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Raise Sandy Lake Spillway, p. 8 of 96, $612,000

Q. Please provide a copy of the 2001 review completed by Hatch (formerly SGE Acres)
of NP’s larger hydroelectric developments to identify potential opportunities for
increasing generation.

A. Attachment A provides a copy of the 2001 review completed by Hatch.
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Executive Summary

Newfoundlend Power (NP) owns and operates 19 hydroelectric generating systems
on the Island of Newfoundland. These stations have a total installed capacity of
94 mepawatts MW)uﬁthhnbimgmmimmginginsimﬁomappmﬁmatdy
250 kW to 12 000 kW. NP's hydroelectric resources make up approximately nine
percent of its total requirements for energy, the balance is purchased from
Newfoundland and Labredor Hydro.

In December 2000, Acres International completed a Water Management Study for
NP to provide an estimate of the normal produstion of NP*s hydroelectric system.
As a follow up to that study, Acres completed a review of NP's larger hydroclectric
systems to identify potential opportunities for increasing energy generation through
operational or physical changes,

The review was undertaken using the computer simulation models set up for the
Water Management Study to test various physical and operational changes to the
systems. The results of the modelling were compared to the long term production
estimated in the Water Management Study to determine if the changes resulted in
significant increases in energy. Additional scenarios were modelled to provide NP
with information on the cost or value of certain aspects of each system, for instance
the value of maintaining storage reservoirs.

This study was intended to identify potential opportunities for increasing energy
gencration, rather than to design the required operational or physical modifications.
The study provides NP with a list of projects at ach system which ere worth further
investigation.

The potential for increasing energy generation by improved epplication of the
existing plant operating guidelines for each system was assessed by a detailed
examination of the results of the simulations undertaken to estimate the long term
production of the systems, The model operates the system in an ideal menner;
comparison of that ideal operation to actual opetation indicates where improvements
can be made. At most of NP's systems, & review of the application of the plant
operating guidelines is recommended,

The potential forincreasing energy generation by sltering the existing plant operating
guidelines or making physical changes to the system was assessed by additional
simulations using different operating strategies and revised physical characteristics,

Final Report Acres International PIT4.00
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Adjustments t target reservoir water levels and changes to triggers for unit operation
at higher than bast efficiency loads were considered, The physical improvements
considered included dam raising, control gate automation and penstock replacement,
At many gystems, the results of the review showed that operation using the existing
plent operating guidelines leads to near optimum energy generation. For some of
NP’ systems, o list of physieal changes that appear to be cost effective is provided
for further study.

Sensitivity simulations were undertaken to estimate the cost of constraints on the
systems, for instence water level constraints for recreation, and the value of
cantrolled storage, again vaing the simulation models.

Finol Report Acres Intemational PI3474.00
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1 Introduction

In June, 2000 Newfoundland Power (NP) engaged the services of Acres International
to identify potential opportunities for increasing energy generation at NP’s larger
hydroelectric systems through operational or physical changes. This report
documents the analysis required and presents the results of the study.

NP owns and operates 23 small hydroelectric generating stations in 19 systems
throughout Newfoundland. These stations have a total installed capacity of
94 megawatts (MW) with turbine-generator units ranging in size from approximately
250 k'W to 12 000 kW. Over 60 percent of the generation is located on the Avalon
Peninsula, with the oldest development in the system being Petty Harbour,
commissioned in 1900, and the newest being Rose Blanche Brook, commissioned
in 1998. Key information for each of the systems is summarized in Table 1.1. The
first 12 systems listed in this table were assessed to determine whether there is
potential for increasing energy generation through operational or physical changes.
The nameplate capacities provided in this table have been adjusted for unit upgrades
since initial commissioning and for known unit limitations. Figure 1.1 shows the
locations of the stations.

The approach to the analysis was to use the simulation models set up for the Water
Management Study - December 2000, conducted by Acres for NP to estimate the
long term production for each system. Physical and operational changes to the
system were tested using these mode! setups and the energy results were compared
to the long term production as estimated in the Water Management Study. The
sensitivity of energy generation to other operating changes and constraints that may
not necessarily lead to additional energy generation was also investigated to provide
NP with information on the cost or value of certain aspects of its systems.

Chapter 2 of this report describes the methodology, and Chapters 3 to 14 describe the
analysis for the 12 individual hydroelectric systems and provide conclusions and
recommendations specific to each system. General conclusions and
recommendations are provided in Chapter 15.

Final Report Acres International P13474.00



Table 1.1
Hydroelectric Systems Data
Plant Nameplata Capacity Neot Heat
(VW) {m)
Heorsechops / Cape Broyle - -
= Horsechaps 83 84.1
- Cape Broyle 63 548
Rattling Brook 15.1 £7.8
Morris / Mobile - -
- Morris 11 30.0
- Mobile 12.0 114.6
Rocky Pond / Tors Cove . -
- Rocky Pond 33 326
- Tors Cove 6.9 52.7
Lookout Brook 62 154.5
Sendy Brook 55 335
Pierres Brook 43 76.0
Rose Blanche Brook 6.0 1142
Petty Harbour 53 579
New Chelsea / Pitmans - -
- New Chelsea 37 83.8
- Pitmans 0.6 213
Seal Cove 35 55.5
Topsail 7 26 85.5
Hearts Content 27 46.9
Lockston 3.0 822
Victoria 0 64.3
West Brook 0.7 47,0
Port Union 0.5 213
Lawn 0.7 243
Fall Pond 04 152
Final Report Acres International P13474.00
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2 Methodology

Simulation models set up for the Water Management Study to estimate the long term
production for each system were used in the current analysis to determine whether
there is potential for increasing energy generation by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system.

The sensitivity of energy generation to operating changes and constraints that may
not necessarily lead to additional energy generation was also investigated to provide
NP with information on the cost or value of certain aspects of its systems.

The following sections describe the methodology used in assessing the effects
operational and physical changes to each system have on energy generation.

2.1 Ideal Operation of System

The operating strategy used for the simulation models was based on curment plant
operating guidelines for each system. For some systems, the plant operating
guidelines provided for a range of operating practices, or did not include all operating
practices observed in & particular system, and some interpretation was required to
devise an operating strategy for the simulation model. The model assumes perfect
operation of units and reservoirs according to the specified operating procedures.
The two most important operating assumptions are as follows.

. Ideal operation of the unit(s): In the model, the unit or units always operate
exactly at the most efficient load, unless there is excess water, in which case
they operate at maximum capacity,

) Ideal operation of reservoirs and control gates to maximize flow for energy
generation and minimize spill: The model avoids spill by tracking water
levels inall reservoirs, and opens or closes gates as required to ensure perfect
operation of the units and to minimize spill.

Final Report Acres International P13474.00
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In practice, it is difficult, if not impossible, to achieve perfect implementation of the
plant cperating guidelines. For this reason, and assuming that the model input
strategy adequately represents the plant operating guidelines, the simulated
generation is generally expected to be greater than recorded generation.

The reasons for deviating from the plant operating guidelines may be beyond the
contro! of plant operations staff. For instance, grid requirements (local power
outages, voltage support, etc.) and equipment failure may force a system to operate
in a less than ideal manner. However, some component of the difference between
simulated and recorded production may be due to controllable difficulties in
implementing the guidelines. These difficulties include

’ insufficient resources to operate gates and adjust unit loads es frequently as
siroulated;

. inability to operate gatcs and controls due to weather, accessibility, or other
factors;

L inadequate training or knowledge of operations staff: and

. operator error.

The simulation models do not provide an absolute way of comparing actual and ideal
operation. However, certain representative operating measures and plots may be
analyzed using system characteristics and simulation results in order to draw
conclusions about the sensitivity of system generation to less than ideal operation.
These measures and plots are as follows.

Flow Utilization Factor
Energy Conversion Factor
Flow Duration Curve
Energy Potential of Spill
Reservoir Storage Factor
Reservoir Utilization Plot
Forebay Storage Factor
Gate Operation Plot

N R WD

These measures and plots are provided for each system where relevant and are used
in each system chapter to investigate the opportunities for improving production by
operating the system ideally through revised plant operating guidelines,
gate/reservoir operation, and unit operation. A briefexplanation of each measure and
plot is as follows,

Final Report Acres international PI13474.00



2.3

1. Flow Utilization Factor

For each station, the flow utilization factors were calculated by dividing the average
inflow to the station subbasin by the maximum flow capacity and the most efficient
flow of the unit(s). The flow utilization factor provides a practical indication of the
design flow capacity within the system. Flow capacity makes the system less refiant
on storage to prevent peak inflows from being spilled and enables operators to
compensate for operational problems that reduce unit availability.

2. Energy Conversion Factor

For cach unit, the energy conversion factor (the ideal average value of water in
storage assuming the units are operating alone) was calculated by dividing the
maximum and most efficient load converted to energy by the maximum and most
efficient flow of the units. For a station with multiple units, the €nergy conversion
factors provide a means of determining the best unit dispatch order, Following the
best unit dispatch order ensures that units with higher efficiencies are being operated
before those with lower efficiencies and leads to higher energy production.

3. Flow Duration Curve

The flow duration curves presented in this report indicate the percent of time that a
given flow is cither equalled or exceeded by the power flow of a unit. These curves
indicate the percent of time the units are operating at the maximum and most efficient
load. These curves provide an indjcation of the possibility of reducing the amount
of time that the units are generating at maximum load. This change in operation
would lead to increased energy generation.

4, Energy Potential of Spill

For each system, the energy potential of spill was calculated by multiplying the
average energy conversion factors of the units at maximum load by the average
simulated spill flow out of the system. This value represents the maximum energy
that can be gained from capturing all the spill through operating changes or physical
changes to the system.

5. Reseivoir Storage Factor

For reservoirs, the storage factor was calculated by dividing the available storage
volume by the average inflow to the reservoir subbasin. The result is expressed in
days, and represents the average number of days of inflow that the reservoir can
store. Storage capacity allows operators to manage inflows so that they better match
the flow characteristics of the unit(s), and makes deviations from the operating
guidelines less significant in terms of the corresponding impact on production.
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Conversely, the less the storage, the more sensitive production is to such deviations;
in such systems, inflow forecasting may be especially useful in optimizing actual
operation.

6. Reservoir Utilization Plot

For all significant storage reservoirs, summary plots of simulated daily reservoir
water levels were prepared to illustrate reservoir utilization. The plots show the
general pattern of water level changes and variability in levels from year to year.
Reservoir utilization is an important issue to consider for systems with both
significant spill flows and substantial storage, to determine whether the spill can be
reduced through better use of the storage.

7. Forebay Storage Factor

For each forebay, the forebay storage factor was calculated by dividing the available
storage volume by the maximum flow capacity of the station. A forebay that has
storage capacity for at least one day at maximum flow should be capable of buffering
the station against variations in forebay inflows. A forebay that has less than one
day’s storage capacity may still be capable of accomplishing this buffering, but this
will depend on the range of inflows expected and/or the ability to cycle (start/stop)
the unit more than once each day, Forebay water level fluctuations within each day
cannot be modelled using a daily time-step, and the accurecy of the model
assumption that a unit operates only at best efficiency load or higher depends in part
on the type of controls available and the availability of adequate forebay storage.

8. Gate Operation

To keep gate discharge constant while a reservoir level fluctuates, the gate opening
must be adjusted; the frequency depends on rate of change of water level in the
reservoir. Simulated reservoir gate openings are adjusted daily within the model.
However, in actual operation, it may be impractical to make adjustments with such
frequency. The degree to which this affects the difference between actual and ideal
production depends upon

J frequency of actual gate adjustments;

. appropriatencss of actual gate settings;

J available storage downstream of the reservoir/gate in question;

o efficiency of downstream generating unit(s) when operating at inefficient
flows, due to inadequate or excessive gate openings; and

. ability to control unit(s) to keep up with gate adjustments (i.e., starting and
stopping frequently).
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To assess how frequently gates would have to be adjusted to approximate ideal
conditions, the simulated daily gate discharges for each reservoir were plotted for
selected periods, along with the corresponding reservoir levels and fully open gate
capacities. The plot also indicates the flexibility afforded to operations staff in
setting appropriate gate positions.

2.2 Changes to Operating Guidelines

The simulation results for each system were examined to identify opportunities to
increase production by changing the current plant operating guidelines. The effect
on production was estimated by rerunning the simulation model, with changes in the
input operating strategy to reflect the new guidelines.

Changes to the current plant operating guidelines may lead to increased production
through three principal methods

. increasing head, by operating the forebay to get more head or reducing
headlosses;

° by avoiding spill; and

. by operating the units at best efficiency more of the time.

To some extent, the effects of each method can work against each other, so
maximizing production depends on achieving a balance among the three. A general
description of each method is provided below.

Increasing Head
Maintaining a higher forebay level may increase generation by increasing net head
on the unit. The tradeoffis in the increased risk of spill due to reduced storage. As
well, if the forebay level affects the tailwater elevation of an upstream generating
station, that station may actually experience decreased generation because its net
head is decreased.

Spill Aveidance

Spill avoidance is the reduction or elimination of spilled inflows, both in frequency
and volume, thereby increasing flow used for generation. Ideally, there would be
sufficient storage capacity in a system to store all inflows greater than the most
efficient flow of the units, such that no inflows would be spilled. In practice, this is
rarely possible. If there is not enough storage capacity, spill may be avoided by
genersting at maximum flow. This may be nccessary, for example, when storage
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reservoirs approach their full levels, or at certain times of the year to draw down
reservoir levels in anticipation of large inflows. But this means that spill will be
avoided at the expense of reduced efficiency. Althoughmore water will be turbined,
the energy value per unit of water will be reduced. If there is a large difference
between the best efficiency and the efficiency at maximum flow, much of the benefit
of spill avoidance may be lost.

The limiting case for spill avoidance is keeping the reservoirs low and operating the
units at maximum load. The result of this simulation will provide the maximum
possible decrease in spill through spill avoidance, but will probably yield a lower
overall energy due to generating at lower efficiencies.

Mazximizing Efficient Production

Generating at the most efficient flow maximizes the energy value of the water. The
operator can take advantage of any available storage to ensure that the unit is run as
often as possible at best efficiency. Reservoir control gates may be operated to
supply units with only enough flow to operate at best efficiency, while storing the
rest.

The limiting case for maximizing efficient production is keeping the reservoirs high
and only operating at maximum load to avoid spill. The result of this simulation will
be the maximum possible efficient production limits, but higher spills than in the
spill avoidance case becausc of delay in operating at maximum load until the
reservoirs are about to spill. The optimum solution is operating the unit(s) at
maximum load at some water leve! between full supply level and low supply level.
The results of these two simulations should provide an indication of the gains in
energy production, if any, of fine-tuning this threshold value,

2.3 Physical Changes to System

The simulation results of each system were examined to identify opportunities to
increase production through physical improvements in system components. The
cffect on production was estimated by rerunning the simulation model, with changes
in the model setup to include the physical improvements. Only those improvements
deemed plausible for each system were investigated. A preliminary assessment of
the cost effectiveness of each physical improvement was also made, Possible
physical improvements are described below.,
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Reservoir Storage Capacity

Increasing the storage capacity of reservoirs would be most beneficial in systems
with a significant amount of spill. Costs of increasing storage capacity could include
modifying existing structures, such as increasing dam heights and spillway
elevations, or constructing new ones. By comparing the simulated production of an
existing system and the system with expanded storage, the incremental value of the
storage may be estimated.

Reservoir Discharge Capacity

In some systems, gate or canal capacity may be inadequate to provide units with the
required power flow, especially at low reservoir levels, or to convey water to
downstream storage or generating units so as to avoid spilling out of the system,
Costs of increasing reservoir discharge capacity could include enlargement of gates
or excavation of canal sections.

Unit Efficiency and Head Losses

Generating units, especially in old systems, may undergo rehabilitation (such as
turbine replacement) to increase their efficiency. Repairs to or replacement of flow
conveyance structures such as intakes, penstocks, and tailraces may improve
hydraulic characteristics and reduce head losses.

24 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain aspects of these systems. These may include

. environmental release requirements;
. total system storage;

. changes to gate operation;

. reservoir water level constraints; and
. consumption demands,

Environmental Release Requirement

Regulatory authorities may impose a minimum flow requirement for fisheries habitat
reasons to prevent reaches below gated outlets from running dry in periods of low
inflows or when control gates are closed. At presentin NP systems, a minimum flow
is informally maintained for fish habitat by ensuring that control gates are never
closed completely (typically open a minimum of one inch). A commonly used
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standard that has been imposed in other water resources developments is to maintain
a minimum flow equal to 30 percent of the mean annual flow. If this requirement
were imposed or NP systems, it could affect the use of storage in reservoirs that
could be completely emptied during the year. At such reservoirs, maintaining this
flow may require a minimum amount of water to be left in storage, to be released
only to satisfy the fisheries requirement and not for generation. This would reduce
the amount of live storage available for hydroelectric purposes.

System Storage

Most of NP’s systems include storage reservoirs to regulate and store flows for
gencration at a later time. The value of this storage can be determined by nunning the
simulation models assuming there is no storage in the system. This information
could be useful to NP for determining which systems rely heavily on storage for
energy generation and those that do not. It could be that the cost of maintaining
some of the dams for storage is more than the value of energy that is produced from
the storage.

Changes to Gate Operation

The simulation mode! assumes ideal (automatic) operation of the gates and reservoirs
in the system. The value of energy from no operation (leave gate open) to partial
(seasonal) operation would be useful in assessing the cost effectiveness of
automating the systems.

Reservoir Water Level Constraints

Water level constraints can be imposed by other users of the water resource, for
example, recreational users, cabin owners on the reservoir shoreline, or municipal
water supply systerns. These constraints may affect operational flexibility and have
consequences such as reduction of useable live storage, increased spill and reduced
power flows,

Consumptive Demands

In some systems, water is withdrawn for purposes such as municipal water supply
or fish plant operation. The result is less water available for generation. The costin
energy can be significant and may increase over the long term, as in the case of
serving the water supply demands of a growing population centre. In addition,
sufficient water must be maintained in storage reservoirs to service these demands
even during droughts. This again reduces the live storage availabie to regulate power
flows.
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3  Horsechops/Cape Broyle Hydroelectric System

The Horsechops/Cape Broyle Hydroelectric System was assessed to determine
whether there is potential for increasing energy generation, following the
methodology in Chapter 2, by

. improving curtent practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system,

In addition, the sensitivity of encrgy generation to operating changes and constraints
was investigated.

The following sections describe the Horsechops/Cape Broyle system, present
representative operating measures (e.g., flow utilization factor and energy potential
of spill) and provide the results of the analysis used to assess the effect of operational
and physical changes on energy generation. The last section provides conclusions
and recommendations.

The simulation model which was set up for the Horsechops/Cape Broyie system in
the Water Management Study, conducted by Acres for all NP hydroelectric systems,
was used to assess the effect of operational and physical changes on energy
generation, The long term production estimated in the Water Management Study
assumed ideal operating practices using current NP plant operating guidelines, as
interpreted for the study. The result of this simulation for the Horsechops/Cape
Broyle system is referred to in this section as the base case system generation, Other
estimates of energy generation resulting from operational or physical changes to the
system are compared to this value,

3.1 System Description

The Horsechops/Cape Broyle system is located on the southern shore of the Avalon
Peninsula in eastern Newfoundland. The system has two penerating stations,
Horsechops and Cape Broyle, both commissioned in 1953. The Horsechops
Generating Station contains one generating unit with a nameplate capacity of
8.3 MW and a rated net head of 84.1 m. The drainape area above the intake of the
station is approximately 155 km?. The Cape Broyle Generating Station contains one
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generating unit with a nameplate capacity of 6.3 MW and a rated net head of 54.8m.
The total drainage area above the intake of the station is approximately 191 km?,
Storage is provided by structures at the Blackwoods Ponds (Northwest Blackwoods
Pond, East Blackwoods Pond, and Fourth Blackwoods Pond), Mount Carme) Pond,
Horsechops Forebay and Cape Broyle Forebay. A schematic of the system is
presented in Figure 3.1,

The upper part of the basin is a plateau with numerous small streams, ponds and
bogs. Inflows in this area are diverted by structures located at Ragged Hills Pond,
Rock Pond and the Blackwoods Ponds, and are either stored or spilled out of the
systern. Water stored in the Blackwoods Ponds is conveyed through the Fourth
Blackwoods Pond Canal and a series of small lakes to Mount Carmel Pond, the main
storage reservoir for the system. Controlled releases and spill from Mount Carmel
Pond are both discharged into Horsechops Forebay, and are used for generation or
spilled. Power flows and spill from Horsechops Forebay enter Cape Broyle Forebay
and are used for generation or spilled out of the system.

The structures in the system are as follows

. West Ragged Hills overflow spillway:

. Northwest Blackwoods Pond overflow spillway;
. East Blackwoods Pond overflow spillway;

. Fourth Blackwoods Pond overflow spillway;

’ Fourth Blackwoods Pond Canal;

. Mount Carmel Pond overflow spillway;

. Mount Carmel Pond gated outlet;

. Horsechops Forebay overflow spillway; and

. Cape Broyle Forebay overflow spillway.

All spillways except the Mount Carmel Pond and Horsechops Forebay spillways
discharge out of the system.,

3.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the System. These measures
and plots are as follows.
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Flow Utilization Factor.
Energy Conversion Factor,
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

PRI B L

The definition and use of these measures and plots are described in Chapter 2. The
measures as calculated for the Horsechops/Cape Broyle system are provided below.
They were developed from the data in the base case simulation. Table 3.1 at the end
of this section summarizes the measures for the Horsechops/Cape Broyle system.

L. Flow Utilization Factor

The flow utilization factors (average inflow to forebay divided by flow capacity at
most efficient load and maximum load) for the Horsechops station are 0.80 at most
efficient load and 0.66 at maximum load. For the Cape Broyle station, the factors are
0.84 at most efficient load and 0.68 at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage assuming
the units are operating alone) for the Horsechops station are 0.21 kWh/m®
(6.70 GWh/yr/m’/s) at most efficient load and 0.20 kWh/m’® (6,26 GWh/yr/m’/s) at
maximum load. For the Cape Broyle station, the factors are 0.13 kWh/m?
(4.03 GWh/yr/m'/s) at most efficient load and 0.13 kWh/m? (3.96 GWh/yr/m¥/s) at
maximum load.

The average energy conversion factors from the base case simulation for the
Horsechops and Cape Broyle stations are 0.21 kWh/m® (6.68 GWh/yr/m’/s) and
0.13 kWh/m? (4.02 GWh/yr/m"/s), respectively. These energy conversion factors
take into account the average reduction in availability due to forced outages.

3. Flow Duration Curve

The Horsechops and Cape Broyle flow duration curves for the turbine flow (power
flow) in the base case simulation are shown in Figure 3.2. The Horsechops unit is
always operated at most efficient load, although sometimes only for part of the day,
depending on inflows. The Cape Broyle unit is operated at maximum load about
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25 percent of the time, but is otherwise operated at most efficient load for part of
each day, depending on outflows from Horsechops, as well as local inflows.

4, Energy Potential of Spill

The monthly distribution of the simulated spill out of the Horsechops/Cape Broyle
system over 15 years for the base case simulation is shown in Figure 3.3, for the
Blackwoods Ponds and Cape Broyle Forebay.,

The simulated annual average spill for the base case was approximately 021 m¥/s
at the Blackwoods Ponds. Using the simulated energy conversion factors at
maximum load presented previously in this section, the spill would produce
approximately 2.1 GWh/yr, if entirely saved and used for generation at both stations,
At Cape Broyle Forebay, the simulated spill was infrequent, with an annual average
of 0.01 m/s, equivalent to less than 0.1 GWh/yr at maximum load at Cape Broyle,
There was no simulated spill at Horsechops Forebay. There was also no simulated
spill at Mount Carmel Pend, although any such spill would remain within the system
and be discharged to Horsechops Forebay.

5. Reservoir Storage Factor

The main system storage is provided by Mount Carmel Pond. The reservoir storage
factor (the number of days to fill the reservoir without any outflow) was calculated
to be approximetely 100 days. The Blackwoods Ponds have a reservoir storage
factor of about 20 days. Horscchops and Cape Broyle Forebays have reservoir
storage ratios of one and five days, respectively.

6. Reservoir Utilization Plot

The plot of simulated Blackwoods Ponds and Mount Carmel Pond reservoir levels
for the base case simulation is provided in Figure 3.4. The plot illustrates the
reservoir utilization corresponding to ideal operation, which generally makes full use
of the available storage range.

7. Forebay Storage Factor

The forebay storage factor (time required to draw forebay down assuming no inflow
with the unit operating at maximum Ioad) of Horsechops Forebay is estimated to be
spproximately one day. The forebay storage factor of Cape Broyle Forebay is
approximately three days.
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8. Gate Operation

Provided in Figure 3.5 is the simulated gate discharge, gate capacity and simulated
reservoir level for an example year (1987) for Mount Carmel Pond. This plot
illustrates the frequency the gate is being operated in the simulation model to
maintain most efficient load at Horsechops while avoiding spill at either station
downstream,

Table 3.1
Horsechops/Cape Broyle System Representative Operating
Measures

- _Horsechops/Cape Broy(e Representative Gperating Messures

Flow Utllization Faciors

- Horsechops Most Efficient Load 0.80,

- Horsechops Maximum Load 0.66

- Cape Broyle Most Efficient Load 0.84

= Cape Broyls Maximum Load 0.68
Station Factors

- Horsechops Most Efficlent Load 021 kWh/m’

- Horsechops Maximum Load 0.20 kWh/m’

- Cape Broyle Most Efficient Load 0.13 kWh/m?

- Cape Broyle Meaximum Load 0.13 kWh/m’
Energy Patential of Spill

- Blackwoods Ponds Spill 2.1 GWhiyr

- Cape Broyle Spill <0.1 GWhiyr
Reservoir Storage Factors

- Blackwoods Ponds 20 days

- Mount Carmel Pond 100 days

- Horsechops Forebay 1 day

- Cape Broyle Forebhay 5 days
Forebay Storage Factor

- Horsechops Forebay 1 day

- Cape Broyle Forebay 3 days

3.3 Ideal Operation of System

The long term energy production for the Horsechops/Cape Broyle system as
estimated by the simulation model developed for the Water Management Study is
89.1 GWh/yr (51.0 GWh/yr at Horsechops, 38.1 GWh/yr at Cape Broyle). This
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compares with recorded energy generation for the same reference period (1984-98)
of 75.3 GWh/yr (41.4 GWh/yr at Horsechops, 33.9 GWh/yr at Cape Broyle). While
these numbers are not directly comparable due to the upgrade of Horsechops unit in
1997, the difference does provide some indication of the potential for improving
actual generation at this system under the current plant operating guidelines, Further
indicators of this difference are provided by the comparisons conducted for the Water
Management Study for two sample years, This comparison indicated an average
difference between recorded and simulated generation (after adjustments for storage)
of approximately 15 percent for this system, The comparison would therefore
suggest that there is substantial opportunity to improve the operation of this system
by more closely following the ideal demonstrated by the simulation model,

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce the difference between the simulated ideal operation and
actual operation at the Horsechops/Cape Broyle system.

3.3.1 Plant Operating Guldelines

The simuletion model used to estimate the energy generation of the
Horsechops/Cape Broyle system assumes that the operations staffhas interpreted
the existing operating guidelines as described in the Water Management Study.
Plant operating guidelines provide operators with procedures regarding how to
operate the system based on current inflows. During periods of high inflows, the
plants will be operated at maximum load (and less than maximum efficiency) to
avoid spills. This requires some interpretation by the operators regarding what
constitutes high inflows,

The interpretation used in the simulation model incorporated a rule curve for each
forebay in the system, set at the maximum operating levels in the plant operating
guidelines. If either forebay leve] exceeds its rule curve, then the unit is operated
at maximum load to bring the level down to the rule curve. If the forebay level
is at or below the rule curve, then the unit is operated at best efficiency as
necessary to maintain the level at the rule curve.
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Obviously, some judgment on the part of the operators in applying the guidelines
isrequired. For instance, knowledge of above normal snow accumulations in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when reservoirs are not full.

The reservoir rule curves, shown in Figure 3.4, are set 5o that Mount Carmel
Pond releases flow only to maintain Horsechops at best efficiency, while the
Blackwoods Ponds release continually (i.e., stoplog structure is open).

3.3.2 Gate/Reservoir Operation

The Horsechops/Cape Broyle system has significant storage capacity that can be
effectively used to smooth the basin inflows. Mount Carmel Pond provides most
of the useable storage capacity. To attain ideal operation as indicated by the
simulation model, the Mount Carmel Pond gate must be adjusted as often as
necessary to ensure that the Horsechops unit is not loaded above efficient load,
and to cut back releases to avoid spilling downstream.

The plant operating guidelines state that Horsechops should run at best efficiency
unless spill will occur, The guidelines also state that gates should be opened in
major inflows to allow spill at Horsechops, so the water can be used at Cape
Broyle, rather than allow spill upstream. Withideal gate control, as shown by the
simulation model, spill can be prevented and Horsechops can always run at best
efficiency, due to the ample storage capacity of Mount Carmel Pond. By the
same token, the model also indicated that opening the Mount Carmel Pond gate
to cause spill around Horsechops would not be necessary as long as such capacity
was available.

However, the gate that controls this reservoir is not readily accessible. This gate
is located approximately 6 km from the Horsechops powerhouse along a rough,
unpaved road. Accessing the gate requires approximately 45 minutes of travel
(one-way) from this powerhouse, and therefore daily adjustments are not always
possible.

Despite the inaccessibility, there are some factors that reduce the effect of
infrequent gate adjustment on hydroelectric production. First, the unit at
Horsechops is equipped with good controls that may be used to start and stop the
unitremotely. Second, Horsechops Forebay has some storage capacity to capture
higher local inflows if the gate setting is too high, or to supplement the flow from
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Mount Carmel Pond if the gate setting is too low. Finally, the capacity of the
Cape Broyle unit and the storage available at Cape Broyle Forebay reduce the
effect of infrequent gate adjustments on generation at Cape Broyle.

The stoplog structure at Fourth Blackwoods Pond Canal is located in the distant
back country and is not easily accessible at any time of year. However, previous
analysis by Acres has indicated that this structure should be left open
permanently to minimize spill from the Blackwoeds Ponds, as there is ample
storage downstream in Mount Carmel Pond. This is the case assumed by the
simulation model.

In addition to the accessibility issues, NP must maintain certain minimum storage
levels, particularly during the winter months, to ensure plant availability in the
event of local power outages or when called upon by Newfoundland and
Labrador Hydro (NLH). This winter reserve is not taken into account by the
simulation model,

3.3.3 Unit Operation

The simulation model operates the Cape Broyle and Horsechops units at their
most efficient loads, except when high inflows dictate that higher loads are
necessary to avoid exceeding the forebay rule curves, With the available control
equipment, minimal constraints on plant flows, and the available forebay storage,
it should be possible to operate these plants very close to this ideal. An
examination of daily Control Centre Logs for several months (December 1998,
April 1999, and January-February 2000) confirmed that the Horsechops umit is
loaded at best efficiency a high percentage of the time and at maximum load for
most of the remainder of the time the unit was online. The same was true for the
Cape Broyle unit in each of these months with the exception of December 1998,
when the unit was operated over a range of loads from 4 to 6.5 MW. Aside from
gate control issues, another obstacle to attaining ideal operation is electrical grid
requirements that may occasionally require the units to operate at loads other than
their most efficient loads. An example of such requirements would be local
power outages, which occur infrequently and therefore should not significantly
affect annual production,
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34 Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP’s current plant operating guidelines. As
discussed in Chapter 2 there arc three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

» by avoiding spill; and

* by operating the units at best efficiency more of the time.

Feasible alternatives for improving generation by changing the operating guidelines
involve changing the forebay operating levels, as described below. As well, shifting
generation to most efficient load at Cape Broyle was investigated.

Increased Head at Horsechops Forebay

To simulate a higher forebay level at Horsechops, the level of Horsechops Forebay
was set at its spill elevation (176.33 m) instead of its upper operating level, an
increase of 0.46 m. Simulated generation at Horsechops was increased slightly, by
0.1 GWhyr, to 51.2 GWh/yr. The higher forebay elevation led to a small amount of
spill at Horsechops, less than 0.1 GWh/yr. Generation at Cape Broyle was not
affected.

Increased Head at Cape Broyle Forebay

To simulate a higher forebay level at Cape Broyle, the level of Cape Broyle Forebay
was set at its spill elevation (87.78 m) for June to December, instead of its upper
operating level of 87.48 m, an increase of 0.30 m. The simulated winter drawdown
to 86.56 m (prior to spring runoff) was not changed. The resulting increase in
simulated generation at Cape Broyle was 0.1 GWh/yr, but generation at Horsechops
was reduced by 0.1 GWh/yr, due to a higher tailwater level. As a result, there was
no change in average total system generation,

Spill Avoidance: Lower Level of Cape Broyle Forebay

The potential for savings in spill at Cape Broyle is low. As noted eatlier, there was
no simulated spill at Horsechops in the base case. The simulated spills at Cape
Broyle were small and infrequent, resulting mainly from local inflows. Asa possible
means of reducing simulated spill at Cape Broyle Forebay, a lower operating level
was simulated, by setting the level to 86.56 m year round. However, no reduction
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in the spill was achieved, The loss of head reduced the average generation at Cape
Broyle by 0.3 GWh/yr, although the same amount was gained in generation at
Horsechops due to a lower tailwater level. Copsequently, there was no change in
average total system generation.

Increased Operation at Best Efficiency at Cape Broyle

As shownin Figure 3.2, ideal operation under the existing plant operating guidelines,
as indicated by the simulation model, is to maintain the Horsechops unit at efficient
load. This is achieved through control of releases from Mount Carmel Pond. About
25 percent of the time, the combination of Horsechops outflow and local inflow to
Cape Broyle Forebay require the Cape Broyle unit to be operated at maximum load.
An altemative operating strategy would be to control the releases from Mount
Carmel Pond so as to shift Cape Broyle generation from maximum load to most
efficient load. The simulation model was rerun with this strategy. The strategy was
successful in shifting generation to less than five percent st maximum load, as well
as reducing spill, for an average gain of 0.1 GWh/yr at that station. However, this
resulted in a single year with spill at Mount Carme] Pond, which in turn caused spill
at Horsechops, equivalent to about 2.0 GWh. Averaged over the reference period,
this equalled a loss in average gencration of about 0.1 GWh/yr, resulting in no net
gain in average total generation.

Even so, the simulation indicates that such a shift is possible. As well, such a spill
event may be avoidable in actual operation, whereas the simulation mode! imposes
the same operating rules on every year. Inflow forecasting could help realize benefits
in shifting production.

3.5 Physical Changes to System

Raise Blackwoods Ponds Spillways

According to the simulation model, the main physical limitation of the existing
system is the elevation of the spillway crests at the Blackwoods Ponds, where most
of the spill out of the system occurs. First of all, the Blackwoods Ponds do not have
adequate storage capacity to store inflows without spilling. Second, the spill
elevation limits the discharge through the Fourth Blackwoods Pond Canal by
preventing full utilization of the canal depth and flow area. The canal itself is deep
and fully excavated and is therefore not limited by freeboard on side berms. The
discharge could be increased by widening the canal, but at 1.5 km in length, this
would be prohibitively expensive. If the spill elevation were raised, more of the
canal’s physical flow capacity could be utilized.
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To determine the effect of increased spill elevation, the model was rerun assuming
the crests of all Blackwoods Ponds spillways (Northwest Blackwoods, East
Blackwoods, and Fourth Bleckwoods) were raised to a minimum tolerable freeboard
on the existing diversion dams. The elevation selected was 223.20 m, or 1.00 m
higher than the lowest existing spillway clevation (Fourth Blackwoods), and 0,30 m
lower than the lowest existing dam crest (Jordan River Dam).

The simulation achieved almost complete recovery of Blackwoods Ponds spill and
resulted in average generation of 52.2 GWh/yr at Horsechops and 38.8 GWh/yr at
Cape Broyle, for a system total of 91.0 GWh/yr, or 1.9 GWh/yr more than the base
case,

Assuming that the cost of energy to NP is $0,04/kWh, this would result in a savings
to NP of approximately $76 000/yr. Given an estimated total spillway crest length
of 213 m, the savings over perhaps 20 years would justify an expenditure of about
$3300/m of crest length. The practicalities of increasing the spill elevation would
have to be investigated, including any dam safety issues. NP should also confirm the
accuracy of the assumed elevation, storage, length and discharge data for
Blackwoods Ponds structures.

3.6 Sensitivitles

Environmental Release Requirement

The sensitivity of energy generation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reach downstream of the Mount
Carmel Pond gated outlet for environmental reasons, the minimum flow of the gate
was set to 0.1 m*/s, if water is available. Asa sensitivity, this minimum flow was set
to 30 percent of the mean annual flow into the reservoir, as long as there is water in
the reservoir. When the reservoir is empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is approximately 2.1 m%/s. Using this
flow as the minimum flow release from the gates for the base case simulation model,
there was no change in system energy. This is the case because 30 percent of mean
annual flow is less than the amount required to maintain the Horsechops unit at its
most efficient load. This amount is always released in all simulations unless there
is no water in storage, in which case the natural inflows are released,

Final Report Acres International P13474.00



3-12

If NP were required to hold a supply of water in the reservoir to ensure that the
30 percent requirement was always met, there would likely be a reduction in Cnergy.
The same is true of the winter reserve requirement mentioned in Section 3.3; in fact
the winter reserve requirement might lead to more of a reduction since the fish flows
held in reserve could be expected to be released in some years, if not in all, leaving
room in the reservoir, whereas the winter reserve might not be released and would
result in less room to store the spring runoff.

3.7 Concluslons and Recommendations
The conclusions and recommendations arising from the analysis are as follows.
1. Improvements to Better Match Simulated Ideal Operation

Gate Operution: The analysis shows that controlling the release of water from
storage is the key to maximizing the output from the Horsechops/Cape Broyle
system. The gated outlet at Mount Carmel Pond needs to be adjusted to ensure
that the comrect flow is being released to keep the units operating at best
efficiency, as well as to avoid spill. It may be desirable to examine the cost of
automation and monitoring equipment at the Mount Carmel Pond gate compared
to the current costs of adjusting the gate manually.

2. Changes to Operating Guidelines

Clarification of Guidelines: NP should clarify the guidelines for the operators,
in particular providing guidance on when to increase load from best efficiency
to maximum. The guidelines should specifically state that the Fourth
Blackwoods Pond Canal stoplog structure should be left open, They should also
state that the Mount Carme] Pond gate should be opened to allow spill at
Horsechops only if Mount Carmel Pond will spill. It may be desirable to
examine the possible benefits of inflow forecasting, which may help devise
operating rules to shift as much production as possible to efficient load at both
stations.

3, Physical Changes
Blackwoods Ponds Spillways: The analysis showed that raising the elevation

of the Blackwoods Ponds spillway crests may increase generation by increasing
storage, reducing spill, and utilizing more of the physical discharge capacity of
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the Fourth Blackwoods Pond Canal. NP should investigate the costs and benefits
of raising the spillway crests, while taking into consideration any dam safety
concerns. The accuracy of the assumed characteristics (elevation, length, storage,
discharge) of Blackwoods Ponds structures should be verified.

4. Sensitivities

Environmental Releases: Providing & minimum flow release of 30 percent of
mean annual flow downstream of the outlet gate at Mount Carmel Pond does not
affect energy generation, because this amount is already being released to supply
the units. The requirement, however, assumes that when the reservoiris low, the
release is equal to the natural inflow. If the requirement were to guarantee
30 percent, a reserve would have to be maintained similar to the winter reserve,
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4  Rattling Brook Hydroelectric System

Rattling Brook Hydroelectric System was assessed to determine whether there is
potential for increasing energy generation, following the methodology in Chapter 2,
by

. improving current practice to better follow existing plent operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Rattling Brook system, present representative
operating measures (e.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions and
recommendations.

The simulation model which was set up for the Rattling Brook system in the Water
Management Study, conducted by Acres for all NP hydroelectric systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Rattling Brook system is referred to in
this section as the base case system generation. Other estimates of energy generation
resulting from operational or physical changes to the system are compared to this
value.

4.1 System Description

The Rattling Brook system is located in central Newfoundland near the community
of Norris Arm. The development was commissioned in 1958 with additional storage
added in 1961. The plant has a nameplate capacity of 15.1 MW and a rated net head
of 87.8 m. The system has two units supplied by a single woodstave penstock. The
second unit was originally intended as a stand-by unit, however the two units are now
routinely used together.
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The Rattling Brook system has & drainage area of approximately 383 km?. On the
west side of the basin, a series of small lakes along Rattling Brook, including Frozen
Ocean Lake, Gull Lake and Beaton’s Lake, flow into Rattling Lake, To the east, a
second series of ponds including Dowd Pond, Lewis Pond, and Upper and Lower
Christmas Ponds also flow into Rattling Lake. The impoundment for the system
joined Rattling Lake and Amy’s Lake. Rattling/Amy’s Lake flows into Rattling
Brook Forcbay. A schematic of the system is presented in Figure 4.1.

Only Frozen Ocean Lake, Rattling/Amy's Lake and Rattling Brook Forebay are
controlled. The structures in the system are as follows

. Frozen Ocean Lake gated outlet;

. Frozen Ocean Lake overflow spillway;

. Rattling/Amy’s Lake gated outlet;

. Rattling/Amy’s Lake overflow spillway; and
. Rattling Brook Forebay overflow spillway.

The Frozen Ocean Leke spillway discharges within the system; both the
Rattling/Amy’s Lake spillway and the Rattling Brook Forebay spillway discharge out
of the system.

4.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system, These measures
and plots are as follows.

Flow Utilization Factor.
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

NN R LN

The definition and use of these measures and plots are presented in Chapter 2. The
measures as calculated for the Rattling Brook system are provided below. They were

Final Report Acres International P13474.00



43

developed from the data in the base case simulation. Table 4.1 at the end of this
section summarizes the measures for the Rattling Brook system.

1. Flow Utilization Factor

The Rattling Brook station houses two generating units, but for the purpose of this
study they were modelled as one. The most efficient flow for the combined unit was
set as the most efficient flow for one unit, and the maximum flow for the combined
unit was set as the combined maximum flow of both units. The flow utilization
factors for the Ratiling Brook station (average inflow to forebay divided by capacity
at most efficient load and maximum load) are 1.24 at most efficient load (one unit
operating) and 0.60 at maximum load (both units operating).

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage) for most
efficient load and maximum load for the units are 0.21 kWh/m? (6.75 GWh/yr/m/s)
and 0.17 kWh/m* (5.44 GWh/yr/m’/s), respectively,

The average energy conversion factor from the base case simulation is 0.20 k Wh/m?
(6.33 GWh/yr/m/s). These energy conversion factors take into account the average
reduction in availability due to forced outages, and reflect the fact that the units are
frequently operated simultaneously, which leads to higher head losses.

3. Flow Duration Curve

A flow duration curve for the turbine flow (power flow) in the base case simulation
is shown in Figure 4.2, The plot indicates that the operation is with one unit only for
approximately 70 percent of the time, and that operation is at maximum flow
approximately 20 percent of the time.

4. Energy Potential of Spill

‘The simulated spill for the base case was approximately 0.63 m¥/s on average at the
Ratiling/Amy’s Lake spillway and 0.24 m"/s on average at the Rattling Brook
Forcbay spillway. Using the simulated energy conversion factor at maximum load
the spill would produce approximately 5.5 GWhyr, if entirely saved and used for
generation.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 4.3 for the Rattling Brook spillways. Most of the spill occurs at the
Rattling/Amy’s Lake spillway in March and April.
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5. Reservolr Storage Factor

Storage is provided by structures locaied at the outlets of Frozen Ocean Lake,
Rattling/Amy’s Lake and Rattling Brook Forebay. The reservoir storage factors were
calculated to be approximately 30 days for Frozen Ocean Lake, 74 days for
Rattling/Amy’s Lake, and one day for Rattling Brook Forebay. These factors
represent the number of days required to fill the reservoirs at average inflow and with
no outflows.

6. Reservoir Utilization Plot

Plots of simulated Frozen Ocean Lake and Rattling/Amy’s Lake reservoir levels for
the base case simulation are provided in Figure 4.4, The forebay level varies little
so was not plotted.

7. Forebay Storage Factor
The forebay storage factor (time required to draw forebay down assuming no inflow
with units operating at maximum Joad) is less than one day (19 hours).

8. Gate Operation

There are control gates located at the outlets of Frozen Ocean Lake and
Rattling/Amy’s Lake. Provided in Figure 4.5 is the simulated gate discharge, gate
capacity and simulated reservoir level for an example year (1994) for Frozen Ocean
Lake and Rattling/Amy’s Lake. These plots illustrate the frequency the gates are
being operated in the simulation model to maintain most efficient load and to avoid
spill.

Table 4.1
Rattling Brook System Representative Operating Measures

Rattling Brook Representative Operating Measures

Flow Utilization Factors

- Most Efficient Load (one umit) 1.24

- Maximum Load (two units) 0.60
Station Factors

- Most Efficient Load (one umit) 021 kWh/m®

- Meximum Loed (two units) 0.17 kWh/m®
Energy Potential of Spill 5.5 GWhiyr
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Rattiing Brook Representative Opanﬂnﬁ Monsures
Reservoir Storage Factors
- Frozen Ocean Lake 30 days
- Rattling/Amy’s Lake 74 days
- Rettling Brook Forebay 1 day
Forebay Storage Factor <1 day (19 hours)

4.3 Ideal Operation of System

The long term energy production at Rattling Brook as estimated by the simulation
model developed for the Water Management Study is 63.6 GWh/yr. This compares
with recorded energy generation for the same reference period (1984-98) of
66.7 GWh/yr. While it would normally be expected that the simulated production
would exceed the actual average for any given period, this difference does provide
some indication that there is little potential for improving actual generation at this
system under the current plant operating guidelines. As discussed in the Water
Management Study, the inflow hydrology used for the Rattling Brook simulation is
the most likely cause of this unusual result. However, insufficient hydrometric data
are available for the region to confirm this conclusion.

Further indicators that this system’s actual operation approaches the ideal are
provided by the comparisons conducted for the Water Management Study for two
sample years. This comparison indicated an average difference between recorded
and simulated generation (after adjustments for storage) of spproximately -10 percent
for this system. Again, anegative result for the comparison is unusual, but this result
also points to the conclusion that the Rattling Brook system is being operated in a
manner close to the simulated ideal and that there is little opportunity for
improvement under the current operating guidelines,

Forthe entire NP hydroclectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated ideal operation and
actual operation at the Rattling Brook System.
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4.31 Plant Operating Guidelines

The simulation model used to estimate the energy generation of the Rattling
Brook system assumes that the operations staff has interpreted the existing
operating guidelines as described in the Water Management Study. Plant
operating guidelines provide operators with procedures regarding how to operate
the system based on current inflows. During periods of high inflows, the plant
will be operated et maximum load (and less than maximum efficiency) to avoid
spills. This requires some interpretation by the operators regarding what
constitutes high inflows. The interpretation used in the simulation model
incorporated target levels for each reservoir in the system. The reservoirs were
operated to keep the forebay at its target leve] and to maintain operation at best
efficiency. If the forebay level exceeds the target level at any particular time of
the year, then the units are operated at maximum loed to bring the water level
down.

Obviously, some judgment on the part of the operators in applying this guideline
is required. For instance, knowledge of above normal snow accumuletions in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when water levels have not reached the target levels.

4.3.2 Gate/Reservoir Operation

The Rattling Brook system has significant storage capacity. The gate that
controls the majn storage reservoir at Rattling/Amy’s Lake is remotely operated
from the powerhouse. In addition, remote water level indication is available for
this storage reservoir. Therefore, the outlet gate can be adjusted frequently
(several times daily, if necessary) by operations staff.

This is not true of Frozen Ocean Lake, the other storage reservoir in this system.
However, this reservoir provides much less storage and its discharges can be
stored downstream at Raftling/Amy's Lake. Therefore, infrequent gate
adjustments at this reservoir do not have a significant impact on plant production.

In addition to the accessibility issues, NP must maintain certain minimum storage
levels, particularly during the winter months, to ensure plant availability in the
event of local power outages or when called upon by Newfoundland and
Labrador Hydro. This winter reserve is not taken into account by the simulation
model.
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4.3.3 Unit Operation

The simulation model operates the Rattling Brook units exclusively at most
efficient load, except when high inflows dictate that higher loads are necessary
to avoid spill. With the available control equipment, minimal constraints on
plant flows, and the available forebay storage, it should be possible to operate
this plant close to this ideal. An examination of daily Control Centre Logs for
several months (December 1998, April 1999, and January-February 2000)
indicated that, with the exception of the April data, the Rattling Brook units are
loaded over a range of loads from 4 to 7.8 MW. This plant would therefore not
appear to be making efficient use of the available water, although a more detailed
study would also include an examination of unit availability and system
conditions during these months, The main obstacles to attaining ideal operation
are electrical grid requirements which may occasionally require that the units
operate at loads other than their most efficient loads. Such requirements would
include local power outages or other infrequent occurrences.

4.4 Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP's current plant operating guidelines. As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are

¢ increasing head, by operating the forebay to get more head or reducing
headlosses;

e by avoiding spill; and

o by operating the units at best efficiency more of the time.

Each of these is discussed below for the Rattling Brook system. Increasing the head
through a change in the use of the flashboards or installation of inflatable crest gates
was considered as a potential physical change (Section 4.5).

The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2. The case described for the base case
is an intermediate case, since it uses rule curves varying between the low supply and
full supply levels of the reservoirs, as described in Section 4.3.
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Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water level in the storage reservoirs as low as possible.

AtRattling Brook, the potential for savings in spill compared to the base case is low.
The maximum possible reduction in spill would be the equivalent of 5.5 GWh/yr, as
shown in Table 4.1. However, the spill distribution piot (Figures 4.2) shows that thig
would be difficult to capture since the spills occur infrequently and in large amounts.

To assess the potential for additional energy generation in the system using spill
avoidance, the simulation model was run assuming the units were always operated
at maximum load when water was available. The average annual spill from the
system was reduced by 0.38 m?/s, from an average of 0.87 m¥s to 0.49 m*/s. This
represents an increase of approximately 2.4 GWh/yr, but does not compensate for the
epproximately 4.2 GWh/yr decrease in energy production due to operating the units
at a lower cfficiency.

Best Efficiency Operation, Limiting Case: Reservoirs High

The limiting case for maximizing the amount of time the units are operating at best
efficiency is to run the units at best efficiency, until the storage reservoirs are just
about to spill. This may require frequent gate operation because the gates must be
adjusted to release the exact amount of water to match the best efficiency flows.

The result of a simulation using this rule was an average annual production of
60.3 GWh/yr, with a spill of 1.63 m*/s. This production is lower than the base case
production.

These simulations suggests that the rule curve used for the base case simulation is
near optimum for the Rattling Brook system. There could be minor adjustments
made to the rule curve that could increase production monthly, but the increase

would be expected to be marginal,

Revised Unit Dispatch
The current Rattling Brook plant operating guidelines state the following.

1.) When flows are minimal operate Unit #1 at best efficiency instead of #2 as the
efficiency of this unit is better. Operate #2 at best efficiency if #] cannot handle
the flow. For higher flows, use #2 at full load and #1 at best efficiency. Operate
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both units at full load only when necessary to avoid spill. This is the most
inefficient setting of the units as the pressure loss in the penstock is very high at
Jull load.

Efficiency testing undertaken in August 2000, however, showed that Unit #2 has a
higher efficiency and therefore higher energy conversion factor than Unit #1. The
stmulation modelling for the Water Management Study used a unit dispatch based
on the efficiency testing rather than the operating guidelines. This lead to an increase
in generation of approximately 0.5 GWh/yr.

4.5 Physical Changes to System

The two principal options for physical changes to the existing system to improve
energy generation are to increase head and to increase storage. To give an indication
of the value of these changes, the following options were investigated.,

* Increase dam height at Rattling/Amy’s Lake to increase storage.
* Reduce headlosses by enlarging the penstock at Rattling Forebay,

Each of these physical changes to the system is discussed below. Table 4.2
summarizes the results.

Increase Storage at Rattling/Amy’s Lake

To determine the effect of an increase in storage on energy production, the dams and
structures at Rattling/Amy’s Lake were assumed to be raised to allow increases in
full supply level of one and two meters. The effect is to reduce system spill. The
resulting increases in energy generation were 1,3 GWh/yr for the one meter rise, and
2.2 GWh/yr for the two meter rise.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $52 000/yr for the one meter increase in dam height and
$88 000/yr for the two meter increase in dam height. Given a dam length of
approximately 960 m, the savings over perhaps 20 years would justify an expenditure
of about $500/m of dam length based on a one meter increase. The practicalities of
adding additional flashboards to the existing structures at Rattling/Amy’s Lake dam,
or of raising the dam in some other manner would have to be investigated.
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Reduce Headlosses

One metbod of increasing head is to reduce headlosses. The penstock at Rattling
Brook was designed for operation of one unit only, therefore operating the two units
together results in high headlosses For the purposes of examining the value of a
reduction in headlosses, a new headloss curve based on larger penstock
(approximately 50 percent larger diameter) was calculated and used in the simulation
model. The resulting energy generation was 70.9 GWh/yr or a net increase in
average annual energy of 7.3 GWh/yr. Recovery of some or all of these losses could
have a net present value in excess of $2 million over a 20 year project life.

Table 4.2
Results of Physical Changes to System
Case | Average AnnuatEnergy | Changein Energy
(GWhiyr) (GWhiyr)

Base Case 63.6 =
Increase Storage in Ratiling/Amy's 64.9 +1.3
Lakeby I m
Increase Stomge Raftling/Amy's Lake 65.8 +2.2
by2m
Reduce headlosses 70.9 +7.3

4.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain aspects of their systems. Results for the sensitivity cases are provided in
Table 4.3. Along with the average energy generation, average annual spill for each
case is presented in Table 4.3,

The sensitivity cases were as follows,
» Environmental release requirement of 30 percent of mean annual flow.

* No storage in system (to obtain value of storage); remove dams and gates.
» Changes to gate operation at Frozen QOcean Lake.
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Environmental Releage Requirement

The sensitivity of energy gememation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of all gates was set t0 0.1 m’/s,
if water is available. As a sensitivity, this minimum flow was setto 30 percent of the
mean annual flow into the reservoir, as long as there is water in the reservoir. When
the rescrvoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approximately
0.5 m%s at Frozen Ocean Lake and 3.25 m¥/s at Rattling Amy's Lake. Using these
flows as the minimum release from the gates leads to an anpual average energy of
63.5 GWh/yr, only 0.1 GWh less than the base case. This is the case because
30 percent of mean annual flow is less than the best efficiency flow of the unit. This
amount is released in all simulations unless there is no water in storage, in which
case the natural inflows are released.

If NP were required to hold a supply of water in the reservoirs to ensure that the
30 percent requirement were always met, there would likely be an additional
reduction in energy.

No Storage in System

To provide NP with an indication of the value of the storage in the system, a
simulation was done with all storage removed. The resulting average annual energy
generation from this sensitivity was 47.2 GWh/yr, a net decrease of 16.4 GWhiyr.
This represents the value of maintaining the structures at Frozen Ocean Lake and
Rattling/Amy’s Lake,

Changes to Frozen Ocean Lake Gate Operation

The remote location and difficult access of the Frozen Ocean Lake outlet structure
make it a candidate for automation. The simulation for the base case assumed that
the gate could be operated daily, however the gate operation plot in Figure 4.5 shows
that the gate is usually open to full capacity. The base case could be considered the
full automation case.

To investigate the value of automation, or of some alternative procedure, a simulation
was run assuming that the gate was left fully open year round. The structure itself
will provide some natural regulation.
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The difference in the estimate of energy generation in this case and the base case
indicates the value of having a gate that can be operated daily. The resulting energy
generation from this sensitivity was 63.1 GWh/yr, or a net decrease in energy of
0.5 GWh/yr. This decrease is due to extra spill at the forebay and additional
operation at maximum load. This finding suggests that automation would save
sufficient energy to justify an expenditure of approximately $200 000 and therefore
should be investigated further.

Table 4.3

Energy Results for Sensitivity Simulations for Rattling Brook
System

Casa Avarags Annual : - Change in Average Spil)
Enargy Ensrgy ()
{GWhiyr) (GWhiyir)

Base Case B 63.6 - 0.87
Envimn;peqtgl Releases 635 -0.1 0.87
Value of Storage 472 -164 3.36
Frozen Ocean Lake Gate
Opemtion

- Leave Gate Full Open 63.1 -0.5 0.96

4.7 Conclusions and Recommendations

The conclusions and recommendations arising from the analysis are as follows.
1. Changes to Opersting Guidelines

Clarification of Guidelines: The present guidelines as interpreted for the Water
Management Study come close to maximizing system output.

Unit Dispatch Order: The current operating guidelines suggest a unit dispatch
order that is inconsistent with the station factors as calculated from recent
cfficiency testing. NP should consider revising the guidelines,
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2. Physical Changes

Headlosses: The analysis showed that there may be some gains in energy by
reducing headlosses. The costs and benefits of replacing the penstock should be
examined,

3. Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of
mean annual flow downstream of the outlet gates at Frozen Ocean Lake and
Rattling/Amy’s Lake does not significantly affect energy generation, because the
flow is already being released to supply the units. The requirement, however,
assumes that when the reservoirs are low, the release is equal to the natural
inflow. If the requirement were to guarantee 30 percent, a reserve would have
to be maintained similar to the winter reserve.

Value of Storage: The valuc of the storage at Frozen Ocean Lake and
Rattling/Amy’s Lake is 16.4 GWh/yr. NP can use this value in considering the
costs of maintaining the structures.

Changes to Frozen Ocean Lake Outlet Gate Control/Operation: The value
of operating the gate at Frozen Ocean Lake on a daily basis, if required, is
0.5 GWh/yr. Automation of the gate should be considered.
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5  Morris/Mobile Hydroelectric System

The Morris/Mobile Hydroelectric System was assessed to determine whether there
is potential for increasing emergy generation, following the methodology in
Chepter 2, by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system,

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated,

The following sections describe the Morris/Mobile system, present representative
operating measures (e.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions and
recommendations.

The simulation model which was set up for the Morris/Mobile system in the Water
Management Study, conducted by Acres for all NP hydroelectric systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Morris/Mobile system is referred o in
this section as the base case system generation. Other estimates of energy generation
resulting from operational or physical changes to the system are compared to this
value,

51 System Description

The Morris/Mobile system is located on the southern shore of the Avalon Peninsula
in castern Newfoundland, and has two generating stations. The Morris Gencrating
Station was commissioned in 1983 and has a nameplate capacity of 1.1 MW and a
rated net head of 30.0 m. The drainage area above the intake of the Morris station
is approximately 96 km?. The Mobile Generating Station was commissioned in1951
and has a nameplate capacity of 12.0 MW and a rated net head of 114.6 m. The total
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drainage area above the intake of the Mobile station is approximately 113 km?,
Storage is provided by structures at Mobile Big Pord and Mobile First Pond, A
schematic of the system is presented in Figure 5.1.

The upper part of the basin drains into Mobile Big Pond, which is the main storage
reservoir for the system. Morris Canal extends 2.5 km from Mobile Big Pond to
Morris Forebay. Both the canal and Mobile Big Pond are equipped with overflow
spillways, which discharge around the Morris station into Mobile First Pond. Power
flows from the Morris station are discharped through a fish spawning canal, about
100 m in length, into Mobile First Pond. Mobile Canal extends 2.1 km from Mobile
First Pond to Mobile Forebay. Spill from Mobile First Pond is discharged out of the
system,

The structures in the system are as follows

. Mobile Big Pond overflow spillway;

. Mobile Big Pond gated outlet;

. Morris Canal;

. Morris Canal overflow spillway;

. Mobile First Pond overflow spillway; and
. Mobile Canal,

The Mobile First Pond spillway discharges out of the system; the Mobile Big Pond
and Morris Canal spillways discharge within the system.

5.2 Representative Operating Measures

In assessing the potential for increased encrgy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

Flow Utilization Factor.
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.

G e
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7. Forebay Storage Factor.
8. Gate Operation Plot.

The definition and use of these measures and plots are described in Chapter 2. The
measures as calculated for the Morris/Mobile system are provided below. They were
developed from the data in the base case simulation. Table 5.1 at the end of this
section summarizes the measures for the Lookout Brook system.

1. Flow Utilization Factor

The flow wtilization factors (average inflow to forebay divided by flow capacity at
most efficient load and maximum load) for the Morris station are 0.91 at most
efficient load and 0.82 at maximum load. For the Mobile station, the factors are 0.50
at most efficient load and 0.42 at maximum load.

2. Energy Conversion Factor

The energy conversion fectors (the ideal average value of water in storage) for the
Morris station are 0.07 kWh/m® (2.05 GWh/yr/m?/s) at most efficient load and
0.06 kWh/m’ (1.94 GWh/yr/m?/s) at maximum load. For the Mobile station, the
factors are 0.29 kWh/m® (8.99 GWh/yr/m’/s) at most efficient load and 0.28 kWh/m?
(8.83 GWh/yr/m%/s) at maximum load.

The average energy conversion factors from the base case simulation for the Morris
and Mobile stations are 0.06 kWh/m* (1.88 GWh/yr/m?¥/s) and 028 kWh/m®
(8.70 GWh/yr/m®/s), respectively. These energy conversion factorstake into account
the average reduction in availability due to forced outages,

3 Flow Duration Curve

The Morris and Mobile flow duration curves for the turbine flow (power flow) in the
base case simulation are shown in Figure 5.2. The average daily flow through the
Morris unit is usuelly at or above most efficient load. The plot of average daily flow
though the Mobile unit illustrates that the unit is usually operated for only part of
each day (at cfficient load), and is rarely operated at maximum load.

4. Energy Potential of Spill

The monthly distribution of the simulated spill over 15 years for the base case
simulation is shown in Figure 5.3 for the Morris station (Mobile Big Pond overflow
spillway) and Mobile station (Mobile First Pond overflow spillway).
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The simulated annual average spill for the base case was approximately 0,12 m%/s at
Morris, Using the simulated energy conversion factor at maximum load presented
previously in this section, the spill would produce approximately 0.2 GWhyr, if
entirely saved and used for generation. At Mobile, the simulated spill occurred in
only two years, with annual amounts of 0.03 ms (0.2 GWh) and 0.05 m¥s
(0.4 GWh) for the two years respectively (15 year average less than 0.1 GWh/yr).

5. Reservoir Storage Factor

The main system storage is provided by Mobile Big Pond. The reservoir storage
factor (the number of days to fill the reservoir without any outflow) was calculated
to be approximately 70 days (without flashboards). Mobile First Pond, used only to
provide head and short term storage for the Mobile station, has a reservoir storage
factor of five days.

6. Reservoir Utilization Plot

The plot of simulated Mobile Big Pond reservoir levels for the base case simulation
is provided in Figure 5.4. The plot illustrates the reservoir utilization corresponding
to ideal operation, which generally makes full use of the available storage range.

7. Forebay Storage Factor

The Morris Forebay comprises only the canal below the gate at Mobile Big Pond.
The forebay storage factor (time required to draw forebay down assuming no inflow
with the unit operating at maximum load) is estimated to be only a few hours. The
Mobile Forebay is essentially an extension of Mobile First Pond, which has a forebay
storage factor of more than two days.

8. Gate Operation

The only reservoir with a control gate is Mobile Big Pond. Provided in Figure 5.5
is the simulated gate discharge, gate capacity and simulated reservoir level for an
example year (1987) for Mobile Big Pond. These plots illustrate the frequency the
gate is being operated in the simulation rodel to maintain most efficient load and to
avoid spill by operating at maximum load.
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Table 5.1
Morris/Mobile System Representative Operating Measures
l_!on-laﬂablle Roprusnﬁlﬁa Qperating th;ﬁru
Flow Utilization Factors
= Morris Most Efficient Load 0.91
= Morris Maximum Load 0.82
= Mobile Most Efficlent Load 0.50
= Mobile Mniﬁmum Load 0.42
Station Factors
- Morris Most Efficient Load 0.07 kWh/m?
- Morris Maximum Load 0.06 kWh/m’
- Mobile Most Efficient Load 0.29 kWh/m?
- Mobile Maximum Logad 0.28 kWh/m’
Energy Potential of Spill
- Morris Spill 02 GWh/yr
- Mobile Spill <0.1 GWhyr
Reservoir Storage Factors
- Mobile Big Pond 70 days
- Mobile First Pond 5 days
Forebay Storage Fact'or
- Moris Forebay ‘ <4 day
- Mobile Forebay 2 days

53 Ideal Operation of System

The long term energy production of the Morris/Mobile system as estimated by the
simulation model developed for the Water Management Study is 51.6 GWh/yr
(7.8 GWh/yr at Morris, 43.8 GWh/yr at Mobile). This compares with recorded
energy generation for the same reference period (1984-98) of 47.7 GWhiyr
(7.2 GWh/yr at Morris, 40.5 GWh/yr at Mobile). While these numbers are not
directly comparable due to upgrades of the Mobile unit in 1990, the difference does
provide some indication of the potential for improving actual generation at this
system under the current plant operating guidelines. Further indicators of this
difference are provided by the comparisons conducted for the Water Management
Study for two sample years. This comparison indicated an average difference
between recorded and simulated generation (after adjustments for storage) of
approximately four percent for this system. The comparison would therefore suggest
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that there is little opportunity to improve the operation of this system by more closely
following the ideal demonstrated by the simulation model.

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent, This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operstional constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunitics to reduce this difference between the simulated ideal operation and
actual operation at the Morris/Mobile system.

531 Plant Operating Guidelines

The simulaion model used to cstimate the energy generation of the
Morris/Mobile system assumes that the operations staff has interpreted the
existing operating guidelines as described in the Water Management Study.
Plant operating guidelines state that Morris should be operated at best efficiency
24 hours per day, which should then allow Mobile to be operated about 12 to
14 hours per day depending on inflows,

Obviously, some judgment on the part of the operators in applying the guidelines
is required. It is noted that the existing plant operating guidelines provide no
guidance on when to increase load to maximum for spill avoidance. Historically,
spill has been exceptionally rare, However, with the flashboards removed from
Mobile Big Pond, spill may be more frequent in future, For this reason, the
simulation model incorporated a rule curve for each reservoir in the system. The
rule curves determine how to operate the system, based on the observed reservoir
levels. If the reservoir levels are above the rule curve level at any particular time
of year, then the units are operated at maximum load to bring the level down to
the rule curve. If the reservoir levels are below the rule curve, then the units are
operated at best efficiency. The rule curve used in the simulation model for
Mobile Big Pond is illustrated in Figure 5.4. The rule curve for Mobile First
Pond was set at the maximum operating level of Mobile Forebay, 150.48 m.

As another example requiring operator judgment, knowledge of above normal
snow accumnulations in the watershed prior to spring runoff may be employed in
deciding to operate the units at maximum load even when water levels have not
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reached the rule curve. However, the rule curve will ordinarily provide useful
guidance to system operating staff.

5.3.2 Gate/Reservoir Operation

The Morris/Mobile system has significant storage capacity that can be effectively
used to smooth the basin inflows. Mobile Big Pond provided most of the useable
storage capacity. It is also the only reservoir with a control gate. Typically, a
constant gate discharge has to be maintained, corresponding to the best efficiency
flow of Moris. This requires regular adjustment of the gate position to account
for the fluctuation in reservoir level. The full capacity of the gate is much greater
than the required discharge, and therefore it is not a limiting factor in selecting
appropriate gate settings. However, the gate is not readily accessible, This gate
is located approximately 10 km from the nearest major highway along an
unpaved road. Accessing the gate requires approximately 45 minutes of travel
(one-way) from the Mobile powerhouse, Daily adjustments to this gate are not
always possible.

Despite its inaccessibility, several factors ensure that infrequent adjustment of the
Mobile Big Pond gate will not greatly affect hydroelectric production. First, the
unit at Morris is equipped with good controls which may be used to start and stop
the unit remotely, The unit may be shut down for brief periods before the canal
begins to spill, without having to adjust the Mobile Big Pond gate. Second, the
cfficiency curve at Morris is flat enough that operating the unit at loads slightly
different than the most efficient load will bave minimal impact on generation,
Finally, the capacity of the Mobile unit and the storage available at Mobile First
Pond ensure that generation at the much larger Mobile plant is not affected by
infrequent adjustments to the releases from Mobile Big Pond.

With respect to reservoir operation, prolonged shutdowns at Morris would be the
most significant constraint on reservoir utilization. As indicated by the flow
utilization factor, the station would have to be operated at most efficient load
over 90 percent of the time in an average year to keep up with inflows.
Prolonged or frequent outages lead to an accumulation of water in storage which
cannot be rapidly reversed, resulting in an increased risk of spill over the long
term, In addition, NP must maintain certain minimum storage levels, particularly
during the winter months, to ensure plant availability in the event of local power
outages or when called upon by Newfoundland and Labrador Hydro (NLH). This
winter reserve is not taken into account by the simulation model.
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5.3.3 Unit Operation

The simulation model operates the Morris and Mobile units at theirmost efficient
loads, except when higher loads are necessary to avoid exceeding the reservoir
rule curves. Both units are equipped with modem control equipment which
permits flexible sutomated remote control. With the available control equipment,
minimal constraints on turbine flows, and the available forebay storage in the
casc of Mobile, it should be possible to operate both stations very close to this
ideal. An examination of daily Control Centre Logs for several months
(December 1998, April 1999, and January-February 2000) confirmed that the
Mobile unit is loaded at best efficiency a high percentage of the time. Based on
these same daily log sheets, the load on the Morris unit appeared to more
variable, possibly as a result of frequent debris blockages at the intake which
reduce the unit load for a given turbine flow.

Another obstacle to attaining ideal operation is electrical grid requirements which
may occasionally require that the units operate at loads other than their most
efficient loads. Such requirements would include local power outages or other
infrequent occurrences. In addition, providing a minimum flow in the Morris
tailrace spawning channel and infrequent gate adjustments may force the Morris
unit to operate at Jess efficient loads.

5.4 Changes to Operating Guldelines

The purpose of the analysis described in this section is to determine whether there is
any energy 1o be gained by changing NP’s current plant operating guidelines. As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

* by avoiding spill; and

« by operating the units at best efficiency more of the time.

For this system, forebay operation was examined only for Mobile. It was not
examined for Morris because its forebay level is only a function of the flow in Morris
Canal.
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The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2, The base case is an intermediate case,
since it uses a rule curve in Mobile Big Pond between full supply level and low
supply level, as described in Section 5.3.

Increased Head at Mobile Forebay

To simulate a higher forebay level at Mobile, the Ievel of Mobile First Pond was sct
to its maximum operating level (150.48 m), instead of the lower part of its operating
range, an average increase of about 0.3 m. There was no increase in simulated
generation at Mobile, The increase in net head was only about 0.3 percent.
Generation at Morris decreased slightly, from 7.8 GWh/yrto 7.7 GWh/yr, due to the
higher tailwater elevation resulting from the level of Mobile First Pond.

Spill Avoidance, Limiting Case: Low Rule Curve

The limiting case for spill avoidance is to maximize the amount of storage available
in Mobile Big Pond to contain inflows. To do this, the Morris unit would be
operated at maximum flow to keep the level of Mobile Big Pond as low as possible.

The poteatial for savings in spill compared to the base case is Jow. At Morris, the
simulated spills tend to be small; the maximum possible reduction in spill would be
the equivalent of 0.2 GWh/yr, as shown in Table 5.1, As well, the high flow
utilization factor of Morris suggests that the unit does not have enough unused
capacity to achieve a reduction in spill. At Mobile, the simulated spill is both small
and infrequent.

To assess the potential for additional energy geaeration in the system using spill
avoidance, the simulation model was run assuming the Morris unit was always
operated at maximum load when water was available, The average annual spill from
Mobile Big Pond was reduced from an average of 0.12 m¥/s to 0.11 m?/s, but there
was a net decrease in average generation at Morris, from 7.8 GWh/yr to 7.7 GWhyr,
due to operating the unit at a lower efficiency. There was no change in average
generation at Mobile.

Best Efficiency Operation, Limiting Case: High Rule Curve
The limiting case for maximizing the amount of time operating at best efficiency is
to run Morris at best efficiency until Mobile Big Pond is just about to spill.
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A simulation using this rule resulted in no change in average annual generation,
compared to the base case. This suggests that the rule curve used for the base case
simulation is near optimal.

5.5 Physical Changes to System

The principal option for physical changes to the existing system to improve energy
generation is to increase storage.

Increase Storage at Mobile Big Pond

For dam safety reasons, the flashboards were recently removed from the Mobile Big
Pond overflow spiliway. With the flashboards, the full supply level of Mobile Big
Pond was 0.97 m higher than existing, and the reservoir had 37 percent more live
storage capacity.

To determine the effect of an increase in storage on energy production, the spill
elevation was assumed to be restored to its former level. This reduced the average
annual spill at Morris from 0.12 m*/s to 0.01 m%s, with a resulting increase in energy
gencration of 0.1 GWh/yr,

Assuming that the cost of energy to NP is $0.04/kWh, this would result in a savings
to NP of approximately $4000/yr. Given a spillway length of approximately 54 m,
the savings over perhaps 20 years would justify an expenditure of about $680/m of
spillway length. The practicalities of increasing the spill elevation at Mobile Big
Pond would have to be investigated. The spillway flashboards could be reinstalled,
but dam safety concerns would still exist as before. One option would be to remove
flashboards in years of anticipated high runoff, but in other years to leave them in all
year round. If the flashboards cannot be used, then inflatable crest gates (rubber
dam) on the spillway section may be considered.

5.6 Sensitivities

No aspects of operation for this system were identified as requiring sensitivity
analysis.

5.7 Conclusions and Recommendations

The conclusions and recormmendations arising from the analysis are as follows.

Final Report Acres International P13474.00



1.

5-11
Improvements to Better Match Simulated Ideal Operation

Gate Operation: The system is presently operated in a manner approaching the
ideal indicated by the system model, but it may be desirable to examine the cost
of automation and monitoring equipment at the Mobile Big Pond gate compared
to the current costs of adjusting the gate manually.

Changes to Operating Guidelines

Clerification of Guidelines: NP should clarify the guidelines for the operators,
in particular providing guidance on when to increase load from best efficiency
to maximum to avoid spill. The present guidelines as interpreted for the Water
Management Study come close to maximizing system output, if NP can operate
in this manner.

Physical Changes

Increased Storage: Increasing the storage capacity of Mobile Big Pond to its
former value increases energy output by reducing spill. If flashboards cannot be
used for dam safety reasons, then an inflatable crest gate (rubber dam) on the
spillway section may be considered. NP should investigate the costs and benefits
of alternative flashboard/crest gate arrangements, taking into account dam safety
requirements,
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6 Rocky Pond/Tors Cove Hydroelectric System

Rocky Pond/Tors Cove Hydroelectric System was assessed to determine whether
there is potential for increasing energy generation, following the methodology in
Chapter 2, by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

v making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated,

The following sections describe the Rocky Pond/Tors Cove system, present
representative operating measures (¢.g., flow utilization factor and energy potential
of spill) and provide the results of the analysis used to assess the effect of operational
and physical changes on energy generation. The last section provides conclusions
and recommendations,

The simulation model which was set up for the Rocky Pond/Tors Cove system in the
Water Management Study, conducted by Acres for all NP hydroelectric systems, was
used to assess the effect of operational and physical changes on encrgy generation.
The long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Rocky Pond/Tors Cove system is
referred to in this section as the base case system generation. Other estimates of
energy generation resulting from operational or physical changes to the system are
compared to this value.

6.1 System Description

The Rocky Pond/Tors Cove system is located on the southern shore of the Avalon
Peninsula in eastern Newfoundland and has two generating stations, Rocky Pond and
Tors Cove, located within the system.

The Rocky Pond Generating Station contains onc generating unit with a nameplate
capacity of 3.25 MW and has a rated net head of 32.6 m. The drainage area above
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the intake to the Rocky Pond station is approximately 152 km?. The station was
commissioned in 1943, The Tors Cove Generating Station contains three generating
units with nameplate capacities of 2,25 MW, 2,25 MW, and 2.4 MW with & rated pet
head of 52.7 m. The drainage area above the intake to the Tors Cove station is
approximately 183 km? The station was commissioned in 1940, The total
nameplate capacity of the system is 10.25 MW. Storage is provided by structures at
Franks Pond, Cape Pond, Rocky Pond Forebay and Tors Cove Pond Forebay. A
schematic of the system is presented in Figure 6.1.

All major storage reservoirs are in series, with Franks Pond being the most upstrean
reservoir in the system. There are two dams with overflow spillways located on
Franks Pond, which when overtopped, would lead to spill out of the system. Water
is conveyed from Franks Pond through a canal to Cape Pond which has a control
structure located at its outlet. Water is conveyed from Cape Pond to Rocky Pond
Forebay through the Cluneys and La Manche canals. Spillways are located along
both canals, which when overtopped, would lead to spill out of the system. Water
from upstream reservoirs entering Rocky Pond Forebay via La Manche Canal is
either stored, spilled, or used for generation. Power flow and spill from Rocky Pond
Forebay enters Tors Cove Pond Forebay where the water is either stored, spilled out
of the system, or used for generation. There is a fish plant located in the community
of Tors Cove which draws water from the Tors Cove station penstock for its water

supply.
The structures in the system are as follows

. Franks Pond gated outlet;

. Franks Pond overflow spillways;

. Franks Pond Canal overflow spillway:

. Cape Pond gated outlet;

. Cape Pond overflow spillway;

. Cluneys Canal overflow spillways;

. La Manche Canal overflow spillways;

. Rocky Pond Forebay overflow spillway; and
. Tors Cove Pond Forebay overflow spillway.

The Franks Pond, Franks Pond Canal, Cluneys Canal, La Manche Canal and Tors
Cove Pond Forebay overflow spillways discharge out of the system; the other
spillways discharge within the system.
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6.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

Flow Utilization Factor,
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forcbay Storage Factor.
Gate Operation Plot.

-

© NN AW N

The definition and use of these measures and plots are presented in Chapter 2. The
measures as calculated for the Rocky Pond/Tors Cove system are provided below.
They were developed from the data in the base case simulation. Table 6.1 at the end
of this section summarizes the measures for the Rocky Pond/Tors Cove system,

1. Flow Utilization Factor

The Rocky Pond station houses one generating unit. The flow utilization factors for
the Rocky Pond station (average inflow to forebay divided by combined flow
capacity for both units at most efficient load and maximum load) are 0.62 at most
efficient load and 0.58 at maximum load.

The Tors Cove station houses three generating units. The flow utilization factors for
the Tors Cove station (average inflow to forebay divided by combined flow capacity
for both units at most efficient load and maximum load) are 0.59 at most efficient
load and 0.47 at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage assuming
the units are operating alone) for most efficient load and maximum load for ROP-G1
are 0.081 kWh/n’ (2.57 GWh/yr/m®/s) and 0.079 kWh/m® (2.50 GWh/yr/m¥/s),
respectively. For TCV-G1 and TCV-G2 the most efficient load and maximum load
conversion factors are 0.114 kWh/m® (3.59 GWh/yr/m%/s) and 0.110 kWh/m?
(3.48 GWh/yr/mY/s), respectively. For TCV-G3 the most efficient load and
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maximum load conversion factors are 0.120 kWh/m® (3.78 GWh/yr/m*/s) and
0.116 kWh/m’ (3.66 GWh/yr/mY/s), respectively.

The average energy conversion factors from the base case simulation for ROP-G1 A
TCV-Gl, TCV-G2 and TCV-G3 are 0.080 kWh/m® (2.53 GWh/yr/m’/s),
0.107 kWh/m* (3.37 GWh/yr/m¥s), 0.110 kWh/m® (3.47 GWh/yr/m3/s), and
0.116 kWh/m’ (3.65 GWh/yr/m?/s), respectively. These energy conversion factors
take into account the average reduction in availability due to forced outages and
higher headlosses when the units at Tors Cove are operating at the same time.

Based on the energy conversion factors for the Rocky Pond and Tors Cove units, the
recommended dispatch would be as follows.

Rocky Pond
. Operate ROP-G1 at most efficient load first.
. Operate ROP-G1 at maximum load last.

Tors Cove

o Operate TCV-G3 at most efficient ioad first.

. Operate TCV-G3 at maximum load second.

. Operate TCV-G2 at most efficient load third,
. Operate TCV-G1 at most efficient load fourth.
J Operate TCV-G2 at maximum Joad fifth.

. Operate TCV-G1 at maximum load last,

The interpretation of the order recommended in NP's plant operating guidelines is
the same as the unit dispatch listed above.

3. Flow Duration Curve

The ROP-G1 and TCV-G3 flow duration curves for the turbine flow (power flow)
in the base case simulation are shown in Figure 6.2, The curves for TCV-G1 and
TCV-G2 are shown Figure 6.3.

4, Energy Potential of Spill

The simulated spill out of the system (Franks, Cluneys Canal, and Tors Cove
overflow spillways) for the base case was approximately 0.63 m’/s on average.
Using the average simulated energy conversion factors for both Rocky Pond and Tors
Cove presented previously in this section, the spill would produce approximately
3.8 GWhyr, if entirely saved and used for generation. The Rocky Pond and Tors

Final Report Acres International P13474.00



6-5

Cove stations are in parallel, so total spill out of the system upstreamn of each station
was assumed in the calculation of energy potential of spill.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 6.4 for the Franks Pond and Cluneys Canal overflow spillways.
Tors Cove Pond Forebay simulated spill is presented in Figure 6.5,

S. Reservoir Storage Factor

Storage is provided by structures located at the outlets of Franks Pond and Cape
Pond. Rocky Pond and Tors Cove Pond act as the headponds for the Rocky Pond
and Tors Cove stations, respectively. The reservoir storage factors were calculated
to be approximately 160 days for Franks Pond, 45 days for Cape Pond, one day for
Rocky Pond, and 15 days for Tors Cove Pond. These factors represent the number
of days to fill the reservoirs at average inflows without any outflow,

6. Reservoir Utilization Plot

The plot of simulated Franks Pond and Cape Pond reservoir levels for the base case
simulation is provided in Figure 6.6. The plot illustrates the reservoir utilization
corresponding to ideal operation, which generally makes full use of the available
storage range. For the Rocky Pond/Tors Cove system the use of reservoir storage is
not limited by other physical or operational constraints.

7. Forebay Storage Factor

The forebay storage factor (time required to draw forebay down assuming no inflow
with units operating at maximum load) is less than one day (17 hours) for Rocky
pond and eight days for Tors Cove Pond.

8. Gate Operation Plot

Thete are control gates located at the outlet of Franks Pond and Cape Pond. Provided
in Figure 6.7 is the simulated gate discharge, gate capacity and simulated reservoir
level for an example ycar (1987) for Franks Pond and Cape Pond. These plots
illustrate the frequency with which the gates are being operated in the simulation
mode! to maintain most efficient load and to avoid spill by operating at maximum
load,
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Table 6.1

Rocky Pond/Tors Cove System Representative Operating
Measures

Rocky Pond/Tors Cove Representative Operating Measures

Rocky Pond Flow Utilization Factors

- Most Efficient Load 0.62

» Maximum Load 0.58
Tors Cove Flow Utilization Factors

= Most Efficient Load 0.59

- Maximum Load 0.47
Station Factors

- ROP-G1 - Most Efficient Load 0.081 kWh/m’

- ROP-G1 - Maximum Load 0.079 kWh/m’

- TCV-G1 - Most Efficient Load 0.114 kWh/m®

- TCV-G] - Maximum Load 0.110 kWh/m®

- TCV-(2 - Most Efficlent Load 0.114 kWh/m®

- TCV-G2 - Maximum Losd 0.110 kWh/m’

- TCV-G3 - Most Efficient Load 0.120 kWh/m’

- TCV-G3 - Maximum Load 0.116 kWh/m’
Energy Potential of Spill 1.8 GWhiyr
Reservoir Storage Factors

- Franks Pond 160 days

- Cape Pond 45 days

- Rocky Pond 1 day

- Tors Cove Pond 15 days
Forebay Storage Factor

= Rocky Pond <1 duy (17 hours)

- Tors Cove Pond 8 days

6.3 Ideal Operation of System

The long term energy production at Rocky Pond/Tors Cove as estimated by the
simulation model developed for the Water Management Study is 45.6 GWh/yr. This
compares with recorded energy generation for the same reference period (1984-98)
of 39.0 GWh/yr. While these numbers are not directly comparable due to the
upgrade of ROP-G1 in 1996 and several prolonged outages affecting generation
during this period, the difference does provide some indication of the potential for
improving actual generation at this system under the current plant operating
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guidelines. Further indicators of this difference are provided by the comparisons
conducted for the Water Management Study for two sample years. This comparison
indicated an average difference between recorded and simulated generation (after
adjustments for storage) of approximately 11 percent for this system, The
comparison would therefore suggest that there is substantial opportunity to improve
the operation of this system by more closely following the ideal demonstrated by the
simulation mode].

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated resuits and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunitics to reduce the difference between the simulated ideal operation and
actual operation at the Rocky Pond/Tors Cove system.

6.3.1 Plant Operating Guidelines

The simulation model used to estimate the energy generation of the Rocky
Pond/Tors Cove system assumes that the operations staff has interpreted the
existing operating guidelines as described in the Water Management Study,
Plant operating guidelines provide operators with procedures regarding how to
operate the system based on current inflows. During periods of high inflows, the
plants will be operated at maximum load (and less than maximum efficiency) to
avoid spills. This requires some interpretation by the operators regarding what
constitutes high inflows. The interpretation used in the simulation model
incorporated a rule curve for each reservoir in the system, If the reservoir levels
exceed the rule curve at any particular time of the year, then the units are
operated at maximum load to bring the level down to the rule curve. If the
reservoir levels are below the rule curve, then the units are operated at best
efficiency.

Obviously, some judgment on the part of the operators in applying this guideline
isrequired. For instance, knowledge of above normal snow accumulations in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when water levels have not reached the rule curve.
However, the rule curve will ordinarily provide useful guidance to system
operating staff. The rule curves used in the simulation model are illustrated in
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Figure 6.6 and are provided in the echo of the detailed simulation model input in
Volume 2 of the Water Management Study.

6.3.2 Gate/Reservoir Operation

The Rocky Pond/Tors Cove system has significant storage capacity that can be
effectively used to smooth the basin inflows (storage ratio of 160 days for Franks
Pond and 45 days for Cape Pond). Franks Pond and Cape Pond reservoirs
provide most of the usable storage capacity, However, the gates that control
these reservoirs are not readily accessible. The Franks Pond control structure is
located approximately 25 km from the Horsechops powerhouse along a rough,
unpaved road. Accessing the gate requires over 2 hours of travel (one-way) from
this powerhouse, and therefore daily adjustments are not possible. The Cape
Pond gate is located approximately 12 km along an unpaved road from the Rocky
Pond powerhouse and requires approximately 1 hour of travel (one-way) from
this location. This gate is therefore more easily accessible than Franks Pond and
controls a greater fraction of the Rocky Pond/Tors Cove drainage arca. However,
daily access is still difficult at the best of times and impossible under some
circumstances,

As aresult of this inaccessibility, infrequent adjustment of the Franks Pond and
Cepe Pond gates are thought to have a significant affect on hydroelectric
production. The problem is compounded by the fact that discharges from both
of these reservoirs ere conveyed downstream by canals with limited capacities.
Flows exceeding the cana] capacities are lost to gencration due to spills from
numerous canal spillways. While little spill is recorded at these spillways, the
simulation model suggests that either significant quantities of spill go unnoticed
at these locations or the canals are operated at less than full capacity the majority
of the time. This latter possibility would also affect generation as the reservoirs
would not be fully utilized and spills would likely occur from these reservoirs as
a result,

Inaddition to the accessibility issues, NP must maintain certajn minimum storage
levels, particularly during the winter months, to ensure plant availability in the
event of local power outages or when called upon by Newfoundland and
Labrador Hydro. This winter reserve is not taken into account by the simulation
model.
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For the Rocky Pond/Tors Cove system, the gate and reservoir operational
difficuities discussed above are likely the largest component of the difference
between the simulated and actual generation.

6.3.3 Unit Operation

The simulation medel operates the Rocky Pond and Tors Cove units exclusively
et their most efficient loads, except when high inflows dictate that higher loads
are necessary to avoid exceeding the reservoir rule curves. With the avaijlable
control equipment, minimal constraints on plant flows, and the available forebay
storage, it should be possible to operate these plants very close to this ideal. An
examination of daily Control Centre Logs for several months {December 1998,
April and August 1999, and January-February 2000) confirmed that the Rocky
Pond and Tors Cove units are loaded at best efficiency a high percentage of the
time. The main obstacles to attaining ideal operation are electrical grid
requirements that may occasionally require the units to operate at loads other than
their most efficient loads. An example of such requirements would be local
power outages, which occur infrequently and therefore should not significantly
affect annual production.

6.4 Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP’s current plant operating guidelines. As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are

» increasing head, by operating the forebay to get more head or reducing
headlosses;

e by avoiding spill; and

by operating the units at best efficiency more of the time.

Each of these is discussed below for the Rocky Pond/Tors Cove system. Increasing
the head through a change in the use of flashboards or installation of inflatable crest
gates was not considered for Tors Cove Pond due to the effect an increase in level
would have on the tailwater for the Rocky Pond station. It was, however, considered
as a sensitivity discussed in Section 6.6.
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The other two possibilities were exemined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2. The case deseribed for the base case
simulation is the high rule curve case and represents the maximurm time operating at
best efficiency; therefore, only the spill avoidance case was considered.

Increasing Head: Operating Forebay Higher to get More Head

As interpreted from NP plant operating guidelines for the Rocky Pond Forebay, the
operating level is approximately 0.2 m below the full supply level. The simulation
model was run assuming that the Rocky Pond Forebay level was kept at the full
supply level. The resulting increase in energy generation from this change was
0.10 GWhyr, from 45.61 GWh/yr to 45.71 GWh/yr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $4000/yr for no cost. It is possible that this type of operating
change could have dam safety implications. If NP were to implement this operating
change in the plant operating guidelines, the implications to dam safety should be
further investigated.

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.

AtRocky Pond/Tors Cove, the potential for savings in spill is high. The maximum
possible reduction in spill would be the equivalent of 3.8 GWh/yr, as shown in
Table 6.1. However, the spill distribution plot (Figure 6.4) shows that most of the
spill is at Cluneys Canal. To assess the potential for additional energy generation in
the system using spill avoidance, the simulation model was run assuming the units
were always operated at maximum load when water was available, The result was
a decrease in spill at Tors Cove Pond Forebay, but a decrease in ENCIRY generation
of 0.02 GWh/yr due to operating the units at maximum efficiency more of the time.
The spill at Cluneys Canal is the greatest in the system and remained unchanged
compared to the base case simulation,
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6.5 Physical Changes to System

The two principal options for physical changes to the existing system to improve
energy generation are to increase storage and canal capacity. To give an indication
of the value of these changes, the following options were investigated.

* Increase sill elevation of Franks Pond overflow spillway.

¢ Increase dam height at Franks Pond.

¢ Increase dam height at Cape Pond,

* Increase La Manche Canal capacity.

* Increase dam height at Cape Pond and La Manche Canal capacity.
* Reduce headloss.

Each of these physical changes to the system is discussed below. Table 6.2
summarizes the results,

Increase Sill Elevation of Franks Pond Overflow Spillway

To determine the effect increasing the sill elevation of Franks Pond overflow
spillway would have on energy production, the sill elevation was raised halfa metre
and one metre. The effect is to reduce spill out of the system at Franks Pond. The
resulting increases in energy generation were 0.08 GWh/yr for the half meter Tise,
and 0.16 GWh/yr for the one meter rise.

Assuming that the cost of energy to NP is $0,04/kWh this would result in & savings
to NP of approximately $3 200/yr for the half meter increase in sill elevation and
$6 400/yr for the one meter increase in sill elevation. Given a spillway length of
approximately 120 m, the savings over perhaps 20 years would justify an expenditure
of about $485/m of dam length based on a one meter increase. The practicalities of
increasing the sill elevation at Franks Pond overflow spillway would have to be
investigated. By increasing the sill elevation while leaving the top of the-dam at the
same eIevann effecuvely reduces the spill capacity. If this change were made to the
systcm, NP would have to address the dam safety concern of reduced spillway
capacity, A detailed analysis into the benefits and cost would have to be conducted
to determine the economical feasibility.

Increase Dam Height at Franks Pond
To determine the effect of an increase in storage on energy production, the dams and
structures at Franks Pond were assumed to be raised to allow an increase in full
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supply level of one and a half meters. The effect is to reduce system spill. The
resulting increase in energy generation was 0.19 GWh/yr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $7 600/yr. Given a dam length of approximately 580 m, the
savings over perhaps 20 years would justify an expenditure of about $120/m of dam
length based on a one and a half meter increase. The practicalities of increasing the
dam at Franks Pond would have to be investigated. A detailed analysis into the
benefits and cost would have to be conducted.

Increase Dam Height at Cape Pond

To determine the effect increasing the dam height at Cape Pond would have on
energy production, all structures at Cape Pond were assumed to be raised by one
meter and two meters. The effect is to reduce spill at Cape Pond which leads to spill
out of the system at Cluneys Canal. The resulting increases in energy generation
were 0.55 GWhiyr for the one meter rise, and 0.80 GWh/yr for the two meter rise.

Assuming that the cost of energy to NP is $0.04/kWh this would resultin a savings
to NP of approximately $22 000/yr for the one meter increase in dam height and
$32 000/yr for the two meter increase in dam height. Given a dam length of
approximately 160 m, the savings over perhaps 20 years would justify an expenditure
of about $1824/m of dam length based on a two meter increase. The practicalities
of increasing the dam height at Cape Pond would have to be investigated. A detailed
analysis into the benefits and cost would have to be conducted to determine the
economical feasibility. For the two meter rise in dam height there is spill at Cape
Pond in the simulation. As a further analysis, the dam height could be optimized to
further reduce spill by increasing dam height and preparing detailed costs for the
increment of dam height.

Increase La Manche Canal Capacity

To determine the effect of an increase in canal capacity has on energy production, the
capacity at La Manche Canal was assumed to be increased from 6.0 m*/s in the base
case simulation model to 7.0 m%/s, 8.0 m/s, and 9.0 m?/s. The effect is to reduce
spill at Cluneys Canal. The resulting increase in energy generation was 1.54 GWh/yr
for 7m*/s capacity, 2.21 GWh/yr for 8.0 m¥/s capacity, and 2.47 GWh/yr for 9.0 m%/s

capacity.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $61 600/yr for 7 m*/s capacity, $88 400 for 8.0 m¥/s capacity,
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and $98 800 for 9.0 m*/s capacity. The savings over perhaps 20 years would justify
a capital cost expenditure of about $900 000 on cana] improvements to upgrade the
canal to pass a maximum of 9.0 m¥/s. The practicalities of increasing the capacity
of the canal would have to be investigated. A detailed analysis into the benefits and
cost would have to be conducted.

Increase Dam Height at Cape Pond and La Manche Canal Capacity

To determine the combination effect increasing the dam height at Cape Pond and
increasing the La Manche canal capacity would have on energy production, all
structures at Cape Pond were assumed to be raised by two meters and the canal
capacity was assumed to be increased from 6.0 m/s to 9.0 m¥s. The effect is to
reduce spill out of the system at Cluneys Canal by reducing spill at Cape Pond and
increasing canal capacity. The resulting increase in €nergy generation was

2.88 GWhiyr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $115 200/yr or a net present value of about $1 051 000
assuming an interest of nine percent over 20 years, The Practicalities of increasing
the dam height at Cape Pond and La Manche canal capacity would have to be
investigated. A detailed analysis into the benefits and cost would have to be
conducted to determine the economical feasibility. As a further analysis, the dam
height and canal capacity could be optimized to further reduce spill by increasing
dam height and canal capacity, and preparing detailed costs for each increment of
dam height and canal capacity.

Reduce Headloss

To determine the effect decreasing the headlosses at Tors Cove station would have
on energy production, the units were assumed to be able to operate at maximum load
when &l units were operating together. The resulting increase in energy generation

was 0.34 GWh/yr.

Assuming that the cost of energy to NP is $0,04/k'Wh this would result in a savings
to NP of approximately $13 600/yr. The practicalities of decreasing the headlosses
would have to be investigated. A detailed enalysis into the benefits and cost would
have to be conducted.
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Table 6.2
Results of Physical Changes to System

Case Average Annual Energy | Change In Energy
{GWhiyr) (GWhiyr)
Base Case 45.61 -
Increase Franks Pond Spill 0.5 m 45,69 : 0.08
Increase Franks Pond Spill 1.0 m 4517 0.16
Increase Franks Pond Dam 1.5 m 45.80 019
Increase Cape Pond Dam 1.0 m 46.16 0.55
Increase Cape Pond Dam 2.0 m 46.41 0.80
Increase La Manche Canal 1 m’/s . ﬂ_I?.lS 1.54
Increase La Manche Canal 2 m*a 47.82 221
Increase La Manche Cenal 3 m’/s 48.08 247
Increase Cape Pond Dam 2.0 m 48.49 2.88
Increase La Manche Canal 3 m¥s
Reduce Headlosses 4595 034

6.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitjvity runs were done to provide NP with information on the cost or value of
certain aspects of their systems. The gates that control the reservoirs are difficult to
access and canals downstream of the two main reservoirs have maximum discharge
capacities limiting the amount of flow that can be passed to the stations downstream.
In addition to some standard sensitivities, the cases chosen for Rocky Pond/Tors
Cove were selected with a view to providing NP with some values related to its
specific situation. Results for all sensitivity cases are provided in Table 6.3. Along
with the average energy generation, average annual spill out of the system for each
case is presented in Table 6.3.

The sensitivity cases were as follows,

» Environmental release requirement of 30 percent of mean annual flow.
* No storage in system (to obtain value of storage); remove dams and gates.
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* Changes to Tors Cove Fish Plant Water Supply Demand.
¢ Changes to Franks Pond gate operation.

* Changes to Maximum Capacity of Franks Pond Canal.

* Changes to Tors Cove Operating Levels.

Environmental Release Requirement

The sensitivity of energy peneration to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimurmn flow of all gates was set to 0.1 m'/s,
if water is available. Asa sensitivity, this minimum flow was set to 30 percent of the
mean annual flow into the reservoir, as long as there is water in the reservoir. When
the reservoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approximately
0.54 m%s at Franks Pond and 1.48 m¥s et Cape Pond. This amount js always
released in all simulations unless there is no water in storage, in which case the
natural inflows are released. Using these flows as the minimum flow release from
the gates for the base case simulation model, there was a decrease in average energy
of 0.24 GWh/yr, from 45.61 GWh/yr to 45.37 GWh/yr. Assuming that the cost of
energy to NP is $0.04/kWh this would result in a loss in revenue to NP of
approximately $9 600/yr, if NP where required to release 30 percent of the mean
annual flow.

If NP were required to hold & supply of water in the reservoirs to ensure that the
30 percent requirement were always met, there would likely be a larger reduction in
energy.

No Storage in System

To provide NP with an indication of the value of the storage in the system, all storage
in the system was assumed to be removed. The resulting average annual energy
generation from this sensitivity was 40.90 GWh/yr, a net decrease of4.71 GWh/yr,
Assuming that the cost of energy to NP is $0.04/kWh this would result in & loss in
revenue to NP of approximately $188 400/yr, if NP where to remove all storage from
the system. This represents the value of maintaining the structures at Franks Pond
and Cape Pond. For this simulation it was assumed that all the basin inflow would
enter Rocky Pond Forebay. This may not be the case because by removing the
upstream structures, including the canals, would cause water to divert away from the
forebay and into another basin. Therefore, this result may not represent the actual
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value of storage, but does provide an indication as to the magnitude no storage in the
system would have on energy generation

Changes to Tors Cove Fish Plant Water Supply Demand

For the base case simulation model the assumed water supply demand to Tors Cove
fish plant was 0.023 m%s. The effect a plus or minus 50 percent change in water
supply demand would have on energy generation was determined by simulating the
mode] for this change in water supply. The resulting average annual energy
generation from this sensitivity was 45.57 GWh/yr, a net decrease of 0.04 GWh/yr
for a 50 percent increase, and 45.64 GWh/yr, a pet increase of 0.03 GWh/yr fora 50
percent decrease. Assuming that the cost of energy to NP is $0.04/kWh this would
result in & loss in revenue to NP of approximately $1 600/yr for a 50 percent increase
in water supply demand. The resulting savings to NP for a reduction in water supply
demand by 50 percent would be $1 200/yr.

Changes to Franks Pond Gate Operation

The difficult access to the Franks Pond outlet structure makes it an obvious candidate
for automation, if it were cost effective. The simulation for the base case assumed
that the gate could be operated daily, and the gate operation plot in Figure 6.7
showed that the gate is rarely open to full capacity and are closed in April; possibly
to avoid spill at Cluneys Canal. The base case could be considered the full
automation case. The analysis was carried out for Franks Pond, but the results would
be similar for Cape Pond.

To investigate the value of automation, or of some alternative procedure, three cases
were considered. A variety of other cases are possible, but these three give an
indication of the range of savings that can be achieved. The three cases are

- Leave gate full open: leave the gate open all the time, using whatever natural
regulation remains;

- Seasonal operation: adjusting the gate a couple of times a year; and

- Leave gate partially open: restrict the opening to improve the natural regulation,
leaving the gate in a partly open position all year round.

The effects of these three procedures are described below.
Leave Gate Full Open: Because of the difficulty of adjusting Franks Pond outlet

gate, one option is to simply leave the gate open. The structure itself will provide
some natural regulation. The difference in the estimate of energy generation in this
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case and the base case indicates the value of having a pate that can be operated daily.
The resulting energy generation from this sensitivity was 42.50 GWh/yr, or a net
decrease in energy of 3.11 GWh/yr. This decrease is due to extra spill out of the
system at Cluneys Canal, and additional operation at maximum loag. Assuming that
the cost of energy to NP is $0.04/kWh this would result in a loss in revenue to NP
of approximately $124 400/yr or a net present value of $1 135 000 (assuming 20
years at nine percent interest). The gate should be able to be automated for a cost
less than the net present value of loss in revenue.

However, it may be possible to obtain some or all of the energy geins more cost-
effectively, as considered in the two other options.

Seasonal Operation: In this case, the gate was assumed to be operated twice a year,
closed in April and opened fully in May. The resulting energy generation from this
sensitivity was 42.80 GWh/yr or a net decrease in energy of 2.81 GWh/yr,

Leave Gate Partially Open: The Franks Pond cutlet gate was assumed to be opened
to release 2 m¥s at an elevation half way between full supply and low supply level.
The resulting energy generation from this sensitivity was 44,80 GWh/yr or a net
decrease in energy of 0.81 GWh/yr. As the table below shows this would be the best
of the three alternatives considered here for gate operation at Franks Pond. With the
exception of possibly fabricating stoplogs there should be no cost to this option.
Other gate settings could be investigated to optimize the size of the gate opening that
provides the smallest decrease in energy generation from the base case.

Changes to Maximum Capacity of Franks Pond Canal

In this case, the maximum canal capacity of Franks Pond Canal was assumed to
1.5 m%s and 3.5 m¥s. The canal capacity in the base case simulation is 2.5 m/s.
The resulting energy generation from this sensitivity was 43.91 GWh/yr for the
1.5 m*/s canal capacity (net decrease in energy of 1.7 GWh/yr) and 45.51 GWh/yr
for the 3.5 m*/s canal capacity (net decrease in energy of 0.1 GWh/yr).

Changes to Tars Cove Operating Levels

Due to the negative effect on Rocky Pond station energy generation an increase in
Tors Cove Pond Forebay operating level would have, increasing the operating level
wasinvestigated asa sensitivity. Asinterpreted from NP’s plant operating guidelines
the operating level for Tors Cove Pond Forebay is below the full supply level. For
this sensitivity it was assumed that the operating level would be the full supply level.
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The resulting average annual energy generation from this sensitivity was

45.53 GWh/yr, anet decrease of 0.08 GWh/yr.

Table 6.3

Energy Results for Sensitivity Simulations at Rocky
Pond/Tors Cove System

Caseo Average Annual Changain Spill
Energy Energy Out of Systam
(GWihyr) (GWhiyr) {m*fs)
Base Case 45.61 - 0.63
Environmental Releases 45.37 -0.24 0.67
Value of Storage 40.90 -4.71 1.14
Water Supply Demand - 50% 45.57 -0.04 0.63
+50% 45.64 +0.03 0.63
Franks Pond Gate Operation
- Leave Gate Full Open
- Seasonal Operation 42.50 -3.11 1.13
- Leave Gate Pardially 42.80 -2.81 1.08
Open 44.80 -0.81 0.80
Meximum Capacity Franks 43.91 -1,70 0.87
Pond 1.5 m’/s
Maximum Capacity Franks 4551 -0.10 0.65
Pond 3.5 m’/s
Tors Cove Operating Level 45.53 -0.08 0.66
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6.7 Conclusions and Recommendations

The conclusions and recommendations arising from the analysis are as follows,

1. Improvements to Better Match Simulated Ideal Operation

Gate/Unit operation: The analysis shows that controlling the release of water
from storage and operation of the units does effect the energy output of the
Rocky Pond/Tors Cove system. Automation of the gates would provide the best
control, but simpler approaches would be more cost effective and provide close
to the energy produced due to ideal operation by reducing the full capacity of the

gates,

2, Changes to Operating Guidelines

Clarification of Guidelines: The present guidelines as interpreted for the Water
Management Study come close to maximizing system output if NP can operate
in this manner. NP should clarify the guidelines for the operators, in particular
providing guidance on when to increase load from best efficiency to maximum.

3. Physical Changes

Increased Storage: Because of the fact that the canal capacities reduce the
amount of water that can be passed down the system to the generating stations,
storage is important in the system to reduce spill out of the system. The
maximum gain in energy for increased storage was 0.80 GWh/yr for a two meter

increase in structures and dam height at Cape Pond,

Increased Canal Capacity: An increase canal capacity at Cluneys Canal would
reduce spill out of the system and increase energy generation by 2.47 GWhyr for
a3 m¥s increase in canal capacity. The cost for increasing capacity should be

further investigated to do a detailed optimization analysis.

Reduce Headlosses: To determine the effect decreasing the headlosses at Tors
Cove station would have on energy production, the units were assumed to be able
fo operate at maximum load when all units were operating together. The

resulting increase in energy generation was 0.34 GWh/yr.
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4, Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of
mean annual flow downstream of the outlet gates st Franks Pond and Cape Pond
reduces the energy generation by 0.24 GWh/yr. The requirement, however,
assumes that when the reservoirs are low, the release is equal to the natural
inflow. If the requirement were to guarantee 30 percent, a reserve would have
to be maintained similar to the winter reserve.

Value of Storage: The value of the storage at Franks Pond and Cape Pond is
approximately 4.71 GWh/yr. This may not be the case because removing the
upstream structures, including canals, would cause water to divert away from the
forebay and into another basin, therefore, this result may not represent the actual
value of storage, but does provide an indication as to the magnitude no storage
in the system would have on energy generation. NP may use this value in
considering the costs of maintaining these structures.

Changes to Franks Pond Outlet Gate Control/Operation: The value of
operating the gate at Franks Pond on a daily basis is 3,11 GWh/yr. However, it
may be possible to obtain some or all of the energy gains more cost-effectively,
considering changing the gate setting a couple of times a year or restricting the
gate opening. In the simulation to consider altematives for Franks Pond, the
outlet gate was assumed to be operated daily if required, NP should determine
the costs of automation or more frequent personnel access to the gates at both
Franks Pond and Cape Pond, and compare it with the costs and benefits of the
simpler approaches at both locations. The most cost-effective overall solution
can then be selected.

Changes to Maximum Capacity of Franks Pond Canal

A plus or minus 1 m’/s in canal capacity of 2.5 mY/s results in a decrease in
energy generation. Therefore, the canal capacity has modelled in the base case
is close to optimal.

Changes to Tors Cove Operating Levels

Changing Tors Cove station operating level to full supply level reduces the
system energy generation. The gain in generation in Tors Cove due to increased
head is not enough to offset the loss in generation at Rocky Pond due to the
increase in tailwater.
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7  Lookout Brook Hydroelectric System

Lookout Brook Hydroelectric System was assessed to determine whether there is
potential for increasing energy generation, following the methodology in Chapter 2,
by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system,

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Lookout Brook system, present representative
operating measures (e.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions and
recommendations.

The simulation mode! which was set up for the Lookout Brook system in the Water
Management Study, conducted by Acres for all NP hydroelectric systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Lookout Brook system is referred to in
this section as the base case system generation. Other estimates of energy generation
resulting from operational or physical changes to the system are compared to this
value,

71 System Description

The Lookout Brook system is located on the West Coast of Newfoundland near the
community of St. George’s and has one generating station located within the system.

The Lookout Brook Generating Station contains two generating units with nameplate
capacities 0f2.95 MW and 3.25 MW with a rated net head of 154.5 m. The drainage
arca above the intake to the Lookout Brook station is approximately 82 km?, The
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station was commissioned in 1945 and has a total nameplate capacity of 6.20 MW,
Storage is provided by structures at Cross Pond and Joe Dennis Pond with Lookout
Brook Forebay acting as the headpond for the Lookout Brook station. A schematic
of the system is presented in Figure 7.1.

All major storage reservoirs are in series, with Cross Pond being the most upsfream
reservoir in the system. There is an overflow spillway located on Cross Pond, which
when overtopped, would lead to spill out of the system. Water is released from Cross
Pond to Joe Dennis Pond using the control structure located at its outlet. Water
entering Joe Dennis Pond is either stored, spilled within the system or released
downstream to Lookout Brook Forebay using the control structure located at its
outlet. Water from upstream reservoirs entering Lookout Brook Forebay is either
spilled out of the system or used for generation.

The structures in the system are as follows

o Cross Pond gated outlet;

Cross Pond overflow spillway;

Joe Dennis Pond gated outlet;

Joe Dennis Pond overflow spillway; and
Lookout Brook Forebay overflow spillway.

The Cross Pond and Lookout Brook Forebay overflow spillways discharge out of the
system; the other spillway discharges within the system_

7.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

Flow Utilization Factor.
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill,
Reservoir Storage Factor.
Reservoir Utilization Plot.

2GR =

-
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7. Forebay Storage Factor.
8. Gate Operation Plot.

The definition and use of these measures and plots are presented in Chapter 2. The
measures as calculated for the Lookout Brook system are provided below. They
were developed from the data in the base case simulation. Table 7.1 at the end of this
section summarizes the measures for the Lookout Brook system.

1. Flow Utilization Factor

The Lookout Brook station houses two generating units. The flow utilization factors
for the Lookout Brook station (average inflow to forebay divided by combined flow
capacity for both units at most efficient load and maximum load) are 0,98 at most
efficient load and 0.70 at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage assuming
the units are operating alone) for most efficient load and maximum load for LBK-G3
are 0.37 kWh/m* (11.80 GWh/yr/m?/s) and 0.35 kWh/m® (11.14 GWh/yr/m’/s),
respectively. For LBK-G4 the most efficient load and maximum load station factors
are 0.38 kWh/m’ (11.89 GWh/yr/m’/s) and 0.37 kWh/m® (11.51 GWh/yr/mYs),
respectively.

The average energy conversion factors from the base case simulation for LBK-G3
and LBK-G4 are 035 kWh/m® (11.14 GWh/yr/m’/s) and 0.36 kWh/m®
(11.49 GWh/yr/m¥/s), respectively. These energy conversion factors take into account
the average reduction in availability due to forced outages and the fact that over 70
percent of the time they are operating together resulting in higher headlosses,

Based on the energy conversion factors for the Lookout Brook units, the unit
dispatch to maximize efficiency would be as follows.

. Operate LBK-G4 at most efficient load first.

» Operate LBK-G3 at most efficient load second.
. Operate LBK-G4 at maximum load third.

o Operate LBK-G3 at maximum load last.

The order recommended in NP’s plant operating guidelines is different from this and
the effect of the change is discussed in Section 7.4.
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3 Flow Duration Curve

The LBK-G3 and LBK-G4 flow duration curves for the turbine flow (power flow)
in the base case simulation are shown in Figure 7.2, The units operate at maximum
flow around 22 percent of the time.

4. Energy Potential of Spill

The simulated spill for the base case was approximately 0.24 m%/s on average at the
Lookout Brook Forebay overflow spillway. Using the simulated energy conversion
factors for LBK-G3 and LBK-G4 at maximum load presented previously in this
section, the spill would produce approximately 2.7 GWh/yr, if entirely saved and
used for generation.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 7.3 for the Cross Pond and Lookout Brook Forebay overflow
spillways. As can be seen in this figure there was no spill at Cross Pond in the base
case simulation.

5. Reservoir Storage Factor

Storage is provided by structures located at the outlets of Cross Pond and Joe Dennis
Pond. The Lookout Brook Forebay acts as the headpond for the Lookout Brook
station. The reservoir storage factors were calculated to be approximately 60 days
for Cross Pond, 40 days for Joe Dennis Pond, and less than half a day (7 hours) for
Lookout Brook Forebay. These factors represent the number of deys to fill the
reservoirs at average inflows without any outflow.

6. Reservoir Utilization Plot

The plot of simulated Cross Pond and Joe Dennis Pond reservoir levels for the base
case simulation is provided in Figure 7.4. The plotillustrates the reservoir utilization
corresponding to ideal operation, which generally makes full use of the available
storage range. For the Lookout Brook system the use of reservoir storage is not
limited by other physical or operational constraints.

T Forebay Storage Factor
The forebay storage factor (time required to draw forebay down assuming no inflow
with units operating at maximum load) is less than half a day (5 hours).

8. Gate Operation
There are control gates located at the outlet of Cross Pond and Joe Dennis Pond.
Provided in Figure 7.5 is the simulated gate discharge, gate capacity and simulated
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reservoir level for an example year (1993) for Cross Pond and Joe Dennis Pond.
These plots illustrate the frequency with which the gates are being operated in the
simulation model to maintain most efficient load and to avoid spill by operating at
maximum load.

Table 7.1
Lookout Brook System Representative Operating Measures
Lookout Brock Represantative Operating Messures .,
Flow Utilization Factors
- Most Efficient Load 0.98
- Maximum Load 0.70
Station Factors
- LBK-G3 Most Efficient Load 0.37 kWh/m?
- LBK~-G3 Maximum Load 0.35 kWh/m®
- LBK-G4 - Most Efficient Load 0.38 kWh/m’
= LBK-G4 - Maximum Load 0.37 k\Wh/m’
Energy Potential of Spill 2.7 GWhiyr
Reservoir Storege Factors
- Cross Pond 60 days
- Joe Deanis Pond 40 days
- Lookout Brook Forebay <% day (7 hours)
Forebay Storage Factor <4 day (5 hours)

7.3 ideal Operation of System

The long term energy production at Lookout Brook as estimated by the simulation
model developed for the Water Management Study is 34.0 GWh/yx, This compares
with recorded energy generation for the same reference period (1984 to 1998) of
28.1 GWh/yr. While these numbers are not directly comparable due to upgrades of
both units in 1998/99 and a number of unusual events affecting the recorded
generation, the difference does provide some indication of the potential for
improving actusl generation at this system under the current plant operating
guidelines. Further indicators of this difference are provided by the comparisons
conducted for the Water Management Study for two sample years. This comparison
indicated an average difference between recorded and simulated generation (after
adjustments for storage) of approximately 13 percent for this system. The

Final Report Acres International P13474.00



7-6

comparison would therefore suggest that there is substantial opportunity to improve
the operation of this system by more closely following the ideal.

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study, The remainder of this section will consider
opportunities to reduce the difference between the simulated jdeal operation and
actua] operation at the Lookout Brook system.

7.3.1 Plant Operating Guidelines

The simulation mode] used to cstimate generation at the Lookout Brook system
assumes that the operations staff hasinterpreted the existing operating guidelines
asdescribed in the Water Managemeut Study. Plant operating guidelines provide
operators with procedures regarding how to operate the system based on current
inflows. During periods of high inflows, the units will be operated at maximum
load (and less than maximum efficiency) to avoid spills. This requires some
interpretation by the operators regarding what constitutes high or low inflows.
The interpretation used in the simulation model incorporated a rule curve for each
reservoir in the system. If the reservoir levels are above the rule curve level at
any particular time of the year, then the units are operated at maximum load to
bring the level down to the rule curve, If the reservoir levels are below the rule
curve, then the units are operated at best efficiency.

Obviously, some judgement on the part of the operators in applying this guideline
is required. For instance, a knowledge of above normal snow accumulations in
the watershed prior to spring runoff may be employed in deciding to operate the
units at maximum load even when water levels have not reached the rule curve.
However, the rule curve will ordinarily provide useful guidance to operating
staff. The rule curves used in the simulation model are illustrated in Figure 7.4
and are provided in the echo of the dutailed simulation mode] input in Volume 2
of the Water Management Study.
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713.2  Gate/Reservolr Operation

The Lookout Brook system has substantial storage capacity that can be
effectively used to smooth the highly scasonal basin inflows, (Reservoir storage
factor of 60 days for Cross Pond and 40 days for Joe Dennis Pond). However,
the gates which contro] the two main storage reservoirs at Cross Pond and Joe
Dennis Pond are not easily accessible. The Cross Pond gate is located 17 km
from the end of the nearest road over very rugged terrain. This pate requires a
full day of travel for a return trip at most times of year, unless a helicopter or
floatplane is available. It is not unusual for this gate to be completely
inaccessible by any means for several weeks each year.

Although the Joe Dennis Pond gate is much closer to a road link (approximately
7 km) it still requires 1 to 2 hours of all terrain vehicle (ATV) travel using
overland routes or the use of aircraft, Again, there are times of the year when
travel to this structure by almost any means is not possible.

Besed on the difficulties inherent in operating these control gates on a frequent
basis, substantial differences exist between the simulated and actual operation of
these storage reservoirs. These differences have the effect of reducing the actual
production below simulated values,

In additionto the accessibility issues, NP does maintain certain minimum storage
levels, particularly during the winter months, to ensure plant availebility in the
event of Jocal power outages or when called upon by Newfoundland and
Labrador Hydro, This winter reserve is not taken account of in the simulation
model.

For the Lookout Brook system, the gate and reservoir operational difficulties
discussed above are likely the largest component of the difference between the
simulated and actual generation. The effects of differences in gate operation
were investigated and the results are presented in Section 7.6.

7.3.3 Unit Operation

The simulation model operates the Lookout Brook units exclusively at their most
efficient loads, except when high inflows dictate that higher loads are necessary
to avoid exceeding the reservoir rule curves. With the available control
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equipment, minimal constraints on plant flows, and the available forebay storage,
it should be possible to operate this plant very close to this ideal. The only
obstacles to attaining this ideal would be electrical grid requirements, such as
local power outages, which may occasionally require that the units operate at
loads other than their most efficient loads.

7.4 Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP’s current plant operating guidelines. As
discussed in Chepter 2 there are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

¢ by avoiding spill; and

* by operating the units at best efficiency more of the time.

Each of these is discussed below for the Lookout Brook system. Increasing the head
through a change in the use of the flashboards or installation of inflatable crest gates
was considered as a potential physical change (Section 7.5).

The other two possibilities were examined using the limiting cases of high end low
reservoir rule curves, discussed in Chapter 2. The case described for the base case
is an intermediate case, since it uses a NP rule curve varying between the low supply
and full supply levels of the reservoirs, as described in Section 7.3. A change in unit
dispatch order to improve efficiency was also investigated.

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.

At Lookout Brook, the potential for savings in spill compared to the base case is low.
The maximum possible reduction in spill would be the equivalent of 2.7 GWh/yr, as
shown in Table 7.1. However, the spill distribution plot (Figure 7.2) shows that this
would be difficult to capture since the spills occur infrequently and in large amounts,
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To assess the potential for additional energy generation in the system using spill
avoidance, the simulation model was run assuming the units were always operated
at maximum load when water was available. The average annual spill from Lookout
Brook Forebay was reduced by only 0.01 m¥s, from an average of 0.24 m/s to
0.23 m’/s. This represents an incresse of approximately 0.1 GWh/yr. This small
amount does not compensate for the decrease in energy production due to operating
the units at a lower efficiency.

Best Efficiency Operation, Limiting Case: Reservoirs High

The limiting case for maximizing the amount of time the units are operating at best
efficiency is to run the units at best efficiency, until the storage reservoirs are just
about to spill. This may require frequent gate operation because the gates must be
adjusted to release the exact amount of water to match the best efficiency flows,

The result of a simulation using this rule was an average annual production of
33.7 GWh/yr, with a spill of 0.29 m*/s. This production is lower than the base case
production. This suggests that the rule curve used for the base case simulation is near
optimum for the Lookout Brook system. There could be minor adjustments made to
the rule curve that could increase production monthly, but the increase would be

expected to be marginal,

Revised Unit Dispatch

At Lookout Brook, another option for improving operation is to change the unit
dispatch. The unit dispatch based on the energy conversion factors provided in
Section 7.2 is different from the unit dispatch in NP's plant operating guidelines.
This difference probably results from guidelines being written prior to the upgrade
of Unit #3 in 1999.

1) For minimal inflow operate Unit #4 at best efficiency. For higher inflows, bring
#3 on at best efficiency and cycle on and off Yo maintain forebay limits.

2.) For higher inflows, keep #4 at best efficiency and bring #3 to Sull load. If
required to keep ahead of inflow, operate both units at full load. Total output
with both machines on will be about 5800 kW due to the additional head loss in
the penstock.

The recommendation in Section 7.2 is for higher inflows to bring LBK-G4 to full
load before LBK-G3. LBK-G?3 should be brought to full load last,
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Changing the unit dispatch in the base case simulation improves the energy
gencration by an estimated 0.1 GWh/yr, at no cost to NP.

This result assumes that the energy conversion factors calculated from available data
are correct; efficiency testing on the units opersting separately and together would
provide confirmation.

7.5 Physical Changes to System

The two principal options for physical changes to the existing system to improve
energy generation are to increase head and to increase storage. To give an indication
of the value of these changes, the following options were investigated,

» Change pattern of flashboards installation/removal at Lookout Brook Forebay to
increase head.

¢ Increase dam height at Joe Dennis Pond to increase storage.

* Reduce headlosses.

Each of these physical changes to the system is discussed below. Table 7.2
summarizes the results.

Change Pattern of Flashboards at Lookout Brook Forebay

It was interpreted from the existing plant operating guidelines that the flashboards
at the Lookout Brook Forebay are removed in the spring to allow for additional
spillway capacity. This results in the forebay level drawing down from 262.13 m to
261.72 m in the spring. To determine whether any additional energy could be
obtained through extra head, the flashboards were assumed to be in place yearround,
but still drawing the forebay down in the spring. This would allow for some storage
of inflows at the forebay during the spring runoff. The resulting increase in energy
generation from this change was 0.2 GWh/yr, from 34.0 GWh/yr to 34.2 GWhiyr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $8 000/yr with no additional cost for this change, but leaving
the flashboards in ycar round may lead to dam safety concerns. A separate analysis
into spill capacity was conducted by NP in 1996 which had shown that flashboards
0.4 m in height could be maintained all vear round and still allow for adequate spill
capacity during the design flood. If it did become a dam safety concem that the
flashboards must be removed, then inflatable crest gates (a rubber dam) on the
spillway section may be considered. The comparison analysis conducted in the
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Water Management Study noted that the recorded levels in the spring archigher than
those modelled. This would suggest that some of the flashboards are being kept in
during the spring, Although the plant operating guidelines suggest that the
flashboards are removed actual operation are to keep them in up to approximately
0.36 m.

Increase Storage at Joe Dennis Pond

To determine the effect of an increase in storage on energy production, the dams and
structures at Joe Dennis Pond were assumed to be maised to allow increases in full
supply level of one and two meters. The effect is to reduce system spill. The
resulting increases in energy generation were 0.8 GWh/yr for the one meter rise, and
1.6 GWh/yr for the two meter rise.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $32 000/yr for the one meter increase in dam height and
364 000/yr for the two meter increase in dam height. Given a dam length of
approxirnately 470 m, the savings over perhaps 20 years would justify an expenditure
of about $625/m of dam length based on a one meter increase. The practicalities of
increasing the dam at Joe Dennis Pond would have to be investigated. NP has
previously considered reinstating old control structures or constructing new ones,
Previous work on the costs show that it would be economically feasible to increase
the storage at Joe Dennis Pond. A detailed analysis into the benefits and cost would
have to be conducted.

Reduce Headlosses

Another method of increasing head is to reduce headlosses. NP recently replaced the
penstocks at Lookout Brook and would likely not replace these again for many years.
For the purposes of examining the value of a reduction in headlosses, however, it was
assumed that the units could operate at the maximum load at the same time (no
additional headlosses with both units operating). The resulting energy generation
was 35.2 GWh/yr or a net increase in average annual energy of 1.2 GWh/yr. Over
the life of the project a recovery of some or all of these losses could have a net
present value of several hundred thousand dollars; the efficiency testing to determine
the preferred unit loading should include a determination of the sources of the
headlosses. Measures to reduce these cost-effectively could then be investigated.
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Table 7.2
Resuits of Physical Changes to System
Case Avam;aﬁwul Ensrgy Change In Enargy
(CWhiyr) (GWhiyn)

Base Case 340 -
Flashboard at Forebay 342 +H2
Increase Storage Joe Dennis by 1 m 348 +.8
Increase Storage Joe Dennis by 2 m 356 +1.6
Reduce headlosses 352 +1.2

7.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain aspects of their systems. Lookout Brook’s Iocation on a remote high platean
has two effects; first, the pattern of runoff is dominated by snowmelt, so storage to
capture the runoff is important, and second, the rugged undeveloped terrain makes
access for gate operation difficult. In addition to some standard sensitivities, the
cases chosen for Lookout Brook were selected with & view to providing NP with
some values related to its specific situation. Results for all sensitivity cases are
provided in Table 7.3. Average energy generation, average annual forebay spill for
each case is presented in Table 7.3.

The sensitivity cages were as follows.

¢ Environmental release requirement of 30 percent of mean annual flow.
* No storage in system (to obtain value of storage); remove dams and gates.
¢ Changes to Cross Pond gate operation.

Environmental Release Requirement

The sensitivity of energy gemeration to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the putpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 mY/s,
if water is available. As a sensitivity, this minimum flow was set to 30 percent of the
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mean annual flow into the reservoir, as long as there is water in the reservoir, When
the reservoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approximately
0.4 m¥s at Cross Pond and 0.8 m’/s at Joe Dennis Pond, Using these flows as the
minimum flow release from the gates for the base case simulation model, there was
no change in system energy. This is the case because 30 percent of mean annual flow
is less than the best efficiency flow of the unit. This amount is always released in all
simulations unless there is no water in storage, in which case the natural inflows are
released,

If NP were required ta hold a supply of water in the reservoirs to ensure that the
30 percent requirement were always met, there would likely be a reduction in energy.

No Storage in System

To provide NP with an indication of the value of the storage in the system, all storage
in the system was assumed to be removed. The resulting average annuat energy
generation from this sensitivity was 25.0 GWh/yr, a net decrease of 9.0 GWh/yr.
This represents the value of maintaining the structures at Joe Dennis Pond and Cross
Pond.

Changes to Cross Pond Gate Operation

The remote location and difficult access of the Cross Pond outlet structure make it
an obvious candidate for automation, The simulation for the base case assumed that
the gate could be operated daily, and the gate operation plot in Figure 7.5 showed
that it was usually open to less than full capacity. The base case could be considered
the full automation case. The analysis was carried out for Cross Pond, but the results
would be similar for Joe Dennis Pond.

To investigate the value of automation, or of some alternative procedure, three cases
were considered. A varicty of other cases are possible, but these three give an
indication of the range of savings that can be achieved. The three cases are

— Leave gate full open: leave the gate open all the time, using whatever natural
regulation remains;

— Seasonal operation: adjusting the gate a couple of times a year; and

— Leave gate partially open: restrict the opening to improve the natural
regulation, leaving the gate in a partly open position all year round.
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The effects of these three procedures are described below.

Leave Gate Full Open: Because of the difficulty of adjusting Cross Pond gate, one
option is to simply leave the gate open. The structure itself will provide some natural
regulation. The difference in the estimate of energy generation in this case and the
base case indicates the value of having a gate that can be operated daily. The
resulting energy generation from this sensitivity was 31.5 GWh/yr, or a net decrease
in energy of 2.5 GWh/yr. This decrease is due to extra spill at the forebay and
additional operation at maximum load.

If the gate can be automated for perhaps $50,000 to $70,000, automation would be
justified by the energy savings.

However, it may be possible to obtain some or all of the energy gains more cost-
effectively, as considered in the two other options.

Seasonal Operation: In this case, the gate at the outlet of Cross Pond was assumed
to be operated twice 2 year, closed to 0.3 m in April and opened fully in July, The
resulting energy generation from this sensitivity was 32.5 GWh/yr or a net decrease
in energy of 1.5 GWh/yr. Adjusting the opening and closing dates to take account
of conditions in a particular year would likely improve this result.

Leave Gate Partially Open: The gatc curve from Section 7.2 indicated that the gate
is usually opened in the base case to release about 3-4 m*/s. As a sensitivity, the gate
was assumed to be open 0.3 m all year round to release those flows when Cross Pond
is half full. The resulting energy generation from this sensitivity was reduced by
0.7 GWh/yr from the base case. As the table below shows this would be the best of
the three alternatives considered here for gate operation at Cross Pond. With the
exception of possibly fabricating stoplogs there should be no cost to this option.
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Table 7.3

Energy Results for Sensitivity Simulations at Lookout Brook
System

Case ) -Average Annual Change.in Forebay Spill
Energy Energy ‘ (m%s)
, {GWhiyr) (GWhyr)
Base Case 340 - 0.24
Environmental Releases 34.0 0.0 0.24
Value of Starage 25.0 =90 1.04
Cross Pond Gate Operation
- Leave Gatz Full Open als =25 0,34
- Seasonal Operation 325 =15 0.37
= Leave Gate Partially 333 -0.7 029
Open
1.7 Conclusions and Recommendations

The conclusions and recommendations arising from the analysis are as follows.
1. Improvements to Better Match Simulated Ideal Operation

Gate operation: The analysis shows that controlling the release of water from
storage is the key to maximizing the output from the Lookout Brook system. The
outlet gates at Cross Pond and Joe Dennis Pond need to be adjusted frequently
to ensure that the correct flow is being released to keep the units operating at best
efficiency, as well as to avoid spill. Automation of the gates would provide the
best control, but simpler approaches may be more cost effective.

2. Changes to Operating Guidelines

Clerification of Guidelines: The present guidelines as interpreted for the Water
Management Study come close to maximizing system output if NP can operate
in this manner. NP should clarify the guidelines for the operators, in particular
providing guidance on when to increase load from best efficiency to maximum.

Unit Dispatch Order: The present guidelines suggest a unit dispatch order that
is inconsistent with the station factors as calculated from the available
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information. NP should carry out efficiency testing on both units, operating
separately and together, to determine the preferred dispatch order.

It may be possible to make modest gains through fine-tuning, first of the timing
of the flashboard installation/removal dates in the forebay, and second, of the
reservoir rule curves that determine when to switch from best efficiency load to
maximum load. NP should review the present practice and update as required.

3. Physical Changes

Forebay Flashboards: Keeping the flashboards in all year and drawing the
forebay down in the spring increases energy output by increasing head and
reducing spill. If flashboards must be removed in the spring for dam safety
reasons, then an inflatable crest gate (rubber dam) on the spillway section may
be considered. The spillway section is short, and it may be possible not only to
keep the head up during periods of high runoff risk, but aiso to raise the full
supply level in lower risk periods. NP should investigate the costs and benefits
of alternative flashboard/crest gate arrangements, taking into account dam safety
requirements,

Increased Storage: Because of the fact that runoffis dominated by large events,
especially spring runoff, storage is important in the system. The effect of
reducing spill at Joe Dennis Pond by increasing the storage results in an increase
in energy generation of 0.8 GWh/yr for a one metre rise, and 1.6 GWh/yr for a
two metre rise. Based on previous cost estimates conducted by NP for increased
storage at Joe Dennis Pond, it would be worth investigating in more detail the
economical feasibility of increased storage at Joe Dennis Pond,

Headlosses: The analysis showed that there may be some gains in energy by
reducing headlosses. When NP is conducting the efficiency testing to determine
unit loading, it should give particuler attention to finding the sources of the
headlosses. The costs and benefits of improvements can then be determined,

4. Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of
mean annual flow downstream of the outlet gates at Cross Pond and Joe Dennis
Pond does not affect energy generation, because this amount is already being
released to supply the units. The requirement, however, assumes that when the

Final Report Acres International P13474.00



7-17

Teservoirs are low, the release is equal to the natural inflow. If the requirement
were to guarantee 30 percent, & rescrve would have to be maintained similar to
the winter reserve.

Value of Storage: The value of the storage &t Joe Dennis Pond and Cross Pond

is 9.0 GWh/yr. NP may use this value in considering the costs of maintaining
these structures,

Changes to Cross Pond Outlet Gate Control/Operation: The value of
operating the gate at Cross Pond on a daily basis is 2.5 GWh/yr. If the gate can
be automated for perhaps $50 000 to $70 000, automation would be justified by
the energy savings. However, it may be possible to obtain some or all of the
energy gains more cost-effectively, considering changing the gate setting a
couple of times a year or restricting the gate opening. In the simulation to
consider alternatives for Cross Pond, Joe Dennis Pond outlet gate was assumed
to be operated daily if required. NP should determine the costs of automation or
more frequent personnel access to the gates at both Joe Dennis Pond and Cross
Pond, and compare it with the costs and benefits of the simpler approaches at
both locations. The most cost-effective overall solution can then be selected,
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8  Sandy Brook Hydroelectric System

Sandy Brook Hydroelectric System was assessed to determine whether there is
potential for increasing energy generation, following the methodology in Chapter 2,
by

. improving current practice to better follow existing plant operating
guidelines;

J revising existing plant operating guidelines; and

U making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Sandy Brook system, present representative
operating measures (e.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions end
recommendations.

The simulation model set up for the Sandy Brook system in the Water Management
Study conducted by Acres for all NP hydroelectric systems was used to assess the
effect of operational and physical changes on energy generation. The long term
production estimated in the Water Management Study assumed ideal operating
practices using current NP plant operating guidelines, as interpreted for the study.
The result of this simulation for the Sandy Brook system is referred to in this section
as the base case system generation. Other estimates of energy generation resulting
from operational or physical changes to the system are compared to this value.

8.1 System Description

The Sandy Brook system is located in central Newfoundland near the Town of Grand
Falls-Windsor. The system was commissioned in 1963 and has a nameplate capacity
of 5.5 MW and a rated net head of 33.5 m. Storage is provided by structures at
Island Pond, West Lake, Sandy Lake and Sandy Brook Forebay. The total drainage
area sbove the intake to the Sandy Brook Generating Station is approximately
529 km?. A schematic of the Sandy Brook system is presented in Figure 8.1.
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On the west side of the drainage basin, Island Pond drains into a series of small lakes
along West Brook, and into West Lake. On the east side of the basin, Sandy Lake
plus other small lakes drain into Sandy Brook. West Lake flows into Sandy Brook
in the forebay of the generating station. West Lake and Sandy Lake are the main

storages for the system. Island Pond provides some storage but is essentially
uncontrolled.

The structures in the system are as follows

*+ Island Pond outlet (uncontrolled);

» West Lake gated outlet;

* West Lake overflow spillway;

* Sandy Pond gated outlet;

* Sandy Pond overflow spillway;

* Sandy Brook Forebay gated spillway; and
* Sandy Brook Forebay overflow spillway.

The Sandy Brook Forebay spillways discharge out of the system; the other spillways
discharge within the system,

NP plans to replace the runner at Sandy Brook Generating Station in the summer of
2001. The unit efficiency will increase as a result.

8.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

Flow Utilization Fector.
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

N R LN -
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The definition and use of these measures and plots are presented in Chapter 2. The
measures as calculated for the Sandy Brook system are provided below. They were
developed from the data in the base case simulation. Table 8.1 at the end of this
section summarizes the measures for the Sandy Brook system.

1. Flow Utilization Factor

The flow utilization factors for the Sandy Brook station (average inflow to forebay
divided by the flow capacities of the unit at most efficient load and maximum load)
are 0.81 at most efficient load and 0.66 at maximum load.

2, Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage) for most
cfficient load and maximum load at Sandy Brook station are 0.078 k'Wh/m?
(2.45 GWh/yr/m’/s) and 0.069 kWh/m® (2.16 GWh/yr/m/s), respectively.

The average energy conversion factor from the base case simulation is 0,077 KWh/m?
(2.42 GWh/yr/m*s). The energy conversion factor takes into account the average
reduction in availability due to forced outages and the operation at greater flows than
most efficient load,

3. Flow Durstion Curve

The Sandy Brook power flow duration curve from the base case simulation is shown
in Figure 8.2, The units operate at above most efficient flow approximately
18 percent of the time.

4, Energy Potential of Spill

The average annual simulated spill for the base case was approximately 3.11 m¥/s.
Using the simulated energy conversion factor at maximum load, the spill would
produce approximately 7.5 GWh/yr, if entirely saved and used for generation.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 8.3. The figure demonstrates that there is significant spill in April
and May in almost every year of the base case simulation.

5. Reservoir Storage Factor

Storage is provided by structures located at the outlets of West Lake, Sandy Lake and
Sandy Brook Forebay, The reservoir storage factors were calculated to be
approximately 23 days for West Lake, 48 days for Sandy Lake, and between one and
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two days (39 hours) for Sandy Brook Forebay. These factors represent the number
of days to fill the reservoirs with average inflows and without any outflows,

6. Reservoir Utilization Plot

The plots of simulated West Lake and Sandy Lake reservoir levels for the base case
simulation are provided in Figure 8.4. The plot illustrates that Sandy Lake never
draws down to the dead supply level. This is because the shape of the approach
channel to the outlet prevents releases at low reservoir levels.

(3 Forebay Storage Factor
The forebay storage factor (time required to draw forebay down assuming no inflow
and with units operating at maximum load) is approximately one day (26 hours),

8. Gate Operation

There are control gates located at the outlets of West Lake and Sandy Lake.
Provided in Figure 8.5 are the simulated gate discharges, gate capacities and
simulated reservoir levels for an example year (1994) for both lakes. These plots
illustrate the frequency with which the gates are being operated in the simulation
model to maintain most efficient load and to avoid spill.

Figure 8.5 shows an inconsistency in the rating curve for the outlet at West Lake, A
capacity of approximately 5 m*/s is shown when West Lake is at low supply level,
NP should investigate this inconsistency.

Table 8.1
Sandy Brook System Representative Operating Measures

) Sandy Brook Representative Operating Measures

Flow Utilization Factors

- Most Efficient Load 0.81

- Maximum Load 0.66
Station Factors

- Most Efficient Load 0.078 kWh/m®

- Maximum Load 0.069 kWh/m®
Energy Potential of Spill 7.5 GWhfyr
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Sandy Brook Representative Operating'Measures
Reservoir Storage Fectors
- West Lake 23 days
- Sandy Lake 48 days
- Sandy Brook Forebay 1.6 (39 hours)
‘Forebay Storage Factor 1.1 days (26 hours)

8.3 Ideal Operation of System

The long term energy production at Sandy Brook s estimated by the simulation
model developed for the Water Management Study is 28.1 GWh/yr. This compares
with recorded energy generation for the same reference period (1984-98) of
25.3 GWh/yr. These figures provide some indication of the potential for improving
actual generation at this system under the current plant operating guidelines. Further
indicators of this difference ere provided by the comparisons conducted for the Water
Management Study for two sample years, This comparison indicated an average
difference between recorded and simulated generation (afier adjustments for storage)
of approximately eight percent for this system. The comparison would therefore
indicate that there is some opportunity to improve the operation of this system by
more closely following the ideal demonstrated by the simulation mode].

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated idea] operation and
actual generation at the Sandy Brook System.

8.3.1 Plant Operating Guidelines

The simulation mode] used to estimate the energy generation of the Sandy Brook
system assumes that the operations staff has interpreted the existing operating
guidelines as described in the Water Management Study. Plant operating
guidelines provide operators with procedures regarding how to operate the
system based on current inflows. During periods of high inflows, the plant will
be operated et maximum load (and less than maximum efficiency)to avoid spills.
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This requires some interpretation by the operators regarding what constitutes high
inflows. The interpretation used in the simulation model incorporated target
levels for each rescrvoir in the system. The reservoirs were operated to keep the
forebay at its target level to meintain operation at best efficiency. Ifthe forebay
levels exceed target level at any particuler time of the yeat, then the units are
operated at maximum loed to bring the water level down. If the reservoir levels
are below the rule curve, then the units are operated at best efficiency.

Obviously, some judgment on the part of the operators in applying this guideline
is required. For instance, knowledge of ebove normal snow accumulations in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when water levels have not reached the ruje curve.

8.3.2  Gate/Reservoir Operation

The Sandy Brook system has relatively little storage capacity particularly in light
of the seasonal runoff variations experienced in Central Newfoundland, Sandy
Lake and West Lake are the two primary storage reservoirs, The gates that
control these reservoirs are difficult to access. Travel to Sandy Lake requires
about 2.5 hours (one-way) from the powethouse, while West Lake can be reached
in about one hour. Therefore, operations staff cannot adjust these outlet gates
frequently.

Despite the difficulty posed by operating these gates, the impact of this
practicality on system generation is probably not significant. This is due to the
fact that these reservoirs control only & small fraction of the overall watershed,
and that they would therefore not be effective in regulating runoff even if the
gates could be adjusted daily.

In addition to the accessibility issues, NP must maintain certain minimum storage
levels, particularly during the winter months, to ensure plant availability in the
event of local power outages or when called upon by Newfoundland and
Labrador Hydro. This winter reserve is not taken into account by the simulation
model. As with the gate accessibility issue however, the system production is not
overly sensitive to other reservoir operating constraints,
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8.3.3 Unit Operation

The simulation model operates the Sandy Brook unit exclusively at its most
efficient load, except when high inflows dictate that higher loads are necessary
to avoid spill. With the available control equipment, minimal constraints on
plant flows, and the available forebay storage, it should be possible to operate the
plant very close to this ideal. An examination of daily Control Centre Logs for
several months (December 1998, April and August 1999, and J anuary-February
2000) indicated that the Sandy Brook unit is loaded at various loads between
4.4 MW and 5.9 MW for most of these periods, This plant would therefore not
appear to be making efficient use of the available water, although a more detaiied
study would also include an examination of wnit availebility and system
conditions during these months. The main obstacles to attaining ideal operation
are electrical grid requirements that may occasionally require that the units
operate at Joads other than their most efficient loads. Such requirements would
include local power outages or other infrequent occurrences,

84 Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether thege is
any energy to be gained by changing NP’s current plant operating guidelines. As
discussed in Chapter 2 therc are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

* by avoiding spill; and
e by operating the units at best efficiency more of the time,

The operating changes were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2. The base case is an intermediate case,
since ituses rule curves varying between the low supply and full supply levels of the
reservoirs, as described in Section 8.3,

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill evoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.
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At 8andy Brook, the potential for savings in spill compared to the base case is high.
The maximum possible reduction in spill would be the equivalent of 7.5 GWh/yr, as
shown in Table 8.1. However, the spill distribution plot (Figure 8.3) shows that this
potentiel would be difficult to capture since the spills occur primarily within a
relatively short period in the spring.

To assess the potential for additional energy generstion in the system using spill
avoidance, the simulation model was run assuming the units were always operated
ot maximum load when water was available, The average annual spill from Sandy
Brook Forebay was reduced by only 0.07 m?/s, from an average of 3.11 m¥/s to
3.04 m’/s. This represents an increase of approximately 0.2 GWh/yr. This small
amount does not compensate for the approximately 0.7 GWh/yr decrease in energy
production due to operating the units at a lower efficiency.

Best Efficiency Operation, Limiting Case: Reservoirs High
The limiting case for maximizing the amount of time the units are operating at best
efficiency is to run the units at best efficiency, until the storage reservoirs are just

about to spill. This may require frequent gate operation to match releases to best
efficiency flow.

The result of a simulation using this rule was an average annual production of
27.9 GWh/yr, with a spill of 3.4 m’/s. This production is lower than the base case
production and the spill is greater,

These simulations suggests that the rule curve used for the base case simulation is
near optimum for the Sandy Brook system. There could be minor adjustments made
to the rule curve that could increase production, but the increase would be marginal,

8.5 Physical Changes to System

To give an indication of the value of physical changes to the existing system, the
following options were investigated,

* Increase the capacity of the control gates at the outlet structures.

* Increasing the efficiency of the units was not examined because NP is elready
planning to replace the runner at Sandy Brook.

 Increase available storage.
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These physical changes to the system is discussed below. Table 8.2 summarizes the
results.

Increase Capacity of Control Structures

The value of increasing the capacity of the control structures at both West Lake and
Sandy Lake was assessed by simulating operation with arbitrarily doubled capacities,
The resulting energy was 28.3 GWh/yr, 0.2 GWh/yr greater than the base case,

A second simulation was run to investigate the effect of removing the channe]
obstruction at the Sandy outlet to create capacity at lower reservoir levels, The result
was marginally less spill but no increase in energy.

Incresse Storage at Sandy Lake
To determine the effect of an increase in storage on energy production, the dams and
structures &t Sandy Lake were assumed to be raised to allow increases in ful] supply

level of two meters. The effect is to reduce system spill. The resulting increase in
encrgy generation was 1.7 GWhyr,

Assuming that the cost of energy to NP is $0.04/kWh this would result in o savings
to NP of approximately $68 000/yr for a two meter increase in dam height. Given
a dam length of approximately 215 m, the savings over perhaps 20 years would
justify an expenditure of about $2900/m of dam length. The practicalities of
increasing the dam crest would have to be investigated along with the costs and
benefits of such a project.

Table 8.2
Results of Physical Changes to System
Caon Average Annual Energy Change in Energy
(@Whiyh) (GWhiy)

Base Case _ 28.1 -
Increase Capacity of Control Structures 28.3 +0.2
Remove Obstruction in Sandy Lake 28.1 0.0
QOutlet Channel
Increase Storage in Sandy Lake 298 +1.7
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8.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain aspects of their systems. Results for all sensitivity cases are provided in
Table 8.3. Along with the average energy generation, average annual forebay spill
for each case is presented in Table 8.3,

The sensitivity cases were as follows.

* Environmental release requirement of 30 percent of mean annual flow.
* No storage in system (to obtain value of storage); remove dams and gates,
¢ Changes to gate operation.

Environmental Release Requirement

The sensitivity of energy generation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of al} gates was set to 0,1 m*/s,
if water is available. As a sensitivity, this minimum flow was set to 30 percent of the
mean ennual flow into the reservoir, as long as there is water in the reservoir. When
the reservoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approXimately
1.0 m%/s at West Lake and 1.8 m%/s at Sandy Lake. Using these flows as the
minimum releases from the gates did not change the simulated energy generation
because 30 percent of mean annual flow is still Jess than the flow released to meet the
gencration objectives,

If NP were required to hold a supply of water in the reservoirs to ensure that the
30 percent requirement were always met, there would likely be a reduction in energy,

No Storage in System

To provide NP with an indication of the value of the storage in the systern, all
upstream storage in the system was assumed to be removed. The resulting average
annual energy generation from this sensitivity was 24.4 GWhyr, a net decrease of
3.7 GWh/yr. This represents the value of maintaining the structures at Island Pond,
West Lake and Sandy Leke,
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Changes to Gate Operation

The remote location and difficult access of the Sandy Brook system outiet structures
make them candidates for automation. Though the simulation for the base case
assumed that the gates could be operated daily, the plots in Figure 8.5 showed that
they are open st full capacity for most of the yeer,

In order to assess the value of the automation, a simulation was run with the gates
fully open all year. The difference in the estimate of energy generation in this case
and the base case indicates the value of having a gate that can be operated daily. The
resulting encrgy gencration from this sensitivity was 27.3 GWh/yr, or a net decrease

in energy of 0.8 GWh/yr. This decrease is due to extra spill at the forebay and
edditional operation at maximum load,

If the gates could be automated for less than the value of the additional energy, the
project would be worthwhile.

Table 8.3

Energy Results for Sensitivity Simulations at Sandy Brook
System

Case Aversge Annual Change In Forebay 8pill
Energy Energy (m¥s)
{ {GWhir} {GWhiyr)
Base Case 28.1 - il
Eavironmental Releases 28.1 0.0 kR )1
Yalue of Storage 244 -3.7 4.57
Gate Operation
- Leave Gates Full Open 273 -0.8 145
8.7 Conclusions and Recommendations

The conclusions and recommendations arising from the analysis are as follows,
1. Improvements to Better Match Simulated Ideal Operation

NP should review the operating procedures in light of new runner and controls
to be installed at Sandy Brook in 2001,

Finol Report Acres Intemational Pl3474.00



2.

8-12
Changes to Operating Guidelines

The present guidelines as interpreted for the Water Management Study come
close to maximizing system output, No changes are recommended.

Pbysical Changes

Because runoff is dominated by spring snowmelt, storage is important in the
system. Increasing storage would increase generation; raising the dams should
be investigated. Neither automating the gates, nor increasing their capacities
contributes significant additional energy.

Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of
meen annual flow downstream of the outlet gates at West Lake and Sandy Lake
does not affect energy generation, because this amount is already being released
to supply the units, The requirement, however, assumes that when the reservoirs
are low, the release is equal to the natural inflow. If the requirement were to

guarantee 30 percent, a reserve would have to be maintained similar to the winter
reserve. :

Value of Storage: The value of the storage at West Lake and Sandy Leke is

3.7 GWh/yr. NP may use this value in considering the costs of maintaining the
structures.
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9  Pierres Brook Hydroelectric System

Pierres Brook Hydroelectric System was assessed to determine whether there is
potential for increasing energy generation, following the methodolo gy in Chapter 2,
by

. improving current practice to better follow existing plant operating
guidelines;

) revising existing plant operating guidelines; and

. making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Pierres Brook system, present representative
operating measures (e.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions and
recornmendations.

The simulation mode] which was set up for the Pierres Brook system in the Water
Management Study, conducted by Acres for all NP hydroelectric systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Pierres Brook system is referred to in this
section as the base case system generation. Other estimates of energy generation
resulting from operational or physical changes to the system are compared to this
value.

9.1 System Description

The Pierres Brook system is located on the southern shore of the Avalon Peninsula
in eastern Newfoundland. The Pierres Brook Generating Station was commissioned
in 1931 and has a nameplate capacity of 4.3 MW and a rated net head of 76.0 m.
Storage is provided by structures at Gull Pond, Big Country Pond and Witless Bay
Country Pond.
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The total drainage area above the intake of the Pierres Brook station is approximately
116 km?. A schematic of the Pierres Brook system is presented in Figure 9.1.

Controlled releases and spill from Big Country Pond, and controlled releases from
Witless Bay Country Pond, are discharged into Gull Pond. Spill from Witless Bay
Country Pond is discharged out of the system. Guli Pond is the forebay for the
generating station. Spill from Gull Pond is discharged out of the system.

The structures in the system are as follows

» Witless Bay Country Pond gated outlet;

« Witless Bay Country Pond overflow spillway;
« Big Country Pond gated outlet;

+ Big Country Pond overflow spillway; and

» Gull Pond overflow spillway.

The Witless Bay Country Pond and Gull Pond spillways discharge out of the system;
the Big Country Pond spillway discharges within the system.

A fish processing plant withdraws water intermittently from the penstock. This
demand is not metered; information from other fish plants suggests a maximum of
2000 m*/day (about 0.023 m*s). Over a single year, this amount would be less than
one-half percent of the estimated mean annual flow through the generating station.

9.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

Flow Utilization Factor.
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

MERISh In = e D

Final Report Acres International P13474.00



9-3

The definition and use of these measures and plots are presented in Chapter 2, The
measures as calculated for the Pierres Brook system are provided below. They were
developed from the data in the base case simulation. Table 9.1 at the end of this
section summarizes the measures for the Pierres Brook system.

L Flow Utilization Factor

The flow utilization factors for the Pierres Brook station (average inflow to forcbay
divided by flow capacity at most efficient load and maximum load) are 0.96 at most
efficient load and 0,73 at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage) for most
efficient load and maximum load are 0.19 kWh/m’ (5.96 GWh/yr/m’/s) and
0.13 kWh/m® (5.75 GWh/yr/m’/s), respectively.

The average encrgy conversion factor from the base case simulation is 0,19 kWh/m?
(5-83 GWh/yr/m®/s). This energy conversion factor takes into account the average
reduction in availability due to forced outages.

3. Flow Duration Curve

The flow duration curve for the turbine flow (power flow) in the base case simulation
is shown in Figure 9.2, The unit operates at maximum flow around 30 percent of the
time,

4, Energy Potential of Spill

The simulated spill for the base case was approximately 0.18 m?/s on average at the
Gull Pond overflow spillway. Using the simulated energy conversion factor for
maximum load presented previously in this section, the spill would produce
approximately 1.0 GWh/yr, if entirely saved and used for generation,

The simulated spill at the Witless Bay Country Pond for the base case 'was
approximately 0.01 m%s on average. Using the simulated energy conversion factor
for maximum load presented previously in this section, the spill would produce less
than 0.1 GWh/yr, if entirely saved and used for gencration. The average simulated
spill at Big Country Pond was 0.20 m*s but the spill was discharged to Gull Pond
and remained within the system.
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The monthly distribution of spill over 15 years for the base case simulation is shown
in Figure 9.3 for Witless Bay Country Pond and the Pierres Brook station (Gull Pond
overflow spillway).

St Reservoir Storage Factor

Storage is provided by structures located at Witless Bay Country Pond, Big Country
Pond and Gull Pond. Gull Pond also acts as the headpond for the Pierres Brook
station. The reservoir storage factors were calculated to be approximately 48 days
for Witless Bay Country Pond, 53 days for Big Country Pond, and 60 days for Gull
Pond. These factors represent the number of days to fill the reservoirs at average
inflows without any outflow.

6. Reservoir Utilization Plot

The plots of simulated reservoir levels for the base case simulation are provided in
Figures 9.4 and 9.5. The plots illustrate the reservoir utilization corresponding to
ideal operation, which generally makes full use of the available storage range. For
the Pierres Brook system the use of reservoir storage is not limited by other physical
or operational constraints.

7. Forebay Storage Factor
The forebay storage factor of Gull Pond (time required to draw forebay down
assurning no inflow with unit opereting at maximum load) is 37 days,

3. Gate Operation

There are control gates located at the outlets of Witless Bay Country Pond and Big
Country Pond. Provided in Figure 9.6 is the simulated gate discharge, gate capacity
and simulated reservoir level for an example year (1987) for Witless Bay Country
Pond and Big Country Pond. These plots illustrate the frequency with which the
gates are being operated in the simulation model to maintain most efficient load and
to avoid spill by operating at maximum load.
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Pierres Brook System Representative Operating Measures

Pierres Brook Representative Operating Messures

Flow Utilization Factors

- Most Efficient Load 0.96

- Maximum }.oad _ 0.73
Station Factors

- Most Efficlent Load 0.19 kWh/m®

- Maximum Load 0.18 kWh/m?
Energy Potential of Spill

- Witless Bay Country Pond Spill <0.1 GWh'yr

- Pierres Brook Spill 1.0 GWh/yr
Reservoir Storage Factors

- Witless Bay Country Pond 48 days

- Big Country Pond 53 days

- Gull Pond 60 days
Forebay Storage Factor 37 days

9.3 |deal Operation of System

The long term energy production at Pierres Brook as estimated by the simulation
mode] developed for the Water Management Study is 26.7 GWh/yr, This compares
with recorded energy generation for the same reference period (1984-98) of
23.8 GWh/yr. While these numbers are not directly comparable due to the runner
replacement in 1994 and several other prolonged outages over this period, the
difference does provide some indication of the potential for improving actual
generation at this system under the current plant operating guidelines, Further
indicators of this difference are provided by the comparisons conducted for the Water
Management Study for two sample years. This comparison indicated an average
difference between recorded and simulated generation (after adjustments for storage)
of approximately nine percent for this system. The comparison would therefore
indicate that there is some opportunity to improve the operation of this system by
more closely following the ideal demonstrated by the simulation model.

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
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on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated ideal operation and
actual generation at the Pierres Brook system.,

9.3.1 Plant Operating Guidelines

The simulation mode] used to estimate the energy generation of the Picrres Brook
system assumes that the operations staff has interpreted the existing operating
guidelines as described in the Water Management Study. Plant operating
guidelines provide operators with procedures regarding how to operate the
system based on curreat inflows. During periods of high inflows, the unit will
be operated at maximum load (and less than maximum efficiency) to avoid spills.
This requires some interpretation by the operators regarding what constitutes high
inflows. The interpretation used in the simulation model incorporated a rule
curve for each reservoir in the system. If the reservoir levels exceed the rule
curve at any particular time of the year, then the it is operated at maximum
load to bring the level down to the rule curve. If the reservoir levels are below
the rule curve, then the unit is operated at best efficiency.

Obviously, some judgment on the part of the operators in applying this guideline
is required. For instance, knowledge of above normal snow accumulations in the
watershed prior to spring nunoff may be employed in deciding to operate the unit
at maximum load even when water levels have not reached the rule curve,
However, the rule curve will ordinarily provide useful guidance to system
operating staff. The rule curves used in the simuletion model are illustrated in
Figures 9.4 and 9.5 and are provided in the echo of the detailed simulation model
input in Volume 2 of the Water Management Study.

9.3.2 Gate/Reservoir Operation

The Pierres Brook system has significant storage capacity that can be effectively
used to smooth the basin inflows. Big Country Pond provides most of the usable
storage capacity, apart from Gull Pond which also serves as the forebay, The
gate that controls Big Country Pond is notreadily accessible as it is located about
3 kan from the nearest road (access is by boat in summer or snowmobile in
winter). However, water levels at Big Country Pond can be monitored daily as
the reservoir shoreline is accessible by road. In addition, the control gate at
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Witless Bay Country Pond is readily accessible. Therefore, the impact of these
practicalities on system generation should not be significant.

Inaddition to the accessibility issues, NP must maintain certain minimum storage
levels, particularly during the winter months, to ensure plant availability in the
cvent of local power outages or when called upon by Newfoundland and
Labrador Hydro (NLH). This winter reserve is not taken into account by the
simulation mode] and may have a more important impact on actual generation.

89.3.3 Unit Operation

The simulation model operates the Pierres Brook unit exclusively at its most
efficient load, except when high inflows dictate that higher loads are necessary
to avoid exceeding the reservoir rule curves. With the available control
equipment, minimal constraints on plant flows, and the available forebay storage,
it should be possible to operate this plant very close to this ideal. An
examination of daily Control Centre Logs for several months (December 1998,
April and August 1999, and January-February 2000) confirmed that the Pierres
Brook unit is loaded at best efficiency a high percentage of the time, The main
obstacles to attaining ideal operation are electrical grid requirements which may
occasionally require that the units operate at Joads other than their most efficient
loads. Such requirements would include local power outages or other infrequent
occulTences.

9.4 Changes to Operating Guldelines

The purpose of the analysis described in this section is to determine whether there js
any energy to be gained by changing NP’s current plant operating guidelines, As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are

¢ increasing head, by operating the forebay to get more head or reducing
headlosses;

¢ by avoiding spill; and

* by operating the unit at best efficiency more of the time.

Increasing the head as a consequence of increasing storage et Gull Pond was
considered as a potential physical change (Section 9.5).
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The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2. The case described for the base case
is an intermediate case, since it uses a NP rule curve varying between the low supply
and full supply levels of the reservoirs, as described in Section 9.3. Operation ata
lower forebay level to avoid spill was also investigated.

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the unit would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.

At Pierres Brook, the potential for savings in spill compared to the base case is low.
The maximum possible reduction in spill would be the equivalent of about
1.0 GWh/yr, as shown in Table 9.1. However, the spill distribution plots (Figure 9.3)
shows that this would be difficult to capture since the spills occur infrequently and
in large amounts.

To assess the potential for additional energy generation in the system using spill
avoidance, the simulation model was run assuming the unit was always operated at
meaximum load when water was available. The average annual spill from Gull Pond
was reduced by only 0.01 m*/s, from an average of 0.18 m%s to 0.17 m%s. This
represents an increase of less than 0.1 GWh/yr. This small amount does not
compensate for the decrease in energy production due to operating the unit at a lower
efficiency.

Best Efficiency Operation, Limiting Case: Reservoirs High

The limiting case for maximizing the amount of time the unit is operating at best
efficiency is to run the unit at best efficiency, until the storage reservoirs are just
about to spill. This may require frequent gate operation because the gates must be
adjusted to release the exact amount of water to match the best efficiency flow.

The result of a simulation using this rule was an average annual production of
26.4 GWh/yr, with a spill of 0.25 m*s. This production is lower than the base case
production. This suggests that the rule curve used for the base case simulation is near
optimum for the Pierres Brook system. There could be minor adjustments made to
the rule curve that could increase production monthly, but the increase would be
expected to be marginal.
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Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low
An alternative method of avoiding spill would be to operate the forebay at a lower
level, although this would also reduce head. This was simulated by setting the

forebay target elevation at 116.43 m, its lower operating level in the plant cperating
guidelines.

The result was an average annual production of 26.6 GWh/yr, or 0.1 GWh/yr less
than that of the base case. Although the average spill was reduced to 0.15 m¥s from
0.18 m/s, the savings did not compensate for the decrease in energy production due
to reduced head on the unit,

9.5 Physical Changes to System

The principal options for physical changes to the existing system to improve encrgy
generation are to increase storage capacity and increase head. To give an indication
of the value of these changes, the following options were investigated.

* Increase dam height at Big Country Pond to increase storage.
* Increase dam height at Gull Pond to increase storage and head,
* Reduce headlosses.

Each of these physical changes to the system is discussed below. Table 9.2
summarizes the results.

Increase Storage at Big Country Pond

To determine the effect of an increase in storage on energy production, the dams and
structures at Big Country Pond were assumed to be raised to allow an increase in full
supply level of 1 m. The effect is to reduce system spill. The resulting increase in
energy generation was 0.3 GWh/yr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $12 000/yr. Given a dam Jength of approximately 97 m, the
savings over perhaps 20 years would justify an expenditure of about $1100/m of dam
length based on a 1 m increase, The practicalities of increasing the dam height at Big
Country Pond would have to be investigated. A detailed analysis into the benefits
and cost would have to be conducted.

Final Report Acres International P13474.00



9-10

Increase Storage at Gull Pond

The dams and structures at Gull Pond were assumed to be raised to allow an increase
in full supply level of one metre. This would also have the effect of increasing head
on the unit. The resulting increase in energy generation was 0.5 GWh/yr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $20 000/yr. Given a dam length of approximately 172 m, the
savings over perhaps 20 years would justify an expenditure of Bbout $1100/m of dam
length based on & 1 m increase.

Reduce Headlosses

Another method of increasing head is to reduce headlosses. For the purposes of
examining the value of a reduction in headlosses, the simulation model was run with
the assumed headlosses reduced by 50 percent. The resulting energy generation was
28.1 GWh/yr, or & net increase in average annual energy of 1.4 GWh/yr. Over the
life of the project a recovery of some or all of these losses could have a net present
value of several hundred thousand dollars; the actual total headloss is uncertain and
would bave to be determined by efficiency testing. Measures to reduce the losses
cost-effectively could then be investigated.

Table 9.2
Results of Physical Changes to System

Case Average Armugl Energy Change in Energy
(GWhiyr) {GWhiyr)
Base Case 26.7 -
Increase Storage Big Country by 1 m 270 +0.3
Increase Storage Gull Pond by 1 m 272 +0.5
Reduce Headlosses 28,1 +1.4

9.6 Sensitivities

Environmental Release Requirement

The sensitivity of energy generation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of all gates was setto 0.1 m?/s,
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if water is available, Asa sensitivity, this minimum flow was set to 30 percent of the
mean annual flow into the reservoir, as long as there is water in the reservoir. When
the reservoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approximately
0.23 m%s at Witless Bay Country Pond and 0.80 m*/s at Big Country Pond, Using
these flows as the minimum flow release from the gates for the base case simulation
model, there was no change in system energy. This is the case because 30 percent
of mean annual flow is less than the flow released to maintain the best efficiency
flow of the unit. This amount is always released in all simulations unless there is no
water in storage, in which case the natural inflows are released,

If NP were required to hold a supply of water in the reservoirs to ensure that the
30 percent requirement were always met, there would likely be a reduction in energy.

9.7 Conclusions and Recommendations
The conclusions and recommendations arising from the analysis are as follows.
1. Improvements to Better Match Simulated Ideal Operation

Gate operation: Ideally, the gated outlets at Big Country Pond and Witless Bay
Country Pond should be adjusted frequently to ensure that the correct flow is
being released to keep the units operating at best efficiency, as well as to avoid
spill. Automation of the gates would provide the best control, but simpler
approaches may be more cost effective.

2. Changes to Operating Guidelines

Clarification of Guidelines: The present guidelines as interpreted for the Water

Management Study come close to maximizing system output if NP can operate
in this manner. NP should clarify the guidelines for the operators, in particular
providing guidance on when to increase load from best efficiency to maximum.

3. Physical Changes
Increased Storage: Because of the fact that runofFis dominzated by large events,

especially spring runoff, storage is important in the system. Reducing spill at Big
Country Pond by increasing the storage by 1 m results in an increase in energy
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generation of 0.3 GWh/yr, The result of a 1 m increase at Gull Pond is an
increase of 0.5 GWh/yr, due to the combined effect of reduced spill and increased
head.

Headlosses: The analysis showed that there may be some gains in energy by
reducing headlosses. NP should conductefficiency testing, which should provide
an accurate estimate of headlosses and give particular attention to finding the
sources of the losses. The costs and benefits of improvements can then be
determined.

4. Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of
mean annusl flow downstream of the gated outlets at Witless Bay Country Pond
and Big Country Pond does not affect energy generation, because this amount is
already being released to supply the units. The requirement, however, assumes
that when the reservoirs are low, the release is equal to the natural inflow. If the
requirement were to guarantee 30 percent, areserve would have to be maintained
similar to the winter reserve.
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10 Rose Blanche Brook Hydroelectric System

Rose Blanche Brook Hydroelectric System was assessed to determine whether there
is potential for increasing energy generation, following the methodology in
Chapter 2, by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

Because Rose Blanche Brook is a new system and is essentially nm-of-river, it was
considered likely that the existing operating strategy is near optimal, and that there
would be little potential for increasing energy. The system was included in the
review for completeness.

The following sections describe the Rose Blanche Brook system, present
representative operating measures (e.g., flow utilization factor and energy potential
of spill) and provide the results of the analysis used to assess the effect of operational
and physical changes on energy generation. The last section provides conclusions
and recommendations.

The simulation mode] which was set up for the Rose Blanche Brook system in the
Water Management Study, conducted by Acres for all NP hydroelectric systems, was
used to assess the effect of operational and physical changes on energy generation.
The long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operuting guidelines, as interpreted for the
study. The result of this simulation for the Rose Blanche Brook system is referred
to in this section as the base case system generation. Other estimates of energy
generution resulting from operational or physical changes to the system are compared
to this value,
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10.1 System Description

The Rose Blanche Brook system is Iocated on the south coast of Newfoundland near
the community of Rose Blanche. Rose Blanche Brook station is NP’s newest
generating station, commissioned in 1998. Rose Blanche Brook station has two units
with nameplate capacities of 3.0 MW each fora total nameplate capacity of 6.0 MW.
The two units share a single generator. The Rose Blanche Brook station has a rated
nethead of 114.2.m. The total drainage area above the intake to the penstock to Rose
Blenche Brook station is 53 km®. The only controlled storage in the Rose Blanche
Brook system is the forebay, which is relatively small. Rose Blanche is essentially
a run-of-river station. A schematic of the Rose Blanche Brook system is presented
in Figure 10.1,

There is one overflow spillway on Rose Blanche Brook Forebay. The spill reenters
Rose Blanche Brook downstream of the station.

10.2  Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system, These measures
and plots are as follows.

Flow Utilization Factor.
Energy Conversion Factor,
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

ek B M~

The definition and use of these measures and plots are presented in Chapter 2. The
measures as calculated for the Rose Blanche Brook system are provided below. They
were developed from the data in the base case simulation. Table 10.1 at the end of
this section summarizes the measures for the Rose Blanche Brook system.
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1. Flow Utilization Factor

The Rose Blanche Brook station houses one generating unit with two turbines. The
flow utilization factors for the Rose Blanche Brook station (average inflow to forebay
divided by combined flow capacity for both units at most efficient load and
maximum load) are (.64 at most efficient load and 0.57 at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage) for most
efficient load and maximum load for each unit are 0.28 kWh/m? (8.87 GWh/yr/m’/s)
and 0.26 kWh/m’* (8.31 GWh/yr/m®/s), respectively.

The average energy conversion factor from the base case simulation for the two units
i50.25 kWh/m* (7.93 GWh/yr/m*/s). The energy conversion factor take into account
the average reduction in availability due to forced outages.

3. Flow Duration Curve

The flow durstion curves for the turbine flow (power flow) in the base case
simulation is shown in Figure 10.2. The two units operate at, or above, the combined
most efficient flow more than 35 percent of the time, and a maximum flow
approximately 10 percent of the time.

4. Energy Potential of Spill

The average simulated spill at the Rose Blanche Brook Forebay overflow spillway
for the base case was approximately 0.63 m¥s. Using the simulated energy
conversion factor at maximum load, the spill would produce approximately
5.0 GWh/yr, if entirely saved and used for generation.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 10.3. Most of the spill occurs during the freshet in April and May,
but spill can occur in any month.

5. Reservoir Storage Factor

The only storage in the Rose Blanche Brook system is the forebay. The reservoir
storage factor for the forebay is approximately 11 days. This represents the number
of days to fill the live storage of the reservoir, assuming average inflows and no
outflows.
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6. Reservoir Utilization Plot

The plot of simulated forebay levels for the base case simulation is provided in
Figure 10.4. The plot illustrates the reservoir operation assumed for the base case,
which generally keeps the reservoir in the top half of the operating range, except
during spring.

7. Forebay Storage Factor

The forebay storage factor (time required to draw forcbay down assuming no inflow
with units operating at maximum load) is approximately 6 days.

8. Gate Operation
There are no control gates in the Rose Blanche Brook system,

Table 101
Rose Blanche Brook System Representative Operating
Measures

K Rose Blanchs Brook Representative Operating Measures
Flow Utilization Factors

- Most Efficient Load 0.64

- Maximum Load 0.57
Station Factars

- Both Units, Most Efficient Load 0.28 kWh/m®

- Both Units, Maximum Load 0.26 kWh/m®
Energy Potential of Spill 5.0 GWhiyr
Reservoir Storage Factors

- Rose Blanche Bro_ok Forebay 11 days
Forebay Storage Factor 6 days

10.3  Ideal Operation of System

The long tenm energy production at Rosc Blanche Brook as estimated by the
simulation model developed for the Water Management Study is 22.4 GWhyr.
Recorded energy generation for the same reference period is unavailable as the plant
only commenced operation in December 1998. However, an indication of the
difference between simulated and actual generation is provided by the comparisons
conducted for the Water Management Study. This comparison indicated an average
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difference between recorded and simulated generation (after adjustments for storage)
of approximately 2 percent for this system. The comparison would therefore indicate
that there is little opportunity to improve the operation of this system by more closely
following the ideal demonstrated by the simulation model.

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was 7 percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated ideal operation and
actual generation at the Rose Blanche Brook System.

10.3.1  Plant Operating Guidelines

The simulation model used to estimate the energy generation of the Rose Blanche
Brook system assumes that the operations staff has interpreted the existing
operating guidelines as described in the Water Management Study. Plant
operating guidelines provide operators with procedures regarding howto operate
the system based on current inflows. During periods of high inflows, the plant
will be operated at maximum load (and less than maximum efficiency) to avoid
spills. This requires some interpretation by the operators regarding what
constitutes high inflows. The interpretation used in the simulation model
incorporated a rule curve for each reservoir in the system. If the reservoir levels
exceed the rule curve at any particular time of the year, then the units are
operated at maximum load to bring the level down to the rule curve. If the
reservoir levels are below the rule curve, then the wmits are operated at best
efficiency.

Obviously, some judgment on the part of the operators in applying this guideline
isrequired, For instance, knowledge of sbove normal snow accumulations in the
watershed prior to spring nunoff may be employed in deciding to operate the umits
at maximum load even when water levels have not reached the rule curve,
However, the rule curve will ordinarily provide useful guidance to system
operating staff. The rule curves used in the simulation model are illustrated in
Figure 10.4 and are provided in the echo of the detailed simulation model input
in Volume 2 of the Water Management Study. The control systems installed at
this plant also incorporate a rule curve as the basis for making the transition from
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efficient to maximum load. This existing rule curve should be compared with the
simulation curve and the curve which produces the best results (if significant
differences exist) should be programmed into the control systems.

10.3.2 Gate/Reservolr Operation

The Rose Blanche Brook system has very limited storage capacity (storage ratio
of 11 days), with all of the available storage contained by the forebay reservoir,
NP must maintain certain minimum storage levels, particularly during the winter
months, to ensure plant availability in the event of local power outages or when
called upon by Newfoundland and Labrador Hydro. This winter reserve is not
taken into account by the simulation model. At Rose Blanche Brook however,
the practicalities of gate and reservoir operation should not have a significant
impact on actual generation.

10.3.3 Unit Operation

The simulation model operates the Rose Blanche Brook units exclusively at their
most efficient loads, except when high inflows dictate that higher loads are
necessary to avoid exceeding the reservoir rule curves. With the available control
cquipment and the storage available at the forebay which permit frequent starting
and stopping of the units, it should be possibie to aperate the plant close to this
ideal. An examination of daily Control Centre Logs for January-February 2000
confirms thet the Rose Blanche units are loaded at best efficiency a high
percentage of the time, with the exception of prolonged periods at 0.5-0.7 MW
for environmental releases as described below

One obstacle to attrining ideal operation is electrical grid requirements that may
occasionally require that the units operate at }oads other than their most efficient
loads. Such requirements would include local power outages which can be
expected to occur more frequently at Rose Blanche Brook than at most other
plants due to its location at the end of a long radial transmission line. Another
operational practicality at Rose Blanche is the maintenance of a minimum flow
(for environmental reasons) downstream of the powerhouse. Although the units
have been designed so that they can use this flow for generation, their efficiency
is substantially reduced at such a relatively low flow. These two factors probably
account for most of the difference between the simulated and actual production
of this system.
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10.4  Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP’s current plant operating guidelines, As
discussed in Chapter 2, there are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

* by avoiding spill; and

* by opersating the units at best efficiency more of the time.

Because it has only recently been commissioned, physical changes were not
considered for the Rose Blanche Brook system,

The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter2. The base case is an intermediate case,
since it uses a rule curve between the low supply and full supply levels of the
forebay, as described in Section 10.3,

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.

At Rose Blanche Brook, the potential for savings in spill compared to the base case
is high, The maximum possible reduction in spill would be the equivalent of
5.0 GWh/yr, as shown in Table 10.1. However, the spill distribution plot
(Figure 10.2) shows that this may be difficult to capture since the spills generally
occur over a short period of time, i.e. during the spring freshet.

To assess the potential for additional energy generation in the system using spill
avoidance, the simulation model was nm assuming the units were always operated
at maximum load when water was gvailable, The average annual spill from Rose
Blanche Brook Forebay was reduced by 0.1 m¥/s, from 0.63 m%/s to 0.53 m%s, and

the energy increased by 0.4 GWh/yr to 22.8 GWh/yr.

Final Report Acres International PI13474.00



10-8

Best Efficiency Operation, Limiting Case: Reservoirs High

The limiting case for maximizing the amount of time the units are operating at best
efficiency is to run the units at best efficiency, until the storage reservoirs are just
about to spill,

The result of a simulation using this rule was an average annual production of
22.7 GWh/yr, with e spill of 0.56 m*/s. This production is 0.3 GWh/yr higher than
the base case production, but 0.1 GWH/yr lower than the Spill Avoidance, Limiting
Case.

The small gains in energy confirm that the current operating guidelines lead to near
optimum generation. The intermediate rule curve chosen for the Water Management
Study appears to give lower annual energy than operation at either extreme,

10.5 Physical Changes to System

Given that the Rosc Blanche Brook system was only commissioned in 1998, an
examination of physical changes is not required. There is no information available
now that would result in different conclusions than were drawn during the
optimization studies undertaken as part of the design.

10.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity nns were done to provide NP with information on the cost or value of
certain aspects of their systems. Results for all sensitivity cases are provided in
Table 10.3. Along with the average energy generation, average annual forebay spill
for each case is presented in Table 10.3,

The sensitivity cases were as follows.

* No environmental release requirement (compared to minimurn flows established
during design).
* No storage in system (to obtain value of storage); remove dam.,

Environmental Release Requirement
An agreement with the Federal Department of Fisheries and Qceans requires that a
minimum flow of 1 m*/s be maintained in the Rose Blanche River downstream of the
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powerhouse atall times. This is approximately 30 percent of the mean annual inflow
to the basin. Ifthe turbines are shut down, a fisheries valve is opened to provide the
minimum flow. NP is required to hold a supply of water in the reservoirs to ensure
that the low flow requirement is met even during periods of low inflow. The
fisheries value can draw the reservoir down to below low supply level of the
reservoir,

The cost of the fisheries release was estimated by removing the 1 m%s limitation and
allowing the unit to operate only at best efficiency flows or above, This simulation
provided an additional 0.8 GWh/yr. Since at times the fishery release will draw the
reservoir down below low supply level which would further reduce generation, the
total cost of maintaining the fisheries release is in excess of 0.8 GWh/yr,

No Storage in System

To provide NP with an indication of the value of the storage in the system, the
forebay storage in the system was assumed to be removed. The resulting average
annual energy generation from this sensitivity was 17.9 GWh/yr, anet decrease of
4.5 GWh/yr. This represents the value of storage at the forebay dam,

Table 10.2
Energy Results for Sensitivity Simulations at Rose Blanche
Brook System

Case Averuge Annual Change In Averags Spiil

Energy Energy {m/fs)
(GWhyr) (GWhiyr)

Base Case 24 - 0.63

Environmental Releases

- minimum removed 232 0.8 0.63

Veloe of Storage 17.9 -45 1.16
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10.7 Conclusions and Recommendations
The conclusions and recommendations arising from the analysis are as follows.

Environmental Releases: Providing a minimum flow release of approximately
30 percent of mean annual flow downstream of the plant costs in excess of

0.8 GWhiyr.

Value of Storage: The value of the storage at Rose Blanche Brook Forebay is
4.5 GWh/yr.
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11 Petty Harbour Hydroelectric System

Petty Harbour Hydroelectric System was assessed to determine whether there is
potential for increasing energy generation, following the methedology in Chapter 2,
by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

’ making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Petty Harbour system, present representative
operating measures (e.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions and
recommendations.

The simulation model which was set up for the Petty Harbour system in the Water
Management Study, conducted by Acres for all NP hydroelectric Systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Petty Harbour system is referred to in this
section as the base case system generation. Other estimates of encrgy generation
resulting from operational or physical changes to the system are compared to this
value.

1.1 System Description

The Petty Harbour system is located on the east coast of the Avalon Peninsula of
Newfoundland. The system was commissioned in 1900 and has a nameplate capacity
of 5.3 MW and a rated net head of 57.9 m, Storage is provided by structures at Bay
Bulls Big Pond, Cochranc Pond, and Petty Harbour Forebay.
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The total drainage area above the intake of the Petty Harbour Generating Station is
approximately 136 km’. A schematic of the Petty Harbour system is presented in
Figure 11.1,

The drainege area falls largely within the municipal boundary of the City of
St. John’s. Bay Bulls Big Pond is the largest storage reservoir and is also used as a
municipal water supply for the Regional Water System, serving the City of
St. John's, the City of Mount Pearl, the Town of Conception Bay South, and the
Town of Paradise. Spill and controlled releases from Bay Bulls Big Pond are
discharged into Raymond Brook, which in turn flows into the forebay. Controlled
releases from Cochrane Pond are discharged into Cochrane Pond Brook, which also
flows into the forebay. Spill at Cochrane Pond is discharged into Paddy’s Pond, part
of the adjacent Topsail Hydroelectric System. The forebay, comprising First Pond
and Second Pond, is located near the community of Goulds., The generuting station
is located in the community of Petty Harbour and draws flow from the forebay
through a single penstock. Spill from the forebay is discharged around the station
and out of the system.

The structures in the system are as follows

. Bay Bulls Big Pond overflow spillway;

. Bay Bulls Big Pond gated outlet;

. Cochrane Pond overflow spillway;

. Cochrane Pond gated outlet; and

. Petty Harbour Forebay overflow spillway.

The forebay and Cochrane Pond spillways discharge out of the system; the Bay Bulls
Big Pond spillway discharges within the system.

11.2  Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows,

1. Flow Utilization Factor.
2, Energy Conversion Factor.
3. Flow Duration Curve.
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4, Energy Potential of Spill.
5. Reservoir Storage Factor.
6. Reservoir Utilization Plot,
7. Forebay Storage Factor.
8. Gate Operation Plot.

The definition and use of these measures and plots are described in Chapter 2. The
measures as calculated for the Petty Harbour system are provided below. They were
developed from the data in the basc case simulation. Table 11.1 at the end of this
section summarizes the measures for the Petty Harbour system.

1. Flow Utilization Factor

The flow utilization factors for the Petty Harbour station (average inflow to forebay
divided by combined flow capacity for all three units at most efficient load and
maximum load) are 0,52 at most efficient load and 0.41 at maximum load,

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage at rated net
head) for most efficient load and maximum load for PHR-G] are 0.11 ¥Wh/m’®
(3.57 GWh/yr/m’/s) and 0.11 kWh/m® (3.45 GWh/yr/m*/s), respectively. For PHR-
G2 the most efficient load and maximum load energy conversion factors are
0.14 kWh/m® (440 GWh/yr/ms) and 0.13 kWhim’ (4.04 GWh/yr/m’/s),
respectively. For PHR-G3 the most efficient load and maximum load energy
conversion factors are 0.14 kWh/m® (4.39 GWh/yr/m%s) and 0.14 kWh/m’
(4.29 GWh/yr/m’/s), respectively.

The average energy conversion factors from the base case simulation for PHR-GI,
PHR-G2 and PHR-G3 are 0.13 kWh/m® (3.57 GWh/yr/m¥s), 0.14 kWh/m’
(4.46 GWh/yr/m’/s), and 0.14 kWh/m® (4.47 GWh/yr/m¥s) respectively, These
encrgy conversion factors take into account the average reduction in availability due
to forced outages, and the lower headlosses during the 80 percent of the time that
only one or two units are operating,

Based on the energy conversion factors for the Petty Harbour units, the unit dispatch
to maximize efficiency would be as follows.

. Operate PHR-G2 at most efficient load first.
. Operate PHR-G3 at most efficient load second.
s Operate PHR-G3 at maximum load third.

Final Report Acres International P13474.00



11-4

. Operate PHR-G2 at maximum load fourth,
. Operate PHR-G1 at most efficient load fifth,
. Operate PHR-G1 at maximum load last.

NP’s plant operating guidelines recommend that PHR-G2 be loaded to maximum
before PHR-G3. The simulated flow duration curves, discussed below, show that the
units are loaded to maximum almost the same amount of time in ideal operation, so
a change in dispatch order may not have any practical effect. However, in the
absence of up-to-date efficiency test results, the available estimates of headlosses and
unit efficiencies are subject to considerable uncertainty.

4, Flow Duration Curve

The flow duration curves for the turbine flow (power flow) in the base case
simulation are shown in Figures 11.2 and 11.3, PHR-G2 is loaded first. Both PHR-
G2 and PHR-G3 are operated at maximum load no more than 25 percent of the time.
PHR-G1 is used less than 20 percent of the time,

5. Energy Potential of Spill

The monthly distribution of the simulated spill out of the Petty Harbour system over
15 years for the base case simulation is shown in Figure 11.4, for Cochrane Pond and
Petty Harbour Forebay.

The simulated spills for the base case were approximately 0.08 m*/s and 0.27 m*/s
on average at the Cochrane Pond and Petty Harbour Forebay overflow spillways,
respectively. Using the simulated energy conversion factors at maximum load
presented previously in this section, the Cochrane Pond spill would produce
approximately 0.3 GWh/yr and the Petty Harbour Forebay spill would produce
approximately 1.1 GWh/yr, on average, if entirely saved and used for generation.

6. Reservoir Storage Factor

Storage is provided by structures located at Bay Bulls Big Pond and Cochrane Pond.
The Petty Harbour Forebay acts as the headpond for the generating station. The
reservoir storage factors were calculated to be approximately 250 days for Bay Bulls
Big Pond, 20 days for Cochrane Pond, and nine days for Petty Harbour Forcbay.
These factors represent the number of days to fill the reservoirs at average inflows
without any outflow.
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T Reservoir Utilization Plot

The plot of simulated Bay Bulls Big Pond and Cochrane Pond reservoir levels for the
base case simulation is provided in Figure 11.5. The plot illustrates the reservoir
utilization corresponding to ideal operation. Asmay be seen in the figure, the storage
range of Bay Bulls Big Pond is limited by the minimum allowable level of 149.80 m.
This level was agreed upon by NP and the Regional Water System. Below this level,
there are no releases of water for generation, so that the municipal water supply is not
interrupted,

At Cochrane Pond, the available storage range is not fully utilized. As discussed in
item number 9 below, this could be the result of the gated outlet being undersized.

8. Forebay Storage Factor

The forebay storage factor (time required to draw forebey down assuming no inflow
with the units operating at maximum load) is estimated to be approximately four
days.

9. Gate Operation

There are control gates located at the outlet of Bay Bulls Big Pond and Cochrane
Pond. Provided in Figure 11.6 is the simulated gate discharge, gate capacity and
simulated reservoir level for an example year (1 987) for both reservoirs. These plots
illustrate the frequency the gates are being operated in the simulation model to
maintein most efficient load and to avoid spill.

For Bay Bulls Big Pond, the simulation model incorporates 2 maximum allowable
discharge as a function of reservoir level, according to an operating regime suggested
for sharing water between NP and the Regional Water System. In contrast, the
releases from Cochrane Pond are limited by the physical capacity of the gate. As
mentioned in item number 7 above, this may prevent utilization of the full storage
range.
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Table 11.1
Petty Harbour System Representative Operating Measures
Patty Harbour Raepresentative Oponﬁng hhnum
Flow Utilization Factors
- Most Efficient Load 052
- Mminnum Load 041
Station Factors
- PHR-G1 Most Efficient Load 0.11 kWh/m’
- PHR-G1 Maximum Load 0.11 kWh/m?
- PHR-G2 Most Efficient Load 0.14 kWh/m®
- PHR-G2 Maximum Load 0.13 kWh/m’
- PHR-G3 Most Efficient Losad 0.14 k¥Wh/m®
~ PHR~-G3 Meximum Load 0.14 kWh/m’
Energy Poteatial of Spill
- Cochrane Pond Spill 03 GWhfyr
- Petty Harbour Spill 1.1 GWhAyr
Reservoir Storage Factors
- Bay Bulls Big Pond 250 days
- Cochrane Pond 20 days
- Petty Harbour Forebay _ 9 days
Forebay Storage Factor 4 days

11.3  Ideal Operation of System

The long term encrgy production at Petty Harbour as estimated by the simulation
model developed for the Water Management is 19.9 GWh/yr. This compares with
recorded energy generation for the same reference period (1984-98) of 16.3 GWhyr.
While these numbers are not directly comparable due to the two runner replacements
in 1985/86, several prolonged outages over this period, and the steady increase in
consumptive withdrawals from Bay Bulls Big Pond by the Regional Water System,
the difference does provide some indication of the potential for improving actual
generation at this system under the current plant operating guidelines. Further
indicators of this difference are provided by the comparisons conducted for the Water
Management Study for two sample years. This comparison indicated an average
difference between recorded and simulated generation (after adjustments for storage)
of approximately 20 percent for this system, The comparison would therefore
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indicate that there is substantial opportunity to improve the operation of this system
by more closely following the ideal demonstrated by the simulation model.

Forthe entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated ideal operation and
actual generation at the Petty Harbour system.

11.3.1  Plant Operating Guidelines

The simulation model used to estimate the energy generation of the Petty
Harbour system assumes that the operations staff has interpreted the existing
operating guidelines as described in the Water Management Study. Plant
operating guidelines provide operators with procedures regarding how to operate
the system based on current inflows. During periods of high inflows, the units
will be operated at maximum load (and less than maximum efficiency) to avoid
spills. This requires some interpretation by the operators regarding what
copstitutes high inflows. The interpretation used in the simulation model
incorporated a rule curve (target level) for the forebay. The rule curve was set
equal to the maximum summer and winter operating clevations listed in the plant
operating guidelines (92.05 m and 91.44 m respectively). If the forebay level
exceeds the rule curve at any particular time of the year, then the units are
operated at maximum load according to the specified dispatch order to bring the
level down to the rule curve. If the forebay level is at or below the rule curve,
then the units are operated at best efficiency according to the dispatch order to
maintain the level at the rule curve,

Obviously, some judgment on the part of the aperators in applying the guidelines
is required. For instance, knowledge of above normal snow accumulations in the
watershed pricr to spring runoff may be employed in deciding when to operate
the units at maximum load even when the water level is not above the rule curve.
However, the rule curve will ordinarily provide useful guidance to system
operating staff.
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The reservoir rule curves, shown in Figure 11.5, are set so that Bay Bulis Big
Pond releases flow only to maintain the units at best efficiency, while Cochrane
Pond releases continually (i.e., gate is open) unless the forebay is spilling and
Cochrane Pond has available storage.

11.3.2 Gate/Reservoir Operation

The Petty Harbour system has relatively little storage capacity. Bay Bulls Big
Pond is the primary storage reservoir. Some additional storage is available at
Cochrane Pond and the forebay. Bay Bulls Big Pond and Cochrane Pond are
equipped with control gates. The gates are relatively easy to access and therefore
the impact of this operating practicality on system generation should not be
significant,

Of potentially greater impact to station generation however, is the maintenance
of minimum storage levels, particularly during the winter months, to ensure plant
availability in the event of local power outages or when called upon by
Newfoundland and Labrador Hydro (NLH). This winter reserve is not taken into
account by the simulation model.

11.3.3  Unit Operation

The simulation mode] operates the Petty Harbour units exclusively at their most
efficient loads, except when high inflows dictate that higher loads are necessary
to avoid exceeding the forebay rule curve. With the available control equipment,
minimal constraints on plant flows, and the available forebay storage, it should
be possible to operate the plant very close to this ideal. An examination of daily
Control Centre Logs for January and February 2000 indicated that the Petty
Harbour units were loaded at various loads between 1.0 and 1.5 MW for PHR-G2
and between 1.9 and 2.6 MW for PHR-G3 during this period. This plant would
therefore not appear to be making efficient use of the available water, although
a more detailed study would also include an examination of unit availability and
system conditions during these months.

The plant operating guidelines state that unit operation should be set to "maintain
constant forebay elevation under normal circumstances”. Cycling units to
efficient load would require some tolerance of within-day fluctuations about an
average forebay level. This would not appear in the simulation results because
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the model uses a daily time step. Depending on the interpretation of this
guideline, it is possible that units could be set at inefficient loads in order to
rigidly adhere to a constant forebay level.

Arnother obstacle to attaining jdeal operation is electrical grid requirements that
may occasionally require that the units operate at loads other then their most
efficient loads. Such requirements would include local power outages or other
infrequent occurrences.

114  Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any encrgy to be gained by changing NP’s current plant operating guidelines. As
discussed in Chapter 2 therc are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

* by avoiding spill; and

* by operating the units at best efficiency more of the time,

The only feasible change to the present operating guidelines that could improve
generation is to change the forebay operating elevations. Operating the forebay at
8 lower elevation is possible, and could increase generation by reducing spill, even
though it would also reduce head. It is not feasible to increase the operating
clevations without changing the clevation of the forebay spillway. Such a physical
modification is examined in Section 11.5.

Spill Avoidance: Lower Forebay Operating Elevation

Due to the lack of reservoir storage coupled with the large inflow area of the forebay,
the forebay level tends to rise quickly during heavy inflows, resulting in spil! and
forcing the units to be loaded above their most efficient settings. Targeting a lower
forebay operating elevation could reduce the amount of spill, although the reduction
in head could be a drawback.

As one alternative, the rule curve was set at 90.89 m year round. This is currently the
minimum winter elevation in the plant operating guidelines (298.2 ft). The average
simulated generation was 20.1 GWh/yr, or 0.2 GWh/yr more than the base case. The
average forebay spill was reduced from 0.27 m’/s to 0.20 m/s.
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As & second alternative, the rule curve was further lowered to 90.30 m, which is
estimated to be the bed elevation of the channel joining First and Second Pond. The
average simulated generation was 20.0 GWh/yr. The average forebay spill was
reduced to 0.15 m¥s, but the saving in spill was not enough to offset the reduced
head. As a variation on this alternative, the units were set to operate at most efficient
load until just before spilling, thereby generating more efficiently with the available
forebay storage. This also reduced the use of the inefficient PHR-G1 unit. The
average simulated generation was 20.2 GWh/yr, or 0.3 GWh/yr more than the base
case. The average forebay spill was 0.17 m?/s.

11.5 Physical Changes to System

The principal options for physical changes to the existing system to improve
generation are to increase head, increase storage, increase gate capacity and increase
unit efficiency. To give an indication of the value of these changes, the following
options were investigated.

* Raise the spill elevation of Petty Harbour Forebay to increase head and storage,
* Increase the discharge capacity of the Cochrane Pond gated outlet.
* Rehabilitate PHR-G1.

Each of these physical changes is discussed below. Table 11.2 summarizes the
results.

Raise Spill Elevation of Forebay

The elevation of the existing spillway crest at Petty Harbour Forebay i3 92.35 m and
the dam crest elevation is 93.82 m. To determine whether any additional energy
could be obtained through extra head, the spill elevation was assumed to be raised
by | m, while maintaining the present summer and winter operating elevations. This
would allow for some additional storage at the forebay during heavy inflows,

The resulting increase in energy generation from this change was 0.5 GWh/yr, from
19.9 GWh/yrto 20.4 GWh/yr. The average forebay spill was reduced from 0.27 m*/s
to 0.18 m?/s,

Assuming that the cost of energy to NP is $0.04/kWh, this would result in a savings
to NP of approximately $20 000/yr. Given an estimated spillway crest length of
40 m, the savings over perhaps 20 years would justify an expenditure of about
$4600/m of crest length. Raising the spill elevation could be achieved by installing
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flashboards or an inflatable crest gate. The practicalities of increasing the spill
elevation would have to be investigated, including any dam safety issues and
restrictions on the levels of First Pond and Second Pond.

Increase Discharge Capacity of Cochrane Pond Gated Outlet

The average annual inflow to Cochrane Pond is estimated to be 0.44 m’/s, but the
average simulated gate discharge in the base case is only 0.36 m'/s, with the
remaining 0.08 m/s being spilled out of the system. The spills are frequent and the
storage is not fully utilized, as shown in Figures 11.4 and 11.5 respectively, even
with the gate normally fully open. To examine the option of increasing the discharge
capacity, it was assumed that the discharge capacity of the gate was doubled,

The resulting average generation was 20.2 GWh/yr, or 0.3 GWh/yr more than the
base case. Cochrane Pond average spill was decreased to 0,02 m’/s, while spill at the
forebay was increased slightly from 0.27 m*/s to 0.30 m¥/s,

Assuming that the cost of energy to NP is $0.04/kWh, this would result in a savings
to NP of approximately $12 000/yr. The savings over perhaps 20 years would justify
an expenditure of about $110 000. The existing outlet is about 1.3 m wide. The
practicalities of increasing the gate capacity would have to be examined, including
whether or not there are any other hydraulic restrictions on the outlet.

Rehabilitate PHR-G1

The PHR-G2 and PHR-G3 units are relatively efficient and equipped with modem
control equipment. Headlosses have been improved by the recent rehabilitation of
a large section of the Petty Harbour penstock. One of the station's main remaining
deficiencies is PHR-G1, the oldest and least efficient of the three units, To
investigate the option of rehabilitating the unit, it was assumed that the estimated unit
efficiency was increased by a factor of 20 percent, which would make it comparable
to the estimated efficiencies of PHR-G2 and PHR-G3. The unit dispatch order was
also revised so that all units would be loaded to best efficiency before any were
loaded to maximum,

The resulting average generation was 20.3 GWh/yr, or 0.4 GWh/yr more than the
base case. Assuming that the cost of energy to NP is $0.04/kWh, this would result
in a savings to NP of approximately $16 000/yr. The savings over perhaps 20 years
would justify a total expenditure of about $150 000.
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Unlike the other two units, PHR-G1 is not automated. When considering options for
rehabilitation, it may be desirable to examine the costs and benefits of installing
modern control equipment for this unit. This should be preceded by efficiency
testing to obtain accurate estimates of unit performance.

Table 11.2
Results of Physical Changes to System
VCana : Averape Annual Energy Change inEnergy
Gy (GWhiyr)

Base Case 19.9 -
Ralse Spill Elevation of Forebay 204 +.5
Increase Discharge Capacity of 202 +0.3
Cochrane Pond Gated Outlet _
Rehabilitate PHR-G 1 203 +0.4

11.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain operating constraints on their systems. Results for the sensitivity cases are
surnmarized in Table 11.3,

The sensitivity cases were as follows.

« Environmental release requirement of 30 percent of mean annual flow.
¢ Increased Regional Water System demand.
* No Regional Water System demand (to obtain cost of demand).

Environmental Release Requirement

The semsitivity of energy generation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 m¥/s,
if wateris available. As a sensitivity, this minimum flow was set to 30 percent of the
mean annual flow into the reservoir, as long as there is water in the reservoir. When
the reservoirs are empty, the natural inflow would be released.
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The 30 percent mean annual flow requirement is equivalent to approximately
0.46 m*/s at Bay Bulls Big Pond and 0.13 m?/s at Cochrane Pond, Using these flows
as the minimum flow release from the gates for the base case simulation mode], there
was no change in system energy.

The flow through the Bay Bulls Big Pond gate satisfied the minimum flow
requirement, but it was necessary to exceed the maximum allowable gate discharge,
as well as go below the 149.80 m minimum allowable level in six of the fifteen years.
For the base case, in which the maximum allowable gate discharge and the minimum
allowable level were enforced, the 30 percent mean annual flow requirement was not
met for 36 percent of the time. However there was little change in the average
discharge between the two runs.

There was no change in the Cochrane Pond gate discharge because the gate was
already releasing as much as physically possible. The 30 percent mean annual flow
requirement was not satisfied for 10 percent of the time.

If NP were required to hold a supply of water in the reservoirs to ensure that the
30 percent requirement was always met, without violating the minimum allowable
water level of Bay Bulls Big Pond, there would likely be a reduction in ensrgy.

Increased Regional Water System Demand

The sensitivity to an increase in municipal water supply demand was investigated.
For the base case, the average present dey (2000) municipal consumption was taken
as 60 000 m*/d. The sensitivity run assumed an ultimate future (2059) demand of
86 000 m*/d. The resulting average annual energy was 18.6 GWh/yr, or 1.3 GWh/yr
less than the base case,

No Regional Water System Demand

To provide NP with an indication of the energy cost of sharing Bay Bulls Big Pond
with the Regional Water System, a sensitivity run was carried out assuming there
were no water supply withdrawals and no associated restrictions on the level or
discharge of Bay Bulls Big Pond., The resulting average annual energy was
23.2 GWh/yr, or 3.3 GWh/yr more than the base case.
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Table 11.3

Energy Results for Sensitivity Simulations at Petty Harbour
System

Cass Average Annual Change In Forsbay Spill

Enorgy Energy ‘ {m¥%a}
(GWhiyr} (GWhiyn)

Base Case 19._9 - 027

Environmental Releases 19.9 0.0 029

Increased Regional Water 18.6 -13 0.27

System Demand

No Regional Water System 232 +33 0.26

Demand

11.7  Conclusions and Recommendations
The conclusions and recommendations arising from the analysis are as follows.
1. Improvements to Better Match Simulated Ideal Operation

Unit Operation: NP should investigate the reasons for past inefficient operation
of the units, and ensure that the units are operated at efficient load settings as
much as possible.

2. Changes to Operating Guidelines

Clarification of Guidelines: NP should clarify the guidelines for the operators,
in particular providing guidance on when to increase load from best efficiency
to maximum. The guidelines should also be clarified to provide for allowable
forebay level fluctuations when cycling units at efficient load.

Unit Dispatch Order: The present guidelines suggest a unit dispatch order that
isinconsistent with the energy conversion factors as calculated from the available
information. NP should carry out efficiency testing on all three units, operating
separately and together, to determine the accuracy of the estimated energy
conversion factors and to determine if the dispatch order should be changed.
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Forebay Operating Level: The enalysis suggests that operating at a lower
forebay level could increase generation by reducing spill, despite the reduction
in head. This alternative should be investigated further to determine an optimal
forebay target level, contingent on obtaining accurate estimates of available net
head and unit efficiency.

3. Physical Changes

Forebay Spill Elevation: The analysis showed that raising the spill elevation of
the Petty Harbour Forebay may increase generation by increasing head and
reducing spill. NP should investigate the costs and benefits of alternative
flashboard/crest gate arrangements, taking into account dam safety requirements
and any other constraints on the forebay elevation.

Cochrane Pond Gated Outlet: The analysis shows that the Cochrane Pond
gated outlet may be undersized, resulting in spill out of the system and less than
ideal storage utilization. NP should investigate possible modifications to the

outlet to increase its discharge capacity.

PHR-G1 Unit: This unit is the oldest and least efficient of the three units, and
the only one not equipped with automated control equipment. NP should
investigate the costs and benefits of rehabilitating PHR-G1 to modern standards,

4. Sensitivities

Environmental Releases: Providing a minimum flow relesse of 30 percent of
mean annual flow downstream of the outlet gates at Bay Bulls Big Pond and
Cochrane Pond docs not affect energy generation, as there is little change in the
average flow already being released to supply the units, The requirement,
however, assumes that Cochrane Pond releases only the naturel inflow when the
water level is low, and that Bay Bulls Big Pond satisfies the requirement without
regard to the minimum allowable water level and maximum allowable gate
discharge restrictions. If the requirement were to guarantee 30 percent at
Cochrane Pond and not violate the operating restrictions at Bay Bulls Big Pond,
a reserve would have to be maintained similar to the winter reserve,

Increased Regional Water System Demend: Assuming a future ultimate
average demand of 86 000 m’/d, up from the present 60 000 m*/d, the decrease
in average generation at Petty Harbour would be 1.3 GWh/yr.
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Costof Regional Water System Demand: The estimated energy cost of sharing
the water resource of Bay Bulls Big Pond with the Regional Water System is
3.3 GWhiyr.
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12 New Chelsea/Pitmans Hydroelectric System

New Chelsca/Pitrnans Hydroelectric System was assessed to determine whether there
is potential for increasing energy generation, following the methodology in
Chapter 2, by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

’ making physical changes to the system,

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the New Chelsea/Pitmans system, present
representative operating measures (e.g., flow utilization factor and energy potential
of spill) and provide the results of the analysis used to assess the effect of operational
and physical changes on energy generation. The last section provides conclusions
and recommendations.

The simulation model which was set up for the New Chelsea/Pitmans system in the
Water Management Study, conducted by Acres forall NP hydroelectric systems, was
used to assess the effect of operational and physical changes on energy generation.
The long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the New Chelsea/Pitmans system is referred
to in this section as the base case system generation, Other estimates of encrgy
generation resulting from operational or physical changes to the system are compared
to this value.

121  System Description

The New Chelsea/Pitmans system is located on the east side of Trinity Bay, near the
community of New Chelsea. Pitmans and New Chelsea powerhouses are in series
and have nameplate installed capacities of 0.6 MW and 3.7 MW, respectively. The
rated net heads are 21.3 m and 83.8 m, respectively. New Chelsea Generating
Station was commissioned in 1956. The powerhouse is located near sea level and
has one generating unit supplied by a penstock from Seal Cove Pond. Pjtmans
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Generating Station was commissioned in 1959 and is located upstream from New
Chelsea. The plant has one unit supplied by a penstock from Pitmans Pond.

The New Chelsea/Pitmans system encompasses the drainage basins of Pitmans Pond
and Seal Cove Pond. The drainage area of Pitmans Pond is 66 km?, The drainage
area of Seal Cove Pond downstream of Pitmans Pond is 8 km?. Prior to the fal] of
1997, a second outlet from Pitmans Pond was diverting flow from the equivalent of
approximately 6 km? drainage area, A small dam was constructed in 1997 to prevent
this leakage. A schematic of the New Chelsea/Pitmans system is presented in
Figure 12.1.

The structures in the system are as follows

. Pitmans Pond overflow spillway; and
. Seal Cove Pond overflow spillway.

Pitmans Pond is the headpond of the Pitmans station and Seal Cove Pond is the
headpond for the New Chelsea station. Each reservoir has a spillway. The spill from
Pitmans Pond flows into Seal Cove Pond. The spill from Seal Cove Pond flows out
of the system.

122 Representative Operating Measures

In asscssing the potential for increased energy generstion at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

Flow Utilization Factor.
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor.
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

N E WD

The definition and use of these measures and plots are described in Chapter 2. The
measures as calculated for the New Chelsea/Pitmans system are provided below.
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They were developed from the data in the base case simulation, Table 12.1 at the end
of this section summarizes the measures for the New Chelsea/Pitmans system.

1. Flow Utilization Factor

The New Chelsea and Pitmans stations each house a single generating unit (NCH-G1
and PIT-G1, respectively). The flow utilization factors for the New Chelsea station
(average inflow to forebay divided by combined flow capacity at most efficient load
and maximum |oad) are 0.52 at most efficient load and 0.46 at maximum load. The
flow utilization factors for the Pitmans station are 0.53 at most efficient load and 0.47
at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage assuming
the units are operating alone) for most efficient load and maximum load for NCH-G 1
are 0.183 kWh/m’ (5.76 GWh/yt/m¥s) and 0.177 kWh/m® (5.58 GWh/yr/mY/s),
respectively. The energy conversion factors for most efficient load and maximum
load for PIT-G1 are 0.038 kWh/m® (1.19 GWh/yr/m’/s) and 0.034 kKWh/m®
(1.07 GWh/yr/mY/s), respectively.

The average energy conversion factor from the base case simulation for NCH-G1 is
0.184 kWh/m’ (5.80 GWh/yr/m’/s). The average energy conversion factor from the
base case simulation for PIT-G1 is 0.039 kWh/m® (1.22 GWh/yr/m®/s). This energy
conversion factor takes into account the average reduction in availability due to
forced outages.

3. Flow Duration Cuarve

The NCH-G1 and PIT-G1 flow duration curves for the turbine flow (power flow) in
the base case simulation are shown in Figure 12.2, The New Chelsea unit operates
at maximum flow around 7 percent of the time, while the Pitmans unit operates at
maximum flow about 11 percent of the time,

4. Energy Potential of Spill

The simulated spill for the base case was approximatety 0.008 m’/s on average at the
Seal Cove Pond Forebay overflow spillway. Using the simulated energy conversion
factor for NCH-G1 at maximum load presented previously in this section, the spill
would produce mpproximately 0.045 GWh/yr, if entirely saved and used for
generation. The simulated spill for the base case was approximately 0.005 m*/s on
average at Pitmans Pond overflow spillway. Using the energy conversion factor for
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PIT-G1 at maximum load, this spill would produce approximately 0,005 GWh/yr, if
entirely used for generation.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 12.3 for the Pitmans Pond and Seal Cove Pond Forebay overflow
spillways,

5. Reservoir Storage Factor

Storage is provided by structures located at the outlets of Pitmans Pond and Seal
Cove Pond Forebay which act as the headponds for the Pitmans and New Chelsea
stations, respectively. The reservoir storage factors were calculated to be
approximately 184 days for Pitmans Pond and 2.75 days for Seal Cove Pond
Forcbay. These factors represent the average number of days to fill the reservoirs
with average inflow and without any outflow.

6. Reservoir Utilization Plot

The plot of simulated Pitmans Pond and Seal Cove Pond Forebay reservoir levels for
the base case simulation is provided in Figure 12.4. The plot illustrates the reservoir
utilization corresponding to ideal operation, which generally makes full use of the
available storage range. For the New Chelsea/Pittnans system the use of reservoir
storage is not limited by other physical or operational constraints, although both
reservoirs also serve as forebays and therefore the maintenance of higher water levels
increases the head on the generating units.

7. Forebay Storage Factor

The forebay storage factor (time required to draw forebay down assuming no inflow
with units operating at maximum load) is 87 days at Pitmans and 1.3 days at New
Chelsea.

8. Gate Operation

There are no control gates located in the New Chelsea/Pitmans system as discharges
from both storage reservoirs are determined by turbine flows at the generating
stations.
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Table 12.1
New Chelsea/Pitmans System Representative Operating
Measures

Now pholmam-sﬁtem Repiwsenuﬂva Oper;iﬁng Meuuns :

Flow Utilization Factors

- Pitmans Most Efficient Load 0.53

- Pitmans Maximum Load 0.47

- New Chelsea Most Efficient Load 0.52

- New Chelsea Maximum Load 0.46
Station Factors

- PIT-G1 Maost Efficient Load 0.038 kWh/m’

= PIT-G1 Maximum Load 0.034 kWh/m®

- NCH-G1 Most Efficient Load 0.183 kWh/m’

- NCH-G1 Maximum Load 0.177 kWh/m?
Energy Potential of Spill 0.05 GWh/yr
Reservoir Storage Factors

= Pitmeans Pond 184 days

= Seal Cove Pond Forebay 2.8 days
Pitmans Forebay Storage Factor | 87 days
New Chelsea Forebay Storage Factor 1.3 days

12.3 Ideal Operation of System

The long term energy production at New Chelsea/Pitmans as estimated by the
simulation model developed for the Water Management Study is 18.5 GWh/yr. This
compares with recorded energy generation for the same reference period (1984-98)
of 17.1 GWh/yr. While these numbers are not directly comparable due to the
construction of a diversion in the watershed in 1997, the difference does provide
some indication of the potential for improving actual generation at this syster under
the current plant operating guidelines. Further indicators of this difference are
provided by the comparisons conducted for the Water Management Study for two
sample years. This comparison indicated a negligible difference between recorded
and simulated generation (after adjustments for storage). The comparison would
therefore suggest that there is very little opportunity to improve the operation of this
system by more closely following the ideal demonstrated by the simulation model,
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Forthe entire NP hydroelectric system, the value used for the adjustment for practical
operations was 7 percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce eny difference between the simulated ideal operation and
actual operation at the New Chelsea/Pitmans System,

123.1 Plant Operating Guidelines

The simulation model used to estimate the energy generation of the New
Chelsea/Pitmans system assumes that the operations staff has interpreted the
existing operating guidelines as described in the Water Management Study.
Plant operating guidelines provide operators with procedures regarding how to
operate the system based on current inflows. During periods of high inflows, the
plants will be operated at maximum load (and less than maximum efficiency) to
avoid spills. This requires some interpretation by the operators regarding what
constitutes high inflows, The interpretation used in the simulation model
incorporated a rule curve for each reservoir in the system. Ifthe reservoir levels
exceed the rule curve at any particular time of the year, then the umits are
operated at maximum load to bring the level down to the rule curve. If the
reservoir levels are below the rule curve, then the units are operated at best
efficiency.

Obviously, some judgment an the part of the operators in applying this guideline
isrequired. For instance, knowledge of above normal snow accumulations in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when water levels have not reached the rule curve,
However, the rule curve will ordinarily provide useful guidance to system
operating staff. The rule curves used in the simulation model are illustrated in
Figure 12.4 and are provided in the echo of the detailed simulation model input
in Volume 2 of the Water Management Study,

12.3.2 Gate/Reservolr Operation

The New Chelsea/Pitmans system has significant storege capacity (storage ratio
of 127 days). Discharges from the system’s main storage reservoir at Pitmans
Pond are determined by the turbine flow at Pitmans station, which can be
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remotely adjusted. However, remote water level indication is not available for
this storage reservoir and several days may clapse between water level
measurements by operating staff. Despite this operating practicality, the size of
Pitmans Pond relative to its watershed ensures that water levels in this reservoir
do not change rapidly and it is unlikely that this would cause actual generation
at this system to differ from the simulated estimate.

NP must maintain certain minimum storage levels, particularly during the winter
months, to ensure plant availability in the event of local power outages or when
called upon by Newfoundland and Labrador Hydro. This winter reserve is not
taken into account by the simulation model. Again, due to the storage capacity
available at Pitmans Pond, the actual system production is not overly sensitive
to this type of reservoir operating constraints unless they severely restrictive.

12.3.3 Unit Operation

The simulation model operates the New Chelsea and Pitmans units exclusively
at their most efficient loads, except when high inflows dictate that higher loads
are necessary to avoid exceeding the reservoir rule curves. With the available
control equipment, minimal constraints on plant flows, and the available forebay
storage, it should be possible to operate these plants very close to this ideal. An
examination of daily Control Centre Logs for several months (December 1998,
April and August 1999, and January-February 2000) confirmed that the New
Chelsea and Pitmans units are loaded at best efficiency a high percentage of the
time. The majn obstacles to attaining ideal operation are electrical grid
requirements which may occasionally require that the units operate at loads other
than their most efficient loads. Such requirements would include local power
outages or other infrequent occurrences.

124  Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP's current plant operating guidelines. As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are
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* increasing head, by opersting the forebay to get more head or reducing
headlosses;

* by avoiding spill; and

* by operating the units at best efficiency more of the time.

Each of these is discussed below for the New Chelsea/Pitmans system. Increasing
the head at Pitmans Pond by raising the dam was considered as a potential physical
chaoge (Section 12.5).

The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2. The case described for the base case
is an intermediate case, since it uses a NP rule curve varying between the low supply
and full supply levels of the reservoirs.

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.

At New Chelsea, the potential for savings in spill compared to the base case is low.
The maximum possible reduction in spill would be the equivalent of 0.05 GWh/yr,
as shown in Table 12.1. Spill is rare at Seal Cove Pond Forcbay due to the
substantial storage available in the system at Pitmans Pond. Therefore, there is little
generation benefit possible by reductions in spill flows,

To assess the potential for edditional energy generation in the system using spill
avoidance, the simulation model was run assuming the units were always operated
at maximum load when water was available. The average annual spill from Seal
Cove Pond Forebay was reduced by only 0.008 m*/s, from an average of 0.008 m/s
to zero. The spill at Pitmans Pond Forebay was also reduced to zero from 0,005 m*/s
in the base case. This represents a total increase of approximately 0.05 GWh/yr.
This small amount does not compensate for the average annual decrease of 0.8 GWh
in energy production due to operating the PIT and NCH units at lower efficiencies.

Best Efficiency Operation, Limiting Case: Reservoirs High

The limiting case for maximizing the amount of time the units are operating at best
efficiency is to run the units at best efficiency, until the storage reservoirs are just
about to spill.
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The result of a simulation using this rule was an average annual production of
18.4 GWh/yr, with a spill of 0.26 m*/s at Seal Cove Pond and 0.021 m*/s at Pitmans
Pond. This production is slightly lower than the base case production (by
0.1 GWh/yr). This suggests that the rule curve used for the base case simulation is
near optimum for the New Chelsea/Pitmans system. There could be minor
adjustments made to the rule curve that could increase production monthly, but the

increase would be expected to be marginel,
12.5  Physical Changes to System

Two principal options for physical changes to the existing system to improve energy
generation were considered: increasing head and storage, and increasing unit
efficiency. To give an indication of the value of these changes, the following options
were investigated.

* Increase dam height at Pitmans Pond to increase storage and head.
* Replace runners at Pitmans or New Chelsea plants with more modern designs.

Each of these physical changes to the system is discussed below. Table 12.2
summarizes the results.

Increase Storage and head at Pitmans Pond

To determine the effect of an increase in storage and head on energy production, the
dams and structures at Pitmans Pond were assumed to be raised to allow increases
in full supply level of one and two meters. The effect is to reduce system spill and
increase head on the Pitmans unit. The resulting increases in encrgy generation were
0.2 GWh/yr for the one meter rise, and 0.3 GWh/yr for the two meter rise.

Assuming that the cost of energy to NP is $0.04/kWh this would resultin a savings
to NP of approximately $12 000/yr for the one meter increase in dam height and
$18 000/yr for the two meter increase in dam height. Given a dam length of
approximately 344 m, the savings over perhaps 20 years would justify an
expenditure of about $320/m of dam length based on a one meter increase. It is
unlikely that this work could be completed for less than this cost, unless it is found
that excess freeboard is present at this structure which would permit raising only the
spillway crest to achieve these energy gains. Alternatively, a seasonal flashboard
arrangement could also be considered which would increase the head on Pitmans unit
and allow a portion of this generation gain to be realized.
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Increase Unit Efficiency

Another method of increasing generation is to improve unit efficiency through runner
or major turbine component replacement. Both of these units were commissioned
in the early 1950s and most of the major components have not been replaced.
Efficiency testing conducted on the New Chelsea unit in 1997 indicated that the
turbine efficiency was acceptable considering the age of the umit, Best efficiency was
estimated to be just over 83 percent and efficiency at maximum load was over
82 percent. A new runner design might be expected to increase these values to about
89 percent and 85 percent, respectively. The resulting increase in simulated
generation from the system due to this change is 1.0 GWh/yr.

The Pitmans unit is of a similar vintage, and a similar unit overhaul could be
considered at this station. Unfortunately, efficiency testing has not been conducted
on this unit, but based on an analysis of SCADA data, the efficiency of this unit was
thought to be substantially lower than that of New Chelsea. The simulation model
used a best efficiency of 71 percent and an efficiency at maximum load of 66 percent.
If this unit were upgraded to 88 percent and 84 percent efficiency, respectively, the
simulation model indicated that an increase in generation of 0,7 GWh/yr would be
realized. NP may want to further pursue the costs of major unit overhauls at New
Chelsea and Pitmans to better assess the economic feasibility of such projects

Table 12.2
Results of Physical Changes to System
Case Average Annusl Energy Change in Ensrgy
(GWhiyr) (GWhiyi)
Base Case 18.5 -
Raise Pitmens Pond by 1 m 18.7 +0.2
Raise Pitmans Pond by 2 m 18.8 +.J3
New Chelsea turbine overhaul 19.5 +1.0
Pitmans turbine overhaul 192 +0.7

12.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done at most systems to provide NP with information on the
cost or value of certain aspects of their systems. The sensitivities considered for this
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study are not applicable to the New Chelsea/Pitmans system. Environmental releases
from storage dams are not necessary due to the fact that the only reservoirs in this
system are also forebays for generating units. For this same reason, it is not
necessary to estimate the value of removing storage or various modes of storage gate
operation.

12.7  Conclusions and Recommendations
The conclusions and recommendations arising from the analysis are as follows.
1. Improvements to Better Match Simulated Ideal Operation

As indicated by the mode] comparisons, the New Chelsea/Pitmans system appears
to be operated in a manner which closely resembles the ideal indicated by the
simulation, The major operating practicalities which reduce generation when
compared with that of the simulation are beyond the control of the system operators.

2. Changes to Operating Guidelines

Clerification of Guidelines: The present guidelines as interpreted for the Water
Management Study come close to maximizing system output if NP can continue to
operate in this manner. NP should clarify the guidelines for the operators, in
particular providing guidance on when to increase load from best efficiency to
maximum.

3. Physical Changes

Increased Storage: Because of the amount of storage available at Pitmans Pond in
relation to the drainage basin, additional storage does not have substantial value in
this system. Increasing the full supply level of Pitnans Pond may be economical
means of increasing the head on Pitmans unit provided excess freeboard is available
at the dam at least for significant portions of the year

Unit Overbauls/Runner Replacements: The analysis showed that there may be
considerable gains in energy by replacing one or both runners in this system and
overhauling the turbines. These units are relatively old and have not been upgraded
since first commissioned.
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13 Seal Cove Hydroelectric System

Seal Cove Hydroelectric System was assessed to determine whether there is potential
for increasing energy generation, following the methodology in Chapter 2, by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Seal Cove system, present representative
operating measures (¢.g., flow utilization factor and energy potential of spill) and
provide the results of the analysis used to assess the effect of operational and physical
changes on energy generation. The last section provides conclusions and
recommendations.

The simulation model which was set up for the Seal Cove system in the Water
Management Study, conducted by Acres for all NP hydroelectric systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating guidelines, as interpreted for the
study. The result of this simulation for the Seal Cove system is referred to in this
section as the base case system generation. Other estimates of energy generation
resulting from operational or physical changes to the system are compared to this
value.

13.1 System Description

The Seal Cove system is located on the southern coast of Conception Bay near the
community of Seal Cove and has one generating station located within the system.

The Seal Cove Generating Station contains two generating units with nameplate
capacities of 1.1 MW and 2.4 MW with a rated net head of 55.5 m. The drainage
area above the intake to the Seal Cove station is approximately 78 km?. The system
was commissioned in 1924 and has a total nameplate capacity of 3.5 MW. Storage
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is provided by structures at Fenelons Pond and Soldiers Pond with White Hill Pond
Forebay acting as the headpond for the Seal Cove station. A schematic ofthe system
is presented in Figure 13.1.

The two main storage reservoirs in the Seal Cove system, Fenelons Pond and
Soldicrs Pond, are in parallel, Spill flow and flow released through the gated outlet
at Fenelons Pond travels to Big Otter Pond and then to Gull Pond East, At Soldiers
Pond, spill flow is out of the system and flow released through the gated outlet
travels to Round Pond and then to Gull Pond East. The flows at Big Otter Pond,
Round Pond and Gull Pond East are not controlled. The combination of flows from
Fenelons Pond, Soldiers Pond and the local inflows to Big Otter Pond, Round Pond
and Gull Pond Eest discharge into White Hill Pond Forebay, Flow into White Hill
Pond Forebay is either stored, spilled out of the system or used for generation.

The structures in the system are as follows

. Fenelons Pond gated outlet;

. Fenelons Pond overflow spillway;

. Soldiers Pond gated outlet;

. Soldiers Pond overflow spillway; and

. White Hill Pond Forebay overflow spillway.

The Soldiers Pond and White Hill Pond Forebay overflow spillways discharge out
of the system, the other spillway discharges within the system.

13.2  Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.

1. Flow Utilization Factor.

2. Energy Conversion Factor.
3. Flow Duration Curve.

4, Energy Potential of Spill.
5. Reservoir Storage Factor.
6. Reservoir Utilization Plot.
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7. Forebay Storage Factor.
8. Gate Operation Plot.

The definition and use of these measures and plots are presented in Chapter 2. The
measures as calculated for the Seal Cove system are provided below. They were
developed from the data in the base case simulation. Table 13.1 at the end of this
section summarizes the measures for the Seal Cove system,

1 Flow Utilization Factor
The Seal Cove station houses two generating units. The flow utilization factors for
the Seal Cove station (average inflow to forebay divided by combined flow capacity
for both units at most efficient load and maximum load) are 0.39 at most efficient
load and 0.35 at maximum load.

2. Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage assuming
the units are operating alone) for most efficient load and maximum load for SCV-G1
are 0.11 kWh/m* (3.61 GWh/yr/m%s) and 0.11 kWh/m® (3.56 GWh/yr/mY/s),
respectively. For SCV-G2 the most efficient load and maximum load station factors
are 0.11 kWhim® (3.61 GWh/yr/m%s) and 0.11 KWh/m® (3.56 GWh/yr/m¥/s),

respectively.

The average energy conversion factors from the base case simulation for SCV-G1
and SCV-G2 are 0.11 kWh/m* (336 GWh/yr/m%s) and 0.11 kWhim?®
(3.54 GWh/yr/m’/s), respectively. These energy conversion factors take into account
the average reduction in availability due to forced outages and the fact that less than
five percent of the time they are operating together resulting in higher headlosses.

Based on the energy conversion factors for the Seal Cove units, the unit dispatch
would not matter es the energy conversion factors are the same for both units at
meximum and most efficient loads. To maximize efficiency the units should be
loaded at most efficient load first and then meximum load second. A recommended
dispatch would be as follows.

Operate SCV-G2 at most efficient load first,
Operate SCV-G1 at most efficient load second.
Operate SCV-G2 at maximum load third,
Operate SCV-G1 at maximum load last.
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The interpretation of the order recommended in NP's plant operating guidelines is
the same as the unit dispatch listed above.

3, Flow Duration Curve

The SCV-G1 and SCV-G2 flow duration curves for the turbine flow (power flow)
in the base case simulation are shown in Figure 13.2. The units operate at maximum
flow less than five percent of the time,

4. Energy Potential of Spill

The simulated spill for the base case was approximately 0.15 m¥s on average at the
White Hill Pond Forebay overflow spillway. Using the average simulated energy
conversion factors for SCV-G1 and SCV-G2 presented previously in this section, the
spill would produce approximately 0.5 GWh/yr, if entirely saved and used for
generstion.

The monthly distribution of this spill over 15 years for the base case simulation is
shown in Figure 13.3 for the Soldiers Pond and White Hill Pond Forebay overflow
spillways. As can be seen in this figure there was no spill at Soldiers Pond in the
base case simulation.

5. Reservoir Storage Factor

Storage is provided by structures located at the outlets of Soldiers Pond and Fenelons
Pond. The White Hill Pond Forebay acts as the headpond for the Seal Cove station.
The rescrvoir storage factors were calculated to be approximately 80 days for
Soldiers Pond, 95 days for Fenclons Pond and half a day (12 hours) for White Hill
Pond Forebay. These factors represent the number of days to fill the reservoirs at
average inflows without any outflow.

6. Reservoir Utilization Plot

The plot of simulated Soldiers Pond and Fenelons Pond reservoir levels for the base
case simulation is provided in Figure 13.4. The plot illustrates the reservoir
utilization corresponding to ideal operation, which generally makes full use of the
available storage range. For the Seal Cove system the use of reservoir storage is not
limited by other physical or operational constraints.

7. Forebay Storage Factor
The forebay storage factor (time required to draw forcbay down assuming no inflow
with units operating at maximum load) is less than half a day (5 hours).
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8. Gate Operation

There are control gates located at the outlet of Soldiers Pond and Fenelons Pond.
Provided in Figure 13.5 is the simulated gate discharge, gate capacity and simulated
reservoir level for an example ycar (1987) for Soldiers Pond and Fenelons Pond.
These plots illustrate the frequency with which the gates are being operated in the
simulation model to maintain most efficient load and to avoid spill by operating at
maximum load.

Table 13.1
Seal Cove System Representative Operating Measures
Seal Cove Repmenhﬁv’a Mﬂm Measuros
Flow Utilization Fectors
- Most Efficient Load 0.39
- Maximum Load 0.35
Station Factors
- SCV-G1 Most Efficient Load 0.11 kWh/m®
- SCV-G1 Maximum Load 0.11 kWh/m!
- SCV-G2 Most Efficient Load 0.11 kWh/m?
- SCV-(G2 Maximum Load 0.11 kWh/m?
Energy Potential of Spill 0.5 GWhiyr
Reservoir Storage Factors
- Soldiers Pond 80 days
~ Fenelons Pond 95 days
- White Hill Pond Forebay % day (15 hours)
Forebay Storage Factor <% day (5 hours)

13.3  ldeal Operation of System

The long term energy production at Seal Cove as estimated by the simulation model
developed for the Water Management Study is 9.93 GWh/yr. This compares with
recorded energy generation for the same reference period (1984-98) of 9.44 GWh/yr.
Further indication of the difference between recorded and simulated generation is
provided by the comparisons conducted for the Water Management Study for two
sample years. These comparisons indicated an average difference between recorded
and simulated generation (after adjustments for storage) of approximately
-0.5 percent for this system. A negative result for the comparison is unusual, but this
result suggests one of two things; that the Seal Cove system is being operated in a
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manner close to the simulated ideal or that there is flexibility in the operation of the
system such that energy generation is not sensitive to operation. In either case, there
would be little opportunity for improvement under the current opereting guidelines.
For the Seal Cove System it is more probable that there is flexibility in operating the
system rather than the system being operated near the ideal as explained further in
the following sections.

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factor is intended to reflect an average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated ideal operation and
actual generation at the Seal Cove System.

13.3.1 Plant Operating Guidelines

The simulation model used to estimate the energy generation of the Seal Cove
system assumes that the operations staff has interpreted the existing operating
guidelines as described in the Water Management Study. Plant operating
guidelines provide operators with procedures regarding how to operate the
system based on current inflows. During periods of high inflows, the plant will
be operated atmaximum load (and less than maximum efficiency) to avoid spills.
Thisrequires some interpretation by the operators regarding what constitutes high
inflows. The interpretation used in the simulation model incorporated a rule
curve for each reservoir in the system. If the reservoir levels exceed the rule
curve at any particular time of the year, then the units are operated at maximum
load to bring the level down to the rule curve. If the reservoir levels are below
the rule curve, then the units are operated at best efficiency.

Obviously, some judgment on the part of the operators in applying this guideline
isrequired. For instance, knowledge of above normal snow accumulations in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when water levels have not reached the rule curve.
However, the rule curve will ordinarily provide useful guidance to system
operating staff. The rule curves used in the simulation model are illustrated in
Figure 13.4 and are provided in the echo of the detailed simulation medel input
in Volume 3 of the Water Management Study.
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13.3.2 Gate/Reservoir Operation

The Seal Cove system has substantial storage capacity that can be effectively
used to smooth any highly seasonal basin inflows. (Reservoir storage ratio of
80 days for Soldiers Pond and 95 days for Fenelons Pond). The gates that
control the reservoirs are difficult to access. The Fenelons Pond gate is
accessible only by way of & rough 2 km long gravel road which is not passable
at some times during the year. The Soldiers Pond outlet is only about 1 km from
a major highway, but the access road to the structure is also impassable at times.
Therefore, operations staff do not adjust these outlet gates frequently or ideally,

Despite the difficulty posed by operating these gates, the impact of this
precticality on system gencration is probably not significant. This is due to the
fact that these reservoirs control only & small fraction of the overall watershed,
and that they would therefore not be effective in regulating nmoff even if the
gates could be adjusted daily. This provides the operator flexibility in operating
the gates at these reservoirs.

In addition to the accessibility issues, NP must maintain certain minimum storage
levels, particularly during the winter months, to ensure plant availability in the
event of local power outages or when called upon by Newfoundland and
Lebrador Hydro. This winter reserve is not taken into account by the simulation
model. As with the gate accessibility issuc however, the system production is not
overly sensitive to other reservoir operating constraints.

13.3.3 Unit Operation

The simulation mode] operates the Seal Cove units exclusively at their most
efficient loads, except when high inflows dictate that higher loads are necessary
to avoid exceeding the reservoir rule curves. With minimal constraints on plant
flows and the available forebay storage, it should be possible to operate the plant
close to this ideal. An examination of daily Control Centre Logs for several
months (December 1998, April 1999, and January-February 2000) however,
seems to indicate that the units are not loaded at best efficiency very often. Plant
loads at Seal Cove during these months ranged from 0.2 MW to 3.5 MW. This
is most likely due to the fact that the controls at this plant are outdated and the
limited extent to which the plant can be remotely operated. In addition, there
may be electrical grid requirements that occasionally require that the units
operate at loads other than their most efficient loads. Such requirements would

Final Report Acres International P13474.00



13-8

include local power outages or other infrequent occurrences. Although there are
operating difficulties due to the outdated controls, the efficiency curve for SCV-
G2 based on the efficiency testing conducted by Acres in August 2000 show that
there is only a difference of approximately six percent in efficiency for wicket
gate openings between 60 and 100 percent. This illustrates that although the
units are operating at lower loads there isn’t much of a difference in efficiency,
explaining why the simulated and record energy are close although the operation
and loading of the units are not ideal.

13.4  Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP’s current plant operating guidelines. As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating the forebay to get more head or reducing
headlosses;

¢ by avoiding spill; and

¢ by operating the units at best efficiency more of the time.

Each of these is discussed below for the Seal Cove system. Increasing the head
through a change in the use of flashboards or installation of inflatable crest gates was
considered as a potential physical change (Section 13.5).

The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2, The case described for the base case
simulation is the high rule curve case and represents the maximum time operating at
best efficiency; therefore, only the spill avoidance case was considered.

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill evoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible,

At Seal Cove, the potential for savings in spill compared to the base case is low. The
maximum possible reduction in spill would be the equivalent of 0.5 GWh/yr, as
shown in Teble 13.1. However, the spill distribution plot (Figure 13.3) shows that
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this would be relatively easy to capture since the spills occur frequently and in small
amounts,

To assess the potential for additional energy generation in the system using spill
avoidance, the simulation model was run assuming the units were always operated
at maximum load when water was available, The average annual spill and energy
generation from Seal Cove remained the same. This indicates that there is no
difference to energy generation through the operation of the units or the rule curve
for the reservoirs.

13.5  Physical Changes to System

The two principal options for physical changes to the existing system to improve
energy generation are to increase head and to increase storage. Increasing storage at
the two main storage reservoirs was not considered as there is relatively no spill from
these reservoirs representing no potential for increased energy generation through
capturing spill. Increasing the dam height to increase storage and capture spill was
investigated for the White Hill Pond Forebay only. To give an indication of the
value of these changes, the following options were investigated.

* Change pattem of flashboards installation/removal at White Hill Pond Forebay
to increase head,

* Increase dam height at White Hill Pond Forebay to increase storage.

» Reduce headlosses.

» Increase net head,

» Combination of reducing headlosses and increasing net head.

* New reservoir and control gate at Gull Pond East,

Each of these physical changes to the system is discussed below. Table 13.2
summarizes the results,

Change Pattern of Flashboards at White Hill Pond Forebay

It was interpreted from the existing plant operating guidelines that the forebay level
is drawn down in the spring 1o allow for storage of spring runoff. To determine
whether any additional energy could be obtained through extra head, it was assumed
that flashboards were in place year round, but still drawing the forebay down in the
spring, This would allow for some storage of inflows at the forcbay during the
spring runoff. The resulting increase in energy generation from this change was
0.14 GWh/yr, from 9.93 GWh/yr to 10.07 GWh/yr.
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Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $5 600/yr with a relatively small cost for fabrication of
flashboards, but leaving the flashboards in year round may lead to dam safety
concerns. If it did become a dam safety concern that the flashboards must be
removed, then inflatable crest gates (a rubber dam) on the spillway section may be
considered.

Increase Storage at White Hill Pond Forebay

To determine the effect of an increase in storage on energy production, the dams and
structures at White Hill Pond Forcbay were assumed to be raised to allow increases
in full supply level of half a meter and one meter. The effect is to reduce system
spill. The resulting increases in energy generation were 0.08 GWh/yr for the half
meter rise and 0.16 GWh/yr for the one meter rise.

Assuming that the cost of energy to NP is $0,04/kWh this would result in a savings
to NP of approximately $3 200/yr for the half meter increase in dam height and
$6 400/yr for the one meter increase in dam height. Given a dam length of
approximately 420 m, the savings over perhaps 20 years would justify an expenditure
of about $140/m of dam length based on a one meter increase. The practicalities of
increasing the dam at White Hill Pond Forebay would have to be investigated. A
detailed analysis into the cost would have to be conducted, but based on the above
expenditure it may not be cost effective.

Reduce Headlosses

Another method of increasing head is to reduce headlosses. The existing woodstave
penstock is reaching the end of its useful life and NP is currently investigating
replacing this penstock. For the purposes of examining the value of a reduction in
headlosses through penstock replacement it was assumed that the woodstave
penstock would be replaced with a steel penstock of equal diameter (seven feet) and
one with a larger diameter (eight feet). The effect on headlosses a steel penstock
would have as apposed to a woodstave penstock would be in reducing the headloss
due to lower friction Josses. A large diameter penstock would reduce the headlosses
further st higher flows (both units operating at the same time). The resulting energy
generation was 10.24 GWh/yr or a net increase in average amnual energy of
0.31 GWh/yr for the seven foot diameter penstock and 10.35 GWh/yr or a net
increase in average ennual energy of 0.42 GWh/yr for the eight foot diameter
penstock.
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Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $12 400/yr for the seven foot steel penstock and $16 800/yr
for the eight foot diameter penstock. This represents the gain in energy production
and savings to NP by replacing a woodstave penstock at Seal Cove with steel. At the
point it becomes apparent to NP that the penstock has to be replaced detailed cost
estimates for both woodstave and steel penstocks should be compared along with the
savings to determine the cost effectiveness of going to steel and possibly a larger
diameter penstock, Detailed efficiency testing on SCV-G1 operating alone and with
SCV-G2 would allow for accurate measures of current headloss to allow for a more
accurate estimation of increased energy production.

Increase Net Head

Currently there are no draft tubes at the exit of the units in the Seal Cove station. At
some point in time these were either removed or have fallen off, By installing new
ones it will effectively increase the net head of the station, therefore, increasing
energy production. The resulting energy generation assuming draft tubes in the
station was 1044 GWh/yr or a net increase in average annual energy of
0.51 GWh/yr.

Assuming that the cost of energy to NP is $0,04/kWh this would result in a savings
to NP of approximately $20 400/yr. NP should look into the cost effectiveness of
fabrication and installation of new draft tubes based on these approximate savings,

Combination of Reducing Headlosses and Increasing Net Head

The combination effect of installing flashboards at White Hill Pond Forebay and
draft tubes at Seal Cove Station, and replacing the seven foot diameter woodstave
penstock with an eight foot diameter stee] penstock to increase net head on the
encrgy production was investigated The resulting energy generation was
10.73 GWh/yr or a net increase in average annual energy of 0.80 GWh/yr.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $32 000/yr.

New Reservoir and Control Gate at Gull Pond East

To determine the effect additional storage in the system would have to energy
gencration by regulating more of the basin runoff, a reservoir and control gate at Gull
Pond East were added to the system. Reservoir and discharge characteristics were
based on the previous structure that was located at Gull Pond East. The resulting
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energy generation was 10.33 GWh/yr or a net increase in average annual energy of
0.40 GWh/yr.!

Assuming that the cost of energy to NP is 0.04 kWh this would result in a savings to
NP of approximetely $16 000/yr or a net present value of $146 000 for 20 years at
nine percent. NP should look into the cost effectivencss of building a new dam at
Gull Pond East based on this approximate savings. It may be the case that when
Fenelons Pond is due for rehsbilitation it may be worth investing the capital cost into
building a new darn at Gull Pond East and decommissioning the Fenelons dam, This
could allow for more regulation of the basin inflows and easier access to the control
structure for operation.

Table 13.2
Results of Physical Changes to System

Caso Average Aﬁhual Energy Change In Energy
(GWhiyn) {GWhiyr)

Base Case 9.93 -

Flashboard at Forebay 10.07 +0.14
Increase Storage at Forebay by0.5m 10.01 +0.08
Increase Storage at Forebay by 1.0 m 10.09 +0.16
Seven Foot Diameter Steel Penstock 10.24 +0.31
Eight Foot Diameter Stee] Penstock 10.35 +0.42
Install Draft Tubes 10.44 +0.51
Stee] Penstock/Draft Tube/Flashboards 10.73 +0.80
Reservoir Gull Pond East 10.33 +0.40

13.6 Sensitivities

In addition to the investigation of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain aspects of their systems. In addition to some standard sensitivities, the cases
chosen for Seal Cove were selected with a view to providing NP with some values
related to its specific situation. Results for all sensitivity cases are provided in
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Table 13.3. Along with the average energy generation, average annual forebay spill
for each case is presented.

The sensitivity cases were as follows,

* Environmental release requirement of 30 percent of mean annual flow.
* No storage in system (to obtain value of storage); remove dams and gates.
* Changes to Soldiers Pond and Fenelons pond gate operation.

Environmentsl Release Requirement

The sensitivity of energy generation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 m’/s,
if water is available, Asa sensitivity, this minimum flow was setto 30 percent of the
mean annual flow into the reservoir, as long as there is water in the reservoir. When
the reservoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approximately
0.15 m*/s at Soldiers Pond and 0,23 m®/s at Fenelons Pond. This amount is always
released in all simulations unless there is no water in storage, in which case the
natural inflows are released. Using these flows as the minimum flow release from
the gates for the base case simulation model, there was a decrease in average energy
of 0.02 GWh/yr, from 9.93 GWh/yr to 9.91 GWh/yr. Assuming that the cost of
energy to NP is $0.04/kWh this would result in a loss in revenue to NP of
approximately $800/yr, if NP where required to release 30 percent of the mean
annual flow,

If NP were required to hold a supply of water in the reservoirs to ensure that the
30 percent requircment were always met, there would likely be a larger reduction in

energy.

No Storage in System

To provide NP with an indication of the value of the storage in the system, all storage
in the system was assumed to be removed. The resulting average annual energy
generation from this sensitivity was 8.57 GWh/yr, a net decrease of 1,36 GWh/yr.
Assuming that the cost of energy to NP is $0.04/kWh this would result in a loss in
revenue to NP of approximately $54 400/yr, if NP where to remove all storage from
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the system. This represents the value of maintaining the structures at Soldiers Pond
and Fenelons Pond.

Changes to Soldiers Pond and Fenelons Pond Gate Operation

The difficult access to the Soldiers Pond and Fenelons Pond outlet structures make
it obvious candidates for eutomation, if it were cost effective. The simulation for the
base case assumed that the gates could be operated daily, and the gate operation plot
in Figure 13.5 showed that it was usually open to full capacity, except for in the
spring. This means that there may not be a large benefit in automation of the gates,
but it may be best to look into other means of operation. The base case could be
congidered the full automation case. To investigate the value of gutomation, or of
some alternative procedure, three cases were considered. A variety of other cases are
possible, but these three give an indication of the range of savings that can be
achieved. The three cases are

— Leave gate full open: leave the gate open all the time, using whatever natural
regulation remains;

— Seasona] operation: adjusting the gate a couple of times a year; and

= Leave gate partially open: restrict the opening to improve the natural
regulation, leaving the gate in a partly open position all year round.

The effects of these three procedures are described below.

Leave Gate Full Open: Because of the difficulty of adjusting Soldiers Pond and
Fenelons Pond outlet gates, one option is to simply leave the gate open, The
structure itself will provide some natural regulation. The difference in the estimate
of energy generation in this case and the base case indicates the value of having a
gate that can be operated daily. The resulting energy generation from this sensitivity
was 9.38 GWh/yr, or a net decrease in energy of 0.55 GWh/yr. This decrease is due
to extra spill at the forebay and additional operation at maximum load. Assuming
that the cost of energy to NP is $0.04/kWh this would result in a loss in revenue to
NP of approximately $22 000/yr.

If the gates could be automated for perhaps $100,000 to $150,000, automation would
be justified by the energy savings.

However, it may be possible to obtain some or all of the energy gains more cost-
effectively, as considered in the two other options.
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Seasonal Operation: In this case, the gates were assumed to be operated twice a
year, closed to one quarter full open in April and opened fully in June. The resulting
energy generation from this sensitivity was 9.64 GWh/yr or e net decrease in energy
of 0.29 GWh/yr. Adjusting the opening and closing dates to take account of
conditions in a particular year would likely improve this result.

Leave Gate Partislly Open: The gate curve from Section 13.2 indicated that the
gate is usually full open for all the year, except for during the spring. During the
spring the gates are usually opened to release about 2-3 m¥/s. Asa sensitivity, the
gates were assumed to be open one quarter full capacity all year round to release
approximately those flows. The resulting energy generation from this sensitivity was
9.68 GWh/yr or a net decrease in energy of 0.25 GWh/yr. As the table below shows
this would be the best of the three alternatives considered here for gate operation at
Soldiers Pond and Fenelons Pond. With the exception of possibly fabricating
stoplogs there should be no cost to this option. Other gates settings could be
investigated to optimize the size of the gate opening that provides the smallest
decrease in energy generation from the base case.

Table 13.3
Energy Results for Sensitivity Simulations at Seal Cove
System

Case ' i AwmgcA;‘mual Changein | Férobhy sSpt
Energy Energy {mYs)
{GWhvwye) {GWhiyr)
Base Case 9.93 - 0.15
Environmental Releases 9.91 - 0,02 0.16
Velue of Storage 8.57 - 1.36 3.19
Soldiers and Fenelons Pond
Gate Operation
- Leave Gate Ful] Open 9.38 =055 032
- Seasonal Operation 5.64 -029 025
- Leave Gate Partially 9.68 -0.25 024
Open
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13.7  Conclusions and Recommendations
The conclusions and recommendations arising from the analysis are as follows,

1. Improvements to Better Match Simulated Ideal Operation

Gate/Unit operation: The analysis shows that controlling the release of water
from storage and operation of the units does not effect the energy output of the
Seal Cove system substantially. The storage reservoirs regulate only a small
portion of the total basin inflow, therefore, allowing for flexibility in operation
of the control gates. The efficiency curve for SCV-G2 prepared by Acres during
efficiency testing conducted in August 2000 illustrates that the curve is flat
between 60 percent and 100 percent wicket gate opening with a difference in
efficiency of approximately six percent. This small difference in efficiency
allows for flexibility in unit loadings due to problems with outdated controls.
Automation of the gates would provide the best control, but simpler approaches
would be more cost effective and provide close to the energy produced using
ideal operation.

. Changes to Operating Guidelines

Clarification of Guidelines: The present guidelines as interpreted for the Water
Management Study come close to maximizing system output if NP can operate
in this manner. NP should clarify the guidelines for the operators, in particular
providing guidance on when to increase load from best efficiency to maximum.

Unit Dispatch Order: NP should carry out efficiency testing on SCV-Gl,
operating separately and together with SCV-G2, to determine the preferred
dispatch order.

. Physical Changes

Forebay Flashboards: Installing flashboards and keeping in all year round while
drawing the forebay down in the spring increases energy output by increasing
head and reducing spill. If flashboards must be removed in the spring for dam
safety reasons, then an inflatable crest gate (rubber dam) on the spillway section
may be considered. The spillway section is short, and it may be possible not only
to keep the head up during periods of high runoff risk, but also to raise the full
supply level in lower risk periods. NP should investigate the costs and benefits
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of alternative flashboard/crest gate arrangements, taking into account dam safety
requirements.

Increased Storage: Because of the fact that a small amount of runoff is
controlled from the two main storage reservoirs and there is relatively no spill for
the simulation period, the dam height was increased at the forebay by helf a
meter and one meter. The effect of increasing storage at White Hill Pond
Forebay results in an increase in energy generation of 0.08 GWh/yr for a half
meter rise, and 0.16 GWh/yr for a one meter rise. NP should look into the costs
for this increase in dam height to determine the economical feasibility.

Reduce Headlosses: Another method of increasing head is to reduce headlosses
through replacing the existing woodstave penstock with a steel penstock of equal
diameter or one with a larger diameter (eight feet). The resulting energy
generation was 10.24 GWh/yr or a net increase in average annual energy of
0.31 GWh/yr for the seven foot diameter penstock and 10.35 GWh/yr or a net
increase in average annual energy of 0.42 GWh/yr for the eight foot diameter
penstock. Headlosses would have to confirmed by detailed efficiency testing of
SCV-G1 operating separately and with SCV-G2.

Increase Net Head: Currently there are no draft tubes at the exit of the units for
Seal Cove. At some point in time these were either removed or have fallen off,
By installing new ones it will effectively increase the net head of the station,
therefore, increasing energy production. The resulting energy generation was
10.44 GWh/yr or a net increase in average annual energy of 0.51 GWh/yr.

Combination of Reducing Headlosses and Increasing Net Head: The
combination effect of installing flashboards at White Hill Pond Forebay and draft
tubes at Seal Cove Station, and replacing the seven foot diameter woodstave
penstock with an eight foot diameter steel penstock to increase net head on the
station on the energy production was investigated. The resulting energy
generation was 10,73 GWh/yT or a net increase in average annual energy of

0.80 GWhiyr.

New Reservoir and Control Gate at Gull Pond East: Constructing a new
reservoir and control gate at Gull Pond East would result in an increase in energy
production of 0.40 GWh/yr,
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4. Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of
mean annual flow downstream of the outlet gates at Soldiers Pond and Fenelons
Pond does not affect energy generation, because this amount is already being
released to supply the units. The requirement, however, assumes that when the
reservoirs are low, the release is equal to the natural inflow. If the requirement
were to guarantee 30 percent, a reserve would have to be maintained similar to
the winter reserve.

Value of Storage: The value of the storage at Soldiers Pond and Fenelons Pond
is 1.36 GWh/yr. NP may use this value in considering the costs of meintaining
these structures,

Changes to Soldiers Pond end Fenelons Pond Outiet Gate
Control/Operation: The value of operating the gates at Soldiers Pond and
Fenelons Pond on a daily basis is 0.55 GWh/yr. Ifthe gate can be automated for
perhaps $100 000 to $150 000, automation would be justified by the energy
savings. However, it may be possible to obtain some or all of the energy gains
more cost-effectively, considering changing the gate setting a couple of times a
year or restricting the gate opening.
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14 Topsail Hydroelectric System

Topsail Hydroelectric System was assessed to determine whether there is potential
for increasing energy generation, following the methodology in Chapter 2, by

. improving current practice to better follow existing plant operating
guidelines;

. revising existing plant operating guidelines; and

. making physical changes to the system.

In addition, the sensitivity of energy generation to operating changes and constraints
was investigated.

The following sections describe the Topsail system, present representative operating
measures (e.g., flow utilization factor and energy potential of spill) and provide the

results of the analysis used to assess the effect of operational and physical changes
on encrgy generation. The last section provides conclusions and recommendations,

The simulation model which was set up for the Topsail system in the Water
Management Study, conducted by Acres for all NP hydroelectric systems, was used
to assess the effect of operational and physical changes on energy generation. The
long term production estimated in the Water Management Study assumed ideal
operating practices using current NP plant operating puidelines, as interpreted for the
study. The result of this simulation for the Topsail system is referred to in this
section as the base case system generation. Other estimates of €nergy generation
resulting from operational or physical changes to the system are compared to this
value,

14.1 System Description

The Topsail system is located on the south cast coast of Conception Bay near the
community of Topsail and has one generating station located within the system.,

The Topsail Generating Station contains one genersting unit with a nameplate
capacity of 2.6 MW and a rated net head of 85.5 m. The drainage area above the
intake to the Topsail station is approximately 61 kmn?. The station was commissioned
in 1932, Storage is provided by structures at Thomas Pond, Paddys Pond, Three Arm
Pond and Three Island Pond. There is a short canal between the uncontrolled outlet
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of Topsail Pond and the intake to the Topsail station. A schematic of the system is
presented in Figure 14.1.

All major storage reservoirs are in series, with Thomas Pond being the most
upstream reservoir in the system. There is an overflow spillway located on Thomas
Pond, which when overtopped, would lead to spill out of the system, Water is
released from Thomas Pond to Paddys Pond using the control structure located at its
outlet. Water entering Paddys Pond is either stored, spilled out of the system or
released downstream to Three Arm Pond. Additional inflow occurs at Paddys Pond
due to spill from Cochrane Pond located in the Petty Harbour Hydroelectric System,

Water from upstream reservoirs entering Three Arm Pond is either stored, spilled
within the system or released downstream to Three Island Pond using the structure
located at its outlet; this is similar for Three Island Pond. Water entering Topsail
Pond is either spilled out of the system or used for generation.

The structures in the system are as follows

. Thomas Pond gated outlet;

. Thomas Pond overflow spillway;

. Paddys Pond gated outlet;

. Paddys Pond overflow spillway;

. Three Arm Pond gated outlet;

. Three Arm Pond overflow spillway:;

. Three Island Pond gated outlet;

. Three Island Pond overflow spillway; and
. Topsail Pond overflow spillway.

The Thomas Pond, Paddys Pond and Topsail Pond overflow spillways discharge out
of the system; the other spillways discharge within the system.

14.2 Representative Operating Measures

In assessing the potential for increased energy generation at a particular system,
certain representative operating measures and plots can be used to draw conclusions
about the impact of operational or physical changes to the system. These measures
and plots are as follows.
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Flow Utilization Factor,
Energy Conversion Factor.
Flow Duration Curve.
Energy Potential of Spill.
Reservoir Storage Factor,
Reservoir Utilization Plot.
Forebay Storage Factor.
Gate Operation Plot.

XA A LN

The definition and use of these measures and plots are described in Chapter 2. The
measures as calculated for the Topsail system are provided below. They were
developed from the data in the base case simulation. Table 14.1 at the end of this
section summarizes the measures for the Topsail system,

1. Flow Utilization Factor

The Topsail station houses a single generating unit (TOP-G1). The flow utilization
factors for the Topsail station (average inflow to forebay divided by combined flow
capacity at most efficient load and maximum load) are 0.85 at most efficient load and
0.72 at maximum load.

2 Energy Conversion Factor

The energy conversion factors (the ideal average value of water in storage assuming
the units are operating alone) for most efficient load and maximum load for TOP-G1
are 0.212 kWh/m' (6.68 GWh/yr/m%/s) and 0.202 kWh/m® (6.36 GWh/yr/m?/s),

respectively.

The average energy conversion factor from the base case simulation for TOP-G1 is
0.22 kWh/m’ (6.82 GWh/yr/m’/s). This energy conversion factor takes into account
the average reduction in availability due to forced outages.

3. Flow Duration Curve
The TOP-G1 flow duration curve for the turbine flow (power flow) in the base case
simulation is shown in Figure 14.2, The unit operates at maximum flow
approximately 10 percent of the time.

4, Energy Potential of Spill

The simulated spill for the base case was approximately 0.143 m%/s on average at the
Topsail Pond Forebay overflow spillway, 0.115 m%s at Paddys Pond overflow
spillwey and 0.003 m%s at Thomas Pond overflow spillway. Using the simulated
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energy conversion factor for TOP-G1 at maximum load presented previously in this
section, the combined spill flows would produce approximately 1.8 GWh/yr, if
entirely saved and used for peneration.

The monthly distribution of this spill over 15 years for the base case simulation is
shownin Figures 14.3 and 14.4 for the Thomas Pond, Paddys Pond and Topsail Pond
Forebay overflow spillways. As can be seen in this figure there was little spill at
Thomas Pond for the base case simulation.

5. Reservoir Storage Factor

Storage is provided by structures located at the outlets of Thomas Pond, Paddys
Pond, Three Arm Pond and Three Isiand Pond. The Topsail Pond Forebay acts as
the headpond for the Topsail station. The reservoir storage factors were calculated
to be approximately 46 days for Thomas Pond, 22 days for Paddys Pond, 3 days for
Three Arm Pond, 6 days for Three Island Pond and less than one day (18 hours) for
Topsail Pond Forebay. These factors represent the average number of days to fill the
reservoirs without any outflow.

6. Reservoir Utilization Plot

The plot of simulated Thomas Pond reservoir levels for the base cese simulation is
provided in Figure 14.5. The plot illustrates the reservoir utilization corresponding
to ideal operation, which generally makes full use of the available storage range. For
the Topsail system the use of reservoir storage is severely limited by other physical
or operational constraints, particularly the reservoirs at Paddys Pond, Three Island
Pond and Topsail Pond Forebay where constraints imposed by recreational users
restrict the extent to which these reservoirs can be used to store water for generation.

7. Forebay Storage Factor
The forcbay storage factor (time required to draw forebay down assuming no inflow
with units operating at maximum load) is 0.53 days (13 hours).

8. Gate Operation

There are control gates located at the outlets of Thomas Pond, Paddys Pond, Three
Arm Pond and Three Island Pond. Provided in Figure 14.6 is the simulated gate
discharge, gate capacity and simulated reservoir level for an example year (1996) for
Thomas Pond. This plot illustrates the frequency the gate is being operated in the
simulation model to maintain most efficient load and to avoid spill by operating at
maximum load.
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Table 14.1
Topsail System Representative Operating Measures
Topsall Repressntative Operating Measures
Flow Utilization Factors
- Most Efficlent Load 0.85
- Mmximum Load 0.72
Station Fectors
- TOP-G1 Most Efficient Load 0.212 kWh/m®
- TOP-G1 Maximum Load 0.202 kWh/m’
Energy Potentia_l of Spill 1.8 GWhiyr
Reservoir Storage Factors
- Thomas Pond 46 days
- Paddys Pond 22 days
- Three Arm Pond 3 days
- Three lzland Pond 6 days
= Topsail Pond Forebay 0.74 days (18 hours)
Forebay Storage Factor 0.53 days (13 hours)

143  Ideal Operation of System

The long term energy production at Topsail as estimated by the simulation model
developed for the Water Management Study is 15.9 GWh/yr. This compares with
recorded energy generation for the same reference period (1984-98) of 12.4 GWh/yr,
While these numbers are not directly comparable due to runner replacement in 1997
and a number of prolonged outages affecting the recorded generation over this
period, the difference does provide some indication of the potential for improving
actual generation at this system under the current plant operating guidelines. Further
indicators of this difference are provided by the comparisons conducted for the Water
Management Study for two sample years, This comparison indicated an average
difference between recorded and simulated generation (after adjustments for storage)
of approximately 10 percent for this system.

For the entire NP hydroelectric system, the value used for the adjustment for practical
operations was seven percent. This factoris intended to reflectan average difference
between the simulated results and the generation that can actually be expected based
on realistic operational constraints and recent operating experience. Further details
on the calculation of this factor and its application may be found in Section 22.3 of
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the Water Management Study. The remainder of this section will consider
opportunities to reduce this difference between the simulated ideal operation and
actual generation at the Topsail System,

14.3.1 Plant Operating Guidelines

The simulation model used to estimate the energy generation of the Topsail
system assumes that the operations staff has interpreted the existing operating
guidelines as described in the Water Management Study. Plant operating
guidelines provide operators with procedures regarding how to operate the
system based on current inflows. During periods of high inflows, the plant will
be operated at maximum load (and less than maximum efficiency) to avoid spills.
Thisrequires some interpretation by the operators regarding what constitutes high
inflows. The interpretation used in the simulation model incorporated a rule
curve for each reservoir in the system. If the reservoir levels exceed the rule
curve at any particular time of the year, then the units are operated at maximum
load to bring the level down to the rule curve, If the reservoir levels are below
the rule curve, then the units are operated at best efficiency.

Obviously, some judgment on the part of the operators in applying this guideline
isrequired. Forinstance, knowledge of above normal snow accumulations in the
watershed prior to spring runoff may be employed in deciding to operate the units
at maximum load even when water levels have not reached the rule curve.
However, the rule curve will ordinarily provide useful guidance to system
operating staff. The rule curves used in the simulation mode] are illustrated in
Figure 14.5 and are provided in the echo of the detailed simulation model input
in Volume 3 of the Water Management Study,

14.3.2 Gate/Reservoir Operation

The Topsail system has significant storage capacity that can be effectively used
to smooth the basin inflows (storage ratio of 58 days). Thomas Pond and Paddys
Pond reservoirs provide most of the usable storage capacity. The gates that
control these reservoirs are readily accessible. Many other constraints are
imposed on reservoir operations in this system due to the many recreational users
of the four downstream reservoirs. However, these constraints have been
considered (to the extent possible) in the simulation model and therefore these
factors should not be the source of differences between the modeled and actual

Final Report Acres International P13474.00



14-7

results. Therefore, the impact of the practicalities of gate and reservoir operation
on system generation should not be significant.

In addition to the above issues, NP must maintsjn certain minimum storage
levels, particularly during the winter months, to ensure plant availability in the
event of local power outages or when called upon by Newfoundlend and
Lebrador Hydro (NLH). This winter reserve is not taken into account by the
simulation model.

14.3.3 Unit Operation

The simulation model operates the Topsail unit exclusively at its most efficient
load, except when high inflows dictate that higher loads are necessary to avoid
exceeding the reservoir rule curves. With the available control equipment,
minimal constraints on plant discharges, and the available forebay storage, it
should be possible to operate this plant very close to this ideal, An examination
of daily Control Centre Logs for several months (December 1998, April and
August 1999, and January-February 2000) confirmed that the Topsail unit is
loaded at best efficiency a high percentage of the time. The main obstacles to
attaining ideal operation are electrical grid requirements which may occasionally
require that the units operate at loads other than their most efficient loads. Such
requirements would include local power outages or other infrequent occurrences.

14.4  Changes to Operating Guidelines

The purpose of the analysis described in this section is to determine whether there is
any energy to be gained by changing NP's current plant operating guidelines. As
discussed in Chapter 2 there are three ways improvements could occur through
changes to the guidelines. These are

* increasing head, by operating thc forebay to get more head or reducing
headlosses;

by avoiding spill; and

* by operating the units at best efficiency more of the time.

Each of these is discussed below for the Topsail system, Increasing the head through
& change in the use of the flashboards or installation of inflatable crest gates at
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Topsail Pond Forebay was not considered as the number of recreational users and
home owners on this reservoir preclude such an alternative.

The other two possibilities were examined using the limiting cases of high and low
reservoir rule curves, discussed in Chapter 2. The case described for the base case
is an intermediate case, since it uses a NP rule curve varying between the low supply
and full supply levels of the reservoirs although it very nearly approximates the high
rule curve case, as discussed below.

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low

The limiting case for spill avoidance is to maximize the amount of storage available
to contain inflows. To do this, the units would be operated at maximum flow to keep
the water in the storage reservoirs as low as possible.

At Topsail, the potential for savings in spill compared to the base case is
considerable. The maximum possible reduction in spill would be the equivalent of
1.8 GWhfyr, as shown in Table 14.1. However, the spill distribution plot
(Figures 14.3 and 14.4) shows that this would be difficult to capture since the spills
occur in large amounts.

To assess the potential for additional energy generation in the system using spill
avoidance, the simulation model was run assuming the units were always operated
at maximum load when water was available. The average annual combined spill
from Topsail Pond Forebay, Paddys Pond and Thomas Pond was reduced by
0.068 m/s, from an average of 0.26 m*/s to 0.19 m%/s. This represents an increase
of approximately 0.46 GWh/yr. This amount more than compensates for the average
annual decrease of 0.06 GWh in energy production due to operating the units at a
lower efficiency.

Best Efficiency Operation, Limiting Case: Reservoirs High

The limiting case for maximizing the amount of time the units are operating at best
efficiency is to run the units at best efficiency, until the storage reservoirs are just
about to spill.

The result of a simulation using this rule was an average annual production of
13.5 GWh/yr, with a spill of 0.61 m*/s. This production is substantially lower than
the base case production. This suggests that the rule curve used for the base case
simulation is near optimum for the Topsail system. With the number of reservoirs
and constraints in the Topsail system, gains of up to 0.5 GWh/yr may be achieved by
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making adjustments to the rule curve, particularly at Thomas Pond which has few
constraints due to other water users, NP should refine its rule curves and clarify
these operating targets in the plant operating guidelines

14.5  Physical Changes to System

The principal options for physical changes to the existing system to improve energy
generation are to increase watershed inflow and to increase storage. To give an
indication of the value of these changes, the following options were investigated.

* Increase dam height at Thomas Pond to increase storage.

* Change gate dimensions at Paddys Pond to permit better storage utilization.

* Consider diverting Cochrane Pond drainage arca to Topsail system to increase
average inflow.

Each of these physical changes to the system is discussed below. Table 14.2
summarizes the results.

Increase Storage at Thomas Pond

To determine the effect of an increase in storage on energy production, the dams and
structures at Thomas Pond were assumed to be raised to allow increases in full
supply level of one and two meters. This reservoir is the only one in the Topsail
system where such a change could be considered as the remaining reservoirs have
considerable recreational usage. The effect of increasing storage is to reduce system
spill. The resulting increases in energy generation were 0.3 GWh/yr for the one
meter rise, and 0.6 GWh/yr for the two meter rise.

Assuming that the cost of energy to NP is $0.04/kWh this would result in a savings
to NP of approximately $12 000/yr for the one meter increase in dam height and
$24 000/yr for the two meter increase in dam height. Given a dam length of
approximately 400 m, the savings over perhaps 20 years would justify an expenditure
of about $275/m of dam length based on a one meter increase. Itis unlikely that the
work could be completed for less than this unit cost and therefore increasing the
available storage in this system is probably not economical at this time.

Change Gate Capacity at Paddys Pond

Due to the fact that over 80 percent of the Topsail watershed area lies upstream of
Paddys Pond dam as does the majority of the system storage, sizing of the gates
which convey these flows to the forebay is critical for system generation. The gate
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having the most limited capacity on examination appears to be the one located at
Paddys Pond outlet structure. To assess whether or not the capacity of this pate is
restricting flows to the powerhouse, the model was tested assuming that this gate had
double its present capacity. The resulting energy generation was 16.0 GWh/yrora
net increase in average annual energy of only 0.1 GWh/yr. Based on this
information, it may be concluded that the gates in the Topsail system appear to have
adequate capacity.

Divert Cochrane Pond Watershed

The Cochrane Pond watershed wes diverted from Manuels River (now the Topsail
system) as part of the Petty Harbour hydroelectric developmentin 1917. Subsequent
to this diversion, the Topsail hydroelectric development was constructed, As Topsail
unit operates under a greater net head than the Petty Harbour units, a simulation
considering the rerouting of Cochrane Pond flows to Topsail was modeled for both
systems. The resulting annual production at Topsail was 17.3 GWh/yr, an increase
of 1.4 GWh/yr when compared with the base case. The reduction in annual
gencration at Petty Harbour due to the loss of Cochrane Pond storage and inflows
was also 1.4 GWh/yr.

While this would seem to indicate that such a change would not be worth pursuing,
it was noted that the spill at Topsail with the addition of Cochrane Pond inflows
increased by the equivalent of approximately 1.6 GWh/yr (from 0.261 m¥/s to
0.501 m’/s). As the simulation did not consider the additional storage provided at
Cochrane Pond, it is possible that most of this spill would not occur provided the
storage at this reservoir were maintained.

Table 14.2
Results of Physical Changes to System

Case | Average Annual Energy | Change in Energy
{GWhiyr) (GWhiyr)
Base Case 7 15.9 =
Double Paddys Pond Gate Capacity 16.0 +0.1
Increase Storage Thomas Pond by 1 m 162 +0.3
Increase Storage Thomas Pond by 2 m 16.5 +0.6
Divert Cochrane Pond 173 +1.4-1.4 (+1.6)
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14.6 Sensitivities

In addition to the investigetion of specific operational and physical changes,
sensitivity runs were done to provide NP with information on the cost or value of
certain aspects of their systems. Results for all sensitivity cases are provided in
Table 14.3,

The sensitivity cases were as follows,

* Environmental release requirement of 30 percent of mean annual flow.
* No storage in system (to obtain value of storage); remove dams and gates.

Environmental Release Requirement

The sensitivity of emergy generation to changes in environmental releases
downstream of gated outlet structures was investigated. In the current model setup,
for the purpose of maintaining flow in the river reaches downstream of the gated
outlets for environmental reasons, the minimum flow of all gates was set to 0,1 mY/s,
if water is available. As a sensitivity, this minimum flow was set to 30 percent of the
mean annval flow into the reservoir, as long as there is water in the reservoir. When
the reservoirs are empty, the natural inflow would be released.

The 30 percent mean annual flow requirement is equivalent to approximately
0.51 m*/s at Thomas Pond, 0.63 m¥s at Paddys Pond, 0.68 m?¥/s at Three Arm Pond
and 0.73 m/s at Three Island Pond. Using these flows as the minimum flow release
from the gates for the base case simulation model, there was no change in system
energy. This is the case because 30 percent of mean annual flow is less than the best
efficiency flow of the unit. This amount is always released in all simulations unless
there is no water in storage, in which case the natural inflows are released.

If NP were required to hold & supply of water in the reservoirs to ensure that the
30 percent requirement were always met, there would likely be a reduction in energy.

No Storage in System

To provide NP with an indication of the value of the storage in the system, all storage
in the systern was assumed to be removed. The resulting average anoual energy
generation from this sensitivity was 12.5 GWh/yr, a net decrease of 3.4 GWh/yr.
This represents the value of maintaining the structures at Thomas Pond, Paddys
Pond, Three Arm Pond and Three Island Pond.
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Table 14.3
Energy Results for Physical Changes to Topsail System
Caga Averzge Annual Energy Change In Energy
(@Whiyr) (GWhiyn
Base Case 15.9 -
Environmental Releases 159 0.0
Value of Storage 12.5 -34

14,7 Conclusions and Recommendations
The conclusions and recommendations arising from the analysis are as follows.
1. Improvements to Better Match Simulated Ideal Operation

The Topsail system appears to be operated in a manner which closely resembles the
ideal indicated by the simulation. The major operating practicalities which reduce
gencration when compared with that of the simulation are beyond the control of the
system operators.

2. Changes to Operating Guidelines

Clarification of Guidelines: The present guidelines as interpreted for the Water
Management Study come close to maximizing system output if NP can operate in
this manner. NP should clarify the guidelines for the operators, in particular
providing guidance on when to increase load from best efficiency to maximum. It
may be possible to make modest gains through fine-tuning of the reservoir rule
curves that determine when to switch from best efficiency load to maximum load. NP
should review the present practice and update as required.

3. Physical Changes
Increased Storage: Options for increasing storage at Topsail are limited to changes

at Thomas Pond. These alternatives do not appear to be economically feasible based
upon the analysis conducted.

Final Report Acres International P13474.00



14-13

Cochrane Pond Diversion: The diversion of Cochrane Pond flows from the Petty
Harbour system to the Topsail system is not economically feasible unless the storage
capability of Cochrane Pond is retained. Further analysis is required to assess the
potential of this change if the Cochrane Pond storage capability was added to the
Topsail system in eddition to the inflows to this reservoir.

4, Sensitivities

Environmental Releases: Providing a minimum flow release of 30 percent of mean
annual flow downstream of the outlet gates of all four storage reservoirs does not
affect energy generation, because this amount is already being released to supply the
unit. The requirement, however, assumes that when the reservoirs are low, the
release is equal to the natural inflow. If the requirement were to guarantee
30 percent, a reserve would have to be maintained similar to the winter reserve.

Value of Storage: The value of the storage at Thomas Pond, Paddys Pond, Three
Arm Pond and Three Island Pond is 3.4 GWh/yr. NP may use this value in
considering the costs of maintaining the structure,
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15 Conclusions and Recommendations

Acres has completed a review of NP’s hydroelectric system to identify potential
opportunities for increasing energy generation through operational and physical
changes. Specific conclusions and recommendations for each of the systems
reviewed are included in the individual system chapters. General conclusions
regarding the whole system are as follows.

I.

In some instances, a review of the Control Centre logs showed that the units
are not always being operated to obtain maximum generation. In some cases
inefficiencies are unavoidable due to system demands, in other instances,
improvements may be possible. Additional review of the logs, in
combination with discussions with the operators, may identify opportunities
for improved operation and increased generation.

NP should undertake areview of each plant's operating guidelines. In many
instances, the guidelines require revision to remove ambiguity regarding
interpretation.

As poted in the individual chapters, corrections are required in some
operating procedures, for instance in unit dispatch order.

The unit loadings in same of the plant operating guidelines should be revised
to reflect results of efficiency testing undertaken by Acres for NP in the past.

Asnoted inthe individual system chapters, the review has identified potential
sources of additional energy through physical modifications of existing
structures. Modifications considered included raising dams, autometing
control gates, and replacing penstocks,

The modelling undertaken in this study gives a preliminary indication of
additional energy that may be obtainable through physical changes, but
additional work needs to be done to quantify both the benefits and the costs
of such modifications.

Sensitivity simulations were undertaken to estimate the cost of constraints on
the systems, for instance water level constraints for recreation, and the value
of controlled storage, again using the simulation models.
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