TOTAL p | rrosEcT  [MExcl. T
PERIOD ) c -
PRIOR YR. END {
19 83 Jan.
Peb.
Mar.
! Apr.
May - - - 20 120 3 4 - 147 . 147 120
June - - - 100 20 18 25 1 164 2 166 51
July’ - - 145 60 10 32 . 48 2 297 3 300 152
Aug. - - _ 292 21 10 51 80 1 475 5 480 100
Sept. - - 292 2 1w | s 84 3 481 7 488 274
Oct. - - 584 81 10 101 172 5 953 12 965 483
Nov. - 5, 584 82 10 102 182 6 971 18 989 544
Dec. - 5 - - 10 2 4 10 3 27 58 968 .
TOTAL - 10 1897 425 200 360 599 28 [| 3.519 74 3,593 2,692
19 lst. Qer.
2nd. Qtr.
ird. Qtr.
4eh. Qtr.
TOTAL
BEYOND
TOTAL PROJECT
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l '
CAPITAL BUDGET PROPOSAL LAKE MICHEL HYDRO DEVELOPMENT
PREPARED BY: _ J. J. CARNELL CAPITAL COST ESTIMATE & CASH FLOW REQUIREMENTS -
APPROVED BY: ' 1984 pIScAL YEAR, PREPARED _]982-06-03

(§'s x 1,000) (Project Description)

Capital Cost Egtimate (Budget)

ermanent Managemen A
3 ) orporate sUB 1 TOTAL CASH FLOW
Energy Power ) Ouner's fcontingenfy verheads F
Temporaryf, i Cost TOTAL D PROJECYT “Excl. IDC
PERIOD §tructdres tructure Support ngineerin Escalatio c L.
PRIOR YR. END - 10 1897 425 200 360 599 28 3,519 74 3,593 2,692
19 84 Jan. - - - - - - 8 : i 8 37 -4 826
Feb. N - - - - - oo - 43 13 7 .
Mar. - 38 - - 10 7 15 T 7 43 14 14
Apr. - - - . - 10 1 3 1 15 a4 59 7
May 40 434 584 161 10 184 414 1 1,828 45 1,873 15
June 37 524 584 140 10 195 | 452 3 |l 7.9a5 47 1,992 258
July 40 1243 292 212 10 270 650 18 2,735 60 2,795 1,797
Avg. ¥ 901 292 154 10 209 522 28 J 2,153 87 2,240 2,738
Sept. 37 na 292 179 - 10 249 642 21 1 2,57 116 2,687 2,015
oct. 40 1163 - 203 10 212 567 24 2,219 143 2,362 2,347
‘Nov. 37 1158. - 169 10 206 568 28 fl 2.176 174 2,350 2,715
Dec. - 1 740 - 187 10 141 400 24 1,502 206 1,708 ' 2,282
TOTAL 268 7342 2044 1405 100 1674 4,233 157 17,223 1,045 18,268 15,085
19 lat. Qer. i "
2nd. Qer. » “
Jd, Qtr. _
4th. Qtr. "
'l’()'l.'AL "
BEYOND : "
1l
. 3 300 2034 4832 185 ll 20742 1119 21861 - 17777
TOTAL PROJECT 268 7352 3941 1830 0 '

N
P . RS ) Lt ' . e ' o 4 1, »
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. >
CAPITAL BUDGET PROPOSAL LAKE MICHEL HYDRO DEVELOPMENT
PREPARED BY: J. J. CARNELL CAPITAL COST ESTIMATE & CASH FLOW REQUIREMENTS -
APPROVED BY: 1985  FISCAL YEAR, PREPARED 1982-06-03

($'s x 1,000) (Project Description)

Capital Cost Estimate (Budget)

t C t [
Energy Power e”;a"e" "agg'"e"t owner* gfeontingen oﬁgﬁﬁgidi sus 1 TOTAL CASHt FLOW
Structures fStructurdyo . ior fEngineerinh Cost scalatio /| Toran D |  PROJECT “"Excl. IDC]
PERTOD Support ' : ¢ '
PRIOR YR. END 268 7352 3941 | 1830 300 2034 4,832 185 20,742 1,119 21,861 17,7177
19 85 yan. - 9 - “ 10 22 64 | 27 L 258 229 487 2,520
’ Feb. - - - 12 10 4 10 8 I 44 249 293 610
Mar. - 159 - 6 10 26 ‘ 82 3 286 256 542 ‘92
Apr. - 128 - 20 10 24 76 4 262 260 522 104
May 624 1219 - 85 10 29 958 5 3,192 265 3,457 " 203
June 819 1727 - 269 10 424 4 1,436 14 ‘ 4,699 276 4,975 1,193
July 755 135 - 283 10 327 1,138 39 3,687 306 3,993 3.675
Aug. 840 127 - 255 10 35 1 1,19 43 3,804 353 4,187 3,990
Sept. 541 961 - 267 10 267 976 39 . 3,061 401 3,462 3.630
oct, 292 610 - 217 10 - 169 635 42 1,975 447 2,422 3.811
Nov. - = - 123 10 20 77 34 264 491 755 2,960
Dec. - 511 - 100 20 95 373 23 - 1,122 523 1,645 1.810
TOTAI K:yal 7668 - 1681 130 2004 7,019 | 281 22,654 4,056 26,710 24,598
1986 1st. Qtr. ' 16 16 16
2nd. Qer. i
3rd. Qtr. '
4eh. Qer.
TOTAL
BEYOND
MN39 15020 39 3511 430 4038 | 11881 487 ' 43477
TOTAL PROJECT . I i *178 48587 42375

.. e .-’ s . T " .
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. ‘ R ’

PBEPARED BY J.J. CARNELL ng/&u&fl é ‘ CAPITAL BUDGET PROPOSAL ) PAGE 1 oF L

APPROVED BY v | : CASH FLOW ESTIMATE OATE 82 06 03

PROJECT DESCRIPTION  LAKE MICHEL HYDRO DEVELOPMENT 1283 FISCAL YEAR

( x 1,000)

' ACCOUNT DESCRIPTION|  yan, FEB MARCH | APRIL MAY JUNE JULY AUG. SEPT. 0CT. NOV. DEC. TOTAL
ENERGY_STRUCTURES ' - - - - - - - - -
POMER STRUCTURES - - - - - - - - -
RN o TP ORARY - - - - 145 292 292 584 1313
SUB-TOTAL DIRECT CONSTR ‘ - - - - 145 292 292 584 1313

) ENGINEERING & MANAGEMEN] 1 - 20 100 60 Iy a 81 82 425
OWNER'S COSTS 120 20 10 10 |- 10 10 10 10, 200
SUB-TOTAL _ 120 40 1o 70 196 343 383 676 1938
CONTINGENCY : - 6 17 n 29 51 | &7 101 272
SUB-TOTAL ‘ - 120 46 127 81 225 394 440 777 2,210
ESCALATION 4 23 18 46 84 98 181 454
SUB-TOTAL 120 50 150 99 n 478 538 958 2,664
CAPITALIZED EXPENSE | . ' - 1 -2 1 3 5 | 6 10 28
CASH FLOW ' 120 51 152 | 100 274 483 544 968 2,692,
1.0.C. | - 2 3 5 7. 12 18 27 74
TOTAL COST 120 53 155 105'. 281 | 495 562 995 2,766
ACCUMULATED CASH FLOW 120 7 323 | 423 657 | 1180 17724 | 2692

Tl . ' v . e 41 " [ .
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PREPARED BY d. d. CARNELL/??(’,)M.@(}.(Z ‘ CAPITAL BUDGET PROPOSAL PAGE 2 OF 4
APPROVED BY ‘ / CASH FLOW ESTIMATE DATE 82-06-03
PROJECT DESCRIPTION LAKE MICHEL ﬁYDRO DEVELOPMENT —J’&HSCAL YEAR
(x 1,000)
ACCOUNT DESCRIPTION| jan, FEB MARCH | APRIL MAY JUNE JULY AUG. SEPT, 0cT. NOV. DEC. TOTAL
ENERGY STRUCTURES - - - - - - 40 37 40 37 37 40 231
| POMER STRUCTURES 5 | 5 - 38 - - 13 950 812 993 177 1213 5606
' SUPPORT h 584 - - - - - 584 584 292 292 292 - 2628
SUB-TOTAL DIRE,C.T CONSTR. 589 5 - 38 - - 1037 157 1144 1322 1506 1763 8465
ENGINEERING & MANAGAMEN - - - - - 161 140 212 154 179 203 169 1218
OMNER'S cosTs - - 10 10 10 10 10 10 10 10 10 10 100
SUB-TOTAL 589 5 10 48 10 7 1187 1793 | 1308 1511 179 1432 9783
CONTINGENCY | o8 o 1 7 1 26 178 269 196 227 258 215 1467
SUB-TOTAL 677 6 N © 8§ n 197 1365 | 2062 1504 1738 1977 1647 | 11250
ESCALATION ' 141 1 2 15 3 58 414 648 490 | 585 710 611 3678/
SUB-TOTAL - | a8 7 13 70 14 _ 255 1,779 |2,710 1,994  [2,323  |2,687 2,258 | 14928
CAPITALIZED EXPENSE 8 - 1 1 1 3 18 28 21 24 28 24 157
. CASH FLOW 826 1 14 n 15 258 1,797 |2,738 2,006 |2,347 |2,15 2,282 15,085
| 1.0.C. 37 .43 43 44 45 47 60 87 116 143 174 206 | 1,045
TOTAL COST | 863 50 57 115 60 305 1,857 12,825 2,131 l2,490 2,889 2,488 16,130
ACCUMULATED CASH FLOW | 3518 3525 3539 | 3610 3625 3883 5680 |8418 10433 (12780 15495 17777

P ' .‘ ar ot ' ' “e . o 3 " Vo N
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Wil
PREPARED BY__J. J. CARNELL p s 6 CAPITAL BUDGET PROPOSAL pace 2 or 4
APPROVED BY _ CASH FLOW ESTIMATE

DATE 82 06 03

1985
PROJECT DESCRIPTION  LAKE MICHEL HYDRO DEVELOPMENT ——FISCAL YEAR

ACCOUNT DESCRIPTION| gay, _-__fg;q'_ CmaRcH | APRIL | may | guNE | auLy AUG, SEPT, | ocT, NOV. nrc, 01l
ENERGY STRUCTURES 37 ] N - - [ eza | evar | 755 | sa0 | a1 | 202 | 308
POWER STRUCTURES 1347 329 34 47 93 630 1314 1276 1135 1127 961 610 8903
PERMANENT & TEMPORARY » - - .

SUPPORT - - - - - - ) B - B

' SUB-TOTAL DIRECT CONSTR. | 1384 329 3 47 93 630 1938 | 2095 1890 1967 | 1502 902 12811

| ENGINEERING & MANAGEMENT | 187 44 12 6 20 85 269 283 255 267 217 123 1768
OMNER'S COST 10 10 10 10 10 10 10 10 10 10 10 20 130
SUB-TOTAL 1581 | 383 56 63 123 725 2217 | 2388 2155 2204 | 1729 | 1045 14709
CONTINGENCY 237 © 57 9 9 18 | 109 332 358 . | 323 337 | 259 159 2207
SUB-TOTAL 1818 440 65 . 72 141 834 2549 | 2746 2478 2581 | 1988 1204 16916’
ESCALATION 675 162 24 28 57 345 1087 | 1201 13 1188 | 938 583 7401 <~
SUB-TOTAL | 2493 602 89 100 198 179 3636 | 3947 3591 3769 | 2926 1787 . | 24317
CAPITALIZED EXPENSE 27 8 3 4 5 14 39 43 39 42 34 23 281
CASH FLOW 2520 | 610 92 104 203 1193 3675 | 3990 3630 381 | 2960 1810 24598 v
1.0.C. 229 249 256 260 265 276 306 353 401 447 | 49 523 5175
TOTAL COST 2749 859 348 364 468 1469 .| 3981 4343 | 403 4258 | 3451 2333 29773
ACCUMULATED CASH FLOW | 20297 | 20907 | 20999 |21103 21306 | 22499  [26174 | 30164 73379 | 37605 | 40565 | 42375

. oy . ' . av N o 41 Vo 4
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- ; {
PREPARED BY J. J. 'CARNELLQQ/)(WJL’K ' " CAPITAL BUDGET PROPOSAL PAGE 4 OF 4
" APPROVED BY i CA?ZBZLW ESTIMATE DATE 82 06 03
PROJECT DESCRIPTION  LAKE MICHEL HYDRO DEVELOPMENT ———— FISCAL YEAR
ACCOUNT DESCRIPTION]  jay, FEB MARCH APRIL MAY JUNE JuLY AUG. SEPT, oCT. NOV. DEC. TOTAL
ENERGY STRUCTURES - - ‘
i POWER STRUCTURES 399 ) . 12 511
ORARY _
SUPPORT - -
SUB-TOTAL DIRECT CONSTR.] 399 ' ' n2 511
MANAGEMENT & ENGINEERING| 100 100
OWNER'S COST - ' v
SUB-TOTAL 499 " N2 611
CONTINGENCY : 76 16 92
SUB-TOTAL 575 _ 128 703
ESCALATION T 60 | ' T I T S R | s 38
SUB-TOTAL " 835 186 1021
CAPITALIZED EXPENSE 1 2 16
CASH FLOW 849 188 1037
1.0.C. o : : ' : 0 0
TOTAL COST 849 - 188 | 1037
ACCUMULATED CASH FLOW | 43224 33412

. N
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