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Raise Sandy Lake Spillway, p. 8 of 96, $612,000 1 
 2 
Q.  Please provide a copy of the 2001 review completed by Hatch (formerly SGE Acres) 3 

of NP’s larger hydroelectric developments to identify potential opportunities for 4 
increasing generation. 5 

 6 
A. Attachment A provides a copy of the 2001 review completed by Hatch. 7 
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Introduction 

In June, 2000NewEDundlaudPower(NP) engaged the services ofAcres International 
to iden* potential opportunities for increasing energy generation a1 NP's larger 
hydroelectric systems through operational or physical changes. This report 
documents the analysis requi.mil and presents tfie results of the study. 

NP owns and opmtes 23 small hydroeledxic generating stations in 19 systems 
throughout Newfoundland. These stations have a total installed capacity of 
94 megawatts WW) with twbiie-generator units ranging in size from approximately 
250 kW to 12 000 kW. Over 60 percent of the genedon is looated on the Avalon 
Peninsula, with the oldest development in the system being Petty Hubow, 
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 Iisted in this table were assessed to dctcrmine 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 tht 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 fot tach system. Physical and operational changes to the 
system were tested using these model 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 opmiing changes and co* that may 
not necessarily leadto additional energy generation was also investigated to provide 
NP with infarmation on the cost or value of certain aspects of its systems. 

Chapter 2 of this report describes the m&odology, and Chapters 3 to 14 describe the 
analysis for the 12 individual hydroe1ectrio systems and provide conclusions and 
recommendations specific to each system. General conclusions and 
tacommendations rn provided in Chapter 15. 
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2 Methodology 

Simulation models set up fbr 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 cbangts to the system. 

The sensitivity of energy generation to operating changes and constraints that may 
not ncccssarily lead to additional energy generation was also investigated to provide 
W with information on the cost or value of catain 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. 

Ideal Operation of System 

The operating strategy used for the simulaiion models was based on current 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 obmed in a particular system, and some interpretation was required to 
devise an operating strategy for the Stnubtion model. The model assumes perfect 
optration of w i t s  and reservoirs according to the specified operating procedures. 
The two most important operating assumptions ate as follows, 

Ideal operation of the unit(s): In the model, the unit or units always operate 
exactly at the most efficient load, unless that is excess watcr, in which case 
they o p t e  at maximum capacity, 
Ideal operation of reservoirs and contml gates to maximize flow for energy 
generation and m h h h  spill: The model avoids spill by tracking water 
levels in dl resewoirs, and opens or closes gates as requkd to ensure perfect 
operation of the units and to minimize spill. 

Fiml Report Acres International P13474.00 



In practice, it is difficult, ifnot impossible, to achieve pdect hplunentation of the 
plant operating guidelines. For this mason, and assuming that the model input 
strategy adequately represents the plant operating guidelines, the simulated 
generation ie generally expected to be greater than rewrded generation. 

The m a n s  for deviating from the plaut o m  guidelines may be beyond the 
control af plant operations For htmm, g i d  r c p h t n t s  (local poww 
outages, voltage support, etc,) and equipment failure may force a systsm to aptrate 
in a less than ideal manna. However, some component of the difference between 
simulated and recorded production may be due to controllable ~ c u l t i e s  in 
implementing the guidelines. These diEculties include 

r insacient resources to optrate gates and adjust unit Loads as ikquently as 
s imuld,  
inability to operate gatts and controls due to w e a k ,  accesib'iity, or other 
fadors; 
inadequate t h i n g  or knowledge of opffations staff; and 
opcrator m. 

The simulation models do not provide an absolute way of comparing actual and ideal 
operation. However, certain qmsenhdve operating measures and plots may be 
analyzed using system chamchidas and simulation m d t s  in order to drew 
conclusions about the sensitivity of system genedon to less than ideal operation. 
These measures and plots m as follows. 

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

Opetation Plot 

These measures end plots en provided for each system where relevant and are used 
in each system chapter to investigate the opportdties h r  improving production by 
operating 'the system ideally through revised plaut operating guidelines, 
gete/reservoiroperation, and unit operation. A brief qlnnRtion of eachmeasure and 
plot is as fbllows. 
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1. Flow Utilization Factor 
For each station, the flow u ~ o n  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 fktor pvides a practical indication of the 
design flow capacity within the system. Flow capacity makes the system less reliant 
on storage to prevent peak idlows from being spilled and enablts operatom to 
compensate for operational problems that teduce unit availability. 

2. Energy Conversion Factor 
For each unit, the energy conversion hctor (the ideal average value of water in 
storage assuming the units are operating alone) was calculatad 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 energy conversion 
factors provide a meens of determining the best unit dispatch order. FoUowing the 
best unit dispatch order ensures that units with higher efficiencies are be'hg operated 
befors those with lower efficiencies and leads to higher energy production. 

3. Flow DnmHon Curve 
The flow duration curves presented in this report indicate tbe percent of time that a 
given flow is either equalled or exceeded by the powex flow of a unit. These curves 
indicate the percent of time the units are operating at the m a h u m  and most efficient 
load. These curves provide an indication of the possibility of rtducing the amount 
of time that the units are generating at maximum load. This change in opemfion 
would lead to increased energy gendon. 

4. Energy Potential of Spa 
For each system, the energy potential of spill was calculated by multiplying the 
average energy conversion factors of the units at maximum loed by the average 
simulated spill flow out of the system. lbis value repmats the maximum energy 
that can be gained firom mptuhg 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 iLlnuw to the reservoir snbbas'i. The result is expressed in 
days, and r e p m t s  the avcragc number of days of i d o w  that the reservoir oan 
store. Storage capacity allows operators to manage Mows so that they better match 
the flow chamctetistics of the uuit(s), and makes deviatio119 h r n  the operating 
guidelines less simrificant in terms of the axresponding impact on production. 



Conversely, the less the storage, the more sensitive production is to such deviations; 
in such systems, inflow f o d g  may be especially ustll in o p h h g  actual 
OpeIation, 

6. Reservoir UtiIization Plot 
For al l  significant storage reservoirs, summary plots of simulated daily reservoir 
water levels were prepared to illustrate memoir utilization. The plots show the 
general pattern of water level changes and variability in levels from ycar to ycar, 
Resemoir utihtion is an important issue to consider for systems with both 
significant spill flows and substantiat storage, to d e t d e  whether the spill can be 
reduced through better use of the storage, 

7. Forebay Storage Fnctor 
For each fombay, the forebay storage fhctor was calculated by dividing the available 
storage volume by the maximum flow capacity of the station, A forebay that has 
storage capaoity for at least one day at maximum flow shouId be capable of buff* 
the station against variations in forebay Mows. A forebay that has less than one 
day's storage capaoity may still be capable of accamplishing this bdking, but this 
will depend on the range of inflows expected and/or the ability to cycle (sWstop) 
the unit more than once each day, Forebay water level fluctuations within tach day 
m o t  be modelled using a daily time-step, and tbe accuaoy of the model 
assumption that a unit operates only at best efficiency load or higher depends in part 
on the type of conlrols available and the availability of adequate farebay storage. 

8. Gate Operation 
To keep gate discharge constant while a reservoir level fluctuates, the gate opening 
must be adjusted; the fiequcncy depends on ratc 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 plake adjustments with such 
&equency. The degree to which this afEects the d i f f i c c  between mtual and ideal 
production depends upon 

hquency of actual gate adjustments; 
appropdatencss of actual gate settings; 
available storage downsham of the re~efVoir/gm& in question; 
efhiency of downstream generating unit(s) when operating at inefficient 
flows, due to inadequate or excessive gate openings; and 
ability to control uniys) to keep up with gate adjustments (i.e., starting and 
stopping bquently). 
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To assess how frequently gates would have to be adjusted to approximate ideal 
conditions, the simulated daily gate discharges f i r  each reservoir were plotted for 
selected Mods, along with the comsjmnding ressuoiz Levels and Mly open gate 
capacities. The plot also indicates h e  flexibility aftorded to operations staff in 
setting appropriate gate positions. 

2.2 Changes to Operating Guidelines 

The simulation results for each system wete exmined to identify opportunities to 
increase production by changing the c m n t  plant o p d n g  guidelines. The effect 
on production was m a t e d  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 thrce principal methods 

increasing head, by opemting the forebay to get more head or reducing 
headlosses; 
by avoiding spill; aud 
by opedng the units at best acicncy more of the time. 

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

Increasing Hend 
Maintaining a higher forelmy level may increase gencsation by increasing net head 
on the unit The tradeoff is in the increased risk of spill due to reduced storage. As 
well, if the forebay level sects the tailwater elevation of an upslream gmemting 
station, that station may aotually experience decreased generation because its net 
head is decreased. 

Spill Avoidance 
Spill avoidance is the reduction or e~irnination of spilled inflows, both in hquency 
and volume, ;hereby inmasing flow uwd for g a d o n .  Ideally, there would be 
sufficient storage capacity in a system to store all inflows gr&m than the most 
efficient flow of the units, such that no M o w s  would be spilled. In practioe, this is 
k 1 y  possible. If there is not enough storage capacity, spill may be avoided by 
generating at maximum flow. This may be necessary, for example, when storage 
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reservoirs approach their 111 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 expmc of reduced efficiency. Although marc water will be turb'med, 
the energy value pez unit of water will be reduced. If there is a k g e  difbence 
heenthe  best efficiency andthe efficiency at maximum flow, much of the benefit 
of spill avoidance mny be lost. 

't'he 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 efficicies. 

Mddzing  Efficient Production 
G e m d n g  at the most efficient flow m a x h h  the energy value of the water. The 
operator can take advantage of any available storage to mure that the unit is nm as 
o h  as possible at best efficiency. m o i - r  control gates may be operated to 
supply units with only enough flow to operate at best efficiency, while storing the 
nst. 

The limiting case for maximizing d3icient production is keeping the resavoirs high 
md only o p m h g  at maximum load to avoid spill, Thc result of this simulation will 
be the maximum possible efficient production limits, but higher spills than in the 
spill avoidance case because of delay in o p d g  at maximum load until the 
reservoirs are abut to spill. The optimum solution is operating the unit@) at 
maximum load at some water level 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 &-tuning this threshold value. 

Physical Changes to System 

The simulation d t s  of each system were examined to identify opportunities to 
increase production through physical improvements in system cumponents. The 
effect on production was estimated by renrnning the simulation model, with changes 
in the model setup to include the physical improvements. Only those improvements 
darned plausible fog each system were investignted. A preliminary assessment of 
the cost effedvencss of each physical improvemat was also made. Possible 
physical impvements are described below. 
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Resewoir Storage Capacity 
Inmasing the storage capacity of reservoirs would be most beneficial in systems 
with a significant amount of spill. Costs of inc- storage capacity could indude 
modifying existing shuctms, 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 
requid power flow, especially at low resmoir levels, or to convey wata to 
do- storage or gmclsting units so as to avoid spilling out of the system. 
Costs of increasing resewoir d i i  eapaEity could include enlargement of gates 
or excavation of canal sections. 

Unit Efficimcy and Head L 0 8 8 ~  
Generating units, especially in old system?, may undergo rehabilitation (such as 
turbine replacement) to increase their efficiency. Repairs to or replacement of flow 
conveymce structms such as intakes, penstocks, and tailraces may impmve 
hydraulic c ~ ~ c s  and reduce head losscs. 

Sensitivities 

In addition to the investigation of specific operational and physical changes, 
s d v i t y  runs wge done to provide NP with infomation on the cost or value of 
certain aspects of thest systems. These may include 

mvimnmental release rcqukernents; 
• total system storage; 
• changes to gate operation; 

msewoir water level constraints; and 
consumption demands. 

Envinrnmeutnl Release Requirement 
Regulatory authorities may impose aminimum flow require-t for fisheries habitat 
reasons to prevent redm below gated outlets fiom running dry in periods of low 
inflows or when control gates are closed. At present inNP systems, aminimum flaw 
is informally maintained for fish habitat by ensuring that control gates are never 
dosed 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 irnposed on NP systems, it could affect the use of storage in ~strvoirs that 
could be completely emptied during the year. At such reservoirs, maintainkg 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 
generation at a later time. The value of this storage can be determined by Mining the 
simdation models as& there is no storage in the system. This iafonnation 
could be usefil to NP for detemhhg which systems rely heavily on #torage for 
cnexgy generation and those that do not. It could be that the cost of maintaining 
some ofthe dams for storage is more tbaa the value of energy that is produced h m  
the storage. 

Changes to Gate Operation 
The simulationmodel assumes ideal (automatic) aperation ofthe gates and ftstrvoirs 
in the system. The value of energy h m  no operation (leave gate open) to partial 
(seasonal) optration would be usell in assessing the cost cffectivel~fss of 
automating the systems. 

Reservoir Water Level ConsWata 
Water level consbhts can be imposed by other users of the wattr resource, for 
example, recrdoaal users, cabin own- on the rwmok shoreline, or municipal 
watcr supply systems. These constraints may &cct 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 opedon. The result is less water available for generation, The cost in 
energy can be siflcant and may increase over the long term, as in the case of 
senring the waicr supply demands of a growing population centre.. In addition, 
mfficicnt water must be maintained in storage reservoirs to service these demands 
even during droughts. This again reduces the live storage available to regulate power 
flows. 

Final Report Acres lnternationai P13474.00 





HorsechopsICape Broyle 





HorsechopslCape 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 ourrent practice to better follow existing pIant operating 
guidelines; 
revising existing plent operating guideha; and 
making physical changes to tbe system, 

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

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

The simulation mode1 which was set up for the HorsechopslCape Broylt system in 
the Water Management Study, conducted by A m  f o r d  NP hydroeldc systems, 
was used to assess the effect of operational and phyaid changes on energy C 

generation. The long term production estimated in the Water Management Study 
assumed ideal operating practices using ounent NP plant oprrating guidelines, as 
interpreted for the study. The result of this simulation for the HorsechopdCape 
Broylt system is r c f d  to in this d o n  as the base case system gendon,  Other 
estimates of energy generation resulting h m  opgational or physical changes to the 
system are compared to this due. 

System Description 

The HmechopslCape Bmyle system is located on the southern short of the Avalon 
Peninsula in eastem Newfoundland. The system has two geaerating stations, 
Horsechops and Cape Broyle, both commissioned in 1953. The Horsechops 
G e n d  Station con* om generating unit with a nameplate capacity of 
8.3 MW md a rated net head of 84.1 m. The drainage a m  above lb intake of the 
station is approximately 155 h2. The Cape Broyle Generating Station contains one 



generating unit with a nameplate capacity of 6.3 MW and a rated net head of 54.8 m, 
The total drainage area above the intake of the station is approximately 191 h2, 
Storage is provided by structures at the Rl~ckwoods Ponds @orthwest Blackwoods 
Pond, East Blackwoods Pond, and Fourth Blackwoods Pond), Mount Carme1 Pond, 
Horsechops Forebay and Cape Broyle Fombay. A schematic of the system is 
presented in Figure 3.1. 

Tbe upper part of the basii is a plateau with numerous small stmms,  ponds and 
bogs, Mows in this - are diverted by structms located at Ragged Hills Pond, 
Rook Pond and the Blackwoods Ponds, and are either stored or spilled out of the 
system. Water stored in fhe Blaokwoods Ponds is conveyed through the Fourth 
Blackwoods Pond Canal end a series of small lakes to Mount Cannel Pond, the main 
storage reservoir for the system. Controlled releases and spill &om Mount h e 1  
Pond are both discharged into Horsechops Forebay, and are used for genemtion or 
spilled. Power flows and spill bornHorsechops Forebay enter CapeBmylc Fonbay 
and are wed for generation or spilled out of the system. 

The structures in the system are as follows 

West Ragged Hills overflow spillway: 
Noahwcst Blackwoods Pond overflow spillway; 
East Blackwoods Pond overflow spillway; 
Fourth Blackwoods Pond ovexflow spillway; 
Fourth Blackwoods Pond Canal; 
Mount Carme1 Pond overflow spillwq; 
Mount Carme1 Pond gated outlet; 
Horsechops Forebay overflow spillway; and 
Cape Broyle Forebay ovedow spillway. 

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

Representative Operating Measures 

In asseasing the potential for hmescd mqy g e n d o n  at a partiah system, 
certain representative operating measures and plots can be used to draw conclusions 
about the impact of operational or physical chengts to the system. These measures 
and plots are as follows. 
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Flow Utilization Factor. 
En- Commsion Factor, 
Flow Duration Curve. 
Earmgy Potential of Spill. 
Reservoir Storage Factor. 
Resmoir Utilization Plot. 
Forebay S t o w  Factor. 
Gate O p d o n  Plot. 

Thc definition end use of these measures and pIots arc described in Chapter 2. The 
measures as calculated for thc ~ o ~ o p s / ~ a p e  ~ m y l e  system are provided*bclow. 
Thcy wen &velopcd h m  the data in the base case simulation. Table 3.1 at the end 
of this section summarizes the mearmres for .the HorscchopdCape Broyle system. 

I. Flow U-tion Factor 
The flow utilization fhbrs (average i d o w  to fbrebay divided by flow capacity at 
most efficient load and nmxhum load) for thc Horsechops station are 0.80 at most 
efficient load and 0.66 at maximum load. For the Cape Broyle station, the factors am 
0.84 at most efficient load and 0.68 at maximum load. 

2. Energy Conversion Factor 
The energy conversion faetars (the ideal average value of water in storage assuming 
the units an opcdng alone) for the Horsechops station are 0.21 kWh/m3 
(6.70 GWh/yr/m3/s) at most efficient load and 0.20 kWh/m3 (6.26 GWh/yr/hn3/s) at 
maximum load. For the Cape Broyle station, the faotozs are 0.13 kWh/m3 
(4.03 GWhlyrh3/s) at most efficient load end 0.13 kWh/m3 (3.96 GWh@Yrn3/s) at 
smximum load. 

The avemge energy comemion factors h m  the base case simulation fir the 
Horsechops and Capc Broyle stations are 0.21 kWm3 (6.68 GWh/yr/d/s) and 
0.13 kWh/m3 (4.02 OWh/yrhn3/s), respectively. These energy convc~sion hctors 
take into account the average reddon in availability due to forced outages. 

3. Flow Duration Cume 
The Horsechops and Cape Bmyle flow duration c w c s  for the tdiine flow @ o w  
flow) in the base case s i m ~ o a  are shown in Figure 3.2. The Horsechops unit is 
always opcratcd 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 o t h d  operated at most efficient load for part of 
each day, depending on oufflows h m  Horsechops, as well as local inflows. 

4. Energy Poteatid of Spill 
The monthly distribution of the s i . n M  spill out of the HonechopdCape Broyle 
system over 15 years for the base case simulation is shown in Figure 3.3, for the 
Blackwoods Ponds and Cape BroyIe Forebay. 

The simulated annual average spill for the base case was approximately 021 m3/s 
as the Blackwoods Ponds. Using the simulated energy conversion fhctors at 
maximum load presented pviowly in this section, the spill would produce 
appn,ximately 2 1 OWyr, ifentirely eaved and used fkr generation at both stations, 
At Cape Btoyle Forebay, the sim- spill was hhquent, with an annual average 
of 0.01 m3/s, equivalent to less than 0.1 OWh/yr at maximum load at Cape Broyle. 
There was no simulated spill at Horscchops Forebay. Thae was also no simul~ted 
spill at Mount Carmel Pond, although any such spa1 would remain withinthe system 
end be discharged to Horsechops Fatebay. 

5. Reservoir Storage Factor 
The m h  system storage is provided by Mount Carme1 Pond. The nservoir storage 
factor (the number of dys  to fill the rtstrvair without any outflow) was calculated 
to be appmximately 100 days. The Blackwoods Ponds have a reservoir storage 
firctor of about 20 days. Horscchops and Cape Broyle Fomhys have reservoir 
storage ratios of o m  and five days, mpectiwly. 

6, Reservoir Utihtion Plot 
The plot of simulated Blackwo~ds Ponds and Mount Cannel Pond memoir levels 
for the base case simuldon is provided in Figure 3.4, The plot illusbates the 
restrvoir utiliition companding to ideal operation, which g c n d y  makes fidl use 
of the available storage range. 

7. Fonbsy Storage Factor 
The forebay storage factor (time quiredto draw forebay down assuming no inflow 
with the unit o p t i n g  at mmimum load) of Horsechops Forebay is estimated tio be 
approximately one day, The forebay storage k t o r  of Cape Broyle Forcbay is 
approximately tluee days, 
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8. Gate Opmtion 
Provided in Figure 3 5  is the simulated gate discharge, gate capacity and simulated 
reservoir 1 4  for an example year (1987) for Mount Camel Pond. This plot 
illustrates the hquency the gatc is Wing aperaEbd in the simulation model to 
maintain most eBcitnt load at Horsechops while avoiding spill at either station 
domsmm. 

Table 3.1 
HorsechopslCape Broy le System Representative Operating 
Measures 

3.3 Ideal Operatian of System 

The long term tlltrgy production for the HomechopslCape Broyle system as 
ednmted by the simulation model developed for the Water Management Study is 
89.1 GWh/yr (51.0 O W y r  at Horsechops, 38.1 GWh/yi at Cape BmyIe). This 

; 

. . H q ~ h W ' W p B m y k  mmmmd=thn 

Flow UtUizalion FWm 
- Hor~schop~ Most EKeient L d  - Harstchops m i m u m  Load - Cape Broyle Most E&ieat Load - Cap Bmyle Maximum Lord 

Station Foetors 
- ~mcehapn Most ~ ~ d m t  ~ o a d  
- H ~ p ~ u m L d  - Cape Broyle Most Effiicat Load 

Capt Broyls Maximum faad 

Eangy Potartis1 of Spill - Blaeknmb Pods Spill - Cape Bruyk Spill 

Resawit Storage Fmtm - Blackwoods - M ~ n t  Csnnel Pond 
- Horsorbaps Fonbay 
- Capt Brayls Forsky 

Farebay Storege F W r  
- H o R ~ c ~ ~ ~ s  F~rrbry - Cape Broyle Forebay 
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compares with recorded energy generation for the same refaence period (1 984-98) 
of 75.3 GWhlyr (4 1.4 GWhlyr at Horsechops, 33.9 G- at Cape Broyle). While 
these numbers are not directly comparable due to the upgrade o E H o ~ o p s  unit in 
1997, the diEkmnct dots provide some indication of tht potential for improving 
actual generation at fhis systcmmdm tht current plant operating g u i d e k ,  Further 
indicatom ofthis diffkmce are provided by the compahns conducted forthe Water 
Management Study for two sample years, This comparison i n d i d  an average 
di&mce between recorded and simulated generation (after adjustments for storage) 
of approximately 15 percent for this system. The comparison would thcfdott 
suggest that there is substantial opportunity to improve the opaation of this system 
by more closely following the ideal demonstrated by the simulation model. 

For the entireNP hydroelectric system, the value used forthe adjustmcntforpdcal 
operations was seven pertent This factor is i n d e d  to reflect anaveragedihnce 
between the simulatdresults andthe genenition that can actually be cxpecttd based 
on tealistic operational constmints and recent op t ing  cxpcricnce. 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 dZfermce benvctn the simulated i d 4  operation and 
actual operation eit the HorstchopslCape Broylc system- 

3.3.1 Plant Operating Guidelines 

The simulation model used to estimate the energy generation of the 
HorsechopstCapt Broyle system assumes that the operations sWbs  inteqmted 
the existing operating guideliucs as described in the Water Mauagemcnt Study. 
Plant operating guidclincs provide operators with procedures =garding how to 
operate the system based on current inflows. During periods of high inflows, fhe 
plants will be o p t e d  at maximum load (and less than mmhum acicncy) to 
avoid spills. This requires some interpretation by the operators reg* what 
constitutes high inflows. 

The interpretation uscd in the simulation model incorpomted a rule m e  for each 
forebay in the system, set at the maximum operating levels in the plant operating 
guidelines. Ifeither forebay level exceeds its rule a w e ,  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 cum. 
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Obviously, some judgment on the part of the opexators in applying the guidelines 
is required. For instance, lmowledge of above normal snow accumulations in the 
watenhed pior to spring zunoff may be employedin deciding to operatctheunits 
at xxmximum load even when reservoirs me not fidl. 

The reservoir ~ule awes ,  shown in Figure 3.4, are set so that Mount Carmel 
Pond releases flow only to maintain Horsechops at best efficiency, while the 
Bl-ds Ponds d e m e  continually (i.e,, stoplog structure is open). 

3.3.2 GatelResewoir Operation 

The HorsechopdCapeBroyle system has signitlaant storage capacity that can be 
decCive1y used to smoothtfiebasin inflom. Mount Came1 Pond provides most 
of the useable storage capacity. To attain i d d  operation as indicated by the 
simulation model, the Mount Carme1 Pond gate must be adjusted es of&n as 
necessary to ensure tbat the Honechops unit is not loaded above efficient load, 
and to cut back tr;leases to avoid q h h g  downstream. 

The plant operating guidelines state that Borscchops should run at best efficiency 
unless spill will occur, The guideliucs Jso state that gates should be opened in 
major inflows to d o w  spill at H o d o p s ,  so the water can be used at Cape 
Broyle, mther than allow spill upsham. With ideal gate wnbl, as shown by the 
simulation model, spill can be prevented and Horsechop can always nm at best 
efficiency, due to the ample starage capacity of Mount Carmc1 Pond. By the 
same token, the model also hdicuted that opening the Mouut Carmel Pond gate 
to cause spill around Horsechops wouId not be necessary as long as such capacity 
~ 8 9  available, 

Howevw, the gate that controls this reservoir is not r d i y  accessible. This gate 
is located approximately 6 lcm from the Horsechops pmwcrhouse dong a rough, 
unpaved road. Accessing tbc gate nquireS approximately 45 minutes of imvcI 
(one-way) fiom this p o d u s e ,  d thmfbre daily adjustments are not always 
pcwsible. 

Despite the inaccessibility, thm m some factors that reduce the effect of 
Mupent gate adjustment on hydroelectdo production. First, the unit at 
Horsechops is equipped with good controls tbat may be used to start and stop the 
unit remotely. Second, Horsechops Forebay has some storage capcity to capture 
higher local Mows if the gate setting istoo high, or to supplement the flow h m  
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Mount Camel Pond if the gate setting is too low. Finally, the capacity of the 
Cape Broyle unit and the storage availeble at Cape Broyle Forebay reduce the 
effect of inhqutllt gate adjustments on generation at Cape Broyle. 

The stoplog s t r u c h e  a Fourth Blackwoods Pond C d  is located in the distant 
back counq and is not easily accessib1e at any time of year. However, previous 
analysis by Acres has indicated that this structure should be left open 
permanently to m h h b  spill h m  the Blackwoods Ponds, as there is ample 
storage do- in Mount Camel Pond This is the case assumed by the 
simulation model, 

In addition to the acccssibiityisrmes,NPmust rnabtah certain W u m  storage 
levels, particulatly dutiq the winter months, to ensm plant availability in the 
event of local power outages or when called upon by Nedoundland and 
Labrador Hydro 0, This winter reserve h not taken into account by the 
simulation model. 

Unit Operation 

The simulafion model operates the Cape Broyle and Horsechops units at their 
most acient loads, except when high inflows dictate that higher loads ate 
necessary to avoid arceeding the fonbay rule a w e s .  With the available control 
equipment, minimal wmhahts onplant flows, and the available forebay storage, 
it should be possible to operate these plants veq close to this ideal. An 
examination of daily Contml Centre Lags hr several month @ecembcr 1998, 
April 1999, and January-Fcbruazy 2000) confirmed that the Horsechops unit is 
loaded at best efficiency a high percenlnge of the time and at nmchum load for 
most of the remainder of the time the unit was onlint. Tht same was true for thc 
Cape Broyle unit in each of these months with the exception of December 1998, 
when the unit was operated over a range of loads h m  4 to 6.5 MW. Aside h m  
gate control issues, mother obstacle to attaining ideal o ~ t i o n  is e l d c a l  grid 
~uireme~~tsthatmayoccasidyreqSe~e~to~~atloads otherthan 
their most acient  loads. An example of such requirements would be local 
power outages, which occur m e n t l y  and therefote should not si@antly 
affect annual production. 
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Changes to Operating Guidelines 

The purpose of the analysis described in this section is to detemim whether there is 
any energy to be gained by changing NP's current plant operating guidelinus. As 
discussed in Chapter 2 them ert t h e  ways improvements could occur through 
changes to the guidelines. These arc 

inmasing head, by operatiag the forebay to get more head or reducing 
headlosses; 
by avoiding spilI; and 
by operating the units at best aciency more of the time. 

Feasible altemativcs for improving gemation by changhg the operating guidelines 
involve changing the fmbay operating levels, as dcsaibed below. As well, shifting 
generation to most efficient load at Cape Broyle was investigated. 

Increased Head at Horaechopn Forebny 
To simulate a higher forebay levd at H~rsechops, the level of Horsechaps 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 i n c d  slightly, by 
0.1 GWyr, to 51.2 G*. The higher forebay elevation led to a small amount of 
spill at Horsechops, less than 0.1 OWh/yr. Genemiion at Cape Broyle was not 
a£&cted. 

lncrereed Head at Cape Broyle Forebay 
To simulate a higher forebay level at Cape Broyle, the l e d  of Cape Broyle Forebay 
was set at its spill elevation (87.78 m) fix June to December, instead of its uppu 
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 Bmyle was 0.1 O m ,  but generation at Worsechops 
was reduced by 0.1 GWhlyr, due to ahigher tailwater level. As a d t ,  there was 
no change in average total system generation, 

Spill Avoidance: Lower Level of Cap  Broyle Forebry 
The potential for savinp in spill at Cape Broyle is low. As noted earlier, there was 
no simulated spill at Hosechops in the base case. The simulated spills at Cape 
Broyle were d and idkquenf rc6uLtingmainky fkm local inflows. As apossible 
means of reducing simulated spill at Cape Broyle Forebay, a lower operating level 
wes simulated, by setting the level to 8656 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 GWhlyr, although the same amount was gained in generation at 
Horsechops dut to a lower tailmtcr level. Consequently, there was ao change in 
average total system g e n d o n .  

Inereaged Operation at Best Eaciency at Cape Braylc 
As shown in Figure 3.2, ideal operation under the existing plant operating guidelines, 
as indicated by the simulation model, is to maintain the Homahops unit at efficient 
load. This is achieved though control of releasea fram Mount Carmcl Pond. About 
25 percent o f  the time, the combination of Homechops outflow and local i d o w  to 
Cape Bmyle Farebay requirt the Cape Broyle unit to be m t e d  at &um load. 
An alternative operating strate~y would bc to control the releases k m  Mount 
Cermcl Pond so as to shift Cape Bmyle generation from mnximum load to most 
&cieat load. The simulation model was mm with this strategy. The was 
successful in shifting generation to less than five percent at maximum load, as we11 
as reducing spill, for an average gain of 0.1 GWh&r at that station. Howeva, this 
resulted in a single year with spill at Mount h e 1  Pond, which in tum mused spill 
at H o ~ o p s ,  equivalent to about 2.0 OWh Averaged over the refme period, 
this equalled a loss in avemge genedon of about 0.1 GWyr, resulting in no net 
gain in average btal gemdon. 

Even so, the simularion indicates that such a shift is possible. As well, such a spill 
event may be avoidable in actual operatioq whenas the simulation model imposes 
the same operating rults ontvey year. Inflow forecasting could help mdize benefits 
in shifting production. 

3.5 Physical Changes to System 

RaLc Blackwoode Ponds  spillway^ 
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 M o w s  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 am. The canal itself is deep 
and fully excavated and is therefm not l i t c d  by *board on side berm. Tbe 
discharge could be increased by widening the ad, but at 1.5 km in length, this 
would be prohibitively expensive. If the spill e l d o n  wcre raised, more of the 
canal's physical flow capacity could be utihed. 
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To determine the e m  of increased qill e l d o n ,  the model was rerun essuming 
the cmts of all Blackwoods Ponds spillways @forthwest B l w h d s ,  East 
Blackwoods, and FourchBlackwoods) were raised to aminhum tolerable h b d  
on the existing diversion dams. The elevation selected was 223.20 m, or 1.00 m 
higher than the lowest existing spillway elcvation(Fourfh Blackwoods), and 0.30 m 
lower than the lowest exisling dam crest (Jordan Rivn Dam). 

The simulation achieved almost complete recovay of l3lackwoods Ponds spill and 
resulted in average generation of 52.2 GWyr at Homechops and 3 8.8 GWhEyr at 
Cape BmyIe, for a system total of 9 1 .O GWh/Lr, or 1.9 GWyr more than the base 
case* 

Assuming that the cost of energy to NP is $ O . W W h ,  tbis would d t  in a savings 
to NP of approximately $76 OOOIyr. Given an estimated total spillway crest lmgth 
of 213 m, the savings over perhaps 20 years would justify an expeadim of about 
$3300/m of crest length. The practicalities of inrrcasing the spill elevation would 
have to be investigated, including any dcun d t t y  issues. NP should also confirm the 
accuracy of the assumed elevation, storage, Iength mud discharge data for 
Blackwoods Pods structures. 

Sensitivitles 

Environmeatal Release Requirement 
The sensitivity of energy generation to cbanges in environmental rdeases 
downskeam of gated outlet structures was investigated la the current model setup, 
for the purpose of maintaining flow ia the river reach &wmtmm of the Mount 
Carmcl Pond gated outlet for e n v i r o d  reasow, the minimum flow of the gate 
was sct to 0,l m3/s, ifwater is available. As a sensitivity, this minimum flow was set 
to 30 w e n t  d t h e  m a n  annual flow into the reservoir, long as there is water in 
the reservoir. When the reservoir is empty, the nabd M o w  would be released, 

The 30 percent mean annual flow rquirement is approximatdy 2.1 m3/s. Using this 
flow as the xninimum flow reltast h m  the pta for the base case simulation model, 
there was no change in system energy. This is the case because 30 percent of mean 
mnualfIow is less than the amouut q u i d  to ma;nt4;n the Horsechops unit at its 
most efficient load. This amormt is always released in dl shnhtions unless the 
is no water in storage, in which case the natural Mows are released. 
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If NP were required to hold a supply of water in the reservoir to e m  that the 
30 percent requirement was always met, there would l i i y  be a reduction in energy. 
The same is true o f  the winter reserve mpknent mentioned in Section 3.3; in b t  
the winter reserve requirement might lead to more of areduction since the fish flows 
held in reserve could be expected to be rt1eased 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 Conclusions and Recommendations 

The conclusions and rpmmdations arising h m  the d y s i s  are as follows. 

1, Improvements to Better Match Simulated Ideal Opention 

Gate Opedon: The analysis shows that controlling the =lease of water fiorn 
storage is the key to nmhizhg thc output h m  the HorsechopdCape Broyle 
system. Tbe gated outlet at Mount Cramel Pond needs to be adjusted to ensure 
that the correct flow is bcing released to keep the units opting at best 
efficimoy, as well as to avoid spill. It may be desirable to examine .the cost of 
automation and monitoring quipment at tht Mount Carmel Pond gate compared 
to the currcnt costs of adjusting the gate manually. 

2. Changes to Opwating Guidehea 

Clarification of Guidelines: NP should clarify the guideline8 for the operaton, 
in particular providing guidance on when to increase load &om best efficiency 
to maximum. The guidelines should specifically state that the Fourth 
Blackwoods Pond C a d  stoplog structure should be leff opm, They should also 
state tbat the Mount Carmtl 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 shiA as much production as possible to efficient load at both 
stations, 

Blackwoods Ponds Spillways: The analysis showed that raising the elevation 
of the Blackwoods Ponds spillmy crcsts may increase generation by increasing 
storage, reducing spill, and utilizing mare of the physical didurge capacity of 

F W  Report Acres lnternatlonal PI3474.00 



the Fourth Blackwoods Pond Canal. NP should investigate the coats end benefits 
of raising the spillway crests, while talcing into consideration any dam safiety 
concerns. The accuracy ofthe assumed characteristics (elevation, length, storage, 
discharge) of Blackwoods Ponds simctmw shodd be veaificd. 

Environmental Releases: Providing a minimum flow release of 30 percent of 
mean mual flow downstream of the outlet gate at Mount C a m 1  Pond does not 
affect energy gentration, because this amount is alrtady being released to supply 
the units. The 'e~uircmcat, however, assumes tbat when the resuvou is low, the 
release is equal to the mtml inflow. If the requirement were to guarantee 
30 percent, a r e m e  would have to bt maintained similar to the winter reserve. 
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Rattling Brook 



4 Rattling Brook Hydroelectric System 

Rattling Brook Hydroelectric System was esswsed to d e t d e  whether there is 
potential for increasing energy generation, following the ~ o d o l o g y  in Chapter 2, 

by 

improving c m n t  practice to better follow existing p h t  o p d g  
guidelines; 
revising existing plant o p t i n g  g u i d e h ;  and 
making physical changes to the sysfm. 

In ddition, the sensitivity of energy genetation to operating changes and constraints 
was investigated. 

The following sections describe the RattIing Brook system, present representative 
operating m e m s  (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 RaStling Brook system in the Water 
Mianagcment Study, conducted by Acres for all NP hydroelectric systems, was used 
to assess the effect of opmtional and physical cbanges on energy geoeration. The 
long tenn production estimated in the Water Maqement Study assumed ideal 
operating practice8 using cumntNP plantoperathgguidcbes, as inhpmd fm the 
study. The resdt of this simulation for the Rattling Brook system is rcfcntd to in 
this section as the base case system genedon. Other estimates of energy generaiioa 
resulting h m  operational or physical changes to the system arc compared to this 
value. 

System Description 

The Rattl'mg Brook system is located in central Newfoundland near the cornmud@ 
ofNoms Arm, The development was commissiondin 1958 with additid storage 
added in 196 1. The plant bas 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 
secondunitwas or ig idy  intended as astand-by unit, howtverthc two units arenow 
routinely used togdher. 



The Rattling Brook system bas a dmbge area of approximately 383 kd. On the 
west side of the basin, a series of amall lakes along Rattling Brook, including Frozen 
Ocean Lake, Gull Lake and Beaton's Lake, flow into Rattling Lake, To the cast, a 
second scries of ponds including Dowd Pond, Lewis Pond, and Uppcr and Lower 
Cbridmes Ponds also flow into Rattling Lake. The impomdmcat for the system 
joined Rattling Lake and Amy's Lake. RdhglAmy's Lake flow into Rattling 
Brook Fombay. A schematic of the system is presented in Figure 4.1, 

Only Frozen Oaean Lake, Rattlinghuy's Lake and F U h g  Brook Forebay art 
controlled. The structures in the system are as follows 

• Frozen Ocean Lake gated o d e ,  
Frozen Ocean Lake overflow spillway; 
Ratiling/Arny's Lakt gated outlet; 

rn Rattlig/hny's Lake ovcrflow spillway; and 
• Rattling Brook Forebay overflow spillway. 

The Frozen Ocean Lalce spiliwuy discharges within the systaq both the 
Rattling/Amy's Lake spillwny and the Rattling BrookFonbay spiUway discharge out 
of the system. 

4.2 Representative Operating Measures 

In assessing the potential for increased energy generation at a particular system, 
certain npmmtative operating measures and plots can be used to draw conchions 
about the impact of operational or physid changes to the system. These masums 
and plots are as hIlows. 

Flow Utilization Factor. 
Energy Convemion Faotor. 
Flow Duration Curve. 
Energy Potential of Spill. 
Reservok Skmgc Factor. 
Reservoir Utilization Plot. 
Forebay Storage Faotor. 
Gatt Operation Plot. 

The definition and use of these measures and plots are presented in Chapter 2. Tht 
mwnwcs as calculated for the Rattling Brook system arc provided below. They were 
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developed &om the data in the base case simulation. Table 4.1 at the end of this 
section summarizes the measures for the RattIing Brook system. 

1. Flow Utitization R'actor 
The httling Brook station houses two gentrating units, but far the purpose of this 
studyfhq wen modelled as om. The most efficient flow for the wmbilled unit was 
set as the most efficient flow for one unif, and the maximum flow for the combined 
unit was set as the combined maximum flow of both units, The flow utiiization 
fhctors for the Rattling Brook station (average inflow to forthy divided by capacity 
at most efficient load and rnacimum load) am 1.24 at mast efficient Id (one unit 
operating) and 0.60 at &um load @oth units operating). 

2. Energy Conversion Bactor 
The energy conversion htm (the ideal average value of water in storage) for most 
efficient load and mnximum load for the units are 0.2 1 kWh/m3 (6.75 GWh/yr/m/s) 
and 0.17 kWh/m3 (5.44 GWb&r/m3/s), respectively. 

The average energy convusion faotor h m  the b e  cast simulation is 0.20 kWb/m3 
(6.33 GWhlyr/m3/s). These energy conversion btors take into account the average 
rcductio~l in availability due to h e d  outages, snd reflect the fict that the units arc 
f i q p d y  opted simultanwusly, which leads to higher head losses. 

3. Flow Duntion 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 
~ppximateIy 70 percent of the h, and that o p d o n  is at mahum flow 
approximately 20 percent of the time. 

4. hew Potentid of Spill 
The simulated spill for the base case was apprortimately 0.63 m3/s on average at thc 
RatthglAmy's Lake spillway and 0.24 m3/s on average at the Rattling Brook 
Fortbay spillway. Using the sirnulatcd energy conversion $ctor at maximurn load 
the spill would produce approximately 5.5 GWhlyr, if entirely saved and used fbr 
generation. 

The monthly distribution of this spill over 15 years for the base case nimMon is 
shown in Figure 4.3 f a  the Rattliag Brook spillways. Most of the spill occm at the 
R,dh&Amy's Leke spillway in March and April. 
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5. Reservoir Storage Factor 
Storage is provided by simctures located at the outlets of F r o m  Octan Lake, 
RathglAmy's Lake and RBttling BrookForebay. The reservoir storage ktors were 
calculated to be approximately 30 days for Frozen Oceen U e ,  74 days for 
RattlingAmyYs Lakc, and one day for R a w  Brook Forebay. These factors 
representthe number of days required to fl the resemok at avezage M o w  and with 
no outflows. 

6. Resemoir Utilization Plot 
Plots of simuletcd Frozen Ocean Lake and Rattli.g/Arny's Lake reservoir levels for 
the base case simulation are provided in Figwe 4.4, me farcbay level d e s  little 
so was not plotted. 

7. Forebay Storage Factor 
The forebay storage factor (time r c q d  to draw fortbay down assuming no inflow 
with units operating at mmhum load) is less than one day (19 hours). 

8. Gate Operation 
There are control gates located at the outlets of Frozen Ocean Lake end 
RattlinglAmy's Lake. Provided in Figure 4.5 is the simulated gate discbgt, gate 
capacity and simuI&d reservoir level for an aampIe year (1994) for Frozen Ocean 
Lake and Rattling/AmyJs Lake, These plots Uudratc the fquency the gates are 
Wing operated in the simulation model to maintain most ef6cimt load end to avoid 
spill. 

Table 4.1 
Raming Brook System Representative Operating Measures 
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Raffling amok Repr8mmlaWo Optarallng mawros 

Flow U W n  Facton 
- Most Emcient Lord (me unit) 
-M~~im~mIrmd(tw~Imits)  

Station FIEton 
- Most Efticlant L a d  (om unit) - Meximum Lad  (two d s )  

Eaagy htmtial of Spill 

1.24 
0.60 

021 kWhhnl 
0.17 kWhhn1 

5.5 GWWyr 



Ideal Operation of System 

RaItllng BmkRApn#tlnWm Opmdng Nlersum 

The long term energy production at Rattling Brook as estimated by the simulation 
model developed for the Water Management Study is 63.6 GWyr. 7'his compares 
with recorded energy generation for the m e  refemnce period (1984-98) of 
66.7 GWh/yr. While it would normally be expected that the simulated production 
would exceed the actual avcrage for any given period, this diffmnce does provide 
some indication that then is little potential for improving a c t d  generation at this 
system under the current plant operating guidelines. As discussed in the Water 
Management Study, the inflow hydrology used for tbe Rattliug Bmok simulation is 
the most likely cause of this unusual result, However, insuEcient hydrodc  data 
are available far the region to conhrm this conclusion. 

havoir S m t  Factom 
-FrozarCkemLske 
- RattlinglArny's Ids  
- lbtthg Brook Fonbay 

Fonbay Storage Factor 

Further indicators that this system's actual operation approaches the ideal we 
provided by the comparisons conducted for the Water Mansgemcnt Study for two 
sample years. This comparison indicated en average di&rence between recorded 
and simulated generation (dkradj-enb for storage) ofepproximately -10 percent 
for this system, Again, anegative result forthe comparison is unusual, but this result 
also points to the conclusion that the Rattl'mg Brook system is being operated in a 
manner close to the simulated ideal and that there is little oppommity for 
improvement under the cumnt operating guidelines, 

30 days 
74 days 

1 day 

<1 day (19 hours) 

Forthe entireNP hydroelectric system, the value used for the adjustment for practical 
operations was seven percent. Tbis factor is intended to reflect an average difference 
between the simulated results and the generation that can actually be qccW based 
on realistic operational constmints and recent operating eqde-nce. Further details 
on the calculation of this fktor  and its application may be found in S d o n  22.3 of 
the Water Management Study. The remainder of this section will consider 
opportunities to reduce this dlfference between the s'mdated ideal d o n  and 
a d d  operation at the Rattling Bmok System. 



Plant Operating Guldelinea 

The simulation model used to e s t h t e  the energy g d o n  of the Rattling 
Bmok system assumes that the operations staff  has in- 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. This require-s some intapretation by the operators regarding what 
constitutes high idows. The intapretation used in the simulation model 
inwrpaxated target levels fbr each reservoir in the system. Tbt memoirs were 
operatea to keep the fmbay at its target level and to maintain operation at best 
efficiency. If the fmbay level exceeds tbe target level at any particular time of 
the year, then the units are operabed at mahum load to bring the water level 
down, 

Obviously, some judgment on the part of the operetors in applying this guideline 
is rtquired. For iustmce, knowledge of above mnnal snow accumWons inthe 
watershed prior to springrunoff may be employed in deciding to operate theunits 
at maximum load even when water levels bave not reached the tar@ levels. 

4.3.2 Gate/Resewolr Operation 

The Wing Brook system has siwcant storage capacity. The gate that 
controls the main storage reservoir at Rattling/Amy's Lake is remotely operated 
from the powuhousc. Tn addition, remote water level indication is available for 
this storage reservoir, Therefore, the outlet gate can be adjusted hquently 
(several tkm daily, if necessary) by operations staff. 

This is not true of F r o m  Ocean Lake, the othcr storage reservoir in this system. 
However, this memoir provides much less storage and its discharges can be 
stored downstteem at Rntth&lmy's M e .  Therefore, hhqucnt gatc 
adjustments at this reservoir do not have a ai*cant impact on plant production. 

In addition to the accessibility issues, NP must maintain certainminimum storage 
levels, pdcularly during the winter months, to ensurc plant availabiity in the 
event of local power outages or when called upon by Newfoundland and 
Labrador Hydro. This winter reserve is not hkm h t o  account by the Sirnuhiion 
model. 
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4.3.3 Unit Operation 

The simulation model opnates the Rattling Bmok units excluively at most 
efficient load, except when high inflows dictate that higher loads ert necessary 
to avoid spill. With the available control equipment, minimal constmints on 
plant flows, aud the available fmbay storage, it should be possible to operate 
this plant close to this ideal. An exmination of daily Control Cen- Lags for 
several months (Dccmbtr 1998, April 1999, and Jmw-Fehmy 2000) 
indicated thaf with the exception of the April drrta, the Rattling Brook mi& are 
loaded over a range of loads h m  4 to 7.8 MW. This plant would a d o r e  not 
appear to be making efficient use ofthe available water, although amore detailed 
study would also include aa examination of unit availability and system 
conditions during these months. The main obstacIes to atlnbhg ideal operation 
am elcdcal grid ~ ~ c n t s  which mny o c c a s i d y  require that the units 
operate at loads otha  tbao their most efficient loads. Such r e q ~ c n t s  would 
include Iocal power outuges or other hhquent occ\11~nces. 

4.4 Changes to Operating Guidelines 

The purpose of the analysis d d b e d  in this section is to &tennine whether there is 
any energy to be gained by changing NP's current plant operating guidelines. As 
discussed in Cbpta 2 there arc three ways improvemeats could occur through 
changes to the guidelines, These are 

increasing head, by operating the forebay to get more head or nducing 
headlossts; 
by avoiding spill; and 
by operating the units at best efficiency mare of the time. 

Each of these is discussed below for the Rattling Brook system. Increasing the head 
through a change in the use ofthe flashboarda or installation of inflatable crest gates 
was considered es 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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Spin Avoidance, Limiting Case: Maximum Load, Rwervoirs Low 
The limiting case for spill avoidance is to maximhe the amount of storage available 
to contain inflows. To do this, tbc units would be optrated at maximum flow to keep 
the water level in the storage reservoirs as low as possible, 

At Rattling Brook, the potential hr savings in spill compared to the base case is low. 
The maximum possible duction in spill would be the equivalent of 5.5 GWh/yr, as 
shown in Table 4.1, However, the spill distdbution plot (Figures 4.2) shows tfiat this 
would be &cult to caphue since the spills occur i n h q d y  end in lergt amounts. 

To assess the potential for additional enew generation in the system using spill 
 voidance, the simulation model was run assuming the units wm always o p e d  
at maximum load whcn water was availabIe. The average annual spill from the 
aystcm was reduced by 0.38 m3/s, h m  an a v q e  of 0.87 m3/s to 0.49 m3/s. This 
repmts minuease of appmximatcly 2.4 QWyr, but does not compensate for the 
approximately 4 3  GWhEyr damme in energy pmduttion due to opezating the units 
at a lower efficiency. 

Best Efficiency Operation, Limiting Caee: Reservoirs Higb 
The limiting case for : m a x b h h ~  the amount of time the units am operating at best 
&oienv is to run the units at best efficianoy, until the atorage reservoirs are just 
about to spill, This may require %writ 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 pmduction of 
60.3 G-, with a spill of 1.63 m31s. Tbis production is lower than tht 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 bc minor adjustments 
made to the d e  curve that could increase production monthly, but the inmewe 
would be expcctd to be maqid. 

Revbed Unit Dispatch 
The cumnt E U h g  Bmok plant operating guidelines state the foliowing. 

I.) Whenflows me minimal operate Unit #I at best eficiency instead of #2 us the 
eficiency ofihis unit is 'sener. -rate #2 at best eflciency if#] cunnot handle 
theflow, For higherjlows, we #2 atfill Id and #I at best eficiency. Operate 
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both units atfil! I d  only witen necessav to moid spill, nis is the most 
imflcieni selling of the units as the pressure loss in the penstock b very high at 
full load 

Efficiency testing underlaken in August 2000, however, showed that Unit #2 has a 
higher acicncy and therefore hi* energy convcmion War than Unit #I. The 
simulation modelling for the Water Management Study used a unit dispatch based 
on the efficiency testing rather than the operating guidelines. Tbis lead to an increase 
in genmation of approximately 0.5 GWWyr. 

Physical Changes to System 

The two principd options for phyical 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 h s c  changes, the following options wexe investigated. 

Increase d m  height at RdhglAmy's Lake to increase storage, 
I Reduce headlosses by enlarging the penstock at Rattling Forebay. 

Each of these physical changes to the system is discussed below. Table 4.2 
s lummbs the d e .  

heme Storage st Rnttlinghby's Lake 
To determine the effect of an inmeam in storage on energy production, the dRmR and 
structures at Rattling/Amyas Lake wcrc assumed to be raised to allow increases in 
fidl supply level of one and .two meters. The effeet is to reduce system spill. The 
d t i q  increases in mmgy generation wexe 1.3 G W y r  for the one meter rise, and 
2.2 G W y r  for the two mctcr rise. 

Assuming that the cost of energy to NP is SO.W/kWh this would result in a savings 
to NP of a p p r o ~ l y  $52 OOOlyr for the one meter increase in dam height and 
$88 000fyr for the two meter i n a w e  in dam height, Given a dam leagth of 
approximately 960 m, the savings overperbaps20 yeam wouldjustify an expenditme 
of about $500/m of dam length based on a one metar increase. The practicalities of 
adding additionalikhboards to the existing stmdms at RnthglAmy's Lake dam, 
or of raising the dam in some other mmuer would have to be investigated. 
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Reduce Headlosaeu 
One metbod of inMeasing head is to reduce hcadlosses. The penstock at Rattling 
Broak was desigued for o p d o n  of one uuit only, thedore operatiug tke two units 
together results in high hdosses For the purposes of examining the value of a 
reduction in htadlosses, a new headloss curve based on larger penstock 
(approximately 5Op-t lerger d i m )  was calculated and used in the simulation 
model. '2hc resulting energy generation was 70.9 GWh/yr or a net increase in 
average annual energy o f  7.3 OWhlyr. Recovcy 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 

In addition to the investigation of specific optrational and physical chaagts, 
sensitivity runs were done to provide NP with infodon 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 avuage energy genmtion, average annual spill for each 
case is presented in Table 4.3. 

The sensitivity cases war as follows. 

ChangehE~rgy 
WWd 

- 
+1.3 

+2.2 

+73 

r . 
CMS 

B m  Case 

Increase Storage in ~ s / A m y ' ~  
Lakebylm 

hawse Stoxnge RattlingfAmy'r Iakc 
by 2 m 

Reduct beadlows 

Environmental release requimmt of 30 pwcmt of mean annual flow. 
No stornge in system (to obtain value of storage); remove dams and gates. 
Changes to gate operation at From Ocean Lake. 

- - - 

~ n n p . & u ~ l E w ~  
(-9 

63.6 

64.9 

65.8 

70.9 
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Environmental i l e b  Requirement 
The sensitivity of energy gendon  to changes in environmental releases 
downstream ofgated outlet structures was investigated. In the current model setup, 
for the purpose o f  maintaining flow in thc river reaches do- of the gated 
outletP for environmd ream-, the minimum flow of all gates was set to 0.1 m3/s, 
ifwater is available. As a sensitivity, this minimum flow was set to 30 petcent ofthe 
mean mual fiow into the m o i r ,  as Iong as there is water in the memoir. When 
the mmroirs are empty, the natrwl inflow would be released. 

The 30 perctnl mean annual flow r e q h m t  is equivalent to approximately 
0.5 m3/s at Froz~ar Oceaa Lake and 3.22 m3/s at Rattling Amy's Lake. Using these 
flows as the minimum release h m  thc gates leads to an annual avemp energy of 
63.5 GWh/yr, only 0.1 GWh less thm the base case, This is the case because 
30 percent of mean annual flow is less tfran the best efficiency flow of the unit, This 
amount is released in all simulations unless there is no water in stoxuge, in which 
case the natural inflows an r e l d .  

If NP were required to hold a supply of watca in the resewoirs to c n m  that the 
30 percent requirement wae always met, there would likely be an additional 
reduction in energy. 

No Storage in Syotem 
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 h m  this sensitivity was 47.2 G-, a nct decrease of 16.4 OWhlyr. 
This represents the value of maintaining the structures at F r o m  Ocean Lake and 
Rattliig/Amy's Lake. 

Changer to Fnncn Ocmn Lake Gate Operation 
The remote location and difficult access of the Frozen Ocean Lake outlet structure 
make it a d d a t e  for automation. Tbc simulation for the base case assumed that 
the gate could be opmted daily, however the gate operation plot in Figure 4.5 show9 

that the gate is usually open to full capacity. The bast case could be considered the 
full automxtion case. 

To investigate the value of automation, or of some alternative procedure, a simulation 
was nm assuming that the gate was lee fully open year round, The structure itself 
will p v i d e  some natural regulation. 
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The Merence in the estimate of mugy genedon in this case and the base case 
indicates the value of having a gate tbat can be operated daily. The d t h g  energy 
generation from this sensitivity was 63.1 GWldy~~ or a net decrease in energy of 
0.5 GWyr. This deortast is due to extm spill at the fbrebay and additional 
operation at maximum load. This finding suggests that automation would save 
sdEcient energy to justifL an expenditure of approximately $200 000 md therefore 
should be investigated further. 

Table 4.3 
Energy Results for SensIthrfty Simulation8 for Rattling Brook 
System 

Conclusions and Recommendations 

The conclusions and ~~~~rnmedat ions  arising h m  the analysis arc as hllows. 

1. Chnnges to Operetiug Guidehea 

ClaMcatian of Guidelines: The present guidelines as in-ed for the Watet 
Management Study come close to maximizing system output 

caw# 

Bart Case 

Environmental Releases 

Value of Stomge 

From Oceaa lnkc Gate 

-00 

- Leave Gade Full Open 

Unit Dispatch Order: The current opt ing  guidelines suggest a unit dispatch 
order that is inconsistent with the station fectors as calcuIatcd from recent 
efficiency test&. NP should consider revising the guidelines. 

Amm- h n u d  : 
brrBY 

4OINhljrr) ' 

63.6 

63 5 

472 

63, I 

Changeln 
En- 

(-0 
- 

- 0.1 

- 16.4 

- 0.5 
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2. Physical Chrngea 

Headlosscs: The analysis showed that them may be some gains in energy by 
reducing htadosses. The costs and benefits of =placing the penstock should be 
examined. 

Environmentel Relmes: Providing a minimum flow release of 30 percent of 
mean annual flow downdream of the outlat gates at Frozen Octan Lake and 
RattlingfAmy's Lake does not si@cglltly &st energy generation, because the 
flow is already being released to supply the units. The requirement, h o w e ~ ,  
assumes that when the reservoirs arc low, the release is equal to the maual 
idow. If the rqukment were to guarantee 30 percent, a meme would have 
to be maintained similar to the winter resenre. 

Value of Stomge: The value 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 main- the structms. 

Cbmnges to Frozen Ocean Lake Outlet Gate ControYOpemtSon: The value 
of o p t i n g  the gate at Froam Ocean Lake on a daily basis, if requited, is 
0.5 GWyr.  Automation of the gate should be considered. 
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(a) Rattllng I Amy'a Lake Spill 
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MorrislMobile Hydroelectric System 

The MomislMobile Hydroelectric System was asscsscd to determine whether there 
is potential for increahg energy gemmiion, following the methodology in 
(=ham 2, by 

impmving current practice to better follow existing plant opating 
guidelmes; 

v 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 MomslMobile system, present reprtsentativt 
operating measures (e.g., flow utilization &tor and energy potential of spill) and 
p v i &  the results ofthe analysis used to assess the effectof operntional and physical 
changes on energy generation. The last section provides conclusions and 
recommendations, 

The sirnuhition model which was set up for the MomdMobile system in the Water 
Management Study, conducted by Acres for all NP hydrotldc systems, was used 
to assess the e m  of operational and physical changes on energy generation. The 
long term production estimated in the Water Managemeat Study assumed ideal 
operating practices using c m t  NP plant apaating guidelines, 8s interpreted for the 
study. The result of this s-rmulation for the MorrislMobile system is r e f d  to in 
this section as the base case system generation. Other estimntcs of energy generation 
resulting &om opcrationaI or physical cbangts to the system arc compared to this 
valw. 

System Description 

The Moms/Mobile systcm is located on the southem shore of the Avalon Peninsula 
in eastern Newfoundlaad, and has two generating stations. The M o m s  Oenuuting 
Station was codssioned in 1983 and haP a nameplate capecity of 1.1 MW and a 
rated net head of 30.0 m. The dtainage area above the W e  of the Morris station 
is appmxhately 96 kmz. The Mobile Gentrating Station was commissioned in495 1 
and has a narneplatc capacity of 12.0 MW and @rated net head of 114.6 m. The total 



drainage area above the intake of the Mobile station is approximately 113 lan?. 
Storage is provided by stmdms at Mobile Big Pond and Mobile First Pond. A 
schematic of the system is presented in F ' i  5.1. 

The upper part of the bash drains into Mobile Big Pond, which is the main storage 
reservoir for the system. Moms Canal exteads 2.5 km from Mob'rle Big Pond to 
Moms Forebay, Both tbe canal and Mobile Big Pond art equipped with overflow 
spillways, which discharge mud the Moms station into Mobile First Pond. Power 
flows h m  the Monis station are discharged through a fmh spawning caoal, about 
100 m in length, into Mobile First Pond, Mobile Canal extends 2.1 km b m  Mobile 
First Pond to Mobile Forebay. Spill h m  Mobile First Pond is discbarged out of the 
system, 

The struchucs in the systtm are as follows 

Mobile Big Pod o d o w  spillway; 
Mobile Big Pond gated outlet; 
Momis Canal, 
M o m s  Canal overflow spillway; 

• Mobile First Pond overflow spillway; and 
Mobile Canal. 

The Mobile First Pond spiIIway discharges out of the system; the Mobile Big Pond 
and Motris Canal spiIIways disobarge within tht system. 

5.2 Representative Operating Measures 

In assessing the potential for increased cncrgy gemnation at a particular system, 
certain representative opcratiag mcasum and plots can be used to drew 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 Convexsion Factor. 
3. Flow Duration Curve, 
4. Energy Potential of SpilL 
5. Reservoir Storage Factor- 
6, Reservoir Utilization Plot. 
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Forebay Storage Factor. 
Gate Operation Plot. 

The dewtion and use of these measures a d  plots are dcsmibed in Chapter 2. The 
measures as calculated for the Moms/Mobile system ra provided below. They- 
developed h m  the data in the bast case simulation. Table 5.1 at the end ofthis 
section fllmmarizes the measures far the Lookout Brook system. 

1. Flow Utilization Factor 
Tht flow utjliition fhctors (average Mow to foebay divided by flow capacity at 
most efficient load end maximum load) for the Morris slation att 0.91 at most 
efficient load and Q.82 at maximum load. Far the Mobile station, the fWors are 0.50 
at most efficient load and 0.42 at maximum load. 

2, Energy Convenion Factor 
The energy conversion &tors (the ideal average value of water in storage) fat the 
Moms station srt 0.07 kWh/m3 (2.05 GWh&~fm~/s)~ at most dcient load and 
0.06 k W m 3  (1.94 GWhfyr/m3/s) at maximum load. For the Mobile stdon, the 
factors are 0.29 kWh/m3 (8.99 GWh/yr/d/~) at most efficient load and 0.28 kWhlm3 
(8.83 GWyr/m3/s) at &um load, 

The average cnc%y conversion factbis h m  the base cam s i m a o n  for the Moms 
and Mobile stations are 0.06 k W m 3  (1.88 GWh/yr/m3/s) and 028 kWhh3 
(8.70 G m / m 3 / s ) ,  respectively. These energy conversion fhcbfs take into account 
the awxage reduction in availability due to forced outages. 

3. Flow Duration Curve 
The Morris and Mobile flow dut84on mes $or the turbine flow (power flow) in the 
base case sirnulation are shown in Figure 5.2. The average daily flow tbrough the 
Morris unit is usually at or above most efficient load The plot of average daily fl ow 
though the Mobile unit illusbates tbat the unit is usually operated h r  only part of 
each day (at efficient load), and is rarely aperated at maximum load. 

4. Energy Potential of Spill 
The monthly didxibution of the simulated spill ovw 15 years for the base cast 
simulation is shown in Figure 5.3 for the Moms dation @lobile Big Pond ovcrfIow 
spillway) and Mobile station (Mobile Fhst Pond overflow spillway). 
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The simulated annual average spill fbr the base case was approrinrarely 0.12 m3/s at 
Morris, Using the simulated energy conversion factor at maximum load presented 
previously in this section, the spill would produce approximately 0.2 GWh/yr, if 
entirely saved and used for generation. At Mobile, the simulated spill o c a d  in 
only two years, with annual amounts of 0.03 m3/s (0.2 GWh) amd 0,05 m3/s 
(0.4 GWh) far the two years rrspactively (15 year average less than 0.1 GWhfyr). 

5. Reeervoir Storage Factor 
The main system storage is provided by Mobile Big Pond. The reservoir dorage 
fwtor (the number of days to fill the rtseivoir without any outflow) was calculated 
to be approximatdy 70 days (without ff ashboarcis). Mobile First Pond, used only to 
provide hsad and shoi tam storage for the Mobile station, has a m o i r  storage 
faotor of five days. 

6. Reservoir Utilivtion Plot 
The plot of simulated Mobile Big Pond rtservoir levels for the base case simulation 
is provided in Figure 5.4. The plot illustrates the-oir utilization corresponding 
to ideal operation, which generally dccs  full use of the available storage range. 

7. Forebay Storoge Factor 
The Morris Forebay comprises only the canal below the gate at Mobile Big Pond. 
The forebay storage fwtor (time rcpuiredto dnrw forebay down assmhg no inflow 
with the unit operating at maximum load) is estimated to be only a few hours. The 
Mobile Forebay is essentially anextension ofMobiieFirst Pond, whichhas a forebay 
storage k t w  of more than two days, 

8. Gate Operation 
The only rcscrvoir with a contml gate i s  Mobile Big Pond. Provided in Figure 5.5 
is the simulated gate dhharge, gate capacity and simulated memoir level for an 
example year (1 987) for Mobile Big fond. These plots illustrate the fkqwncy the 
gate is being operated in the simulation fitode1 to maintain most eEcient load and to 
avoid spill by operating at maxhum load, 
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Table 5.t 
MorrlslMobile System Representative Operating Measures 

5.3 Ideal Operation of System 

. . 

M0d-m~- operollng ~llbss-ma 

The long tmn energy production of the Moms/hfIobile system as estimated by the 
simulation model developed for ,the Water Management Study is 51.6 G W y r  
(7.8 G W y r  at Monk, 43.8 GWh/yr at Mobile), This compares with recorded 
energy generation fix the same mferencc period (1984-98) of 47.7 OWhlyr 
(7.2 GWh/yr at M d s ,  40.5 G W y r  at Mobile), While thcst numbers are not 
direotly comparable due to upgrades of the Mobile unit in 1990, the difference does 
provide some indication ofthe potential for improving achral genesation at this 
system uuder the cufitnt plant o p c d q  guidelines. F& indicaton of this 
difftrence an provided by the comparisons conducted for the Water Management 
Study for two sarnple years. This comparison indicated an average di&rcnce 
between recorded and simulated g e n d m  (afkr a d . . -  fbr storage) of 
appximately kurpercent for this system, The cornparhion would tke6orc suggest 

Flow Ulibtion Fnctors - Morris Mast Efficient Load 
-MdMe#im\mtLoad - MobikMvst Bffictent Lond - Mobile Meximum Load 

.- 

SIation Factors 
- M d  Most Efficient Load 
-MorrisMwimPmLoPd 
- MobiIe Most Efficient L m d  
- MobPe h4cuhum Load 

Energy Potuntisl of spill - Morris Spill 
- Mobile Spill 

R e m i r  St- Facton - Mobile Big Pond - Mobile F i  Pond 

Foreb~y storage ~ & r  
-MorriSPoSebay 
- Mobile F o e y  
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that there is little opportunity to improve theopexation oftbis system by more closely 
following the i d d  demonstrated by the simulation model. 

Forthe entireNP hydroelectric system, the value used for the adjustment for practical 
operations was seven percent. This fbtor is intended to reflect an average ~ ~ c e  
between the simulated results and the genedon that can actually be expected based 
on realistic operational constraints and m t  opera@ experience. Further details 
on the calculation of this factor and its application may be found in Section 223 of 
the Water Menagement Study. The remainder of this section will consider 
opprtunitics to reduce this difkcnce between the simulated ideal operation and 
a d  opeation at the MorrislMobile system. 

5.3.1 Plant Operating Guidelines 

The sixnulation made1 used to estimate the energy gemtion of the 
MonidMobile system ass-s that the operations M has interpreted the 
existing operating guidelimes as described in the Water Management Study. 
Plant operating guidelines state that Monis should be operated at best efficiency 
24 horn per day, which should then allow Mobile to be operated abut  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 tbat the existing plant apagtiq guidelines pro* no 
guidance on whw to h c m s e  load to maximum for spill avoidance. HistoricalIy, 
spill has been exceptional1y rare. However, with the flashboards moved h m  
Mobat Big Pond, spill may be mote h p e n t  in future, For this reason, the 
simulation model incorporated a rule a w e  far cach reservoir in the system. The 
rule curves d e t e d e  how to operate the system, based on the obscrvcd reservoir 
levels. If the reservoir lwels ere above the rule curve level at any particular time 
of year, then the units art operated at &um load to bbring the 1-1 down to 
the rule c u m .  If the reservoir levels are below the rule curve, then the units arc 
operated at best efficiency. The rule m e  4 used the simulation model for 
Mobile Big Pond is illudxatd in Figure 5.4. Thc rule owre for Mobile First 
Pod was set at the m a b u m  operating level of Mobile Forebay, 150.48 rn 

As another example reguiring operator judgment, howledge of above normal 
snow accumulations in the watershed prior to spriug runoff may be employed in 
deciding to operate the units at maximum load even when water lwels 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/Reservolr Operation 

TheMomsrMobilc systemhas significant storage capacity that csllbt cffectivtly 
used to smooth the basin inflows, Mobiie Big Pond provided most of the useable 
storage capcity. It is also the only reservoir with a control gate. Typically, a 
constant 8ate discharge has to be maiatained, corresponding to the best efficiency 
flow of Morris. This requires regulrrr adjwtment of the gate position to accouut 
for the fluctuation in reservoir leveL The full capaoity ofthe gate is much greater 
than the required discharge, and therefore it is not a Limiting factor in selectbq 
appropriate gate settings. However, the gate is not readily aocessiblc, This gate 
is located approximately 10 Ian from the nearest major highway along an 
unpaved rod. Accessing the gate quires 8ppmximately 45 minutes of travel 
(one-way) fkmn the Mobile powcthousc. Daily adjustments to thit gab arc not 
always possible. 

Despite its inaccessibility, sevunIfm wsure thatdkquent adjwlment ofthe 
Mobiie Big Pond gate willnot pat ly  afficct hydroekchic pmductioa. F i i  the 
unit at Morris is equipped with good controls whichmay be usad to start and stop 
the unit remotely, The Mit may be shut down for brief Mods before the canal 
be@ to spill, without having to adjust the Mobile Big Pond gate. Second, the 
efficiency curve at Monis is flat euough that 0-g the unit at loads slightly 
diffcfcnt than the most efficient load will have minimal impact on genedon. 
Finelly, the capacity of the Mobile unit and the storage available at Mob& First 
Pond mure k t  generution at the much huger Mobile p h t  is not -ad by 
infjrequent adjustments to the releases &om Mobile Bi i  Pond, 

With respect to reservoir operation, prolonged shutdowns at Morris would be the 
most significant constraint on reservoir u-tion. 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 muent outages lead to an accuxnaon of water in stomge which 
c m o t  be rapidly mused, mulling in an inneased risk of spiU over the long 
term. In addition,NP must maintaincertainminimum storage lmls, particularly 
during the winter months, to ensure plant availability in the event of I d  power 
outages or when celled upon by Newfoundland and Labrador Hydro (NLH). This 
winter reserve is not tekm into account by the simddion model. 
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5.3.3 Unlt Operation 

The simulationmodel operates theMorris and Mobile units at their most e5cient 
loads, except when higher loads am necessary to avoid exceeding the reservoir 
rule curves. Both units are equipped with modem controi equipment which 
parnits flexible automated remote control. With the available control equipment, 
minimal constmints on turb'i flows, and the available forebay storage in the 
case of Mobile, it should be possible ta operate both stations very close to this 
ideal. An examination of daily Control Ccntrt Logs for s t v d  months 
(December 1998, April 1999, and January-Febmq 2000) codkmed that the 
Mobile unit is loaded at best eflticiency a high pmmtage of the time. Based on 
these same daily log sheets, the load on the M o d  unit appeared to more 
variable, possibly as a result of hquent debris blockages at tbe intake which 
reduce the unit load for a given turbine flow. 

Another obstacle to ideal opexationis el&cal grid rqukemu~ts which 
may occasionally require that the units operate at loads other than their most 
&dent loads. Such roquimnents would include local power outages or other 
infrequent occurrences. In addition, providing a minimum flow in the Moms 
tailrace spawning channel add hkqucnt gate adjustments may force the Moms 
unit to apuate at less efficient loads. 

5.4 Changes to Operating Guidelines 

The putpose of the analysis described in this section is to determint whether there is 
any energy to be gained by changing NP's cumnt plant opating guidelinca. As 
discussed in Chapter 2 there are thne ways improvements could occur through 
changes to the guidelines. These are 

h m d n g  head, by operating the forebay to get more head or reducing 
headlossts; 
by avoiding spill; and 
by operating the units at best 6oiency more of the time. 

For this system, forebay o p d o n  was d d  only for Mobile. It was not 
examined for Morris because its firebay level is ody a function of the flow in Moms 
Cad. 



The otbtr two possibilities were cxamkd using ihc limiting cases of high and low 
reservoir rule curves, d k u s d  in Chaptes 2. The base case is an intenncdiate case, 
since it uses a ~ l e  curve in Mobile Big Pond between Ml supply level and low 
supply level, as described in Section 5.3. 

Increased Head at Mobile E'orcbay 
To simulate a higher forebay level at Mobile, the IeveI of Mobile First Pond was set 
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. Them was no increase in simulated 
gendon  at MobiIe. The increase in net head was only about 0.3 percent. 
h e d o n  at Morris d d  sligbthy, h m  7.8 GWhEyr to 7.7 GWyr, due to the 
higher tailwater elevation resulting h m  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 potential for savings in spill compand to the base case is low. At Morsis, the 
simulated spills tend to be small; the maximum possible reduction in spill would be 
the equivalent of 0.2 GWhtyr, as shown in Table 5.1. As well, the high flow 
utilization &tor of Moms suggests that the unit does not have enough unused 
capacity to achieve a reduction ia spill, At Mobile, the simulated spill is both small 
and idqmt, 

To assess the potential for additional energy gedaation in the system using spill 
avoidance, the simulation model was run assuming ?he Morris unit was always 
operated at maximum load when water was available. The avaage annual spill h m  
Mobile Big Pond was reduced from an avcrage of 0.12 m3/s to 0.11 m3/s, but there 
was a net decrease inaverage generation at Morris, from 7.8 GWhEyr to 7.7 GWh/yr, 
due to operating the unit at a lower eficiency, There was no w e  in average 
gentration at Mobile. 

Best Efficiency Opemtion, Limiting Case: High Rule Cuwe 
The limiting case for maximizing the amount of t h e  operating at best efficiency is 
to run Morris at best efficiency until Mobile Big Pond is just about to spill. 



A simulation using this rule resulted in no change in average annual generation, 
~ ~ l l p m m i  to the base case. This suggests that the rule curve used for the base case 
simulation is near optimal. 

Physical Changes to System 

The principal option for physical changes to the existing system to improve energy 
g e d o n  is to increase storage. 

Increase Storage at Mobile Big Pond 
For dam safety reasons, the flashboards were recently removed b m  the Mobile Big 
Pond overflow spillway, With the Wboards, 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 dekmhe the &cct of an increase in starage on energy production, the spill 
elevation was assumed to be restored to its fanner level. This reduced the average 
annual spill at Morris fjrom 0.12 m3/s to 0,01 m3/s, with a resulting increase in energy 
generation of 0.1 eWh&. 

Assuming that the cost of energy to NP is $0.04/kWh, this wouId result in a savings 
to NP of approximately $4OOO/yr. Given a spillway length of approximately 54 m, 
the savings over perhaps 20 years would justify an expenditwe of about $680lm of 
spillway length. The practicalities of inoreasing the spill elevation at Mobile Big 
Pond would have to be investigated. The spillway fleshboards auld be reinstalled, 
but dam safety concerns d d  still exist as M r e .  One option would be to remove 
dashboards 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 considend. 

Sensitivities 

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

Condusions and Recommendations 

The conclusions and recommendations arising a m  the analysis are as follows. 



1. Impravemcnb to Better Met& Simulated Ideal Openition 

Gnte 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 eost 
of automation and monitoring equipment at the Mobile Big Pond gate compamd 
to the oumnt costs of adjusting the gate manually. 

Clarification of Guidelines: NP should o l e  the guideIines for the operators, 
in particular providing guidance on when to incrmse load a m  best efficiency 
to maximum to avoid spill, The present guidelines as interpreted for the Water 
Management Study come close to maximiring system output, if NP can operate 
in this manner, 

3. Phyaical Changes 

Increased Storage: Increasing the storage capacity of Mobile Big Pond to its 
fonner value increases energy output by reducing spill. If flashboards cumat be 
used fm dam dety masons, then sn inflatable &st gate (rubber dam) on the 
spillway saction maybe considd. NP should investigate the co- and benefits 
of altemative f l d b d c r c s t  gate amngerncnts, taking into account dam safkty 
requirements, 
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Rocky PondlTors Cove Hydroelectric System 

Rocky P o M o r s  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 gemration to operating ~ h a n g e ~  and constraints 
was investigated. 

The following sections describe the Rocky PoncUT'om Cove system, present 
representative operating measures (e.g., flow utiliition 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/Tom Cove system in the 
Water Management Study, conducted by Acres for all NP hydroelectric system, was 
used to assess the e f f i  of opdona l  and physical changes on energy generation. 
The long term production estimated in the Water Management Study assumed ideal 
operating practices using cwrent NP plant operating guidelines, as intepted for the 
study. The result of this simulation for the Rocky Pond/'I'ors Cove system is 
refbed to in tbis section as the base cast system generation Other estimates of 
energy generation resulting h m  operational or physical changes to the system are 
compared to this value. 

System Description 

Tht Rocky Pond/Tors Cove system is located on the souchem 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 h a t i n g  Station contins one 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 approxhately 152 W. 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 arated net 
head of 52.7 m. The drainage a m  above the intake to the Tors Cove station is 
approximately 183 kmz, The station was commissioned in 1940. Tht total 
nameplate capacity of the system is 10.25 MW. Storage is provided by stmctures 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 ups- 
reservoir in the system. Thm are two dams witb 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 ~ E S  a control 
stnroture located at its outlet. Water is conveyed h m  Cape Pond to Rocky Pond 
Forebay through the Cluneys and La Manche canals. Spillways are located along 
both c d s ,  which when overtopped, would lead to spill out of the system. Water 
h m  upstream reservoirs en* Rocky Pond Forebay via La Man& Canal is 
either stod, spilled, or used for generation. Power flow and spill h m  Rocky Pond 
Forcbay enten Tors Cove Pond Forebay where the waW 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 fiom the Tors Cove station penstock for its water 
supply. 

The structures in the system me as follows 

Franks Pond gated outlet; ' 

Franks Pond ovedow spillways; 
Franks Pond t-RnRI overflow spillway; 
Cape P d  gatad outlet; 
Cape Pond overflow spillway; 
Cluntys C a d  o v d o w  spillways; 
La Manche Canal overflow spillways; 
Rocky Pond Forcbay overflow spillway; and 
Tors Cove Pond Forebay overflow spillway. 

The Franks Pond, Franks Pond Caual, 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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Representative Operating Measures 

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

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

The definition and use of these measures aud plots are presented in Chapter 2. The 
measures as calculated for the Rocky PondA'o~~ Cove systAm are provided below. 
They were developed h m  the data in the base case simulation. Table 6.1 at the end 
of this section summarizts the measures for thc Rocky Pond/rors Cove system. 

1. Flow Utilization Factor 
The Rocky Pond strrtion houses one generating unit. The flow utilization hctors for 
the Rocky Pond station (average i d o w  to forebay divided by combined flow 
capacity for both units at most efficient load and maximum load) are 0.62 at most 
e&cient load and 0.58 at meximum load. 

The Tors Cove station houses thrce generating units. The flow utilization fhctors for 
the Tors Cove station (average inflow to fortbay divided by combined flow capacity 
for both units at most efficient load and maximum load) arc 0.59 at most efficient 
load and 0.47 at maximum load. 

2. Energy Conversion Factor 
The energy conversion hcton (the ideal average value of water in stomge assuming 
the units are opemting alone) for most dcient load and &um load for ROP-G1 
are 0.081 k W m 3  (2.57 GWyr/m3/s) and 0.079 kWblm3 (2.50 GWh/yr/m3/s), 
respectively. For TCV-G1 and TCV-G2 the most efficient load and maximum load 
conversion factors are 0.114 kWh/m3 (3.59 GWh&r/m3/s) and 0.110 kWh/m3 
(3.48 G-/m3/s), respectiwly. For TCV-G3 the most efficient load and 
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maximum load conversion &tors ere 0.120 kWh/m3 (3.78 GWh/yr/m3/s) and 
0.1 1 6 kWh/m3 (3 -66 GWMyr/m3/ s), respectively. 

The average energy conversion hctors from the best case simulation far ROP-GI, 
TCV-01, TCV-G2 and TCV-G3 ere 0.080 k W m 3  (2.53 OWh/yr/m3/s), 
0.1 07 kWh/m3 (3.37 GWh/yr/m3/s), 0.110 kWm3 (3.47 GWh/yr/m3/s), and 
0.1 16 kWm3 (3.65 GWhlyr/m3/s), respectively. These energy conversion btors 
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 fhcbrs %r the Rocky Pond and Tors Cove units, the 
recommended dispatch would be as follows. 

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

Tors Cove 
Operate TCV-G3 at most ac ient  load k s t .  
Operate TCV-03 at nmimum load second. 
Operate TCV-(32 at most efficient load third. 
Operate TCV-GI at most efficient load fourth. 
Operate TCV-G2 at maximum load hWs, 
Operate TCV-01 at maximum lead I&, 

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

3. Plow Duration Curve 
The ROP-GI 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-Gl and 
TCV-G2 are shown Figure 6.3. 

4. Energy Potential of Spill 
The simulated spill out of the system (Fradc~, Cluneys Canal, and Tors Cove 
overflow spillways) for the base case was appmxdtcly 0.63 m3/s on average. 
Using the average simulated energy convgsionfktors for both Roclcy Pond and Tors 
Cove presented previously in this section, the spill would produce approximately 
3.8 GWhlyr, if entirely saved and used for g e d a a  The Rocky Pond and Tors 
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Cove stations arc in parallel, so total spill out of the system upstream of each station 
was assumed in the calculation of energy potential of spill, 

The monthly distribution of thk spill over 15 years for the base case simulation is 
shown in F i p  6.4 for the Franlrs Pond and Cluneys Canal o v d o w  spillways. 
Tors Cove Pond Forebay sirnulatad spill is presented in Figure 6.5. 

5. Reservoir Storage Factor 
Storage is provided by sfructures 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 wea 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 Wors represent the number 
of days to fill the r e s c ~ o h  at average M o w s  without any outflow. 

6. Reaelvoir Utiliutioa. 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 illustmtes the mewoir utilization 
corresponding to ideal operation, which g e n d y  makes full use ofthe available 
storage range, For the Rocky PondEors Cave system the use of reservoir storage is 
not limited by other physical or operational combaints. 

7. Forebay Storage Factor 
The forebay storage faor  (time required to draw fo~bay down assuming no inflow 
with units operating at maximum loas) is less than one day (17 horn) for Rocky 
pond and eight days for Tors Cove Pond. 

8. Gate Operation Plot 
There are conlml gates located at the outlet of Franks Pond and Cape Pond. Provided 
in Figure 6.7 is the simulated gate dischnrge, gate capacity and simulated reservoir 
level for an example year (1987) for Franks Pond and Cape Pond. These plots 
illustrate the hquency with which the gates are being operated in the simulation 
model to maintain most efficient load and to avoid spill by operating at m h u m  
load. 
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Table 6.1 
Rocky PondlTonr Cove System Representative Operatlng 
Measures 

Ideal Operation of System 

Rocky Pondlfora Cove Uepmentative 

Rocky Pand Flaw Utilization Facton 
- Most Efficient Load - MaKim~mLoad 

Tan Covt Flow UtiWm Facton - Most Efficient Load 
- M w i m u m w  

Station Fadom - ROP-Gl - MMEffidat Load - ROP-GI - M ~ * ~ I I N I  L d  
-?CV-Gl -MostEfficientLd 
- TCV-G1 - Mmim~m L d  - TCV-G2 - Most Efs~Imt LOWI 
- TCV-G2 - Maximum Lod - TCV-G3 - Most Efficient h a d  - TCV-G3 - Maximum Load 

Energy Pomtial of SpiIl 

Rssewoir Storage Factars 
- FRnks Pond - Cup Pond 
-Rocky Pond - Tors Covs Pond 

.. 

Forebay Storage Factor 
-RockyPond - Ton Cove P d  

The long tmm energy production at R d y  PondRors Cove as estimated by the 
simulation model developed for the Water Management Study is 45.6 GWWyr. This 
compares with recorded energy generation for the same ref-= period (1984-98) 
of 39.0 GWh/yr, While these numbem an not directly comparable due to the 
uppde  of ROP-G1 in 1996 end several prolonged outages affecting generation 
drning this period, the difference does provide some indication of the potential for 
improving actual g e d o n  at this system under the current plant operating 

Opm- Wt~urrrrr 

0.62 
0.58 

0.59 
0.47 

- 

0.08 1 kWb/m' 
0,079 kwbhn' 
0,114 kWhhnJ 
0.1 I 0  kWhim3 
0.1 14 k W m s  
0.1 10 kWhhJ 
0.120 kWMnJ 
0.116 kWmJ 

3.8 GUWyr 

161) dayl 
45 dayn 
1 day 

~p 

15 days 

€1 day (17 hours) 
8 days 
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guidelines. Further indicators of this diffkence are provided by the comparisons 
conducted for the Water Mawgement Study for two sample years. This comparison 
indicated an average difference between recorded and simulated generation (after 
adjustments for storage) of approximately 11 pemnt for this system, The 
comparison would therefore suggest that there is substantial opportunity to improve 
the o p d o n  of this system by more closely fbUowhg the ideal demonstrated by the 
simulation model. 

For the entireNP hydroelectric system, the value used for the adjustment for practical 
operations was seven percent. This h t o r  is intended to reflect an average difference 
betweenthe simulated results andthe generation that can be expected based 
on realistic operational conshints 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 operatian at the Rocky PondK'ors Cave system. 

6.3.1 Plant Operating Guidelines 

The simulation modd used to estimate the energy generation of the Rocky 
PodTors Cove system assumes that the operations M has interpreted the 
existing operating guidelines as described in the Water Management Study. 
Plant operating guidelines provide operators with procedurts regarding how to 
operate the system based on current inflows. During periods of bigh inflows, the 
plants will be operated at maximum load (and less than maximum efficiency) to 
avoid spills. This requires some i n w o n  by the operators rtgarding h t  
constitutes bigh M o w .  The intaptation used in the simulation model 
incorporated a d c  curve for each reservoir the system, If the m o i r  levels 
exceed the rule curve at any particular time of the year, then the units are 
operated at h u m  load to bing the level down to the rule curve. If the 
reservoir levels are below the rule curveI then the units are operated at best 
efficiency. 

Obviously, somejudgment on the part of the opmators in app1ying this guideline 
is required. For instance, knowIedgt of above n o d  snow ~ccumulatiom in the 
watershed prior to spring nuloifmay be employed indecidingto operate the units 
at maximum load even when water lwels have not reached the rule curve. 
However, the rule curve will ordinarily provide usefbl guidance to system 
operating sta. The rule curves used in the simulation model are illusbated in 
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Figure 6.6 and arc provided in the echo of the detailed simulation model input in 
Volume 2 of the Water Management Study. 

6.3.2 GatelResenroir Operation 

The Rocky PondtTors Cove system has significant storage capacity that can be 
eff 'vc ly  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 ht control 
thtse reservoirs are not readily accessible. The Franks Pond control structure is 
located approximately 25 km h r n  the Horsechops powerhouse along a rough, 
unpaved d. ~ ~ L s s i n g  the gate requires over 2 horn ofmvel (one-way) from 
this powexhouse, aud themfore daily adjustments are not possible. The Cepe 
Pond gatc is located approximately 1 2 lan dong an unpaved road h r n  the Rocky 
Pond powerhouse and requires approximately 1 hour of travel (one-way) h m  
this location, This gatc is therefore more easily acccssiblethan Franks Pond and 
controls a greater hction oftheRocky Pond/Tors Cave drainage arca However, 
daily access is still difficult at the best of iimes and impossibIe under some 
circumstances. 

As a result of this inaccessibility, hfiquent adjustment ofthe Franks Pond and 
Cape Pond gates art thought to have a significant affect on hydroelectric 
production. Tht problem is compounded by the fact that discharges h m  both 
of these rcsmoirs RE conveyed dowlxem by canals with limited oa~i t ies .  
Flows exceeding the canal capacities are lost to generalion due to spills h m  
numerous canal spillwys. While Little spill is recorded at these spillways, the 
simulation model suggests that either s i e c a n t  quantities of spill go unnoticed 
at these locations or tht canals are operated at less tban fbll capaoity the majority 
of the time. This latter possibility d d  also eect  generation as the reservoirs 
would not be Miy utilized and spills wouId likely occur from thcseresavoixs as 
a result 

In addition to the accessibility issues, NP must maintain^ minimum storage 
levels, particularly during the winter months, to ensuie plant availability in the 
event of local power outages or when called upon by Newfoundland and 
Labrador Hydro, This winter resenre is not taken into account by the simulation 
model. 
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For the Rocky PondlTors Cove system, the gate and reservoir operational 
difficulties discussed above are likely the largest componemt of the d i f f inct  
between the simulated and actual generation, 

6.3.3 Unit Operation 

The simulation model o p t e s  the Rocky Pond and Tors Cove units exclusively 
at their most efficient loads, except when high inflows dictate that bigher loads 
art necessary to avoid exceeding the reservoir rule cuwes. With the available 
control equipmemc minimal wnstraints on plant flows, and the available forebay 
&age, it should be possible to operate b e  plants very close to this ideal. An 
exmhmtion of daily Control Centre Logs for several months (December 1998, 
April and August 1999, and January-Februery 2000) conhned that the Rocky 
Pond and Tors Cove units are loaded at best efficiency a high percentage of the 
time. The main obstacles to aUaining ideal operation are electrical grid 
requirematsthat may occasionallyrequire the units to operate at loads other than 
their most efficient loads. An example of such requirements would be local 
power outages, which occur infieqmtly and therefore should not significantly 
&ct mud production. 

6.4 Changes to Operating Guidelines 

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

i n w i n g  head, by operating the forebay to get more head or reducing 
hdossts;  

r by avoiding spill; and 
by operating the units at best efficiency more of the time. 

Each of these is discussed below for the Rocky P o f l o r s  Cove system. Inmasing 
the head through a change in the use of flashboards or jnstaUation of inflatable crest 
gates was not considered for Tors Cove Pond due to the effect an inc- in level 
would have on the tailwater for the Rocky Pond station. It was, however, considered 
as a sensitivity discussed in S d o n  6.6. 
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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 deskbed 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. 

Incrensing Head: Opcreting Forebay Higher to get More Head 
As intupreted h m  NP plant operating guidelines for the Rocky Pond Forebay, the 
operating level is approximately 0.2 m below the fidl supply level. The simulation 
model was run assuming that the RocEcy P o d  Pornbay level was kept at the full 
supply level. Tbt resulting inmese in energy generation fiom this change was 
0.10 GWh/yr, h m  45.61 OWyr to 45.71 GWh/yr. 

Assuming that the cost of energy to NP is SO.04kWh this would result in a savings 
to NP of approximately $4000&rfor no cost  It is possible that this type of operating 
change could bave dam safety implications. If NP were to impIanent this o p t i n g  
change in the plant operating guidelines, the implications to dam safety should be 
fuRhtr investigated. 

Spill Avoidance, Limiting Care: Maximum Load, Reservoirs Low 
The limiting case for spill avoidance is to maximi# the amount of storage available 
to contain inflows. To  do this, the units would bt operated at maximum flow to keep 
the waRer in the storage reservoirs as low as possible. 

At Rocky Pond/rors Cove, the potential for savings in spill is high. The xwchum 
possible reduction in spill would be the equivalent of 3.8 CiWhlyr, as shown in 
Table 6.1, However, the spiIl distribution plot (Figure 6.4) shows that most of the 
spill is at Cluneys Cad.  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 energy generation 
of 0.02 GWtu'yr due to operating the units atmmimum efficiency more ofthe tim. 
The spill at CIuneys Canal is the greatest in the system and remained unchanged 
compared to the base case s i m ~ o n .  



Physical Changes to System 

The two principal options for physical changes to the existing system to improve 
energy gemration arc to incmse storage and c d  capacity. To give an indication 
of the value of these cbanges, 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 C a d  capacity. 
Increase dam height at Cape Pond and La Manche Canal capacity. 
Reduce headIoss. 

Each of these physical changes to the systcm is discussed below. 
summarizes the results, 

Table 6.2 

Increa~e Sill Elevation of Franks Pond Overflow Spillway 
To determine the effect increasing the sill elevation of Franks Pond overflow 
spillway wouId have on energy production, the sill elevation was raised half a rnctre 
and ont m e .  The && is to reduce spill out of the system at Franks Pond. The 
resulting increases in energy generation were 0.08 GWyr for the half meter rise, 
and 0,16 GWyr for the one meter rise. 

Assuming that the cost of energy to NP is %0.04/kWbthis would rtsult in a savings 
to NP of approximately $3 200/yr for the half meter inmese in sill elevation and 
$6 400/yr for the one meter increase in sill elevation. Given a spillway length of 
approximately 120 m, the swings over perhaps 20 yeurs would justify anexpenditure 
of about $485/m of dam Iength based on a one meter increase. The practicalities of 
increasing the sill elevation at Franks Pond ot'dow spillway would have to be 
investigated. By -..#. -. increasing - the sill elevation vvhi ~ 
same elevation effectively?-11 capacib. Ifthis change were made to the 
\ - . . a .  .-- --.---. 
system, 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 d e t d e  the economical feasibility. 

Increasc Dam Height at Franks Pond 
To d e t d c  the effect of an increase in storage on energy production, the darns and 
structures at Franks Pond wem assumed to be raised to allow an inmxw in r l l  
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supply level of one and a half metem. The effect is to reduct system spill. The 
resulting increase in energy generation was 0. I9 GWyr. 

Assuming that the cost of energy to NP is $O.OQkWh this muld result in a savings 
to NP of approximately $7 600/yr, Given adam length of approximately 580 m, the 
savings over perhaps 20 years would justiEy 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 iato the 
benefits and cost would have to be conducted. 

Increpse Dam Heigbt at Cape Pond 
To determine the effmt 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& systcm at Cluneys Canal. The resulting increases in energy generation 
wexe 0.55 G W y r  for the one meter rise, and 0.80 G w  for the two meter rise. 

Assuming that the cost of energy to NP is SO.O4/kWh this would result in a savings 
to NP of approximately $22 000/y1 for the onc meter ingease in dam height and 
$32 OOOEyr for the hvo 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 dnm length based on a two meter incmuc. The practicalities 
of increasing thc dam height at Cape Pond would have to bc investigated. A M e d  
analysis into the benefi~ and cost would have to be conducted to detamine the 
economical frasibilii. For the two meter rise in dam height there is spill at Cape 
Pond in the shulation As a fuxthcr aaalysis, the dam height could be optimized to 
firth- reduce spill by increasing dam height and preparing detailed costs for the 
increment of dam height 

Increase La Manche Canal Capacity 
To determine the e f f i  of an incrensc in canal capacity bas on energy production, the 
capacity at La Manche Canal WBS essumed to be inmcwd from 6.0 mVs in the base 
case simulation model to 7.0 mys, 8.0 d/s, end 9.0 mvs. The effect is to rtduce 
spa1 at Cluneys C a d .  The resulting increase in energy genaration was 1.54 G W y r  
for 7 m3fs capacity, 2.2 1 GWyr for 8.0 m3/s capacity, md 2.47 GWb/yrfm 9.0 m3/s 
capacity. 

Assuming that the cost of energy to NP is %0.04/kWh this would result in a sa- 
to NP of appmxhtcly $6 1 6OO& for 7 m3/s capacity, 088 400 for 8.0 m3/s capacity, 
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and $98 800 for 9.0 m3/s capacity, The savings over perhaps 20 years would justify 
a capital cost expenditure of about $900 000 on c a d  improvements to upgrade the 
canal to pass a maximum of 9.0 rn3/s, The practicalitits of increasing the capacity 
of the canal would havc to be investigated. A detailed analysis into the benefits and 
cost would have to be conducted. 

Increme Dam Height rt Cape Pond and La Manche Canal Capacity 
To determine the combination effect increasing the dam height at Cape Pond and 
i n d n g  the La Maache canal cepa~ity would have on wicrgy production, all 
structures at Cape Pond were assumed to be raised by two meters and the m a 1  
capacity was assumed to be increased from 6,0 m3/s to 9.0 m3/s. The e&ct is to 
reduce spill out of the system at Cluneys C a d  by reducing spill at Cape Pond and 
increasing canal capacity- The resulting increase in energy generation was 
2.88 GWh/yr. 

Assuming that the cost of energy to NP is $O.M/kWh this would result ia a savings 
to NP of approxilnately $1 15 200Iyr or a net present value of about $1 051 000 
assuming an intarst of nine percent over 20 years. The practicalities of increasing 
the dam height at Cegc Pond and La M m h e  canal capacity would have to be 
investigated. A detailed analysis into the benefits and cost would have to be 
conducted to d e t d c  tbe economical feasibiIity. As a MM analysis, the d m  
height and canal capacity could be optimized to M e r  reduce spill by increasing 
darn height and canal capacity, and p e g  detailed costs for tach increment of 
dam height and canal capacity. 

Reduce Hcadlosa 
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 dl units were operating togetbea. The resulting increase in energy generation 
wes 0.34 GWhEyr. 

Assdng that the cost of energy to NP is $0.04/kWh this would result in a savings 
to NP of approximately Q 13 600tyr. The practicalities of decreasing thc headlosses 
would have to be invcstigattd. A detailed analysis into the benefits and cost would 
have to be conducted. 
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Table 6.2 
Results of Physical Changes to System 

6.6 Sensitivities 

In addition to the investigation of specific operational end physical changes, 
sensitivity runs were done to provide NP with information on the cost or value of 
certain aspects oftheir systems, The gates that control the reservoirs are difficult to 
access and cads downstream of the two main reservoirs have maximum discharge 
capacities limiting the amount of flow ththat can be passed to the stations dowmtream. 
In addition to some standard sensitivities, the cases chosen for Rocky PondlI'ors 
Cove wwe selected with a view to providing NP with some values related to its 
speoSc situation. Results for all sensitivity cases are provided in Table 6.3. Along 
with the werage energy generation, a v m  annual spill out of the system fbr each 
case is presented in Table 6.3. 

Churge In Enegy 
(OWhEyt) 

- 
0.08 

0.16 

0.19 

0.55 

0.80 

154 

2.21 

2.47 
> 

2.88 

0,34 

CPae 

Base Case 

Iocrum F d c s  Pond SpiU 0.5 m 

Inaesse Franks Pond Spill 1.0 m 

I n a e w  FranLs Pond Dam 1.5 m 

Increase Cape Pond Dam 1.0 m 

Inmase Cape Pond Dem 2.0 m 

hacase La M m l c  Canal 1 m3/s 

Inmewe La Menche Canal 2 msfa 

Incrense La Moachs C h i d  3 m3/s 

haease Cape Pond Dam 2.0 m 
Increase Le Mancbc Canal 3 m3/s 

Redm Headloascs 

The sensitivity cases were as follows, 

A v q u  Annual Enorgy 
I m r )  

45.61 

45.69 

45.77 

45.80 

46.16 

46,41 

47.15 

47.82 

48.08 

48.49 

45.95 

Environmental release requirement of 30 percent of mean annual flow. 
No storage in system (to obtain value of storage); remove darns and gates. 
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Changes to Tors Cove Fish Plant Watcr Supply Demand. 
Changes tu Franks Pond gate operation. 
Chauges to Maximum Capacity of Franks Pond Canal. 
Changes to Tors Cove Opeding Levels. 

Environmental Release Requirement 
The sensitivity of energy generation to cbaqges in envitonmcntd releases 
downstream of gated outlet structuns was investigated. In the current model setup, 
for the purpose of maintddng flow in the river reaohes downstream of the gated 
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 m3/s, 
if water is available. As ascnaitivity, this minimum flow was set to 3 0 percent of the 
mean annual flow into the reservoir, as long as them is water in the resewoir. When 
the restrvoirs arc empty, the natural inflow would be m l d .  

The 30 percent mean annual flow requirement is equivalent to approximately 
0.54 m3/s at Frauks Pond and 1.48 m3/s at Cape Pond. This amount is always 
r e l d  in a11 sirnufations uuless there is no water in storage, in which case the 
natural M o w s  are re l ed .  Using these flows as the minimum flow release %rn 
the gates for the base case simulation model, there was a decrease in average energy 
of 0.24 GWyr, fkom 4561 G W y r  to 45.37 GWh/yr. Assuming that the cost of 
energy to NP is SO.04kWh 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. 

I f  NP were required to hold a supply of water in the reservoirs to ensure that the 
30 percent rcquimnmt were always met, there would l i l y  be a larger reduotian in 
energy. 

No Storage in System 
To provideNP with an indication of the value of the stoxage in the ystcm, all sbrage 
in the system was assumed to be removed. The resulting average annual energy 
generation b m  this sensitivity was 40.90 GWh/yr, a net decreast of 4.71 GWhlyr. 
Assuming that the cost of energy to NP is $O.O4/kWh this would result in a loss in 
revenue to NP of approximately % 188 400/yrl ifNP whare to remove all storage from 
the system. This repmenb the value of maintnining the structures at Franks Pond 
and Cape Pond For this simulation it was assumed tbt all the basin inflow would 
enter Rocky Pond Fonby. This may not be the case because by removing the 
ups- structures, in~luding the Canas, would cause water to divert away h m  the 
forebay a d  into another basin. Therefore, this result may not qresmt 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 

Cbsnges to TOR Cove Fieh Plant Water Supply Demand 
For the base case simulation model the wsumed wetcr supply demand to Tors Cove 
fish plant was 0.023 m3/s. The effect a plus or minus 50 p m a t  change in water 
supply demand would have on energy gmmtion was detarminad by simulating the 
model for this change in water supply. The d t i n g  werage annual energy 
generation h m  this sensitivity was 45.57 GWyr, a net dtcreasc of 0.04 G W y r  
for a 50 percent incmst, 4 45.64 GWhlyr, a net increase of 0.03 GWh/yr for a 50 
percent decrease. Assuming that the cost of energy to NP is $0.04/kWh this would 
result in a Loss in revenue to NP of approximately $1 600Eyr for a 50 percent increase 
in water supply demand, The resulting savings to NP for a redudion in water supply 
demand by 50 pcrcent would be $1 200/yr. 

Cbnrrgcs to Fnnks Pond Gate O p e d o n  
The M c u l t  acccss to the Franks Pond outlet structure makes it an obvious candidate 
fbr automation, if it were cost effective. The hulat ion far the base case assumed 
that the gate could be operated daily, and the gate operation plot in F i g m  6.7 
showed that the 8atc is m l y  apea to fd capacity and am closed in A#; possibly 
to avoid spill at Cluaeys 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 fbr Cape Pond. 

To inv- the valuc of automation, or of some altantativt procedure, t h c  cases 
wen considered. A variety of other cases arc possible, but these thret give an 
indication of the range of savings that can be achieved. Tht three cases are 

- Leave gate full open: leave the gate open all the time, using m v e r  natural 
regulation remaios; - Seasonal operation: adjusting the gate a couple of times a y w  and - Leave me partially open: &ct the opening to improve the natad regulation, 
leaving the gate in a partly open position all year mmd. 

The effects of these three ptoccdures me described below, 

Leave Gate Full Open: Because of the mculty of adjusting Franks Pond outlet 
gate, one option is to simply leave the gate open. The structuc itself will provide 
some n a W  regulntim, The diffhnce in the cstimate of energy generation in this 

F h I  Report A c m  International P I  3474.00 



case and the base case indicates the value of having a gate that can be operated daily. 
The resulting energy generation &om this sensitivity was 42.50 G m ,  or a net 
decrease in energy of 3.1 1 GWhIyr, This decrease is due to extra spill out of the 
system at Cluneys Canal, and additional operation at maximum load. Assuming that 
the cost of energy to NP is $O.O4/kWh this would r ed t  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 ob@h some or all of the energy gains more cost- 
effectively, es considered in the two other options. 

Seaaonnl Operation: In this case, the gate was assumed to be aperated twice a year, 
closed in April and opened fully in May. The resulting energy generation from this 
sensitivity was 42,80 GWh& or a net decrease in energy of 2.81 GWh/yr, 

Leave Gate P a M l y  Open: The Fradks Pond outlet gate was assumed to be opened 
to r e h e  2 m3/s at an elevation half way between full supply and low supply level. 
The resulting energy generation &om this sensitivity was 44.80 GWyr or a net 
derrease in energy of 0.8 1 OWh/yr. As the table below shows this would be the best 
of the thnc alternatives considered here for gate operation at Franks Pond. With the 
exception of possibly fabricating stoplogs thae should be w cost to this option. 
Other gate settings could be investigated to optimize the si;te ofthe gate opening that 
provides the smallest d e s m s e  in energy generation from the base case. 

Changw to Mnximum Capacity of Fmnks Pond Canal 
In this case, the maximum canal capacity of Franks Pond Canal was assumed to 
2.5 ms/s and 3.5 m3/s. The c a d  capacity in the base case simulation is 2.5 m3/s. 
The resulting energy generation h m  this sensitivity was 43.91 G W y r  for the 
1.5 m3/s canal capacity (net decrease in energy of 1.7 GWhtyr) and 45.51 GWyr 
for the 3,s m3/s canal capacity (net decrease in energy of 0.1 GWyr),  

Changes to Ton Cove Operating Levels 
Due to the negative effect on Rocky Pond station energy genemtion an increase in 
Tors Cove Pond Forebay operating level would have, increasing the opt ing  level 
was investigated as a sensitivity. As in- hmNP's plant opaating guidelines 
the operating level for Tors Cove Pond Fortbay is below the full supply Icvel. For 
this sensitivity it was assumed that the operating ltvel would be the fid1 supply level. 
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The resulting average annual enerjg generation from this sensitivity was 
45.53 GWhlyr, a net deorease of 0.08 G W y r .  

Table 6.3 
Energy Results for Sensitivity Simulations at Rocky 
PondKors Cove System 
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Environmental Rslwses 

Average Annual 
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I G W r )  

45.6 1 

45.3 7 

Value of Stomp 

Changa tn 
EnerW 
(-9 

- 
-0.24 

Water Supply Demand - 50?4 
+ 50% 

Frauks Pond Gate Operation 
- Leave Gate Full Opcn - Seasonal opcmti011 
- Leave Gate Partially 
O ~ e n  

M ~ l m u m  C e p a ~ i ~  Franks 
Pond 1.5 m3/6 

Maximum Capacity Franks 
Pond 3.5 m31s 

Tors Cove Operating Lmel 

Splfl 
Out of ByWm 

cmsw 

0.63 

0.67 

45.57 
45.64 

42.9 
42.80 
44.80 

43.91 

45.5 1 

45.53 

-0.04 
H.03 

-3.1 1 
-2.81 
-0.8 1 

-1.70 

-0.10 

-0.08 

0.63 
0.63 

1.13 
1.08 
0.80 

0.87 

0.65 

0.66 



Conclusions and Recommendations 

The conclusions and recommendations arising h m  thc d y s i s  arc as follows, 

1. Improvements to Bettcr Match Simulated Ideal Operation 

Gatanit operation: The analysis shows that controlling the release! of water 
h m  storage and operation of the units- does t&ct the energy output of the 
Rocky Ponmors 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 i d 4  operation by reducing the rll capacity of the 
gates. 

2. Changes to Operating Guidelines 

CIarllEcntton 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 guideliucs for the opcsatofs, in particular 
providing guidance on when to increase load Born best efficiency to maximum. 

3. Pbyaicd Changes 

Increased Storage: Because of the fhct that the canal capacities reduce the 
amount of water that can be pessed down the system to the generating stations, 
storage is important in the sy- to reduce spill out of the system. The 
maximum gain in energy for increased storage was 0.80 G W '  for a two meter 
increase in structures and dam height at Cape Pond. 

Increased Canal Capacity: An increase c a d  capacity at Cluneys Canal would 
reduce spill out ofthe syskm and increase energy generation by 2.47 GWb/yr for 
a 3 m3/s innease in canal capacity. The cost for ~~~ing capacity should be 
M e r  investigated to do a detailed optjmization d y s i s .  

Reduce Headloraes: To determine the efict demasing the headlosses at Tors 
Cove station would have onenergy production, the units wett assumed to be able 
to 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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Environmental Releases: Providing a minimum flow release of 30 percent of 
mean annual flow downstream of the outlet gates at Franks Pond and Cape Pond 
duces the energy genedon by 0.24 OWyr,  The requirement, however, 
assumes that when the resewoh are low, the release is equal to the natrwl 
sow, If the requhmcnt were to guarantee 30 pacent, a reserve would have 
to be maintained similar to the winter reserve. 

Vdue of Storage: The value of the storage at Franks Pond and Cape Pond is 
approximately 4.71 GWbEyr. This may not be the cue because moving Ihc 
upstream structures, including canals, would cause water to divert away from the 
fombay and into another basin, therefore, this result may not represent the actual 
value of stoxage, 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 ControYOpemtion: The value of 
operating the gate at Franks Pond on a daily basis is 3.1 1 GWyr. However, it 
may be possible to obtain some or all of the energy gains more cost-effbctively, 
considering changing the gate setting a couple of times a year or restricting the 
gatc opening, In the sirnulation to consider alternatives fbr Franks Pond, the 
outlet gate was assumed to be operated daily if required, NP should dettrmine 
the costs of automation or more hquent psome1 access to the gates at both 
Franks Pond end Cape Pond, and compare it witb the costs and benefits of the 
simpler approaches at both locations. The most cost-cffectivt overall solution 
can then be selected, 

Changes to Marimurn Capacily of Franks Pond Canal 
A plus or minua 1 m3/s in d capacity of  2.5 m3/s results in a decrease in 
enezgy genedon. Therehre, the canal capacity bas modelled in the base case 
is close to optimal. 

Changes to Tom Cove Operating Leveb 
Changiig Tom Cove station operating level to full supply level reducts the 
system energy gmuntion The gain in g e n d o n  in Tors Cove due to k e m d  
head is not enough to offiet the loss in generation at Rocky Pond due to the 
increase in tailwater. 
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(a) Rocky Pond Unit 1 (ROP-G1) 
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(a) Tom Cove Unit ? (TCV-OI) 
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(b) Tors Cove UnIt 2 (TCV42) 
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(a) Franks Pond 
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Lookout Bmok Hydroelectric System 

Lookout Bmok Hydtoelectric System was assessed to dctamine wbether there is 
potential for increasing energy generation, following the methodology in Chapter 2, 
by 

improving current pradict to better follow e d 4 h g  plant operating 
guidelines; 
revising existing plant operating guidelines; and 
making physical changes to the system. 

In addition, the sensitivity of energy geaeration to operating changes and comitraints 
was investigated. 

The following sections describe the Lookout Bmok system, present representative 
operating m c m m  (e.g., flow utilization factor and energy patcntial of spill) and 
provide the resuIts ofthe analysis used to assess the effect of operational and physical 
changw on energy generation The last d o n  provides conclusions and 
recommendations. 

The simulation model which was set up for the Lookout Brook system in the Water 
Management Study, conducted by Aaes for all NP hydroele&ic systems, was used 
to assess the effect of opewtional and physical changes on energy gemmtion. The 
long term production estimated in the Water Management Study assumed ideal 
opeding practicts using cumatNP plant operating guidelines, as interpreted for the 
study. The result of this simulation far the Lookout Brook system is r e f d  to in 
this d o n  as the base case system generation. Other estimates of energy gtncrrrtion 
resulting h m  operational or physical changes to the system are comparcd to this 
value. 

System Description 

The Lookout Brook system is located on the West Coast of Newfoundlaad near the 
community of St George's d has one genereting station located witbin the system 

The Lookout Brook Genedug Station containstwo generating units with nameplate 
capacities of 2.95 MW and 3.25 MW with a rated net head of 154.5 a The dduage 
area above the intake to the Lookout Brook station is approximately 82 b2. The 
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station was commissioned in 1945 and has a total nameplate capaciq of 6.20 MW. 
Storage is provided by structures at Cmss Pond and Joe Dennis Pond with b k o u t  
Brook Forebay acting as the headpond fbr .the Lookout Brook station. A schematic 
of the system is presented in Figure 7.1. 

All major storage reservoirs are in series, with C m  Pond being the most upsmam 
reservoir in the system, Tbac is an o v d o w  spillway located on Cross Pond, wbich 
whea overtopped, wodd lead to spill out ofthe system. Water is released from Cross 
Pond to Joe Dennis Pond using the control dnwhrre located at its outlet. Water 
entering Joe Dennis Pond is either stoned, spilled within the system or released 
downstcam to Lookout Brook Fonbay using the control shcturc located at its 
outlet Water h r n  upstream reservoirs entering Lookout Brook Forebay is eitber 
spilled out of the system or used for generation. 

Thc structures in the system arc as follows 

Cross Pond gated out@ 
Cross Pond overflow spillway; 
Joe Dennis Pond gated outlet; 
Joe Dennis Pond o v d o w  spillway; and 
Lookout Brook Forebay o v d o w  spillway. 

The Cross Pond and Lookout BrookForcbay o d o w  spillways discharge out ofthe 
sysbem; tht other spillway discharges within the system 

7.2 Representative Operating Measures 

h assessing the potential for increased en- generation at a particular system, 
certain representative operating rneasum and plots can be used to draw coacluaions 
about the impact of operational or physical changes to the system. These mcasms 
aud plots are as follows. 

Flow Util'ition Factor. 
Emqy Conversion Factor. 
Flow Duration Curve. 
Energy Potential of Spill. 
Reservoir Storage Facbr. 
Reservoir Utilization Plot, 
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Forebay Storage Factor. 
Gate Operation Plot. 

The definition aad use of these measures and plots are presented in Chapter 2. The 
measures as tala for the Lookout Brook system are provided below. They 
wem developed h m  the data h the base case simulation. Table 7.1 at the end ofthis 
section s u m m h  the measures for the Lookout Brook system. 

1 Flow Utilization Factor 
The Lwkout Brook station houses two generating units. The flow utilization factors 
for the Lookout Brook station (average inflow to fonbay divided by c o m b ' i  flow 
capacity for both Mi16 at most acient load md maximum load) are 0.98 at most 
efficient load and 0.70 at maximum load. 

2. Energy Conversion Factor 
The energy conversion fkctors (the ideal average value of water in storage assuming 
the units are optrating alone) for most efficient load and-mid for LBK-G3 
are 0.37 kWhlm3 (11.80 GWyr/m3/s) and 0.35 kWbh3 (11.14 GWhlyr/m3/s), 
respectively. For LBK-G4 the most dicient Ioad and maximum load station htors 
are 0.38 kWh/m3 (1 1.89 GWh/yr/m3/g) and 0.37 kWhhn3 (1 1.51 Gm/m3/s ) ,  
respectively. 

The average energy conversion f i r s  h m  the base case simulation for LBK-G3 
and LBK-G4 are 0.35 kWh/m3 (11.14 GWh/yr/m3/s) md 036 kWh/m3 
(1 1.49 GWMyr/m3/s), mspedvely. These energy conversion~torstdce into account 
the average reduction in availabiity due to f o d  outages and the fact that over 70 
percent of the time they are operating together resulting in higher headlosses. 

Based on the energy convcmion factors for the Lookout Brook units, the unit 
dispatch to r n a x h k  efficiency d d  be 88 follows. 

Operate DK-G4 at most efficient load first. 
Operate LBK-G3 at most efficient Ioad second. 
Opcsate LBK-G4 at rmdmum load third- 
Operate LBK-03 at durn load last. 

The order t~~~mrncnded in NP's plmt operating guidelints is e n t  h m  this and 
the dect of the change is discussed in Section 7*4. 
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3. Flow Duration Curve 
The LBK-G3 and LBK434 flow duration curves far the tIlYbin~ 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 m3/s on average at the 
Lookout Brook Forebay overflow spillway. Using the simulated energy conversion 
factors for LBK-03 and LBK-G4 at &um load presented pviously in tbis 
section, the spill would produce approxhately 2.7 GWhEyr, 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 Bmok Forebay o v d o w  
spillways. As can be seen in this figun there was no spill at Cross Pond in the base 
case sirnuhition. 

5. Reservoir Storage Factor 
Storage is provided by structures locatcd at the outlets of Crms Pond and Joe D d s  
Pond. The Lookout Brook Fordmy acts as the beadpond for the Lookout Brook 
statio~ The memoir storage fhctors were calculated to be approximately 60 days 
fbr Cross Pond, 40 days for Joe Dennis Pond, and less than half a day (7 hours) for 
Lookout Bmak Forebay. 'Xhese fhctors rqmcnt the number of days to a1 the 
reservoirs at amage intlows without my outflow. 

6. Reservoir Utilization Plot 
The plot of simulated Cross Pond and Joe Dennis Pond resewoh levels for the bese 
case simulation is provided mFigure 7.4, 'Ibe plot illustrates the reservoir utilization 
wrrespondiug to ideal operation, which generally makes M use of the available 
storage range. For the Lookout Bmok system the use of reservoir storage is not 
limited by other physical or operational c o ~ t s .  

7. Forebay Storage Factor 
The forebay storage fWor (timr: q u i d  to draw fmbay down assuming no inflow 
with units o m  at nmtimum Load) is Iess than half a day (5 hours). 

8. Gate Operation 
There are control gates located at the outIet 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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memoir level for an example year (1993) for Cross Pond and Joe Dennis Pond. 
These plots illustrate the fhquency with which the gates are being operated in the 
simulation model to maintan most efficient load and to avoid spill by operating at 
maximum load. 

Table 7.1 
Lookout Brook System Representative Operating Measures 

ideal Operation of System 

lpokout B- mpmmbtur)FtpentlwMsrnnee - 

The long term energy production at Lookout Brook es esfimattd by the simulation 
model developed for the Water Wqemcnt Study is 34.0 G W .  This compares 
with recorded eaqy genemiion for the same refkmnce period (1984 to 1998) of 
28.1 G W .  While these numbers are not directly comparable due to upgrades of 
both units in 1998/99 and a number of unusual events &&g the recorded 
generation, the diB&nce does provide some indicatiun of tbe potential fox 
improving actual g e n d o n  at this system mder the current plant opemting 
guidelines. Further indicators of this difference are provided by the comparisons 
conducted for the Water Maaagemmt Study for two sample years. This comparison 
indicated an avuage difference between recorded and simulated generation (after 
adjustments for storage) of approximately 13 pacent for this sy-. The 

Flow Utiliitioa Feetors 
- Most Efficimt'Load 
- Mnximum Load 

, 
Station Factors - LBK-G3 Most Effi~itnt Load - LBK43 Maximum Load 

- LBK-G4 - Most Efficient Load - LBK-CI4 - Mwim~lm Load 

Energy Potential of Spill 

Retiervoir Storage Factam - mas Pond 
-JoeDcanisPwd 
- M O M  Brook Forcbay 

- - -  

Foday Stotage FIctor 
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0.98 
0.70 

037 k W m J  
035 kWhfml 
0.38 k W h h a  
0.37 k-' 

2 3  GWhlyr 

60  day^ 
40 dnys * CI h-1 

<% dsy (5 haus) 



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

For the entire NP hydroelectric system, the value used for the adjustment for practical 
operations was scva~perccnt. This &tor is intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on realistic operational consfmints and ment opcxuting experience. Further details 
on tbe 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 difkmce between the simulated ideal opetation and 
actual operation at thG LOokout Brook system. 

7.3.1 Plant Operating Guidelines 

The simulation model used to estimate generation at the Lookout Brook system 
assumes that the operations staffhas interpreted the existing operating guidelines 
as describedintbe Water Managemefit Study. Plant opcmhg guidelines provide 
operators with procedures regarding how to opaate the system based on ourreat 
inflows. During pcriode of high inflows, the units will be operated at maximum 
load (ad less than rnBximum efficiency) to avoid spills, This requires some 
interpretation by the operators regarding what constitutes high or low inflows. 
The inteqmtation used in the simulation model incorporated a d e  w e  for each 
reservoir in the system. If the resavoir levels arc above the rule curve level at 
any particular timc of the year, then the units am operated at maximum load to 
bring the leveI 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 onthe part ofthe operators in applying this guideline 
i s  required. For instana, a knowledge of above normal snow accumulations in 
the watershed prior to spring runoff may be employed in deciding to operatc the 
units at maximum load even when water levels have not reached the rult came. 
However, the rule cum will ordinarily provide usefid guidance to opedng 
s-. The rule m e s  used in the simulation model are illuatratd in Figure 7.4 
add are provided in the echo of the &led simulation model input in Volume 2 
of the Water Mamgcment Study. 
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7.3.2 GatdReservolr Operation 

The Lookout Brook system has substantial storage capacity that can be 
effectively used to smooth the bigbly s d  basin inflows, (Reservoir storage 
factor of 60 days for Crcrss Pond and 40 dsys  for Joe D d s  Pond). However, 
the gates which control the two main storage resenrob at Cross Pond and Joe 
Dennis Pond are not easily accessible. The Cross Pond gate is located 17 Irm 
h m  the end of the nearest road over very rugged terrain. This pate requires a 
fidl day of travel for a rctum l i p  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 meam for several weeks each year. 

Although the Joe Dennis Pond gate is much cbser to aroad link (approbtely 
7 h) it still requires 1 to 2 houxs of a11 temh vehicle (ATV) tmvel using 
overland routes or the use of eiFcraft, Again, thue are times of the year when 
travel to this stmchm by almost any mans is not possible. 

Based on the difEicdtics i n h e  in operating these corn1 gates on a hquent 
basis, substantial diff' exist bet- the simdatcd and actual operalion of 
these storage reservoirs. These di&reaca have the effect of reducing the actual 
production below simulated values. 

In addition to the accessibiity issues, NP does maintain certain minimum stowe 
levels, particularly during the winter months, to ensure plant availebility in the 
event of local power outages or when called upon by Newfomdhd and 
Labradar Hydro, This winter resnvc is not taken account of in the simulation 
model. 

For the Lookout Brook system, the gate ad memoir operational difficulties 
discussed above are Likely the largest component of the diffaexlcc between the 
simulated and actual gumation. Tbe effcctg of differences in gate operation 
were investigated and the results ate presented in Section 7.6. 

7.3.3 Unit Operation 

The simulationmodel opexatm the Lookout Brookunits exclusively at Wir most 
efficient lo&, except whenhigh inflows dictate that higher loads are necessary 
to avoid exceeding the reservoir Iule curves. With the availabIe control 
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equipment, minimal c o ~ t s  on plant flows, and the availabfe forebay storage, 
it should be possible to operate this plant m y  close to this ideal. The only 
obstacIes to attaining this ideal would be electrical grid reqhents ,  such as 
local power outages, which may occasiody re~uirt that the units operate at 
bads other than their most efIicient loads. 

Changes to Operating Guidelines 

The purpose of tht analysis d e s c n i  in this d o n  is to detmmh whether there is 
any energy to be gained by dmghg Nf's cumat plant opffating guidelines. As 
discussed in Chapter 2 there are three ways improvements could occur through 
dmgw to the pidelincs. These are 

increasing head, by operating the forebay b get more head or reducing 
headlossa; 
by avoiding spill, end 
by operating the u i t s  at best efficiency mow of the h e .  

Each of these is discussed below for the Lookout Bmok ~ ~ Y & Y L  In-ing the head 
through a chauge in the use of the flashboards or indallation of infiatable crest gates 
was considered as a potential physical change (Section 7.5). 

The other two possibiiities wae d e d  using the limiting cases of high end low 
reservoir rule curves, d~cusscd in Chapter 2. The case described fw tfic base casc 
is an intenncdiate casc, since it uses a NP rule curvc varying between the low supply 
and fisll supply levels of the rescrvoirs, as described m Section 7.3. A change in unit 
dispatch order to improve eBciency was also investigated. 

Spill Avoidnnce, Limiting Ca~e: Maximum bod ,  b ~ r ~ o i r u  Low 
The limiting case for spill avoidance is to maximize the amount of storage d b l e  
to oontaininflow9. To do this, the units would be oparattd at m u h u m  flow to keep 
the water in the storage mxmoirs 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 GWhEyr, as 
shown in Table 7.1 - However, the spill dbtibution plot (Figure 7.2) shows that this 
would bedEcultto capture s b t h e  spills occurhbquently and inlarge 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 h m  Lookout 
Brook Forebay was reduced by ody 0.01 m31s, h m  an average of 0.24 m3/s to 
0.23 m3/s. This represents an increase of approximately 0.1 GWb/yr. This small 
amount does not compcmate for the deerease in energy production due to operating 
the units at a lower efficiency. 

Beat Efficiency Operation, Limiting Case: Resenoh High 
Tbe limiting case for maxMzing the amount of time the units arc operating at best 
efficiency is to run the units at best efficiency, until the storage reservoirs are just 
about to spill. This may require k q m t  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 pmduction of 
33.7 GWh/yr, with a spill of 0.29 m3/s. This production is lower than the base case 
production. This suggests that the rule c w e  used for the base case simulation is ncar 
optimum for the Lookout Bmok system. There could be minor adjustments made to 
the rule curve that could increase production monthly, but the increase wwld be 
exptcted to be merginal. 

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 hbrs provided in 
Section 7.2 is different &om the unit dispatch in NP's plant opeding guidelines. 
This difference probably results fmm guidelines king written prior to the upgrade 
o f  Unit #3 in 1999. 

1.) For minimal inflow operate Unit #Q at besf eflciency. For higher i o w s ,  bring 
#3 on at best eficiency a d  cycle on andofto maintdnforsbay limits. 

2.) For higher inflows, keep #4 ni best eflciency and bring #3 to fill load. 
required to keep ahead of iqflow, operate both unih al@ll load Total output 
with both mochirtes on will be about 5800 k w h  to the uddi t io~l  head loss in 
the pensrock 

The rscommendaton in Section 73 is for hi* inflows to bring LBK-434 to fUI 
load before LBK-G3. LBK-03 should be brought to fid load last. 
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Changing the unit dispatch in the base case simulation improves the energy 
generation by an estimated 0.1 G-, at no cost to NP. 

This r d t  assumes that the energy conmion W r s  calculated h m  available data 
are comct; efficiency testing on the units operating sepmteIy and together would 
provide co-on. 

7.5 Physical Changes to System 

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

C w e  pattern of flashboards installatio~oval d b k o u t  Brook Forebay to 
increase head. 
Increase dam height at Joe Pond to increase storage. 
Reduce hcadIosses. 

Each of these physical changes to the system is discussed below, TabIe 7.2 
summarizes the resuIts. 

Change Pattern of Flaehbaarda st Lookout Bmok Forebay 
It was interpreted h m  the existing plant operating guidehcs that the flashbods 
at the Lookout Bmok Forebay are removed in the spring to allow for additional 
spillway capacity. This results in the forebay level drawing down &om 262.13 m to 
261.72 m in the spxhg. To detamint whether any additional energy could be 
obtainedthroughcxtrahead,.tht~~wereassumedtobtiaplaoeyearround, 
but still drawing the forebay down in the spring, This would allow for some storage 
of inflows at tbe firebay during the spring runoff. The rtsulting increase in energy 
generation h m  this change was 0.2 GWldyr, &om 34.0 OW* to 34.2 OWyr. 

Assumingthatthe oostofeaergytoNP isSO.OQlkWhthiswouldrrsultinssavings 
to NP of approximately $8 000/yr with no additional wst for this clmge, but laving 
the dashboards in year round may lead to dam safety concerns. A sepawte analysis 
into spill cqmcity was conducted by NP in 1996 which had shown that flashboards 
0.4 m in height a d d  be maintained all year round and still allow for adequate spill 
capacity during the design flood. If it did become a dam aafkty wncem that the 
dashboards must be removed, then inflatable crest gutes (a rubber dam) on the 
spillway section may be considered, The comparison analysis conducted in the 
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Water Management Study noted tbat the recorded levels in the spring archigher than 
those modelled. This would suggest tbat some of the hhboards are being kept in 
during the spxhg. Although the plant o p h g  guidelines suggest that the 
flashboards arc removed actual operation are to keep them in up to appximateIy 
0.36 m. 

Increase Storage at Joe Dtnnh Pond 
To determine the efftct of an hcmse in storage on energy production, the dams and 
structures at Joe Dennis Pond were assumed to be raised to allow in- in full 
supply level of one ~TKI two mtters. The d e d  is to reduce system spill. The 
resulting increases in energy generation were 0.8 OBVhlyr for the one meter rise, and 
1.6 G W y r  fbr the two meter rise. 

A s d g  tbat the cost of energy to NP is SO.04fkWh this would result in a savings 
to NP of approximately $32 000/yr for the one meter increase in dam height and 
$64 OOOIyr for the two meter inmasc in dam height. Given a dam length of 
appmdmately 470 m, the savings over perhaps 20 yesrs would justifj. an expenditure 
of about $625/m of dam length based on a one meter increase. The practicalities of 
inareasing the dam at Joe Dennis Pond would bave to be investigated. NP has 
previously considered m h t a h g  old control dructures or coasbnzcting new ones. 
Previous work on the costs show that it would be ccommidy feasible to increase 
the storage at Joe Dennis Pond. A detailed analw into the ben&ts and cost would 
have to be conducted. 

Reduce Headlosscg 
Anotber method of increasing head is to d u c e  headlosses. NP recently replaced the 
pemtooks at Lookout Brook and would likely not replace these agein kmany years. 
For the purposes of examining the value of areduetion inhcadlosses, however, it was 
assumed that the units could operate at the maximum load at the same time (no 
additional headlosses with both units opdng ) .  The rcsulthg mergy generation 
was 3 5 3  GWh@ or a net increase h average annual energy of 1.2 O W y r .  Over 
the life of the project a recovery of some or all of these lossts could hnve a net 
present value of several hundredthowand dollaft; the &ciencyksthg to detcmkc 
the p r e f d  unit loading should include a detemhation of tbe sources of the 
hdosses ,  Measuns ta reduce these cost-cffcctivtly could then be investigated. 



Table 7.2 
Results of Physical Changes to System 

7.6 Sensitivities 

In addition to the investigation of specific oprational and physical changes, 
sensitivity nrns were done to provide NP with infonnatian on the cost or value of 
ceriab aspects of h i t  systems, Lookout Brook's location on aremote high plateau 
has two effects; first, the patkm of nmffis dominated by snowmelt, so storage to 
capture the runoff is important, and second, the rugged undeveloped terrain makes 
access for gate aperation difficult* In addition to some standard sensitivities, the 
cases chosen for Lookout Brook were selected with a view to providing NP with 
some values related to its specific situalion. Results for all sensitivity ceses nre 
provided in Table 7.3. Average energy gendon,  avwage annd forebay spill for 
each case is presented in Table 7.3. 

Chmw In Ensrgy 
I0;WMVr) 

- 
W d  

M.1 

+1.6 

+12 

cP.e 

Base Crse 

Ftsshboud st Forsbay 

Inatase Staage h e  D e ~ t  by I m 

Increase Swrpge Joe Denuia by 2 m 

Reduct htadlosst3 

The sensitivity caw wert as foUow. 

AverPgsmAnnmI Em~m 
, (rmVhlyr) . 

34.0 

342 

34.8 

35.6 

35.2 

Environmental release requirement of 30 percent of mum maul flow. 
No storage in system (to obtain value of storege); remove dams and gates. 
Changes to Cmss Pond gab operatinn. 

Environmentrl ReIcrure Requirement 
The sensitivity of energy ganeration to cbenges in ~~~vitomnentd releases 
downsbeam of pted outlet structures was investigated. In the cumnt model setup, . . .  for the pllrpose of flow in the river reaches do- of the gated 
outlets for environmental reasons, tht minimum flow of dl gates was set to 0.1 m3/s, 
if watn is available. As a sensitivity, this minimum flow was set to 30 percent of thc 
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mean annual flow into the reservoir, as long as is water in the reservoir, When 
the reservoirs ara empty, the natwal i d o w  would be released. 

The 30 p#ccnt mean mual flow rephmt is equivalent to approximately 
OA m3/s at Cross Pond and 0.8 m3/s at Joe Dennis Pond, Using these flows as the 
midmum flow release h m  the gates for the base case simulation model, there was 
no change in system energy. This is the case because 30 penxnt ofmean mud 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 storege, in which case the Datural innows are 
released, 

IfNP were required to hold a supply of water in the reservoirs to ensure that the 
30percent requirement were always met, therewould l i l y  be areduction in energy. 

No Storage in System 
To provideNP with an indication of the valueofthe storage in the system, tall storage 
in the system was assumed to be removed. Tht resulting average annual energy 
generation h m  this sensitivity was 25.0 GWhIyr, a net decrease of 9.0 GWyr.  
This represents the value of mambumg . * .  the stmtms at Joe D d s  Pond and Cross 
Pond. 

Changes to Cmes Pond Gnte Optration 
The remote location and difficult acctss of the Cmss Pond outlet structm make it 
an obvious candidate for automation, The simulation for the base case assumed that 
the gate could be operated daily, and the gate aperation plot in Figure 7.5 showed 
that it was usually opento less tlm full capacity, The base case could be considered 
the full automation case. Tbe analysis was d e d  out for Crass Pond, but the results 
would be similar for Joe Dermis Pond. 

To investigate the value of automation, or of some altamtivt procedure, three cases 
were o o n s i d d .  A variety of other casts are possie, but these three give an 
indication of the range of savings that can be achieved The t h e  cases are 

- Leave gate fidl open: leave the gate open all the time, using whakva natural 
regulation raaains; 

- Seasonal operation: adjusting the gate a couple of times a year; and 
- Leave gate partially open: restrict the opening to impme the natural 

regulation, Ieaving the gate in a p d y  open position all year round, 



The effects of these three procedures are described below. 

h v t  Gmte Fnll Open: Because of the difliculty of adjusting Cross Pond gaw, one 
option is to simply leave the gate open The structum ihuwill provide some natural 
regulation. The difkenct in the estimate of energy geaemtion in this case and the 
base case indicates the value of having a gate that can be operated daily. The 
resulting energy genemlion h m  this sensitivity was 3 1.5 GWhEyr, or a net decrease 
in energy of 2.5 GWh/yr. This degeese is due to extra spill at the h b a y  and 
additional operation at meximum load. 

If the gate can be autometed 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- 
effc&cly, as wnsidd  in the two 0 t h  optiom. 

Se~onal  Operation: In this me ,  thc gate at the outlet of Cross Pond was assumed 
to be operated twice a year, closed to 0.3 m in April and opened fully in July, The 
resulting energy generation h m  tbis sensitivity was 32.5 OW* or a net decrease 
in energy of 1.5 GWh/yr. Adjusting the opening and closing dates to take account 
of conditions in a particdm year would likely improve this result 

Leave Gate Padally Open: The gate curve h m  Section 7.2 indicated that the gate 
is usually opened in the base case to r e 1 ~  about 3 4  m3/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 h m  this samitivity was r e d d  by 
0.7 GW@r h m  the base case. As the t&1c below shows this would be the btst of 
the three d t e d v e s  considered here for gate opesation at Crass Pond. With the 
exception of possibly fibricabg 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 

7.7 Conclusions and Recommendations 

Csss 

Base Case 

~vhnmcntal  ReIezmm 

Value of Starage 

Cross Pond Gate m o o n  - Leave Gate Full Opn - scaJoaSr OperPti~n 
-Leave Oak P d d y  
opea 

The conclusions and recommendations arising h m  the analysis are as follows. 

1. Improvemtnb to Better Match Simulated Ided Operation 

Amrags Annual 
Energy 

w m r l  
34.0 

34.0 

25.0 

315  
32.5 
33.3 

Gnte operation: The analysis shows that controlling the release of wata h m  
storage is thekey to maxhhhg the ouQut6rom the tOokout Brook system ?he 
outlet gates at Cross Pond and Jot Dennis Pond need to bc adjusted kquatly 
to ensure that the cwect flow is being m l d t o  keep theunits operating at best 
efficiency, as well as to avoid spill. Automation of the gates would provide the 
best control, but simplet approaches may be more cost eEective. 

Clarification of Guideliics: The present guidcliines as intqmtcd for the Water 
Menagcmcnt Study came close to maxhk& system output ifNP can operate 
in this manner. NP should clmifj. the g u i d c k  for the operators, in particular 
providing guidance on when to increase load h m  best efficiency to meximum. 

Chsngs In 
Emrgy 
~~~) 

- 
0.0 

- 9.0 

- 25  - 1.5 - 0.7 

Unit Dispntch Wer:  The present guidelines suggest a unit dispatch order that 
is inconsistent with the station factors as calculated &om the available 

Fombay SNII 
(rcrSia) 

0,24 

0.24 

1.04 

0.34 
0.37 
039 
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information. NP should cmy out efficiency testing on both units, operating 
sepmteIy and together, to detedne the p m f d  dispatch order. 

It may be possible to meke modest gains through fine-tuning, first of the 
of the flashboard instal ldohoval  dates in the forebay, and second, of the 
reservoir rule cwes that detexmint whcn to switch h m  best ficiency load to 
maximum load. NP should review the present pmticc and update as required, 

3. Physical Chnngrs 

Forebay Flmhboards: Keeping the flashboards in all year and drawing the 
foabay down in the spring increases energy output by hcmsiug head and 
reducing spill. If flashboards must be removed in the spring for darn sefcty 
reasons, then rm 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 duriug periods of high runoff risk, but also to raise the fidl 
supply level in lower risk periods. NP should investigate the costs and benefits 
of alternative flashboardcrest gate rrrrangements, taking into account d m  sw 
r t q h u 1 t S .  

Increased Storage: Bccause of the fact that runoff is dominated by large events, 
especially spring nmog stoxage is important in the system. The e m  of 
reducing spill at Joe Dennis Pond by in-ing the storage msdts in an increase 
in energy generation of 0.8 8- fbr a one metre rise, and 1.6 GWb@ for a 
two metre rise. Based on previous cost estimates conducted by NP fbr increased 
storage at Joe Dennis Pond, it would be worth investigating in more detail the 
economical feasibility of increased storage at Joe Dennis Pond. 

Headlossen: The analyeis showed that then may be some gains in energy by 
reducing hdosses. WhenNP is condwtiug the efficiency testing to detamine 
unit loading, it should give particular &tention to &ding the souroes of tho 
hcadlosses. The costs and benefits of improvements om then be determined. 

EnvimnmenW ReIcllsw: 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 S't energy generation, because this mount is already being 
released to supply the units. The requirement, however, assumes that when the 
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reservoirs are low, the release is equal to the natural inflow. If the requirement 
were to gumtee 30 percent, a reserve would have to be maintained similar to 
the wintet reserve. 

VPluc of Storage: The value oftht storage at Joe Dcnnis Pond and Cross Pond 
is 9.0 GlWyr. NP may use this value in considering the costs of maintaining 
these structures. 

Changes to Cross Pond Outlet Gate ContmYOpcration: Tbe value of 
operating the gate at Cross Pond on a daiIy basis is 2.5 G m .  If the gate can 
be automated for perhaps $50 000 to $70 000, automation would be justified by 
the energy savings, However, it may k possible to obtain some or all of the 
energy gains more wst-efftctively, considering changing the gate setting a 
couple of times a year or da the gate oping,  In the simulation to 
consider alternatives for Cross Pod,  Joe Dennis Pond outlet gate was assumed 
to be operated daily if required. NP should determine the costs of automation or 
more fraqucnt personnel access to the gates at both Joe Dennis Pond and Cross 
Pond, and compare it with the costs and benefits of the simpler appmeches at 
both locations. The most cost-dhtive overall solution can then be selected. 
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8 Sandy Brook Hydroelectric System 

Sandy Brook Hydroelectric System was asseased to determine wh& there is 
potential for increasing energy gendon,  followiug the methodology in Chapter 2, 
by 

improving current practice to better follow existing plant operating 
guidelines; 
revising existing plant o p d g  guidelines; aad 
making physical changca b the system 

In addirtion, the sensitivity of energy generation to opt ing  changes and w&ts 
was investigated, 

The following sections descrii the Smdy Brook system, present representative 
operating measures (e.g., flow uW&on fhctor and energy potential of spill) and 
provide the results ofthe analysis used to assess the -of operational and physical 
changes on energy gcnemtion. The Iast section provides oonclusions and 
fecornmcndations, 

The simul~tionmodel set up for the Sandy Bmok system in the Water Mmgment 
Study conducted by Acrts for all NP hydroeledc systems was used to assess the 
e m  of operational and physical -es on energy germation, The long term 
production estimated in the Water Mampmeat Study assumed ideal o p t i n g  
practices using currmt NP plant operating guiddhes, as in- for the study. 
The result of this simulation for the Sandy Bmok system is mibed to in tbis section 
as the bast case system generation. Other estimates of energy generation ~sulting 
h m  opemtional os physical changea to thc system are compared to this value. 

System Description 

The Saudy Brook system is located in central Newfoundland near the Town of Grand 
Falls-Wmdsor, The system was commissiod in 1963 8nd has ammeplate capacity 
of 5.5 MW and a rated net head of 335 m. Storage is provided by shuctures at 
Island Pond, West Lab, Sandy Lake and Sandy Brook Forebay, The total drainage 
arta above the intake to the Sandy Brook Generating Station is approximately 
529 km2. A schematic of the S d y  Brwk system i s  prcscated in Figure 8.1. 



On the west side of the drainrrge 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 Sendy Brook. West Lake flows into Sandy Brook 
in the forcbay of the genaating station. West Lake and Sandy Lake arc 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 (uncontrallad); 
West Lake gated outlet; 
West Lake ovdlow spiNwey; 
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 m e r  a S d y  Brook G e n e  Station in the summer of 
2001. The unit efficiency wilI increase as a result. 

8.2 Representative Operating Measures 

In assessing the potential for increased energy generation at a particular system, 
c& represmtativc operating measures and p l d  cau be used to draw conclusions 
about the impact of  operational or physical changes to the system. These measures 
and plots are as follows. 

Flow Utilmtion Fwtor. 
Energy Conversion Factor. 
Flow -on Curve. 
Energy Potential of Spill. 
Resuvoir Storage F-T* 
Rcsrrvoir Utilization Plot. 
Forebay Storage Factor, 
Gatc OpeIation Plot. 
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The dchition and use of these measures and plots are presented in Chapter 2. Tbt, 
measures as calculated for the Sandy Brook syatem are p v i d t d  below. They were 
deweloped from the data in the base case simulation Table 8.1 at the end of this 
section summarizes the measures for thc Sandy Brook system. 

1 Row Utikatioa Factor 
The flow utilization factOrs fbr the Sandy Bmok station (average M o w  to forebay 
divided by the flow capacities of theunit at most eEcient load and maximum load) 
are 0.81 at most efficient load a d  0.66 at nutximum load. 

2. Enem Convendon Factor 
The enapy conmi& hctm (tbs ideal av- vdue of water in storage) for most 
efficient load and mahum load at Sandy Brook station are 0.078 k W m 3  
(2.45 QWyrfm3/s) and 0.069 kWh/m3 (2.16 GWhlyrlm3/s), respectively. 

The average energy conversion -or from the base case simul~tionis 0.077 kWm3 
(2.42 G.Wblyr/m3/s), The energy conversion fktor tskes into account the average 
reduction in availability due to forced outages and the opeadion at greater flows than 
most &dent load. 

3. Flow Duration Cnrve 
The Sandy Brook power flow duration curve h m  the base case simulation is shown 
in Figurc 8.2. The units operate at above most acient  flow approximately 
18 percent of the lime. 

4. Enem Potential of Spill 
The average annual sim- spill &T the base case was appmximak1y 3.11 m3/s. 
Using the simulated energy conversion fkctor at mturhum lo& the spill would 
produce approximately 7.5 GWh/yr, if entirely saved and used for generation, 

The monthly distribution of this spill over 15 ytars for the base case simulation is 
shown in Figwc 8.3. Tbe figure  demons^ tbat them is significant spill in April 
and May in almost every yeat of the base cese simulation. 

5. Reservoir Stomge Fsctor 
Storage is provided by stwhms located at the outlets of West Lake, Sandy M e  and 
Sandy Brook Forcbay. The reservoir storage factors were calculated to be 
epproximately 23 days for West Lake, 48 days for Sandy Lakc, and be- one and 
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two days (39 hours) for Sandy Brook Forebay. These factDrs rtpresent the number 
of days to fill the resexvoirs with average inflows and without my outElows, 

6. Reservoir U4iktation Plot 
The plots of simulated West Lake and Sandy Lake reservoir levels for the base case 
simulation arc provided in Figure 8.4. The plot ilhdmes that Lake never 
draws down to the dead supply level. 'Fhis is because the shape of the approach 
channel to the outlet pments releases at low rcscrvoir levels. 

7. Fombay Storage Factor 
The forebay storage factor (time required to draw forcbay down assuming no i d o w  
and with units operating at maximum load) is apprordmately one day (26 hours). 

8. Gate Operation 
There ate conlml gates located at the outlets of West Lakt and Sandy Lake. 
Provided in Figure 8.5 are the simulated gate dischsrges, gate capacities and 
simulated reservoir IevcIs for an wample year (1994) for both lakes. Thesc plots 
illustrate the fkquency with which the gates are being opmkd 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 m3/s is shown den  West Leke is at low supply level, 
NP should investigate this inconsistency, 

Table 8.1 
Sandy Brook System Representative Operating Measures 
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8.3 Ideal Operation of System 

f 
Sandy Brook RepresMIQltve Opmtlng'Me8ouma 

The long tenn energy production at Sandy Brook as estimated by thc simulation 
model developed for thc Water Mmagement Study is 28-1 G W y r ,  This compares 
with recorded cntrgy generation for the same reference period (1984-98) of 
25.3 GWh/yr. These figures provide some indication of the potential for improving 
actual gcnaation at this system unda the current plant o p t i n g  guidelines. Further 
indicators of this difference art provided by the comparisons conducted for the Water 
Management Study for two sample years, This comparison indicated an average 
difkcnce between recorded and simulated generation (aAei adjustments for storage) 
of approximately eight pacent for this system. The comparison would therefore 
indicate that there is some opportunity to improve the operation of this system by 
mart closely following the ideal demonstrated by the simulation model. 

Reservoir Storage Factors - Wtstlake 
- Surdy Lake - Sandy Brook Fanboy 

Forebay Storage Factor 

For the entire NP hydrot1ectric system, the value used fbr the adjuimcnt for practical 
operations was seven percent This factor is intended to reflect an average difference 
betwan the simulated results and the g e n d o n  that can acbdy be expected based 
on realistic qaationat constraints and rtcent operating experience. Further detsils 
on the calculation of tbis factor and its application may be found in Section 22.3 of 
the Water Management Study. The remainder of this saction will consider 
opportunities to reduce this difkmcc between the simulated ideal operation and 
actual genedon at the Sandy Brook Systcm. 

23 d a y 8  
48 day 

1.6 (39 horn) 

1,l dap (26 bouts) 

8.3.1 Plant Operating Ouidellnes 

The simulation model used to estimate the energy g m d o n  ofthe Sandy Bmok 
system assumes that the operations &has interpreted the misting operating 
guidelines as described in the Water Management S M y .  Plant operating 

provide operators with procedures regarding how to o p t e  the 
system based on current inflows. During periods of high Mows, the plant will 
be operated at maximum load (and Less tbaa maximum efficiency) to avoid spills. 

- 
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This requires some interpretaiion by the operstors regarding what oonstitutes high 
inflows. The interpretation used in the simulation model incotporattd target 
levels for each reservoir in the system. The reservoirs wert operated to keep the 
forebay at its target level to maintain operation at best tfficiency. If the forebay 
levels exceed target level at any particular time of the year, then the units are 
operated at maximum load to bring the water level down. If the reservoir levels 
are below thc rule cum, then the units are operated at best eficiency. 

Obviously, some judgment onthe part of the operators in applying this guideline 
is required. For instance, howledge of above n o d  sww accmuhiom 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, 

8.3.2 GatelReservoir Operation 

The Sandy Brook system has relativtIy little storage capacity particulady in light 
of the seasonal runoff variations experienced in Central Newfoundland. Sandy 
Lake and West Lgke are the two primary storage mscwoirs, The gates that 
control these resuvoirs am =cult to access. Travel to Sandy Lake requires 
about 2.5 hours (one-way) k m t h e  powerhouse, while West Lakc can be reached 
in about one hour, Therefore, operations staff cannot adjust these outlet gates 
hquently . 
Despite the diculty 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 a small w o n  of the overall watemhed, 
end that they would thertf'o~ not be effective in r~phtkq runoff even if the 
gates could be adjusted daily. 

In addition to thc accessibility issues, NP must maintain minimum storage 
levels, partioularly during the winter months, to ensum p h t  availability in the 
event of Local power outages or when called upan by Newfoundland and 
Labrador Hydro. This winter rescme is not taka into account by the simulation 
model. As with the gate wssibility issue however, the system production is not 
ovcrly sensitive to other res~yoir optrating wmtnhts, 



8.3.3 Unit Operation 

The simulation mdel operates the Sandy Brook unit mc~usively at its most 
efficient load, except when high inflows dictutc that higher loads arc necessary 
to avoid spill. With the available control equipment, minimal constraints on 
plant flows, and the available forebay storage, it should bt possible to operate the 
plant very close to this ideal. An cmmhtion of daily Conlrol Centre Logs for 
several months (December 1998, April and August 1999, and Jmuaty-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 detailed 
study would also include en exauktion of unit availability and system 
conditions during these months. The main obstacles to attaining ideal operation 
are electrical grid requirtments that may occasionally r q h  that the units 
operate at loads other than their most efficient loads. Such r a q h e n t s  would 
include local power outages or other hhquent occrann~es, 

Changes to Operating Guidelines 

The purpose of the analysis described in this section is to determine whether then i s  
my energy to be gained by changing NP's cumnt plant o p t i n g  guidelines. As 
discussed in Chapter 2 there are three ways improvements d d  occur through 
cbaages to the guidelines. These arc 

inmasing head, by operating the forebay to get more head or reducing 
headlossw; 
by avoiding spill; ad 
by operating the units at best efitiency more of the time, 

The operating changes were examined using the limiting cases of high and low 
reswoir rule cwes, discussed in Chupter 2. The base case is an intcnndatt case, 
since it uses rule curves varying between the low supply and full supply levels of the 
reservoirs, as described in Section 8.3. 

Spill Avoidmace, Limiting Caer: W m u m  Load, Reservoirs Lmv 
The limiting case for spill avoidance is to maximime the mount of storage available 
to contain inflows. To do this, the units would bc opcxated at maximum flow to k- 
the water in the storage reservoirs es low as possible. 
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At Sandy Brook, the potential for savings in spill compad to the bast - is high. 
The maximum possible reduction in spill would be the equivalent of 7.5 G W w ,  as 
shown in Table 8.1. However, tbe spill dist~ibution plot (Figure 8.3) shows that this 
potential would be W c d t  to cap- since the spills occur primerily within a 
relatively short period in fhc spring. 

To assess the potential for additional energy g d o n  in the system using spill 
avoidance, thc simulation model wes run assuming the units were always opentad 
at h u m  load when water ww availeble. The average mual spill firom Sandy 
Brook Forebay was reduced by only 0,07 m3/s, h m  an average of 3.1 1 A~ /S  to 
3.04 m3/s. This represents an in-e of approximately 0.2 GWh/yr. This small 
amount does not compensate for the approximately 0.7 G W y r  deereest in cncrgy 
production due to operating the units at a lower ef£ioimcy, 

B a t  Emciency Operotion, Limiting Cese: Reservoin High 
The limiting casc for maximizing the amount of time the units art o m g  at best 
efficiency is to run the units at best eEciency, until the storage reservoirs are just 
about to spill. This may require ftequent gate o p d o n  to match relases to best 
efficiency flow. 

The result of a simulation using this rule was an average annual produotion of 
27.9 GWyr, with a spill of 3.4 m3/s. This production is lower than the bese case 
production and the spill is greater. 

These simulations suggests thmt the rule curve ustd for the base casc 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 margiaal. 

Physical Changes to System 

To give an indiwtion of the vdut of physid changes to the existing system, the 
following options were investigd. 

Incrtast the capacity of the control gates at the outlet structures. 
Increasing the efficiency of the units was not examintd because NP is 
planning to replace the at: Sandy Brook. 
lncreese available stoxage. 



These physical changes to the system is discussed below. Table 8,2 s e a  the 
results. 

Increase Capacity of Control Structurea 
Thc vdue of increasing the capacity of the contr01 s i r u c ~  at both West Lake and 
Sandy Lake was assessed by simulating operationwith arbitrarily d~~blcdcap~~ities.  
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 channel 
obstruction at the Sandy outlet to create capacity at lower reservoir levels. The result 
was marginally less spill but no increase in energy. 

Incnmse Storage at Snndy Lake 
To determine the effect of an increase in storage on energy production, the dams and 
structum at Sandy Lake wen msumed to be raised to dlow increases in fbll supply 
leveI of two meters, The effect is to reduce system spill. The resulting in- in 
energy generation wes 1.7 G W y r .  

Assuming that the cost of energy to NP is $O.@i/kWbtbis would rCsul1 in a savings 
to NP of approximately $68 000/yr for a two meter inccwc in dam height. Given 
a dam length of approximately 215 m, the savings over perhaps 20 years would 
justify an expenditure of about $2900h of dam length. The practicalities of 
increasing the dam crest would have to be investigated along with the costs and 
benefits of such a p m j a  

Table 8.2 
Results of Physical Changes to System 
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Sensitivities 

In addition to the investigation of specific operational and physioal changes, 
sensitivity runs were done to provide NP with infomation on the cost or value of 
certain aspects of their systems. Results for all sensitivity casts arc provided in 
Table 8.3. Along with the avtmge energy generation, average annual forebay spill 
for tach case is presented in Teble 8.3. 

The sensitivity cases wae 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 cnvimm~~~tel  r e l ~ a  
downsbeam of gated outlet structures was investigated, In the m n t  model setup, 
for the purpose of maintaining flow in the river reaches do- of the gated 
outlets for tavimnmtntd reasons, tht minimum flow of dl gates was set to 0.1 ms/s, 
if water is available. As a sensitivity, this minimum flow was set to 30 percent of the 
mean annual flow into the reservoir, as Iong 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 m3/s at West Lake and 1,8 m3/s at Sandy Lake. Using these flows as the 
minimum releases from the gates did not change tbe simulated energy generation 
because 30 percent of man  amual flow is still less tban the flow released to meet fht 
generation objectives, 

If NF were required to hold a supply of water in the reservoirs to ensure that the 
30 prcent requirement were dmys met, them would likely be arcduction in energy. 

No Storage in System 
To provide NP with an indication of the value of the storage in the system, all 
upstream storage in the system was assumed to be removed, The resulting avemge 
annual energy gemation h m  this sensitivity was 24.4 GWyr, a net decrease of 
3.7 GWh/yr. This represents the value of maintaining the structures at Islaad Pond, 
West Lake and Sandy Lake, 



Changes to Gate Opention 
The remote location and difficult access of the Sandy Brook system outlet struc- 
make them candidates for automation. Though the simulation for the base case 
assumed that the gates could be o p t e d  daily, the plots in Figure 8.5 showed that 
they are open at full capacity for most of the yeat. 

In order to assess the value of the automation, a simulation WBS run with the gates 
fully o p  all year, The diffmce in the estimate of energy generation in this case 
and the base casc indicates tbc value of having a gate that can be operated daily. Tht 
resulting energy generation h m  this sensitivity was 27.3 GWhlyr, or a net derreasc 
in energy of 0.8 GWyr. This dccxtase is due to extra spill at the forebay and 
dditional operation at maximum load, 

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

Table 8.3 
Energy Results for Sensitivity Simulations at Sandy Brook 
S ys tern 
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1. ImprovcmenQ to Better Match Simulated Ideal Operation 

NP should review the operating proocdures in light of new m e r  and contxols 
to be instalfed at Sandy Brook in 2001. 
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2. Changes to Operating Guidelines 

The present guidc1ines as intapmted for the Water Management Study come 
close to rnmhizhg system output. No changes are remmcmded. 

3. Pbysicnl Changes 

Because runoff is dominated by spring snowmelt, storage is important in the 
system. Increasing storage wodd i n c m  generation; raising the dams should 
be investigated. Neither automating the gates, nor increasing tbe'i capacities 
contributes significant additional energy. 

4. Sensitivities 

Environmtntel Relwu: Providing a minimum flow release of 30 percent of 
mean annual flow downdream of the outlet gates at West Lake and Sandy Lakt 
dots not affect energy generation, because this amount is already being released 
to supply the units, The r e g h e o f  however, assumes that when the reservoirs 
are low, the release is equal to the natural in5owe If the requirement were to 
guarantee 3 0 perccnf 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 Lake is 
3,7 GWb/yr. NP may use this value in considering tbe costs of maintaining the 
structurw. 
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Pierres Brook Hydroelectric System 

P i a m  Brook Hydroelectric System was assessed to detedne whether there is 
potential for haeasing energy g t n d o n ,  following the methodology in Chapta 2, 
by 

improving cumat pmdce to better follow existing plant operating 
guider-; 
mising existing plant operating guidelines; and 
making physical c h e s  to thc 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 measms (e.g,, flow utiIimtion b tor  and energy potential of spill) end 
provide the results ofthe msis used to assess the e&otof operational and physical 
changes on energy genetation. The last section provides conclusions and 
recommend8tioz19. 

The simulation model which was set up for the Picrxes Brook system in the Water 
Management Study, conducted by Acres for all NP hydroelectric systtms, was used 
to assess the effect of operational end physical changes on energy generation. The 
long term production estimated in the Water Management Study assumed ideal 
operating practices using cuuentNP plant opedug guidelines, as interpreted for the 
study. The result of this simulation for the Pienes Bmk system is ref& 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. 

System Description 

The Pierres Brook system is looattd on the south- shore of the Avalon Peninsula 
in easternNewfoundland The Pimcs 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 W~tless Bay 
Country Pond. 
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The total h g c  area above the intake of the Pi- Brook station is approximately 
11 6 h2. A schematic of the Piures Bmok system is presented in Figure 9,l. 

Controlled releases and spill h m  Big Country Pond, and controlled releases h m  
Witless Bay Counhy Pond, are discharged into Gull Pond. Spill h m  Witless Bay 
Country Pond is discharged out of the system. GuIl Pond is the fortbay for the 
generating station. Spa h m  Gull Pond is discharged out of the system 

The structures in the system are as follows 

Witless Bay C o w  Pond gated outlet; 
Witless Bay Cow Pond overflow spillway; 
Big Country Pond gated odd; 
Big CounQ Pond overflow spillway; and 
Gull Pond ovcrflow spillway. 

The Witless Bay Country Pond and GuIl Pond spillwwys discharge out ofthe system; 
the Big Country Pond spillway discharges within the system. 

A fish process& plant withdraws water intermittently from the penstock This 
demand is not metered; information h m  otbe~ fish plants suggests a meximum of 
2000 m3/day (about 0.023 m3/s). Over a single year, this amount would be less than 
one-half percant of the estimabed mean mual flow through the generating stdon 

Representative Operating Measures 

In assessing the potential for k m e d  energy generation at a particular system, 
certain representative operating measures end plots can be used to draw conclusions 
about the impact of operatid or physical cbanges to the system. These measures 
and plots arc as follows, 

Flow Utilization Factor. 
Energy Conversion Factor. 
Flow Duration Curve. 
Energy Potential of Spill. 
Reservoir Storage Factor, 
Reservoir UtiWon Plot. 
Forebay Storage Factor. 
Gate Opration Plot. 
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The definition and use of these measures and plots are presented in Cbpter 2, The 
measures as calculated for the Pierres Brook system are provided below. They were 
developed h m  the data in the base case simulation. Table 9.1 at the end of this 
section summarizes the measuns for the Piems Brook system. 

1. Flow Utilizntion Fitctor 
The flow utiliion fadm for the Piems Brook station (average idow to fmbay 
divided by flow capacity at most efficient load and maximum load) are 0.96 at most 
efficient load and 0.73 at maXMum load 

2. Energy Conversion Factor 
The energy conversion fhctors (the ideal average value of water in stomge) for most 
efficient load and nmimum load are 0.19 kWh/m3 (5.96 GWh/yr/m3/s) and 
0.18 k W m 3  (5.75 GWh5m/m3/s), mpedvely. 

The average energy conversion fktor b m  the base case simulation is 0.19 kWh/m3 
(5.83 GWh/yr/mlls). This energy conversion &tor takes into account the average 
reduction in availability due to farced outages. 

3. PIOW Duntion Curve 
Tht flow duration curve far the turbine flow @om flow) in the base case simulation 
is shown in Figure 9.2, The unit operates at ndmm flow around 30 peroent of the 
time, 

4. Energy Potential of Spill 
The simulated spill for the base case was appmxim&ly 0.18 m3/s on average at the 
Gull Pond ovdow spillway. Using the simulated energy conversion factor for 
rnmxkum load pmcntcd previously in this section, the spill would produce 
approximately 1.0 GWhlyr, if entirely saved and used f ir  genemtion. 

The simulated spill at the Witless Bay Country Pond for the base case wes 
approximately 0.01 m3/s on avexuge. Using the simulated energy convmion factor 
for m u m  load presented pviously in this section, the spill would produce less 
than 0.1 GWh/yr, if entidy saved and used for generation. The average simulated 
spill at Big Country Pond was 0.20 m3/s but the spill was discharged to Gull Pond 
and remained within the systcm. 
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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 Countxy P o d  and the Piems Bmok station (Gull Pond 
ovcrflow spillway). 

5. 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 fbr thc Picrres Bmok 
station, The resewoir storage htors were calculated to be approximately 48 days 
for Witless Bay Country Pond, 53 days for Big Comtxy Pond, and 60 days for Gull 
Pond. These Wars represent the number of days to fill the reswoirs at average 
inflows without my oufflow. 

6. Rcaervoir UtWntion Plot 
The plots of simulated reservoir levels for the base case simation are provided in 
Figures 9.4 and 9 5 .  Tbe plots illusirate thc resewoh dhalion correspondiig to 
ideal operation, which g m e d y  makes fidl use of the available storage range. For 
the Piems Brook system the use of reservoir storage is not limited by other physical 
or operatiod constmk, 

7. Fombay Stomgs Factor 
The fmbay storage fictor of Oull Pond (time required to draw forebay down 
asslnning no inflow with unit aperating at maximum load) is 37 days, 

8. Gate Operation 
There are control gates located at the outlets of Witless Bay Corntry Pond and Big 
Country Pond. PKIvided in Figure 9.6 is the simulated gate dis-e, gate capacity 
and simulated reservoit level for an example year (1987) for Witless Bay Country 
Pond and Big Counlry Pond. These plots illustrate the kquency with which the 
gates are being operated in the simuIation model to maintain most efficient load and 
to avoid spill by operating at maxicnm load. 
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Table 9.1 
Pierres Brook System Representative Operating Measures 

Ideal Operation of System 

Pbms 3mmk Repmenlath Operating Illhmuras 

The long tenn energy production at P i e m  Brook as estimated by the simulation 
model developed for the Water Management Study is 26.7 GWhiyr, This compares 
with recorded energy generation for the same refhence period (1984-98) of 
23.8 OWyr. While these numbers are not dinctty comparable due to the m c r  
replacement in 1994 and several other prolongad outages over this periad, the 
diffierence does provide some indication of the potential for improving actual 
generation at this system under the current plant operating guidelines. Further 
indicators ofthis difference art provided by the comparisons conducted for the Water 
Management Study for two sample years. This comparison indicated an average 
difference b ~ e n  recorded andsimulated generation (after adjustments for storage) 
of a p p r o ~ l y  nine percent for this sy8tem. The comparison would thenfore 
indicate that these is same opportunity to improve the operation of this system by 
more closely following the ideal demonstrated by the simulation model. 

Flow UWaboa Factm - Most Effitient Load 
- M a x h ~ m L o a d  - 

sllltion Factors - Most EBckmt L d  
-Maximum Load 

hugy Potential of Spffl - Witless Bay Camby Pond Spill 
- Picmr Brook Spill 

Reservoir S t o w  Factors - Witless Bay Counq Pond - Big County Pond 
- Gull Pond 

Fartbay Stwage Facm 

For the en% NP hydroelectric system, the value used for the adjusbnent for practical 
operations was scvcn percent This hctor is intended to reflect an average dieference 
between the simulated results aad the generation that can actually be expected b e d  

0.96 
0.73 

- 

0.19 k W m l  
0.18 kWh/m' 

4 . 1  OWhEyr 
1 .O GW&T 
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on realistic operational conshints and recmt opting experience. F u d m  details 
on the caloulaiion of this &tor and its application may be found in Saction 22.3 of 
the Water Management Study. The remainder of this section will consider 
opportuuities to reduce this diff- betweerr the simuhted ideal operation and 
actual generation at the Piems Brook system. 

9.3.1 Plant Operating Guidelines 

The sirnulation model used to estimate the energy generation ofthe Picrres Brook 
system assumes that the optcations staffhas interpreted the existing operating 
guidelines as described in the Water Management Study. Plant operatiqg 
guidelines provide uperators with procedures regding how to operate the 
system based an currcnt inflows. During periods of high inflows, the unit wilI 
be operated atmaximum load (and less t h a n h u m  efficiency) to avoid spills. 
This r t q k  some interpretation by the operators regarding what constitutes high 
ianows. The intaptation usad in the simulation model incorporated a rulc 
curve for each reservoir in the system. If the reservoir levels e x c d  the rule 
curve at any particular time of the ym, then the unit is operated at maximum 
load to bring the level down to the rule c u m .  Ifthe memoir levels are below 
the rule curveD then the unit is o p e d  at best efficiency. 

Obviously, same judgment on the part of the opnators in applying this guideline 
is required, For instance, howledge of above nonnal snow accumulations in the 
watershed prior to spring runoff may be employed in deciding to operate the unit 
at maximum load even when watm levels have not reached the rule ourve. 
However, the rule crave will ordinarily provide usell pidance to system 
operating staff. The rule cwves used in the simulation model are illustrated in 
Figures 9.4 and 9.5 and are provided inthe echo of the detailed simulation model 
input in Volume 2 of the Water hhageznat Study. 

The Piems Brook system has significant starage capacity that can be m v e l y  
used to smooth the basin inflows. Big Country Pond provides most ofthe usable 
storage capacityD apart from Gull Pond which also serves as the forebay. The 
gate that controls Big Country Pond is not readily accessible as it is located about 
3 km &om the nearest road (acccss is by boat in summer or snowmobile in 
winter). However, water levels at Big Country Pond can be monitored daily as 
the resemoir shoreline is accessibIe by road In addition, the wntml gate at 
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Witless Bay Country Pond is d y  accessible. Therefort, the impact of these 
practicalities on system g e n d a n  should not be significant. 

In addition to the m i b i f i t y  issues,NPrnust maintain certain minimum storage 
leveIs, 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 and may have a more important impact on actual generation. 

9.3.3 Unit Operation 

The simulation model operates the Piems Brook unit exclusively at its most 
acid bad, except when high inflows diem that higher loads are necessary 
to avoid exceeding the resnevoir rule curves. With the available control 
equipment, minimal consfmints on plant flows, and the available forebay storage, 
it should be possible to opeaate this plant very close to this ideal. An 
examination of daily Control Centre Logs far several months (December 1998, 
April and August 1999, and January-Fcbnary 2000) codinned that the Piems 
Brook unit is loaded at best dliciency a high percentage of the time. The main 
obstacles to attainkg ideal operation are electrical grid requirements which may 
occasionally require that the uni& operate at loads othcr than their most efficient 
loads, Such-ents would include local p o w  outages- or other Wquent 
OCaurenOCS. 

9.4 Changes to Operating Guidelines 

The purpose of the analysis d d b c d  in this section is to debmine whether there is 
any energy to be gained by changing NP's current plant operating guidelines. As 
discussed in Chnpter 2 there are three ways impmvements could occur through 
changes to the guidelines. Thcst art 

inmasing head, by operating the fmbay to get more head or reducing 
headlosses; 
by uvoiding spill; and 
by operating the unit at best aciency more of the time. 

hcmasing the bead as a amsequae of i n c m i n ~  storage at Gull Pond was 
considered as a potential physical change (Section 9.5). 



The otbtr two possibilitiw were examined using the limiting cases of high and low 
reservoir rule curves, discussui in Chapter 2. 'Ihe caw d b b e d  for the base cast 
is an inmediate case, since it uses aNP rule curve varying bctweerr the low supply 
and full supply levels of the reservoirs, as described in Section 9.3. Opemiion at a 
lowar forebay level to avoid spill was also investigated. 

Spill Avoidance, Limiting Case: Marimurn Load, Rrrervoira Low 
The limiting case for spill avoidance is to m a x h h  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 Pienmi Brook, the potentid for savings in spill compared to the base case is low, 
The maximum possible reduotion in spill wodd be the equivalent of about 
1.0 G m *  as shown in Table 9. I. However, the spill diskibution plots (Figure 9.3) 
shows that this would be difficult to ospture since the spills occur Mquently and 
in large amounts. 

To assess the potential for additional energy genedon in the system using spill 
avoidance, the simulation model was run m u m i -  the uuit wav always operated at 
xmximum load when water was available. The average anrmal spill h m  aull Pond 
was r e d u d  by only 0.0 I m3/s, from an average of 0.18 m3/s to 0.17 mJ/s. This  
repmats an increase of less than 0.1 OWhIyr. Tbis d amount does not 
compensate for the decrease in energy production due to operating the unit at a lower 
efficiency. 

Best Efficiency Operation, Limiting Cme: Reservoirs High 
The limiting case for :n&mihg the smormt of time ihe unit is operating, at best 
efficiency is to nm the unit at best efficiency, until the stmage resavoixs are just 
about to spill. This may  quire kquent gate operation because the gates must be 
adjusted to release lhe exact amount of water to match the best efficiency flow. 

The result of a simulation using this d u  was en avcrage annual production of 
26.4 GWhlyr, with a spill of 0.25 m3/s, This production is lower than the base cgse 
production. This suggests that the rule c u r v e d  for the base case simulation is near 
optimum for the Picxres Brook systun. There could be minor adjuslments made to 
the Nte w v e  that could increase production monthly, but the incmse wmld be 
expected to be marginal. 
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Spill Avoidance, Llmfting Case: Maximum Load, Reaemoh Low 
An altrmative method of avoiding spill would be to operate the farebay at a lower 
leveI, although this wouId also reduce head. This was simulated by setting the 
forebay target elevation at 11 6.43 m, its lower opgating level in the plant operating 
guidelines. 

The result was an average annual production of 26.6 GWyr, or 0.1 OWh/yr less 
than that of the base case. Although& average spill was reduced to 0.15 m3/s from 
0.1 8 m3/s, the savings did not cornpasate fbr tbe decrease in energy production due 
to reduced head on the unit. 

Physical Changes to System 

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

Increase dam height at Big C o w  P o d  to increase storage. 
Increase dam height at Gull Pond to increase storage and head 
Reducchedosses. 

Each of these! physical changes to & system is d i d  below. Table 9.2 
summat'l2es the rwdts. 

Increase Sbrage at Big County Pond 
To determint the effect of an bmase in storage on energy production, the dams and 
stmchm at Big Country Pond were assumed to be r a i d  to allow an increase in full 
supply level of 1 m. The effcct is to &ce system spill The multing increase in 
energy genetation was 0.3 OWyr. 

Assuming that the cost of energy to NP is W.O4/kWh this would d t  in a savings 
to NP of approximately $12 000/yr. Given a dam length of approximately 97 m, the 
savings over perhaps 20 years would justifj) an expenditure of about $1 1 OO/m of dam 
length based ona 1 m inotease. Tbe practicalities of hcmdhg the dam hugbt at Big 
Country Pond would bave to be investigated, A detailed d y s i s  into the benefits 
and cost would bave to be conducted. 
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Increase Storage at Gull Pond 
Tht dams and struciures at Gull Pond were assumed to be raised to allow an increase 
in full supply level of one metre. This would also have the of inmasing head 
on the unit. The resulting ibcreass in mergy g d o n  was 0.5 GWhlyr. 

Assuming that the cost of energy to NP is %O.OQ/kWh this would result in a savings 
to NP of approximately $20 000/yr. Given e demlenghof approximately 172 m, the 
savings over-ps 20 years would justify an txpcnditwe of about $1 1 OO/m of dam 
length based on a 1 m increase. 

Reduce Headlosacs 
Another method of inoreasing head is to reduce headlosscs. For the purposes of 
examining the value of artduction in headlossesl the simulation model was nm with 
the assumed headlosses r e d d  by 50 percent. The resulting energy genedon was 
28.1 GWhlyr, or a net increase in a-t annual eaergy of 1.4 GWliyr. Over the 
life of the project a xewvery 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 have to be determined by efficiency testing. Mea- to redwe the losses 
cast-&dvely could then be investigutcd. 

Table 9.2 
Results of Phystcal Changes to System 

Environmental Redease Requirement 
The sensitivity of energy g e m d o n  to changes in environmental releases 
downstream of gated outlet structraes was investigated. In the current model setup¶ 
for the purpose of rnaia- flow in the river reaches dmmlrcam of lhe gated 
outl& f i r  mvironmd masons, the m,inhum flow of all gates was set to 0.1 m3/s, 

Fin~tlzepm Acres International PI 3474.00 

~ k n g .  
W W r )  

- 
+03 

M.5 

+1.4 

came ' 

Bese Case 

Iacnase Storage Big Cornby by 1 rn 

Iricrea~e Storage Gull Pond by 1 m 

Reduce Hdoases 

1 

~mgmmullr- 

,mwd 
26.7 

27.0 

273 

28.1 



ifwater is available, As a sensitivity, this minimum flow waa set to 30 percent of the 
mean auuual flow int~ the reservoir, as long as there is water in the reservoir. When 
the festrvoits arc empty, W natural inflow would be released* 

The 30 percent mean annual flow requirement i s  equivalent to approximately 
0.23 m3/s at Witless Bay Coun.t~~ Pond and 0.80 m31s at Big Country Pond. Using 
these flows as the minimum flow =lease h m  the gates fir the b case simulation 
model, there was no change in system energy. This is the case because 30 percent 
of mem mual flow is less than the flow released to maintain the best efficiency 
flow of the unit. 'Ibis amount is always released in dl simulations unless there is no 
water in storage, in which case the natural inflows am released, 

If NP were required to hold a supply of water in the rrservoirs to ensure that the 
30 m t  rcquire.ment w m  dwaysmet, thexe would likely be areduction inenagy. 

B.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 grrted outlets at Big Country Pond and Witless Bay 
Country Pond should be adjusted @uently to ensensure thet the correct flow is 
being released to keep the units operating at btst efficiemy, es well as to avoid 
spill. Automation of the gates would provide the best wntroI, but simpler 
qproachea may be more cost cfktive. 

Cldcation of G Jdeliaerr: The present guidelines as interpreted h r  the Water 
Management Study come close to r m x h k h g  system outgut if NP can operate 
in this manncz. NP should clarify tb guidelines for ttre operators, in partidm 
providing guidance on when to inorease load h m  best efficiency to maximum. 

3. Phyaical Changes 

Increased Storage: Because ofthe fact that runoff is dominated by large events, 
especially spring runoff, storage is important inthe system. Reducing spill at Big 
Country Pond by increasing the m e  by 1 m results in au increase in energy 
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generation of 0.3 G W y r .  The result of a 1 m increase at Gull Pond is an 
increase of 0.5 GWyr,  due to the comb'med effed of reduced spa and increased 
head. 

Htadlosses: The analysis showed that there may be some gains in energy by 
reducing headlosscs. NP should conduct efficienq -,which should provide 
an accurate estimate of headlosses and give particular attention to finding tbe 
sources of the Iosses, The costs and benefits of improvements can then be 
detcndnsd. 

Environmental Relemw: Roviding a minimum flow release of 30 percent of 
mean annual flow downsbeam ofthe gated outlets at Witleis Bay Countq Pond 
and Big Country Pond does not f l a t  energy gendon, ~ ~ ~ B U S C  this amount is 
h a d y  being released to supply the units. The requkment, however, assumes 
that when the reservoirs are low, thc release is equal to the natural inflow. J f  the 
r e q k e n t  wereto gwantce 30 pacent, arwerve would b e  to bemaintained 
similar to the winter reserve. 
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10 Rose Blanche Brook Hydroelectric System 

Rose Blanche Brook Hydroeleclric System was assessed to deteamine whether then 
is potential for increadug energy generation, following the methodology in 
chapter23 by 

improving amrent practice to better follow existing plmt operating 
guidelines; 
revising ~~ plant o p a h g  guidelines; and 
making physical changa to the system. 

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

Because Rose Blanche Brook is a new system a d  is essentially nm-of-rver, it was 
considered likely that the existing operating &&gy is near optimal, and that there 
would be little potcntial for inmasing energy. The system was included in the 
review for completeness. 

The following sections describe the Rose Blanche B m k  system, present 
representative apcreting m c a m s  (e.g., flow utihtion &tor and energy potential 
of spill) and provide the results oftbe d y s i s  used to assess the c f b t  of operational 
and physical changes on energy genation. Thc last section provides conclusions 
and recommendations. 

The simulation model which was set up for the Rose Blanche B m k  system in the 
Water Mamgement Study, conducted by Acresfor aU NP hydroelectric systems, was 
used to assess the &ct of operational aad physical changes on energy geaeration. 
The long term production estimated in the Water Mamgemcnt Study assumed ideal 
operating practices using cumnt NP plant opmuting guidelines, as htepmhd for the 
study. The result of this simulation for the Rose Blanche Brook system is r e f d  
to in this section as the base case systcm generation. Otbcr estimates of energy 
g ~ t i m ~  &om operational orph*cal chmges tothe system are cornpared 
tothisvalue. 
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1 0  System Description 

The Rose Blanche Brook system is located on the south coast of Newfoundland aear 
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 for a total nameplate capacity of 6.0 MW. 
The two units share a single gtndor. The Rose Blanche Broolc station has a rated 
net bead of 1 14.2 m. The total drainage area above the intake to the penstock to Rose 
Blanche Brook station is 53 km2. Tbe ody contmlled stowe in the Rose Blanche 
Brook system is thr: forebay, which is relatively small. Rose Blanche is essentially 
a nm-of-river station. A schematic of the Rose Blanche Bmok system is presented 
inFigim 10.1. 

There is one ovefflow spillway on Rose Blanche Brook Forebay. The spill reenters 
Rose Blanche Brook do- of the station. 

Representative Operating Measures 

In assessing the potential for increased energy generetion at a particular system, 
ccrtain representative wt ing  measures and plots caa be used to draw ~0nc1usions 
about the impact of operational or physical changes to the system. These measures 
and plots are as follows. 

Flow Utilhtion Factor. 
Energy Conversion Factor. 
Flow Duration Curve. 
Energy Potential of Spill. 
Reservoir Storage Factor. 
Resewoh Utibtian Plot. 
Forebay Starage Factor. 
Gate Operation Plot 

The &Enition 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. Thcy 
were developed h m  the data in the base case simulation TabIe 10.1 at the end of 
this section summarizes the measuns for the Rose Biaucbt Brook system. 
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1. Flow Utilization Factor 
The Rose Blanche Brook station houses one generating unit with two turbines. The 
flow utiliitionbctomibrtheRose BhcheBrook station (average inflowto forebay 
divided by combined flow wpacity for both units at most efficient load and 
rimimum load) sue 0.64 at most efficient load and 0.57 at maximum load. 

2. Energy Conversion Factor 
Thc energy convasicmktom (the ideal everage value of water in storage) fix most 
efficient load and maximum load for each usit are 0.28 k W m 3  (8.87 GWh/yr/m3/s) 
and 0.26 k W d  (8.31 GWh/jdm3/s)), respectively. 

The average energy conversion factor from the base case simulation fbr lhetwo units 
is 0.25 kWh/m3 (7.93 GWh/yr/ml/s)). The energy conversion factor take into account 
the average reduction in availability due to fbrced outages. 

3. Flow Duration C m e  
The £low duration curves for the lmbine flow (power flow) in the base case 
simulation is shown in Figure 10.2. The two miis olperate at, or above, the combined 
most cflicicnt flow more than 35 percent of the time, and a maximum flow 
approximately 10 pemmt o f  the time, 

4, Energy Potential of Spffl 
The average simulated spill at the Rose Blanche Brook Forebay overtlow spillway 
for the base case was approximately 0,63 m3/s. Using the simulated euergy 
conversion factor at meximum load, the spill would produce app~~ximatcly 
5.0 GWhlyr, if iftirely saved and used for & d o n .  

me monthly distribution of this spill over 15 years fbr the base case sirnuhion is 
shown in Figure 10.3, Most of the spill occurs during the kshet in April and May, 
but spill can occur in any month. 

5. Reservoir Storage Factor 
only storage in the b s e  Blanche Brook system is the fonbay. The reservoir 

storage ibtor for the forebay is appmximately 11 days. This qresienb the number 
of days to fiH the live storage of the rtstrvoir, assumhg average flows and no 
outflows. 
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6. Reaerwoir Utibtion Plot 
The plot of simulated forebay levels for the base case simulation is provided in 
Figure 10.4. The plot ill- the resemoir opmtion assumed for the base case, 
which gmeraIIy keeps the reservoir in the top half of the range, except 
dwhg spring. 

7. Forebay Storage Factor 
The fbrcbay storage fhctor (time requirsd to draw fortbay down assuming no inftow 
with units operating at maximum load) is app -1y 6 days. 

0. Gate Operation 
Thee ate no control gates in thc Rose Blanche Brook system. 

Table 10.1 
Rose Blanche Brook System Representative Operating 
Measures 

10.3 Ideal Operation of System 

. . RaserWentha Brook RapmmWmOpm4hgMamurer 

The long term energy production at Rose Blanche Brook as estimated by the 
simulation model developed for the Water hhmgement Study is 22.4 GWb/yr. 
Recorded energy generation for the same reference period is unavailable as the plant 
only commenced operation in December 1998. Howsva, an indication of the 
diffkencc between simulated and actual generation is provided by the comparisons 
conducted far the Water Management Study. This comparison indicated an average 

Flow UtiWon Foetore 
-Most Efficient Lod 
- M a x h u m m  

S t h  Factor3 - Both Units, Mwt Efficient Load 
- Both Units, Maximum Ltmd 

Eacrgy Poteatid of Spill 

Reservoir Stornge Factors - Rose Blnncbe Brook Farehay 

Forebay Storage Factor 
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028 kWhlm3 
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-ce bctwecnrccorded and simulated generation (after adjustments for storage) 
of approximately 2 percent for this system. The comparison wouldtherehrt indicate 
that there is little opportrmity to improve the -tion ofthis system by more closely 
following the ideal demonskated by the simulation model. 

For the entireNP hydroelcc~c system, the value used fbr the adjustment for practical 
operations was 7 percent. This fhtor  is intended to reflect an average dlffc~cncc 
betweenthe simulated muhs and the g e s d o n  that can actually be mpected based 
on realistic operationat comkainb and recent operating experience. Further detaiIs 
on the dculatiw of this fiictor and its application may be found in W o n  22.3 of 
the Water Management Study. The mmaindcr of this section will consider 
opportunities to reduck this diffennce between the rimuhd idal operation and 
actual generation at the Rose Blanche Brook System. 

lO.d.'l Plant Operating Guldellnes 

The simulationmodel used to estimate the energy gcnmtionofthe Rose Blanche 
Brook system assumes that the opdons staff has intcrpmkd the existing 
operating guidelines as described in the Water Managemat Study. Plant 
operating guidelines p v i d e  opemtrrrs witbpmcedwes regarding how to operate 
the system based on cumnt inflows. During periods of high inflows, the plant 
will be o p t e d  at maximum load (and less than maxixnum aciency) to avoid 
sw. This requires Borne interpretation by the opemtors regarding what 
constitutes high MOWS. The interpretation uscd in the simulation model 
incorporated arule curve for each muvoir in the system. Iftbe resewoir levels 
exceed the rule ourvc at any particular time of tbt year, then tbe units arc 
operated at maximum load to bring the level down to the rule curve. If the 
m o i r  levels arc below the nrle curve, then the units are opQatcd at best 
efficiency. 

Obviously, some judgment on the part ofthe operators in applying this guideline 
is required, For instance, howledge of above n o d  snow accumulations in the 
w a t d ~ a l  prior to spring nmdmay be employed in deciding to apwate thc units 
at maximum load even when water lmls have not M a d  the rule curve, 
However, the rule cum will ordinarily provide useful guidance to system 
operating staff. The Thee curves used in the simulation madel are illudmtd in 
Figure 10.4 and are provided in the echo of the W e d  simulation model input 
in Volume 2 of the Water Management Study. The control systems kstdled at 
this plant also incorporate a d e  crwe as the basis for making the hadtion h m  
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efficient to maximum load. This existing rule curve should be compated with the 
simulation curve and the curve which produces the best results (if significant 
differences exist) should be programmed into thc wntrol systems. 

Tht Rose Blanche Brook system has vcy limited stoxage capacity (storage ratio 
of 11 days), with all of the available stoxsgt cbutaincd by the fmbay 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 Labador Hydro. This winter reserve is not 
taken into account by the simulation modeL At Rose Blanchc Brook however, 
the practicalities of gate and mmoir operation should not have a sign%cmt 
impact on actual generation. 

10.3.3 Unlt Operation 

The simulatimmcldtl optrates the Rose BlaucbcBrook units exclusively at their 
most efficient loads, e x q t  when high inflows dictate that higher loads are 
necessary to avoid exwedin$ the reservoir rule curves. With the available control 
quipmmt and the storage available at the forebay which permit @umt starting 
and stopping of the units, it should be possible to aperate the pIant close to this 
ideal. An examhation of daily Control Centre Cogs for January-Fehmy 2000 
confirms that the Rose Blanche uuits are loaded at best aciency a high 
pematage of the time, with the oxceptim of prolonged periods at 0.5-0.7 MW 
for environmental releases as described below 

One obstacle to attainbg ideal operation is e I d d  grid requirements that may 
occasionally require that the units operate at laads other than their most efficient 
loads. Such requirements would include local power outages which can be 
expected to occur mare W u d y  at Rose Blanche Brook than a! most other 
plaats due to its location at the end of a long radial transmission line. Another 
operational practicality at Rose Blanche is the maintenance of a himum 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 dative1 y low flow. These two factors probably 
account for most of the differwce 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 tbis 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 
hcadlosses; 
by avoiding spill; and 
by operdq the Mts at best efficiency more of tht time. 

Because it has only d y  been commissimd, physical changes were not 
considered for the Rose Blanche Brook system. 

The other two pibif i t i ts  wen exmined using the limiting oases of high and low 
mervoir rule curves, discussed in Chapter 2. The base case is an intezmediate case, 
since it uses a rule m e  between the low supply and full supply levels of the 
firebay, as described in Section 10.3, 

Spa Avoidance, Limiting Cue: hlafimum Load, Rceervoirs Law 
The limiting case for spill avoidance i s  to maximh the amount of storage available 
b contain inflows, To do this, the units would be operatcd 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 m h u m  possible duction in spill would be the equivalent of 
5.0 GWyr, as shorn in Table 10.1. However, the spill distribution plot 
('Figure 10.2) shows that this m y  be dif6cult to capture since the spas generally 
occur over a short period of time, i.e. during the spring hshet 

To assess the potential for additional energy generation in the system using spill 
avoidance, the sirnuhion model was nm assuming the units were always operated 
at maximum load when water was available, The avmge annual spill -rn Rose 
Blanche Brook Forcbay was reduced by 0.1 m3/s, k m  0.63 m3/s to 0.53 m3/s, and 
the energy increased by 0,4 GWh@ to 22.8 O w ,  



Best Efficiency Operation, Limiting Case: bervoirs High 
The limiting case for m a x h k h g  the amount of time the units are operating at best 
efficiency is to run the units at best efficiency, util the storage reservoirs an just 
about to spill, 

The result of a simulation using this rule was an average mud production of 
22.7 GWh/yr, with a spill of 0.56 m3/s, This production is 0.3 G W y r  higher than 
the basc caae pmductioa, but 0.1 G W y r  lower than the Spill Avoidance, Limiting 
Case. 

The small gains in energy c o d m  that the amnt  o p t i n g  guidelines lead to near 
optimum genedon. The intamediaterule curve chosen for the Water Management 
Study appears to give lower annual emgy than operation at either cxkeme. 

Physical Changes to System 

Given that the Rose Blanche Brook system was only commissioned in 1998, an 
examination of physical changes is not q u i d .  There b no information available 
now that would result in different conclusions than were drawn during the 
optbization studies undertaken as part of the design. 

10.6 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 thew systems. Results for d sensitivity cases are provided in 
Table 10.3. Along with the average energy generation, average annual fmbay spill 
h r  each case is presented in Table 10.3, 

' The sensitivity cases were as follows. 

r No environmenlnlrelease requirement (co@ to minimum flows established 
during design). 
No storage in system (to obtain value of storage); remove dam. 

Environmcnhl Releme Requirement 
An agreeanent with the F e d d  Department of Fishuies aud Oceans requires that a 
minimum flow of 1 m3/s be maintained in the Rose Blanche River do- of the 
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powerhouse at all times. This is approximately 30 percent of tbe mean annual i d o w  
to the basin. If the turbines are shut down, a fisheries valve is opcned to provide the 
m;nimum flow, NP is ~~ to hold a supply of water in the reservoirs to ensure 
that the low flow r e q h e n t  is met even during puiods of low M o w .  The 
fisheries value can draw the reservoir down to below low supply level of fhe 
reservoir. 

The cost of the hheries =lease was estimated by removing the 1 m3/s limitation and 
allowing the unit to operate only at best bestciency ftows or above. This simulation 
provided an additional 0.8 GWyr. Sinct at times the a e q  release will draw the 
reservoir down below low supply level which would further redwe generation, the 
total cost of maintaining the fisherits release is in excess ofO.8 G m .  

No Storage in Syatcm 
To provide NP with an indication of the value of the starage in the systetn, the 
forebay storage in the system was assumed to be removed. The resulting average 
annual energy generation firom this sensitivity w 17.9 GWyr, a net decrease of 
4.5 GWyr, This represents the value of storege at the forebay dam, 

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

Acres IntemaHonal 

Average 8p01 
(male] 

0.63 

0.63 

1.16 

Caw 

- 

Base Case 

Envifonmartal RcIeases 
- minimum moved 
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Vnlue dStmge 

A v s m  Annual 
Ermw 
(W 

22.4 

23.2 

17.9 

C h a m  In 
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Conclusions and Recommendations 

The canclwions and r e c o d o m  arising &om the analysis are as follows. 

Environmental Releasea: Providing a minimum flow release of approximately 
30 percent of mean annual flow downstream of the plant costs in excess of 
0.8 G w .  

Vdue of Storage: The value o f  the storage at Rose Blanche Brook Forebay is 
4.5 GWyr.  
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11 Petty Harbour Hydroelectric System 

Petty Harbour Hydroelectric System was assessed to determine whether there is 
potentid for k e d n g  enagy generation, following tbc mcthcidology in Chapter 2, 
by 

improving currcat practice to better follow existing plant operating 
guidelines; 
revising existing plant o p m h g  guidelines, and 
making physical changes to the syatem. 

In addition, the sensitivity of mew gemation to operating changes and constraints 
was investigated. 

The following sections d d b e  the Petty Harbour system, present ~presenhtive 
opaating meaflucs (e.g., flow utilization factor and energy potential of spill) and 
provide the redts of the analysis used to assess tht tffkct of opcntional and physical 
changes on enagy generation. The last section provides conclusions and 
~ccommendations. 

The simulation model which was sct up for the Pet& Harbour system in the Water 
Mauagcmemt Study, conducted by Acres for all NP hydroeldc systems, was used 
to assess the effect of operational aad physical chenges on energy generation. The 
long tenn production estimated in the Water Management Study assumed ideal 
operating practices using cumnt NP plant operating gu ideh ,  as interpreted for the 
study. The result of this simulation fbr the Petty Hwbour system is r e f d  to in this 
section as the base case system generation. Other estimates of energy generation 
resulting h m  operatid or physical changes to the system are compand to this 
value. 

f 1 .I System Description 

The Petty Harbour system is located on the east coast of the Avalon Pminsula of 
Newfoundland. The system was commissioned in 1900 andbas anamepk capacity 
of 5.3 MW and a mied net head of 57.9 m, Storage is pravided by stmhaes at Bay 
Bulls Big Pond, C o c h t  Pond, and Petty Harbour Forebay. 



The total drainage area above the intake of the Petty Harbour Generating Station is 
approximately 136 lun2. A sohematic of the Petty Harbour system is presented in 
Figure 11.1. 

The drainage m a  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 fm 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 P d i s e .  Spill and eontrolled releases h m  Bay Bulls Big Pond am 
discharged into Raymond Brook, which in tum flows into the forebay. Controlled 
releases h r n  Cochrene 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 Hydroc1eetric System. The forebay, comprising First Pond 
d Second Pond, is located new the community of Godds. The generating station 
is located in the community of Petty Harbour and draws flow from the forebay 
through a single penstock. SpU h m  the forebay is discharged around the station 
and out of the system. 

The structures iu the system are as follows 

e 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 Cocbaane Pond spillways discharge out of the system; the Bay Bulls 
Big Pond spillway discharges within the system. 

I I 2 Representative Operating Measures 

In assessing the potential for incfcased energy generation at a particular system, 
certain representative opezating measlvcs and plots can be used to draw conclusions 
about the impact of o p d o d  or physical changes to the system. These measures 
and plots are as follows. 

Flow Utilization Factar. 
Energy Conversion Factor. 
Flow Duration Curve. 
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Energy Potentid of Spill. 
Rcsenoir S t o w  Factor. 
Restrvoir Utiliition Plot, 
Forebay Storage Factor. 
Gate Operation Plat. 

The definition and use of these measures and plots are described in Chapter 2. Tht 
mtasurcs as c a l m  for &e Petty Hasbow system am provided be1ow. They were 
developed fium the data in the b e  case simulation. Table 1 1.1 at the end of this 
section summarizes the measures for the Petty Harbour system. 

1. Flow Utibtion Factor 
The flow utilization factors for the Petty Harbour station (avexage inflow to forebay 
divided by combid  flow capacity for all three units at most efficient load and 
maximum load) art 0.52 at most acient load and 0.41 at rmchum load. 

2. Energy Conversion Factor 
The energy conversion factors (the ideal average value ofwater in storage at rated net 
head) for most e5oient load and maximum load for PHR-GI ate 0.1 I kWh/m3 
(3.57 GWb/yrlm3/s) and 0.11 k W m 3  (3.45 GWh/yrIm3Js), rcspectivcly. For PHR- 
G2 the most efficient load and rndmum load energy conversion factam are 
0.14 kWhlm3 (4.40 OWh/yr/m3/s) and 0.13 k W m 3  (4.04 GWh/yrh31s), 
respectively, For PHR-G3 the most e i e n t  load and maximum load a m g y  
conversion factors are 0.14 kWh/m3 (4.39 GWh/yrlm3/s) and 0.14 kWm3 
(4.29 GWh/yr/m31s), respectively. 

'I'he average energy conversion &tors fium the base cast sirnuhiion for PHR-01, 
PHR-G2 and PHR-G3 are 0.13 k W m 3  (3.57 GWh/yr/m3/s), 0.14 k W m 3  
(4.46 GWhlyr/m3/s), and 0.14 k W m 3  (4.47 GWMyrlm3/s) respectively. These 
energy conversion fhdors take into account the avuagt reduction in avdabiity due 
to fbrced outages, and the lower headlosses during the 80 percent of the time that 
only one or two units ate operating. 

B a d  on the energy conversion fbctors for the Petty Harbour units, the unit dispatch 
to maxhize efficiency would be as follows, 

Operate PHRIG2 at most &cient load first 
Operate PHR-G3 at most &dent load second. 
Operate PHR-G3 at maximum load third. 
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Operate PHR-G2 at h u m  load fourth, 
Operab PHR-GI at most efficient load fifth. 
Operate PHR-GI at maximum load last. 

NP's plant operating guidelines recommend that PHR-G2 be loaded to maximum 
before PHR-G3. The simulated flow dwation curves, discussed below, show that the 
units are loaded to maximum almost the sme amount of time in ideal operation, so 
a change in dispatch order may not have any practical effbct, However, in the 
alsencc ofup-to-date efficiency ttmmults, the aveilablc estimates afheadlossts and 
unit efficiencies am subject to considerable uctccrhhty. 

4. Flow Duration Curve 
The flow duration m e s  for the turbine flow (powm flow) in the base case 
simulation are shown inFigures 1 12 and 1 13. PHR-02 is loaded first Both PHR- 
G2 and PHR-G3 arc opted at maximum load no more then 25 percent of the time. 
PHR-G1 is used less than 20 percent of the time. 

5. Energy Potential of Spin 
The monthly distribution of tbe simulated spill out of the Petty Harbour system over 
15 years for the base case simuldion is shown in Figure 1 1.4, for b c h m c  Pond and 
Petty Harbour Forebay, 

The simulated spills for the base cast were approximately 0.08 m3/s and 0.27 m3/s 
on average at the Cochrane Pond and Petty Harbour Forebay ovcrflow spillways, 
respectively. Using the simulated energy canversion factors at meximum Ioad 
presented &ously in this section, tfit Cochraat Pond spill would produce 
approximately 03 OWhiyr and the Petty Hmbour Forebay spill would produce 
qpximately 1.1 GWyr, on average, if entirely saved and used for generation. 

6. Reservoir Storage Bnctor 
Storage i s  provided by struchrrw located at Bay Bulls Big Pond and Cochrant Pond. 
The Petty Harbour Forebay acts as the headpond for the generating station. The 
remoir storage &tors were calculated to be approximately 250 days for Bay Bulls 
Big Pond, 20 days for Cochrane Pond, and nine days fbr Petty Hszbour Forebay. 
These f~ctbzs represent the number of days to fill the reservoirs at average innom 
without any oufflow. 
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7. Reservoir Utilization Plot 
The plot of simulated Bay Bulls Big Pond and Cochrant Pond memoir levels for the 
base cese simulation is provided in Figure 11.5. The plot illustrates the m o i r  
utikation coxresponding to ideal operation. Asmay be seen in the figure, the storage 
range of Bay Bulb Big Pond is limited by the minimum allowable level of 149.80 m. 
This level was agreeduponbyNlP andtheRegiooal Watez System. Below this level, 
there we no releases of water for generation, so that the municipal water supply is not 
iutermpted. 

At Cochrane Pond, the available storage range is not M y  ul i l i i .  As discussed in 
item number 9 below, this could be the result of the gated outlet being undersized. 

8. Forebay Stonage Factor 
Tbe forebay stomge factor (time requird to draw forebay down assuming no M o w  
with the d t s  opcxahg at maximum load) is estimated to be approximately four 

9. Gate Opemtion 
There ere control gates located at the outlet of Bay Bulls Big Pond and Cochrane 
Pond. Pmvided in Figure 11.6 is the simulated gate discharge, gate capacity and 
simulated memoir level for anexample year (1 987) for both menoirs. These plots 
il1ustmb the frcquency the gates eue being operated in the simulation model to 
maintain most efficient load and to avoid spill. 

For Bay Bulls Big Pond, the simulation model incoprates a maximum allowable 
discharge as afunction of reservoir level, accardingto an operating regime suggested 
for sharing water between NP and the Regional Water System. In contrast, the 
~ 1 e a s a  firom Cochranc 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 1 I .I 
Petty Harbour System Representative Operating Measures 

11.3 Ideal Operation of System 

Harbour Reprwentattvu OpMlltns Illkrwm 

The long term energy praductiw at Petty Harbour as =hated by the simulation 
model dcvcloptd for the Wattr Managanent is 19.9 G-. This compares with 
recordedcncrgy generation for the same ref- period (1 984-98) of 16.3 GWyr. 
While thest numbers are not d k d y  comparable due to the two m e r ~ p h e n t s  
in 1985186, s e d  prolonged outages o v a  this period, end the steady increase in 
consumptive withdrawals &om Bay Bulb Big Pond by the Regional Water System, 
the diEmnce does provide some indication of the potential for improving actual 
generation at this system under the current plmt operating guidelines. Further 
indicators of tbis difference are provided by the comparisons conducted forthe Water 
Management Study for two sample years. This comparison indicated an average 
-ce be~eenrccordedmd simulated gensration ( ~ a d j ~ t s  fbr storage) 
of appximate1y 20 percent fbr this system. The cornperison would therefore 

Flow Utihtim Factors 
- Most Efficient Laad - Meaimurn Load 

- 

m-an Fsctors - PHR-GI Most Efficient Load 
- PHR-G1 Meo<im~~  Lmad - PHR-02 Most Efficient Load - PWR-G2 Marimurn Load - PHR-G3 Most Efficient Laad - PHR-G3 Maxfmum Load 

Energy Potenlid of Spill - Cochnme Pond Spill - Petty Rarbour Spill 

kcmi i  Stbnge Facton 
-Buy Bulb Big Pond 
-Co~hrarle Pond 
-Petty Hubour Fabay 

Forebay Storage Factor 
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indicate that them is substantial opportunity to improve the option of this system 
by more closely following the i d 4  demonsbated by the simulation model, 

For the eatire NP hydroeIectric system, the value used for the adjustment for practical 
operatiom was seven percent. This -or is intended to reflect an average difference 
between the simulated results and the generation that can d l y  be based 
on realistic o p a t i o d  constmints and recent operating experience, Further details 
on the calculation of this factor and its application may be hund in Section 22.3 of 
the Water Management Study. The remainder of this section will consider 
opportuuities to reduce this difference between the simulated ideal operation and 
actual generation at the Petty Herbour system. 

I 1 3  Plant Operating Guidelines 

The simulation model used to estimate the energy generation of thc Pctty 
Harbour system assumes tbat the operatioos staff has inberpreted the existing 
opxating guidelines as described in the Water Management Study. Plant 
opaating guidelines provide opexafors with prod-  m-g how to optrate 
the system based on current inflows. During periods of high inflows, the units 
will be opmted at maximum load (and less than maxjmum eEciency) to avoid 
spills. Thjs  rcquhw some  on by the o p t m  regarding what 
constitutes high idlowa. The interpretation used in tbe simulation d l  
inmpot~ted a nrle curve (target level) for the forebay. The rule m e  was set 
equal to themaximum summer and winter operating elevations Iisted in the plant 
operating guidelines (92.05 m and 91.44 m mspcctively). If the forebay level 
exceeds the rule curve at any particular t h e  of the year, then the units are 
v t e d  at maximum load according to the specified dispatch order to bring the 
Ievel down to the rule curve. If the fmbay level is at or below the rule curve, 
then the units are opemted at best efficiency according to the dispatch order to 
maintain the level at the rule curve, 

Obviously, some judgment on the part of the aperatom in applying the guidelines 
is required. For instance, knowledge ofebove normal snow accumul8tim in the 
watershed prior to spring runoff may be employed in deciding when to operate 
the units at maximum load wen when the water level is not above the rule curve. 
However, the rule curve will ordinarily prmide useful guidance to system 
operating staff. 
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The mervoir rule curves, shown in Figurc 11.5, are set so thai Bay Bulls Big 
Pond releasea flow only to maintain the units at hest efticicncy, while Cochranc 
Pond releases continually (i.e., gate is open) unless the fbnbay is spilling and 
Cachrane Pond b s  available storage. 

14.3.2 GatelReservofr Operation 

The Petty Harbour system hes relatively little storage capacity. Bay Bulls Big 
Pond is the primary storage reservoir. Some additiod storage is available at 
Cocluane Pond and the forebay. Bay Bulls Big Pond and Cocbrane Pond are 
equipped with control gates. The gates am relatively easyto accws and therefore 
the impact of this operating practicality on system generation should not be 
si@cant. 

Of potentially greater impact to station genedon however, is the maintcnauce 
of minimum storage levels, particularly during& winter months, to ensure plant 
availability in the event of local power outages or when called u p  by 
Newfoundland andLabrador Hydro WH). This wintgrestrve is not taken into 
account by the simulation model, 

I I .3.3 Unlt Operation 

The simulation model operates the Petty Ekbow units exclusively at their most 
efkient loads, except whm high inflm d i m  that higher loads are necessary 
to avoid exceeding the fombay rule curve. With the wailable 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 thc Petty 
Hatbourmi~ were loaded ~ltvarioua loads between 1.0 and 1.5 MW forPHRIC2 
and between 1.9 and 2.6 MW for PHR-G3 during this pdod. This plant would 
tbcrefore not appear to be making efficient use of the available water, although 
amore detailed study would also include an -on of unit availabity and 
system conditions during these rnontbs. 

The plant operating guidelines state that uuit operation should be set to "mamhm 
. . 

constant fmbay elevation under n o d  o ~ c e s " .  Cycling units to 
efficient load would =quirt some tolerance of withiday fluctuations b u t  an 
average forebay level. This would not appear in the simulation rwults because 
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the model uses a daily time st-. Depending on the interpretation of this 
guidelime, it is possible that units could be set at idEcient loads in order to 
rigidly &em to a constant foebay level. 

Another obstacle to attaining ideal o p d o n  is electrical grid r e q h m t s  that 
may occasionally require that the units operate at loads other than their most 
efficient loads, Such rqukments would include local power outages or other 
inkqumt o c c u m m .  

1 1.4 Changes to Operating Guidelines 

The purpose of the analysis described in this section is to determine h i h e r  there is 
any energy to be gained by chnnging W's current plant operating guidelines. As 
discussed in Cham 2 there are three ways impvwnents could occur through 
~banges to the guidelines. These are 

increasing head, by operating the forebay to get more head or leducing 
headlosses; 
by avoidimg spill; and 
by operating the units at best efficiency more of the time, 

The only feasible change to the p m n t  operating guidelints that could improve 
generation is to cbange the forebay opefating elevations. Operating the forebay at 
a lower eIevation is possible, and could increase generation by reducing spill, even 
though it would also reduce head. It is not b i b l e  to iacrcase the aperating 
elevations without changing the elevation of the forebay spihmy. Such a physical 
modification is examid in Section 1 15. 

Spill Avoidance: Lower Forebny Opernthg Elwation 
Due to the lack of resemot storage coupled withthe large inflow area ofthe forebay, 
the forebay level tends to rist quickly during heavy inflows, redling in spill and 
forcing the units to be loaded above their most dicient s e t h g ~ .  Tatgetbag a lower 
forebay operating elevation could reduce the amount of spill, although the reduction 
in head could be a drawback. 

As one altexnntive, the rule curve was set at 90.89 m year round. This is cmently the 
minimum winter elevation in the plant opaating guidelines (298.2 ft). The avetage 
simulated generation was 20.1 OWhlyr, or 0.2 G W y r r n ~ r e  than the base case. The 
avemge fbrebay spill was reduced &om 027 m3/s to 0.20 d / g .  



As a second alternative, the rule curve was fiatber lowered to 90.30 m, whicb is 
eatimated 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 m3/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 d l  just before spilling, thereby generating marc efficicndy with thc available 
forebay stomge. This also reduced the use of the inefficient PER-GI unit. The 
average simulated g a d o n  was 20.2 GWyr, or 0.3 G&lb/yrmore than the base 
case. The average forebay spill was 0.17 d s .  

1 1.6 Physical Changes to Syetem 

The principal options for physical changes to the existing system to improve 
g d o n  are to increese head, increase storage, inmeme gate capity and increase 
unit efficiency. To give an indication of the value of these changes, the following 
options wm investigated. 

Raise th spill elevation of Petty Harbour Forebay to increase htad and storage. 
Increase the discharge capacity of the Cochraue Pond gated outlet, 
Rehabilitntc PHR-GI . 

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

R i b  Spill Elevation of Forebay 
The e l d o n  of the existing spilIway cnst at Petty Harbour Forebay is 92.35 m and 
the dam crest elevation is 93.82 m. To detumine whether any additional energy 
could be obtained through extra head, the spill elevation was aasumed to be raised 
by 1 m, while maintaining the present summer and winter opmtbg elevations. This 
would allow fir somc additional storage at the forebay duriag hewy Mows. 

The malting increase in energy generation h m  this change was 0.5 G-, from 
19.9 GWh/yrto 20.4 GWyr.  The wcrage forebay spill was r e d d h m  0.27 d / s  
to 0.18 m3/s, 

Assuming that the cost of energy to NP is $0.041kWh, this would result in a savings 
to NP of approximately $20 0001yr. Given an estimated spillway crest length of 
40 m, the savings over perhaps 20 years would justify an eqemhre of about 
$46OO/m of crest length. Raising the spill elevation could bc achieved by h d i n g  
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flashboards or an inflatable erest gate. The practicalities of increasing the spill 
elevation would have to be investigated, including any dam s a f i  issues and 
reaixictions on the levels of F h t  Pond and Second Pond. 

Increase Discharge Cnpacity of Cocbnne Pond Gated OutIet 
The average annual inflow to Cochrane Pond is estimated to be 0.44 m3/s, but the 
average simulated gate discharge in the base case ia only 0.36 m3/s, with the 
remaining 0.08 m3/s being spilled out of the system. Tht spills are muent and the 
storage is not fully utilized, as shown in Figures 1 1.4 and 11.5 respectively, even 
with the gate normally fidly open. To examine the option of inmasing thc discharge 
capacity, it was assumed that the discharge upcity of the gate was doubled. 

The resulting average generation was 20.2 G W y r ,  or 0.3 G W y r  more than the 
base case. Cochme Pond average spill was decreased to 0.02 m3/s, while spill at the 
fabay was increased slightly &om 0.27 m31s to 0.30 m3/s, 

Assuming that the cost of en= to NP is $O.O4/kWh, this would result in a saviqs 
to NP of approximately $1 2 000/yr. The savings over perhaps 20 years would just* 
an expenditure of about $1 10 000. The existing outlet is about 1.3 m wide. The 
practicalities of inmewing the gate capacity would have to be examhd, including 
whether or not them are my other hydraulic restrictions on the outlet. 

Rehabilitate PFfR-Gl 
The PHRIG2 and PHR-G3 uuits art relatively &oient and equipped with modem 
control equipment Headlosses h ~ v e  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-GI, the oldest and least e5cient of the three units. To 
investigate the option ofrehabilitating the unit, it wes assumed that the estimated unit 
efficiency was inmased by a factor of 20 pacent, which would make it comparable 
to the estimated efficiencies of PHR-G2 and PHR-G3. The unit dispatch order was 
also wised so that all units would be loaded to best efficiency befm my wcre 
loaded to maximum. 

The resulting average generation was 20.3 OWblyr, or 0.4 GWyr more than the 
base case. Assuming that the cost of e r g y  to NP is $O.WkWh, this would result 
in a savings to NP of approximateIy $1 6 000/yr. The savings over perhaps 20 years 
would justifjl a totat expenditure of about $150 OW), 



Unlike the other two units, PHR-Gl is not automated. Wben 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 h a t e s  of unit performance. 

Table 1 I .2 
Results of Physical Changes to Sysbm 

I 6 Sensitivities 

CPw 

Best Crun 

Mse Spill Elevation of Farebay 

Increase D i  Capacity of 
Cocbrane Pond Gated Outlet 

P 

Rthsbilitate PHR-G 1 

In addition to the investigation of specific opcdonal a d  physical changes, 
sensitivity rum werc done to provide NP with infomation on the -sit or value of 
certain operating constraints on their systems. Results for the sensitivity cases are 
rmnunarizrcl in Table 1 1.3. 

The sensitivity cases were as follows. 

Anroge Annual Emgy 

-- . (GWhN13 
19.9 

20.4 

202 

203 

Environmental release requirement of 30 percent of mean annual flow. 
Inofcased Regional Water System dunand. 
No Regional Water System demand (to obtain cost of demand). 

Chonp hShgy 
IGWWr) 

- 

+05 

4Q.3 

H.4 

Environmental Relea~e Requirement 
The sensitivity of energy generation to changes in environmencal re1- 
downstream of gated outlet s t w t m s  was investigated. In the current model setup, 
fin the purpose of maintaining flow in the river reaches downstreem of the gated 
outlets fOF enviromntal reasons, the minimum flow of dl gates was set to 0.1 m3/s, 
ifwater is available. As a sensitivity, this minimum flow was set to 30pacent of the 
mean annual flow into the reservoir, as long as them is water in the memoir. When 
the rcmoirs are empty, the natural inflow would be released. 
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The 30 percent mean annual flow requirement is quivalent to ~ ~ t e l y  
0.46m3/satBayBullsBigPondand0.13 m3/satCoc~Pond.  Usingtheseflows 
as the minimum flow release h t h t  gates for the bast case simulation modtl., .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 atlowable gate discharge, 
as well as go below the 149.80 m minimum allowable level in six of the ycar~. 
For the base case, in which the mdmum dowable gate discharge and the &um 
allowabIe level were e d o d  the 30 percent meen armual flow requirement was not 
met for 36 percent of the time, However there was little change in fhe 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 
r q h c n t  was not d e d  for 10 percent of the time. 

If NP were required to hold a supply of water in the rcscwoirs to cnsutt that the 
30 percent requirement was always met, without violating the minimum allowable 
water level of Bay BulIs Big Pond, there would likely bt a reduction in energy. 

Lncreaatd Region01 Water System Demand 
The sensitivity to an increase in municipd water supply demand was investigated. 
For the base case, the average present day (2000) municipal consumptian was taken 
as 60 000 m3/d. The d t i v i t y  run assumed an ultimate future (2059) demand of 
86 000 m3/d. The resulting average annual energy was 18.6 G W y r ,  or 1.3 GWyr 
less than the base case. 

No Regional Water Syatem Demend 
To provide NP with an indication of the energy cost of sharing Bay Bulls Big Pond 
with the Regional Water Systcm, a sensitivity ruu was camed out assuming there 
were no water supply withdrawals and no associated restrictions on the level or 
&barge of Bay Bulls Big Pond. The resulting average annual energy was 
23.2 GWh/yr, or 3.3 GWWyr more than the base casc. 
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Table I I .3 
Energy Results for Semltivity Simulations at Petty Harbour 
System 

11.7 Conclusions and Recommendations 

C u e  

BUGCIUC 

~Vironmcnbl Rtlcases 

hutased R e g i d  WPtn 
System Dcmaad 

No Regional WPtn System 
Demand 

The conclusions and recommendations arising from tht analysis are as follows. 

1. Improvements to Better Match Simulated Ideal Operation 

~nnp. mnul 
EnwY 
towwra 

199 

19.9 

16.6 

23.2 

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

2. Changes to Operating Guidelines 

I ~tmnge 
megy 
mw 

- 
0.0 

- 1.3 

+ 3.3 

CIaMcation of Guidelines: NP should clarify the g u i d e b  for the opemthm, 
in particular providing guidance on when to inuease load h m  best aciency 
to rrdmum, The guidelines should also k c l a d  to provide for allowable 
forebay level fluctmticms when cycling units at acient  load. 

Farebsy 8plll 
imsw 

0.27 

029 

0.27 

0.26 

Unit Diipntch Order: The present guidelines suggest a unit dispatch o h  that 
is inconsistent with the energy conversion factors w calculated fiom the available 
infoxmatian. NP should carry out efficiency testing on all three units, operatiag 
separately end together, to toetermbe the accuracy of the edumted energy 
canversion factors and to determine if the dispatch order should be changed, 
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Forebay Opernting Levelr Thc analysis suggests that operating at a lower 
forebay level could increase g-tion by reducing spill, despite the reduction 
in head. This a l t d v t  should be investigated frnther to dct& an optimal 
forebay target level, contingent on obtaining accurate estimates of available net 
head and unit e5ciency. 

Fortbay Spill Elevation: The analysis showed tbat raising the spill elevation of 
the Pew Harbour Forebay may i n m c  gumition by incmasing head and 
rcducing spill. NP should investigate the costs and benefits of dtcmative 
flashboard/crcstgate maqpmcnts, taking into account dam safety requirements 
and any other condmhts on the forebay elevation. 

Cochrane Pond Gated Outlet: The analysis shows that the Cochrane Pond 
gated outlet may be u n d e  resulting in spill out of the system and less than 
ideal storage utilization. NP should investigate possible rno~cations to the 
outlet to increase its d ' i e  capacity. 

PHR-GI Unit: This unit is the oldest and least efficient of the throe units, and 
the only one not equipped with automated control quipmeat NP should 
investigate the casts and benefits of rehabilitating PHR-GI to modern stan-. 

Environmental Releases: Providing a minimum flow release of 30 went of 
mean annual flow downsham of the outlct gates- at Bay Bulls Big Pond and 
Cochrane Pond does not a h t  e n w  generations as there is little change in the 
average flow already being released to supply the units, The requirement, 
however, assumes that Cocbrane Pond releases only the mtml inflow when the 
water level is low, and that Bay Bulls Big Pond satisfies the requirement without 
re@ to the minimum allowable watei level and maximum allowable gste 
discharge restxictions. If the requirtmerit were to pamutee 30 percent at 
Cochrane Pond and not violate the operating restdctions at Bay Bulls Big Pond, 
a resmc would have to be maiabbd similar to the win* reserve. 

Increased Regional Wster System Demand: Asauming a future ultimate 
average demand of 86 000 m3/d, up from the present 60 000 m3/4 the decrease 
in average genedon at Petty Harbour would be 1.3 G W y r .  
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Cost of Regional Water System Demand: The estimatbd energy cost of sbaring 
tht water resource of Bay Bulls Big Pond with the Regional Water System is 
3 3  Gmfyr. 
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New ChelseafPitrnans 





12 New ChelsedPitmans Hydroelectric System 

New CheIscfitmm Hydrotlechic System was assessed to determine whetherthere 
is potential for inmasing energy generation, following the methodology in 
Chap& 2, by 

improving current practice to better follow &sting pIant opemting 
guidelines; 
revising existing plant operating guidelines; and 
making physical h g e s  to the systcm. 

In addition, the sensitivity of energy genedon to optratin% changes and constraints 
was investigated. 

The following sections describe the New ChelWitmans system, present 
representative aperating m e a m  (e.g*, flow utilization factor and energy potential 
of spill) and provide the rtsults of the dys isused 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 C h e l s ~ ~  system in the 
Water Management Study, conducted by Acres for allW hydtoelectric systems, was 
used to assess the efftct of operational and physical changm on energy generation, 
The long tenn production estimated in the Water Management Study assumed ideal 
opmting practices using currentNP plant opMating fideliaes, as intqmted for the 
study. The result of this simulation for the New CheldPitmans system is dcrred 
to in this section as the base case system g e d o n ,  Other estimates of mugy 
gmerationmulting h m  operational or physical changes to the system are campared 
to this value. 

System Description 

The Ncw Chelditmaus system is located on the cast side of Trinity Bay, near the 
cornunity of New Chelsea Pitmas and New Chelsea powerbuses are in &es 
and have nameplate installed capmitics of 0.6 MW aad 3.7 MW, respectively. The 
rated net heads are 21.3 rn and 83.8 m, respectively. New Chelsea Genetating 
Station was commissioned in 1956, The powerhouse is located near sea lwel and 
has one geneding unit supplied by a penstock h m  Seal Cove Pond. Pitmans 



Generating Station was commissioned in 1959 and is located upstzeam k m  New 
Chelsea. The plant has one unit supp1ied by a penstock from Pitmans Pond. 

%New ChelstalPitmans system encompasses the drainage basins of Pi- Pond 
and Seal Cove Pond. The drainage area of Pitmans Pond is 66 km2. The drainage 
area of Seal Cove Pond downstream of Pitmas Pond is 8 h2, Prior to the hll of 
1997, a second outlet h m  Pitmam Pond was diverting flow fiomthe equivalent of 
approximately 6 km2 drainage area, A small dam was constructed in 1997 to prevent 
this leaksgt. A schematic of the New ChelseaIPitmans system is pmmtcd in 
Figure 12.1. 

The structures in the system rue as follows 

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

Pitmans Pond is the headpond of the Piham station and Seal Cove Pond is the 
headpond for the New Chelsea shatioa. Each m o i r  bas aspillway. The spill h m  
Pitmans Pond flows into Seal Cove Pond, The spill &om Seal Cove Pond flows out 
o f  tbe ayskm* 

12.2 Representative Operating Measures 

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

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

The delinition and use of these measures and plots are described in Chapter 2. The 
measure.~ as calculated for the New Chelsea/Pibmans system are provided below. 
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They were developed fiam the data in the base case simulation. Table 12.1 at the end 
of this saction summarizes the memum for the New Chels&tmms system, 

1. Flow Ulilhtion Factor 
TheNew ChelseaandPitmans stationsesobho~asinglegenmtinglmit (JKX-Gl 
and P I T 4  , mptxtively). The flow utihtion htors fbr the New Chelsea station 
(average i d o w  to forebay divided by combined flow capacity at most efficient load 
and load) are 0.52 at most &cicnt load and 0.46 at maximum load The 
flow utilbtionfhctos for the Piimam station me 0.53 at most cfEcicnt load and 0.47 
at b u m  load, 

2. Energy Convcreion Fector 
The energy conversion btors (the ideal average value of water in storage assuming 
the units are opcnrting dam) for most efficient load aad maxjmum load fmNCH-G 1 
am 0.183 kWm3 (5.76 GWWydrn3is) and 0.177 kWm3 (5.58 GWhlydm3/s), 
respectively. The energy eonversion fWm for most efficient load and maximum 
load fm PIT-Gl rae 0,038 kwh/& (1.19 GWh/yr/m3/s) and 0.034 kWh/m3 
(1.07 GWht'ydm3/s), ~ v e I y .  

The average energy convdon fiactor b m  the base case sirnulatian for NCH-GI is 
0.1 84 k W m 3  (5.80 OWyr/m3/s). The average mergy C O I L V ~ O ~  factor h m  the 
base case simulation for PIT-G1 is 0.039 kWm3 (1 2 2  Gw/m3/s). This energy 
convemion factor takes into account the average reduction in availab'ity due to 
forced outages. 

3. Flow Dumtion Curve 
The NCH-GI and PIT41 flow d d o n  cums for the turbine flow (power flow) in 
the bese case simulation ate shown in Figure 12.2. The New Chelsea unit operates 
at xnaximum flow around 7 percent of the time, while the Pitmans unit operates at 
maximum flow about 1 1 percent of the time. 

4. Energy Potential of Spill 
The simulated spill for the base case was appximntcly 0.008 m3/s on average et the 
Seal Cove Pond Forebay overflow spillmy. Using the simulated energy conversion 
fador for N-1 at m u m  load presented pdously in this d o n ,  the spill 
wouId produce a p p m ~ l y  0.045 G-, if entirely saved and used for 
generelion. Tbe simulated spill for the bast case was approximately 0.005 m3/s on 
avgage at P i  Pond overflow spillway. Using the energy wnversion factor fbr 
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PIT-01 at mdmum load, this spill would produce approxim~tely 0.005 G-, if 
entirely used for generation. 

The monthly distribution of this spill over 15 yeam 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 Fedor 
Storage is provided by shuctures located at the outlets of Pitmans Pond and Seal 
Cove Pond Forebay which act as the headponds for the Pitmans d New Chelsea 
stations, respectively, The reservoir storage factors wtre calculated to be 
approximately 184 days for Pitinmi Pond and 2.75 days for Seal Cove Pond 
Forebay. Thtse factors represent the average number of days to fiU the resmoirs 
with average inflow and without any outflow. 

6. hewair Utilization Plot 
The plot of simulated Pitmans Pond and Seal Cove PondFarebay reservoir levels for 
the base case simulation is provided in Figure 12.4. The plot illustmtca the reservoir 
utilization corresponding to ideal -tion, which generally makes full use of the 
available storage range, For the New Cfidsfltmans system the use of reservoir 
storage is not limited by ather physical or operational constraints, although both 
resenroirs aIso scrve as hebays andthettfon the maintenance ofhigher water levels 
increases the head on the g e n d g  units. 

7. Forebay Storage Factor 
The fofebay storage factor (time required to draw forebay down d g  no inflow 
with units operating at machum load) is 87 days at Pitmms and 1.3 days at New 
Chelsea. 

8. Gate Operation 
There arc no control gates located in the New CheldPitrnann system as discharges 
b r n  both s t o m  reservoirs are determined by turbii flows at the generating 
st&tionS. 
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Table 12.1 
New ChelsedPltrnans System Representative Operating 
Measures 

12.3 Ideal Operation of System 

Naw,CheleorlPlbnannPnpSy~m . -. ReplrasmtPflue Operating Msmms 

The long tam energy produdan at New ChelsealPitmans as estimated by the 
simulation model developed f ir  the Water Management Study is 18.5 GWhlyr. This 
wmparcs with recorded energy generation for the m e  mferencc period (1 984-98) 
of 17.1 GWhEyr. While these numbers are not directly mmparable due to the 
co-on of a diversion in the wateded in 1997, the diffbrence does provide 
some indication of the potential hr improving actual generation at this system under 
the currtnt plant opnating guidelines. Further indicators of this diffimree are 
provided by the comparisons conducted for the Water Management Study for two 
sample years. This comparison indicated a negligible differen= between recorded 
and simulated generation (after adjustments for storage). Tk comparison would 
tbercfore suggest that there is very little opportuuity to impxow the operation of this 
system by more closely following the ideal d e m o n .  by the sirnuhion model. 

Flow Utiblian F a c t u ~ ~  
- Pitmaas Most Efficient Load 
- P h a u a  Maximum Lad 
- New Chelsea Most Efficient b e d  
- New Q e h  Maximum Laad 

Station Factom 
- PIT-GI Most Efficient had 
-PIT41 Maxim~~mLond - NCH4l Most Efficient Laad 
-NCH-GlMmimmIaad 

.- 

hugy Potcntirl of Spill 
. . .  

Reservoir Storage hctom - PIhnens Pond - Seal Cave Pond Forebay 

P i W  Forebay Stomgc Factor 
New C h s ~  Fmbay Storage Fnctor 

0.53 
0.47 
0.52 
0.46 

0.038 kWh/mJ 
0.034 kWh/mS 
0.183 kWhlma 
0.177 kWhlm' 

0.05 

184 &ys 
2.8 deys 

87 days 
1.3 &ya 



For the entireNP hydroelectric systemI the value used for the adjustment for practical 
operatians was 7 percent, This fadm is intended to reflect an average difference 
between the simulated results and the gc~emtion that can actually k expected based 
on realistic operational c o ~ t s  and recent operating expriencc. Further details 
on the calculation ofthis k t o r  and its epplication may be found in Section 22.3 of 
the Wabr Management Study. The remainder of this section will consider 
opportunities to reduce my d i f f i c c  between the simukcd ideal operation and 
actual operation at the New ChelsealPitmans System. 

12.3.1 Plant Operating Guidelines 

The simulation model used to estimate the energy generation of the New 
ChelseaPitmans systun assumes that the operations staff bas htqmted the 
existing o p d g  guidelines es described in the Water Management Study. 
Plant operating guidelines provide opemtors with procedures warding how to 
o-e the system based on cunent stemrafl~ws, During periods of highaows, the 
plants will be operated at maximum load (and less than maximum efficiency) to 
avoid spills. This requires some interpretation by the oprratars regarding what 
constitutes high inflows. The intetpretation used in the simulation model 
incorporated a rule curve for each mewoir in the system. If the resenroir 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 arc below the rule curve, then the uuib are operated at best 
efficiency. 

Obviously, some j u d p n t  an the part ofthc operators in applying this guideline 
is required. For htame, lmowledge of above n o d  snow accumulatioas in the 
watashed prim to spring runoff may be employed in deciding to operate the uniis 
at maximum load even when water levels have not reached the rule curve. 
However, the rule m e  will ardinarily provide wefbl guidance to system 
operating staff. The rule curves used in the simulation model arc ilIustrated in 
Figure 12,4 and are provided in the coho of the detailed simulation model input 
in Volume 2 of the Water Management Study. 

I 2.3.2 GatelReservolr Operation 

The New CheIsea/Pitmans system has si@cmt storage capacity (stoxage ratio 
of 127 days), Discbarges lbm the system's main storage reservoir at Pitmaus 
Pond are detemdncd by the turbine flow at Pifmaw station, which can be 

Final RBporl Acms lntetmatlorull PJ3474.00 



m o l ~ l y  adjustad. However, remote water level indication is not available for 
this storage reservoir and several days may elapse betweem wuta level 
measurements by opcdng staE. Despite this operating pmdicality, ,the size of 
Pitmans Pond relative to its watershed ensurea that water ltvcls in this reservoir 
do not change rapidly and it is unlikely that this would cause actual genetstion 
at this system to differ from the simulated estimate. 

NP must maintain certainmhimum storage lwels, particularly during the winter 
months, to ensure plant availability in the event oElocal power outages or when 
called upon by N e w f b e d  and Labxador Hydro. This winter reserve ia not 
taken into account by the simulation model. Again, due to tbe storage capacity 
available at pi& Pond, the actual system production is not overly sensitim 
to this type of reservoir opemting conshints unless they severely restrictive. 

q2.3.3 Unit Operation 

The simuhtion model operates the New Chelsea and Pi- units exclusiveIy 
at their most efficient loads, except when high M o w s  dictate that hi&= loads 
are necessary to avoid exceeding the memoir rule CUYCS. With the available 
control equipment, minimal constraints on plant flows, and the available f'orcbay 
stoxnge, it should be possible to operate these plants very close to this ided, An 
mamhtion of  daily control Centre Logs for several months (December 199B, 
April and August 1999, and Jmq-Februay 2000) codinned that the New 
Chelsea and Pitmans units art loaded at best aciency a high percentage of the 
time. The main obstacles to rrtEeiniag ideal operation are electrical grid 
requirements whichmay occasionally requite that theunits apetstt at losds atha 
tban &eir most aoient lo& Such r e ~ W c n t s  would include I& power 
outages or other in6nquent o c c ~ c e s .  

12.4 Changes to Operating Guidelines 

The purpose of tbe d y s i s  described in this d o n  is to detnmine whether thme is 
any e~ergy to be gained by changing NP's current plant operating pidelines. As 
discwed in Chapter 2 there are three ways improvements could occur through 
cbangcs to the guidelines. These are 
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i n w i n g  head, by operating the forebay to get more head or reducing 
hedosses; 
by avoiding spill; and 
by operating the units at best efficiency more of the time. 

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

The other two possibilities were d e d  the Limiting cases of high a d  low 
reservoir rule curves, disousscd in Chapter 2. The case described fbr the base case 
is en intermediate case, since it uses aNP rule curve varying between the low supply 
and full supply levels of the mxvoirs. 

Spill Avoidance, Limiting Case: Mdmum Load, Reservoirs Law 
The limithg case for spill avoidance is to maJtimize the mount of storage available 
to contain inflows. To do this, the units would be opemted at h u m  flow to keep 
the water in the stoxage reservoirs as low as possible. 

At New Chelsq 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 GWhtyr, 
as shown in Table 12.1. Spill is mre nt Seal Cove Pond Forebay due to the 
substantial storage available in the system at Pitmaw Pond. Themfore, there is little 
generation benefit possible by reductions in spill flows. 

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was nm d g  the units were always operated 
at maximum load whcn water was available. 'Ihe average a ~ u a l  spill h m  Seal 
Cove Pond Forebay was reduced by only 0.008 m3/s, h m  an avtrage of 0.008 m3/s 
to zero. The spill at Pitmans Pond Forebay was also reduced to zero h r n  0.005 m3/s 
in the base case. This represents a total inueese of approximately 0.05 GWh/yr. 
This small amount does not compensate for the a q c  Bnwal demase of 0.8 GWh 
in energy production due to operating the PIT and NCH units at lower efficiencies. 

Beat Efficiency Operation, Limiting Case: Rese~oIrs High 
The limiting case for mdmizh~g the amount of time the units arc operating at best 
efficiency is to run the unis at best efficiency, until the stmiage reservoirs are just 
about to spill. 
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The msult of a simulation using this rule was an average m u d  production of 
18.4 GWh/yr, with a spill of 0.26 m3/s at Seal Cove Pond and 0.021 m3/s at Pitmans 
Pond, Tbis production is slightly l o w  than the base case production (by 
0.1 GWhIyr). This sumests that the rule CUNC used for the base case simuIatiw is 
near optimum for the New CheWitmaxis system. 'Xhe could be minor 
adjustments made to the rule curve that could increase production monthly, but the 
increase would be expected to be marginal, 

12.5 Physical Changes to System 

Two principal options for physical changes to the existing system to impmve energy 
genezation were considered: increasing head and storage, and inmmiing unit 
efficiency. To give an indication ofthe value ofthese chaagcs, the following options 
were investigated. 

hcreusc dam height at Pi- Pond to increase storage and head, 
Replace nmncrs at Pit- or New Chelsea plants with more modem designs. 

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

Increase Siomge and bend at Pitmms Pond 
To determine the effect of an increase in sturage and head on energy pmdudion, the 
darns d structures at Pitmans Pond were assumed to be raised to allow increases 
in full suppIy level of one and two metere. The &cot is to reduce syetem spill and 
incremehead on the Pitmans unit. The resulting increases in en- genenition were 
0.2 GWyr for the one meter rise, and 0.3 GWhlyr for lh two metu rise. 

Assuming that the cost of energy to NP is $0.04lkWh this would nsuJt in a savings 
to NP of approximately $12 000& for the one meter increase in dam height and 
$18 000& for the two meter increase in dam height, Given a dam length of 
approximately 344 m, the savings over perhaps 20 years would justie m 
expenditure of h u t  $320/m of dam length b d  on a one meter increase. It is 
unlikely that this work could be completed fm less than this cost, unless it is found 
that excess beboard is p e n t  at this d~cturc which would permit raising d y  the 
spillway crest to achieve these energy gains. Almm!ively, rn a n d  flashboard 
arrangcmentcauldaIso be considered which would inerase the headon Pitmans unit 
d alfow a portion of this generation gain to be realized. 
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Increase Unit Efficiency 
Another method of increasing generationis to improve unit efficiency through runner 
or nrajor 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 &ciency was acceptable c o n s i d e  the age of the unit. B&&cicncy was 
estimated to be just over 83 petcent and efficiency at meximum load was over 
82 percent. A new runner designmight be expeckd to increase these values- to about 
89 percent and 85 percent, reqmtivtly. The resulting increase in simulated 
generation from the system due to lhis change is 1.0 GWhEyr. 

The Pitmans unit is of a similar vintage, and a similar unit overhaul could be 
considered at this station. Unfortunately, &cimcy testing has not been conducted 
on this unit, but based on an analysis of SCADA data, thc eEciency of this unit was 
thought to be substantially lower than that of New Chelsea The simulation model 
used a best &oiency of 7 1 percent and efficiency at mmimum load of 66 percent. 
If this lmit w m  upgraded to 88 percent and 84 percent efficiency, respectively, the 
simulation model indicated that an incmse in generation of 0.7 G W y r  would be 
readid. NP may want to fuRher pursw the costs of major unit overhauls at New 
Chelsea and Pitmans to better assess the economic fdbility of such projects 

Table 12.2 
Results of Physical Changes to System 

In addition to the investigation of specfic operational and physical changes, 
sensitivity runs were done at most sysbms to provide NP with i n f d o n  on the 
cost or vaIue of certain aspects of their systems. The sensitivities considered for this 

Caw 

Base Cosc 

Raise Pibans Pond by 1 m 

RsisePfmransPmdby2m 

New CheIser nubinc ovchaul 

PiImam turbine overhaul 
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study arc not appIicablet0 theNm CheIsta/Pitmans system. Environmental releases 
from storage dams ere not necessary due to the fict that the only nxmoirs in this 
system are also forebays for generating units. For this same reason, it is not 
necessary b cstimte the value of removing storage or various modes of storage gate 
operation. 

12.7 Conclusions and Recommendations 

The conclusions d recommendations arising from the analysis arc as follows. 

1. Improvements to Belter Match Simulated Ideal Operntion 

As indicakd by the model comparisons, thc New Chelsea/Pitmms system appears 
to be operated in a manner which closely resembles the ideal indicated by the 
simulation. The major operating practicalities which reduce generalion when 
compared with that of the simulation arc beyond the control of the system operatom. 

2. Changc~ to Operating Guidelines 

Clarification of Guidelines: The present guidelies as interpreted for the Water 
Management Study come close to m a x h h b g  system output if NP can continue to 
operate in his manner. NP should clarrify the guidelines for the apexattors, in 
particular providing guidance on when to increase load b m  best efficiency to 
maxhm. 

3. Physical Changes 

Increased Storage; Because of tht mount of storage available at Pitmens Pond in 
relation to the ddagc basin, additional storage does not have substantial value in 
this system. Increasing the full supply level of Pitmans Pond may be economical 
means of increasing the haad on Pitmms unit provided excess beboard is available 
at the dam at least for significant portions of the year 

Unit Overhaulo/Runner Replacements: The analysis showed that there may be 
considerable gains in energy by replacing one or both runurn in this system and 
overhauling the turbines. These units are relatively old and have not been upgraded 
since first commissioned. 
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is provided by structures at Fenelom Pond and Soldiers Pond with White Hill Pond 
Forebay acting as the headpond ibr the Seal Cove station. A schematic ofthe sy-m 
is pmmted in Figurc 13.1. 

The bvo main storage reservoirs in the Sod Cove system, Fenelons Pond and 
Soldiers Pond, are in parallel. Spill flaw and flow f t le~~ed throu$h 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 llast are not controlIed. The combination of flows &om 
Fenclons Pond, Soldiers Pond and the local inflows to Big Otter Pond, RDund Pond 
and Gull Pond East discharge into White Hill Pond Forebay. Flow into White Hill 
Pond Forebay is either storad, spilled out of the system or used for generation. 

The stmctwes in the system a~ as follows 

Fenelom Pond gated outlet; 
Fenelom Pond overflow spillway; 
Soldiem Pond gated outlet; 
Soldim Pond overflow spillway; and 

rn White Hilt Pond Forebay o v d o w  spillway. 

The Soldiers Pond and White Hill Pond Forebay overflow spillways d i s h q e  out 
of the system; the other spillway discharges within the system. 

13.2 Representative Operating Measures 

In assessing the potential for i n d  enagy generation at a particular system, 
ce- f~presentstivt operating mtafluts and plots can be used to draw wn~lusions 
about the impact of operational or physical cbanges to the systcm. Tbcse measures 
and plots are as follows. 

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

The definition and use of these meeslms and pIots are presented in Chapter 2. The 
measunes as calculated for the Seal Cove system are provided below. They were 
developed k x u  the data in the base case simulation. Tablc 1 3.1 at the end of this 
saction surnmabs the meesraes for the Seal Cove system. 

1, Flow Utilization Factor 
The Seal Covt W o n  houses two generating dts. n e  flow d i o n  factors for 
thc Seal Cove sta!ion (avemge inflow to hrebay divided by combhed flow capacity 
for both units at most efficient load amd maximum load) am 0.39 at most 6cient 
load end 0.35 at maximum load. 

2. Energy Conversion Factor 
The eoergy cowersion fMm (the ideal average value of water in storage assuming 
the units are operating done) for most efficient load eodmdmum load for SCVIGl 
are 0.11 kWhlm3 (3.61 GBVhlyr/m3/s) and 0.11 kWh/m3 (3,56 GWyr/m3/s), 
respectively. For SCV-G2 themost efficient load and maximum load station factors 
me 0.1 t k W m 3  (3.61 GWh/yr/m3/s) and 0.1 1 kWhlrn3 (3.56 GWh/yr/m3/s), 
resgactively . 
The average energy convdon factors &om the bese case simulation fbr SCV-G1 
and SCV-02 arc 0.11 kWh/m3 (336 GWydm9/s) and 0.11 kWh/m3 
(3.54 GWyrh3/s), respectively. These energy conversion Mom take into account 
the averege reduction in availability due to forced outages and the faot that less than 
five percat of the time they are operating together resulting in higher hcadlosses. 

Based on the energy conversion htors for the Seal Covs units, the unit dispatch 
would not matter as the energy conversion factors are the same for both units at 
meximum and most efficient I d .  To mrudmize edEciency the units should be 
loaded at most efficient load dirst and then mePdmum load second. A recommended 
dispatch would k as follows, 

@mate SCV-G2 at most efficient load first. 
Opaatc SCV-G1 at most efficient load second. 
0pemt.e SCV-G2 at maximum load third. 
Opwate SCV-GI at maximum lod  last. 



The interpretation o f  the order recommended in NP's plaut operating guidelines is 
the same as the unit dispatch listmi above. 

3, Flow Duration Curve 
The SCV-Gl d 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 thm five percent of the time. 

4. Energy Poteatial of Spill 
The simuIated spill for the base case was approximately 0.15 m3/s on average at the 
White Hill Pond Forebay overflow spillway. Using the average simulated energy 
conversion kctors for SCV-01 and SCV-G2 presented previously in this section, the 
spill would prsducc approximately 0.5 G m ,  if entirely saved and used for 
generation. 

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

5. Reservoir Storage Fnrtor 
Storage is provided by structures located at the outlets of Soldiem Pond and Fenelons 
Pond. The White HiU Pond Fondmy ~ t s  as the hesdpond for the Seal Cove station. 
Tht resavoir storage Mars were talc- to be appro-1y 80 days fbr 
Soldiers Pond, 95 days for Fcntlons Pond and half a day (12 hours) for White Hill 
Pond Forcbay. These -0s ~presmt the number of days to fiU the resewoh at 
average inflows without any outflow. 

6. Reservoir Utilbtion Plot 
The plot of simulated Soldiers Pond and Fenelom Pond reservoir levels far the base 
case simulation is provided in Figure 13.4. The plot illustrates the memoir 
utibtion camsponding to ideal operation, which g e n d y  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 c o d n t s .  

7. Forebay Storage Factor 
The forebay storage f&or (time required to draw fortbay 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 am control gates located et the outlet of Soldiem Pond and F d o n s  Pond. 
PKlvidcd in Figure 13.5 is the simulated gate dischargt, gate capacity and simulated 
reservoit level for an example ycar (1987) for Soldiers Pond and Fendons Pond. 
These plots illustrate the hquncy with which the gates are being operated in the 
simulation model to maintain most ac icn t  load md to avoid spill by operating at 
maximum load. 

Table 13.1 
Seal Cove System Representative Operating Measures 

13.3 Ideal Operation of System 

.. . 

W Cavs RepnnentsWe OpmUng Iykprum 

The long term energy production at Seel Cove as estimated by the simulation model 
developed for the Water Managemuit Study is 9.93 GWhIyr. Tbis compares with 
recorded energy g m d o n  for the same ref- period (1984-98) of 9.44 GWhly~. 
Further indication of the difference betwean recorded and s imubd gumdon is 
provided by the comparisons c o ~ d ~  for the Wetcr Management Study for two 
sample years. These comparisons indicated en average ~~ between recorded 
and simulated geaeration (after adjudments for storage) of appmxhately 
-0.5 pmtnt for this system. A negative result for the campariaon is unusual, but this 
result suggests one of two things; that the Seal Cove system is being operated in a 

- 

Flow Utilization Fuctors 
- Most Efficient Load - Mawimum Load 

Station Factors 
- SCV-GI Most Efficient Load 
- SCV-Gl M&imum b a d  
- SCVSr2 Most Efticicnt Load - SCV42 klaximum L d  

Eaagy P d d a l  of Spill 

Reservoir Storage Fecton 
- Soldim Pond - Fonalons Pond - White Hill Pond Farebay 

Foldmy Stomgc Fpetor 
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manner close to the simulated ideal or that thae is flexibility in the operation of the 
system such that energy generation is not sensitiveto operation. In either case, there 
would be little opportunity for improvement under the current optrating guidelines, 
For the Seal Cove System it is more probable that thexe is flexibility in opemting the 
system rather than the system being operated near the ideal as explained firrther in 
the following sections. 

For the entireNP hydroelectric system, thevalue used for the ad.justment for practical 
operations was seven percent This &tor is intended to reflect an avemgt difference 
between the simdated results and the generation that cen actually be expected based 
on realistic opecational wmtdnts 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 reminder of this section will consider 
opportunities to reduce this difference between the simulated ideal operation and 
actual generation at the S d  Cove System. 

f3.3.1 Plant Operating Guldellnes 

The simulation model used to estimate the cucrgy generation of the Seal Cove 
systcm assumes that the operations W has interpndd the existing operating 
guidelines as described in tbe Water Management Study. Plant operating 
guidelines provide operators with procedures regarding how to operate the 
systcm based on current inflows. During periods of high inflm, the plant will 
be operated at mnximumload (and less than maximum &cicmy) to avoid spills. 
This x e q u h  some intepctatiion by the opmtoxsrtgardhg what constitutes high 
inflows. The inkpredation used in the simulation model incorporated a rule 
curve for each reservoir in the system. If the reservoir levels exceed the rule 
c w e  at any particular time of the year, then the units arc opemted at maximum 
load to bring the level down to the rule curve. If the reservoir l m h  are below 
the rule CUN~, then the units are operated at best efficiency. 

Obviously, some judgment on tha part ofthe operators in applying this guideline 
is required. For instnuce, knowledge of above mrmal snow accumulations in the 
watmhed prior to sphg runoff may be employedin deciding to &e units 
at maximum load even when W r  levels bave not reached the rule curve, 
However, the rule curve will ordbrily provide usdid guidance to system 
operating staff. The rule curves used in the simulation model are illusbated in 
Figure 13.4 and art provided in the echo of the detailed simulation model input 
in Volume 3 of the Water Management Study. 
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13.3.2 GatelResewoir Operation 

The Seal Cove system has sub- 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 dZicult to access. The Femlons Pond gate is 
accessible only by way of a rough 2 km long gravel mad whioh is not passable 
at some times during the year, The Soldias Pond outlet is only about 1 km &om 
a major highwsy, but the ~cccss road to the structure is also impassable at times. 
Therefore, operations W d o  not adjust these outlet gates hquently or ideally. 

Despite the dBiculty posed by operating these gates, the impact of this 
p~~~ticality on system g c n d o n  is probably not sigdkant. This is due to the 
k t  that these reservoirs control only a mnall Man of the overalf watershed, 
and that they would t h d m  not be effective in regulating nmoff even if the 
gates could be adjusted daily, 'This provides the operator flexibility in o p t i n g  
the gates at h e  reservoirs. 

In addition to the accessibility issues, NP must maintain certain minimum storage 
levels, particulerly during the winter months, t6 ensure plant availability in the 
event of local power outagts or wbnn called upon by Newfoundlend and 
Labrador Hydro. This winter mewe is not taken into account by the simulation 
model. As with the gate eccessibility issue however, the system production is not 
overly sensitive to other reservoir operating comtmhts. 

13.3.3 Unit Operation 

The simulation model operates the Seal Cove units excIusivtly at their most 
efficient loads, except when high inflows dictate that highcr loads are necessaty 
to avoid exceeding the reservoir rule curves. With minimal constraints on plant 
flows and the available forebay storage, it should be possible to opaatc the plant 
close to this ideal. An examination of daily Control Centre h g s  for several 
months (December 1998, April 1999, and January-February 2000) howeva, 
seems to indicate that the units arc not loaded at best efficiglcy very often, Plant 
loads at Seal Cove during these months ranged h m  0.2 MW to 3.5 MW. T'his 
is most l i i y  due to the fact that the controls at this plant ate outdated and the 
limited extent to which the plant can be remotely operated. In addition, there 
may be electrical grid requirefn~ that occasionally requk that the units 
operate at loads other t .  their most efficient loads, Such requirements would 
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include local power outages or other inhquent occurrcncts. Although there are 
operating difficulties due to the outdated controls, the efficiency cwve for SCV- 
G2 based on the efficiency testing conduded 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 d i fbnce  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 ofthe 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 

increasiq 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 fleshboards or installation of inflatable crest gates was 
considered as a potentiti1 physical change (Scction 13.5). 

The other two possibilities wcse amdned using the limiting ceses of high and low 
reservoir rule owes, discussed in Chapter 2. The case described for the base case 
simulation is the high d e  curve case and represents the maximum time operating at 
best efficiency; thefefore, only the spill avoidance case was considertd. 

Spill Avoidmcc, Liiting Cnse: lMaximum b a d ,  Reservoirs Low 
The limiting case for spill avoidance is to maxiah the amount of stoqe 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 bast is low. The 
maximum possible reduction in spill would be the quivalent of 0.5 G W y r ,  as 
shown in Table 13.1. HOW* the spill distribution plot (Figure 13.3) shows that 
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this would be relatively easy to capture since the spills occur hquently and in small 
amorn~. 

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was run a s d g  the units were always operated 
at maximum load when water was available. The average annual spill and energy 
generetion fiom Seal Cove remained the same. This indicates that there is no 
difFczence 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 phygid changes to the cKisting system to improve 
energy generation are to increase head and to increase storage. h x d n g  storage at 
the two main storagc reservoirs was not considered as thm is mlatively no spill k m  
these reservoits reprcsmting no potential for h a s e d  energy genemition 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 h e  changes, the following options were investipted, 

Chmge patbem of flashboards installatiodremoval at White Hill Pond Forebay 
to increase head. 
Increase darn bcight at White Hill Pond Forebay to increase storage. 
Reduce headlosses, 
Inorme net head, 
Combition 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 d t s .  

Change Pattern of Flashboards at White Hill Pond Fortbay 
It was intapmted h m  the exhting plant operating guidelines that the forebay level 
is dtawn down in the spring to allow for storage of spring runoff. To debmine 
whether any additional energy could be obtained through extra head, it was assumed 
that flashboards were in place year round, but still drawing the forcbay down in the 
spring, This would allow for some storage of inflows at the fbrebay during the 
spring muoff. resulting i n o m  in energy generation from this change was 
0.14 OWhlyr, h m  9.93 G W y r  to 10.07 O W y r .  
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Assuming that the cost of mergy to NP is $0.04/kWh this would result in a savings 
to NP of approximately $5 600& witb a reIatively small cost for fabrication of 
flashboards, but leaving the flashboards in year mmd may lead to dam safety 
concerns. If it did become a dam safety concem that the aashboards must be 
removed, then inflatable crest gates (a rubber dam) on the spillway section may be 
considad, 

Increaae Storage at Wbfte Hill Pond Forebay 
To determine the Meet ofan increase in 3tomge on energy production, the dams and 
structures at White Hill Pond Fonbay were assumed to be raised to allow increases 
in 1 1 1  supply level of half a meter and one mettr. The &kt is to reduce system 
spill, The resulting Hcreases in energy gemtion were 0.08 GWWyr for the half 
metcr rise end 0.16 G w  for the one meter rise. 

Assuming tbat the cost of energy to NP is $O.WlkWh this would result in a savings 
to NP of qpxirmtely $3 2 0 0 b  for the half metex inc- in dam height and 
$6 400fyr 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 a p e d t m  
of about S 14Wm of dam length based on a one meter increase. The practicalities of 
increasing fhe dam at White Hill Pond Forcbay would have to be investigated. A 
detailed analysis into tbe cast would have to be conducted, but based on the above 
v d i t u r e  it may not be cost effective. 

Reduce Hudlossea 
Another method of inczensing head is to reduce headlosscs. The existing woodstave 
penstock is reaching the end of its uscll  life and NP is cmently investigating 
replacing this penstock. For the purposes of examining the value of a reduction in 
beadtosses through penstock replacement it was assumed that the woodstave 
penstock would be replaced with a steel pensbck of equal diameter (seven fkt) and 
one with a larger diameter (eight h t ) .  The effect on headlosses a steel penstock 
would have as apposed to a woodstave penstock would be in reducing the headloss 
due to lower fiction losses. A large diameter penstock would reduce the headlosses 
further at higher flows (both units operading at the same time). The resulting energy 
generation was 1024 O W y r  or a net increase in average mual energy of 
0.31 G W y r  for the m e n  h t  dimmeter penstock and 1035 GWyr or a net 
increase in average mual energy of 0.42 GWIdyc 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 4001yr for the seven fbat steel penstock and $16 800/yr 
fbr the eight foot diameter penstack. This repxeseats 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 peastocks should be compated along with the 
savings to the cost tffectivenws of going to steel and possibly a Imgm 
diameter penstock Detailed efficiency testing on SCV-GI operating alone and with 
S C M 2  would allow for accurate measures of cmmt headloss to allow fot a more 
accurate estimation of increased energy production. 

Incrcsee Net Head 
Currently them are no draft tubes at the exit of the units in the Seal Cove station. At 
some point in time these wwe either removed or have Wesr OE By installing ntw 
ones it will effectively in- the nct head of h e  station, thenfire, increasing 
energy production. The d t h g  energy generation assuming dtaft tubes in the 
station was 10.44 OWyr or a net increase in avexagc annual energy of 
0.51 G W y r *  

Assuming that the cost of tnexgy to NP is SO.04lkWh .this would mult in a savings 
to NP of approximately $20 400fyr. NP should look into the cost ejfbctiveness of 
fabrication and installation of new draft tubes based on these approximate savings, 

Combination of Reducing Headloasca nnd Iacmasing Net Head 
The combination effect of installing flashboards at White Hill Pond Forebay and 
d d k  tubes at Seal Cove Station, euui replacing the seven foot diameter woodstme 
penstock with an eight foot diameter steel penstock to increase net head on the 
energy production was investigated The resulting caergy gcmmtion was 
10,73 G W y r  or a net increase in average annual energy of 0.80 GWh/yr. 

Assuming that the cost of energy to NP is S0.04tkWh this would result in a savings 
to NP of approximately $32 0001yr. 

Nem Reservoir and Control Gate at Gull Pond East 
To determine tht e f id  additionai storage in the system would have to energy 
generation by regulating more of the basin runofi, a reservoir and confml gate at Gull 
Pond East were added to the system. Resewoir and discharge cberacteristios were 
based on the previous st~~cture that was located at Gull Pond East. Tbe d t i n g  
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energy generation was 10.33 GWhlyr or a net increase in average a ~ u a l  energy of 
0.40 GWh/yr.l 

Assuming that the cost of energy to NP is 0.04 kWh this would result in a savings to 
NP of appmxhkly $16 000Jyr or a net present vdue of $146 000 for 20 yeam at 
nine percent. NP should look into the cost effectiveness of building a new dam at 
Gull Pond East bascd on this approximate savings. It may be the case that when 
Fendons Pond is due for rehabilitation it may be worth investing the capital cost into 
building a new dam 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 

Sensitivities 

In addition to the investigation of specific operational and physical changes, 
sensitivity runs were done to provide NP with i n f o d o n  on the cost or value of 
certain espects of their systems, In addition to some standard sensitivities, the cases 
chosen for S d  Cove vme stlcded with a view to providing NP with some values 
related to its spe~ifio situation. Results for all sensitivity eases are provided in 

Change ln E ~ B ~ Q Y  
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Table 13.3. Along with the avemge energy gmeraiion, average aunual fonbay spill 
for each case is presented. 

The sensitivity cases were as follows, 

E~viro~lentd rcIease 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. 

Enviroumcntd ReIease Requirement 
The sensitivity of energy generation to changes in envhmmentd =leases 
downslrearn of gated outlet structures was investigated. In the current model setup, 
for the purpose of m ahbhhg flow in the river reaches downstream of the gated 
outlets for cnvimnmental reasons, the minimum flow of all gates was set to 0. I m3/s, 
ifwatcr is avniIable. As a sensitivity, .this midmum flow was set to 30 percent of the 
mean annual flow into the reservoirs as long as thm is water in the reservoir. When 
the reservoirs are empty, the natural inflow would be released. 

The 30 perceat mean mual flow requirement is equivalent to approxbakIy 
0, IS m3/s at Soldiers Pond and 0.23 m3/s at Fenelons Pond. This amount is a h y s  
released in all simulations unless there is no water in storage, in which m e  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 G W y r ,  b r n  9.93 GWhEyr to 9.91 GWh/yr. Assuming that the cost of' 
energy to NP is $0.04kWb this would result in a loss in revenue to NP of 
approximately $800@, 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 nsentoirs to ensure that the 
30 percent requirement were always met, there would likeIy be a larger reduction in 
aergy* 

No Storage in System 
To provide NP with aa indication ofthe value of the s t w e  in the system, all storage 
in the system was assumed to bc moved. The resulting a m c  annual energy 
g e n d o n  h m  this sensitivity was 8.57 GWhEyr, a net decrease of 1.36 OWyr .  
Assuming that the cost of energy to NP is S0.04kWh this would result in a loss in 
revenue to NP of approximately $54 400/yr, if NP where to remove all storage fiom 

Final Repwr Acms International P13474.00 



the system. This repmsenCs the value of maintaining the structures at Soldiers Pond 
and Fenclons Pond. 

Changes to Soldiers Pond mud Fenelam Pond Gate Operation 
The diflicult access to the Soldiem Pond and Fenelons Fond outlet structures make 
it obvious candidates for automation, ifit were oost eftkclive. 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, mccept fir in the 
spring. This means that them may not be a large bcn&t in ammation of the gates, 
but it may be best to look into other means of opedon. The base case coutd be 
considered the a1 automation case. To investigate the value of automation, or of 
some altanativc procedure, three cases were considered. A variety of other cases are 
possible, but these three give an indication of the range of ~avings 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 p d y  open: restrict the opening to impmvc the natural 

regulation, leaving the gate in B partly open position all year round. 

The effects of these three procedures are described below. 

Leave Gate Full Open: Because of the difEculty of adjusting Soldias Pond and 
Fenelons Pond outlet gates, one option is to simply leavc the gate open, The 
structure itselfwill provide some natuml regulation. The differmce in the tstimate 
of energy generation in this case and the base case indicates the value of having a 
gate that can be operatad daily. The readting energy generation h m  this sensitivity 
was 9.38 GWblyr, or anet decrease in energy of 0.55 GWhlyr. This decrease is due 
to extra spill at the forebay and additional operation maximum load. Assumiug 
that the cost of energy to NP is S0.041kWh this would result in a loss in revenue to 
NP of approximately $22 OW/yr. 

Ifthe gates could be automated fw perhaps $100,000 to $1 50,000, 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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Senaonal Operation: In this case, the gates were assumed to be operated twice a 
year, closed to one quartcr fUIl open in April and opened fully in June. The resulting 
energy generation h m  this sensitivity was 9.64 GWh/yr or a aet k m s e  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 Partially Open: The gate curve from Section 132  indicated that the 
gate is usually hll open fbr all the year, except for during the spxing. Duriag the 
spring the gates m usually opened to rtleast about 2-3 m3/s. As a sensitivity, the 
gabs were assumed to be open one quark full capacity all  year round to release 
approxha~~ly those flows. The resulting energy genaation from this sensitivity was 
9.68 GWb/yr or a net derrease in energy of 0.25 OWNyr. As the table below shows 
this would be the best of the three alternatives considered hem for gate operation at 
Soldiers Pond and Fenelom Pond. With the exception of possibly fabricating 
stoplogs them should bt  no cost to tbis option Other gates settings could be 
investigated to optimize the size of tbt gate o p i n g  that provides the smallest 
deem in enezgy generation from the base cssc. 

Table 13.3 
Energy Results for Sensitivity Simulations at Seal Cove 
System 
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Conclusions and Recommendations 

The conclusions and rewmmendations arising fmm the analysis are as follows. 

1. Improvements to Better Match Simulated Ideal Operation 

GntcNnlt apemtior: The analysis shows that controlling the release of water 
h m  storage and option ofthe unie does not effect the energy output of the 
Saal Cove system substantially. The btmy resewoh regulate only a mall 
portion of the total Win idow, thenfore, allowing for flexibility in operation 
of the control gates. The efficiency curve for SCVrG2 prepared by Acres during 
efficiency testing conducted in August 2000 illwhites that the curve is flat 
bet- 60 percent and I00 percent wicket gate opening with a difference in 
efficiency of approximately six percent. This smdl diffkence in efficiency 
allows for flexibility in unit loadings due to problems with outdated G O X I ~ ~ S .  

Automation of the gates would provide the best conlml, but simpler approaches 
would be more cost effective and provide close to the energy produced using 
ideal operation. 

2. Changes to Operating Guidelines 

Clarification of Guidelines: The present guidelines as interprcttd for the Water 
Mauagcment Study came close to m x h h h g  system output ifNP can operate 
in this mama. NP should clarify the guidelines for the operators, in particular 
providing guidance on when to in#easc load from best efficiency to maximum. 

Unit Diepatch Order: NP shrruld carry out efticiency testing on SCV-Gl, 
optrating separately and tog- with SCV-G2, to determine the prefked 
aispatch order. 

3. Physical Changea 

Forebay Fbhboawk Installing flashbods and keeping in dl year round while 
drawing the forebay down in the spring inc- energy output by increasing 
head and reducing spill. If fleshboards must be removed in the spring fir dam 
safety reasons, then an inflatable crest gate (rubber dm) 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 moff risk, but also to raise the Wl 
supply level in lower risk periods. NP should investigate tfie costs and benefits 
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of altmtivt flashboard/cmt gate ammgemcnts, taking into accouut dam safety 
reqkm. 

In- Storage: B#.ause of  the fix4 that a small amount of runoff is 
controIled hmthetwo main storage reservoirs and here is relatively no spill for 
the simulation period, the dam height was increased at the forebay by half a 
meter and one meter. The effbct of increasing storage at White Hill Pond 
Forebgy results in an increase in energy genedon of 0.08 GWh/yr for a half 
meter rise, and 0.1 6 G W y r  for a one meter rise. NP shouId bok into the costs 
for this increase in dam height to determine the economical fcasbility. 

ReduceHesdlosses: Another method of increasing head is to reduce headlosses 
through replacing the existing woodstave penstock with a stet1 peastock of e q d  
diumeter or one with a larger diameter (eight kt) .  The resulting energy 
g d o n  was 10.24 GWhlyr or a net increase in werage annual energy of 
0.31 GWb&r ibr the seven foot diameter penstack aad 10.35 GWbEyr or a net 
incregse in sverage a n d  energy of 0.42 G W y r  for the eight foot d ie ter  
peastock. Wosses  would have to w n h d  by detailed efficiency testing of 
SCV-GI 0-8 separately and with SCV42. 

Increase Net Head: Cmntly 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 iastalling new ones it will e f f ~ v t l y  increase the net head of the station, 
theref-, h r d n g  energy production. The resulting energy generation was 
10.44 OWh/yr or a net increase in average d energy of 0.51 OWh/yr. 

Combination of Reducing Hcrdlolrsea and Increaahg Net Head: The 
combinationeffbct of installing flashboards at White Hill Pond Forebay and draft 
tubes at Seal Cuvt Station, and replacing the seven foot diameter woodstave 
pensto& with an eight foat diameter steel penstock to increase net head on the 
station on the energy production was investigated. The resulting energy 
generation was 10.73 O W y r  or a net increase in average annual energy of 
0.80 GWh(yr. 

New Rwervoir and Control Gate at Gun Pond East: Comhwhg a new 
m o i r  and contr01 gate at Gull Pond East would result in an inoreast in energy 
production of 0.40 GWdyr. 
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Environmentnl Releases: Providing a minimum flow release of 30 percent of 
mean mual flow do- of the outlet gates at Soldiers Pond and Fentlons 
Pond does not affect energy g m d o n ,  because this amount is already being 
released to supply the units. The requinmmt, however, assumes that when the 
rtswoirs are low, the release is equal to the natud inflow. If the nquirement 
were to guarantee 30 pacent, a reserve would have to be maintained similar to 
the winter reserve. 

VaIue of Storage: The value of the storage at Soldiers Pond and Fenelons Pond 
is 1.36 GWyr.  NP may use this value in considering the casts of maiataing 
these structures. 

Changes to Soldiers Pond and Fenelans Pond 0utiet Gate 
CsntroYOpcration: The value of operating the gates at Soldiers Pond and 
Fenelom Pond on a daily basis is 0.55 GWhlyr. If the gate can be automated for 
perhaps $100 000 to $150 000, autahon would be justified by the energy 
savings. However, it may be possible to obtain soma or all of the energy gains 
more cost-effectively, considering changing the gate Wing a couple of times a 
year or restricting the gate opening. 
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14 Topsail Hydroelectric System 

Topsail Hydroc1ect1ic System was assessed to d&e whether thcre is potential 
for increushg enwgy generation, following the methodology in Cham 2, by 

improving current practice to better follow existing plant opetating 
guidelines; 
revising existing plant opeding guidelines, and 
making physical changes to the systw. 

In addition, the sensitivity of energy generation to opedng changes md wnstraints 
was investigated. 

The fillowing d o n s  descni the Topsdl system,piescnt m v e  operating 
memums (e.g., flow utilization factor and energy potential of spill) and provide the 
results of the a d y s i s  used to assess the &ect of opmtional and physical changes 
on energy gemdon. The last section provides conclusions and recommendations. 

The sirnuledon model whkh was set up for the Topsail system in the Water 
Meaagement Study, conducted by Acrcs f o r d  NP hydroelectric systems, was used 
to essess the effect of operational and physical dung= on en- generation. The 
long tam production estimated in the Water Manegwent Study assumed i d d  
opexnthgpractices using current NP plaut o p t i n g  guidelines, as inteqmtcd for the 
study, The d t  of this simulation for the Topsail system is referred to in this 
section as the base case system gemation. Other estimates of energy generation 
resulting from operational or physical changes to the system are compared to this 
value. 

14.1 System Description 

The Topsail system is locaded 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 generating unit with a nameplate 
capacity of 2.6 MW and a rated net head of 85.5 m. Tht drainage area above the 
intake to the Topsail Station is approximately 61 km2. The station was commissioned 
in 1932. Storageis pv idcd  by structuRs atThomas Pond,Paddys Pond, Three Ann 
Pond and Three Island Pond Thm is a short canal between the ummntroIlcd 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 mdor storage reservoits are in series, with T b o w  Pond being the most 
upstream reservoir in the system. There is an overflow spillway located on 'homns 
Pond, which when overtoppad, would lead to spill out of the system, Water is 
released b m  Thomas Pond to Paddys Pond using the contml structure located at its 
outlet. Watrr entering Paddys Pond is either stored, spilled out of the system or 
released downstream to Three Am Pond. Additional idow occurs at Paddys Pond 
due to spill &om Cochrane Pond located in the Petty Harbour Hydrotlectsic Syskm, 

Water h m  upstream reservoirs entering Tbree Arm Pond is either stored, spilled 
within the system or released downstream to Three Island Pond using the shucture 
located at its outlet; this is similar for Three Island Pond. Water enthg Topsail 
Pond is either spilled out of the system or used fot g a d o n ,  

The structures in the system are as follows 

Thomas Pond gated outlet; 
Thomas Pond overflow spillway; 
Paddys Pond gated outlet; 
Paddys Pond overflow spillway; 
Thnt Arm Pond gated outlet; 
Three Arm Pond overflow spillway; 
Three Island Pond gated outlet; 
Thtee Island Pond overflow spillway; and 
Topsail Pond overflow spillway. 

The Tho- Pond, Paddys Pond and Topsail Pond overflow spillways discharge out 
of the system; the other spillways dischar8t within the system. 

14.2 Representatlve Operating Measures 

In assessing the potential for increased energy generation at a psrticular system, 
w&ah representative o m  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 UWtion Factor. 
Energy Conversion Factor. 
Flow Duration Curve. 
Energy Potential of Spill. 
Reservoir Storage Factor. 
Resuvoir Utilization Plot. 
Forebgy Storage Factor. 
Gate Operation Plot. 

The dewtion and use of these measurea and plots are described in Chapter 2. The 
measures as calculated for the Topsail system are provided below. They were 
developed fiom the data in the base case simulation. Table 14.1 at the end of this 
section s u m m h  the measma for the Topsail systun, 

1. Flow Utilization Pactor 
The Topsail station houses a single geneIating unit (TOP-GI). The flow utilization 
factors fm the Topsail Man (average M o w  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 xnaximum load. 

2. Energy Conversion Factor 
The enexgy conversion factors (the ideal average value of water in storage a s d g  
the units are o p e m a  alone) for most a c i e n t  l o d  and maximum load for TOP-G 1 
are 0.212 k W m 3  (6.68 GWh/yr/m3/s) and 0.202 kWblm3 (6.36 GWh/yr/m3/s), 
respectively. 

The average energy conversion factor from the base case simulation for TOP-G1 is 
0.22 kWh/m3 (6.82 GWyrlm3/s), This energy conveasion factor takes into account 
the average reduction in availability due to forced outages. 

3. Flow Duration Curve 
The TOP-GI flow duration curve for the turbine flow (power flow) in the bwe case 
simulation is shown In Figure 14.2, The unit operates at maximum flow 
appmximateiy 10 percent of the time, 

4. Energy PotenW of Spill 
The simulated spill for the base case was approximately 0.143 m3/s on average at the 
Topsail Pond Forebay overflow spillway, 0.1 15 m3/s at Paddys Pond overflow 
spillway and 0.003 mats at Thomas Pond ovcrflow spillway. Using the simulated 
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energy conversion factor for TOP-GI 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 generation. 

The monthly distribution of this spill over 15 years for the b m c  case simulation is 
shown in 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 them was l i e  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 lhree I s l d  Pond, The Topmil Pond Forebay acts as 
the headpond for the Topsail station, Tbe reservoir stofage factors were calculated 
to be approximately 46 days for Thomas Pond, 22 days for Paddy3 Pond, 3 days for 
Three A m  Pond, 6 days for Three Island Pond and less than one day (1 8 horn) for 
Topsnil Pond Fotebay. These factors represent the avcragcnumber of days to fill the 
reservoirs without any outflow. 

6. Reservoir Utilization Plot 
The plot of simulated Tho= Pond reservoir levels for the bast case simulation is 
provided in Figure 14.5. The plot illustrates the reservoir utilization corresponding 
to ideal o p d o n ,  which generally makes full use of the available storage range. For 
the Topsd system the use of reservoir storage is severely limited by other physicd 
or operational conshkta, particularIy the nscrvoirs at Paddys Pond, Thrce Island 
Pond and Topsail Pond Forebay where constraints imposed by recreational users 
restrict the extent to which these reservoirs can be used to store watM for generation. 

7. Borebny Storage Bactor 
The fortbay storage factor ($me nquiredto draw fotebay down assuming no inflow 
with units operating at maximum load) is 0.53 days (1 3 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 capaoity and simulated reservoir level for an example year (1 996) for 
Thomas Pond. This plot illustrates the fkequenoy the gate is being operated in the 
simulation model to maintain most efficient load and to avoid spill by opemthg at 
maacimum load, 



Table 14.1 
Topsail System Representative Operating Measures 

14.3 Ideal Operatlon of System 

Topaall RepmoniaUm wmthtg Measma 

The long term energy production at Topsail as esbnkd by the simulation model 
developed for the Water Management Study is 15.9 GWyr .  This compares with 
recorded energy generation for the same reference petiod(l984-98) of 12.4 G W y r .  
While tbese numbers arc not dkectly comparable due to runner replacement in 1997 
and a number of prolonged outages aff;;ecting the recarded generation over this 
period, the difference does provide some indication of the potential for improving 
actual generationat this system under the cumntpIant operaling guidelines. Furher 
indicators ofthis d i f f i  are provided by the comparisons conducted for the Water 
Management Study for two s~mplc years, This comparison indicated an average 
dierenee between recorded and simulated genetation(aftcradjustments for storage) 
of approximately 10 percent for this systexn. 

Flow Utilization Factors 
- Most Efficient Load - M a u m  Load 

station Factors - TOP-GI Most Wlcicnt Load - TOP-GI Maximum Load 

Encrgy Potentis] of Spilt 

Resmou Storage Facton 
- TbmasPaad 
- Paddys Pond - lbne Amr Pond 
- m a  Jshd Pond - Tapsail Pond Forebay 

Forebay Storage Factor 

For the entire?@ hydrodecfxic system, thevalue used for the adjustment for practical 
operations was seven percent. This -or is intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on d is t ic  opexatiod constraints and recent operating experience. Further details 
on the cdculation of th is  factor and its application may be found in Section 22.3 of 

0.85 
0.72 

0212 k~bim' 
02M kWWm3 
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3 days 
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0.74 days (1 8 hours) 
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the Wata 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 stz&bas interpreted the existing operating 
guidelines as dwnibed in the Water Management Study. Plant operating 
guidelines provide operabrs with procedures regarding how to operate the 
system based on c m t  inflows. During periods of high inflows, the plant will 
be operatedat maximum load (and less than maximum efficiency) to avoid spills. 
This requires some intexpretation by the operators regarding whatconstituteshigh 
intlows. The interpretation used in the simulation model incorporaksl a rule 
curve for each reservoir in the system. If the reservoir levels exceed the rule 
curve at any jwticular time of the year, then the units are operated at maximum 
load to bring the level down to thc rule curve. If the reservoir Ievels are below 
the d e  ourve, then the units are operated at best efficiency, 

Obviously, some judgment on the part of the operabrs in applying this guideline 
is requid. For instance, knowledge of above normal snow accumulations in the 
watershed prior to spring runoff may be employed indeciding to operarte the units 
at meximum load evm when wtcr Ievels have not reached the rule cuwe. 
However, the dt curve will ordinarily provide USGM guidance to system 
operating staE The rule a w e s  used in the simulation model 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 GatelReservolr Operation 

The Topsail system has siguificant storage capacity that can be effdvely used 
to smooth the besin inflows (storage d o  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 constmints are 
imposed on reservoir operations in this system due to the many mreational users 
of the four downsbream reservoirs. However, these constraints have been 
considered (to the extent possible) in the simulation model and therefore these 
futors should not be the source of d i f f m  between the modeled and actual 
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results. Therefore, the impact ofthe practicalities of gate and reservoir operation 
on system generation should not be significant. 

In addition tr, the above issues, NP mast maintain certain minimum storage 
levels, partidarly during the winter months, to ensure plant availability in the 
event of local power outages or when d e d  upon by Newfoundlend and 
Labrador Hydro WK). This winter rescrve is not taken into account by the 
simulation model, 

14.3.3 UnM Operation 

The simulation model opemtes the Topsail unit cxclwively at its most efficient 
load, cxccpt when high M o w s  dictate that higher loads are necessary to avoid 
exceding the rtservoir rule curves. With the available control equipment, 
minimal condmhts on plant dischgcs, and the available forebay storage, it 
should be possible to operate this plant very close to this iM, An emmination 
of daily Control Centre Logs for several months (December 1998, April and 
August 1999, and January-Febnrary 2000) canfinned that the Topsail unit is 
loaded at k t  efficiency a higb peaentage of the time. The main obstacles to 
attaining ideal operation are electrical grid requirements which may occasiondy 
require that the units operate at Ioads other than their most efficient loads, Such 

would include local power outages or other idequent owmences. 

14.4 Changes to Operating Guidelines 

The purpose ofthe analysis described in this d o n  is to detem.int whether there is 
any energy to be gained by changing NP's c\nrent 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 o p d g  tbc forebay to get more head or reducing 
headlosses; 
by avoiding spill; and 
by operating the units at bat  efficiency more of the time. 

Each of these is discussed below for the Topsail system. In-g the head through 
a 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 recreationa1 users and 
home owners on this reservoir preclude such an altemafive. 

The other two possibilities were examined wing the limiting cases of high and low 
reservoir rule curves, discussed in Chapter 2. The m e  described for the base case 
is an intermediate case, since it uses aNP rule curve varying between the low supply 
and full supply levels of the resc~oirs although it veq nearly approximates the high 
rule curve cast, as discussed below. 

Spill Avoidance, Limiting Case: Maximum Load, Reservoirs Low 
The limiting case for spill avoidance is to rneximize the amount of starage available 
to contain inflows. To do this, the units would be operated at maximum flow to keep 
the water in the storage resemoirs as low as possible. 

At Topsail, the potential for savings in qill compared to tht base case is 
considerable. The ndmm possible reduction in spill would be the equivalent of 
1.8 GWh/yr, as shown in Table 14.1. However, the spill distcibution plot 
(Figures 14.3 and 14.4) shows that this would be dijZicultto capture since the spills 
occur in large moue. 

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 mmcimum load when water was available. The average amannual combined spill 
fiom Topsail Pond Forebay, Paddys Pond and Thomas Pond was reduced by 
0.068 m3/s, fiom an avenge of 0.26 m3/s to 0.19 m3/s. This represents an increase 
of approximately 0.46 GWh/yr. This amount more than compensates for the average 
mual decrease of 0.06 OW' in energy production due to operating the units at a 
lower efficiency. 

Bat Efficiency Opention, Limiting Case: Raervoh High 
The limiting case for rniubizhg the amount of time the units ryt operating at best 
efficiency is to run the units at best e&cieacy, until the storage reservoirs ate just 
about to spill. 

The result of a simulation using this ruIc was an average annual production of 
13.5 GWhlyr, with a spill of 0.61 m3/s. This production is substantially lower than 
the base cnse 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 GWyr may be achieved by 
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mddq adjustments to the rule curve, particularly at Thomas Pond which has few 
constraints due to other water users, NP should m e  its rule a w e s  and clarify 
these operating targets in the plant o p t i n g  guidelines 

14.5 Physical Changes to System 

The principal options for physid chmgcs to the existing system to improve energy 
generation are to increase watershed inflow and to in- storage. To give an 
indication of the value of these changes, the following options were investigated. 

Increase dam height at Thomas Pond to inmase storage. 
Change gate dimensions at Paddy Pond to pexmit better stonge utilization. 
Consider diverting Cochrane Pond drainage area to Topsail s y w  to incnase 
average inflow. 

Each of these physical changes to the system is discussed below. Table 14.2 
summarizes the results. 

Iacreaae Storage at Thomas Pond 
To detamine the effect of an inmaw in storage on mergy @ d o n ,  the dams and 
shwtmes t Thomas Pond were assumed to be raised to allow incnases in full 
supply level of one and two metas. This reservoir is the only one in the Topsail 
system where such a change could be amsidered as the rtmaining reservoirs have 
considexable r e d o n a 1  usage. The effcct of increasing storage is to reduce system 
spill. The resuhing increases in energy g d o n  were 0.3 GWyr for the one 
meter rise, and 0.6 G W y r  for the two meter rise. 

Assuming that the cost of energy to NP is $0.04/k'Wh this would result in a savings 
to NP of approximately $12 OOOIyr far 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 ycars would just* an expenditure 
of about $275/m of dam length b d  on a one meter inmast. It is unlkly that the 
work could be completed for less than this unit cost nnd ihacfm iacreasing the 
~vailable storagt in this system is probably not economical at this h e .  

m g e  Gate Capacity at Paddy8 Pond 
Due to the hct 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 



having the most limited capacity on examidon appears to be the one located at 
Paddys Pond outlet structure. To assess whether or not tbe capacity of this gate is 
restricting flows to the powwhou9c, the model was tested essuming that this gate had 
double its present capacity. The resulting energy generation was 16.0 O W y r  or a 
net increase in average annual energy of only 0.1 G W y r ,  Based on this 
information, it rnay be concluded that the gates in the Topsail system appear to have 
adquate capacity. 

Divert Cochrane Pond Watershed 
The Cochrane Pond watershed was d i v e d  fiom Manuels River (now the Topsail 
system) es part of the Petty Harbour hydroelectric development in 191 7. Swbsequent 
to this diversion, the Topsail hydroeledziodevelopment was constructed, As Topsail 
unit operates under a greater net head than the Petty Harbow units, a simuIation 
considering the remuting of Cochrane Pond flows to Topsail was modeled for both 
systems. Tht resulting annual production at Topsail was 17.3 GWyr, an increase 
of 1,4 GWhlyr when compared with the base case. The reduction in annual 
generation at Petty Harbour due to the loss of Cochrane Pond storage and inflows 
was also 1.4 G W y r .  

While this would seean to indicate that such a change would not be worth pursuing, 
it wes noted that the spill at Topsail with the addition of Cochrane Pond inflows 
increased by the equivalent of approximately 1.6 G W y r  (&om 0.261 m3/s to 
0.501 m3/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 
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14.6 Sensitivities 

In addition to the investigation of specific operational and physical changes, 
sensitivity nms were done to provide NP with Mormation 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. 

hvironrnatal release requirement of 30 percent of mean annual flow. 
No storage in system (to obtain vaIuc of storage); remove dams and gates. 

Env'uonme~~tal Release Requirement 
The sensitivity of energy geacration to changes in mviroamcntal releases 
downstream of gated outlet s t m t u m  was investigated. In the cunent model setup, 
for the putpose of maintaining flow in the river reaches downstream of the gated 
outlets fbr environmental msons, the minimum flow of all gatcs was set to 0.1 m3/s, 
if water is available. As a msitivity, this minimum flow was set to 30 percent of the 
mean annual flow into the resewoir, as long es there is water in the reservoir. When 
the rcscmirs arc empty, the natural inflow would be released. 

The 30 percent mean annual flow requirement is equivalent to approximately 
0.5 1 m3/s at Tbomas Pond, 0.63 m3/s at Paddys Pond, 0.68 m3/s at Three Arm Pond 
and 0.73 m3/s at Three Island Pond. Using these flows as the minimum flow release 
corn the gates for the best case simulation model,  the^^ 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 simuiatioas unless 
there is no watcr in storage, in which case the natural ~ o w s  are released. 

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

No Storage in System 
To provide NP witb an indication of the value ofthe storage in the system, all storage 
in the system was assumed to be removed, The resulting average annual energy 
generation %m this sensitivity wan 12.5 GWyr ,  a net decreesc of 3.4 GWh/yr. 
This repments the value of maintaining the ~ t u r c s  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 

14.7 Conclusions and Recommendations 

1 Cma 

Base Case - 
Enviromnenlal Releases 

Value of Storage 

The conclusions and recommendations W g  from the analysis are as folows. 

I. Improvements to Better Match Simukted I d d  Opemition 

AWR* Annual Enwgy 
(QW~I 

15.9 

15.9 

12.5 

The Topsail system appeam to be operated in a manner which closely resembles the 
ideal indicated by the simulation. The major operatkg practicalities which reduce 
g e n d o n  when wmparsd with that of the simulation are beyond the control of the 
system operators. 

Chamgs L hew 
twmh 

- 
0.0 

-3.4 

2. Changes to Operating Guidelines 

Clarificntion of Guidelines: Thc present guidelines as interpreted for the Water 
Management Study come close to m h n k h g  system o@ut if NP can operate in 
this manner. NP should clarifl the guidelines for the operators, in particular 
providing guidance on when to in- load b m  best efficiency to maximum. It 
may be possible to make modest gains through fine-tuning of the nstrvoir rule 
curves that determinewhen to switch from best efficiency load to rnnximum load. NP 
should review the present practice and update as required. 

3. Physicnl Changes 

Increased Storage: Options fbr increasing storage at Topsail are limited to changes 
at Thomas Pond. These altemdves do not appear to be economically feasible based 
upon the analysis conducted. 
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Cochrane Pond Diversion: The diversion of Co~hrane Pond flows h m  the Petty 
Harbour system to the Topsail system is not economically feasible unless the storage 
capability of Cochrane Pond is retained. Further analysis is requid to assess the 
potential of this change if the Cochrane Pond storage capability was added to the 
Topsail system in addition to the M o w s  to this m o i r .  

4. Sensitivities 

Environmental Relwcs: Providing a minimum flow release of 30 percent of mean 
annual flow downstream of the. outlet gates of all four storage nsemoirs does not 
affect en- generation, because this amount is already b e i i  released to supply the 
unit. The rquknent, 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 
Am! Pond and Thrte Island Pond is 3.4 GWWyr. 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 en= 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 ate as follows. 

In some instances, a d e w  of the Control Centre logs showed that the units 
are not alwys being operated to obtain maximum gemtion. In some cases 
inefficiencies ate unavoidable due to system demmds, in other instances, 
improvements may be possible. Additional review of the logs, in 
combination with discussions with the operators, may identi& 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 
interpetion. 

As noted in the individual chapters, comctions arc required in some 
opezating procedures, for hbnce in unit dispatch order. 

The unit loadings in some of the plant operating guidelines should be revised 
to reflect resub of efficiency k s h g  d d e n  by A ~ e s  form in the past 

As noted in the individual system chapters, tbe review has idmtjfied potential 
sources of additiod energy through physical modscations of existing 
structmes. Modifications considered included raising dams, automating 
control gates, and replacing penstocks, 

The modelling undertaken in this study gives a preliminary indication of 
additional en- that may be obtainable lhrough physical changes, but 
additional work needs to be done to quantify both the benefits and the costs 
of such modifications. 

4. Sensitivity simulations wereundertaken to estimate the cost of constraints on 
the systems, for instance water level c o d n t s  for recreation, and the value 
of controlled storage, again using the simulation models. 
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