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Newfoundland and Labrador Hydro
P.O. Box 12400

Hydro Place, Columbus Drive

St. John’s, Newfoundland A1B 4K7

Attention: Mr. M. Rana, Director
Generation Engineering and Telecontrol

Dear Sir: Churchill River Complex Power and
Energy Modeling Study

We are pleased to submit the final report of the Churchill River Complex Power and Energy
Modeling Study. We have provided 12 copies of Volume 1 and six copies of Volumes 2 and
3 containing detailed output. The first copy of Volume 1 contains diskettes with electronic
versions of the model setup and post-processor for your use.

The model as setup in this study is suitable for use in evaluating the proposed projects in the
Churchill River Complex.

It has been a pleasure to work with you and your staff on this project and we look forward
to continuing involvement with the Churchill River Complex studies.

Yours very truly,

S Lkt

SHR:sjc 8r\ R.J. Gill, P.Eng.
Vice President, Atlantic Region
Enclosure

ACRES INTERNATIONAL LIMITED

4th Floor, Beothuck Building, 20 Crosbie Place, St. John's, Newfoundland, Canada AIB 3Y8
Telephone 709-754-1710 Facsimile 709-754-2717

Vancouver, Calgary, Winnipeg. Niagara Falls, Toronto, Halifax, Sydney
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Executive Summary

This report documents the work carried out for Newfoundland and Labrador Hydro
by Acres International Limited to develop a power and energy model of the Churchill
River system. The model includes the existing and proposed projects in the Churchill
River Complex. The Complex consists of

» the existing Churchill Falls hydroelectric station;

* a 1000 MW proposed extension to the Churchill Falls station;

+ the proposed diversion of water from two rivers in Québec into the Churchill
Falls system via the Atikonak River;

* a 2264 MW proposed hydroelectric station at Gull Island, on the Lower
Churchill River; and

* a 824 MW proposed hydroelectric station at Muskrat Falls, on the Lower
Churchill River.

Acres Reservoir Simulation Package (ARSP) was used as the basis for the model
setup. The required output was average and firm energy from the total Complex for
various combinations of projects. A post-processor was also developed to determine
the energy available at the Québec-Labrador border, taking into account energy
requirements to Labrador and to the Island of Newfoundland via a proposed
transmission line infeed, and transmission losses to the border. Electronic copies of
the model setups were provided to Newfoundland and Labrador Hydro.

The model setup required

» review of existing information,

* initial model setup,

» comparison of model results with recorded data and with previous estimates,
and

+ final model setup.

The estimated firm and average energy output from the proposed projects is
summarized in Table S-1, together with the increment over the existing generation.

The energy for sale at the Québec-Labrador border is shown in Table S-2. These
results apply to a particular combination of losses and loads agreed upon for the
purposes of this study.

The model is recommended for Newfoundland and Labrador Hydro’s use in further
evaluation of projects in the Churchill River Complex.

Acres International Limited
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Table S-1 243
Estimated Firm and Average Energy AN
‘Model:Setups nstalled | ‘Firm “Incremental | ‘Average | Incremental |
~ [‘Capacity | Energy . Firm | Energy | Average .
(MW) | (TWhiyr) . Enmergy | (TWhiyr) |  Energy
el : | {TWhiyr) | (TWhiyr) y
Existing (CF1) 5600 | 31.37 - 34.50 -
CF1 + Gull 7864 42.16 1079 | 4628 s | (7% 404
] _ _
CF1 + Gull + 8688 46.24 14.87 50.69 | 16.19 4o M i nf
Muskrat
Diversions + CF1 + 6600 36.00 4.63 39.42 4.92
CF2 (New CF)
New CF + Gull 8864 47.91 16.54 . 52.42 17.92
New CF + Gull + 9688 52.40 21.03 57.19 22.69
| Muskrat
New CF + Gull + 9024 48.80 | 17.43 53.50 19.00
Lobstick
[ _|
New CF + Gull + 9848 53.29 21.92 58.28 23.78
Lobstick + Muskrat
Table S-2
Energy for Sale at Québec-Labrador Border
Existing (CF1) 31.18
CF1 + Gull 38.84
CF1 + Gull + Muskrat 43.10 11.92-
Diversions + CF1 + CF2 (New CF) 36.02 4.84
New CF + Gull 44.88 13.70
| New CF + Gull + Muskrat 49.49 18.31
New CF + Gull + Lobstick 4591 14.73
New CF + Gull + Lobstick + 50.53 19.35
: Muskrat

Acres International Limited
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1 Introduction

In February, 1998 Newfoundland and Labrador Hydro (NLH) engaged Acres
International Limited to develop a comprehensive power and energy model of the
Churchill River system. Such a model would allow NLH to evaluate firm and
average energy for a number of proposed developments on the river. This report
documents the analyses required to develop the model and presents the results for the
various developments.

1.1 Background

The Churchill Falls Hydroelectric Project was designed during the late 1960's and
constructed between 1969 and 1974. It consists of an 11-unit underground
powerhouse with a nominal installed capacity of 5,428.5 MW, two large storage
reservoirs, two forebays and a number of water control structures. Potential
developments on the Lower Churchill represent some of the largest untapped hydro
power resources in North America. Proposed sites of energy generation on the
Churchill River system include Gull Island, Muskrat Falls, and Lobstick water
control structure. The proposed new developments also include additional capacity
at the existing station, using diverted water from rivers in the province of Québec.

1.2 Objectives
The objectives of the study were

— to develop a comprehensive model based on ARSP (Acres Reservoir Simulation
Package), capable of determining firm and average energy for the existing and
proposed developments on the Churchill River;

— to provide a post-processor for determining the available energy for sale at the
Québec-Labrador border taking into account Island infeed and Labrador loads
and transmission losses to the border; and

— to provide NLH with electronic copies of final model setups of the power and
energy model for use by NLH staff.

Acres International Limited
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1.3 Approach

The initial planned approach was to take an existing power and energy model and the
physical data and hydrology in this model and use it to set up the ARSP model.
During the course of the work, it became evident that most of the data required
confirmation and consultation with NLH. In addition, information on physical
characteristics of some structures was available, which could be incorporated into the
model. The activities undertaken in the study were therefore as follows.

» Review existing models and information related to the Churchill River system
and proposed developments.

» Set up a power and energy model that matches the results of previous power and
energy models, while documenting possible changes and concerns in model
input values.

» Update the power and energy model to include all the physical characteristics of
the Churchill River system and the most up-to-date data.

» Calibrate the updated model with recorded plant data.

e Meet with NLH to discuss progress and identify any concerns in the model setup
and update the model based on NLH comments.

» Determine the preliminary firm and average energy for existing and proposed
developments on the Churchill River system.

» Present and discuss preliminary results with NLH staff and make any changes to
the model to reflect any concerns or questions from the presentation.

+ Determine the firm and average energy for existing and proposed developments
on the Churchill River system.

e Review the transmission layout for the Churchill River system and develop a
post-processor for determining the available energy for sale at the Québec-
Labrador border taking into account Island infeed and Labrador loads for existing
and proposed developments.

» Tabulate the available energy for sale at the Québec-Labrador border.

Acres International Limited
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o Document results.

A list of the information and sources is provided in Appendix A.

Acres International Limited



CIMFP Exhibit P-01497 Page 15

Muskrat Falls Project - CE-28 Rev. 1 (Public)
Page 15 of 116

System Description



CIMFP Exhibit P-01497

Page 16

Muskrat Falls Project - CE-28 Rev. 1 (Public)
Page 16 of 116

2 System Description

The Churchill River drains an area of 92,355 km?, and flows from west to east from
the Québec-Labrador border to Lake Melville, as shown on Figure 2.1. For the
purpose of this study, the total drainage area of the Churchill River was taken above
Muskrat Falls (just upstream of Goose Bay).-

The Upper Churchill River basin includes drainage into Ossokmanuan Reservoir,
Smallwood Reservoir, and local drainage to the forebays above Churchill Falls. This
area provides flows for the existing Churchill Falls hydroelectric station. Additional
flow for potential energy generation for the system is available from projects on the
Lower Churchill River (below Churchill Falls) and from diverted water from Québec.

The following section summarizes the system characteristics of the Upper
Churchill River, Lower Churchill River, and diverted basins from Québec.

2.1 Upper Churchill River

The Upper Churchill River drains a total area of 69,267 km? from the upper reaches
of the Ossokmanuan Reservoir basin to the Churchill Falls Hydroelectric Station.
The system is composed of two large storage reservoirs, two forebays and a number
of water control structures as listed below and shown in Figure 2.2. The total
nominal installed capacity of the system is 5,428.5 MW. The maximum continuous
operating capacity available from the plant is 5,600 MW with a maximum historic
peak of 5,765 MW. Reservoir and water control structures in the system are listed
below.

Storage Reservoirs and Forebays
— Ossokmanuan Reservoir

— Smallwood Reservoir

— West Forebay

— East Forebay

Water Control Structures

— Ossokmanuan Control Structure (Spillway)
— Gabbro Control Structure

— Lobstick Control Structure

Jacopie Spillway

Acres International Limited
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— Whitefish Falls Control Structure
— East Forebay Spillway.

There are also two large lakes, Lac Joseph and Atikonak Lake, providing natural
regulation above Ossokmanuan Reservoir. Lac Joseph flows uncontrolled from the
west into Atikonak Lake which, in turn, flows uncontrolled to Ossokmanuan
Reservoir. The water from the proposed diversions would flow into Atikonak Lake
from the southeast.

2.2 Lower Churchill River

The drainage area of the Lower Churchill River includes the drainage area of the
Upper Churchill River at 69,267 km? plus that of the Lower Churchill River above
Muskrat Falls at 23,088 km?.

The proposed hydroelectric developments on the Lower Churchill River are located
at Gull Island and Muskrat Falls, approximately 80 km and 40 km upstream of
Goose Bay, respectively. These would be essentially run-of-the-river developments,
operated with essentially constant headpond levels. The proposed installed capacities
of the generating stations are approximately 2,264 MW for Gull Island and
approximately 824 MW for Muskrat Falls.

2.3 Churchill Falls Additional Capacity (CF2)

The proposed CF2 generation would come from an additional 1,000 MW at
Churchill Falls, supplied by water diverted from two rivers, the St. Jean River and
the Romaine River, in the province of Québec. These rivers which now flow south
into the Gulf of St. Lawrence would be diverted into Atikonak Lake, and from there
would flow into the Ossokmanuan Reservoir. The St. Jean River would be diverted
through a diversion channel to the Romaine River. A storage reservoir would be
constructed on the Romaine River, and flows would either be stored, spilled or
diverted to the Upper Churchill River basin depending on energy demands. The
flows diverted to the Churchill River basin would be regulated by a control structure
located upstream of Atikonak Lake. No additional spillway capacity is planned in
the Upper Churchill River; flood handling will be reviewed separately.

The diversion structures on the St. Jean and Romaine Rivers would include structures
for release of fishery flows to the lower portion of the rivers.

Acres International Limited
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The local and cumulative drainage areas for the Upper and Lower Churchill River
and the diversions are summarized in Table 2.1.

Acres International Limited
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Sub-Basin/ Local Drainage Cumulative Drainage Area (km”2)
Basin River Area Without With
(km”2) Diversions Diversions
Diversions from |St. Jean River 1217 - 1217
the Province above diversion
of Quebec ‘
Romaine River 8402 - 9619 |
above diversion
|
Upper Churchill |Lac Joseph 7070 7070 16689
Ossokmanuan 15362 22432 32051
Reservoir
Smallwood 45110 67542 77161 |
Reservoir |
West Forebay 1108 68650 78269
East Forebay ‘ 617 69267 78886
Lower Churchill |Gull Island 19832 89099 98718
Muskrat Falls 3256 92355 101974
\

Source: Churchill River Complex Energy Report (January 1991)

Hydro-Quebec Presentation Notes (February 1998)

07-Jul-98

TAB2_1.WK4
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3 Streamflow Sequences

In order to assess the power and energy benefits of the proposed alternatives, a
monthly flow simulation model was set up to represent the Churchill River system.
Representative inflow sequences for each of the sub-basins in the system were
required as input data for the simulation model. Based on available data, inflow
sequences for 54 years were developed. The three main sub-basins requiring inflow
sequences are as follows.

(1) Upper Churchill River
— Lac Joseph local inflows.
— Ossokmanuan Reservoir local inflows (including Atikonak Lake).
— Smallwood Reservoir local inflows.
— West Forebay local inflows.
— East Forebay local inflows.

(2) Lower Churchill River
— QGull Island local inflows.
— Muskrat Falls local inflows.

(3) Diversions
— St. Jean River local inflows (above diversions).
— Romaine River local inflows (above diversions).

3.1 Data Sources

The data sources used for developing the streamflow sequences were as follows.

e Gull Island Power Development:. Review of Engineering and Capital Cost
Estimate Final Report, Volume 2: Detailed Calculation of Energy Simulation

(October 1997).

o Churchill Falls Inflows Harmonization of Hydro-Québec and CF(L)Co Data
Bases (October 1997).

» Partial Diversions of Upper St. Jean and Romaine Rivers: Preliminary Studies -
Hydro-Québec Presentation Notes (February 1998).

Acres International Limited
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* A Development Scenario for the Upper Churchill Watershed - Hydro-Québec
Presentation Notes (September 1997).

Using these sources, inflow sequences were developed for each of the sub-basins as
discussed in the following section.

3.2 Inflows

During the initial stages of the study, inflow sequences from the Gull Island Power
Development Report (October 1997) were used directly for both Upper and Lower
Churchill River sub-basins. During meetings with NLH and correspondence with
Churchill Falls (Labrador) Corporation CF(L)Co staff, it was agreed that the
Harmonization Report (October 1997) inflows should be used, where available, in
developing inflow sequences.

The Harmonization Report (October 1997) included flows for the Upper Churchill
River for the period 1976 to 1996 only. Therefore, the Gull Island Power
Development Report (October 1997) hydrology was used for the years before 1976.
For the Lower Churchill River basin, the hydrology from the Gull Island Power
Development Report (October 1997) only was used because the Harmonization
Report (October 1997) did not include any information on this basin.

For the diversions, the only flow information provided was average inflow above the
diversion for St. Jean and Romaine Rivers from the two sets of Hydro-Québec
Presentation Notes (September 1997 and February 1998). The average inflow for
St. Jean and Romaine Rivers was stated as 29 m*/s and 186 m®/s, respectively, giving
a total diverted inflow of 215 m?s. The approach used to develop an inflow
sequence for these two rivers was to prorate the local inflows to Ossokmanuan
Reservoir based on the ratio of average inflows. In general, this assumes that the
diversion inflows follow the same pattern as the Ossokmanuan Reservoir inflows.

The sources of the inflow sequences are summarized in the table below.

Acres International Limited
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3-3
s Inflow Sequence _
Upper Churchill
- Lac Joseph
- Ossokmanuan Reservoir ' 1943-1975'; 1976-19962
- Smallwood Reservoir 1996 - 1997 !
- West Forebay
- East Forebay
Lower Churchill |
- Gull Island 1943-1997
- Muskrat Falls
Diversions 1943-1997
- St. Jean River Ossokmanuan local inflows prorated
- Romaine River based on average local inflows

' Gull Island Power Development Report (October 1997)
2 Harmonization Report (October 1997)

The inflow sequences for each of the sub-basins used for the final model setups and
results are provided in Appendix B.

When the mean annual runoff (MAR) for the Upper Churchill basin was compared
with the MAR for the Lower Churchill basin for the period of record (length of
inflow sequence), it was noticed that the MAR for Smallwood was about 5 percent
higher than for Gull Island. In general, given the general climate and topography, it
might have been expected that the Lower Churchill MAR would be higher than the
Upper Churchill MAR.

As a comparison, the MAR for the overlapping period of record January 1985 to
December 1995 was determined for hydrometric stations in or adjacent to the Lower
Churchill River. The results, as presented in Table 3.1, showed that the MAR’s for
the gauged basins are higher than the MAR of the Lower Churchill River. This
suggests that the reference streamflow sequence used for the Lower Churchill River
may be underestimating flow.

This comparison is provided for information only, since it was not in the scope of
work of this study to update the hydrology. This question may be addressed
separately.

Acres International Limited
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Mean Annual Runoff (MAR) for Churchill River and Adjacent
Hydrometric Stations
Basin Drainage Average Flow MAR
Area Jan 85-Dec 95
(km”"2) (m"3/s) (mm)
Smallwood local Inflow* 45110 795.0 556
Gull Island local Inflow* 19,832 335.0 533
Minipi River Below Minipi Lake 2,330 51.5] 698
Naskaupi River Below Naskaupi Lake 4,480 79.6 561 |
Little Mecatina River Above Lac Fourmont 4,540 83.6 581
Churchill River Above Upper Muskrat Falls** 92,500 1651.0 563

*Flows were taken from Gull Island Power Development Report (October 1997). Others are

Environment Canada Hydrometric Stations.

**1989 is missing from this record, but it is just slightly above average. MAR could be expected

to be a few millimetres higher.

07-Jul-98 Tab3_1.WK4
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4 Churchill River Model Setup

This section of the report gives a detailed description of the model setup of the
Churchill River system. The ARSP model was used to evaluate the existing and
proposed energy generation. ARSP uses a simplified network of channels, reservoirs,
nodes (connecting points for channels), structures, and power stations to represent
a water system. A detailed description of the ARSP program is provided in
Appendix C.

The following section describes the model setup, the physical data used in the model,
and the calibration of the model.

4.1 Model Representation

In general, the model for the Churchill River system takes monthly inflows and uses
the water to first satisfy fishery demands (where required) and then to generate
energy, based on various physical and operational constraints. The portion of the
inflow not used for energy generation is either stored or spilled.

The input data required to set up the model include

representative inflow sequences;
— reservoir characteristics;

— power station characteristics;

— structure data; and

— operational data.

The representative inflow sequences have been described in Section 3. The
remaining input data are discussed in the following sections. A model schematic of
the Churchill River system, including both existing and potential generation facilities
and diversions, is presented in Figure 4.1.

The approach to setting up the model was as follows.

e Review existing information.

e Set up power and energy model using input data from previous study.
e Match previous power and energy results.

» Update model to include all physical characteristics of system.

e Calibrate model to existing data.

Acres International Limited
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» Discuss results with NLH staff.

» Update model input based on calibration results and comments from NLH staff.
» Determine preliminary firm and average energy for Churchill River system.

» Present and discuss results with NLH. )

o Update model based on discussions with NLH.

4.2 Comparison with Previous Energy Results

The most recent previous estimates of the existing and potential energy generation
of the Churchill River system are summarized in the Gull Island Power Development
Report (October 1997). This report estimated the existing energy of the
Churchill Falls facility and the potential energy generation if Gull Island and Muskrat
Falls were added to the system. The three cases investigated were

— Churchill Falls existing;
— Churchill Falls existing plus Gull Island; and
— Churchill Falls existing plus Gull Island plus Muskrat Falls.

The appendices to the report provided echoes of the input data used to estimate the
power and energy. This information was input to ARSP and reworked where
required to match the input requirements of ARSP. The ARSP model of the three
cases was then run using the same input parameters, and the results were compared.

Table 4.1 shows that both models, when using similar input data and run for the same
firm energy, produce similar results, as expected. The slight difference in the energy
values can be attributed to the different manner in which the two models handle the
power plant characteristics.

In developing the ARSP model and reviewing the input variables, it became evident
that additional information could be usefully incorporated in this study.
Ossokmanuan control structure was added, structure discharge curves were specified
for all structures, and the East and West Forebays were modeled separately.

Modeling all structures and structure curves is more important when the diversions
are included to ensure that no structure is limiting or acting as a control in the system.
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4.3 Physical Data for Model Calibration

The physical data used for the model calibration and subsequent model setups of
potential energy generation were derived from the following sources.

¢ CF(L)Co correspondence, storage curves (November 1996), structure curves, and
recorded site data (May 1985 to April 1997).

e Gull Island Power Development Report - Volumes 1 and 2 (October 1997).

e Churchill River Complex Energy Studies Final Report - Volume 1 (January
1991).

* Flood Handling Study of the Churchill Falls System (March 1989).

¢ Hydro-Québec Presentation Notes (September 1997 and February 1998).

In general, CF(L)Co data were used for input values to the model. In the case where
there were no CF(L)Co data on file, the Gull Island Power Development Report -
Volumes 1 and 2 (October 1997), Flood Handling Study Report (March 1989), and
Churchill River Complex Energy Report (January 1991) were used to derive the
required input values.

4.3.1 Reservoir Characteristics

As previously noted, the existing Churchill River system consists of two storage
reservoirs and two forebays. These include Ossokmanuan and Smallwood
Reservoirs, and West and East Forebays. CF(L)Co has developed and updated
storage curves for the reservoirs and forebays; the most recent curves are
presented in Appendix D. These curves were used to represent the storage in the
model. Key reservoir elevations, such as full supply level, dead storage level, and
surcharge level, were taken from both CF(L)Co data and the Flood Handling
Study Report (March 1989).

Smallwood Reservoir consists of three reservoirs - Hook Bay, Orma Lake, and
Lobstick. At low levels, the reservoir is separated into three separate reservoirs
connected by channels. For the purpose of modeling, the Smallwood Reservoir
was modeled as one reservoir, but the storage curve accounted for reduced
storage at low levels. The difference in levels due to the hydraulic connections
was not modeled. It would be possible to model the three reservoirs separately
if the channel characteristics were known for the channels connecting the
TESEervoirs.
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For the run-of-the-river projects at Gull Island and Muskrat Falls, it was assumed
that the reservoirs remain at a constant level on a monthly time step. For the
purpose of this study, the information on storage curves and reservoir levels was
taken from the Gull Island Power Development Report (October 1997) and the
Churchill River Complex Energy Report (January 1991), and this data was used
in the current modeling.

The only information available for the diversions was Hydro-Québec
Presentation Notes (September 1997 and February 1998). Storage is provided at
the Romaine River diversion only.

Key reservoir features, storage curves, and reservoir levels are presented in
Tables 4.2 and 4.3 for the Upper and Lower Churchill River system and the
diversions.

4.3.2 Power Station Characteristics
Power station characteristics were required for the following stations.

e Churchill Falls Existing Station.

» Lobstick Structure Proposed Power Station.

» Proposed Additional Capacity at Churchill Falls Station.
e Gull Island Proposed Station.

e Muskrat Falls Proposed Station.

Power station characteristics for Churchill Falls, Gull Island and Muskrat Falls
were taken from the Gull Island Power Development Report (October 1997).

Characteristics for the proposed Lobstick station were taken from the
Churchill River Complex Energy Report (January 1991) and were used with
minor adjustments.

Power plant characteristics for CF2 were derived from Hydro-Québec
presentation notes (February 1998) and information on the existing station.

Plant characteristics used in the final setup of ARSP are presented in Table 4.4.
Table 4.5 presents the tailwater curves for each station. As shown in this table,
the tailwater curves for Churchill Falls (and CF2) and Gull Island differ
depending on the development of downstream power stations. In general,
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Churchill Falls tailwater is affected by the development of Gull Island, and Gull
Island tailwater is affected by the development of Muskrat Falls.

In addition to these plant characteristics, the model also requires the available
capacity of the stations (availability curve) and the demand pattern for the system.

These two items are discussed below.

Availability Curve

Due to higher water temperatures in the river, the availability of the power
stations is reduced in the summer. The availability curve used in previous work
suggested that the available capacity varied from a maximum of 5,460 MW to a
minimum of 4,833 MW. CF(L)Co staff noted, however, that the maximum
continuous summer availability of the plant is 5,100 MW and the maximum
continuous winter availability of the plant is 5,600 MW. Although one or two
units would generally be down in the summer for scheduled maintenance, if
water were available in the summer that would otherwise be spilled, CF(L)Co
would postpone the maintenance. Using this information from CF(L)Co, an
availability curve was developed in consultation with NLH. This curve assumes
5,600 MW is available in winter (December to April) and 5,100 MW in summer
(June to October). Availability in November and May was taken as 5,350 MW,
the average of winter and summer availability.

This same pattern of availability was used for each of the proposed new systems,
except for CF2. For these units, it was assumed that the availability throughout
the year would be 100 percent, except in April. It was assumed that each unit
would be down for 2 weeks maintenance in April, and availability would then be
50 percent.

The availability curves used in this study and the Gull Island Power Development
Report (October, 1997) are presented in Figure 4.2.

Demand Pattern
Energy loads on the existing and potential system originate from four points.
These include

— Labrador;
— station site services and Twin Falls loads;
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~  Québec; and
— HVDC infeed to the island.

Demand patterns, as provided by NLH (Appendix E) for year 2008, were
reviewed and compared with demand patterns used in the Gull Island Power
Development Report (October 1997). This comparison showed that the demand
pattern provided by NLH when combined with Hydro-Québec loads was similar
to the pattern used for previous work. Therefore, the demand pattern used in the
Gull Island Power Development Report (October 1997) was used for this study.
The resulting monthly demand factors, defined as the ratio of the energy demand
during the month to the total annual energy demand are presented in Table 4.6.
These are shown as ratios of both GWh and MWc.

4.3.3 Structure Data

Structure curves (stage/discharge curves) were required for the following water
control structures.

Upper Churchill

— Ossokmanuan Control Structure (Spillway)
— Gabbro Control Structure

— Lobstick Control Structure

—  Whitefish Control Structure

— Jacopie Control Structure

— East Forebay Spillway

Lower Churchill
— Gull Island Spillway
— Muskrat Falls Spillway

Diversions from Québec
— Romaine Spillway
— Atikonak Control Structure

For the Upper Churchill Falls development, structure curves and tables were
provided by CF(L)Co for the main water control structures at Gabbro, Lobstick
and Whitefish (Appendix F). For the remaining structures in the system, curves
were taken from the Flood Handling Study (March 1989).
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For the Lower Churchill developments, the data were taken from the Gull Island
Power Development Study (October 1997). This study did not incorporate
structure curves and assumed any flow not used to generate power would be
spilled. This assumes that the spillway capacity would be adequately designed
to pass any flows above the maximum power flow. For the purpose of this study,
this assumption was taken to be adequate and to have no effect on the
determination of energy generation. As can be seen in Table 4.7, a large arbitrary
spillway capacity was given for Gull Island and Muskrat Falls to ensure that
spillway capacity would not be limiting.

For the diversions, the data available was limited to the presentation notes. The
maximum spill capacity of the Romaine structure provided in these notes was
used as the maximum capacity of the Romaine spillway. This number on a
monthly time step would not be exceeded; therefore, the spillway capacity was
assumed to be adequate for the spill structure. A control structure located at
Atikonak Lake would regulate the flow from the diversions to Ossokmanuan
Reservoir.

Table 4.7 summarizes the structure curves used in the model for all the structures
in the existing and proposed systems.

4.3.4 System Operation

The model maximizes firm energy production using the power plant
characteristics as defined. However, to ensure maximum energy conversion at
Churchill Falls, the new units are assumed to be loaded before the existing units.
Also, when fishery demands are imposed on the system, as is required for the
diversion, these demands are met before energy generation.

The definition of firm energy used for this study is the maximum average energy
that can be produced during the most severe dry sequence of the hydrological
record. The dry sequence begins after the last period when secondary energy was
generated and ends when the reservoirs are just empty.

After fishery and power generation demands are satisfied, the remaining water
in the system is either stored in the reservoirs, depending on operational rule
curves, or spilled if all reservoirs are at maximum operating level and the plant
is at maximum output.
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The rule curve for Smallwood Reservoir was taken from the Gull Island Power
Development Report (1997). For Ossokmanuan Reservoir and the forebays, rule
curves were developed from actual water levels provided by CF(L)Co. The
management rule curves of each of the reservoirs is described below.

¢ Ossokmanuan Reservoir
Reservoir drawdown begins in mid-February to allow for spring runoff.
During spring runoff, the reservoir is allowed to fill. Excess water in
Ossokmanuan Reservoir is passed to Smallwood Reservoir. If there is no
storage available downstream, or if there is insufficient capacity at Gabbro,
or if the plant is at maximum output, the excess water is spilled.

* Smallwood Reservoir
Smallwood Reservoir is operated to meet firm demand. If the reservoir is at
the rule curve, excess water is used to generate secondary energy, up to the
maximum plant output. Any additional water is spilled at Jacopie.

»  West Forebay
During winter, the levels in the West Forebay are kept high and constant to
maintain ice cover; otherwise, ice jamming could occur upstream of the
Whitefish Falls control structure. During summer, the levels are kept low to
allow for storage of excess flow.

* East Forebay
The East Forebay level is allowed to fluctuate depending on energy demands.
There are no specific operational constraints on the East Forebay, except that
full supply level is not exceeded.

Since the Lower Churchill developments are run-of-the-river, reservoir
management is more straightforward than at the Upper Churchill development.
Gull Island and Muskrat Falls headpond levels are kept constant (on a monthly
time step) and any flow above maximum power flow is spilled.

The Romaine reservoir was assumed to be operated to provide water for firm
energy if the Upper Churchill reservoirs are below their rule curves, water was
also released to bring them to their rule curves. Water will also be released to
generate secondary energy. If water levels in Romaine and St. Jean reservoirs are
above the maximum allowable levels, and the Upper Churchill reservoirs are at
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or above their rule curves, and the plant is generating at maximum output, excess
flows from the Romaine and St. Jean reservoirs will be spilled.

For the fishery releases, ten percent of the mean local inflow to St. Jean and
Romaine Rivers above the diversions is passed downstream. This demand must
be met before any system demands or constraints are imposed. Table 4.8
summarizes the monthly fishery releases assumed for both the St. Jean and
Romaine Rivers.

4.4 Model Calibration with Existing Data 1995-1997

In order to ensure that all the above physical characteristics represent the existing
system, historical data were used to calibrate the model. For the period May 1995
to April 1997, the model was run to match the recorded power flow. Simulated water
levels and generation were reviewed to ensure that the model accurately estimated
operation and flow releases.

The initial model run slightly over-estimated the power generation of the system, and
the plant efficiency in the model was reduced by 1.5 percent (the difference in
historical and simulated energy). With this change in input data, results agreed with
recorded data. This model setup of the existing Churchill Falls plant was used in all
further runs for existing and proposed developments.
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Availability
Month | Previous ARSP
Study Model
May 5118.4 5350.0
Jun 4922 .4 5100.0
Jul 4866.4 5100.0
Aug 4832.8 5100.0
Sep 4866.4 5100.0
Oct 5012.0 5100.0
Nov 5163.2 5350.0
Dec 5437.6 5600.0
Jan 5460.0 5600.0
Feb 5437.6 5600.0
Mar 5213.6 5600.0
Apr 5180.0 5600.0
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Comparison with Previous Energy Results

Case _ Average Annual Energ,
Previous Model ARSP Model Percent
o (TWhyr) (TWh/yr) Difference (%)
1) Match Existing Churchill Falls
~Churchill Falls 33.74 33.82 | 0.2
2) Match Existing Churchill Falls + Gull
-Churchill Falls 33.56 33.59 0.1
-Gull Island 11.85 11.84 -0.1
-Total 45.41 45.43 0.0
3) Match Existing Churchill Falls + Gull
+ Muskrat
-Churchill Falls 33.53 33.36 -0.5
-Gull Island 11.62 11.78 1.4
-Muskrat Falls 4.82 _ 4.75 -14|
-Total 49.97| /L2 49.89 -0.2
[ DM [ns |
Note:

- Previous average annual energies were taken from the Gull Island Power Development Study
(October 1997).
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Basin Reservoir/ Full Supply Low Supply Live Storage
Forebay Level -~ Level Volume
| (m) (m) (106 m"3) |
Diversions from |Romaine River 500.00 497.00 4000 |
the Province Diversion
of Quebec Headpond
Upper Churchill |Ossokmanuan 479.15 475.03 | 2835 |
Reservoir
Smallwood 472.74 464.05 28946
Reservoir
West Forebay 45293 451.00 141!
East Forebay 448.51 447.60 121
Lower Churchill [*Gull Island 125.00 122.00 550
Reservoir
*Muskrat Falls 39.00 39.00 0
Reservoir

Sources: Gull Island Power Development Report (October 1997)

CF(L)Co. Storage Curves (November 1996)
Hydro-Quebec Presentation Notes (February 1998)
Flood Handling Study Report (March 1989)

07-Jul-98
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Reservoir Storage Curves

Ossokmanuan Reservoir Smallwood Reservoir

" Elev. Storage Elev. Storage
m) | (*10%6m"3) (m) (1076 m"3)
475.03 0 464.05 0
476.00 586 467.10 2618
478.00 1923 469.00 10375
478.75 2490 470.50 17185
479.00 2701 471.50 22135
479.50 3176 472.50 27551
479.99 3734 473.04 30756

Source: CF(L)Co. (November 1996) Source: CF(L)Co. (November 1996)

West Forebay East Forebay

Elev. | Storage Elev. Storage

(m) | (*10%6m"3) (m) | (*1076 m"3)

445.00 0 443 .80 0
445.50 7 445.00 124
446.00 13 447.10 370
447.00 31 448.70 580
448.00 54 448.99 621
449.00 83 Source: CF(L)Co. (November 1996)
450.00 120
451.00 167
452.00 231
452.93 309
452.99 315

Source: CF(L)Co. (November 1996)

Gull Island Muskrat Falls
Elev. | Storage Elev. | Storage
(m)  (*10%6 m"3) (m) | (*10%6 m"3)
119.00 3200 39.00 0
122.00 3750 39.50 0
125.00 4300

Source: Gull Island Power Development Report (October 1997)

Romaing Headpond

Elev. | Storage

m) | (1076 m"3)
497.00 0
500.00 4000

Source: Hydro-Quebec presentation Notes (February 1998)

07-Jul-98
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Power Plant Characteristics
Power Plant _ Stations |
Characteristics ‘Lobstick Churchill "| Churchill Gull Muskrat ‘
Falls Falls New Island Falls
Installed Capacity (MW) 160 5600 1000 2264 824 |
Maximum Flow (m”3/s) 2020 1996 390 3055 | 2806 |
Best Efficiency Flow (m"3/s) 1618 1760 354 2752 2610
Efficiency @ Max Flow (%) 83.2 89.7 922 90.6 88.6
Efficiency @ Best Flow (%) 87.6 90.8 NR 922 90.9
Design Net Head (m) 9.7 312.4 3124 85.6 344
Head Loss (m) 0.18 0.00 0.00 1.39 1.09
NR - Not Required (Unit Base loaded); See Section 4.3.2 for Sources of information
Table 4.5
Tailwater Curves
Lobstick Station Churchill Falls and Churchill Falls and
CF2 without Gull CF2 with Gull
Tailwater | Discharge | Tailwater | Discharge | Tailwater | Discharge
(m) (n"3/s) (m) (m”3/s) (m) (m”3/s)
458.42 0 124.10 0 125.00 0
459.24 283 124.60 400 125.30 400
459.73 566 124.80 600 125.50 600
460.14 850 125.10 800 125.80 800
460.50 1133 125.50 1000 126.10 1000
460.82 1416 125.90 1200 126.40 1200 |
461.11 1700 126.70 1600 127.10 1600
461.38 1982 127.50 2000 127.80 2000
461.62 2265 129.10 2800 129.10 2800
462.09 2832
463.69 5653
Gull Island without Gull Island with Mouskrat Falls
Muskrat Falls Muskrat Falls
Tailwater | Discharge | Tailwater | Discharge | Tailwater | Discharge
(m) (m~3/s) (m) (m"3/s) (m) (m"3/s)
35.90 0 39.00 0 1.90 0
36.50 500 39.01 283 1.98 566
36.90 1000 39.03 566 3.44 2515
37.30 1500 39.07 850 3.80 3000
37.60 2000 39.09 1133
37.90 2500 39.19 1699
38.20 3000 39.32 2265
38.80 4000 39.48 2832
39.30 5000 40.37 5663
39.80 6000
Sources: Gull Island Power Development Report (October 1997)
and Churchill River Complex Energy Report (January 1991) 07-Jul-98 TAB4_4&5.WK4
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Monthly Demand Fraction

Month ~ Demand Fraction
MW/MWc ~ GWHh/GWh/yr
May 0.9073 0.0771
Jun. 0.8816 0.0725
Jul. 0.8767 0.0745
Aug. 0.8861 0.0753
Sep. 0.8828 0.0726
Oct. 0.9320 0.0792
Nov. 1.0458 0.0860
Dec. 1.1450 0.0973
Jan 1.2027 0.1022
Feb. ' ' 1.1687 0.0897
Mar 1.0838 0.0921
Apr. 0.9910 0.0815

Source: Gull Island Power Development Report (October 1997)
Note:

- ARSP model requires demand fraction with respect to power (MW/MWCc).

Therefore, numbers provided in Gull Island Power Development
Report (GWh/GWh/yr) were converted.

Table 4.7

Structure Discharge Curves

Gabbro Control Lobstick Control Whitefish Control
Structure Structure Structure
 Elev. | Discharge | Elev. | Discharge | Elev. | Discharge
(m) | (m"3fs) (m) | m?3fs) | (m) | (m3/s)

472.90 0.00 457.20 0.00 448.00 0.00
47335 169.90 463.30 2124.00 448.50 1077.00
473.96 339.80 466.34 3330.00 449.00 1518.00
474 88 566.30 469.39 4604.00 449.60 1905.00
476.40 1076.00 470.92 5326.00 451.10 2601.00
477.32 1415.80 472.44 6133.00 451.40 2718.00
478.54 1868.90 472.74 6329.00 451.70 2826.00
479.76 2491.90 | 473.96 7127.00 452.00 2937.00
45230 3045.00
452.60 3153.00
452.90 3258.00
453.50 3459.00

Source: CF(L)Co.

07-lul-98  TAB4_6&7.WK4
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Structure Discharge Curves

Flow Over Gabbro Ossokmanuan Jacopie Spillway*
Control Structure* Control Structure*
Elev. | Discharge Elev. | Discharge | Elev. Discharge
(m) (m"3/5) (m) | (m"3/s) (m) | (m"3/s)
472.90 0.0 474.20 0.0 440.90 0.0
479.76 0.0 475.50 311.0 445.00 1764.0
47991 59 476.30 623.0 446.50 2307.0
480.06 16.8 477.00 962.0 448.10 2904.0
480.36 47.5 477.80 1472.0 449.60 3557.0
480.67 873 478.50 2066.0 451.10 4269.0
480.97 134.5 479.15 2348.0 452.63 5045.0
481.28 160.5 480.50 3679.0 454.15 5888.0
455.00 6359.4
Gull Island Muskrat Falls Romaine
Spillway** Spillway** Spillway***
Elev. | Discharge Elev. | Discharge | Elev. Discharge
m) | (35 | (m) (m3/s) (m) (m*3/s)
115.00 10000.0 35.00 10000.0 485.30 2410.0
125.00 10000.0 45.00 10000.0 520.00 2410.0
East Forebay Atikonak
_Spillway* Control Structure***
Elev. Discharge Elev. | Discharge
(m) | (m?3fs) (m) (m"3/s)
436.47 0.0 490.00 0.0
438.90 169.9 497.00 335.0
440.40 396.4 500.00 680.0
441.96 736.2 |
443.50 1189.3 |
445.00 1699.0
446.50 2265.4
448.06 2718.4
448.67 2973.3
449.28 3199.8

Source: *Flood Handling Study (March 1989)
**Gull Island Power Development Report (October 1997)
***Hydro-Quebec Presentation Notes (February 1998)

07-Jul-98 T4_7cont. WK4
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Monthly Fishery Release (m“3/s)

Month St. Jean Romaine
River . . River

Jun. 8.8 56.7 |
Jul. 4.8 30.6
Aug. 3.1 20.1
Sep. 2.8 18.1
Oct. 3.0 19.3
Nov. 2.3 14.8
Dec. 1.6 10.1
Jan. 1.1 7.0
Feb. 0.8 49
Mar. 0.8 49
Apr. 1.1 6.7
Average 29 18.6
Note:

- Fishery release equal to 10 percent mean monthly flow

07-Jul-98 Tab4_8.WK4
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5 Model Results

This section of the report presents the firm and average energy results of each model
run for the existing and potential Churchill River developments. Detailed input and
output for each of the model setups are provided in Volumes 2 and 3 as follows.
¢  Volume 2:
ARSP model input and output, including summary of system production and
energy distribution, and available energy for sale at Québec-Labrador border for
Run 1 to Run 4.
¢ Volume 3:
ARSP model input and output, including summary of system production and

energy distribution, and available energy for sale at Québec-Labrador border for
Run 5 to Run 8.

5.1 Required Model Setups

The following model setups defined by NLH were required for this study.

»  Churchill Falls Existing (CF1) (Run 1)

e CF1 plus Gull Island (Run 2)

» CF1 plus Gull Island plus Muskrat Falls (Run 3)

e CF1 plus New Units at Churchill Falls (CF2) plus Diversions (New CF) (Run 4)
» New CF plus Gull Island (Run 5)

o New CF plus Gull Island plus Muskrat Falls (Run 6)

* New CF plus Gull Island plus Lobstick (Run 7)

e New CF plus Gull Island plus Lobstick plus Muskrat Falls (Run 8)

Acres International Limited
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5.2 Results of Churchill River System Modeling

Table 5.1 summarizes the incremental average and firm energy for Runs 1 to 8.
Model results for Runs 1 to 3 are summarized in Table 5.2 and model results for
Runs 4 to 8 are summarized in Table 5.3.

5.3 Comparison with Previous Results

Table 5.4 compares the ARSP model results with previous energy results. There is
good agreement between the total energy results of this model and the previous work.
The differences are due to the inclusion of additional data provided by and agreed
upon with NLH and CF(L)Co, as well as harmonized inflows.

54 Sensitivities

The following sensitivity runs were carried out to determine the effect of varying the
following variables on energy output.

o Three additional installed capacities at Muskrat Falls.

e Maximizing firm energy.

e Maximizing average annual energy.

» No fishery release from Romaine.

» Reduced period of record for inflow sequences.

e Diversion inflow sequence.

» Romaine storage curve and Atikonak Lake control structure.

Each of these is discussed below and the results of the analysis are summarized in
Table 5.5, which also shows the base case results.

Muskrat Falls Installed Capacity

In the original model runs which included Muskrat Falls, it was noticed that the
spill from the plant was significantly larger than from Gull Island. The
Muskrat Falls installed capacity was increased and the corresponding energy
determined. For this sensitivity, the case including CF1, Gull Island, and
Muskrat Falls (Run 3) was used for comparison. For the largest installed
capacity, (950 MW) the average energy increased by approximately 0.2 percent
over the base case.

Acres International Limited
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Maximizing Firm Energy

In order to maximize the firm energy of the existing system, each reservoir was
kept at full supply level. Although this is not the normal operation of the system
and would result in increased spill, it indicates the upper limit of firm energy
available from the system. This was performed for only the existing
Churchill River case (Run 1). The maximum firm energy of the system is
approximately one percent higher over the base case firm energy.

Maximizing Average Annual Energy

To maximize average annual energy, no firm energy requirement was imposed.
The reservoirs in the system were kept low. This rule ensures that storage is not
used to protect firm, and spill is minimized. The result indicates the upper limit
of average annual energy available for the existing system. This was performed
for only the existing Churchill River case (Run 1). The maximum average annual
energy of the system is approximately 0.3 percent higher over the base case
average annual energy.

No Fishery Release from Romaine

To indicate the energy lost through the release of water to the Lower Romaine for
fish, the model was run assuming no release of water to the Lower Romaine
River. For this sensitivity, the case including CF1 and CF2 and the diversions
(Run 4) was used for comparison. This resulted in the average annual energy
being approximately one percent higher than the base case.

Reduced Period of Record for Inflow Sequences

To determine the difference in energy of shortening the inflow sequence to start
the same year that the hydrometric station located at Muskrat Falls on the
Churchill River began recording continuous flow, the inflow sequences were
reduced from 54 years to 43 years. A review of the hydrometric station data
indicated that the gauge started recording continuous flow in 1954. Therefore,
the model inflow sequence was changed to begin in May 1954. For this
sensitivity, the case including CF1, Gull Island, and Muskrat Falls (Run 3) was
used for comparison. This increased the average annual energy by approximately
one percent over the base case.

Diversion Inflow Sequence

As previously discussed in Section 3.2, for the diversions from Québec the
Ossokmanuan inflow sequence was prorated based on average flow. Hydro-
Québec provided an inflow sequence which included local inflow from St. Jean

Acres International Limited
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5-4
and Romaine, and included fisheries releases. For this sensitivity, the case
including CF1 and CF2, and the diversions (Run 4) was used for comparison.
The average annual energy was increased by approximately 0.2 percent over the
base case. “

Romaine Storage Curve and Atikonak Lake Control Structure
Hydro-Québec provided the Romaine headpond storage curve and Atikonak
Lake, which were values not available during model setup and runs. To
determine the effect of these changes on the results, the case including CF1, CF2,
and the diversions (Run 4) was used for comparison. The average annual energy
was decreased by approximately 0.1 percent over the base case.

Acres International Limited
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Incremental Average and Firm Energy Above Existing Case (Run 1)

| Model Setups Installed Firm Average | Incremental | Incremental

Capacity | Energy | Energy |Firm Energy| AvgEnergy
g (MW) | (TWhiyr) | (TWhiyr) | (TWhiyr) | (TWhiyr)

Existing (CF1)

(Run 1) 5600 31.37 34.50 - -

CF1 + Gull |

(Run 2) 7864 42.16 46.28 10.79 11.78 1

CF1 + Gull + Muskrat '

(Run 3) 8688 46.24 50.69 14.87 1619

Diversions + CF1 + CF2 (New CF) |

(Run 4) 6600 36.00 39.42 4.63 4.92

New CF + Gull

(Run 5) 8864 4791 52.42 16.54 17.92

New CF + Gull +Muskrat

(Run 6) 9688 52.40 57.19 21.03 22.69

New CF + Gull + Lobstick 1

(Run 7) 9024 48.80 53.50 1743 19.00 |

New CF + Gull + Lobstick + Muskra , \

(Run 8) 9848 53.29 58.28 | 21.92 | 23.78

07-Jul-98 Tab5_1.WK4
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Table 5.2
Model Results - Run 1 to Run 3
ModelSetups | Installed | Firm | Average |Incremental Spill | Incremental | Energy Eqv.
| Capacity Energy Energy | Avg Energy Spill of Spill
; (MW) (IWhiyr) | (TWhiyr) | (TWhiyr) | (m"3/s) (n*3/5) | (GWhiyr)
Existing (CF1)
(Runl)
-CF1 5600 - 31.37 34.50 - B 15.8 - 3972
CF1 + Gull
(Run2)
-CF1 5600 34.30 -0.19- 21.8 6.0 546.9
-Gull Island 2264 11.98 - 14.7 - 100.1
-Total 7864 42.16 46.28 11.78 36.5 20.7 647.0
CF1 + Gull + Muskrat
(Run3) ‘ y
-CF1 5600 | e 34.24 .00 <007 24.4 2.5 610.5
-Gull Island 22640 | 247 11.54 /%% 044 . 13.4 1.2 88.3
-Muskrat Falls 824 491 - ‘ 31.9 - 86.8
-Total 8688 46.24 50.69 " ¢ 16.19 69.7 53.8 785.6
Note:

- For total average energy, incremental average energy is the difference over the existing case (Run 1).
- For individual plant energy, incremental average energy is the difference over the previous run.

- Incremental spill is calculated the same as incremental average energy.

- Energy generation is energy at bus before losses and load demands.

08-Jul-98 Tab5_2.WK4



I

CIMFP Exhibit P-01497

Page 53

Muskrat Falls Project - CE-28 Rev. 1 (Public)

Table 5.3 Page 53 of 116
Model Results - Run 4 to Run 8
Model Setups Installed Firm Average | Incremental Spill Incremental | Energy Eqv. -
' Capacity Energy Energy | Avg Energy | Spill of Spill
Skl D R (MW) (TWh/yr) | (TWhiyr) | (TWhiyr) (m"3/s) (m”3/s) | (GWhiyr)
Diversions + CF1 + CF2 (New CF)
(Run 4) -CF1 5600 31.02 - 16.5 - 4132
-CF2 1000 8.40 - - - -
-Total 6600 36.00 39.42 - 16.5 - 413.2
New CF + Gull (Run 5)
-CF1 5600 30.81 -0.21 13.3 -3.2 332.7
-CF2 1000 8.40 0.00 - 0.0 -
-Gull Island 2264 13.21 - 14.9 - 101.6
-Total 8864 4791 52.42 13.00 28.2 11.7 4342
New CF + Gull +Muskrat (Run6)
-CF1 5600 30.71 -0.10 13.8 0.5 346.3
-CF2 1000 8.40 0.00 - 0.0 -
-Gull Island 2264 12.72 -0.49 12.9 2.0 84.9
-Muskrat Falls 824 5.36 - 395 - 107.4
-Total 9688 52.40 57.19 17.77 663 49.8 538.6
New CF + Gull + Lobstick (Run 7)
-Lobstick 160 1.09 - 78.6 - 58.6
-CF1 5600 30.80 0.09 13.4 -0.4 3352
-CF2 1000 8.40 0.00 - 0.0 -
-Gull Island 2264 13.21 0.49 15.1 2.1 102.7
-Total 9024 48.80 53.50 14.08 107.1 90.6 496.5
New CF + Gull +Lobstick+Muskrat (Run 8)
-Lobstick 160 1.09 0.00 81.1 2.5 60.6
-CF1 5600 30.71 -0.09 13.8 0.4 345.8
-CF2 1000 8.40 0.00 - 0.0 -
-Gull Island 2264 12.72 -0.49 129 2.1 84.9
-Muskrat Falls 824 5.36 - 39.8 - 1082
-Total 9848 53.29 58.28 18.86 1477, 1312, 599.6 |
Note: - Notes as per Table 5.2, exceptions follow. TabS_3.WK4
- For total average energy, incremental average energy is the difference over Run 4. 08-Jul-98

- Energy generation is energy at bus before losses and load demands.
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Comparison of Model Resulits
Model Setups 1997 Estimated | 1998 Estimated Percent
Energy Energy Difference
72 (TWh/yr) _(TWh/yr) (%)

Existing (CF1) (Run 1)

-CF1 33.74 * 34.50 | 23
CF1 + Gull (Run 2) |

-CF1 33.56 * 34.30 2.2

-Gull Island 11.85 * 11.98 1.1

-Total 4541 * 46.28 1.9
CF1 + Gull + Muskrat (Run 3)

-CF1 33.53 * 3424 2.1

-Gull Island 11.62 *- 11.54 -0.6

-Muskrat Falls 482 * 4.91 1.8

-Total 4997 * 50.69 1.4
Diversions + CF1 + CF2 (New CF)
(Run 4)

-CF1 - 31.02 -

-CF2 - 8.40 -

-Total 38.83 ** 39.42 1.5
New CF + Gull (Run 5)

-CF1+CF2 38.76 ** 39.21 1.2

-Gull Island 12.92 ** 13.21 22

- Total 51.68 ** 52.42 1.4]

* Gull Island Power Development Report (October 1997)
** Hydro-Quebec Presentation Notes (February 1998)

08-Jul-98 Tab5_4.WK4
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Results of Sensitivities
Sensitivity Installed  Firm Average Annual Energy | Difference
Capacity | Energy | Sensitivity | *Base Case | in Energy
P - (MW) | (TWhiyr) | (TWhiyr) | (TWh/yr) (TWh/yr)
Sensitivity to Muskrat IC
-CF1 5600 3424 34.24 0.00
-Gull Island 2264 11.54 11.54 0.00
-Muskrat Falls 830 491 491 0.00
-Total 8694 46.24 50.69 | 50.69 0.00
Sensitivity to Muskrat IC ‘
-CF1 5600 34.24 34.24 0.00
-Gull Island 2264 11.54 11.54 0.00
-Muskrat Falls 850 | 492 491 0.01]
-Total 8714 46.24 | 50.71 50.69 0.02
Sensitivity to Muskrat IC 1
-CF1 5600 34.29 34.24 0.05 ‘
-Gull Island 2264 11.55 11.54 0.01 |
-Muskrat Falls 950 4.96 4.91 0.05 |
-Total 8814 46.24 50.80 50.69 | 0.11
Sensitivity to Average Annual Energy ! \
-CF1 5600 - 34.61 34.50 0.11 |
Maximize Average Annual Energy ! |
Sensitivity to Firm Energy \
-CF1 5600 31.69 33.72 34.50 | -0.78
Maximize Firm Energy ‘
\Sensitivity to Romaine Fishery Release ‘ ]
\ -CF1 5600 31.44 31.02 0.42
| -CF2 1000 8.40 8.40 0.00
\ - Total 6600 36.50 39.84 39.42 042
Sensitivity to Length of Inf. Sequence
-CF1 5600 34.60 3424 0.36
-Gull Island 2264 11.67 11.54 0.13
-Muskrat Falls 824 496 491 0.05 |
-Total 8688 46.24 51.23 50.69 0.54 |
Sensitivity to Diversion Inf. Sequence |
-CF1 5600 31.08 31.02 0.06
-CF2 1000 8.4 8.40 0.00J
- Total 6600 35.64 39.48 3942 0.06 !
Sensitivity to Romaine Storage and 3
Atikonak Lake Structure Curve |
-CF1 5600 30.99 31.02 -0.03 1
-CF2 1000 8.4 8.40 0.00]
- Total 6600 35.94 39.39 | 39.42 -0.03

* Base Case results refer to model setups Run 1 to Run 8.

08-Jul-98 TAB5_5.WK4
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6 Energy Available for Sale at Québec-Labrador
Border

Energy generated at the existing and proposed Churchill River developments, once
losses and demands including infeed are removed, will be transmitted to the province
of Québec for sale to energy markets. In order to determine the amount of energy
available, a post-processor was developed to carry out the required calculations using
the ARSP output. Appendix G presents the detailed calculations for Run 1.
Summary of system production and energy distribution, and results for the energy
available for sale at the Québec-Labrador border for all runs are provided in Volumes
2 and 3 of this report.

6.1 Transmission Layout

The transmission layout presented in Figure 6.1 was assumed for the Churchill River
system, as provided by NLH. Information on line and generator losses used to
determine the available energy for sale at the Québec-Labrador border were provided
by NLH (Appendix H). This table was updated in discussions with NLH to take
account of variations in installed capacities and maximum loads at the bus. These
loss numbers and transmission line losses are summarized in Table 6.1.

The procedure used to calculate energy available at the Québec-Labrador border is
as follows.

1) Calculate the total system energy using ARSP.

2) Calculate net total system energy by removing the generator transformer losses
from total system energy.

3) Subtract infeed to the Island (except for Run 1 and Run 4), Labrador loads, and
station services/Twin Falls loads (Twinco Block) from the net total system
energy to determine the energy available for sale at the Québec-Labrador border
at the sending end. The Labrador and Island loads used in the calculations are
presented in Appendix E.

4) Determine the energy available for sale at the Québec-Labrador border by
subtracting the line losses from the energy available at the sending end.

Acres International Limited
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It was noticed that the maximum load at 230 kV values are exceeded for the energy
available at the Québec-Labrador border at the sending end for some months in some
runs. This has to do with the calculation of maximum load at the bus. This affects
the loss at maximum load. It was determined that the adjustment in losses at
maximum load would not affect the results.

. 6.2 Energy at Québec-Labrador Border

Values of average annual and monthly energy available for sale at the Québec-
Labrador border (TWh) are presented in Table 6.2. Total and incremental average
energy available for sale at the Québec-Labrador border (TWh) is presented in
Table 6.3.

Acres International Limited
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Summary of Transmission System Losses

RunNo.| Max. Total | Max. Generator |Maximum 230kV| Max Load at Losses at
Generation (1) | Transformer (2) | BusLoad (3) | 230kV Sending | Max. Load
W) Losses MW) | (MW) End MW) (@) | (MW)(5)
1 5600 15.6 377.1 5207.3 52.1
2 7864 22.8 1092 .4 6748.8 71.7
3 8688 i 248 1092.4 7570.8 105.9
4 6600 184 377.1 6204.5 70.1
5 8864 25.4 1092.4 7746.2 90.5
6 9688 27.4 1092.4 8568.2 126.0
7 9024 26.0 1092.4 7905.6 98.5
8 9848 28.0 1092.4 8727.6 133.9

Notes: 1. Maximum Total Generation is the gross generation output less unit service, excitation system,
and isophase bus losses. This yields the generation at the low voltage bushing of the generator
step up transformer.

2. The 15/230 kV and 13.8/230 kV generator step up transformer losses.

3. 230 kV bus load includes Labrador Loads, Station Service/Twin Falls Loads and HVDC Loads

at Gull Island where appropriate.

4. This is the available generation for the 735 kV network and is calculated as Total Generation
less generator transformer losses and 230 kV bus loads. Churchill Falls 230 kV cable losses
are ignored.

5. This is the 230/735 kV autotransformer and 735 kV transmission line losses to the border.

735 kV shunt reactor losses are ignored.

For total generator output levels other than those given in the table, losses are approximated as follows
for each generation scenario:

Generator Transformer Losses (MW) = (0.15 * TLF + 0.85 * TLF"2) * (Max. Generator Trans. Losses)

TLF = _(Current Total Generation)

(Maximum Total Generation)

Transmission System Losses (MW) = (0.15 * LF + 0.85 * LF"2) * ( Losses at Maximum Load)

LF = _(Current L.oad at 230kV Bus)
(Maximum Load at 230kV Bus)

Current Load at Sending End = Current Total Generation - Generation Transformer Losses
- 230kV Bus Load

230kV Bus Load = HVDC Infeed Load + Station Service/Twin Falls (Twinco Block) Load + Labrador Load

07-Jul-98 TAB6_1.WK4
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Average Annual and Monthly Energy Available for Sale at
Quebec-Labrador Border (TWh)

Run : .
No. | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | Total

1 221 222 262| 255 235 252 246| 275| 295 271 298| 286 31.18!

2 272 281 345 333 3.13| 3.23| 3.04| 3.32| 356| 3.19| 3.54| 3.52|3884

3 299 3.11| 3.81| 371 3.49| 361 339 3.71| 396| 3.55 390, 3.87|43.10

4 257 245 3.02| 292 275 289 283| 3.19| 349 330 340 321 36.02

5 314, 3.16| 3.89| 3.78 3.60| 3.71| 3.53 3.87| 421| 391| 411 397|4488

6 345| 3.46| 425| 421| 396| 4.09| 393| 430| 465| 430| 452| 437|4949

7 320 3.23| 397, 3.87| 3.68| 3.79| 3.60| 396| 431 402 420 4.08|4591

8 3.52| 3.53] 434| 429 404 417 401 438| 475| 440 461 4495053

08-Jul-98 TAB6_2.WK4
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Total and Incremental Average Annual Energy
Available for Sale at Quebec-Labrador Border (TWh)

Run Available Energy for Sale at Quebec- Labrador Border
No. Total Incremental
1 31.18 -
2 38.84 7.66
3 43.10 11.92
4 36.02 4.84
5 44 88 13.70
6 49.49 18.31
7 4591 14.73
8 50.53 19.35

08-Jul-98 TAB6_3.WK4
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7 Conclusions and Recommendations

71 Conclusions
The conclusions of the study are as follows.

1. The model of the existing Churchill River system, as set up in this study, gives
similar results when compared with recorded data and previous studies.

2. The model was used to estimate firm and average annual energy for the existing
and proposed developments in the Churchill River basin, and can be used to
assess other arrangements.

3. The post-processor developed for this study is a useful tool in determining
available energy for sale at the Québec-Labrador border from model results.

4. The Lower Churchill River hydrology may slightly underestimate flows. It could

be reviewed using data from Environment Canada hydrometric stations in and
around the basin.

7.2 Recommendations
The recommendations of the study are as follows.

1. As more information on diversions from Québec becomes available, the model
setups which include the diversions should be updated.

2. The hydrology of the St. Jean River and Romaine River should be further
investigated to develop more detailed inflow sequences for the rivers.

Acres International Limited
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Available Information

Number ;j{.; Deseription

1 Newfoundland and Labrador Hydro (October 1997). Gull Island Power
Development: Review of Engineering and Capital Cost Estimate Final
Report; Volume 1. Prepared by SNC-Agra. Excerpts.

2 Newfoundland and Labrador Hydro (October 1997). Gull Isiand Power
Development: Review of Engineering and Capital Cost Estimate Final
Report; Volume 2 - Detailed Calculation of Energy Simulation .
Prepared by SNC-Agra.

3 Hydro-Quebec (October 1997). Churchill Falls Inflows Harmonization of
Hydro-Quebec and CF(L)Co. Data Bases . Preliminary*

4 Hydro-Quebec (February 1998). Partial Diversions of Upper St. Jean and
Romaine Rivers - Preliminary Studies. Hydro-Quebec Presentation
Notes. Prepared by Hydro-Quebec.

5 Hydro-Quebec (September 1997). 4 Development Scenario for Upper
Churchill Watershed. Hydro-Quebec Presentation Notes.

6 Newfoundland and Labrador Hydro (January 1991). Churchill River
Complex Energy Studies Final Report; Volume 1. Prepared by SNC.

7 Newfoundland and Labrador Hydro (January 1991). Churchill River
Complex Energy Studies Final Report; Volume 2 (Annex). Prepared
by SNC.

8 Hydro-Quebec and Churchill Falls (Labrador) Corporation Limited (May 1979)
Determination and Adjustments of Technical Operational Characteristics
related to the application of the Power Contract of May 12, 1969 between
Hydro-Quebec and Churchill Falls (Labrador) Corporation Limited.
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Available Information

N:u'mb:'e'r '])e'scri_pﬁon

9 Churchill Falls (Labrador) Corporation Limited (March 1989). Flood
Handling Study of the Churchill Falls System Main Report . Prepared by
Acres International Limited.

10 Churchill Falls (Labrador) Corporation Limited. Churchill Falls Reservoir
Storage Curves and Volume in International Units.

11 Acres Canadian Bechtel of Churchill Falls (June 1973). Rules of
Operation for Churchill Falls Reservoir System. Prepared by Acres
Consulting Services Limited.

12 Churchill Falls (Labrador) Corporation Limited. Storage Curves
(November 1996), Structure Curves, and recorded site data (May 1995 to
April 1997). provided by CF(L)Co.

*Note: A comparison with the final report (April 1998) showed no difference in inflows.

13-Jul-98 APPA_1.WK4
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Inflow Sequences
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Diversions
Inflow Sequences
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105.961
38.692
28.113
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17.507
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37.864
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26.820
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31.345
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20.757
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109.202
65.075
53.040
26.292
107.318
62.554
15.431
62.608
54.824
55.653
46.958
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79.951
95.319

111.169
98.715
98.405
75.263
51.756
87.890
83.138
82.419

101.273

115.01
63.063
79.141

107.336

112.953
79.269

107.901
56.163
98.023

116.886
93.098

113.081

122.749
95.146

108.511

138.563

109.995
93.808
96.694
84.749
63.646
50.800
75.044
65.203
77.794
61.470
83.520
62.335
80.243
64.019
75.454
88.394

138.563
50.800
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1 St. Jean Local Inflow
Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
85.223 55.015 27.485 21.813 10.779 7.920 6.546 16.524 8.749 41.354
29.989 24.918 32.456 22.077° 14.175 6.646 5.517 7.311 16.132 28.972
17.917 15.413 25.682 21.039 12.136 10.442 4.525 9.514 9.231 24 .649
14.785 10.825 23.142 14.739 10.096 8.203 8.439 12.199 6.400 22.008
26.474 20.457 33.603 31.828 18.536 8.357 6.018 9.122 6.983 25.134
21.121 16.879 18.399 18.882 12.582 8.467 4.406 7.693 11.025 21.973
17.325 29.606 33.885 25.282 18.763 7.092 8.175 7.939 9.131 27.685
25.928 11.999 19.892 19.674 18.417 10.843 19.564 13.064 10.761 33.003
30.617 20.575 20.821 15.714 12.054 12.035 8.339 5.408 9.368 22.940
26.939 23.871 32.092 21.631 17.188 8.558 21.504 6.118 11.152 27.211
25.928 33.485 25.045 12.764 8.603 6.136 7.920 10.260 8.922 24.769
37.809 33.139 26.374 28.760 13.246 10.606 11.325 7.292 12.318 34.820
21.285 15.695 16.096 14.621 15.122 13.128 5.772 6.782 9.004 25.601
33.102 30.817 31.627 20.702 12.582 9.832 8.403 7.656 7.993 28.027
36.252 37.563 34.941 21.103 18.481 16.524 14.421 13.874 15.896 32.893
37.964 42.607 29.907 20.757 14.921 10.806 8.804 8.057 7.893 32.138
30.316 18.763 25.382 17.389 12.928 10.115 8.685 7.493 6.864 27.622
36.088 45.056 37.281 21.668 14.703 11.089 9.614 8.986 11.043 28.834
21.331 16.697 30.535 23.106 15.732 9.368 7.147 6.000 5.654 22.589
25.965 28.131 17.735 13.110 10.460 8.403 7.028 6.300 6.400 21.632
28.195 22.696 18.235 14.521 11.954 10.060 9.332 8.057 8.403 23.183
28.596 31.746 28.659 17.161 12.582 10.579 9.550 9.368 9.368 26.245
43.462 51.419 34.595 19.510 14.921 12.236 10.115 9.031 8.749 33.405
42.607 32.428 36.835 35.688 14.803 12.864 12.300 8.804 10.297 34.894
30.371 16.178 24.016 26.939 14.075 13.774 11.325 10.806 13.146 24.179
30.999 49.699 41.396 30.371 19.847 13.046 10.115 9.086 7.374 32.391
36.771 36.025 44.428 25.846 20.129 17.443 13.674 11.553 11.389 36.106
25.628 22.760 17.889 13.610 10.178 8.640 6.810 5.553 7.711 25.951
32.656 24.253 37.463 9.495 6.864 5.717 5.207 7.429 6.983 28.812
19.164 21.449 32.938 18.927 10.706 4.525 9.495 12.463 7.993 25.066
13.146 13.265 32.820 22.196 22.196 11.954 11.271 7.839 9.714 25.595
20.539 16.824 24.135 19.446 15.449 3.942 11.043 4.925 5.435 23.703
32.192 31.509 19.564 18.235 12.846 10.861 10.524 9.350 15.368 30.163
36.216 51.228 44.236 22.878 18.599 15.322 5.817 9.058 7.265 35.058
37.809 39.256 46.203 32.601 23.070 16.141 9.268 6.564 8.631 35.759
36.980 31.864 36.516 24.990 14.985 8.685 6.145 5.726 17.461 36.559
49.963 40.140 37.618 36.726 20.967 15.104 6.000 7.292 13.702 41.958
31.536 27.904 31.036 24.981 19.473 14.311 5.745 9.049 13.128 33.679
35.506 21.658 27.858 20.857 17.106 12.172 .956 2.959 14.530 34.579
34.422 36.188 23.625 19.000 15.777 10.916 4.142 5.918 17.161 30.656
32.538 34.450 46.521 31.564 21.658 14.148 5.526 6.418 13.847 38.722
33.102 29.597 22.496 21.130 17.143 13.046 4.306 4.161 14.830 32.069
37.636 22.778 27.904 25.783 15.513 13.101 3.696 2.586 11.280 25.902
29.169 29.679 30.061 20.074 14.466 10.260 3.614 4.024 20.866 27.941
45.347 31.564 33.339 29.779 24.208 12.609 5.007 7.547 10.588 28.436
21.986 25.437 29.779 27.831 17.953 10.315 466 2.968 14.011 27.408
22.086 26.429 40.586 35.560 21.813 13.501 5.708 1.912 11.061 26.386
25.327 27.603 37.736 31.746 19.337 11.216 4.261 4.361 9.787 27.036
26.462 19.710 31.190 33.621 17.780 13.638 4.716 5.499 6.573 25.1642
41,177 39.939 31.737 22.487 13.219 8.813 7.529 .228  6.728 29.182
23.652 22.268 35.333 24.563 16.897 12.782 2.394 4.679 12.281 24,203
48.870 42.343 35.005 25.892 17.534 12.236 10.879 1.821 7.474 30.850
26.784 12.928 22.569 27.175 18.800 11.617 5.644 5.827 12.190 24.827
25.673 12.108 19.901 27.567 18.718 4.871 .574 17.407 10.925 26.071
31.239 28.275 30.122 23.063 15.798 10.834 7.691 7.553 10.503 28.999
85.223 55.015 46.521 36.726 24.208 17.443 21.504 17.407 20.866 41.958
13.146 10.825 16.096 9.495 6.864 3.942 AT .228  5.435 21.632
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1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

AVERAGE
MAX ITMUM
MINIMUM

Page:

4

OTH
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

260.482
248.045
392.446
213.186
140.547
235.724
202.850
679.613
248.162
180.311
260.716
527.796
386.607
113.337
112.286
378.490
339.602
242.848
262.643

90.915
161.743
284.948
172.020
205.420
201.040
398.694
220.835
172.370
456.326

73.047
467.595
133.131
172.370
513.023
313.326
342.171
700.400
417.379
340.186
168.633
688.313
401.205

98.973
401.555
351.631
356.944
301.181
223.754
167.173
267.256
242.556
195.668
367.747
385.439
294.086
700.400

73.047

832.
618.
454,
517.
500.
515.
683.
638.
.233
545.
441,
607.
512.
.354
713.
633.
631.
482.
.953

421

611

331

563.
533.
528.
649.
737.
404.
507.
.430

688

724.
508.
692.
360.
628.
749.
597.
725.
787.
610.
695.
888.
705.
.661

601

620.
.562

543

408.
325.
317

481

418.
498.
394.
535.
399.
514.
410.
483,

888.
325.

189
477
516
578
352
125
642
272

314
144
091
790

013
134
148
718

707
227
614
541
654
474
593

457
410
050
214
696
682
106
275
286
244
962
7"
480

171

211
822

196
951
256
679
803
658
606

539.182
336.624
233.914
261.767
254,234
171.378
236.367
252.950
225.740
287.692
307.253
376.505
308.538
385.439
365.236
290.495
265.154
235.491
266.321
219.025
245.067
192.574
436.122
414,459
221.886
221.243
469.756
337.792
366.404
283.138
206.879
283.138
370.841
226.207
299.487
499.944
440.852
333.413
438.283
409.204
348.010
411,657
317.705
289.853
215.755
294.407
159.524
252.891
357.061
334.814
218.791
362.433
203.493
242.381
306.014
539.182
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Romaine Local Inflow

546.598
192.340
114.913
94,827
169.801
135.467
111.118
166.298
196.369
172.779
166.298
242.498
136.518
212.310
232.513
243,490
194 .442
231.462
136.810
166.531
180.837
183.406
278.759
273.270
194,792
198.821
235.841
164.371
209.449
122.913
84.317
131.730
206.471
232.279
242.498
237.184
320.450
202.266
227.725
220.776
208.689
212.310
241.388
187.085
290.846
141.014
141.657
162.444
156.897
264.102
151.700
313,443
171.786
164.663
200.362
546.598

352.857
159.816

98.856

69.427
131.205
108.257
189.888

76.959
131.964
153.101
214.762
212.543
100.666
197.654
240.921
273.270
120.344
288.977
107.089
180.428
145.569
203.609
329.792
207.989
103.761
318.756
231.053
145.978
155.554
137.569

85.076
107.907
202.091
328.566
251.782
204.369
257.446
178.968
138.912
232.104
220.952
189.829
146.094
190.355
202.442
163.144
169.509
177.042
126.417
256.161
142.824
271.577

82.915

77.660
181.347
352.857

159.524 84.317 69.427

176.282
208.164
164.721
148.430
215.521
118.008
217.331
127.584
133.540
205.828
160.634
169.159
103.235
202.850
224.105
191.814
162.794
239.111
195.843
113.746
116.957
183.815
221.886
236.250
154.035
265.504
284.948
114.738
240.279
211.259
210.500
154.795
125.482
283.722
296.334
234.206
241.272
199.055
178.676
151.525
298.378
144 .284
178.968
192.807
213.828
190.997
260.307
242.031
200.048
203.551
226.615
224.513
144.751
127.643
193.197
298.378
103.235

.905
.598 "
942
.535
.135
.103
.152
.183
.783
737
.864
457
776
.781
.350
.131
.527
97
.196
.083
-134
.067
.132
.893
779
.792
772
.295
.902
.395
.357
.723
.957
.737
.098
.283
.549
.225
774
.862
4h42
.526
.363
.752
.997
.501
.075
.609
.638
.226
.539
.064
.297
.808

.922
235.
60.

549

69.135
90.915
77.835
64.756
118.884
80.696
120.344
118.125
77.310
110.242
55.179
84.959
96.987
80.696
118.534
95.703
82.915
94.301
100.900
67.091
76.667
80.696
95.703
94.944
90.272
127.292
129.103
65.281
44.027
68.668
142.357
99.090
82.390
119.293
147.963
96.112
134.474
124.898
109.717
101.192
138.912
109.950
99.498
92.783
155.262
115.147
139.905
124.022
114.038
84.784
108.374
112.461
120.577
120.052
101.322
155.262

05/06/98, 10
10:23:4 P
I)(rat ?I% quect (?E-is ﬁev. ‘(\Bubllc
Page 71 of 116
Page 71
Jan Feb Mar Apr AVE
50.800 41.983 105.980 56.114  265.232
42.625 35.385 46.888 103.469  185.823
66.974 29.020 61.019 59.208  158.095
52.610 54.128 78.244 41.049  141.155
53.603 38.596 58.508 44.786 161.203
54.304 28.261 49.340 70.712  140.931
45.487 52.435 50.917 58.566 177.568
69.544 125.482 83.791 69.018 211.675
77.193 53.486 34.684 60.084  147.130
54.888 137.920 39.239 71.529 174.527
39.356 50.800 65.807 57.223 158.862
68.026 72.638 46.771 79.003 223.326
84.200 37.020 43.501 57.749  164.200
63.062 53.895 49.107 51.267 179.758
105.980 92.491 88.988 101.951 210.969
69.310 56.464 51.676 50.625 206.126
64.872 55.705 48.056 44.027 177.162
71.120 61.661 57.632 70.828 184.938
60.084 45.837 38.480 36.261 144,882
53.895 45.078 40.407 41.049 138.740
64.522 59.851 51.676 53.895  148.691
67.850 61.252 60.084 60.084 168.331
78.478 64.872 57.924 56.114  214.250
82.506 78.886 56.464 66.040  223.805
88.346 72.638 69.310 84.317  155.079
83.674 64.872 58.274 47.297 207.748
111.877 87.703 74.098 73.047 231.575
55.413 43.676 35.619 49.457  166.443
36.670 33.400 47.647 44.786  184.793
29.020 60.902 79.937 51.267 160.770
76.667 72.288 50.275 62.303  164.161
25.283 70.828 31.590 34.859  152.028
69.660 67.500 59.968 98.564  193.456
98.272 37.312 58.099 46.596 224.857
103.527 59.442 42.100 55.355 229.348
55.705 39.414 36.728 111.994  234.480
96.871 38.480 46.771 87.878  269.109
91.791 36.845 58.041 84.200 216.012
78.069 6.131 18.977 93.192 221.781
70.011 26.568 37.954 110.067  196.623
90.740 35.443 41.166 88.813 248.353
83.674 27.619 26.685 95.119  205.686
84.025 23.707 16.583 72.346 166.126
65.807 23.181 25.809 133.832  179.206
80.872 32.115 48.406 67.909 182.380
66.157 2.978 19.035 89.864 175.789
86.594 36.611 12.262 70.945 169.236
71.938 27.327 27.969 62.770 173.405
87.470 30.247 35.268 42.158 161.254
56.522 48.289 1.460 43.151 187.167
81.981 15.357 30.013 78.769  155.230
78.478 69.777 11.678 47.939  197.862
74.507 36.202 37.370 78.186 159.235
31.239  3.679 111.644 70.069  167.212
69.484 49.327 48.443 67.365 185.996
111.877 137.920 111.644 133.832  269.109
2.978  1.460 34.859  138.740

902 44.027 25.283
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PERIOD AVERAGE CHANNEL FLOW (cms) : 7 Lac Joseph Local Inflow
YEAR OF
SIM  HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE

1943 1943 205.300 655.900 425.000 430.800 278.100 138.900 110.300 54.500 40.000 33.100 83.500 44.200 209.041
1944 1944 195.500 487.500 265.300 151.600 126.000 164.100 111.600 71.700 33.600 27.900 37.000 81.600 146.479
1945 1945 309.300 358.200 184.400 90.500 77.900 129.900 106.400 61.400 52.800 22.900 48.100 46.700 124.618
1946 1946 168.000 407.900 206.300 74.700 54.700 117.000 74.500 51.000 41.400 42.700 61.700 32.400 111.243
1947 1947 110.800 394.400 200.400 133.800 103.400 169.900 160.900 93.700 42.300 30.400 46.100 35.300 127.064
1948 1948 185.800 406.000 135.100 106.800 85.300 93.000 95.500 63.600 42.800 22.300 38.900 55.700 111.083
1949 1949 159.900 538.800 186.300 87.600 149.700 171.300 127.800 94.800 35.800 41.300 40.100 46.100 139.940
1950 1950 535.700 503.100 199.400 131.100 60.600 100.600 99.400 93.100 54.800 98.900 66.000 54.400 166.838
1951 1951 195.600 332.000 177.900 154.800 104.000 105.300 79.400 61.000 60.800 42.200 27.400 47.400 115.979
1952 1952 142.100 429.800 226.700 136.200 120.700 162.200 109.300 86.900 43.300 108.700 30.900 56.400 137.553
1953 1953 205.500 347.700 242.200 131.100 169.300 126.600 64.500 43.500 31.000 40.000 51.900 45.100 125.216
1954 1954 416.000 478.500 296.800 191.100 167.500 133.300 145.400 67.000 53.600 57.300 36.900 62.300 176.030
1955 1955 304.700 404.200 243.200 107.600 79.300 81.400 73.900 76.500 66.400 29.200 34.300 45.500 129.429
1956 1956 89.300 481.900 303.800 167.300 155.800 159.900 104.600 63.600 49.700 42.500 38.700 40.400 141,678
1957 1957 88.500 562.000 287.900 183.200 189.900 176.600 106.700 93.400 83.500 72.900 70.100 80.300 166.267
1958 1958 298.300 499.000 229.000 191.900 215.400 151.200 104.900 75.400 54.600 44.500 40.700 39.900 162.455
1959 1959 267.700 497.500 209.000 153.200 94.800 128.300 87.900 65.300 51.200 43.900 37.900 34.700 139.635
1960 1960 191.400 380.500 185.600 182.400 227.800 188.500 109.500 74.300 56.000 48.600 45.400 55.800 145.755
1961 1961 207.000 261.600 209.900 107.800 84.400 154.400 116.800 79.500 47.400 36.100 30.300 28.600 114.187
1962 1962 71.700 444,300 172.600 131.300 142.200 89.600 66.300 52.900 42.500 35.500 31.900 32.400 109.363

[ 1S J G N N Y '
OVONOOUVISWNL2,OO0NOUVNTEWN =

21 1963 1963 127.500 420.300 193.200 142.500 114.700 92.200 73.400 60.400 50.800 47.200 40.700 42.500 117.192
22 1964 1964 224.600 416.600 151.800 144.600 160.500 144.900 86.800 63.600 53.500 48.300 47.400 47.400 132.695
23 1965 1965 135.600 512.000 343.700 219.700 259.900 174.900 98.600 75.400 61.900 51.200 45.600 44.200 168.864
24 1966 1966 161.900 581.400 326.700 215.400 163.900 186.200 180.400 74.800 65.000 62.200 44.500 52.100 176.398
25 1967 1967 158.400 318.800 174.900 153.500 81.800 121.400 136.200 71.200 69.600 57.300 54.600 66.500 122.233
26 1968 1968 314.200 400.100 174.400 156.700 251.200 209.300 153.500 100.300 66.000 51.200 45.900 37.300 163.746
27 1969 1969 174.100 542.600 370.300 185.900 182.100 224.600 130.700 101.800 88.200 69.100 58.400 57.600 182.540
28 1970 1970 135.900 571.000 266.200 129.600 115.100 90.500 68.800 51.500 43.700 34.400 28.100 39.000 131.207
29 1971 1971 359.700 400.700 288.800 165.100 122.600 189.400 48.000 34.700 28.900 26.300 37.600 35.300 145.656
30 1972 1972 57.600 545.500 223.200 96.900 108.400 166.500 95.700 54.100 22.900 48.000 63.000 40.400 126.724
31 1973 1973 368.500 283.900 163.000 66.500 67.100 165.900 112.200 112.200 60.400 57.000 39.600 49.100 129.381
32 1974 1974 104.900 495,500 223.200 103.800 85.000 122.000 98.300 78.100 19.900 55.800 24.900 27.500 119.814
33 1975 1975 135.900 590.900 292.300 162.700 159.300 98.900 92.200 64.900 54.900 53.200 47.300 77.700 152.484
34 1976 1976 404 .300 470.600 178.300 183.100 259.000 223.600 115.700 94.000 77.500 29.400 45.800 36.700 177.227
35 1977 1977 247.000 571.700 236.100 191.200 198.500 233.600 164.800 116.600 81.600 46.800 33.200 43.700 180.794
36 1978 1978 269.700 620.500 394.000 186.900 161.100 184.600 126.300 75.700 43.900 31.100 29.000 88.300 184.807
37 1979 1979 552.000 481.000 347.500 252.600 202.900 190.100 185.600 106.000 76.300 30.400 36.900 69.300 212.106
38 1980 1980 328.900 548.500 262.800 159.400 141.000 156.900 126.300 98.400 72.400 29.100 45.800 66.400 170.256
39 1981 1981 268.100 700.500 345.400 179.500 109.500 140.800 105.400 86.500 61.500 4.800 15.000 73.400 174.792
40 1982 1982 132.900 556.000 322.500 174.000 183.000 119.400 96.000 79.800 55.200 20.900 29.900 B86.700 154.961
41 1983 1983 542.500 474.200 274.300 164.500 174.100 235.200 159.600 109.500 71.500 27.900 32.400 70.000 195.740
42 1984 1984 316.200 488.800 324.400 167.400 149.600 113.700 106.800 86.700 66.000 21.800 21.000 75.000 162.120
43 1985 1985 78.000 428.400 250.400 190.200 115.200 141.000 130.300 78.400 66.200 18.700 13.000 57.000 130.915
44 1986 1986 316.500 321.700 228.400 147.500 150.100 151.900 101.500 73.100 51.900 18.200 20.300 105.500 141.236
45 1987 1987 277.200 256.800 170.000 229.200 159.500 168.600 150.600 122.400 63.800 25.300 38.200 53.500 143.758
46 1988 1988 281.400 379.300 232.000 111.100 128.600 150.500 140.700 90.800 52.100 2.400 15.000 70.900 138.554
47 1989 1989 237.400 329.600 125.700 111.600 133,600 205.200 179.700 110.300 68.200 28.900 9.700 55.900 133.382
48 1990 1990 176.400 393.200 199.300 128.100 139.500 190.800 160.500 97.800 56.700 21.600 22.100 49.500 136.693
49 1991 1991 131.700 310.700 281.500 123.700 99.700 157.700 170.000 89.900 68.900 23.800 27.800 33.200 127.100
50 1992 1992 210.700 422.200 263.900 208.100 201.900 160.500 113.700 66.800 44.500 38.000 1.100 34.000 147.511
51 1993 1993 191.200 315.100 172.400 119.500 112.600 178.600 124.100 85.400 64.600 12.100 23.700 62.100 122.338
52 1994 1994 154.200 405.600 285.700 247.000 214.000 176.900 130.900 88.700 61.900 55.000 9.200 37.800 155.947
53 1995 1995 289.900 323.600 160.400 135.400 65.300 114.100 137.400 95.000 58.700 28.600 29.400 61.600 125.501
54 1996 1996 303.800 381.400 191.000 129.800 61.200 100.600 139.300 94.600 24.600 2.900 88.000 55.200 131.777
AVERAGE 231.794 446.843 261.194 157.917 142.931 152.278 116.585 79.861 54.763 38.885 38.183 53.102 146.598
MAX [MUM 552.000 700.500 425.000 430.800 278.100 235.200 185.600 122.400 88.200 108.700 88.000 105.500 212.106
MINIMUM 57.600 256.800 125.700 66.500 54.700 81.400 48.000 34.700 19.900 2.400 1.100 27.500 109.363
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PERIOD AVERAGE CHANNEL FLOW (cms) : 9 Ossokmanuan Local Inflow
YEAR OF

SIM  HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 446.10 1425.20 923.40 936.10 604.30 301.90 239.60 118.40 87.00 71.90 181.50 96.10 454 .23
2 1944 1944 424.80 1059.20 576.50 329.40 273.70 356.50 242.50° 155.70 73.00 60.60 80.30 177.20 318.24
3 1945 1945 672.10 778.40 400.60 196.80 169.30 282.10 231.10 133.30 114.70 49.70 104.50 101.40 270.75
4 1946 1946 365.10 886.40 448.30 162.40 118.90 254.20 161.90 110.90 90.10 92.70 134.00 70.30 261.74
5 1947 1947 240.70 856.90 435.40 290.80 224.70 369.10 349.60 203.60 91.80 66.10 100.20 76.70 276.08
6 1948 1948 403.70 882.20 293.50 232.00 185.40 202.10 207.40 138.20 93.00 48.40 84.50 121.10 241.36
7 1949 1949 347.40 1170.80 404.80 190.30 325.20 372.20 277.70 206.10 77.90 89.80 87.20 100.30 304.10
8 1950 1950 1163.90 1093.10 433.20 284.80 131.80 218.50 216.10 202.30 119.10 214.90 143.50 118.20 362.51
9 1951 1951 425.00 721.40 386.60 336.30 226.00 228.70 172.60 132.40 132.20 91.60 59.40 102.90 251.97
10 1952 1952 308.80 933.90 492.70 295.90 262.20 352.50 237.60 188.80 94.00 236.20 67.20 122.50 298.89
11 1953 1953 446,50 755.50 526.20 284.80 367.80 275.10 140.20 94.50 67.40 87.00 112.70 98.00 272.07
12 1954 1954 903.90 1039.70 644.80 415.30 364.00 289.70 315.90 145.50 116.50 124.40 80.10 135.30 382.47
13 1955 1955 662.10 878.20 528.40 233.80 172.40 176.80 160.60 166.10 144.20 63.40 74.50 98.90 281.21
14 1956 1956 194 .10 1047.00 660.10 363.60 338.50 347.40 227.40 138.20 108.00 92.30 84.10 87.80 307.85
15 1957 1957 192.30 1221.10 625.50 398.20 412.60 383.80 231.80 203.00 181.50 158.40 152.40 174.60 361.30
16 1958 1958 648.20 1084.30 497.50 417.00 468.00 328.50 228.00 163.90 118.70 96.70 88.50 86.70 353.01
17 1959 1959 581.60 1080.90 454.10 333.00 206.10 278.80 191.00 142.00 111.10 95.40 82.30 75.40 303.41
18 1960 1960 415.90 826.70 403.30 396.40 494.90 409.50 238.00 161.50 121.80 105.60 98.70 121.30 316.72
19 1961 1961 449.80 568.50 456.10 234.30 183.40 335.40 253.80 172.80 102.90 78.50 65.90 62.10 248.12
20 1962 1962 155.70 965.40 375.10 285.20 309.00 194.80 144.00 114.90 92.30 77.20 69.20 70.30 237.60
21 1963 1963 277.00 913.20 419.70 309.70 249.30 200.30 159.50 131.30 110.50 102.50 88.50 92.30 254.65
22 1964 1964 488.00 905.30 329.80 314.10 348.70 314.80 188.50 138.20 116.20 104.90 102.90 102.90 288.28
23 1965 1965 294.60 1112.40 746.90 477.40 564.80 380.00 214.30 163.90 134.40 111.10 99.20 96.10 366.92
24 1966 1966 351.80 1263.30 709.80 468.00 356.20 404.60 392.00 162.60 141.30 135.10 96.70 113.10 383.29
25 1967 1967 344.30 692.70 380.00 333.60 177.70 263.80 295.90 154.60 151.30 124.40 118.70 144.40 265.59
26 1968 1968 682.80 869.30 378.90 340.50 545.90 454.70 333.60 218.00 143.30 111.10 99.80 81.00 355.79
27 1969 1969 378.20 1179.00 804.50 403.90 395.70 488.00 283.90 221.10 191.60 150.20 126.90 125.10 396.59
28 1970 1970 295.20 1240.70 578.50 281.50 250.00 196.50 149.50 111.80 94.90 74.80 61.00 84.70 285.05
29 1971 197 781.50 870.70 627.50 358.70 266.40 411.50 104.30 75.40 62.80 57.20 81.60 76.70 316.48
30 1972 1972 125.10 1185.20 484.90 210.50 235.60 361.80 207.90 117.60 49.70 104.30 136.90 87.80 275.33
31 1973 1973 800.80 616.90 354.30 144.40 145.70 360.50 243.80 243.80 131.30 123.80 86.10 106.70 281.14
32 1974 1974 228.00 1076.70 484.90 225.60 184.80 265.10 213.60 169.70 43.30 121.30 54.10 59.70 260.36
33 1975 1975 295.20 1283.90 635.10 353.60 346.10 214.90 200.30 141.10 119.30 115.60 102.70 168.80 331.31
34 1976 1976 878.60 1022.60 387.40 397.80 562.70 485.90 251.30 204.30 168.30 63.90 99.50 79.80 385.09
35 1977 1977 536.60 1242.10 512.90 415.30 431.20 507.50 358.10 253.40 177.30 101.80 72.10 94.80 392.78
36 1978 1978 586.00 1348.30 856.20 406.20 350.00 401.10 274.50 164.60 95.40 67.50 62.90 191.80 401.57
37 1979 1979 1199.50 1045.10 755.00 548.80 440.90 413.20 403.40 230.30 165.90 65.90 80.10 150.50 460.87
38 1980 1980 714.80 1191.90 571.00 346.40 306.50 340.90 274.40 213.90 157.20 63.10 99.40 144.20 369.94
39 1981 1981 582.60 1522.00 750.60 390.00 237.90 306.00 229.10 187.90 133.70 10.50 32.50 159.60 379.82
40 1982 1982 288.80 1208.20 700.80 378.10 397.50 259.50 208.70 173.30 119.90 45.50 65.00 188.50 336.74
41 1983 1983 1178.80 1030.40 596.00 357.40 378.40 511.00 346.70 237.90 155.40 60.70 70.50 152.10 425.33
42 1984 1984 687.10 1062.10 705.00 363.60 325.10 247.10 232.10 188.30 143.30 47.30 45.70 162.90 352.26
43 1985 1985 169.50 930.90 544.10 413.40 250.20 306.50 283.20 170.40 143.90 40.60 28.40 123.90 284 .51
44 1986 1986 687.70 699.10 496.40 320.40 326.00 330.20 220.50 158.90 112.70 39.70 44.20 229.20 306.91
45 1987 1987 602.20 558.00 369.50 498.10 346.70 366.20 327.10 265.90 138.50 55.00 82.90 116.30 312.34
46 1988 1988 611.30 824.30 504.20 241.50 279.40 327.10 305.70 197.20 113.30 5.10 32.60 153.90 301.05
47 1989 1989 515.80 716.20 273.20 242.60 290.30 445.80 390.60 239.60 148.30 62.70 21.00 121.50 289.83
48 1990 1990 383.20 854.50 433.10 278.20 303.20 414.50 348.70 212.40 123.20 46.80 47.90 107.50 296.97
49 1991 19N 286.30 675.20 611.50 268.70 216.50 342.60 369.30 195.30 149.80 51.80 60.40 72.20 276.16
50 1992 1992 457.70 917.40 573.40 452.30 438.70 348.60 247.00 145.20 96.80 82.70 2.50 73.90 320.54
51 1993 1993 415.40 684.70 374.70 259.80 244.60 388.10 269.80 185.60 140.40 26.30 51.40 134.90 265.85
52 1994 1994 335.10 881.40 620.70 536.80 465.10 384.50 284.40 192.60 134.40 119.50 20.00 82.10 338.86
53 1995 1995 629.80 703.20 348.50 294.20 142.00 247.90 298.50 206.50 127.60 62.00 64.00 133.90 272.71
54 1996 1996 660.10 828.80 415.10 282.00 133.00 218.60 302.80 205.60 53.50 6.30 191.20 120.00 286.37
AVERAGE 503.65 970.94 524.08 343.14 310.57 330.87 253.33 173.52 119.00 84.48 82.96 115.37 318.54
MAXIMUM 1199.50 1522.00 923.40 936.10 604.30 511.00 403.40 265.90 191.60 236.20 191.20 229.20 460.87
MINIMUM 125.10 558.00 273.20 144.40 118.90 176.80 104.30 75.40 43.30 5.10 2.50 59.70 237.60
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PERIOD AVERAGE CHANNEL FLOW (cms) : 13 Smal lwood Local Inflow
YEAR OF
SIM HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE

1943 1943 1309.60 4184.00 2710.90 2748.10 1773.90 886.30 703.30 347.70 255.30 211.00 532.70 282.00 1333.46
1944 1944 1247.10 3109.50 1692.50 967.00 803.60 1046.50 711.80 457.10 214.20 177.80 235.70 520.30 934 .24
1945 1945 1973.10 2285.10 1176.10 577.60 496.90 828.30 678.50 391.40 336.70 145.90 306.70 297.60 794,84
1946 1946 1071.90 2602.20 1316.10 476.70 349.00 746.30 475.40 325.60 264.40 272.20 393.30 206.40 709.68
1947 1947 706.60 2515.60 1278.33 853.70 659.70 1083.60 1026.30 597.80 269.60 194.10 294.30 225.30 810.53
1948 1948 1185.20 2589.80 861.50 681.20 544.40 593.20 608.90 405.70 272.90 142.00 248.10 355.60 708.54
1949 1949 1019.80 3437.00 1188.40 558.70 954.70 1092.70 815.30 605.00 228.60 263.70 255.90 294.36 892.73
1950 1950 3416.90 3209.10 1271.80 836.10 386.80 641.40 634.30 593.90 349.70 631.00 421.30 347.10 1064.25
1951 1951 1247.70 2117.70 1135.00 987.20 663.60 671.40 506.60 388.80 388.10 268.90 174.50 302.20 739.74
1952 1952 906.50 2741.60 1446.30 868.70 769.70 1034.80 697.40 554.20 276.10 693.50 197.30 359.50 877.44
1953 1953 1310.90 2218.00 1544.70 836.10 1079.70 807.50 411.60 277.40 198.00 255.30 330.80 287.80 798.71
1954 1954 2653.60 3052.20 1893.00 1219.10 1068.60 850.50 927.30 427.20 341.90 365.30 235.10 397.20 1122.79
1955 1955 1943.80 2578.10 1551.20 686.40 506.00 519.00 471.50 487.70 423.30 186.20 218.80 290.40 825.56
1956 1956 569.80 3073.70 1938.00 1067.30 993.70 1019.80 667.50 405.70 317.10 270.90 246.80 257.90 903.75
1957 1957 564.60 3584.90 1836.40 1168.90 1211.20 1126.60 680.50 595.80 532.70 465.00 447.40 512.50 1060.65
1958 1958 1902.80 3183.10 1460.60 1224.30 1374.00 964.40 669.40 481.20 348.40 283.90 259.80 254.60 1036.35
1959 1959 1707.40 3173.30 1333.00 977.50 605.00 818.60 560.70 416.80 326.30 280.00 241.60 221.40 890.71
1960 1960 1221.00 2427.00 1183.90 1163.70 1452.80 1202.10 698.70 474.10 357.50 310.00 289.80 356.20 929.80

[\ I QI I QY
VONOOUVAWN 200NV WN -

1961 1961 1320.60 1669.00 1338.90 687.70 538.50 984.60 745.00 507.30 302.20 230.50 193.40 182.30 728.42
20 1962 1962 457.10 2834.00 1101.20 837.40 907.10 571.80 422.60 337.30 270.90 226.60 203.20 206.40 697.52
21 1963 1963 813.30 2681.00 1232.10 909.10 731.90 588.00 468.20 385.50 324.30 300.90 259.80 270.90 747.56
22 1964 1964 1432.60 2657.60 968.30 922.10 1023.70 924.10 553.50 405.70 341.20 308.00 302.20 302.20 846.35
23 1965 1965 864 .80 3265.80 2192.60 1401.40 1658.00 1115.50 629.10 481.20 394.60 326.30 291.10 282.00 1077.15
24 1966 1966 1032.80 3708.60 2083.80 1374.00 1045.80 1187.80 1150.70 477.30 414.80 396.60 283.90 332.10 1125.23
25 1967 1967 1010.70 2033.70 1115.50 979.40 521.60 774.30 868.70 453.90 444.10 365.30 348.40 423.90 779.67
26 1968 1968 2004.40 2552.10 1112.20 999.60 1602.60 1335.00 979.40 640.10 420.70 326.30 293.00 237.70 1044.51
27 1969 1969 1110.30 3461.10 2361.90 1185.80 1161.70 1432.60 833.50 649.20 562.60 440.90 372.50 367.30 1164.32
28 1970 1970 866.70 3642.20 1698.30 826.40 733.90 577.00 438.90 328.20 278.70 219.50 179.10 248.80 836.84
29 1971 1971 2294 .20 2556.00 1842.20 1053.00 782.10 1208.00 306.10 221.40 184.30 168.00 239.60 225.30 929.08
30 1972 1972 367.30 3479.40 1423.50 618.00 691.60 1062.10 610.20 345.10 145.90 306.10 401.80 257.90 808.27
31 1973 1973 2350.80 1811.00 1040.00 423.90 427.80 1058.20 715.70 715.70 385.50 363.40 252.70 313.20 825.31
32 1974 1974 669.40 3160.90 1423.50 662.30 542.50 778.20 627.10 498.20 127.00 356.20 158.90 175.20 764 .35
33 1975 1975 866.70 3769.10 1864.40 1038.00 1015.90 631.00 588.00 414.20 350.30 339.30 301.50 495.60 972.62
34 1976 1976 2415.00 2781.50 973.10 968.30 1167.90 764.30 651.10 528.30 583.80 452.90 180.00 445.70 994.15

35 1977 1977 1400.70 3401.10 1248.60 1077.60 1442.90 873.90 1081.60 669.90 600.90 480.60 178.40 350.10 1066.51
36 1978 1978 1516.10 3111.30 1435.30 1334.70 881.40 789.60 632.60 415.90 455.60 136.70 215.90 545.40 958.92
37 1979 1979 3973.40 2385.00 1818.10 894.10 1088.60 901.90 980.70 554.00 554.10 364.70 410.10 414.60 1201.52
38 1980 1980 2244 .50 2944.60 1404.90 832.50 463.80 1125.90 711.90 564.80 473.80 496.50 258.80 460.00 1001.02
39 1981 1981 1819.80 3736.40 1493.60 824.20 818.60 450.40 519.40 464.60 340.80 274.20 172.90 10.50 911.73

40 1982 1982 1836.70 3266.90 1293.30 830.40 1045.00 527.70 504.60 489.50 230.80 389.90 487.80 705.10 967.53
41 1983 1983 3390.30 1747.00 1141.70 794.70 914.60 1111.30 891.70 906.60 247.10 348.80 313.70 375.00 1021.05
42 1984 1984 1925.20 2288.40 1383.50 929.00 685.60 667.10 884.10 428.60 414.50 328.00 280.80 324.20 880.94
43 1985 1985 786.40 2410.20 954.80 657.80 632.60 635.50 551.40 533.70 70.10 184.20 150.00 576.80 678.70
44 1986 1986 3006.50 1534.70 1343.80 598.40 827.30 729.80 474.90 248.30 516.00 298.10 393.90 1232.90 938.02
45 1987 1987 1887.70 817.10 1137.70 982.40 982.30 824.50 852.60 337.30 644.40 188.30 421.30 331.30 789.22
46 1988 1988 1859.50 2033.70 594.20 554.70 873.70 838.00 665.00 182.70 51.50 661.00 574.50 526.80 782.99
47 1989 1989 1646.90 1758.40 391.10 448.60 551.10 1162.20 967.60 638.90 201.40 274.90 420.90 286.90 731.03
48 1990 1990 1042.80 2508.30 1023.90 632.70 792.80 1323.90 684.50 600.30 330.10 219.90 220.10 160.00 797.02
49 1991 1991 715.50 2066.00 930.30 548.10 675.50 745.50 875.60 396.00 380.00 212.10 392.50 328.10 689.42
50 1992 1992 730.90 3521.10 1633.10 1058.50 1161.30 902.70 346.20 332.90 242.50 215.90 141.90 277.00 880.91
51 1993 1993 1409.30 1436.70 721.40 500.10 787.90 867.30 466.40 354.50 238.50 341.90 459.90 273.20 656.38
52 1994 1994 1034.40 2366.00 1300.90 726.50 655.30 985.90 708.20 472.30 273.70 323.20 283.30 370.10 792.94
53 1995 1995 1785.50 1315.30 759.00 167.00 587.80 738.60 797.00 501.40 303.00 516.50 307.50 377.10 680.00
54 1996 1996 1937.80 2433.10 1218.50 828.00 390.50 641.60 888.80 603.50 157.20 18.50 561.20 352.40 840.67
AVERAGE 1514 .54 2689.37 1366.98 888.98 861.19 884.61 685.51 468.84 332.55 311.43 300.67 348.38 889.66
MAX IMUM 3973.40 4184.00 2710.90 2748.10 1773.90 1432.60 1150.70 906.60 644.40 693.50 574.50 1232.90 1333.46
MINIMUM 367.30 817.10 391.10 167.00 349.00 450.40 306.10 182.70 51.50 18.50 141.90 10.50 656.38
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YEAR OF
HYD
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

AVERAGE
MAXTHUM
MINIMUM
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OTH
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

32.200
30.600
48.500
26.300
17.400
29.100
25.100
84.000
30.700
22.300
32.200
65.200
47.800
14.000
13.900
46.800
42.000
30.000
32.500
11.200
20.000
35.200
21.300
25.400
24.800
49.300
27.300
21.300
56.400
9.000
57.800
16.400
21,300
127.800
72.800
104.500
122.000
120.900
79.800
83.300
128.400
105.100
40.800
88.400
29.500
101.600
96.400
62.800
20.200
50.200
77.200
39.300
85.300
47.600
50.948
128.400
9.000

102.800
76.400
56.200
63.900
61.800
63.600
84.500
78.900
52.000
67.400
54.500
75.000
63.400
75.500
88.100
78.200
78.000
59.600
41.000
69.600
65.900
65.300
80.200
91.100
50.000
62.700
85.000
89.500
62.800
85.500
44,500
77.700
92.600
45.900

135.100
80.500
33.700
86.100

150.300
98.000
49.700
53.800

101.500
34.300
31.900
47.700
30.100
72.600
68.300

146.600
51.300
75.400
25.400
59.800

70.763

143.000
32.800
111.600
61.100
32.800
17.400
14.600
20.900
42.600
48.400
10.200
33.800
28.800
43,200
40.600
32.700
41.700
29.900

39.424

21.300
20.500
30.000
16.900
26.200
28.700
30.100
24.000
28.600
16.900
20.600
22.300
22.700
34.400
33.800
26.100
24,600
29.100
20.300
25.900
15.200
10.400
16.300
25.500
24.500
39.400
130.300
73.900
27.700
19.300
33.100
42.100
-6.200
-5.200
-13.200
38.800
5.200
8.400
17.300
14.900
71.300
33.900
40.100
16.300
20.300

26.185

150.300 143.000 130.300

25.400

10.200

-13.200
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West Forebay Local Inflow

21.800
25.700
20.400
18.300
26.600
14.600
26.900
15.800
16.500
25.400
19.800
20.900
12.800
25.100
27.700
23.700
20.100
29.500
24.200
14.100
14.400
22.700
27.400
29.200
19.000
32.800
35.200
14.200
29.700
26.100
26.000
19.100
15.500
37.800
46.600
19.000
36.200
33.900
37.100
19.700
48.400
28.100
39.800
18.900
40.300
24.900
46.200
60.700
43.000
37.100
43.800
53.100
48.800
15.800
28.156
60.700
12.800

17.300

17.500 -

16.700
11.700
25.200
15.000
20.000
15.600
12.400
17.100
10.100
22.800
11.600
16.400
16.700
16.400
13.800
17.200
18.300
10.400
11.500
13.600
15.500
28.300
21.300
24.100
20.500
10.800
7.500
15.000
17.600
15.400
14.400
-.400
5.100
-3.300
46.100
11.200
21.300
-1.500
13.800
-7.500
-21.100
-16.100
-2.500
-24.700
-12.100
28.500
11.900
11.400
-11.000
5.700
21.600
21.800
11.776
46.100
-24.700

Dec Jan
8.500 6.300
11.200 5.300
9.600 8.300
8.000 6.500
14.700 6.600
10.000 6.700
14.900 5.600
14.600 8.600
9.600 9.500
13.600 6.800
6.800 4.900

10.500  8.400
12.000 10.400

10.000 7.800
14.600 13.100
11.800 8.600
10.200 8.000
11.600 8.800
12.500 7.400
8.300 6.700
9.500 8.000
10.000 8.400
11.800 9.700

11.700 10.200
11.200 10.900
15.700 10.300
16.000 13.800

8.100 6.800
5.400 4.500
8.500 3.600
17.600 9.500
12.200 3.100
10.200 8.600
-25.800 -1.700
-18.100 -33.500
16.500 8.400
-10.900 -1.600
2.800 7.500
8.700 -24.900
-2.200 7.400

-23.100 -10.100
-30.400 -39.100

-7.800 -25.900
-11.100 -48.300
-31.900 -52.400

-35.300 -88.100-
-10.900 -53.400-

-14.000 -2.400
-32.500 -14.500
9.000 -14.100

5.000 -25.900-

-12.300 -15.600
-5.500 -50.600
14.800 3.900

2.887 -3.948
17.600 13.800

-35.300 -88.100-

Feb Mar
5.200 13.100
4.400 5.800
3.600 7.500
6.700 9.700
4.800 7.200
3.500 6.100
6.500 6.300
15.500 10.400
6.600 4.300
17.000 4.800
6.300 8.100
9.000 5.800
4.600 5.400
6.700 6.100

11.400 11.000
7.000 6.400
6.900 5.900
7.600 7.100
5.700 4.800
5.600 5.000
7.400 6.400
7.600 7.400
8.000 7.200
9.700 7.000
9.000 8.600
8.000 7.200

10.800 9.200
5.400 4.400
4.100 5.900
7.500 9.900
8.900 6.200
8.800 3.900
8.300 7.400

-1.400 13.000
4.800 -6.400

-33.400 18.000
6.000 11.000
-6.200 27.000
-24.000 -24.300
3.100 -1.400

15.600 22.300
-34.700 -47.100
-25.600 -48.600
-67.100-112.800
-83.600 -75.900
105.000-102.000
104.400-107.500
-63.400 -32.200
-48.600 -43.000
-11.700 -11.800
102.800 -97.500
-63.500 -66.400
-83.100 -30.800

.500 13.800
-10.748 -8.724

17.000 27.000

105.000-112.800

04/20/98

l 5 ]_?6 52
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Apr AVE
6.900  32.766
12.800  22.957
7.300  19.540
5.100  17.434
5.500  19.910
8.700  17.412
7.200  21.947
8.500  26.165
7.400  18.177
8.800  21.542
7.100  19.621
9.800  27.604
7.100  20.299
6.300  22.209
12.600  26.061
6.300  25.478
5.400  21.888
8.800  22.842
4.500  17.909
5.100  17.156
6.700  18.378
7.400  20.805
6.900  26.465
8.200  27.655
10.400  19.159
5.800  25.664
9.000  28.600
6.100  20.559
5.500  22.824
6.300  19.864
7.700  20.286
4.300 18.776
12.200  23.895
75.000  38.722
29.800  30.222
44.800  41.646
29.900  41.470
-18.000  29.419
-8.300  30.625
55.700  33.879
13.700  30.443
-7.600 4.705
-24,.600 4.698
-19.700  -8.970
-44.100  -5.673
-54.300  -13.645
-75.300 -10.380
-29.000  16.169
-38.900 2.811
29.700  34.031
-61.900  -1.716
-39.900 7.011
-2.800 9.357
8.700  20.658
2.048  19.765
75.000  41.646
-75.300  -13.645



File: D:\WORK\P12817. OO\HYDRO\T14\ARSP\FINAL\ 04/20/98 15:12:52
e CIMED Exhibit P-014

9 . - Page
ACRES INTERTEL LIMITED ACRES WATER RESOURCES SIMULATION PROGRAM 1000 3092 ) 1998.04 .20 15:11:54 PAé% é3
“Muskrat Falls Project - CE-28 Rev. 1 (Public)

Page 77 of 116
PERIOD AVERAGE CHANNEL FLOW (cms) : 19 East Forebay Local Inflow
YEAR OF
SIM  HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 17.900 57.300 37.100 37.600 24.300 12.100 9.600 4.800 3.500 2.900 7.300 3.900 18.256
2 1944 1944 17.100 42.500 23.200 13.200 11.000 14.300 9.700- 6.300 2.900 2.400 3.200 7.100 12.774
3 1945 1945 27.000 31.300 16.100 7.900 6.800 11.300 9.300 5.400 4.600 2.000 4.200 4.100 10.884
4 1946 1946 14.700 35.600 18.000 6.500 4.800 10.200 6.500 4.500 3.600 3.700 5.400 2.800 9.711
5 1947 1947 9.700 34.400 17.500 11.700 9.000 14.800 14.000 8.200 3.700 2.700 4.000 3.100 11.091
6 1948 1948 16.200 35.400 11.800 9.300 7.400 8.100 8.300 5.600 3.700 1.900 3.400 4.900 9.683
7 1949 1949 14.000 47.000 16.300 7.600 13.100 15.000 11.200 8.300 3.100 3.600 3.500 4.000 12.224
8 1950 1950 46.800 43.900 17.400 11.400 5.300 8.800 8.700 8.100 4.800 8.600 5.800 4.700 14.561
9 1951 1951 17.100 29.000 15.500 13.500 9.100 9.200 6.900 5.300 5.300 3.700 2.400 4.100 10.120
10 1952 1952 12.400 37.500 19.800 11.900 10.500 14.200 9.500 7.600 3.800 9.500 2.700 4.900 12.007
11 1953 1953 17.900 30.300 21.100 11.400 14.800 11.000 5.600 3.800 2.700 3.500 4.500 3.900 10.905
12 1954 1954 36.300 41.800 25.900 16.700 14.600 11.600 12.700 5.800 4.700 5.000 3.200 5.400 15.357
13 1955 1955 26.600 35.300 21.200 9.400 6.900 7.100 6.500 6.700 5.800 2.500 3.000 4.000 11.301
14 1956 1956 7.800 42.100 26.500 14.600 13.600 14.000 9.100 5.600 4.300 3.700 3.400 3.500 12.369
15 1957 1957 7.700 49.100 25.100 16.000 16.600 15.400 9.300 8.200 7.300 6.400 6.100 7.000 14.518
16 1958 1958 26.000 43.600 20.000 16.800 18.800 13.200 9.200 6.600 4.800 3.900 3.600 3.500 14.201
17 1959 1959 23.400 43.400 18.200 13.400 8.300 11.200 7.700 5.700 4.500 3.800 3.300 3.000 12.189
18 1960 1960 16.700 33.200 16.200 15.900 19.900 16.400 9.600 6.500 4.900 4.200 4.000 4.900 12.724
19 1961 1961 18.100 22.800 18.300 9.400 7.400 13.500 10.200 6.900 4.100 3.200 2.600 2.500 9.963
20 1962 1962 6.300 38.800 15.100 11.500 12.400 7.800 5.800 4.600 3.700 3.100 2.800 2.800 9.552
21 1963 1963 11.100 36.700 16.900 12.400 10.000 8.000 6.400 5.300 4.400 4.100 3.600 3.700 10.223
22 1964 1964 19.600 36.400 13.200 12.600 14.000 12.600 7.600 5.600 4.700 4.200 4.100 4.100 11.575
23 1965 1965 11.800 44.700 30.000 19.200 22.700 15.300 8.600 6.600 5.400 4.500 4.000 3.900 14.752
24 1966 1966 14.100 50.700 28.500 18.800 14.300 16.300 15.700 6.500 5.700 5.400 3.900 4.500 15.384
25 1967 1967 13.800 27.800 15.300 13.400 7.100 10.600 11.900 6.200 6.100 5.000 4.800 5.800 10.669
26 1968 1968 27.400 34.900 15.200 13.700 21.900 18.300 13.400 8.800 5.800 4.500 4.000 3.300 14.302
27 1969 1969 15.200 47.400 32.300 16.200 15.900 19.600 11.400 8.900 7.700 6.000 5.100 5.000 15.929
28 1970 1970 11.900 49.800 23.200 11.300 10.000 7.900 6.000 4.500 3.800 3.000 2.500 3.400 11.447
29 1971 1971 31.400 35.000 25.200 14.400 10.700 16.500 4.200 3.000 2.500 2.300 3.300 3.100 12.712
30 1972 1972 5.000 47.600 19.500 8.500 9.500 14.500 8.300 4.700 2.000 4.200 5.500 3.500 11.056
31 1973 1973 32.200 24.800 14.200 5.800 5.900 14.500 9.800 9.800 5.300 5.000 3.500 4.300 11.310
32 1974 1974 9.200 43.300 19.500 9.100 7.400 10.600 8.600 6.800 1.700 4.900 2.200 2.400 10.467
33 1975 1975 11.900 51.600 25.500 14.200 13.900 8.600 8.000 5.700 4.800 4.600 4.100 6.800 13.306
34 1976 1976 71.200 25.600 21.300 13.600 72.900 21.100 -.200 -14.400 -.900 -.800 7.200 41.700 21.561
35 1977 1977 40.500 75.300 11.200 21.900 38.100 26.000 2.800 -10.100 -18.700 2.700 -3.500 16.600 16.838
36 1978 1978 58.200 44.800 36.400 72.500 23.200 10.600 -1.800 9.200 4.700 -18.600 10.000 25.000 23.191
37 1979 1979 68.000 18.800 79.600 41.200 1.800 20.100 25.600 -6.000 -.900 3.400 6.200 16.700 23.113
38 1980 1980 67.300 48.000 18.200 15.500 13.100 18.900 6.300 1.600 4.100 -3.400 15.000 -10.000 16.398
39 1981 1981 44,500 83.700 62.200 10.700 9.700 20.600 11.900 4.800 -13.900 -13.400 -13.600 -4.600 17.041
40 1982 1982 46.400 54.600 34.100 18.400 27.500 10.900 -.800 ~-1.300 4.100 1.700 -.800 31.000 18.856
41 1983 1983 71.500 27.600 18.200 23.400 16.600 26.900 7.700 -12.800 -5.700 8.700 12.400 7.700 16.938
42 1984 1984 58.500 30.000 9.700 -3.400 12.300 15.700 -4.200 -16.900 -21.700 -19.400 -26.200 -4.200 2.632
43 1985 1985 22.700 56.500 8.100 -2.900 9.700 22.100 -11.700 -4.400 -14.400 -14.200 -27.100 -13.700 2.612
44 1986 1986 49.200 19.100 11.600 -7.300 7.900 10.600 -9.000 -6.200 -26.900 -37.300 -62.800 -10.900 -4.979
45 1987 1987 16.500 17.700 23.800 21.600 18.300 22.400 -1.400 -17.700 -29.200 -46.600 -42.300 -24.500 -3.161
46 1988 1988 56.500 26.600 26.900 2.900 5.600 13.900 -13.700 -19.600 -49.100 -58.400 -56.800 -30.200 -7.590
47 1989 1989 53.700 16.800 5.700 4.700 21.900 25.800 -6.700 -6.000 -29.700 -58.200 -59.800 -42.000 -5.762
48 1990 1990 34.900 40.400 18.800 9.600 29.900 33.800 15.900 -7.800 -1.300 -35.300 -18.000 -16.100 8.999
49 1991 1991 11.300 38.100 16.000 8.300 11.600 24.000 6.700 -18.100 -8.000 -27.100 -23.900 -21.600 1.597
50 1992 1992 27.900 81.600 24.100 39.700 25.800 20.600 6.300 5.000 -7.800 -6.500 -6.600 16.500 18.942
51 1993 1993 43.000 28.500 22.600 18.900 9.500 24.400 -6.200 2.800 -14.400 -57.300 -54.300 -34.500 -.965
52 1994 1994 21.900 42.000 18.200 22.300 16.700 29.500 3.200 -6.800 -8.700 -35.400 -36.900 -22.200 3.902
53 1995 1995 47.500 14.100 23.200 9.100 21.500 27.200 12.100 -3.000 -28.100 -46.300 -17.100 -1.500 5.239
54 1996 1996 26.500 33.300 16.700 11.300 5.300 8.800 12.200 8.300 2.200 .300 7.700 4.800 11.515
AVERAGE 28.370 39.409 21.952 14.580 14.756 15.674 6.561 1.620 -2.196 -5.989 -4.856 1.146 11.008
MAX IMUM 71.500 83.700 79.600 72.500 72.900 33.800 25.600 9.800 7.700 9.500 15.000 41.700 23.191
MINIMUM 5.000 14.100 5.700 -7.300 1.800 7.100 -13.700 -19.600 -49.100 -58.400 -62.800 -42.000 -7.590
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PERIOD AVERAGE CHANNEL FLOW (cms) : 25 Gull Island Local Inflow
YEAR OF

SIM HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 584.30 548.60 241.10 168.30 162.30 137.70 366.20 178.30 103.50 84.00 82.30 155.10 234.74
2 1944 1944 1120.80 747.50 445.20 439.10 423.20 400.80 105.20° 51.20 29.70 24.10 26.40 54.00 324.61
3 1945 1945 1507.60 737.70 656.10 57.30 55.20 141.70 407.40 198.40 115.20 93.50 126.80 203.80 360.65
4 1946 1946 1333.00 519.70 465.20 176.40 170.00 176.10 546.90 266.30 154.70 125.50 169.80 234.60 363.39
5 1947 1947 853.30 264.60 462.60 142.00 136.80 256.40 313.30 152.50 88.60 71.90 85.10 114.50 246.97
6 1948 1948 977.60 696.30 368.10 155.10 149.50 163.60 150.80 73.50 42.70 34.60 43.90 108.60 248 .45
7 1949 1949 1695.70 932.30 919.10 359.30 346.30 210.30 165.30 80.40 46.20 37.90 45.50 79.30 413.17
8 1950 1950 1223.20 1185.90 668.60 88.50 85.30 131.30 744.00 362.20 210.40 170.70 211.80 293.00 448.77
9 1951 1951 1229.40 387.00 283.60 226.30 218.20 197.00 627.20 305.40 177.40 143.90 170.80 236.30 351.72

10 1952 1952 1136.70 782.60 426.70 500.30 482.20 278.60 364.60 177.60 103.20 83.70 126.70 214.50 391.52
11 1953 1953 1220.60 1212.20 510.30 643.20 620.00 178.60 461.80 224.90 130.70 106.00 155.70 262.30 478.47
121954 1954 1386.10 1208.00 416.80 391.30 377.10 351.20 366.80 178.60 103.70 84.20 99.80 194.40 431.50
13 1955 1955 1898.50 938.90 347.60 206.80 199.40 214.40 686.90 334.50 194.30 157.60 167.00 281.70 470.89
14 1956 1956 452.50 1362.60 616.20 275.10 265.20 559.00 469.40 243.20 126.70 70.70 52.70 74.90 381.45
15 1957 1957 199.30 2180.70 935.50 356.90 371.90 386.50 62.60 38.90 106.00 77.80 112.20 171.40 416.36
16 1958 1958 1319.20 1240.20 516.10 619.30 730.20 356.10 180.70 101.70 72.00 50.70 44.50 61.10 442.96
17 1959 1959 1446.90 1018.20 123.40 100.30 62.90 332.40 633.10 357.60 187.30 189.80 150.80 143.60 396.46
18 1960 1960 1375.50 684.10 362.80 268.40 432.90 362.10 218.50 86.20 77.70 51.50 39.10 117.30 341.79
19 1961 1961 623.50 726.00 341.90 253.20 147.00 559.60 202.80 114.30 159.10 111.40 67.40 35.20 279.83
20 1962 1962 1012.40 1469.80 294.00 242.80 106.60 62.20 108.40 57.00 33.20 50.30 63.50 102.70 300.69
21 1963 1963 1392.60 1188.20 539.80 373.10 294.00 352.50 362.00 95.10 92.10 87.10 109.00 192.80 425.01
22 1964 1964 1358.70 1469.70 354.30 428.10 287.20 231.30 175.20 97.70 41.50 17.70 86.50 106.60 389.58
23 1965 1965 1057.30 1613.10 603.70 330.20 615.60 397.40 153.70 16.70 9.20 58.10 77.80 64.10 417.21
26 1966 1966 88.50 794.70 1318.40 401.40 274.10 585.40 636.50 175.00 107.50 52.10 45.00 71.00 381.11
25 1967 1967 839.20 1220.90 344.30 395.50 187.80 336.50 375.30 242.60 72.00 103.50 111.70 199.00 369.82
26 1968 1968 1500.50 966.90 465.80 413.50 512.90 535.60 283.50 155.70 116.70 86.80 124.90 97.60 440.96
27 1969 1969 1081.40 2125.90 510.20 593.00 521.20 510.60 667.10 431.70 204.80 121.30 129.50 102.40 584.09

28 1970 1970 433.50 1105.40 361.40 409.50 279.30 290.10 235.00 37.30 54.50 73.10 78.10 227.20 298.77
29 1971 1971 1542.90 1016.70 357.30 324.60 281.10 490.20 367.30 234.40 116.00 144.00 165.30 186.70 437 .64
30 1972 1972 372.30 2626.60 438.20 408.00 295.60 591.20 175.90 204.30 252.40 263.50 94.50 119.70 485.21
31 1973 1973 1731.30 926.20 579.70 283.60 185.40 293.30 279.20 164.60 167.80 352.10 115.20 72.20 430.55
32 1974 1974 736.50 1678.80 411.60 278.50 163.60 363.50 152.60 100.10 104.90 64.60 24.10 59.50 345.31
33 1975 1975 768.50 1725.50 392.30 256.00 348.20 256.90 213.10 102.30 75.10 173.40 87.70 241.10 385.74
34 1976 1976 1579.10 1069.50 255.10 485.30 492.20 302.20 168.20 74.00 50.20 41.00 47.30 48.20 386.52
35 1977 1977 1113.20 1584.40 241.20 546.20 545.30 482.80 277.90 138.40 142.90 132.20 68.60 .90 440.24

36 1978 1978 1176.80 1992.90 481.00 128.90 326.40 566.90 137.40 120.30 60.10 103.10 103.10 257.70 454 .98
37 1979 1979 1520.40 882.20 343.60 566.90 420.90 326.40 335.00 137.40 77.30 68.70 68.70 77.30 404 .51
38 1980 1980 1603.80 1297.10 635.70 300.60 240.50 335.00 214.80 128.90 103.10 94.50 85.90 189.00 438.00
39 1981 1981 1212.90 1606.30 420.90 446.70 322.10 429.50 120.30 85.90 60.10 41.20 57.60 74.70 408.16
40 1982 1982 850.40 1564.20 524.00 274.90 420.90 212.20 154.60 69.60 60.10 41.20 57.60 226.80 371.68
41 1983 1983 1657.00 755.90 481.00 180.40 257.70 463.90 163.20 69.60 51.50 77.30 43.00 77.30 359.25
42 1984 1984 1626.90 1297.10 506.80 189.00 438.10 249.10 103.10 68.70 60.10 43.00 43.00 43.00 390.94

43 1985 1985 661.40 1550.50 524.00 438.10 266.30 369.40 180.40 85.90 51.50 43.00 60.10 240.50 373.25
44 1986 1986 1271.30 699.20 519.70 343.60 326.40 317.80 171.80 103.10 85.90 103.10 146.00 257.70 364.24
45 1987 1987 884.80 576.40 384.80 326.40 309.20 524.00 429.50 266.30 197.60 214.80 180.40 137.40 370.64
46 1988 1988 1385.60 1683.60 403.70 121.10 137.40 317.80 317.80 68.70 60.10 41.20 57.60 74.70 390.17
47 1989 1989 772.20 924.30 352.20 255.10 234.50 258.60 258.60 130.60 51.00 109.40 222.00 96.50 306.23
48 1990 1990 103.70 126.00 196.70 308.50 443,00 396.40 134.90 52.70 -14.10 115.50 59.40 41.60 163.84
49 1991 1991 684.40 1050.50 568.70 303.40 237.60 309.40 205.70 43.30 -.20  54.20 59.50 8.30 294 .81
50 1992 1992 828.90 1178.60 351.90 527.30 447.20 384.20 191.00 3.40 53.30 36.20 82.90 82.70 348.46

51 1993 1993 1185.20 630.40 453,40 550.70 320.20 622.90 194.00 173.80 1.20 75.20 100.40 164.70 375.62
52 1994 1994 1160.80 1040.70 495.60 439.30 493.80 331.20 271.10 58.90 80.10 103.80 205.60 257.70 412.94
53 1995 1995 1260.00 527.10 452.60 127.80 140.20 367.90 319.90 85.50 128.90 227.30 159.90 162.20 331.25

54 1996 1996 852.00 1069.80 535.80 364.00 171.70 280.40 390.80 263.60 69.10 8.20 246.80 155.00 369.35
AVERAGE 1090.56 1118.67 466.78 329.43 310.74 343.30 296.26 145.72 94.57 96.13 100.86 139.85 379.08
MAXTMUM 1898.50 2626.60 1318.40 643.20 730.20 622.90 744.00 431.70 252.40 352.10 246.80 293.00 584.09
MINIMUM 88.50 126.00 123.40 57.30 55.20 62.20 62.60 3.40 -14.10 8.20 24.10 .90 163.84
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PERIOD AVERAGE CHANNEL FLOW (cms) : 28 Muskrat Falls Local Inflow
YEAR OF
SIM HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 95.900 90.000 39.600 27.600 26.600 22.600 60.100 29.300 17.000 13.800 13.500 25.500 38.528
2 1944 1944 183.900 122.700 73.100 72.100 69.400 65.800 17.300 8.400 4.900 4.000 4.300 8.900 53.284
3 1945 1945 247.400 121.100 107.700 9.400 9.100 23.300 66.900 32.600 18.900 15.300 20.800 33.400 59.196
4 1946 1946 218.700 85.300 76.300 28.900 27.900 28.900 89.700 43.700 25.400 20.600 27.900 38.500 59.624
5 1947 1947 140.000 43.400 75.900 23.300 22.400 42.100 51.400 25.000 14.500 11.800 14.000 18.800 40.518
6 1948 1948 160.400 114.300 60.400 25.500 24.500 26.800 24.700 12.100 7.000 5.700 7.200 17.800 40.767
7 1949 1949 278.300 153.000 150.800 59.000 56.800 34.500 27.100 13.200 7.600 6.200 7.500 13.000 67.804
8 1950 1950 200.700 194.600 109.700 14.500 14.000 21.500 122.100 59.400 34.500 28.000 34.800 48.100 73.633
9 1951 1951 201.700 63.500 46.500 37.100 35.800 32.300 102.900 50.100 29.100 23.600 28.000 38.800 57.698
10 1952 1952 186.500 128.400 70.000 82.100 79.100 45.700 59.800 29.100 16.900 13.700 20.800 35.200 64.227
11 1953 1953 200.300 198.900 83.700 105.500 101.700 29.300 75.800 36.900 21.400 17.400 25.600 43.000 78.501
12 1954 1954 227.500 198.200 68.400 64.200 61.900 57.600 60.200 29.300 17.000 13.800 16.400 31.900 70.808
13 1955 1955 311.500 154.100 57.000 33.900 32.700 35.200 112.700 54.900 31.900 25.900 27.400 46.200 77.266
14 1956 1956 74.300 223.600 101.100 45.100 43.500 91.700 77.000 39.900 20.800 11.600 8.400 12.300 62.584
15 1957 1957 32.700 357.900 153.500 58.600 61.000 63.400 10.300 6.400 17.400 12.800 18.400 28.100 68.328
16 1958 1958 216.500 203.500 84.700 101.600 119.800 58.400 29.700 16.700 11.800 8.300 7.300 10.000 72.683
17 1959 1959 237.400 167.100 20.200 16.500 10.300 54.500 103.900 58.700 30.700 31.100 24.700 23.600 65.045
18 1960 1960 225.700 112.300 59.500 44.000 71.000 59.400 35.900 14.100 12.800 8.500 6.400 19.200 56.079
19 1961 1961 102.300 119.100 56.100 '41.600 24.100 91.800 33.300 18.800 26.100 18.300 11.100 5.800 45.927
20 1962 1962 166.100 241.200 48.200 39.800 17.500 10.200 17.800 9.400 5.400 8.300 10.400 16.900 49.339
21 1963 1963 228.500 195.000 88.600 61.200 48.200 57.800 59.400 15.600 15.100 14.300 17.900 31.600 69.732
22 1964 1964 223.000 241.200 58.100 70.300 47.100 38.000 28.800 16.000 6.800 2.900 14.200 17.500 63.939
23 1965 1965 173.500 264.700 99.100 54.200 101.000 65.200 25.200 2.700 1.500 9.500 12.800 10.500 68.458
24 1966 1966 14.500 130.400 216.300 65.900 45.000 96.100 104.400 28.700 17.600 8.500 7.400 11.700 62.533
25 1967 1967 137.700 200.300 56.500 64.900 30.800 55.200 61.600 39.800 11.800 17.000 18.300 32.700 60.680
26 1968 1968 246.200 158.700 76.400 67.900 84.200 87.900 46.500 25.600 19.200 14.200 20.500 16.000 72.368
27 1969 1969 177.500 348.900 83.700 97.300 85.500 83.800 109.500 70.800 33.600 19.900 21.300 16.800 95.853
28 1970 1970 71.100 181.400 59.300 67.200 45.800 47.600 38.600 6.100 8.900 12.000 12.800 37.300 49.019
29 1971 1971 253.200 166.800 58.600 53.300 46.100 80.400 60.300 38.500 19.000 23.600 27.100 30.600 71.802
30 1972 1972 61.100 431.000 71.900 67.000 48.500 97.000 28.900 33.500 41.400 43.200 15.500 19.600 79.614
31 1973 1973 284.100 152.000 95.100 46.500 30.400 48.100 45.800 27.000 27.500 57.800 18.900 11.800 70.635
32 1974 1974 120.900 275.500 67.500 45.700 26.800 59.700 25.000 16.400 17.200 10.600 4.000 9.800 56.666
33 1975 1975 126.100 283.200 64.400 42.000 57.100 42.200 35.000 16.800 12.300 28.500 14.400 39.600 63.313
34 1976 1976 259.100 175.500 41.900 79.600 80.800 49.600 27.600 12.100 8.200 6.700 7.800 7.900 63.422
35 1977 1977 182.700 260.000 39.600 89.600 89.500 79.200 45.600 22.700 23.400 21.700 11.300 .100 72.239
36 1978 1978 193.100 327.000 78.900 21.200 53.600 93.000 22.500 19.700 9.900 16.900 16.900 42.300 74.655
37 1979 1979 249.500 144.800 56.400 93.000 69.100 53.600 55.000 22.500 12.700 11.300 11.300 12.700 66.393
38 1980 1980 263.200 212.900 104.300 49.300 39.500 55.000 35.200 21.200 16.900 15.500 14.100 31.000 71.879
39 1981 1981 199.000 263.600 69.100 73.300 52.900 70.500 19.700 14.100 9.900 6.800 9.500 12.300 66.994
40 1982 1982 139.600 256.700 86.000 45.100 69.100 34.800 25.400 11.400 9.900 6.800 9.500 37.200 61.007
41 1983 1983 271.900 124.000 78.900 29.600 42.300 76.100 26.800 11.400 8.500 12.700 7.100 12.700 58.954
42 1984 1984 267.000 212.900 83.200 31.000 71.900 40.900 16.900 11.300 9.900 7.100 7.100 7.100 64.179
43 1985 1985 108.500 254.400 86.000 71.900 43.700 60.600 29.600 14.100 8.500 7.100 9.900 39.500 61.258
44 1986 1986 208.600 114.700 85.300 56.400 53.600 52.200 28.200 16.900 14.100 16.900 24.000 42.300 59.780
45 1987 1987 145.200 94.600 63.100 53.600 50.700 86.000 70.500 43.700 32.400 35.200 29.600 22.500 60.812
46 1988 1988 227.400 276.300 66.200 19.900 22.500 52.200 52.200 11.300 9.900 6.800 9.500 12.300 64.049
47 1989 1989 126.700 151.700 57.800 41.900 38.500 42.400 42.400 21.400 8.400 18.000 36.400 15.800 50.249
48 1990 1990 17.000 20.700 32.300 50.600 72.700 65.000 22.100 8.600 -2.300 19.000 9.700 6.800 26.874
49 1991 1991 112.300 172.400 93.300 49.800 39.000 50.800 33.800 7.100 .000 8.900 9.800 1.400 48.393
50 1992 1992 136.000 193.400 57.700 86.500 73.400 63.000 31.300 .600 8.700 5.900 13.600 13.600 57.165
51 1993 1993 194.500 103.400 74.400 90.400 52.500 102.200 31.800 28.500 .200 12.300 16.500 27.000 61.625
52 1994 1994 190.500 170.800 81.300 72.100 81.000 54.300 44.500 9.700 13.100 17.000 33.700 42.300 67.753
53 1995 1995 206.800 86.500 74,300 21.000 23.000 60.400 52.500 14.000 21.200 37.300 26.200 26.600 54.365
54 1996 1996 139.800 175.600 87.900 59.700 28.200 46.000 64.100 43.300 11.300 1.300 40.500 25.400 60.600
AVERAGE 178.956 183.578 76.589 54.059 50.983 56.330 48.617 23.909 15.515 15.776 16.559 22.950 62.205
MAX IMUM 311.500 431.000 216.300 105.500 119.800 102.200 122.100 70.800 41.400 57.800 40.500 48.100 95.853
MINIMUM 14.500 20.700 20.200 9.400 9.100 10.200 10.300 600 -2.300 1.300 4.000 .100 26.874
Page: 2
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Appendix C
Description of ARSP Model
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ARSP is a general reservoir simulation program that is capable of simulating a wide
range of operating policies in multipurpose, multi reservoir systems. Water resource
allocation problems involving energy production, flood control, water supply,
irrigation, low-flow augmentation, diversion, navigation, environmental, and many
other requirements can be modeled. The model takes natural inflows, precipitation,
evaporation and evapotranspiration data as input.

A major advantage of ARSP is its flexibility in allowing the user to make structural
or operating policy changes by modifying the input data rather than by changing the
computer program itself. Furthermore, the operating policies are modeled separately
from the physical system. In this way, a unique and powerful division in
representation of a water resource network is realized and is responsible, in large
part, for the flexibility and general applicability of the model. This approach allows
alternative water resource policies to be investigated by superimposing new penalty
structures on the existing network. The penalty structure defines the relative
priorities of conflicting water uses under various hydrologic conditions, and at
various times of the year. The priorities are specified by the user, and are not
dependent on the system configuration.

Operational features that can be represented include storage and release of water by
reservoirs, physical discharge controls at reservoir outlets, water flow in channels
(e.g., streams, power channels, diversion or irrigation canals), consumptive demands
(e.g., agricultural, industrial or municipal), hydropower releases, head losses in
channels, water losses in channels, hydraulic routing through channels and reservoirs,
and inflow forecasts. Flow and water level constraints may be absolute, or they may
be relative to the flow or level in a previous time step.

ARSP is based on the premise that a water resource system can be represented by a
flow network and that an optimal operating decision for the upcoming time period
can be made given the initial state of the system and estimates of net inflows during
the period. It is a steady-state model since the system configuration and the penalty
structure do not change with time. It is not an “optimization model”, but it does use
a solution algorithm that is based on optimization principles. It is known as the “out
of kilter” algorithm.
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In the model, a physical water resource system is described as a network consisting
of discrete components, each of which is defined separately. Junctions and control
points, such as reservoirs, are represented as nodes, while natural or man-made flow
paths that connect junctions are referred to as channels. The network solution
technique allocates water in such a way that the total penalties for demand and
reservoir storage are minimized for a given time step, e.g., the model might
determine if it is preferable to draw a reservoir down to maintain a minimum flow
in a channel or to keep the water in storage and allow the channel flow to fall below
the desired value.
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Appendix D
Storage Curves
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EMMAGASINEMENT A 08 g okimanuan
VOLDME BN MLLTONS DI METREESD CHOREZD BN FONCP TN D NTVEALD BN MBETRED
NIVEAU ] 1 2 3 1 5 6 7 8 9
476 .0 585.83 592.12 598.56 605.02 6©11.47 617.93 624 .39 b30.86 637.33 643.90
476.1 650.218 656.76 663.25 669.73 676.2) 682.72 689.22 695.72 702.23 708:73
476.2 715.21 121.76 728.27 734.79 741.32 747.84 754 .21 760.74 767.27 773.81
476.3 780.35% 766.869 793.43 799.97 qo6. 52 g13.07 619.62 826.18 832.73 839.29
476 .4 845.85 ¥52.41 850.98 865.55 872.11 8706.68 885.26 891.483 898.41 904.98
476.5 911.56 917.98 924.57 931.15 937.774 944.33 950.92 957.51 964.10 970.69
4176.6 977.29 783.89 990.49 997.09 1003.69 1010.29 1016.90 1023.50 1030.11 1036.72
476.7 1043.33 1049.94 1056.55 1063.17 1069.78 1076.40 1082.86 1089.48 1096.10 1102.72
476.8 1109.35 1115.97 1122.60 1129.23 1135.¢86 1142.49 1149.12 1155.76 1162.39 1169.03
4769 1175.67 1182.31 1188 .95 1195.59 1202.29 1208.08 1215.53 1222.18 1228.83 1235.48
477.0 1242 .13 1240.63 1255.29 1261.94 12682.60 1275.27 1281.913 1288.60 1295.27 1301.93
477.1 1308.61 1315.28 1321.95 1328.63 1335.31 1341.99 1318.68 1355.36 1362.05 1368.74
a77.2 1375.43 13062.13 1388.862 1395.52 1402.21 1408.93 1415.47 1422.19 1428.89 1435.61
477.3 1442 .33 144Y.05 1455.77 14162.50 1469.21) 1475.96 1482.69 1489.473 1496.17 1502.92
47°7.4 1509.67 1516.42 1523.17 1529.93 14%3/.69 1543.46 1550.22 1557.00 1563.78 1570.56
477.5 1577.34 1583.96 1590.76 1597.55 1604.135 1611.16 1617.,97 1624.78 1631.60 1638.42
477.6 1645.25 1652.09 1658.92 1665.76 1672.61 1679.47 1686 .32 1693.19 1700.06 1706.93
a77.7 1713.81 1720.70 1727.59 1734.49 1741.3 1748.30 1755,05 1761.97 1768.89 1775.83
177.8 1782.7177 17189.72 1796.67 1803.63 1810.60 1817.50 1824.56 1831.55 1838.55 1845.55
A°7°7.9 1952 .50 1169, hey 1866 .61 178,65 1880, 4L 10K .74 1494 .00 1901 .17 1900 ,95 1916.01

1923.11 1930.06 1937.17 1944.,29 1951.42 1958.56 1965.71 1972.87 1980.04 1987.22
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i, 1 1994 .40 2001.60 2008 .41 2016.09 2023.26 2010.50 2037.75 2045.02 2052.29 2059.57
470.2 2066 .87 2074.18 2081.50 2088.83 2096 .17 2103.53 2110.71 2118.09 2125.49 2132.89
476.3 2140.31 2147.74 2155.18 2162.64 2170.11 2177.59 2185.09 2192.60 2200.13 2207.67
4786.4 2215.22 2222.79 2230.37 2217.97 2245.59 2253.21 2260.86 2268.52 2276.19 2283.88
A78.5 2291.59 2299.13 2306.86 2314.62 2322.39 2330.18 2337.99 2345.81 2353.65 2361.51
4748.6 2369.3Y 2377.28 2385.19 2393.12 2401.07 2409.04 2417.03 2425.03 2433.06 2441.10
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479.2 2981 .41 2890.74 2900.11 2909.51 2918.94 2928.40 2937.66 2947.19 2956.75 2966.34
479.3 2975.96 29065.62 2995.30 3005.03 1014.78 3024.58 3034.40 3044.26 3054.15 3064.08
479.4 3074.05 3084.05 3094.08 3104.16 3114.26 3124 .41 3134.59 -+ 3144.81 3J155.06 3165.36
479.5 3175.69 3185.81 3196.21 3206.66 3217.15 3227.67 3238.24 3248.04 3259.48 3270.17
479.6 3280.89 3291.66 3302.47 3313.32 3324.21 3335.14 3346.12 3357.13 3368.19 3379.30
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479.8 3504.10 3515.74 3527.44 3539.17 3550.96 3562.79 3574.68 3586.61 3598.59 3610.62
479.9 3622.70 3634.83 3647.01 3659.23 3671.52 3683.85 3J696.23 3708.66 3721.15 3733.69
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I NEMENT
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CURIS EN FONCTION DUJ NIVEAU EN METRES

5 6 7 2]

-67.72 -61.52 ~-55.30 -49.07
=5.19 1.15 7.52 13.90
ha.n Gh. 46 T1.un 7¢.50
124.61 131.09 137.7% 144.43
191.56 198.36 205.1¢06 211.99
260.16 267.10 274 .06 281.03
330.06 337.15 344 .25 351.37
401.61 108 .84 416.10 423 .36
474.613 101 .04 109,24 496.65
548,95 556.48 564 .03 571.59
624.93 632.61 640.30 648,01
702,19 710.02 717 .86 725.71
M1 .12 189,00 797 .08 805.00
g61.5%2 e .14 yill.m%H 685,73
943.19 951.46 959.75 968.04
1026.54 1034 .96 1043 .39 1051.83
1111.16 1119.72 1128.30 1136.89
1197.45 1206.16 1214 .49 1223.63
1285.22 1293.86 1302.73 1311.62
T3 2 T 138325 1392271401 30
1464.96 1474.11 1483 .28 1492.46
1556.92 1566.22 1575.53 1584.86
1650.57 1660.02 1669.48 1678.96
1745.70 1755.06 1764.G7 1774.29
1642.07 1851.181 1861.9%0 1871.33
1940.13 1950.02 1959.93 1969.84
2039.43 2049.47 2059.52 2069.58
2140.44 2150.62 2160.642 2171.03
2242 .92 2253.00 2263.34 2273.70
2346,62 2357.09 2367 .54 2378.09
2452.03- 2462.66 2473.29 2483.95
2558.66 2569.43 2580.21 2591.01
2781.35 2818.38 2855.47 2892.61
3154.10 3190.75 3228.38 3266.05
3531.25 3569.34 3607 .48 3645.68
3914.45 3953.05 3991.69 4030.39
4301.66 4340.714 4379.87 4419.05
4694 .59 4734.14 4773.74 4813.38
5092.12 5131.14 5171.19 5211.27
5493.08 5533.51 5573.98 5614.50
5899.25 5940.09 5980.97 6021.89

-42

20.

us.
151.
218.
.01
.50
430.
.08
579.
655.

269
358

504

733.
H13.
P
976 .
1060.
1145.
1232.
1320.
TTTT14TO0 T3S
.65

593

1501

1594.
.45
.93
1001,
1979.
2079.
.26
.07
2398,
.61

1688
1783

2181
2204

2494
2601

2929.
.78

3303

3683,
4069.
4458.
.06
.40
.05
6062.

4853
5251
5655

Page 87 of 116

.82

20
Os
12
82

64

17
73

58
10

36
29
50
kL]
52

20

12
17
66

61

.83

80
92

13
27

86



NIVEAU

169,
468.
168.
46Y.
169,
4160,
461,
469.
468,
468,

469.
469 .
469.
469.
469.
469.
469.
469.
467,
467,

470,
470.
470,
470.
470.
470.
470,

470

470

470.

471.
471,
471.

471

471.
471.
471.
471.
471.
471.

472.
472,
472,
472.
472.
472,
472.
472.
472.
472.

ANV W=D VDONAQAUVALNN-O

-~

SNSaaUta W=

VOS2 WNFO WVWONAASE LN~ O (Yol

0

6103.86
6515.03
6930.97
7349.49
7772.44
a198.62
4626 .80
9058.989
9492.61
9929.689

10369.50
10810.17
11253.87
11698.27
12145.34
12593.83
13042.46
13493.23
13943.76
14196.09

11048.92
15309.30
15771.25
16236.11
16706.114
17180.13
17656.70

18138746~

186622.78
19112.10

19605.34
20101.28
20602.41
21106.43
21615.87
22129.65
22646 .68
23169.63
23696.16
24229.09

24767.33
25309.89
25R859.63
26414.17
26976 .59
27545 .87
28120.91
28705.00
29295.62
29896.13

VOLUME EN MILLTONS DI

1

6143.90
6556.46
6972.77
7391.63
7614.91
6240.36
9669, 48
9102.2%
9536.23
9973.75

10412.51
10854 .46
11298.34
11742.91
12190.13
12637.66
13087.49
134%38.36
13989.97
14441.36

14997.14
15355.31
15017.67
16282,96
16753.37
17226.56
17704.77

101067903

18671.54
19161.27

19653.67
20151.21
20652.78
21157.19
21667,05
22180,02
22698.74
23222.18
23749.22
24282.67

24820.16
25364.59
25914.93
26470.12
27033.19
27601.77
28178.,98
28763.83
29355.30
29956.66

EMMAMAMGASI

2

6184
6597
7014
7433
7657
Hen)l
@712
2145
9579
10017

10456
10898
11342
11787
12234
126082
13132
13583
14034
144u6

14942
15401
15864
16329
16800
17274
17752
n235
16720
19210

19703
20201
20703
21207
21719
22231
22750
23274
23802
24336

248714
25419
25970
26526
27089
27659
28237
20822
29415
30017

.98
92
.60
U1
.42
an
Y
.64
U7
.64

.61
.76
.43
.56
.93
.59
.53
.50
.18

.02

.11
.35
.13
.80
.64
.23
LH2
.26
.33
.48

.26
.18
.14
.98
.27
.69
.87
.91
.35
.30

.34
.37
.30
.12
.89
.16
.12
.75
.04
.30

CIMFP Exhibit P-01497

3

6226.10
6639.42
7056.46
7476.02
7899.96
$3126.03
8756,14
2189.05
9623.54
10061.54

10500.73
10943.08
11387.34
11832.23
12279.75
12727.53
13177.58
13628.64
14079.40
14531.90

149806.44
15447.45
15910.63
16376.71
16847.93
17321.90
17800 .87

182063,72°

18769.18
19259.67

19752.87
20251.20
20753.55
21258.82
21769.53
22283.38
22803.07
23327.45
23855.50
24390.01

24928.58
25474.18
26025.71
26582.19
27146.62
27716.61
28295.32
28881.77
29474 .88
30076.00

J

NEMENT

4

6267 .20
6680.90
7098.37
7518 .27
7942 .53}
B3sg, 91
a’v799. 10
9232.50
9667 .23
10105.47

10544 .68
10987.42
11431.86
11876.92
12324 .56
12772.49
13222.65
13673 .74
14124 .62
14577 .17

15034 .14
15493 .50
15957 .14
16423 .56
160895, 28
17369.67%
178049 .00

183327190

18818 .07
19308.94

19802.52
20301.25
20804 .01
21309.69
21820.86
22335.16
22855.27
23380.16
23908.70
24443.75

24982.91
25529.05
26081 .22
26638,32
27203.44
27774.15
28353.62
208940.084
29534.79
30138.61

A

S m a

5

6308.
6722,
7140.
7560.
7985.
@411,
L hit

Heq2

9275.
9710.
10149.

10589.
.19
.41
.62

11031
11476
11921

12369.

12817.

13267.
13718.
14169.

14622

156
54
30
%5
13
n2

96
95
42

04

12
46
72
a5
)

.46

15079.
1553Y.
.74

16003

16470,
169%242.
17417.
17897,
10300,
18866.
19358.

19852.
20351.

20854

21360.
.21
22386.
22907.
23432.
23961.
.54

21872

24497

25037.

25584
26694

20
75

64
66
37
14
I
97
26

20
36
53
61
94
53
92
99

25

.00
26136.

27260,
.75
20411.
29000.
.78

27831

29594

30199.

79

5Y

33

98
00

67

1

1l wo od

6

6349.69
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10193.39

10633.23
11076.17
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16517.65
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20903.863
21411.57
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6190.

6805
7223
7645
8070
0497
HY28
9361
9798
10237

10677
11120
11564
12011
12459
12907
13357

13809.

14260
14713

‘15171

15632
16095
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17513
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18476
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20954
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22490
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.94
.14
.07
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6847.49  L0Y.21
7265.30  7307.37
7687.58  7729.99
8113.13  8155.86
8540.72  8583.75
8972.25  9015.56
9405.45  9449.02
9842.25  9686.06
10281.40 10325.44
10721.66 10765.91
11164.98 11209.42
11609.04 11653.64
12055.81 12100.57
12504.03 12548.92
12952.42 12997.44
13403.00 13448.11
13853.38 13898.57
14305,58 14350.83
14758.33  14803.62
15217.41 15263.33
15676.53 15724.97
16142.59 16189.31
16611.83 16658.96
17084.99 17132.55
17560.91 17608.84
18041.82 18090.12
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19013.94 1%063.00
19506.39 19555.84
20001.52 20051.37
20501.87 20552.12
21005.05 21055.72
21513.62 21564.73
22026.53 22078.06
22542.64 ,22594.63
23064.65 23117.12
23590.21 23643.17
24122.08 24175.58
24659.27 24713.28
25200.65 25255.25
25749.17 25804.36
26302.49 26358.30
26863.55 26920.04
27431.42 274¥8.60
28005.05 28062.94
28587.54 208646.24
29176.56 29236.05
29775.34 29835.69
30382.92 30444.17
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VOLUME EN MILLTONS DE METRIC CUBKS BN FONCTION DI NIVEAD BN METRIES
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VOLUME EN MILLIOUNS I MISTRES
0 1 2 3

119.57 119.98 120.40 120.82
123.78 124.21 124.64 125.07
128.12 128.56 129.00 129.45
132.57 133.02 133.47 133.93
137.14 137.61 138.08 138.54
141.85 142.32 142.79 143.27
146.67 147.16 147.66 148.15
151.64 152.15 152.66 153.16
156.74 157.26 157.78 158.31
162.00 162.53 163.07 163.61
167.41 167.94 168.49 169.04
172.95 173.52 174.09 174,65
178.67 179.26 179.84 180.42
184.55 165.14 165.74 186.35
190.60 191.22 191.84 192.45
196 .84 197.45 198.09 198.73
203.24 203.09 204.54 205.20
209 .84 210.51 211.18 Z11.46
216.62 217.31 219,00 218.69
223.61 224.32 225.03 225.75
230.81 231.53 232.26 233.00
238.21 238,96 239.71 240.47
245.84 246.61 247.39 248.17
253.67 254.47 255.27 256.07
261.76 262.58 263.40 264.23
270.09 270.91 271.76 272.61
278.63 279.50 280.37 201.25
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121.24 121.66 122.08 122.51
125.51 125.94 126 .37 126.81
129.89 130.33 130.77 131.22
134.3¢8 134.84 135.30 135.76
139.01 139.48 139.95 140.12
143.76 144.24 144.72 145.21
148.65 149.14 149.64 150.14
153.67 154.18 154.68 155.20
158.43 159.35 159.88 160.11
164.14 164.68 165.23 165.77
169.60 170.15 170.71 171.27
175.22 175.79 176.37 176.94
181.01 181.60 162.17 182.76
186.0Y% 187.55 188.16 188.77
193.07 193.70 194.32 194.95
199.36 200.00 200.65 201.29
205,015 206.51 207.17 207.84
212,654 213.21 213.87 214.%6
219,39 220.0Y 220.779 221.4Y
226.471 227.19 227.91 228.63
233.73 234.47 235.22 235.96
241.213 241.99 242.76 243.52
248.95 249.74 250.50 251.29
256 .8H 257.69 258.50 259.31
265.06 265.09 266.72 267 .56
273.46 274.32 275.17 276,03
202.13 2863.01 283.89 284.78
291 .05 291796~~~ 2927857729376
300 .22 301.15 302.09 303.02
309.87 310.63 i11.60 3J12.56
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VOLUME EN MILLIONS DE METRES CUBES EN FONCTION DU NIVEAU EN METRES

1 2 3
1.62 2.61 3.60
11.57 12.%7 13.57
21.58 22.59 231.60
31.69 32.7 33.72
41,88 12.91 413.93
52.13 53.16 54.19
62.48 63.52 64.56
72.08 73.93 74.499
83.39 84.45 85.50
93.98 95.04 96.11
104.62 105.69 106.77
115.37 116.45 117.53
126.17 127.26 128.35
137.08 138.17 139.27
148.06 149.17 1%0.27
159.10 160.21 161.33
170,25 171.37 172.49
181.45 162.57 183.70
192.75 193.09 195.02
204.13 205,28 206.42
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227.11 228,27 229.43
238.71 239.47 241.04
250.41 251.%8 252.76
262.19 263.37 264.55
274.02 275.21 276 .40
285.96 287.16 288.36
297.95 299.16 300.36
310.05 311.26 312.48
322.23 323.45 324.67
334.46 335.69 336.92
346.79 348.03 349.27
359.18 360.43 361.67
371.68 372.93 374.19
384.25 385.52 396.78
396.88 398.15 399.42
409.61 410.89 412.17
422,40 423.68 424.97
435.29 436.580 437.88
448.26 449.57 450.87
461.28 462.59 463.90
474 .42 475.173 477.05
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5 6 7 8
~1.34
5.59 6.59 7.58 8.58
15.5%7 16.58 17 .58 18.59
25.61 26.63 27.064 28,65
35.76 316.78 37.190 38.62
45.98 46.98 48.01 49.04
56.26 57.29 58.33 59.37
66.64 67.68 68.73 69.77
77,00 79.13 79.10 80.23
87.62 868.68 89.74 90.80
29,24 99.28 100.35 101.41
10%.91 109.99 111.06 112.14
119.69 120.77 121. %6 122.94
130.53 131.62 132.71 133.80
141.44 142.56 143 .66 144.76
152.44 153.56 154,677 155.74
163.55 164.67 165.78 166.90
174.73 175.85 176.97 178.10
18%5.96 167.09 188.22 189.35
197.29 198.43 199.57 200.71
208.71 209.83 210.97 212.12
220108 221733 222 4922360
231.75 232.91 234.08 235.24
243.38 244.55 245.72 246 .99
255.11 256.29 257.47 258.65
266.92 268.08 269.27 270.45
270.79 279.98 281.17 202.37
290,76 291.96 293.16 294.37
302.78 303.99 305.20 306.41
314.91 316.13 317.35 318.57
327.12 328.32 329.54 330.77
339.38 340.62 341.85% 343.08
351.75 352.99 354.23 355.48
364.17 365.42 366.67 367.92
376.70 377.96 379.21 380.47
389.31 390.54 391.81 393.07
401.96 403.24 404 .51 405.78
414.73 416.01 417.29 418.57
427.54 428.83 430.12 431.41
440.47 441.77 443.06 444.36
453.48 454 .75 456 .05 457.36
466.53 467 .84 469.15 470.47
479.69 481.01 482.33 483.66

-0.
9.
19.

29,
39.
50.
60,
70.
.28
.86
.48
113.
.03

a1
91
102
124

134

145.
156.
168.
179.
190.
.85

201

213.
T224780 o
.40

236

2498
259
271
283
295
307
319
332
344
356

369
jel
394
407
419
432
445
458
471
484
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35
57
59

66
B4
07
40
82

22

.89

a6
88
01
22
48

27

.06
.83
.64
.57
.57
.62
.79
.00
.32
.72

.17
.73
.34
.06
-86
.70
.66
.67
.78
.98



NIVEAU

448,

0

448.1

448,
441,
448,
448.
448,
441.
448.
449.

LR NTD W

186 .
499.
512.
526.
539.
.45
.10
.86
.67
.59

553
567
560

608

CIMFP Exhibit P-01497

EMMAGASINEMENT

3o
56
92
33
85

VOLUME EN MILLIONS DE METRES CUBES EN FONCTION DU N1VEAU EN METRES

1

487,60
500.89
514.26
527.68
541.21
554.78
568,47
562.24
596.05
609,98

2

488.

92

502.22

515.
529.
542.
556.
569.
62
597.
.38

583
611

60
03
56
15
94

14

3

190
503
516
530
543
557
571
585
598
612

A

.25
.56
.94
.38
.92
.51
.22
.00
.83
.78

B, -

4

491.58
504.89
518.29
531.73
545.28
558.88
572.59
586.39
600.22
614.18

t ’

5
492

506.
519.
.08

5317

546,
560.
573.
507.
.62
615.

601

Churoch

.90

23
63

64
25
97
71

57

6

194 .23
507.56
520.94
534.43
548.00
561.62
575.35
589.12
603.01
h16.97
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Falls

7

495
508
522
535

562
576
590
604

.56
.90
.29
.79
549.
.99
.72
.51
.40
618.

36

38

496.89
510.24
523.63
537.14
550.72
564.36
578.10
591.89
605.79
619.78

498
511

524.
538.
.09
.73
579.
593.
607.
621.

552
565

.22
.58

98
49

48
28
19
19
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Load Demands



Table E.1

Load Demands

CIMFP Exhibit P-01497
Muskrat Falls Project - CE-28 Rev. 1 (Public)

*Infeedto =~ Labrador | Site Services
Month  Newfoundland ' - Twin Falls
. (GWh) | (GWh) (GWh)
Jan 478.0 110.0 170.6
Feb 481.0 99.0 | 154.1
Mar 419.0 90.0- 170.6
Apr 343.0 87.0 165.1
May 299.0 79.0 170.6
Jun 257.0 53.0 165.1
Jul 257.0 64.0 170.6
Aug 265.0 67.0 170.6
Sep 173.0 71.0 165.1.
Oct 2440 82.0 170.6
Nov 354.0' 92.0 165.1
Dec 469.0: 105.0 170.6
Total 4039 999 2008.7
*Sending End
04-May-98  APPE_l.WK4

Page 95
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Structure Curves and Tables
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Page 97

Muskrat Falls Project - CE-28 Rev. 1 (Public)

-TOBSTICK CONTROL STRUCTURE Page
Rating table for one gate fully open ,
Main reservoir level upstream of the structure Q: discharge in cfs
t 0 H 0 H Q 8| Q

1515.0 17,440 1525.5 32,590 1533.5 47,200 1545.5 23'288
15153.5 18,300 1526.0 33,600 1536.0 47,90C 1546.0 ALl
1515.0 19,600 1526.5 34,300 1536.5 48,700 1546.5 SRR
1515.5 19,400 P 1527.0 35,9090 1537.0 49,560 1547.0 400
1517.9 29,029 Lin27.5 55,700 L 1537.5 50,200 1547.5 2;'206
i517.5 24,300 $1523.6 0 1 36,400 1538.0 51,000 1548.0 ETY
1219.0 22,160 1523.5 | 37,100 1538.5 51,800 1548.5 33'100
1513.5 22,300 132%.0 i+ 37,300 1539.0 52,600 1549.0 '100
15190 23,600 1328.5 | 38,500 1539.5 53,400 1549.5 11,100
1519.5 24,300 1530.0 39,200 1540.0 54,200 1550.0 23" 300
1520.0 25,900 1530.5 39,900 1540.5 55,000 1550.5 P e
1520.5 25,200 1531.9 40,600 15410 55,800 1ﬁJ}-0 75 200
1521.6 26,500 1531.5 41,300 1541.5 56,700 1551.5 (a0
1521.5 27,200 1532.0 42,000 1542.0 57,500 1552.0 AT
522.0 27,900 11532.5 42,700 1542.5 58,400 1552.5 29" 100
1622.3 28,700 1533.0 43,400 1543.0 59,200 1553.0 T s
15%3.0 29,400 1533.5 44,200 1542.5 60,100 1553.5 SR
1523.5 30,100 1524.0 44,990 1544.0 60,900 1554.0 LR
1521.0 30,€20 1534.5 45,600 1544.5 61,800 1554.5 821000
1524.5 31,500 1535.0 46,400 1545.0 62,700 1555.0 '
1525.0 32,200

Page 97 of 116
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Gabbro Cogntrol Structure

li: Ossokmaruan reservoir

—_—

K 1555.0
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2040
2925
3000
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level, upstream of the atructure,

P-01497

........... Rating table for one gate fully open.‘

Q: Discharge in CFS.

i o] [ 2] I 9
1561?8 8b$o 1565?2 115%0‘ 1568.6 11900, 1572.0 1%%6833
9 . 8360 .3 11600 7 13000 .1 '18*30 ;
1562.0 8450 . A 11700-- .8 15100 .2 86 0

S 85ks | .5 12800, .9 15200 -3 2803
.2 86ko .6 11969 ¢ 1569.0 15300 Wb 18940
.3 8735 1 12000- .1 154GS .5 19028
b 8830 .8 12100 .2 15510 6 - 13;10
3 8925 .9 1220 .3 15615 .g 19210
-6 9020 1566.0 12300, Y 15720 . 93 ¢
-1 9115 .1 12kqo .5 15825 .9 1963r
.8 9210 .2 12500 .6, 15930 1573.0 19690
.9 9305 .3 12600 .7/ - 16035. 1 i9g;g

1563.0 gk00 A 12700 - .8 16140 |- .2 lgghs
.1 9435 - .5 12800 .9 1025 3 1095
.2 9590 - f .G . 12900 1570.0 16350 . 20060
.3 9685 T 13000 1 16455 : .5
i 160 . .2 1656¢ .6 20290
.4 vido. .8 13100 6 2ouns
.5 9875, .9 13200 .3 16665 'é 20u09
.6 99'0-F 1567,0°  13300. A 16770, . '6
S0 100}5’4 .1 13h00.. .5 16875 .9 20635
.8 10160. .2 13500 .6 16980 1574.0 20528
-9, 18255 - .34 13500 .1 17085 1 :g 6o
1564.0, 10350 " 13700 .g 'i;;gg .§ '21880
«1. 10kbs .5 13800 .9 { L .

.e2 10540, .6+ 13909 1571.0 17hpow b gilgg
$oBml ] dmep |l ) e
. 0730, .8 14190 .2_ ] .

' -?- iogg5i .9« 14200. .3 17730+~ o7 21220
6. 1020 | 1568.0 . 14300 b 17840 .8 21738

T 1ioas - .1 1bkoo .5 17950. .9 ko
.8 11110+ .2 14500 . .6 18060 1575.0 2185
<5 s 112405« .3 T14600 T, 18170 -

1565.0 11300 A 14700 .8, 18280 -

.1 11koo .5 1kgo0n .9 18;90

CHRET AoDp. ( 0-2_) 70 geT TRVE Flow)
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‘ s 1
' Muskrat Falls Project - CE-Zi'. 1 fPublic)
: of 116

Ossokmanuan Reservolr Storage

H: Upstream elevation at Gabdro structure Q: CFS/days S: Billion cubic feet (BCF)
i Q 3 I Q S H ) 0 S
1565.0 510,000 LY. 06Y 1568.0 790,710 68.302 1571.0 1,071,420 92,5k2
.1 519,357 Lh, 872 .1 800,067 69.110 .1 1,080,777 93.350
.2 528,714 Ls. 601 .2 809,h24 69.918 .2 1,090,134 94,158
.3 538,071 4u6.490 .3 818,701 T0.726 3. 1,099,491 94,966
b 547,28 L47.298 Wb 828,138 71.534 b 1,108,848 95,77k
.5 556,785 48,106 - .5 37,4095 72.3k2 .5 1,118,205 96.582
.6 566,1kL2 L8.915 .6 8L€,852 73.150 .6 1,127,562 97.390
T 575,499 Ly.718 .1 856,209 73.958 .1 1,136,919 98.198
.0 58l ,856 50.506 .8 865,566 T4, 766 B 1,146,276 99,006
.9 504,213 51.334 .9 874,923 T75.574 .9 1,155,633 99.61k
1566.0 603,570 52,1L2 1569.0 264,280 76.382 1572.0 1,16k,990 100,622
.1 612,927 52.950 .1 893,637 77.190 .1 1,174,347 101,464
.2 622,284 53.758 .2 902,994 71.998- .2 1,183,704 102,272
.3 631,651 sL.566 .3 912,351 78.68006 .3 1,193,061 103,081
.k 640,994 55.3Th b 921,708 79.614
.5 650,355 56.182 .5 931,065 80.h22
.6 659,712 56.990 .6 okn, ko2 81.230
.7 669,069 57.798 T 949,779 82.038
.8 678,426 58.606 .8 959,136 82.8k6
.9 607,783 59.k1k .9 968,493 83.654
1567.0 697,1k0 60.222 1570.0 977,850 BL.b62
.1 706,497 £1.030 .1 981,207 . B8s.270~
.2 715,854 61.038 .2 996,564 86.078
.3 725,211 62, 6h6 .3 1,005,921 66.006
b 734,568 63.L5hL Wb 1,015,270 87.694
.5 743,925 64.262 .5 1,024,635 88.502
.6 753,282 65.070 .6 1,033,992 89.310
T 762,639 65.878 T 1,043,349 90.118
.8 771,996 66.686 .8 1,052,706 90.926
.9 781,353 « 67,494 .9 1,062,063 91,734
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NHTTEFISH CONMuskratFalis Rrojectt- CE-28 Rev. 1 (Public)

{ & Page 102 of 116
RATING TAZLE OF DISCHARGES (IN (CMS) FOR ONE GATE FULLY QPEN

UPgTIERM
LEVEL EAST FOREBAY LEVEL (IN RETERS) CCWNSTREAM OF THE STRUCTLR

METERS . .

447,8 4u7,9 4u3,0 &L43,1 @&ug,2 4Lug,3 448,48 418,5 ¢

448, 0 224 160 0 0 0 0 0 0
and 274 226 161 0 0 0 Q 0
Gi58.2 . 316 276 228 163 0 0 ] 0
w8, 353 319 279 230 164 0 0 )
ae8,4 3864 356 322 281 212 166 0 0
548,59 . 417 290 39 32s 264 24 1e7 o}
ta2¢h ¢us 22 393 363 3123 286 236 169
nisd 7 472 449 424 397 356 2390 289 238
53848 497 a7é6 453 3z8 ada 349 333 292
G58,9 529 501 480 a7 132 204 372 . 33%
269,40 S43 525 506 48S 464 436 ag7 376
GE96t ShS 548 530 510 439 465 459 214
449,2 589 570 553 514 gis 493 259 Q43
L9, 509 550 575 563 539 519 ag7 474
ra%;4 t24 610 5¢6 . S¢&0 562 5424 524 502
662,55 Eay 620 516 &01 S&%5 567 $48 $28
$59 .6 Gto §68 635 821 £Q4 5540 5772 553
69,7 478 &6 £54 ¢ 5ay 6526 st 565 577
4¢9.8 6SS t&d 672 659 L6 532 616 600
480,39 . 711 701 659 678 LES 65t T a37 621
250,0 _ 727 717 706 66S £23 671 657 w42
50,1 7u2 733 723 712 731 £89 . 679 662
4G ¢ 2 ' 757 7¢8 739 3,729 713 707 665 ° 82
450,3 772 . 7é&d 755 7 T 74S 715 724 713 700
450,08 7856 773 770 7€ . TSy 741 730 713
50,5 . - &¢9 . 793 - 785  T16  7&7 75T 74l 713s
85046 819  &07 799 791 ta2 . 13- 763 7S3
450,7 828 821 813 8G¢6 767 789 773 77139
450,83 . 341 334 827 829 812 804 - 79SS 78
45049 . 854 348 641 834 827 . 819 810 501
451,40 67 P61 854 43 84 833 828 0 817
3% ¢4 879 a74 5e7 €61 SSa s47 3q90 312
¢51.2 592 ageo &89 874 268 551 gsd gleo
451,3 534 659 8§93 587 S| g1s 8:38 260
t51 .4 . 316 G11 2056 G60 894  B&3 &at 874
51,5 9238 923 918 913 507 901 £65 288

_QSt 6 .. 940 .. 835  S3d 925 929 atd 308 502
251 .7 652 a7 942 937 932~ @27 92t 7915
451,8 344 GS9 G<4 3S0 Sug 939 534 523

451,9 376 371 36 9e2 537 G52 346 Gd1
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’ - Muskrat Falls Project - CE-28 Rev. 1 (Public)
FHITEFISH, (ONTR‘OL STRUCTURE Page 103 of 116

RATING TABLE OF DISCHARGES (IN CHS) FQR C%E CGATE FULLY 0FEN

uPaTREAH

LEVEL EAST FOREZAY LEVEL (IN METERS) DORNSTREAM OF THE STRUCTUR
HETERS o - _ .

Gu7,8 4u7,9 4g8,0 GK48,1 4e8,2 cu3.,3 Q43,4 L43,5 s
£52,0 5E8 S84 979 974 589 264 G359 5S4 ¢
2€2 .1 {¢no $S6 5G4 2564 581 576 G71 986 g
GE2 .2 1012 1008 1603 393 $93 &8 983 978 ¢
£52¢3 102a {020 1a1s POt fofe {00t 596 G5 <
6520 {035 1631 1027 1923 1018 1013 1008 {003 B
562,.5 1947 1cas 1239 1035 1039 102s 1621 1016 1S
152,56 1059 1055 1051 1647 y0e2 1038 $1033 1623 10
262,17 1670 1056 1582 1¢59 1654 1650 $245 todt 1e
4223 1681 1078 1974 1070 {026  {gs2 1053 {953 ¢
5€2.9 1663 ¢a {036 1032 1673 1074 1070 1865 g
152 .0 t1oa 1140 1097 1093 1669 1588 1082 {a77 s
653, 1 t11s  f112 1108 1165ty teS7 o 1093 1gge e
45,2 1126 1123 1120 1116 1113 1109 1105 1101 ¢
533 1137 1134 113 1128 1124 t1ey 1117 143 g
553 d {Le8 1145 1142 1139 1135 1132 1128 (1es i
55,5 1159 (156 $153  1iS0  fta7  1g43 0 1140 1136
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*:'H{TEFISH CONTROL STYRUCTURE \ Page 104 of 116

RATING TABLE OF DISCHARGES (IN CHMS) FOR CNE CGATE FULLY OQFEN

UPSTREAH _ )

© LgVvEL EAST FOREBAY LEVEL (IN METERS) rOWNSTREAM OF THE STRUCTURE
. KETERS : - ' '
U0 44B,7 Q48,8 48,9 4cg,Q

T gn8,1 Q 0 0 0
GaB.2 0 0 0 0
¢abB, 0 0 0 0
T a28.4 0 0 Q Q
TR 0 0 0 0
J.aed,6 0 0 0 0
4488 171 0 0 0
5ud,9 2ee 172 0 0
3399 _ 286 2dd {74 Q
449.,1 - 3a2 259 206 175
Q09,2 132 345 101 2a8
49,3 a8 335 idg 104
1494 651 T owly 158 351
169,5 0ty 455 525 192
49,6 L85 658 £28
Q69,7 514 4ES9 -
09,8 Sut 518 433
GL969 YA Sus 523
45040 S61 - 571 550 )
0501 614 596 S76
450.2 637 619 :iot
450,3 6581 42 t24
459,84 . 678 . tA3 £a7
459,5 688 T &8a - bs8 - - i
450,64 e TLT - 704 T 689 B
€5047:° T 736 0 723 . 769 T
450,8 . . 754 Tay T 129
£50,9. SEAR 759 747
451,0 738 777 765
a451.1 804 794 733
451,42 320 810 §00
£51,3 335 B26 817
451,54 851 342 833
451 .S . 8k 857 8ua
-451,6 880 - 872 —--—8¢&4 -
851 7 8§94 ga7 579
851,8 508 501 8§93

922 513 508

 uSt,9
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Muskrat Falls Project - CE-28 Rev. 1 (Public)

PHITEFISH CGNTROL STRUCTURE Page 105 of 116

RATING TABLE CF DISCHARGES (IN CMS) FGR ONE GATE FULLY CFEN

UFPsTrREAH

LEVEL EAST FOREBAY LEVEL (IN METERS) COWNSTREAM OF THE SyRuCTU
- METERS , o S
4a8,7 Gua,3 48,9 449 9
us2,0 42 936 929 922
£52,1 $55 949 942 S36
522 968 562 GSs Su9 -’ S
£e2,.3 380 575 969 963 )
52,0 3913 987 582 576 ~ S -
65245 1005 1000 355 caql
ace¢b 1017 1012 1007 1252
us52.7 1030 - fo2s 1020 foya L : -
6828 1043 1038 1032 {1027 -
£52.9 1659 1059 1049 1039 :
4530 1068 {563 1058  1gs2t -
653,14 1030  §07S 1970 1668 !
S 451,2 1092 1088 - 1083 10738
5533 1104 1100 £095 13060
51,4 1116 1112 11908 1163

55,5 {128 1124 {120 1115
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Appendix G
Post-Processor Sample Output
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TABLE OF RESULTS FOR RUN #1 Muskrat Falls Project - CE-28 Rev. 1 (Public)
Churchill Falls Existing (CF1) Page 107 of 116

System Production and Energy Distribution (MW¢)

May | Jun | qu | Aug | Sep Oct | Nov Dec | Jan Feb | Mar | Apr | Average
| =
Total Hydro Production |3329.0 |3410.7 |3876.0 |3777.8 |3625.5 | 3757.2 |3800.6 14103.0 |4388.7 (4457.4 14392.6 14372.3 39382
e = ! | : | , . |
} '. , | |
Energy Sent to Island 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 | 00 0.0 ‘ 0.0 0.0 0.0
e ‘l I , . : —
Energy Sent to Labrador ‘ 106.2 | 73.6 86.0 90.1 98.6 | 110.2 | 127.8 ‘ 141.1 | 147.8 | 1473  121.0 ' 120.8 114.0
T . | I | 1 | | ] o
: Energy Sent to Station Service/ \ : | :
Twin Falls (Twinco Block) 2293 1 2293 2293 | 2293 | 2293 | 2293 | 229.3 [ 229.3 | 229.3 | 229.3 12293 {2293 229.3
| | | | {
g e ; 1 | ] o ‘ , L - e
Energy Received ‘ ‘ ‘ | |
at Quebec-Labrador Border 2968.0 |3080.2 |3525.1 | 3424.8 |3266.7 |3385.1 (3411.3 |3695.5 ‘3969.3 14036.7 13998.7 13978.0  3559.1
Total Losses | 255 | 276 35.6 | 33.6 30.9 325 322 37.1 423 440 | 437 44.2 357
| \ 1 1 | A ‘ l
System Production and Energy Distribution (GWh)
May | Jun Jul Aug | Sep ‘Oct | Nov | Dec Jan Feb = Mar | Apr Total
Total Hydro Production 12476.7 2455.7 |2883.8 |2810.7 |2610.4 |2795.3 |2736.4 [3052.6 |3265.2 [2995.4 |3268.1 |3148.0 344984
| I i
Energy Sent to 1sland 0.0 0.0 l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 | 00 0.0
) o L .
Energy Sent to Labrador 79.0 53.0 64.0 | 67.0 | 71.0 82.0 | 92.0 |105.0 . 110.0 « 99.0 90.0 ' 87.0 999.0
T —— = —_— =i 4L ! I | e = R,
Energy Sent to Station Service/ | :
Twin Falls (Twinco Block) 170.6 | 165.1 | 170.6 | 170.6 | 165.1 | 170.6 | 165.1 | 170.6 | 170.6 | 154.1 | 170.6 ' 165.1 2008.7
Energy Received ! ; |
at Quebec-Labrador Border  |2208.2 |2217.8 |2622.6 |2548.1 |2352.0 |2518.5 |2456.1 |2749.4 ‘2953.2 2712.7 12975.0 12864.2 | 31177.9
- Total Losses 18.9 19.9 26.5 250 222 242 23.2 27.6 31.5 29.6 325 31.8 312.8
L ; 1 | =8
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Muskrat Falls Project - CE-28 Rev. 1 (Public)

1. Enter the following parameters for the current run:

; Maximum Total Maximum Generator Maximum Load at Losses at |
'! Generation. Transformer Losses 230kV Sending End Maximum Load
| (MW) W) MW) Mw) J
' 5600 [ 15.6 | 5207.3 I 52.1
2. Enter the Following Parameters (GWh):
r ‘Month Infeed Load ‘Labrador Station Service/ i
‘ (If Used) L.oad Twin Falls Load
May 0 | 79 ] 170.6
Jun 0 i 53 L 165.1
Jul L 0 | 64 Il 170.6 ]
Aug 0 I 67 N 170.6
! Sep - 0 | 71 165.1
! Oct [ 0 0 82 | 170.6 |
! Nov i o ] 92 | 1651 ‘
| De 0 T ios | 170.6 |
f Jan | 0 | 110 I 170.6
poer Feb T 0 | 99 1544
. Mar ! 0 I 90 [ 170.6
Apr 0 i 87 | 165.1
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3. Go to the sheet entitled Total Integrated Power, and paste the ARSP Total Integrated Power output for the current Run.

This should be done such that the input for May 1943 is entered into cell D10.

4. To view results, go to the sheet entitled "RESULTS". Edit the title on the results sheet as appropriate.
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CIMFP Exhibit P-01497
GWh Muskrat Falls Project - CE-28 Rev. 1 (Public)
!  Month Infeed Load l Labrador Load { ' Station Service/Twin Falls Load
. May | 0.0 H 79.0 [ 170.6 -
~ Jun = 0.0 | 53.0 | 165.1 .

Jul 00 ] 64.0 1 170.6

Aug |00 I 67.0 [ 170.6

Sep | 0.0 | 71.0 l 165.1

Oct 0.0 | 82.0 170.6 .

Nov [ 0.0 | 92.0 B 165.1

Pee | 00 I 105.0 [ 170.6
. Jam | 0.0 100 | 170.6 -
| Feb | 0.0 [ 90 | 154.1
. Mar 0.0 I 900 I 170.6 )

Apr 0.0 I 87.0 ] 165.1 -

MWc

" Month | InfeedLoad | Labrador Load Station Service/Twin Falls Load
| May 0.0 1062 229.3
. Jun 0.0 73.6 229.3
| Jul 0.0 86.0 229.3

Aug 0.0 90.1 i 229.3

Sep | 0.0 98.6 2293

Oct | 0.0 110.2 229.3
___ Nov 0.0 127.8 229.3 |
" Dec 0.0 141.1 2293 B
. Jan 0.0 147.8 229.3 B
____Feb 0.0 | 147.3 2293 -
| Mar 0.0 121.0 ) 229.3 -
| Apr 0.0 120.8 229.3
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Total Energy Generated MWe)  Muskrat Falls Project - CE-28 Rev. 1 (Public)
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PERIOD AVERAGE ENERGY (MW CONTINUOUS)

SIM HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
| 1943 1943 3251.22 3159.13 5099.92 5099.91 5099.91 4722.83 3747.49 4102.99 4309.76 4187.89 5600.00 5545.24 4497.53
2 1944 1944 3251.22 3159.13 4412.07 3773.09 3163.43 4019.95 3747.49 4102.99 4309.76 4187.90 4628.70 5600.00 4029.57
3 1945 1945 3251.22 3159.13 3141.56 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581 45
4 1946 1946 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
5 1947 1947 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
6 1948 1948 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
7 1949 1949 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581 45
8 1950 1950 3251.22 3159.13 5099.92 3791.94 316343 3339.73 3747.52 4102.99 4309.76 4187.89 5219.48 5600.00 4082.00
9 1951 1951 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
10 1952 1952 325122 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 355115 3581.45
11 1953 1953 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.13 3581.45
12 1954 1954 3251.22 5099.92 5099.92 5099.92 5099.92 4182.82 3747.52 4102.99 4309.74 5527.48 5402.31 5600.00 4701.66
13 1955 1955 3251.22 3159.10 4960.61 3175.24 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.14 373594
14 1956 1956 3251.22 3159.13 3141.57 3175.25 331248 4021.95 3747.52 4102.99 4309.76 4187.92 5079.16 5399.61 3905.10
15 1957 1957 3251.22 3159.13 4069.07 4654.50 4822.97 4487.54 3747.48 410299 4309.75 5600.00 5600.00 5600.00 4442.23
16 1958 1958 3251.20 5099.92 5099.92 5099.92 5099.92 5062.75 3747.52 4102.99 4309.76 4314.24 5497.77 5387.23 4673.95
17 1959 1959 3251.22 3159.10 5099.92 3839.87 3163.41 3339.7¢ 3747.52 4102.99 4309.76 4187.92 3883.69 4962.51 3920.22
18 1960 1960 3251.22 3159.13 3141.57 3175.25 3297.73 4816.19 3747.49 4102.99 4309.76 4573.82 5600.00 5600.00 4061.65
19 1961 1961 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581 45
20 1962 1962 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
21 1963 1963 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 355115 3581.45
22 1964 1964 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
23 1965 1965 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 5403.90 373373
24 1966 1966 3251.22 3159.13 5099.92 5099.92 5099.92 5099.92 4846.61 4102.99 4309.76 5600.00 5600.00 5600.00 4732.73
25 1967 1967 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.14 3581.45
26 1968 1968 3251.22 3159.13 3141.55 3175.25 5099.92 5099.92 4469.76 4102.96 4965.38 5600.00 5600.00 5600.00 4427.64
27 1969 1969 3251.22 3159.13 5099.92 5099.92 5099.92 5099.92 3833.61 4102.96 5565.98 5600.00 5600.00 5600.00 4756.16
28 1970 1970 3251.22 3159.11 5099.92 4883.39 3163.42 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.14 3892.85
29 1971 1971 3251.22 3159.11 5099.92 5099.92 3569.52 4841.98 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 4072.20
30 1972 1972 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 418792 3883.69 3551.14 3581.45
31 1973 1973 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 355115 3581.45
32 1974 1974 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
33 1975 1975 3251.22 3159.13 3705.86 4083.40 3970.96 3339.71 3747.52 4102.99 4309.76 4187.92 4419 45 5600.00 3986.78
34 1976 1976 3251.22 5099.92 4928.02 4064.33 5099.92 4574.55 3747.52 4102.99 4309.74 5592.53 5362.89 5600.00 4634.02
35 1977 1977 3251.22 3159.13 5099.92 5099.92 5099.92 5099.92 4360.40 4102.96 5461.54 5600.00 5600.00 5600.00 4790.58
36 1978 1978 3251.22 3159.12 5099.92 5099.92 5099.92 3959.13 3747.52 4102.99 4309.76 418791 4880.04 5600.00 4376.03
37 1979 1979 5350.02 5099.92 5099.91 5099.92 5099.92 5099.92 4093.52 4102.99 5073.26 5600.00 5600.00 5600.00 5073.44
38 1980 1980 3251.22 5099.92 5099.92 5099.92 3163.42 4067.03 3747.49 4102.99 4309.75 5600.00 5600.00 5600.00 4555.02
39 1981 1981 3251.22 5099.92 5099.92 5099.92 3709.53 3339.7) 3747.52 410299 4309.76 4187.92 3883.68 4124 04 4162.73
40 1982 1982 3251.22 3159.11 5099.92 4874.67 4375.35 3339.71 3747.52 4102.99 4309.76 4187.92 4196.65 5600.00 4186.70
41 1983 1983 5350.02 5099.92 5099.92 4564.59 3838.00 5062.02 3747.52 4102.97 4747.06 5600.00 5600.00 5600.00 4864.90
42 1984 1984 3251.22 3159.12 5099.92 4587.66 3163.42 3339.71 3747.52 4102.99 4309.76 4187.91 4468.85 5600.00 4085.83
43 1985 1985 3251.22 3159.13 3141.57 3175.28 3163.43 3339.73 13747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
44 1986 1986 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 355) 14 3581.45
45 1987 1987 3251.22 3159.13 3141.57 3175.28 3163.43 333973 3747.52 4102.99 4309.76 4187.92 3883.69 3551.13 3581.45
46 1988 1988 3251.22 3159.13 3141.57 3175.28 3163.43 333973 3747.52 4102.99 4309.76 4187.92 3883.69 355115 3581.45
47 1989 1989 325122 3159.13 3141.57 3175.28 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 355115 3581.45
48 1990 1950 325122 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 358145
49 1991 1991 325122 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581 45
50 1992 1992 3251.22 3159.13 3141.57 3175.25 3163.43 333973 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
51 1993 1993 3251.22 3159.13 3141.57 3175.25 3163.43 3339.73 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
52 1994 1994 3251.22 3159.13 3141.57 3175.25 3163.43 333973 3747.52 4102.99 4309.76 4187.92 3883.69 3551.15 3581.45
53 1995 1995 3251.22 3159.13 3141.57 3175.25 3163.43 333973 3747.52 4102.99 4309.76 4187.92 3883.69 3546.69 3581.08
54 1996 1996 3251.22 315913 3141.57 3175.25 3163.43 333973 3747.52 410299 4309.76 4187.92 3883.69 3551.15 3581.45

AVERAGE 3328.95 3410.71 3876.0t nnn 3625.54 3757.19 3800.60 4102.99 4388.73 4457.42 4392.61 4372.29 3938.17
MAXIMUM 5350.02 5099.92 5099.92 5099.92 5099.92 5099.92 4846.61 4102.99 5565.98 5600.00 5600.00 5600.00 5073.44

MINIMUM 3251.20 3159.10 3141.55 3175.24 3163.41 3339.71 3747.48 4102.96 4309.74 4187.89 3883.68 3546.69 3581.08
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Generator Transformer Losses Muskrat Falls PrOject -CE-28 Rev. 1 (PuinC)
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SIM HYD OTH May Jun Jul Aug - Sep Oct Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 5.83 5.54 13.13 13.13 13.13 11.40 7.50 8.83 9.65 9.17 15.60 15.32 10.70
2 1944 1944 5.83 5.54 10.07 7.60 5.55 8.51 7.50 8.83 9.65 9.17 10.99 15.60 8.74
3 1945 1945 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 700
4 1946 1946 5.83 5.54 5.49 559 . 5.55 6.1 7.50 8.83 9.65 9.17 8.00 6.82 7.00
5 1947 1947 583 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
6 1948 1948 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
7 1949 1949 '5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
8 1950 1950 583 5.54 13.13 7.66 555 6.11 7.50 8.83 9.65 917 13.70 15.60 9.03
9 1951 1951 583 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
10 1952 1952 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 917 8.00 6.82 7.¢0
11 1953 1953 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
12 1954 1954 583 13.13 13.13 13.13 13.13 9.15 7.50 883 9.65 15.23 14.60 1560 11.54
13 1955 1955 5.83 5.54 12.48 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.59
14 1956 1956 583 5.54 549 559 6.02 8.52 7.50 8.83 9.65 9.17 13.03 14.58 8.31
15 1957 1957 583 5.54 8.70 111 11.85 10.39 7.50 8.83 9.65 15.60 15.60 15.60 1048
16 1958 1958 583 13.13 13.13 13.13 13.13 12.95 7.50 8.83 9.65 9.67 15.08 14.52 1139
17 1959 1959 5.83 5.54 13.13 7.84 5.55 6.11 7.50 8.83 9.65 9.17 8.00 12.49 8.30
18 1960 1960 583 5.54 5.49 5.59 598 11.82 7.50 8.83 9.65 10.76 15.60 15.60 9.01
19 1961 1961 583 5.54 5.49 5.59 555 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
20 1962 1962 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
2! 1963 1963 583 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
22 1964 1964 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 700
23 1965 1965 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 14.6} 7.64
24 1966 1966 5.83 5.54 13.13 13.13 13.13 13.13 11.96 8.83 9.65 15.60 15.60 15.60 11.73
25 1967 1967 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
26 1968 1968 5.83 5.54 5.49 5.59 13.13 13.13 10.32 8.83 12.50 15.60 15.60 15.60 10.55
27 1969 1969 5.83 5.54 13.13 13.13 13.13 13.13 7.82 8.83 15.43 15.60 15.60 15.60 11.88
28 1970 1970 583 554 13.13 12.12 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 8.20.
29 1971 1971 583 5.54 13.13 13.13 6.88 11.94 7.50 8.83 9.65 917 8.00 6.82 8.89
30 1972 1972 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
31 1973 1973 583 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
32 1974 1974 5.83 5.54 549 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
13 1975 1975 583 5.54 7.36 8.76 833 6.11 7.50 8.83 9.65 9.17 10.11 15.60 8.55
34 1976 1976 5.83 13.13 12.33 8.68 13.13 10.76 7.50 8.83 9.65 15.56 14 40 15.60 1124
35 1977 1977 5.83 5.54 13.13 13.13 13.13 13.13 9.86 8.83 14.89 15.60 15.60 15.60 12.00
36 1978 1978 583 554 13.13 13.13 13.13 8.28 7.50 8.83 9.65 9.17 12.11 15.60 10.16
37 1979 1979 14.34 13.13 13.13 13.13 13.13 13.13 8.80 8.83 13.00 15.60 1560 15.60 13.10
38 1980 1980 5.83 13.13 13.13 13.13 5.55 8.69 7.50 8.83 9.65 15.60 15.60 15.60 10.99
39 1981 1981 5.83 13.13 13.13 13.13 737 6.11 7.50 8.83 9.65 9.17 8.00 8.91 9.23
40 1982 1982 583 5.54 13.13 12.08 9.92 6.11 7.50 8.83 9.65 9.17 9.20 15.60 9.38
41 1983 1983 14.34 13.13 13.13 10.72 7.83 12.95 7.50 883 11.51 15.60 15.60 15.60 12.21
42 1984 1984 5.83 5.54 13.13 10.82 5.55 6.11 7.50 8.83 9.65 9.17 10.31 15.60 9.01
43 1985 1985 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
44 1986 1986 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
45 1987 1987 5.83 5.54 5.49 559 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
46 1988 1988 583 5.54 5.49 559 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
47 1989 1989 583 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
48 1990 1990 583 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
49 1991 1991 5.83 5.54 549 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 700
50 1992 1992 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00
51 1993 1993 583 5.54 5.49 5.59 555 6.11 7.50 8.83 9.65 9.17 8.00 6.82 700
52 1994 1994 5.83 5.54 5.49 5.59 5.55 6.1t 7.50 8.83 9.65 9.17 8.00 6.82 7.00
53 1995 1995 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.80 7.00
54 1996 1996 5.83 5.54 5.49 5.59 5.55 6.11 7.50 8.83 9.65 9.17 8.00 6.82 7.00

AVERAGE 6.14 6.52 8.33 7.89 732 772 771 8.83 10.01 10.39 10.21 10.31 8.44
MAXIMUM 14.34 13.3 13.13 13.13 13.13 1313 11.96 8.83 15.43 15.60 15.60 15.60 13.10

MINIMUM 5.83 5.54 5.49 5.59 5.55 6.1 7.50 8.83 9.65 9.17 8.00 6.80 7.00
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Net Total Energy at Sending End after generator-transii/luskorat, Falls Project - CE-28 Rev. 1 (Public)

.and losses due to Stat g 1 ; ; [ L i
[ n d losse! Station Service/Twin Falls, Eabrador; and Infeed Loads. Pa ge 112 of 116

SIM HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 2909.91 2850.67 477147 4767.43 4758.86 437191 338290 372373 3922.95 3802.09 523413 517978 4143.49
2 1944 1944 2909.91 2850.67 4086.67  3446.14 2829.96 367192 338290  3723.73 3922.95 3802.10 4267.44 5234.26 3677.49
3 1945 1945 2909.91 2850.67 2820.75 285031 2829.96 299410 3382.93 3723.73 3922.95 3802 12 352542 319420 323111
a 1946 1946 2909.91 2850.67 2820.76 2850.31 2829.96 2994.10 3382.93 372373 392295 3802.12 352542 3194.20 3231.11
s 1947 1947 2909.91 2850.67 282076 285031 2829.96  2994.10 338293 372373 392295 3802.12 352542 319420 323111
6 1948 1948 2909.91 2850.67 282076 285031 282996  2994.10 3382.93 3723.73 392295 3802.12 352542 319420 323111
7 1949 1949 2909.91 2850.67 2820.76 2850.31 2829.96  2994.10 3382.93 3723.73 3922.95 3802.12 352542 319420 323111
8 1950 1950 2909.91 2850.67 4771.47 3464.92 2829.96  2994.10 3382.93 3723.73 392295 3802.09  4855.51 5234.26 3729.63
9 1951 1951 2909.91 2850.67 2820.76 2850.3) 2829.96  2994.10 3382.93 3723.73 3922.95 3802.12 352542 319420 323111
10 1952 1952 2909.91 2850.67 2820.76 2850.31 2829.96  2994.10 3382.93 3723.73 392295 3802.12 352542 3194.20 3231.11
I 1953 1953 2909.91 2850.67 2820.76 2850.31 282996  2994.10 3382.93 3723.73 3922.95 3802.12 352542 319418 323111
12 1954 1954 2909.91 4783.87 477147  4767.44  4758.87 3834.16 3382.93 3723.73 3922.93 5135.61 5037.44 523426 434678
13 1955 1955 2909.91 2850.64  4632.81 2850.30 2829.96  2994.10 338293 3723.73 3922.95 3802.12 352542 3194.19  3385.00
14 1956 1956 2909.91 2850.67 2820.76 2850.31 2978.54 3673.91 3382.93 3723.73 3922.95 3802.12  4715.86 5034.89  3553.45
15 1957 1957 2909.91 2850.67 374505 432404 448320  4137.63 3382.89 372373 3922.94 5207.76 5234.13 523426  4088.41
16 1958 1958 2909.89  4783.87 4771.47 4767.44 475887  4710.28 338293 3723.73 3922.95 3927.93 5132.42 5022.57  4319.21
17 1959 1959 2909.91 2850.64  4771.47 3512.68 2829.94 2994.08 3382.93 3723.73 3922.95 3802.12 3525.42 4599.88 3568.57
18 1960 1960 2909.91 2850.67 282076  2850.31 2963.84 4464.85 338290  3723.73 3922.95 4186.43 5234.13 5234.26 3709.30
19 1961 1961 2909.91 2850.67 282076  2850.31 2829.96 2994.10 338293 3723.73 3922.95 3802.12 3525.42 3194.20 323111
20 1962 1962 2909.91 2850.67 2820.76 2850.31 2829.96 2994.10 338293  3723.73 3922.95 3802.12  3525.42 319420 323111
21 1963 1963 2909.91 285067 282076  2850.31 282996  2994.10 338293 372373 392295 380212  3525.42 319420 323111
22 1964 1964 2909.91 2850.67 282076  2850.31 2829.96  2994.10  3382.93 3723.73 3922.95 3802.12 352542 319420 323111
23 1965 1965 2909.91 2850.67 282076  2850.31 2829.96 2994.10 338293 3723.73 3922.95 3802.12 3525.42 5039.16 338275
24 1966 1966 2909.91 2850.67 477147 4767.44 4758.87 474728 447157 3723.73 3922.95 5207.76 5234.13 523426  4377.65
25 1967 1967 2909.91 2850.67 2820.76  2850.31 2829.96  2994.10  3382.93 3723.73 3922.95 3802.12 352542 319419 32311}
26 1968 1968 2909.91 2850.67 2820.74 285031 4758.87 474728 410236  3723.70 457573 5207.76 5234.13 523426 407375
27 1969 1969 2909.91 2850.67 477147 4767.44 475887 474728  3468.71 3723.70 5173.40 5207.76 5234.13 5234.26 440093
28 1970 1970 2909.91 2850.65 4771.47 4551.91 2829.95 299410 338293 3723.73 3922.95 3802.12 3525.42 319419 3541.30
29 1971 1971 2909.91 2850.65 4771.47 4767.44 323472 449053 338293 3723.73 3922.95 3802.12 352542 319420  3719.97
30 1972 1972 2909.91 2850.67 2820.76 2850.31 2829.96 2994.10 338293 3723.73 3922.95 3802.12 352542 319419  323L11
31 1973 1973 2909.91 2850.67 2820.76 2850.31 2829.96  2994.10 338293 372373 392295 3802.12 352542 319420 323111
32 1974 1974 2909.91 2850.67  2820.76 2850.31 2829.96  2994.10 338293 372373 3922.95 3802.12 352542 319420 32311}
33 1975 1975 2909.91 2850.67 3383.18 375529  3634.72 2994.08 338293 3723.73 3922.95 3802.12 4059.08 523426  3634.88
34 1976 1976 2909.91 4783.87 4600.37 373629  4758.87 4224.27 3382.93 372373 392293 5200.33 4998.22 523426  4279.44
35 1977 1977 2909.91 2850.67 4771.47 4767.44 4758.87 474728 399346  3723.70 5069.49 5207.76 5234.13 523426 443524
36 1978 1978 2909.91 2850.66 4771.47 4767.44 4758.87 3611.33 338293 3723.73 3922.95 3802.11 4517.66 523426  4022.52
37 1979 1979 500020 478387  4771.46 476744 475887 474728  3727.64  3723.73 4683.11 5207.76  5234.13 523426  4717.00
38 1980 1980 2909.91 4783.87 477147  4767.44 2829.95  3718.82 338290  3723.73 3922.94 5207.76 523413 523426  4200.68
39 1981 1981 2909.91 4783.87 4771.47 4767.44 337424 2994.08 3382.93 3723.73 3922.95 3802.12 352541 3764.99 3810.15
40 1982 1982 2909.91 2850.65 4771.47 4543.23 4037.51 2994.08 3382.93 3723.73 3922.95 3802.12 3837.22 5234.26 3833.97
41 1983 1983 5000.20 4783.87 4771.47 4234.52 3502.25 4709.55 338293 3723.71 4358.40 5207.76 5234.13 5234.26  4509.34
42 1984 1984 2909.91 2850.66  4771.47 4257.49  2829.95 2994.08 3382.93 3723.73 3922.95 3802.11 4108.27 5234.26 3733.47
43 1985 1985 290991 2850.67 2820.76 2850.31 2829.96  2994.10  3382.93 3723.73 3922.95 3802.12 352542 319420 323111
a4 1986 1986 2909.91 2850.67 2820.76 2850.31 2829.96 299410  3382.93 3723.73 3922.95 3802.12 352542 319419 3231 11
a5 1987 1987 2909.91 2850.67 2820.76  2850.31 2829.96  2994.10 338293 3123.73 392295 3802.12 3525.42 319418 323111
a6 1988 1988 2909.91 2850.67 2820.76 2850.31 2829.96  2994.10 3382.93 372373 3922.95 3802.12 352542 319420 323101
47 1989 1989 2909.91 2850.67 282076  2850.3% 282996  2994.10  3382.93 3723.73 3922.95 3802.12 352542 319420 323111
48 1990 1990 2909.91 2850.67 2820.76 2850.31 2829.96  2994.10  3382.93 372373 3922.95 380212 352542 319420 323111
49 1991 1991 2909.94 2850.67 2820.76  2850.3% 2829.96  2994.10 338293 372373 392295 380212 352542 319420 323111
50 1992 1992 2909.91 2850.67 2820.76 2850.31 282996 299410 338293 372373 3922.95 3802.12 3525.42 319420 323111
51 1993 1993 2909.91 2850.67 2820.76  2850.31 2829.96  2994.10 338293 372373 3922.95 3802.12  3525.42 319420 3231.11
52 1994 1994 2909.91 2850.67 282076  2850.31 2829.96  2994.10 338293 3723.73 3922.95 380212  3525.42 319420 323111
53 1995 1995 2909.91 2850.67  2820.76  2850.31 2829.96  2994.10 338293 372373 392295  3802.12 352542  3189.75  3230.74
54 1996 1996 2909.91 2850.67 282076  2850.31 2829.96 299410 338293  3723.73 392295  3802.12 352542 319420  3231.11
AVERAGE 2987.33 3101.27 3552.36 3450.53 329030 340995 343580 372373 4001.57 407039  4032.12 401184  3586.39
MAXIMUM 5000.20 4783.87 4771.47 4767.44 475887 474728 447757 372373 5173.40 5207.76 5234.13 523426  4717.00

MINIMUM 2909.89 2850.64 2820.74 2850.30 2829.94 2994.08 3382.89 3723.70 3922.93 3802.09 3525.41 3189.75 3230.74
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SIM HYD OTH May Jun Jul Aug Sep Ocat Nov Dec Jan Feb Mar Apr AVE
1 1943 1943 18.20 17.55 44.34 44.27 44.13 37.78 23.77 28.23 31.02 29.31 52.60 51.59 3529
2 1944 1944 18.20 17.55 334 24.57 17.33 27.53 23.77 28.23 31.02 29.32 36.15 52.60 28.30
3 1945 1945 18.20 17.55 17.23 17.55 17.33 19.13 2377 28.23 31.02 2932 25.59 21.46 2216
4 1946 1946 18.20 17.55 17.23 17.55 17.33 19.13 23717 28.23 31.02 29.32 2559 21.46 2216
5 1947 1947 18.20 17.55 17.23 17.55 1733 19.13 23.717 28.23 31.02 29.32 2559 21.46 22 16
6 1948 1948 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21.46 22.16
7 1949 1949 18.20 17.55 17.23 17.55 1733 19.13 23.77 28.23 31.02 29.32 25.59 21.46 22.16
8 1950 1950 18.20 17.55 44.34 24.81 1733 19.13 23717 2823 31.02 29.31 4579 52.60 29.36
9 1951 1951 18.20 17.55 17.23 17.55 1733 19.13 23717 28.23 31.02 29.32 2559 21.46 22.16
10 1952 1952 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 2559 21.46 2216
1" 1953 1953 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 2559 21.46 22.16
12 1954 1954 18.20 44.56 44.34 44.27 44,13 29.76 23.77 28.23 31.02 50.78 49.00 52.60 38.26
13 1955 1955 18.20 17.55 42.01 17.55 17.33 19.13 23.77 2823 31.02 29.32 25.59 21.46 24.27
14 1956 1956 18.20 17.55 17.23 17.55 18.96 27.56 23.77 28.23 31.02 29.32 43.40 48.96 26.78
15 1957 1957 18.20 17.55 28,53 37.03 39.55 34.17 23.77 28.23 31.02 5211 52.60 52.60 34.48
16 1958 1958 18.20 44.56 44,34 4427 44.13 43.30 23.77 28.23 31.02 3109 50.72 48.74 37.72
17 1959 1959 18.20 17.55 44.34 25.42 17.33 19.13 23.77 28.23 31.02 29.32 25.59 41.46 26.78
18 1960 1960 18.20 17.55 17.23 17.55 18.79 39.26 23717 28.23 31.02 3491 52.60 52.60 29.27
19 1961 1961 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21 46 22.16
20 1962 1962 18.20 17.55 17.23 17.55 17.33 19.13 231 28.23 31.02 29.32 25.59 21.46 2216
21 1963 1963 18.20 17.55 17.23 17.55 17.33 19.13 231 2823 31.02 29.32 25.59 21.46 22,16
22 1964 1964 18.20 17.55 17.23 17.55 17.33 19.13 23.717 28,23 31.02 29.32 25.59 21.46 22,16
23 1965 1965 18.20 17.55 17.23 17.55 17.33 19.13 231 28.23 31.02 29.32 25.59 49.03 24.43
24 1966 1966 18.20 17.55 44.34 44.27 44.13 43.93 3946 28.23 31.02 52.11 52.60 52.60 38.94
25 1967 1967 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21.46 22.16
26 1968 1968 18.20 17.55 17.23 17.55 44.13 43.93 33.64 28.23 41.06 521 52.60 52.60 3474
27 1969 1969 18.20 17.55 44.34 44.27 44.13 43.93 24.86 28.23 51.47 52.11 52.60 52.60 39.47
28 1970 1970 18.20 17.55 44.34 40.67 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21.46 26.43
29 1971 1971 18.20 17.55 4434 44.27 2194 39.67 23717 28.23 31.02 2932 25.59 21.46 28.86
30 1972 1972 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21 46 22.16
31 1973 1973 18.20 17.55 17.23 17.55 17.33 19.13 23717 28.23 31.02 29.32 25.59 21.46 22.16
32 1974 1974 18.20 17.55 17.23 17.55 17.33 19.13 231 28.23 31.02 2932 25.59 21.46 22.16
33 1975 1975 18.20 17.55 23717 28.67 27.03 19.13 23 2823 31.02 2932 33.00 52.60 27.65
34 1976 1976 18.20 44,56 41.47 28.41 4413 35.48 23717 2823 31.02 51.97 48.30 52.60 37.18
35 1977 1977 18.20 17.55 44.34 44.27 4413 43.93 32.04 28.23 49.58 52.11 52.60 52.60 3990
36 1978 1978 18.20 17.55 44.34 44.27 44.13 26.72 23.77 28.23 31.02 29.32 40.11 52.60 33.38
37 1979 1979 48.34 44,56 44,34 44.27 44.13 43.93 28.29 28.23 42.85 s2.n 52.60 52.60 43.80
38 1980 1980 18.20 44.56 44.34 44.27 17.33 28.17 23.77 28.23 31.02 5201 52.60 52.60 36.32
39 1981 1981 18.20 44.56 44.34 44.27 23.66 19.13 23.77 28.23 31.02 29.32 25.59 28.80 30.08
40 1982 1982 18.20 17.55 44,34 40.53 32.68 19.13 23.77 28.23 31.02 29.32 29.81 52.60 30.60
4] 1983 1983 48.34 44.56 44,34 35.64 25.29 43.29 23.77 28.23 37.56 52.11 52.60 52.60 40.65
42 1984 1984 18.20 17.55 44.34 35.99 17.33 19.13 23.77 28.23 31.02 29.32 3373 52.60 29.28
43 1985 1985 18.20 17.55 17.23 17.55 17.33 19.13 23.717 28.23 31.02 29.32 25.59 21.46 2216
44 1986 1986 18.20 17.55 17.23 17.55 17.33 19.13 23.717 28.23 31.02 29.32 25.59 21.46 22.16
45 1987 1987 18.20 17.55 17.23 17.55 17.33 19.13 23.717 28.23 31.02 29.32 25.59 21.46 22.16
46 1988 1988 i8.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 2559 21.46 2216
47 1989 1989 18.20 17.55 17.23 17.55 17.33 19.13 23.717 28.23 31.02 29.32 25.59 21.46 22.16
438 1950 1990 18.20 17.55 17.23 17.55 17.33 19.13 23.77 2823 31.02 29.32 25.59 21.46 22.16
49 1991 1991 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21.46 22.16
50 1992 1992 18.20 17.55 17.23 17.55 17.33 19.13 23.717 28.23 31.02 29.32 25.59 21.46 22.16
51 1993 1993 18.20 17.55 17.23 17.55 17.33 19.13 23.77 2823 31.02 29.32 25.59 21.46 22.16
52 1994 1994 18.20 17.55 17.23 17.55 17.33 19.13 23.77 2823 31.02 2932 25.59 21.46 22.16
53 1995 1995 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 29.32 25.59 21.40 22.16
54 1996 1996 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 *31.02 29.32 25.59 21.46 22.16
AVERAGE 19.31 2t.05 27.30 2570 23.57 24.82 24.50 28.23 32.27 33.65 3344 33.85 27.27
MAXIMUM 48.34 44.56 44.34 4427 44.13 43.93 39.46 2823 51.47 52.11 52.60 52.60 43.80

MINIMUM 18.20 17.55 17.23 17.55 17.33 19.13 23.77 28.23 31.02 2931 25.59 21.40 22.16
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SIM HYD OTH May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr AVE
| 1943 1943 2891.7 2833.12 4727.13 4723.15 4714.74 433413 3359.14 3695.49 3891.93 3772.77 5181.53 512819 4108.19
2 1944 1944 2891.71 2833.12 4053.26 3421.57 2812.63 3644.39 3359.14 3695.49 3891.93 3772.78 4231.29 5181.66 3649.19
3 1945 1945 2891.71 2833.12 2803.52 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
4 1946 1946 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
5 1947 1947 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 320895
6 1948 1948 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
7 1949 1949 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
8 1950 1950 2891.71 2833.12 4727.13 3440.11 2812.63 2974.97 3359.17 3695.49 3891.93 3772.77 4809.72 5181.66 3700.27
9 1951 1951 2891.71 2833.12 2803.53 2832.76 2812.63 2974 97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
10 1952 1952 2891.71 2833.12 2803.53 2832.76 2812.63 297497 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
11 1953 1953 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317272 3208.94
12 1954 1954 2891.71 4739.32 4727.13 4723.16 4714.75 3804.40 3359.17 3695.49 3891.91 5084.83 4988.44 5181.60 4308.52
13 1955 1955 2891.71 2833.09 4590.80 283275 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172713 3360.74
14 1956 1956 2891.71 2833.12 2803.53 283276 2959.58 3646.36 3359.17 3695.49 3891.93 3772.80 4672.46 4985.93 3526.67
15 1957 1957 2891.71 2833.12 3716.52 4287.01 4443.65 4103.46 3359.13 3695.49 3891.92 5155.65 5181.53 5181.66 4053.92
16 1958 1958 2891.69 4739.32 4727.13 4723.16 4714.75 4666.98 335917 3695.49 3891.93 3896.84 5081.70 4973.83 4281.49
17 1959 1959 2891.71 2833.09 4727.13 3487.25 2812.61 2974.95 3359.17 3695.49 3891.93 3772.80 3499.83 4558.43 3541.79
18 1960 1960 2891.71 2833.12 2803.53 2832.76 2945.04 4425.60 3359.14 3695.49 3891.93 4151.52 5181.53 5181.66 3680.03
19 1961 1961 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
20 1962 1962 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
2 1963 1963 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
22 1964 1964 2891.71 2833.12 2803.53 2832.76 2812.63 297497 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
23 1965 1965 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 4990.12 3358.32
24 1966 1966 2891.71 2833.12 4727.13 4723.16 4714.75 4703.34 4438.11 3695.49 3891.93 5155.65 5181.53 5181.66 4338.71
25 1967 1967 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317273 3208.95
26 1968 1968 2891.71 2833.12 2803.51 2832.76 471475 4703.34 4068.72 3695.46 4534.67 5155.65 5181.53 5181.66 4039.01
27 1969 1969 2891.71 2833.12 472713 4723.16 4714.75 4703.34 3443.85 3695.46 5121.93 5155.65 5181.53 5181.66 4361.46
28 1970 1970 2891.71 2833.10 4727.13 4511.24 2812.62 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.73 3514.87
29 1971 1971 2891.71 2833.10 4727.13 4723.16 3212.78 4450.86 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3691.11
30 1972 1972 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317273 3208.95
31 1973 1973 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
32 1974 1974 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
33 1975 1975 2891.71 2833.12 3359.41 3726.62 3607.69 2974.95 3359.17 3695.49 3891.93 3772.80 4026.08 5181.66 3607.23
34 1976 1976 2891.71 4739.32 4558.90 3707.89 4714.75 4188.79 3359.17 3695.49 3891.91 5148.36 4949.92 5181.66 4242.26
35 1977 1977 2891.71 2833.12 4727.13 4723.16 4714.75 4703.34 3961.42 3695.46 5019.91 5155.65 5181.53 5181.66 4395.33
36 1978 1978 2891.71 2833.11 4727.13 4723.16 4714.75 3584.61 3359.17 3695.49 3891.93 3772.79 4477.55 518}.66 3989.15
37 1979 1979 495).86 4739.32 4727.12 4723.16 4714.75 4703.34 3699.35 3695.49 4640.26 5155.65 5181.53 5181.66 4673.20
38 1980 1980 2891.71 4739.32 4727.13 4723.16 2812.62 3690.65 3359.14 3695.49 3891.92 5155.65 5181.53 5181.66 4164.36
39 1981 1981 2891.71 4739.32 4727.13 4723.16 3350.59 2974.95 3359.17 3695.49 3891.93 377280 3499.82 3736.19 3780.07
40 1982 1982 2891.71 2833.10 472713 4502.70 4004.83 2974.95 3359.17 3695.49 3891.93 3772.80 380741 5181.66 3803.38
41 1983 1983 4951.86 4739.32 4727.13 4198.88 3476.96 4666.26 3359.17 3695.47 4320.83 5155.65 5181.53 5181.66 4468.69
42 1984 1984 2891.71 2833.11 472713 4221.50 2812.62 2974.95 3359.17 3695.49 3891.93 3772.79 4074.54 5181.66 3704.19
43 1985 1985 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
44 1986 1986 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.73 208.95
45 1987 1987 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.72 3208.94
46 1988 1988 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
47 1989 1989 2891.71 2833.12 2803.53 283276 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
48 1990 1990 2891.7} 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
49 1991 1991 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
50 1992 1992 2891.71 2833.12 2803.53 2832.76 2812.63 297497 3359.17 3695.49 3891.93 3772.80 3499.83 317274 3208.95
51 1993 1993 2891.71 2833.12 2803.53 2832.76 2812.63 297497 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208 95
52 1994 1994 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208 95
53 1995 1995 2891.71 2833.12 2803.53 2832.76 2812.63 297497 3359.17 3695.49 3891.93 3772.80 3499.83 3168.35 3208.59
54 1996 1996 2891.71 2833.12 2803.53 2832.76 2812.63 2974.97 3359.17 3695.49 3891.93 3772.80 3499.83 3172.74 3208.95
AVERAGE 2968.01 3080.22 3525.06 3424.83 3266.73 3385.13 3411.30 3695.49 3969.30 4036.75 3998.68 3977.99 3559.12
MAXIMUM 4951.86 4739.32 4727.13 4723.16 471475 4703.34 4438.11 3695.49 5121.93 5155.65 5181.53 5181.66 4673.20

MINIMUM 2891.69 2833.09 2803.51 2832.75 281261 2974.95 3359.13 3695.46 3891.91 377277 3499.82 3168.35 3208.59



CIMFP Exhibit P-01497 Page 115

Muskrat Falls Project - CE-28 Rev. 1 (Public)
Page 115 of 116

Appendix H
Summary of Transmission
Losses



CIMFP Exhibit P-01497 Page 116
Muskrat Falls Project - CE-28 Rev. 1 (Public)

Churchill River Project Page 116 of 116
Summary of Transmission Losses to Border
Maximum
Maximum Maximum Load

Maximurm Generator 230 kv at 230 kV Losses at

Total Transformer Bus Sending Maximum
Generation Losses Load End Load
Scenaio MW (MVV) (MW) MW) MWY)
Existing 5560 154 460.8 5083.8 49.3
CF -~ Gl 7824 228 1460Q0.2 6341.0 83.9
CF + CF2 6560 18.2 460.8 6081.0 67.5
CF+ Gl + CF2 8824 252 1460.4 73384 81.9
CF + Gil + MF 8648 246 1480.4 7163.0 895.6
CF+ G|+ CF2+MF 9648 272 1460.4 8160.4 1151
CF + Gl + MF + LOB 8808 25.1 14604 | 73228 102.8
CF+ Gl+ CF2 +LOB 8984 25.8 1460.4 7497 8 89.3
CF+Gl+CF2+MF + LOB 9808 278 1460.4 8319.8 122.5

For total generator output [evels other than those given in the table losses are approximated as
follows far each generation scenario:

Generator Transformer Losses (MW) = (0,15 " TLF + 0.85 * TLFA2 ) * (Max Generator Trans. Losses)

TLF = (Current Total Generation)

(Maximum Total Generation)

Transrnission System Losses (MW) = (0.15 * LF + 0.85 " LF*2) " ( Losses at Maximum Load)

LF= (Currant Load at 230 kV Sending End)

(Maximum Load at 230 kV Sending End)

Current Total Generation
- Generation Transformer Losses
- 230 KV Bus Load

Current Load at 230 kV Sending End =

Labrador West Load
+ LLabrador East Load
+ Future Labrador Load
+ HVDC Infeed Load

230 kV Bus Load =

Transmission Losses as provided by Newfoundland and Labrador Hydro. Revised numbers are
presented in Table 6.1.

Note:

PWT
May 7. 1998





