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Q. Re:  Hydro Plant Production Increase, Schedule B, Pages 4, 5 and 6 of 93] 1 
 2 
 The efficiency analysis for Pittmans Pond was completed by Hatch in 1997.  Have 3 

there been any updates to this analysis?  Please provide a copy of the analysis if not 4 
already provided and any updates. 5 

 6 
A. The efficiency analysis for Pitmans Pond was completed by Hatch in 1997.1  In January 7 

2001 the results of the 1997 modeling for the Pitmans Pond system were included as part 8 
the Hydroelectric Systems Strategic Planning Study report.2  A copy of the 2001 report is 9 
attached.3  No further analysis has been completed. 10 

                                                 
1  In 1997 when the efficiency analysis was completed Hatch was known as Acres International. 
2  The Hydroelectric Systems Strategic Planning Study was undertaken using the computer simulation models 

established for the comprehensive Water Management Study completed by Hatch in 2000.   
3  The Hydroelectric Systems Strategic Planning Study was previously submitted to the Board during 

Newfoundland Power’s 2010 Capital Budget Application in response to Request for Information PUB NP 008.  
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Executive Summary 

NewfC>undJ'ncI PO'Mlr (NP) 0_ ad opailll:S 19 h),droelecIric pDClIIiDg II)'staDs 

011 thI: IsII111d of NowfiIundJlIIId. 'Ibesc stmCIIIS have a 1II1II1 iDstalled capacity of 
94mepwidts(MW)withturlriDe-gmemtaruaitinmaiDlineizefiomlppi ... illyrteJ)' 

250 kW to 12 000 kW. NP'. h)'cIroelcctric; IIISO\mleI1I111kc up IIJIPIOximalely Dine 
perccot of ifs total ~ mr eIIIll'8)'; thI: balance is purdwecl fiom 
NewfouDdland IIIIl Labndot Hydro. 

In Jlrecmk 2000, Acres 1ataDati0Dal completed a Wider Man .. II. "' Study for 
NP to provide an atimate of the IIDDIIal pJOdwldon ofNP', hydroelecaic I)'Stem. 

As afollow lip to that study, Aaes oompldedamvlewofNP's biller hydroelectri .. 
systems to idaWfy potaltial opportunities for increaaiDg eneraY geuenDon through 
operational or physical c:hqes. 

The review WII WJdertakm Uliq the eomp"tc:r limulatiOD models set up fbr the 
Water MIIIaa_t Stud)' to felt various physicallllld openlicmaJ. cbanges to the 
systems. The lCIults of thI: modelling _ QmqNU'CCl to the 10000tmm procIuction 
estimated in the Water M8DapmeDt Study to d .... iDe if1be chmges lIISIIItcd in 
IipifiCllld incRues in CIICIJ)'. AdditiCIIIII &eIIIIrias ~ modelled to provide NP 
with iDfixmation on the COlt or valve of C8ltIln upecI! of each S)'SIem. fbr instance 
1be value ofmaiDtaiDiDg stmap rescmrin. 

'IbiJ study was in1aIded to identify poIImtiJ1 opportunities fbr incnaiDg enr:rgy 
BCJICIIIIicm, mthtr Ibm to desillD the requind opaaIional or phy.ieal mocti6eatiODi 
The study provides NP with a IiJt of projccCa It each I)'Itrm which In worth 1iIrther 
investigation. 

The poteDtial Cor incI:asiq CDCfJ)' geDCrllion by improved applicslian of the 
existing plant iipCIiatWa guldeli ..... filr each aystan WI! u .......... by a cIcW1ecf 
egmjnstion of the results of the sim"latioa UIIIIatakeD to estimIte the 10111 tmm 
production of the S)'ataDI. The model. opaides the S)'ItcD in l1li ideal mlnner, 
compllZisonoftbatidealopcntionto&l:lllaloJM"jqg;...ticateswhereimpnM:mr:llls 
can be made. At most of NP' 8 II)'sIaDs, • nMew of the IPPHc:ltiOll of tile pllnt 
opaltiq pide1iDes ill fWX!IIIm-'ed 

'lbepotc:ntial mrincrcasing CIICIJ)' genaation by allaiDg tb8 aiJdingplmtopc:ndiDg 
pdeliDes or IllllkiDg phyDcal ch!IIIaa to the syBIIIm wu use"lecf by additional 
simuWions using difl'etent opc:ratiDg IUaUIgia and n:vised pbyBicII dlaracteriltics. 

ACNe International P11474.00 



it 

AdjustmOlllStotargctmervoirWlllcric:vclallUldwlgestotriggersfilrUDitopcnlion 
at hiaher 1han best e8ieimey loads ~ (!Onojdmed. The physical improvements 
collllide!edincludcddlmraisiDg,conlnllgamlutDmatioDllllipcDStOcknplal;cawtt 
At JIWly system!!, the mulls of1bc review Ihowal that opaation usiag Ulc c:xistiDg 
plaut operating pid111ines lada to Dear optimum CIII:lIY Benaalion. For some of 
NP'. systcaIs, B1istofphysiaaldumgesUlatappcarto be costeffectiVCl is provided 
for further 1Iudy. 

Sc:nsitivity simlllations were UDdertaken to estimate the cost of oo!IStraiDII OD the 
systems, for imt&m:e WIItcr lc:vcl constraints for reaatioD, and !he value of 
c:ontrollcd stonge, qllin uaiDg the IilllulatiOD model •• 

Acru International PIJ4U.OO 



Introduclion 



1 Introduction 

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

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

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

Chapter 2 of this report describes the methodology, and Chapters 3 to 14 describe the 
analysis for the 12 individual hydroelectric systems and provide conclusions and 
recommendations specific to each system. General conclusions and 
recommendations arc provided in Chapter IS. 
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Table 1.1 
Hydroelectric Systems Data 

Pllml N,,,"ep1ata C8pacIty NetH .. d 
(MW) (nI) 

Horsecbops I Cape Broyle - -
-Horsechops 8.3 84.1 
- Cape Broyle 6.3 54.8 

RalIIIng Broolc 15.1 .7 .• 

Morris I Mobile · . 
• Morris 1.1 30.0 
• Mobile 12.0 114.6 

Rocky PODd I Tors Cove · -
- Rocky Pond. 3.3 32.6 
-Tors Cove 6.9 52.7 

Lookout Brook 6.2 15-4.5 

SlIDdyBl'OOk 55 33.5 

Picnes Brook 4.3 16.0 

Rose Blanche Brook 6.0 114.2 

PeIly HIUboIIr 5.3 51.9 

N_ Cbolaca I Pl_ · . 
- New a.elaca 3.7 83.8 
- PiImIllS 0.6 21.3 

Soa1Cove 3.5 5S.S 

Topuil 2.6 85.5 

HcarI!Contart 2.7 46.9 

Lockston 3.0 12.2 

ViclDria 0.5 64.3 

WestBrook: 0.7 47.0 

PortUnioD 0.5 21.3 

Uwn 0.7 24.3 

Fill Pond 0.4 15.2 
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2 Methodology 

Simulation models setup for the Watec M8Dagement Study to estimate the long term 
production for each system were used in the cUl1'Cnt analysis to determine whether 
there is potential for increasing energy generation by 

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

• revising existing plant operating guidelines; and 
• making physical changes to the system. 

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

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

2.1 Ideal Operation of System 

The operating strategy used for the simulation models was based on CUl1'CDt plant 
operating guidelines for each system. For some systems, the plant operating 
guidelines provided for a range of operating practices, or did not include all operating 
practices observed in a particular system, and some interpretation was required to 
devise an operating strategy for the simulation model. The model assumes perfect 
operation of units and reservoirs according to the specified operating procedures. 
The two most important operating assumptions are as follows. 

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

• Ideal operation of reservoirs and control gates to maximize flow for energy 
generation and minimiv: spill: The model avoids spill by tracking water 
levels in all reservoirs, and opens or closes gates as required to ensure perfect 
operation of the units and to min;mju: spill. 
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In practice, it is difficult, if not impossible, to achieve perfect implementation of the 
plant operating guidelines. For this reason, and assuming that the model input 
strategy adequately leplesents the plant operatUig guidelines, the simulated 
generation is generally expected to be ~ter than recorded generation. 

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

• insufficient resources to operate gates and adjust unit loads as frequently as 
simulated; 

• inability to operate gatc9 IIIIIi controls due to weathel, lII:CCSSibility, or other 
factors; 

• inadequate tnlining or knowledge of operations stsff; and 
• operator eiIOr. 

The simulation models do DOt provide an absolute way of comparing actual and ideal 
operation. Howevei, certain representative operating measures and plots may be 
analyzed using system characteristics and simulation results in order to draw 
conclusions about the sensitivity of system generation to less than ideal operation. 
'IbelIe meBSUl1:S and plots are as follows. 

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

These measures and plots are provided for each system where relevant and are used 

in each system chapter to investigate the opportunities for improving production by 
operating the system ideally through rmsed plant operating guidelines, 
gate/reservoiropcralion, and unit operation. A briefcxplanation of each measure and 
plot is as follows. 
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1. Flow Utilization Factor 
For each station, the fiowutili7ation factors were calculated by dividing the average 
inflow to the station subbasin by the maximum flow capacity and the most efficient 
fiow of the unit(s). The flow utilization factor provides a pmctical indication of the 
design flow capacity within the system. Flow capacity makes the system less reliant 
on stoIage to prevent peak inflows ftom being spilled and enables operators to 
compensate for operational problems that reduce unit availability. 

2. Energy Convenlon Factor 
For each unit, the energy conversion factor (the ideal average value of water in 
storage assuming the units are operating alone) was calculated by dividing the 
maximum and most efficient loed 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 means of determining the best unit dispatch order. Following the 
best unit dispatch order ensures that units with higher efficiencies are being operated 
before those with lower efficiencies and leads to higher energy production. 

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

4. Eaergy Potential of Spill 
For each system, the energy potential of spill was calculated by multiplying the 
average energy conversion factors of the units at maximum load by the average 
simulated spill flow out of the system. 1bis value represents the maximum energy 
that can be gained ftom capturing all the spill through operating changes or physical 
changes to the system. 

5. Reservoir Storage Factor 
For reservoirs, the storage factor was calculated by dividing the available storage 
volume by the average inflow to the reservoir subbasin. The result is expressed in 
days, and represents the average number of days of inflow that the reservoir can 
store. Storage capacity allows operators to manage inflows so thst they better match 
the flow characteristics of the unit(s), and makes deviations ftom the operating 
guidelines less significant in terms of the corresponding impact on production. 
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Conversely, the less the storage, the more sensitive production is to such deviations; 
in such systems, inflow forecasting may be especially useful in optimizing actua1 
operation. 

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

7. Forebay Storage Factor 
For each forebay. the forebay storage factor was calculated by dividing the available 
storage volwne by the maximum flow capacity of the station. A forebay that has 
storage capacity for at least one day at maximum flow should be capable ofbuff'cring 
the station against variations in forebay inflows. A forebay that has less than onc 
day's storage capacity may still be capable of accomplishing this buffering. but this 
will depend on the range ofinf1ows expected andIorthe ability to cycle (start/stop) 
the unit more than once each day. Forebay water level fluctuations within each day 
cannot be modelled using a daily time-step. and the accuracy of the model 
assumption that a unit operates only at best efficiency load or higher depends in part 
on the type of controls available and the availability of adequate forebay storage. 

8. Gate Operation 
To keep gate discharge constant while a reservoir level fluctuates, the gate opening 
must be adjusted; the frequcncy depends on rate of change of water level in the 
reservoir. Simulated reservoir gate openings are adjusted daily within the model. 
However, in actual operation, it may be impractical to gl8\ce adjustments with such 
frequency. The degree to which this affects the difference between actual and ideal 
production depends upon 

• frequency of actual gate adjustments; 
• appropriateness of actual gate settings; 
• available storage downstream oftbe reservoir/gate in question; 
• efficiency of downstream generating unit(s) when operating at inefficient 

flows. due to inadequate or excessive gate openings; and 
• ability to control unit(s) to keep up with gate adjustments (i.e., starting and 

stopping frequently). 

Firral /IqorI Acres International P/3474.00 



2-5 

To assess how frequently gates would have to be adjusted to approximate ideal 
conditions, the simulated daily gate disc:harges Cor each reservoir were plotted for 
selected periods, along with the corresponding reservoir levels and fully open gate 
capacities. The plot also indicates the flexibility afforded to opemtions s1Bff in 
setting appropriate gate positions. 

2.2 Changes to Operating Guidelines 

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

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

• increasing head, by operating the forebey to get more head or reducing 
heedlosscs; 

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

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

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

Spill Avoid.nee 
Spill avoidan~ is the reduction or e1imiDation of spilled inflows, both in frequency 
and volume, thereby increasing flow used for generation. Ideally, there would be 
sufficient storage capacity in a system to store all inflows greater than the most 
efficient flow of the units, such that no inflows would be spilled. In practice, this is 
r8rely 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 full levels, or at certain times of the year to draw down 
1'CSCn'oir levels in anticipation of large inflows. But this means that spill will be 
avoided at the expensc of reduced efficiency. Although more water will be turbined, 
the energy value per UDit of water will be reduced. If there is a large di1ference 
betweenthe best efficiency and the efficiency atmaximum flow, much of the benefit 
of spill avoidance may be lost. 

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

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

The limiting case for maximizing efficient production is keeping the reservoirs high 
and only operating atmaximum load to avoid spilL The result of this simulation will 
be the maximum possible efficient production limits, but higher spills than in the 
spill avoidance case because of delay in operating at maximum load until the 
reservoiIs are about to spill. The optimum solution is operating the unit(s) 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 fine-tuning this threshold value. 

2.3 Physical Changes to System 

The simulation results of each system were examined to identify opportunities to 
incrase production through physical improvements in system compollCnts. The 
effect on production was estimated by rerunning the simulation model, with changes 
in the model setup to include the physical improvements. Only those improvements 
deemed plausible for each system were investigated. A preliminary useasment of 
the \:Oat effectiveness of each physical improvement was also made. Possible 
physical improvements are described below. 
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Reservoir Storage Capacity 
Increasing the storage capacity of reservoirs would be most beneficial in systems 
with a significant amount of spill. Costs of increasing storage capacity could include 
modifying existing structures, such as increasing dam heights and spillway 
elevations, or constructing new ones. By comparing the simulated production of an 
existing system and the system with expanded storage, the incrementa! value of the 
storage may be estimated. 

Reservoir Discharge Capacity 
In some systems, gate or canal capacity may be inadequate to provide units with the 
required power flow, especia.11y at low reservoir leveb, or to convey water to 
downstream storage or generating units so as to avoid spilling out of the system. 
Costs of increasing reservoir discharge capacity could include enlargement of gates 
or excavation of canal sections. 

Unit Efficiency ad Head Lolles 
Generating units, especia.11y in old system~, may undergo rehabilitation (such as 
turbine replacement) to increase their efficiency. Repairs to or replacement of flow 
conveyance structures such as intakes, penstocks, and tailraces may improve 
hydraulic characteristics and reduce head losses. 

2.4 Sensitivities 

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

• environmental release requirements; 
• total system storage; 
• changes to gate operation; 
• reservoir water level constraints; and 
• consumption demands. 

Environmental Release Requirement 
hgulatol}' authorities may impose aminimumfiowrequirementfor fisheries habitat 
teaSOlI5 to prevent reaches below gated outlets from running dry in periods oflow 
inflows or when control gates are closed. At present inNP systems, a minimum flow 
is informally maintained for fish habitat by ensuring that control gates are never 
closed completely (typically open Ii minimum of one inch). A commonly used 
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standard that has been imposed in other water resources developments is to maintain 
a minimum flow equal to 30 percent of the mean annual flow. If this requirement 
were imposed on NP systems, it could affect the usc of storage in reservoirs that 
could be completely emptied during the year. At such reservoirs, maintaining this 
flow may require a minimum amount of water to be left in storage, to be released 
only to satisfy the fisheries requirement and not for generation. This would reduce 
the amount of live storage available for hydroelectric pwposes. 

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

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

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

Consumptive DemllDds 
In some systems, water is withdrawn for purposes such as municipal water supply 
or fish plant operation. The result is less water available for generation. The cost in 
energy can be significant and may increase over the long term, as in the case of 
serving the water supply demands of a growing population centre. In additiOD, 
sufficient water must be maintained in storage reservoirs to service these demands 
even during drough.ts. 1ms again reduces the live storage available to regulate power 
flows. 
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3 Horsechops/Cape Broyl. Hydroelectric System 

The Horsechops/Cape Broyle Hydroelectric System was assessed to determine 
whether there is potential for increasing energy generatiOD, 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 gCOllIlltion to operating changes and constraints 
was investigated. 

The following sections describe the HorsechopsiCape Broyle system, present 
representative operating measures (e.g., flow utilization factor and energy potential 
of spill) and provide the results of the analysis used to assess the effect of operational 
and physical changes on eoergy 8enemtion. The last section provides conclusions 
and recommendations. 

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

3.1 System Description 

The Horsechops/Cape Broyle system is located on the southern sh~ of the Avalon 
Peninsula in eastern NewfoundlBDd. The system has two geaenrting stations, 
Horsechops and Cape Broyle, both commissioned in 19S3. The Horsechops 
Genemting Station contains one generating unit with a nameplate capacity of 
8.3 MW and a mted net head of84.l m. The dminage area above the intake of the 
station is approximately ISS kml. The Cape Broyle Genemting Station contains one 
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gencratingUDitwith a nameplate capacity of6.3 MW and a rated net head of54.8 m. 
The total drainage area above the intake of the station is approximately 191 kml. 
Storage is provided by structures at the Blackwoods Ponds (Northwest Blackwoods 
Pond, East Blackwoods Pond, and Fourth Blackwoods Pond), Mount Cannel Pond, 
Horsechops Forebay and Cape Broyle Forebay. A schematic of the system is 
presented in Figure 3.1. 

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

The structures in the system are as follows 

• West Ragged Hills overflow spiJIway; 
• Northwest Blackwoods Pond overflow spillway; 
• East Blackwoods Pond overflow spillway; 
• Fourth Blackwoods Pond overflow spillway; 
• Fourth Blackwoods Pond Canal; 
• Mount Carmel Pond overflow spillway; 
• Mount Carmel Pond gated outlet; 
• Horsechops Forebay overflow spillway; and 
• Cape Broyle Forebay overflow spillway. 

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

3.2 Representative Operating Measures 

In assessing the potential for im::rcased energy generation at a particular system, 
certain representative operating measures and plots can be used to draw conclusions 
about the impact of operational or physical changes to the system. These measures 
and plots arc as follows. 
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I. Flow U1ili23tion Factor. 
2. Energy Conversion Factor. 
3. Flow Dwation Curve. 
4. Energy Potential of Spill. 
5. Reservoir Storage Factor. 
6. Reservoir Utilization Plol 
7. Forebay Storage Factor. 
8. Gate Operation Plot 

The definition and use of these measures and plots are described in Chapter 2. The 
measures as calculated for tire HorsechopsfCape Broyle system are provided below. 
They ~ developed from the data in the base case simulation. Table 3.1 at the end 

of this section SUIIlIDBrizes the measures for the Homc:hopsICape Broyle system. 

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

2. Enerv CODVersion Fador 
The energy conversion factors (the ideal averagc value of water in storage assuming 
thc units are operating alone) for the Horsechops station are 0.21 kWhlm' 
(6.70 GWhlyr/m'/s) at most cfficient load and 0.20 kWh/m' (6.26 GWh/yr/ml/s) at 
maximum load. For the Cape Broyle station, the factors are 0.13 kWhlm' 
(4.03 GWblyr/m'/s) at most cfficient load and 0.13 kWh/m' (3.96 OWh/yr/m'/s) at 
maximum load. 

Thc averagc CIlerJY conversion f8ct0rs from the base case simulation for the 
Horsccbops and Cape Broylc stations are 0.21 kWh/m' (6.68 GWblyr/JIi/s) and 
0.13 kWhlm' (4.02 GWhlyrlm'/s). respectively. These energy conversion factors 
take into account the average reduction in availability due to forced outages. 

3. Flow DlD1ltion Curve 
The Horsechops and Cape Broylc flow duration curves for the turbine flow (power 
flow) in the base case simulation are shown in Figure 3.2. The Horscchops unit is 
always operated at most efficient load. althoush sometimes only for part of the day, 
depending on inflows. The Cape Broyle unit is operated at maximum load about 
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2S percent of the time, but is otherwise operated at most efficient load for part of 
each day, depending on outflows from Horsechops, as well as local inflows. 

4. Enerv Potential of spm 
The monthly distribution of the simulated spill out of the HmsechopslCape Broyle 
system over IS years for the base case simulation is shown in Figure 3.3, for the 
Blackwoods Ponds and Cape Broyle Forebay. 

The simulated annual average spill for the base case was approximately 0.21 m'/s 
at the Blackwoods Ponds. Using the simulated energy conversion factors at 
maximum load presented previously in this section, the spill would produce 
approximately 2.1 GWhlyr. if entirely saved and used for generation at both stations. 
At Cape Broyle Forebay. the simulated spill was infrequent, with an annual average 
of 0.01 m'/s, equivalent to less than 0.1 OWhlyr at maximum load at Cape Broyle. 
There was no simulated spill at Horsechops Forebay. There was also no simulated 
spill at Mount Carmel Pond, although any such spill would remain within the system 
and be discharged to Horseehops Forebay. 

5. Reservoir Storage Factor 
The main system storage is provided by Mount Carmel Pond. The reservoir storage 
factor (the number of days to fill the reservoir without any outflow) was calculated 
to be approximately 100 days. The Black.woods Ponds have a reservoir storage 
factor of about 20 days. Horsechops and Cape Broyle Forebays have reservoir 
storage ratios of one and five days, respectively. 

6. Reservoir Utilization Plot 
The plot of simulated Blackwoods Ponds and Mount Carmel Pond reservoir levels 
for the base case simulation is provided in Figure 3.4. The plot iIIustrates the 
reservoir utili7J1tion corresponding to ideal operation, which generally makes full use 
of the available storage range. 

7. Fonbay Storage Factor 
The forebay storage factor (time required to draw forebay down assuming no inflow 
with the unit operating at maximum load) ofHorsec:hops Forebay is estimated to be 
approximately one day. The forebay storage factor of Cape Broyle Forebay is 
approximately thn:e days. 
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8. Gate Openation 
Provided in Figuxe 35 is the simulated gate discharge, gate capacity and simulated 
reservoir level for an example year (1987) for Mount Carmel Pond. This plot 
illustmtes the frequency tho gate is being operated in the simulation model to 
maintain most efficient load at Horsechops while avoiding spill at either station 
downstream. 

Table 3.1 
Horeechops/Cape Broyle System Representative Operating 
Measures 

.. .H~pe.81'D)'IeR .... ntaIM Operating"""'" 

Flow Utilization FlICtm 
- Horsechops Most Efficient Load 0.80. 
- Honccbops Maximum Load 0.66 
- Cape Broyle Most EfficiCllt Load 0.14 
- Cape Broyle MaxImum LoId 0.68 

Station Faetors 
- Horsecbop. Most Efficient Load 0.21 kWblm' 
- Horsecbops Maximum Load O.10kWblm' 
- Cape Broyle Most EffICient LoId 0.13 kWblm' 
• Cape Broyle Maximum Load 0.13 kWblm' 

Eaesgy Polnlial of Spill 
- Blackwood! Ponds Spill 2.1 GWhIY.r 
- Cllpe Broyle Spill <0.1 GWh/yr 

Reservoir Storage Factors 
- BlKkwoocls PoDds 20 clay. 

- MOWIt Cllmel Pond 100 de)'l 
- H~hops Forebay 1 dey 
- Cape Broyle Forebay 5 days 

Forebay 81o .. e Factor 
- Horsecbops Forebay ldey 
- Cape Broyk Forebay 3 days 

3.3 Ideal Operation of System 

The long term energy production for the Horsc:chopsICape Broyle system as 
estimated by the simulation model developed for the Water Management Study is 
89.1 GWblyr (51.0 GWh/yr at Honcchops, 38.1 GWhIyr at Cape Broyle). This 
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compares with recorded energy generation for the same refc:rc1lCC period (1984-98) 
of75.3 GWh/yr (41.4 GWbIyr at Horscchops, 33.9 GWhlyrat Cape Broyle). While 
these numbers are not directly comparable due to the upgrade ofHorsechops unit in 
1997, the difference does provide some indication of the potential for improving 
actual generation atthis system undctthe current plant operating guidelines. Further 
indicaton ofthisdill"erence arc provided by the comparisons conducted for the Water 
Management Study for two sample years. This comparison indicated an average 
d.ifference bctweenrccorded and simulatcd gencration (afu:r adjustments fot storage) 
of approximately 1 S percent for this system. The comparison would thCIefore 
suggest that there is substantial opportunity to improve the operation of this system 
by more closely following the ideal demonstrated by the simulation model. 

Fortbccntin:NPhydroelec:tricsystem, thevalueusedfortbcadjustmentforpractical 
operations was seven percent. This filctor is intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on realistic operational constraints and recent operating experience. Further details 
on the calculation of this factor and its application may be found in Section 22.3 of 
the W&tr.r Management Study. The remainder of this section will consider 
opportunities to reduce the difference between the simulated ideal operation and 
actual operation at the HorsechopslCape Broyle system. 

3.3.1 Plant Operating Guidelines 

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

Theinterprctationuscd in the simulation model incorporated a ro!e curveforeach 
forebay in the system, set at the m8lfimum operating levels in the plant operating 
guidelines. If either forebay level exceeds its rule curve, then the unit is operated 
at maximum load to bring the level down to the rule curve. If the forebay level 
is at or below the rule curve, then the unit is operated at best efficiency as 
necessary to maintain the level at the rule curve. 
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Obviously, some judgment on thepartofthe operators in applying the guidelines 
is required. Forinstance, knowledge ofabovenorma1 snow accumulations in the 
watershed prior to springlllDOffmaybe employed in deciding to operate the units 
at maximum load even when reservoirs are not full. 

The resecvoir rule curves, shown in Figure 3.4, are set so that Mount Carmel 
Pond releases flow only to maintain HOrliechops at best efficiency, while the 
Blackwoods PoDds release continually {i.e., stoplog structure is open). 

3.3.2 GateiReservoir Operation 

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

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

However, the gate that controls this reservoir is not readily accessible. This gate 
is located approximately 6 km from the Horscchops powerhouse along a rough, 
unpaved road. Accessing the pte requires approximately 4S minutes of travel 
(ODe-way) from this powerhouse, and therefore dally adjustments are not always 
possible. 

Despite the jnan:essibility, there are some factor& that reduce the effect of 
infrequent gate adjustment on hydroelectric production. First, the unit at 
Horscchops is equipped with good controls that may be used to start and stop the 
unit remotely. Second, HorsechopsForebay has some storage capacity to capture 
higher local inflows if the gate setting is too high, or to supplement the flow ftom 
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Mount Carmel Pond if the gate setting is too low. Finally, the capacity of the 
Cape Broyle unit and the storage available at Cape Broyle Forebay reduce the 
effect of in1iaJ.uent gate adjustments on generation at Cape Broyle. 

The stoplog structure at Fourth Blackwood! Pond Canal is located in the distant 
back country and is not easily ac:ussible lit any time of year. However, previous 
analysis by Acres bas indicated that this structure should be left open 
permanently to minimj.", spill from the Blackwoods Ponds, as the~ is ample 
storage downstream in Mount Carmel Pond. This is the case assumed by the 
simulation model. 

In addition to the ac:c:c:sllibility issues, NP must maintain certain minimum storage 
levels, partic:ularly during the winter months, to ensure plant availability in the 
event of loc:a1 power outages or when called upon by NewfOlDvlJand and 
Labrador Hydro (NLH). This winter reserve is not taken into accc)lmt by the 
simulation model. 

The simulation model operates the Cape Broyle and Horsecbops units at their 
most efficient loads, except when high inflows dictate that higher loads are 
necessary to avoid exceeding the fo~bay rule curves. With the available control 
equipment, minimal constraints on planttlows, and the available fo~bay storage, 
it should be possible to operate these plants very close to this ideal. An 
examination of daily Control Cen~ Logs for several months (December 1998, 
April 1999, and January-Fcbrualy 2000) confirmed that the Horsccbops unit is 
loaded at best efficiency a high perccn1age of the time and at maximum load for 
most of the remainder of the time the unit was online. The same was true for the 
Capc Broyle unit in cach ofthesc months with the exc:cption ofDcccmber 1998, 
when the unit was operated over a range ofloads from 4 to 6.5 MW. Aside from 
gate control issues, another obstacle to attaining ideal operation is electrical grid 
req~mentsthatmayoc:casiona1lyreq~thcunitstoopcrateatloadsotherthan 

their most efficient loads. An example of such requirements would be local 
power outages, which oc:c:ur infrequently and th~fo~ should not significantly 
affect annual production. 
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3.4 Changes to Operating Guidelines 

The purpose of the analysis described in this section is to determiDc whether there is 
any energy to be gained by changing NP's C\IIl'eDt plant operating guide1ines. As 
discussed in Chapter 2 there IG three ways improvements could occur lhrough 
changes to the guidelines. These IIR 

• increasing head, by operating lhe forcbay to get morc head or reducing 
headlosses; 

• by avoiding spill; and 
• by openrting lhe units at best efficiency morc of the time. 

Feasible altemalives for improving gCDl:Illlion by changing the operating guidelines 
involve changing the farcbay operatiDg levels, as described below. As well, shifting 
generation to most efficicnt load at Cape Broyle was investigated. 

Increased Head at Honechops Jl'orebay 
To simulate a higher forcbey level at HGrsechops, the level ofHorsechops Forebay 
was set at its spill elevation (176.33 m) instead of its upper operating level, an 
increase of 0.46 m. Simulated generation at Horsechops was increased slightly, by 
0.1 GWblyr, to 51.2 GWbIyr. The higher forebey elevation led to a small amount of 
spill at Horsechops, less than 0.1 GWbIyr. Generation at Cape Broyle was not 
affected. 

IDcnued Head at Cape Broyle Forebay 
To simulate a higher forcbay level at Cape Broyle, the level of Cape Broyle Forcbay 
was set at its spill elevation (87.78 m) for June to December, instead of its upper 
operating level of87.48 m, an increase of 0.30 m. The simulated winter drawdOWD 
to 86.56 m (prior to spring nmoft) was not cbansed. The resulting increase in 
simulated generation at Cape Broyle was 0.1 OWhlyr, but generatioD at Horsechops 
was rcduced by 0.1 GWhIyr, due to a higher tailwater level. As a result, there was 
no change in average total system generation. 

SpWAvoldancc: Lower Level of Cape Broyle Jl'orebay 
The potential for savings in spill at Cape Broyle is low. As noted earlier, there was 
no simulated spill at Horsec:hops in the base case. The simulated spills at Cape 
Broyle were small and inftequcnt, resultingmainlyftom Ioca1 inflows. As a possible 
means of reducing simulated spill at Cape Broyle Forcbay, a lower operating level 
was simulated, by setting the level to 86.56 m year round. However, no reduction 
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in the spill was IIChieved. The loss of head reduced the average generation at Cape 
Broyle by 0.3 GWhIyr, although the same amount was gained in generation at 
HOJSeChops due to a lower tailwater level. CoDSeqUentiy. there was no change in 
average total system generation. 

lDereased Operation at Best Efficiency at Cape Broyle 
As shown in Figure 3 .2. ideal operation under the existing plant operating guidelines, 
as indicated by the simulation II1Odel, is to maintain the Horsechops unit at efficient 
load. This is achieved through con1rol of releases from Mount Cannel Pond. About 
25 percent of the time, the combination of Horsechops outflow and local inflow to 
Cape Broyle Forcbay require the Cape Broyle unit to be operated at maximum load. 
An altemative operating strategy would be to control the releases fiom. MOWlt 
Cannel Pond so as to shift c.pe Broyle generation from maximum load to most 
efficient load. The simulation model was renm with this strategy. The strategy was 
successful in shifting generation to less than five percent at maximum load, as well 
as reducing spill, for an average gain of 0.1 GWhIyr at that station. However, this 
resulted in a single year with spill at Mount Carmel Pond, which in tum MUsed spill 
at Horsechops, ~uivalent to about 2.0 GWh. Averaged over the reference period, 
this equalled a loss in average generation of about 0.1 GWh/yr, resulting in no net 
gain in average total generation. 

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

3.6 Physical Changes to System 

Raile Blackwood. Pondl SplDwaYI 
According to the simulation model, the main physical limitation of the existing 
system is the elevation of the spillway crests at the BJac\cwoods Ponds, where II10st 
of the spill out oftbe system occurs. First of all, the Blac\cwoods Ponds do not have 
adequate storage capacity to store inflows without spilling. Second, the spill 
elevation limits the discharge through the Fourth BllICkwoods Pond Canal by 
preventing full utilization of the canal depth and flow area. The canal itself is deep 
and fully excavated and is therefore not limited by freeboard on side berms. The 
discharge could be incIeascd by widening the canal, but at 1.5 Ian in length, this 
would be prohibitively expensive. If the spill elevation were raised, more of the 
canal's physical flow capacity could be utilized. 
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To determine the effect of incIeased spill elevation, the model was rerun assuming 
the crests of all Blackwoods Ponds spillways (Northwest Blackwoods, East 
Blackwoods, and FourthBlackwoods) _raised to a minimum tolerable freeboard 
on the existing diversion. dams. The elevation selected was 223.20 m, or 1.00 m 
higherthanthelowestexistingspillwayelevation(FourthBlackwoods),andO.30m 
lower than the lowest existing dam crest (Jordan River Dam). 

The simulation achieved a1most complete recovery ofBlacltwoods Ponds spill and 
resulted in average generation of 52.2 GWblyr at Horscchops and 3 B.8 GWbIyr at 
Cape 8royle, fora system total of91.0 GWbIyr, or 1.9 GWblyr more than the base 
case. 

Asswning that the cost of energy to NP is SO.04IkWh. this would result in a savings 
to NP of approximately $76 OOOIyr. Given an estimated total spillway crest length 
of213 m, the savings over perhaps 20 years would justify an expenditure of about 
$3300/m of crest lcogth. The practicalities of increasing the spill elevation would 
have to be investigated, including any dam safety issues. NP should also coDfirm the 
accuracy of the assumed elevation, storage, length and discharge data for 
81ackwoods Ponds structures. 

3.6 Sensitivities 

Environmental Release Requirement 
The sensitivity of energy acncration to changes in environmental releases 
downstream of gated outlet sInIctuIes was investigated. In the current model setup, 
for the PUIpOsc of maintaining flow in the river reach downstream of the Mount 
Carmel Pond gated outlet for environmental reasons, the minimum flow of the gate 
was set to 0.1 m3/s.ifwaterisavailable. Asasensitivity, ~minimumflowwas set 
to 30 pen;ent of the mean annual flow into the reservoir. as long as there is water in 
the reservoir. When the reservoir is empty, the natural inflow would be released. 

The 30 perc:ent mean annual f10wRqUirementis approxim a1r\y 2.1 !Jil/s. Usingthis 
flow as the minimum flowrelcase from the gates forthe base case simulation model, 
there was no change in system energy. This is the case beeallse 30 perc:ent of mean 
annual flow is less than the amount requiml to maintain the HoISCehops unit at its 
most efficient load. This amount is always released in all simulations unless there 
is no water in storage, in which case the natural inflows are released. 
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If Nl' were requited to hold a supply of water in the reservoir to ensure that the 
30 percentrequimnent was always met, there would likely be a reduction in energy. 
The same is true of the winter reserve requim:nent mentioned in Section 3.3; in fact 
the winter reserve requirement mightlead to more ofareduction since the fish flows 
held in reserve could be expec:tM to be released in some years, if not in a1l, leaving 
room in the reservoir, whereas the winter reserve might DOt be released and would 
result in less room to store the spring runoff. 

3.7 Conclusions and Recommendations 

The conclusions and ~mmendations arising from the analysis are as follows. 

1. Improvements to Better Match Simulated Ideal Operation 

Gate Operstion: The analysis shows that controlling the release of water from 
storage is the key to maximizing the output from the HorsechopslCape Broyle 
system. The gated outlet at Mount Carmel Pond needs to be adjusted to cnsID'C 
that the correct flow is being released to keep the units operating at best 
efficienClY, as well as to avoid spill. It may be desirable to examine the cost of 
automation and monitoring equipmcntatthe Mount Carmel Pond gatecomparcd 
to the cum:nt costs of adjusting the gate manually. 

2. Changes to Operating Guidelines 

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

3. Physical Changes 

Blackwoods Ponds SpiUw1)'8: The analysis showed that raising the elevation 
of the Blackwoods Ponds spillway crests may increase generation by increasing 
storage, reducing spill, and utiliziDg more of the physical discharge capacity of 
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the Fourth Blackwoods Pond Canal. NP should investigate the costs and benefits 
of nUsing the spillway crests, while taking into consideration any dam safety 
concerns. The 8CCUI1ICY of tile assumed characteristics (elevation,length, storage, 
discharge) ofBlackwoods Ponds struct\Jmi should be verified. 

4. SeIUIitivitia 

EDviroDmeDtal Releases: Providing a minimum flow release of30 perocnt of 
mean lIIID.uaI flow downstream of the outlet gate at Mount Carmel Pond does not 
affect energy generation, because this amount is ~ady being released to supply 
the units. The requirement, however, assumes that when the reservoir is low, the 
release is equal to the natural inflow. If the requirement were to guarantee 
30 percent, a reserve would have to be maintained similar to the winter reserve. 
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4 Rattling Brook Hydroelectric System 

Rattling Brook Hydroelectric System was IISsessed to determine whether there is 
potential forinacasiDg energy genemtion, following the methodology in Chapter 2, 
by 

• improving current practice to better follow existing plat operating 
guidelines; 

• revising existing pIant opc:nting guidelines; arui 
• makiDg physical changes to the system. 

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

The following sections describe the RattIiDg Brook system, present represelltative 
operating measures (e.g., flow utilization factor and energy potential of spill) and 
provide the results of the analysis used to IISSeSS the effect of operatiODal BDd physical 
changes on energy generation. The 1m section provides conclusions and 
recommendations. 

The simulation model which was set up for the Rattling Brook system in the Water 
Management Study, conducted by Acres for aU NP hydroelectric systems, was used 
to IISSCSS the etect of opc:ntional and physical changes on eoergy generation. The 
long term production estimated in the Water Management Study assumed ideal 
operating practices using current NP pIant operating guidelines, lIS inteIpreted for the 
study. The result of this simulation for the Rattling Brook system is lCferred to in 
this section lIS the bllSe clISe system generation. Other estimates of energy generation 
resulting from operational or physical changes to the system are compared to this 
value. 

4.1 System Description 

The Rattling Brook system is located in central Newfoundland near the community 
ofNorris Arm. The development was commissioned in 1958 with additional storage 
added in 1961. The plant has a nameplate capacity oflS.! MW and a rated net head 
of87.8 m. The system has two units supplied by a single woodstave penstock. The 
second unit was originally intended as astand-bywUt, however the two units &renow 
routinely used together. 
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The Rattling Brook system has a dminage area of approximately 383 Jcm2. On the 
west side of1he basin, a series ofsmalllakes along Rattling Brook, including Frozen 
Ocean Lake, Gull Lake and Beaton's Lake, flow into Rattling Lake. To the east, a 
second series of ponds including Dowd Pond, Lewis Pond, and Upper and Lower 
Christmas Ponds also flow into Rattling Lake. The imPOlDldmeut for the system 
joined Rattling Lake and Amy's Lake. Rattling/Amy's Lake flows into Rattling 
Brook Forebay. A schematic: of the system is presented in Figure 4.1. 

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

• Frozen Ocean Lake gated. outlet; 
• Frozen Ocean Lake overflow spillway; 
• jlatt1ing/Amy's Lake gated outlet; 
• Rattling/Amy's Lake overflow spillway; and 
• Rattling Brook Forebay overflow spillway. 

The Frozen Ocean Lake spillway disc:harges within the system; both the 
RattlinglAmy'sLakespillwayandtheRattlingBrookForebayspillwayclischargeout 
of the system. 

4.2 Representative Operating Measures 

In assessing the potential for increased energy generation at a particular system, 

certain representative operating measures and plots c:an be used to draw conclusions 
about the jmpact of operational Dr physic:a1 changes to the system. These measures 
and plots are as follows. 

1. Flow Utilization FlICtDr. 
2. Energy Conversion Fac:tor. 
3. Flow Duration Curve. 
4. Energy Potential of Spill. 
5. Reservoir Storage Fac:tor. 
6. Reservoir Utilization Plot. 
7. Forebay Storage FlICtDr. 
8. Gate Operation Plol 

The definition and use of these measures and plots are presented in Chapter 2. The 
measures as c:a1c:ulated for the Rattling Brook system are provided below. They were 
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developed from the data in the base case simulation. Table 4.1 at the end of this 
section summarizes the measures for the Rattling Brook system. 

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

1. Energy Convenion Factor 
The energy conversion factors (the ideal average value of water in storage) for most 
efficient loadandmaximum load for the units are 0.21 kWblm' (6.75 OWblyrJm'/s) 
and 0.17 kWhlm' (5.44 OWh/yr/m'/s), respectively. 

The average energy conversion factor from the base case simulation is 0.20 kWhlm' 
(6.33 OWh/yr/m'/s). These energy conversion factors take into account the average 
reduction in availability due to forced outages, and reflect the filet that the units are 

frequently operated simultaneously, which leads to higher head losses. 

3. Flow Dllnltion 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 opeiation is with one unit only for 
approximately 70 percent of the time, and that operation is at mmmum flow 
approximately 20 pen:ent of the time. 

4. Energy Potential of Spill 
The simulated spill for the base case was approximately 0.63 m'/s on average at the 
Rattling/Amy's Lake spillway and 0.24 m'/s on average at the Rattling Brook 
Forcbay spillway. Using the simulated energy CODver5iol1 factor at maximum load 
the spill would produce approximately 5.5 OWhlyr, if comly saved and used for 
generation. 

The monthly distribution of this spill over 15 years for the base case simulation is 
shown in Figure 4,3 fortheRattling Brook spillways. Most of the spill occurs at the 
Ratt1ing!Amy's Lake spillway in Man:h and April. 
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S. Reservoir Stol1lle Factor 
Storage is provided by structumi locaied at the outlets of Frozen Ocean Lake, 
Rattling/Amy's Lake and Rattling BrookForebay. Thereservoirstomgefactorswere 
calculated to be approximately 30 days for Frozen Ocean Lake, 74 days for 
Rattling/Amy's Lake, and one day for Ratt1iDg Brook Forebay. These factors 
representthe number of days required to fill the reservoirs at average inflow and with 
DO outflows. 

6. Reservoir Utilization Plot 
Plots of simulated Frozen Ocean Lake and Rattling/Amy's Lake reservoir levels for 
the base case simulation an: provided in Figure 4.4. The forebay level varies little 
so was Dot plotted. 

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

8. Gate Operation 
There are control gates located at the outlets of Frozen Ocean Lake and 
Rattling/Amy's Lake. Provided in Figure 4.S is the simulated gate discbaIKe, gate 
capacity and simulated reservoir level for an example year (1994) for Frozen Ocean 
Lake and Rattling! Amy's Lake. These plots illustrate the frequency the gates are 
being operated in the simulation model to maintain most efficient load and to avoid 
spUl. 

Table 4.1 
Rattling Brook System Representative Operating Measures 

RattlIng e-II ~op'-lIng Meuu_ 

Flow Utillmtlon FlKlton 
• Most Eflicicllt LoId (ODe 1IDit) 1.24 
• Maximum Load (two lIIIiIs) 0.60 

StatiOD Facton 
• Most Effick:nt LoId (one 1IDit) 0.21 kWblm' 
• Maximum Load (two 1IIIib) O.17kWblm' 

EDOIIY Potential of Spin S.50Wb/yr 
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Raltllng Brook.pnlMntIIfIve OpemIng MI .. " ... 

Raavo~Sw~.F~ 

- Frozen Ocean Lake 30 days 
-lWtIin&fAmy's Lake 74 days 
- RattIiDg Brook Forebay I day 

FoRbay Storage FICIOr <I day (19 hours) 

4.3 Ideal Operation of System 

The long term energy production at Rattling Brook as estimated by the simulation 
model developed for the Water Management Study is 63.6 GWhlyr. This compares 
with recorded energy generation for the S8Dle reference period (1984-98) of 
66.7 GWbIyr. While it would normally be expected that the simulated production 
would exceed the actwd average for any given period. this difference does provide 
some indication that there is little potential for improving actwd generation at this 
systeJD under the current plant operating guidelines. A3 discussed in the Water 
Managmnent Study, the inflow hydrology used for the Rattling Brook simulation is 

the most likely cause of this unusual result. However, insufficient hydro.rnctric data 
are available for the region to confirm this conclusion. 

Further indicators that this systeJD' 5 actual operation approaches the ideal are 
provided by the comparisons conducted for the Water Management Study for two 
sample years. This comparison indicated an average difl'erence between recorded 
and simulated generation (after adjustmeDts for storage) of approximately -1 0 percent 
for this system. Again, a negative result for the comparison is unusual, but this result 
also points to the conclusion that the Rattling Brook system is being operated in a 
manner close to the simulated ideal and that there is little opportunity for 
improvement under the CUIreDt operating guidelines. 

Forthe entireNP hydroelectric system, the value used forthe adjustmentfor practical 
operations was seven percent. This factoris intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on realistic operational constraints and recent operating experience. F~er details 
on the calculation of this factor and its application may be found in Section 22.3 of 
the Water Managmnent Study. The remainder of this section will consider 
opportunities to reduce this difference between the simulated ideal operation and 

actual operation at the Rattling Brook System. 
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4.3.1 Plant Operating Guidelines 

The simulation model used to estimate the energy generation of the Rattling 
Brook system lISSIIDles that the operations staff has interpreted the existing 
operating guidelines u described in the Water Management Study. Plant 
operating guidelines provide operators with procedures regarding howto operate 
the system based on current inflows. During periods of high inflows, the plant 
will be 0pera1ed at maximum load (and less thanmaximum efficiency) to avoid 
spills. This requires some interpretation by the operators regarding what 
constitutes high inflows. The interpretation used in the simulation model 
incorporated target levels for each reservoir in the system. The reservoirs were 
operated to keep the forebay at its target level and to maintain operation at best 
efficiency. If the forebay level exceeds the target level at any particular time of 
the year, then the UDits are operated at maximum load to bring the water level 
down. 

Obviously, some judgment on the part of the operators in applying this guideline 
is required. For instance, knowledge of above normal snow accumulations in the 
watershed prior to springrunoft"maybe employed in deciding to operatetheUDits 
at maximum load even when water levels have not reached the target levels. 

4.3.2 GatelReservolr Operation 

The Rattling Brook system has significant storage capacity. The gate that 
controls the main stoJ1l8e reservoir at RattliDgI Amy's Lake is remotely operated 
from the powmwuse. In addition, remote water level indication is available for 
this storage reservoir. Therefore, the outlet gate can be adjusted frequently 
(several times daily, if necessary) by operations staff. 

This is not true of Frozen Ocean Lake, the other storage reservoir in this system. 

However, this reservoir provides much less storage and its discharges can be 
stored downstream at Ratt1ingIAmy's Lake. Therefore, infrequent gate 

adjustments atthis reservoir do oothave a significant impact 00 plant production. 

Inadditioototheacccssibilityissucs,NPmustmaintaincertainminimumstorage 
levels, particularly during the winter months, to ensure plant availability in the 
event of local power outages or when called upon by NewfoundlAnd and 
Labrador Hydro. This winter reserve is not taken into r=ouot by the simulatioo 
model. 
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4.3.3 Unit Operation 

The simulation model operates the Rattling Brook uni1s exclusively at most 
efficient load, except when high inflows dictate that higher loads are necessary 
to avoid spill. With the available control equipment, minimal constIllin1s on 
plant flows, and the available forebay storage, it should be possible to operate 
this plmt close to this ideal. AIl examination of daily Control Centre Logs for 
several months (December 1998, April 1999, and Janwuy-Febrwuy 2000) 
indicated that, with the exception of the April data, the Rattling Brook units are 
loaded over a range ofloads from 4 to 7.8 MW. This plant would therefore not 
appear to be making efficient use of the available water, although a more detailed 
study would also include an examination of unit availability and system 

conditions during these months. The main obstacles to Jdhoining ideal operation 
are electrical grid requirements which may occasionally require tbat the uni1s 
operate at loads other than their most efficient loads. Such requirem.en1s would 
include local power outages or other infrequent occum:nces. 

4.4 Changes to Operating Guidelines 

The putpose of the analysis described in this section is to determine whether there is 
any energy to be gained by changing NP's current plant operating guidelines. As 
discussed in Chapter 2 there are three ways improvemen1li could occur through 
changes to the guidelines. These are 

• increasing head, by operating the forebay to get more bead 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 Rattling Brook system. Increasing the head 
through a change in the use of the flashboards or installation of inflatable crest gates 
was considered IS 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 vBl}'ing between the low supply and 

full supply levels of the reservoirs, IS described in Section 4.3. 
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SpiO Avoidance, LimitiDg Case: Muimum Load, Reaervoin Low 
The limiting case for spill avoidance is to m8.y jmj7e the amount of storage 8.vailable 
to contain inflows. To do this, the units would be operated at maximum flow to keep 
the water level in the storage reservoirs as low as possible. 

At Rattling Brook, the potential for savings in spill compared to the base ease js low. 
The maximum possible reduction in spill would be the equivalent ofS.S GWhlyr, as 
shown in Table 4.1. However, the spill distribution plot (Figures 4.2) shows that this 
would be difficult to capture since the spills occur infiequently and in large amounts. 

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was run assuming the units were alwa.ys operated 
a.t maximum load when water was a.vailoble. The average annual spill from the 
system was reduced by 0.38 m'/s, from an average of 0.87 m'/s to 0.49 m'/s. 'Ibis 
represents anincrease of approximately 2.4 GWblyr, but does not compensate forthe 
approximately 4.2 GWhIyr decrease in energy production due to operating the units 
at a lower efficiency. 

Beat Efficiency Operation, LimitiDg CalC: ReBervoin JIi&h 
The limiting case for maximizing the amount of time the units are operating at best 
efficiency is to run the units a.t best efficiency, until the storage reservoirs are just 

about to spill. 'Ibis may require frequent gate operation because the gates must be 
adjusted to release the exact amount ofwater to match the best efficiency flows. 

The result of a simulation using this rule was an average annual production of 
60.3 GWhIyr, with a spill of 1.63 m'/s. 'Ibis production is lower than the base ease 
production. 

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

Reviled Unit Dilpatch 
The current Rattling Brook plant operating guidelines state the following. 

1.} Whenflows ore minimal operate Unit #1 at but efficiency instead 0/#2 as the 
efficiency o/this unit Is better. Operate #2 at best efficiency if#i cannot handle 
theflow. Forhigherflows. use #2 atfol/load and #1 at best effictency. Operate 
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both units at foil load only whe" necessary to avoid spill. This is the most 
inefficient setti"g of the units as the pressure loss /" the penstock Is very high at 
foll/oali. 

Efficiency testing undertBken in August 2000, however, showed that Unit 112 has a 
higher efficiency and therefore higher energy convcnion factor than Unit Ill. The 
simulation modelling for the Water Management Study used a unit dispatch based 
on the efficiency testing rathertban the operating guidelines. This lead to an increase 
in generation ofapproximate1y 05 GWbIyr. 

4.5 Physical Change. to System 

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

• Increase dam height at Rattling! Amy's Lake to increase storage. 
• Reduce headlosses by enlarging the penstock at Rattling Forebay. 

Each of these physical changes to the system is discussed below. Table 4.2 
SIIIIlIII8rizes the results. 

Increue Stance at RBUliDglAmy's Lake 
To determine the effect of an increase in storage on energy production, the dams and 
structures at R att1jng{ Amy' 5 Lake were assumed to be raised to allow increases in 
fiill supply level of one and two meters. The effect is to reduce system spill. The 
resulting increases in energy generation were 1.3 GWhlyr for the one meter rise, and 
2.2 GWh/yr for the two meter rise. 

Assuming that the cost of energy to NP is SO.04IkWh this would result in a savings 
to NP of approximately S52 OOO/yr for the ODe meter increase in dam height and 
$88 OOO/yr for the two meter increase in dam height. Given a dam length of 
approximately 960 m, the savings overperbaps20 years wouldjustify an expenditure 
of about S500/m of dam length based on a one meter increase. The practicalities of 
adding additional flasbboards to the existing structures at Rattling! Amy's Lake dam, 
or of raising the dam in some other manner would have to be investigated. 
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Redllce Headlossa 
One method of incteaSing hcIIII is to reduce headlosses. The penstock at Rattling 
Brook was designed for OpemtiOll of one unit only, therefore operating the two units 
together results in high headlosses For the purposes of examjning the value of a 
reduction in headlosses, a new headioss curve based on luger penstock 
(approximately 50 pcrcentluger diameter) was calculated and used in the simulation 
model. The resulting energy generation was 70.9 GWhlyr or a net increase in 
average annual energy of7.3 GWhlyr. Recovety 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 

c.. AYBnIgeAnn.l ~ .. CIt_. In Erie,," 

lGWlWI'l (GWhIyt) 

BueCuc 63.6 -
Increase Slllng. inlUttling/Amy'. 64.9 +1.3 
Lake by I m 

In_ 8tan&. RIIt1iDg/AIay'. Lab 65.8 +2.2 
by2m 

Reduce bcadloSK$ 70,9 +73 

4.6 Sensitivities 

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

The sensitivity cases were as follows. 

• Environmental release requirement of30 percent of mean annual flow. 
• No storage in system (to obtain value of storage); remove dams and gates. 
• Changes to gate operation at Frozen Ocean Lake. 
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Environmental Releue Requirement 
The sensitivity of energy genemtion to changes in environmental releases 
downstream of gated outlet structures was investigated. In the current model setup, 
for the PUlpOSC of maintajnjng flow in Ibc river reaches downstream of the gated 
outlets for environmental reasons, the minimum flow of all gates was setto 0.1 m'/s, 
ifwater is available. AI; asenaitivity, this minimUln f10wwas set to 30pen:ent of the 
mean annual flow into the reservoir, as long as there is water in the reservoir. When 
the reservoirs are empty, the natural inflow would be released. 

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

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

No Storage m Syltem 
To provide NP with an indication of the value of the storage m the system, a 
simulation was done with all storage removed. The resulting average annual CDergy 
generation from this sensitivity was 47.2 GWhIyr, a net dccrcasc of 16.4 OWhlyr. 
This represents the value of maintaining the structures at Frozen Ocean Lake and 
Rattling/Amy's Lake. 

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

To investigate the value of automation, or ofsomealtemative procedure, a simulation 
was run 8S3UIIIing that the gate was left fully open year round. The structure itself 
will provide some natural regulation. 
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The difference in the estimate of energy generation in this case and the base case 
indicates the value of having a gate that can be operated daily. The resulting energy 
generation from this sensitivity was 63.1 OWblyr, or a net decrease in energy of 
0.5 OWhlyr. This dccrasc is due to extra spill at the forebay and additional 
operation at maximum load. This finding suggests that automation would save 
sufficient energy to justify an expenditure of approximately $200 000 and therefore 
should be investigated further. 

Table 4.3 
Energy Results for Sensitivity Simulations for Rattling Brook 
System 

c... Aft,... Annual , Changaln A_iII'8p111 
EnIID Iln...., (~) 
{~ IGWhItr> 

BasoCase 63.6 - 0.87 

EDYiroamenIll Releases 63.5 - 0.1 0.87 

Value ofStoraao 47.2 ·16.4 3.36 

FrDZlI!II Ocean Ulcc Gale 
0p0mti0D 

- Leave Gm Full Opcu 63.1 ·o.s 0.96 

4.7 Conclusions and Recommendations 

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

1. Chllllgel to OperatiJlg G1IicIeDllel 

Clarification ofGuldeDlles: The present guidelines as intcr:preted for tile Water 
Management Study come close to maximizing system oulput 

Unlt Dispatch Order: The current operating guidelines suggest a unit dispatch 
order that is inconsistent with the station factors as calculated from recent 

efficiency testing. NP should consider revising the guidelines. 
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1. Physical ChIDla 

Headlo.sa: The analysis showed that there may be some gains in energy by 
miw:ing hcadlosses. The costs and benefits of replacing the penstock should be 
examined. 

3. SeD5itivities 

EDviroDmeotal Releues: Providing a minimum flow release of30 percent of 
mean annual flow doWllStmlm of 1he outlet gales at Frozen Ocean Lake and 
Rattling! Amy's Lake does not significantly affect energy generation, because the 
flow is already being released to supply the UDits. The requirement, however, 
assumes that when the reservoirs are low, the release is equal to the natural 
inflow. If the requirement were to guarantee 30 percent, a reserve would have 
to be maintaiDed similar to the winter reserve. 

Vllue of Stonge.: The value of the storage at Frozen Ocean Lake and 
R attlingl Amy' s Lake is 16.4 GWhIyr. NP can use this value in considering the 
costs of maintaining the structures. 

ChIDles to Frozen OCe8D Lake Outlet Gate CODtrollOperatlon: The value 
of operating the gate at Frozen Ocean Lake on a daily basis, if required, is 
0.5 GWhlyr. Automation of the gate should be considered. 
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5 MorrislMobile Hydroelectric System 

The MorrisIMobile 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; aDd 
• making physical changes to the system. 

In addition, the sensitivity of energy gCDCI1ltion to operating changes and constrsints 
was investigated. 

The following sections describe the MorrislMobile system, present representative 
operating measures (e.g., flow utili1lltion factor and energy potential of spill) and 
provide the results of the analysis used to assess the dfect of operational and physical 
changes on energy generation. The last section provides conclusions and 
recommendations. 

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

5.1 System Description 

The MorrisIMobile system is located on the southern shore of the Avalon Peninsula 
in eastern Newfoundland, and has two generating stations. The Morris Oenerating 
Stiltion was commissioned in 1983 and has a IIIIIDCplate capacity of l.l MW and a 
rated net head of30.0 m. The drainage area above the iatake of the Morris station 
is approximately 96 Jcm2. The Mobile Generating Station wu commissionedin{9S I 
and has anameplate capacity of 12.0 MW aDd a rated net head of 114.6 m. Thetotal 
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drainage area above the intake of the Mobile station is approximately 113 Ian2. 
Storage is provided by stIUctures at Mobile Big Pond and Mobile First Pond. A 
schematic of the system is presented in Figure 5.1. 

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

The structutCs in the system are as follows 

• Mobile Big Pond overflow spillway; 
• Mobile Big Pond gated outlet; 
• Monis Canal; 
• Monis Canal overflow spillway; 
• Mobile First Pond overllow spillway; and 
• Mobile Canal. 

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

5.2 Representative Operating Measures 

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

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

The definition ad use of these mCIISUI'CS and plots are described in Chapter 2. The 
measures as calculated forthe Morri$IMobile system are provided below. Theywere 
developed from the data in the base case simulation. Table 5.1 at the end of this 
section summarizes the measures for the Lookout Brook system. 

1. Flow Utilization Factor 
The flow utiliution factors (average inflow to fon:bay divided by flow capacity at 
most efficient load and maximum load) for the Morris station are 0.91 at most 
efficient load and 0.82 at maximum load. For the Mobile station, the factors are 0.50 
at most efficient load and 0.42 at maximum load. 

1. Energy CODvcnion Factor 
The energy conversion factors (the ideal average value of water in storage) for the 
Morris station are 0.07 kWhlm' (2.05 OWblyrIm'/s) at most efficient load and 
0.06 kWhlm' (1.94 GWbJyrlm'/s) at maximlUllload. For the Mobile station, the 
factors are 0.29kWhlm' (8.99 GWhlyr/~/s) at most efficieDtload and 0.28 kWhlm' 
(8.83 GWhlyr/m'/s) at maximum load. 

The average ener&Y conversion factors from the base ease simulation for the Morris 
and Mobile statioDS are 0.06 kWhlm' (1.88 OWblyr/m'/s) and 0.28 kWhlm' 
(8.70GWblyr/m'/s).JCSpectively. These energy conversion factorstake into account 
the average reduction in availability due to fon:ed outages. 

3. Flow Duration Curve 
The Morris and Mobile flow duration curves for the turbine flow (power flow) in the 
base case simulation are shown in Figure 5.2. The average daily flow through the 
MorrisunitisllSWlllyatorabovemostefficientload. Theplotofavemgedailyflow 
though the Mobile unit illustrates that the unit is usually operated for only part of 
each day <at efficient load). and is rarely operated at mv.imum load. 

4. Energy Potential of Spill 
The monthly distribution of the simulated spillover 15 years for the base case 
simulation is shown in Figure 5.3 forthe Morris station (Mobile Big Pond overflow 
spillway) and Mobile station (Mobile First Pond overflow spillway). 
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The simulated annual average spill for the base case was approximately 0.12 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 genention. At Mobile, the simulated spill occumd in 
only two years, with annual amounts of 0.03 mlls (0.2 GWb) and 0.05 ml/s 
(0.4 GWh) for the two years respectively (15 year average less than 0.1 GWb/yr). 

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

6. Reservoir Utilization Plot 
The plot of simulated Mobile Big Pond reservoir levels for the base case simulation 
is provided in Figure S.4. The plot illustrates the reservoir utilimtion corresponding 
to ideal operation, which genera1ly makes full use of the available storage range. 

7. Forebay Storage Factor 
The Morris Forebay comprises only the canal below the gate at Mobile Big Pond. 
The forebay storage factor (time RqUired to draw forebay down assuming no inflow 
with the unit operating at maximum load) is estimated to be only a few hours. The 
Mobile Forebay is essentially anextensionofMobileFirst Pond, wbicbbas aforebay 
storage fiwtor of more than two days. 

8. Gate Operation 
The only reservoir with a control gate is Mobile Big Pond. Provided in Figure S.S 
is the simulated gate discharge, gate capacity and simulated reservoir level for an 
example year (1987) for Mobile Big Pond. These plots illustrate the frequency the 
gate is being operated in the simulation r..UldeI to maintain most efficient load and to 
avoid spill by operating at maximum load. 
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Table 5.1 
MorrlslMobile System Representative Operating Measures 

Monta/llal)Ue Rep_nIdvII Operating"""" 

Flow UIilizBtiOD FactolS 
• Monis Most Efficient Load 0.91 
• MmrisMaxlmlDll Load 0.82 
• Mobile Most Bfficlent Load O.SO 
• Mobile Maximum Load 0.42 

Sllltion Factor.! 
• MorriJ Most Ellicicat Load 0.07 kWhlm' 
• MOJri! Maximum Load 0.06kWhlm' 
- Mobile Most Efficient Load 0.29kWhlm' 
• MoblleMaxlmum Load O.21kWhlm' 

Baerg PotaDtial of Spill 
• Monb Spill 0.2 GWh/yr 
• Mobile Spill <0.1 GWh/yr 

Reservoir Storage Factor.! 
• Mobil. Dis PODd 70 days 
• Mobile First ""lid 5 cIayI 

, 
Forebay Stonge Factor 

·M0rri5F~ <~day 

·MoblleF~y 2 days 

5.3 Ideal Operation of System 

The long term energy production of the MorrisIMobile system as estimated by the 
simulation model developed for the Water Management Study is 51.6 GWblyr 
(7.8 GWhlyr at Morris, 43.8 GWhIyr at Mobile). This compares with recorded 
energy generation for the same reference period (1914-98) of 47.7 OWblyr 
(7.2 GWbIyr at Morris, 40.5 GWhlyr at Mobile). While these numbers arc not 
directly comparable due to upgrades of the Mobile unit in 1990, the difference docs 
provide some indication of the potential for improving ac;tual gcnmtion at this 
system under the cuncnt plant operating guidelines. Further indicators of this 
difference arc provided by the comparisons conducted for the Water Management 
Study for two sample years. This comparison indicated an average diffi:rcncc 
between recorded and simulated genmtion (after adjustments for storage) of 
approximately fourperccntforthis system, Thccomparison would therefore suggest 
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that there is little opportunity to improve the operation oftbis system by more closely 
following the ideal demonstrated by the simulation model. 

FortheentireNPhydroelec:tricsystelll,thevalueusedfortheadjustmentforpractical 
ope:ations was seven percent. This factor is intended to reflect an average difference 
between the simula1ed results 8IId the generation 1hat can actually be expected based 
on realistic operational constraints and recent operating experience. Further details 
on the calculation of this factor and its application JIlay be found in Section 223 of 
the Water Management Study. The remainder of this section will consider 
opportunities to reduce this difference between the simulated ideal operation and 
actual operation at the MorrislMobile system. 

5.3.1 Plant Operating Guidelines 

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

Obviously, some judgment on the part of the operators in applying the guidelines 
is required. It is noted 1hat the existing plant operating guidelines provide no 
guidance on when to increase load to maximllDl for spill avoidance. Historically, 
spill has been exceptionally rare. However, with the flashboards removed from 
Mobile Big Pond, spill JIlay be more frequent in futwe. For this reason, the 
simulation model incoIpOmteci a rule curve for each reservoir in the system. The 
rule curves determine how to operate the systelll, based on the observed reservoir 
levels. If the reservoir levels are above the rule curve level at any particular time 
of year, then the units are operated at maximllDlload to bring the level down to 
the rule curve. If the reservoir levels are below the rule curve, then the units are 
operated at best efficiency. The rule curve used in the simulation model for 
Mobile Big Pond is illustrated in Figure S.4. The rule curve for Mobile First 
Pond was set at the nwWnllDl operating level of Mobile Forebay, 150.48 m. 

A3 another example requiring operator judgment, knowledge of above normal 
snow 8CClIDlulations in the watershed prior to ,pring runoff JIlay be employed in 
deciding to operate the units at maximllDlload even when water levels have not 
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reached the rule curve. However, the rule curve will ordinarily provide useful 
guidance to system operating staff. 

5.3.2 GatelRe.ervolr Operation 

The Morris/Mobile system has llignificantstorage capacity tbat can be etrectively 
used to smooth the basin inflows. Mobile Big Pond provided most of the useable 
storage capacity. It is also the only reservoir with a control gate. Typically, a 
constant gate discharge has to be maintained, corresponding to the best efficiency 
flow ofMOIris. This requires regular adjustment of the gate position to IICCOllDt 
forthe fluctuation in reservoir leveL The full capacity of the gate is much greater 
than the required discharge, and therefore it is not a limiting factor in selecting 
appropriate gate settings. However. the gate is not readily acc~sible. This gate 

is located approximately 10 km from the nearest major highway along an 
unpaved road. Accessing the gate requires approximately 45 minutes of travel 
(one-way) from the Mobile powerhouse. Daily adjustments to this gate are not 
always possible. 

Despite its inaccessibility, severalfactors ensure tbatinfrequent adjustment of the 
Mobile Big Pond gate will not greatly afl'cc:t hydroelectric production. First, the 
unitatMorris is equipped with good controls which may be used to start and stop 
the unit remotely. The unit may be shut down for brief periods before the canal 
begins to spill, without having to adjust the Mobile Big Pond gate. Second, the 
efficiency curve at Morris is flat enough that operating the unit at loads slightly 
di1ferent than the most efficient load will have minimal impact on generation. 
Finally, the capacity of the Mobile unit and the storage available at Mobile First 
Pond ensure that generation at the much larger Mobile plant is not afl'cc:ted by 
infrequent adjustments to the releases from Mobile Big Pond. 

Wrth~pectto reservoir operation, prolonged shutdowns at Morris would be the 
most significant constraint on ~ervoir utilization. As indicated by the flow 
utilimtion iKtor, the station would have to be operated at most efficient load 
over 90 percent of the time in an average year to keep up with inflows. 
Prolonged or frequent outages lead to an ac:c:umulation ofwater in storage which 
cannot be rapidly reversed, resulting in an increased risk of spill over the long 
tenD. In addition, NP mustmaintaincertainminimlDD storage levels, particularly 
during the winter months, to ensure plant availability in the event oflocal power 
outages orwhen called upon by Newfoundland and Labrador Hydro (NLH). This 
winter reserve is not taken into account by the simulation model. 

FiMlI/q>orl Acres International P13474.00 



5-8 

5.3.3 Unit Operation 

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

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

5.4 Changes to Operating Guidelines 

The pwpose of the analysis described in 1his section is to determine whether there is 
any energy to be gained by cbanging NP's current plant operating guidelines. As 
discussed in Chapter 2 there are three ways improvemeuts could occur through 
changes to the guidelines. These are 

• increasing head, by operating the forebay to get more head or reducing 
headlosscs; 

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

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

Inereaaed Bead at Mobile Forebay 
To simulate a higher forebay level at Mobile, the level 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. There was no increase in simulated 
generation at Mobile. The increase in net head was only about 0.3 percent 
Geoeration at Morris decreased slightly, from 7.8 OWh/yrto 7.7 GWblyr, due to the 
higher tailwater elevation resulting from the level of Mobile First Pond. 

Spill Avoidanee, 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 UDit would be 
operated at maximum flow to keep the level of Mobile Big Pond as low as possible. 

The potential for savings in spill compared to the base case is low. At Morris, the 
simulsted spills tend to be small; the maximum possible reduction in spill would be 
the equivalent of 0.2 GWblyr, as shown in Table 5.1. As well, the high flow 
utilization factor of Morris suggests that the unit does not have enough unused 

capacity to achieve a reduction in spill. At Mobile, the simulated spill is both small 
and infrequent. 

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was run assuming the Morris unit was always 
operated at xnaximum load when water was available. The average annual spill from 
Mobile Big Pond was reduced from an average of 0.12 m'/s to 0.11 m3/s, but there 
was a net decrease in average generation at Morris, from 7.8 OWblyrto 7.7 OWhlyr, 
due to operatiDg the unit at a lower efficiency. There was no change in average 
generation at Mobile. 

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

5.5 Physical Changes to System 

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

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

To detennine the effect of an increase in storage on energy production, the spill 
elevation WIllI assumed to be restored to its former level. This reduced the average 
annual spill at Morris from 0.12 m'/s to O.oI m'/s, with a resulting increase in energy 
generation of 0.1 GWh/yr. 

Assuming that the cost of energy to NP is $0.041kWb, this would result in a savings 
to NP of approximately S4OOO/yr. Given a spillway length of approximately 54 m, 
the savings over perhaps 20 years would justify an expenditure of about $680/m of 
spillway length. The practicalities of increasing the spill elevation at Mobile Big 
Pond would have to be investigated. The spillway flashboards could be reinstaI.led, 
but dam safety concerns would still exist as before. One option would be to remove 
flashboards in years of anticipated high runoff. but in other years to leave them in all 
year round. If the flashboards cannot be used, then iDflatable crest gates (rubber 
dam) on the spillway section may be considered. 

5.6 Sensitivities 

No aspects of operation for this system were identified as n:quiring sensitivity 
analysis. 

5_7 Conclusions and Recommendations 

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

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

2. Chanles to OpentiDg GuldeliDes 

ClarifieatioB of GuideliDa: NP should clarify the guidelines for the operators, 
in particular providing guidance on when to increase load from best efficiency 
to maximum to avoid spill. The present guidelines as interpreted for the Water 
Management Study come close to IIIlIXimizing system output, ifNP can open1te 
in this manner. 

3. PhYlieal Changa 

Inc:reued Storage: Increasing the storage capacity of Mobile Big Pond to its 
former value increases energy output by reducing s!.'ill. If f1ashboards cannot be 
used for dam safety reasons, then an inflatable crest gate (rubber dam) on the 
spillway section may be considered. NP should investigate the costs and benefits 
of alternative f1ashboardlcrest gate ammgements, takiDg into account dam safety 
requirements. 
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6 Rocky PondITors Cove Hydroelectric System 

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

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

• revising existing plant operating guidelines; and 
• making physical changes to the system. 

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

The following sections describe the Rocky PondlI'oI1l Cove system, present 
representative operating measures (e.g., flow utilization factor and energy potential 
of spill) and provide the results of the analysis used to assess the effect of operational 
and physical changes on energy generation. The last section provides conclusions 
and recommendations. 

"The simulation model which was set up for the Rocky PondlI'oI1l Cove system in the 
Water Management Study, conducted by Acres for all NP hydroelectric systems, was 
used to assess the effect of operational and physical changes on energy generation. 
The long tenn production estimated in the Water Management Study assumed ideal 
operating practices using currentNP plant operating guidelines, as intelJllCted for the 
study. The result of this simulation for the Rocky PondlI'ors Cove system is 
referred to in this section as the base case system generation. Other estimates of 
energy generation resulting from operational or physical changes to the system are 
compared to this value. 

6.1 System Description 

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

The Rocky Pond Generating Station contains one generating unit with a nameplate 
capacity of 3.25 MW and has a rated net head of 32.6 m. The cbainage area above 
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the intake to the Rocky Pond station is approximately 152 kml. The station was 

commissioned in 1943. The Tors Cove Generating Station contains three generating 
units with nameplate capacities of2.25 MW, 2.25 MW, and 2.4 MW with amted net 
head of 52.7 m. The drainage area above the intake to the Tors Cove station is 
approximately 183 Jan1• The station was commissioned in 1940. The total 
nameplate capacity of the system is 10.25 MW. Storage is provided by structures at 
Franks Pond, Cape Pond, Rocky Pond Forebay and Tors Cove Pond Forebay. A 
schematic of the system is presented in Figure 6.1. 

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

The structures in the system are as follows 

• Franks Pond gated outlet; 
• Franks Pond overflow spillways; 
• Franks Pond Canal overflow spillway; 
• Cape Pond gated outlet; 
• Cape Pond overflow spillway; 
• Cluneys Canal overflow spillways; 
• La Manche Canal overflow spillways; 
• Rocky Pond Forebay overflow spillwa.y; and 
• Tors Cove Pond Forebay overflow spillway. 

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

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

l. Flow Utilization Factor. 
2. Energy Conversion Factor. 
3. Flow Dunltion Curve. 
4. Energy Potential of Spill. 
S. Reservoir Storage Factor. 
6. Reservoir Utilization Plot. 
7. Forebay Storage Factor. 
8. Gate Operation Plot. 

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

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

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

1. Energy Convenion Fador 
The energy conversion factors (the ideal average value ofwater in storage assuming 
the units are operating alone) for most efficient load and maximum load for ROP-G 1 
are 0.081 kWhlm' (2.S7 GWblyr/m'/s) and 0.079 kWhlm' (2.50 GWhlyr/m'/s), 
respectively. For TCV -G 1 and TCV -62 the most efficient load and maximum load 
conversion factors are 0.114 kWhlm' (3 .S9 GWhlyr/m'/s) and 0.110 kWhlm' 
(3.48 GWblyr/m'/s), respectively. For TCV-63 the most efficient load and 
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maximum load conversion factors are 0.120 kWhlm' (3.78 GWhlyr/m'/s) and 
0.116 kWhlm' (3.66 GWblyr/m'/s), respectively. 

The average energy conversion factors from the base case simulation for ROP-G I, 
TCV-Ol, TCV-G2 and TCV-G3 are 0.080 kWhlm' (2.S3 OWhlyr/rn'/s), 
0.107 kWhlnr (3.37 GWhlyr/m'/s). 0.110 kWhlm' (3.47 GWblyr/rn'/s), and 
0.116 kWhlm' (3.65 GWhlyr/rn'/s), respectively. These energy conversion factors 
take into account the average reduction in availability due to foICed outages and 
higher headlosses when the UDits at Tors Cove are operating at the same time. 

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

Roclc:y PODd 
• Operate ROP-Ol at most efficient load first. 
• Operate ROP-Gl at maximum load last. 

Ton Cove 
• Operate TCV -03 at most efficient load first. 

• Operate TCV -03 at maximum load second. 
• Operate TCV -G2 at most efficient load third. 
• Operate TCV -G 1 lit most efficient load fourth. 
• Operate TCV -G2 at rrtIIXimum load 1i1Ih. 
• Operate TCV-O 1 at maximum load last. 

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

3. Flow Daration Curve 
The ROP-Gl and TCV -03 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 -02 are shown Figure 6.3. 

4. EnercY Potutlal of Spill 
The simulated spill out of the system (Franks, Cluneys Canal, and Tors Cove 
overflow spillways) for the base case was approximately 0.63 m'/s on IIverage. 
Using the average simulated energy conversion factors for both Rocky Pond and Tors 
Cove presented previously in this section, the spill would produce approximately 
3.8 OWblyr, if entirely saved and used for generation. The Rocky Pond and Tors 
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Cove stations are in parallel, so total spill out of the system upstream of each station 
was assumed in the calculation of energy potential of spill. 

1bc monthly distribution of this spill over 15 years for the base case simulation is 
shown in Figure 6.4 for the Franks Pond and Cluneys Canal overflow spillways. 
Tors Cove Pond Forebay simulated spill is presented in Figure 6.5. 

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

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

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

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

Rocky PondITOI8 Coy. ReptwentaIMI ()pentIng Mnau ... 

Rocky Pond Flaw utilization Facton 
- Moot Efficient Load 0.62 
• Maximum Load 0.58 

T"" Cove Flow Utilization Factors 
• Moot Efficient Load 0.59 
- MaxImum Lo&!I 0.47 

Slaticm Factnn 
- ROP.o 1 - Moot Efficient Load 0.081 kWblm' 
• ROP-G1 - Maximum Load 0.079 kWblm' 
- TCV.o I - Moot Efficient Load 0.114 kWhlm' 
- TCV-G1 - Maximum Load 0.110 kWhlm' 
- TCV-G2 - MOSIEffi.lmt Load 0.114 kWblm' 
- TCV.o2 - Maximum Lolli 0.110 kWhlm' 
- TCV ·G3 - Most Efficient Load 0.120 kWhlm' 
- TCV·G3 - Maximum Load 0.116 kWblm' 

EIIeqy P01el\tIal of Spill 3.8 GWbIyr 

Reservoir Storap Factors 
- Franks Pond 160 days 
-CipePond 4S days 
-Ilocky Pond 1 day 
- Ton Cove Pond IS days 

Fcmbay Storaae Factor 
-Ilocky Pond <1 day (17 hOIln) 

- Tors Cove Pond Buys 

6.3 Ideal Operation of System 

The long term energy production at Rocky PondITors Cove as estimated by the 
simulation model developed for the Water Management Study is4S.6 GWb/yr. This 
compares with recorded energy generation for the same reference period (1984-98) 
of 39.0 GWhIyr. While these numbers are not directly comparable due to the 
upgrade of ROP-G! in !996 and several prolonged outages affecting generation 
during this period, the difference does provide some indication of the potential for 
improving actual generation at this system under the current plant operating 
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guidelines. Further indicators of this difference are provided by the comparisons 
conducted foe the Water Management Study fortwo sample years. !his comparison 
indicated an average difference between recorded and simulated generation (after 
adjustments for storage) of approximately 11 percent for this system. The 
comparison would therefore suggest that there is substantial opportunity to improve 
the operation of this system by more closely following the ideal demonstrated by the 
simulation model. 

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

6.3.1 Plant Operating Guidelines 

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

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

6.3.2 GatelReservoir Operation 

The Rocky PondfI' OIS Cove system has significant storage capacity that can be 
effectively used to smooth the buin inflows (storage ratio of 160 days for Franks 
Pond and 45 days for Cape Pond). Franks Pond and Cape Pond reservoirs 
provide most of the usable storage capacity. However, the gates that control 
these reservoirs are not readily accessible. The Franks Pond control structun: is 
located approxima!ely 25 Ian from the Horsechops powerhouse along a rough, 
unpavedroad. Accessing the gate requires over 2 hours of travel (one-way) from 
this powerhouse, and therefore daily adjustments an: not possible. The Cape 
Pond gate is located approximately l21an along an unpaved road from the Rocky 
Pond powerhouse and requires approximately I hour of travel (one-WIlY) from 
this location. This gate is therefore more euily accessible than Franks Pond and 
controls a greater fraction of the Rocky PondfI'ors Cove drainage area. However, 
daily access is still difficult at the best of times and impossible IDIder some 
circumstances. 

As a result oftrus inaccessibility, infrequent adjustment of the Franks Pond and 
Cape Pond gates are thought to have a significant affect on hydroelectric 
production. The problem is compounded by the fact that discharges from both 
of these reservoirs are conveyed downstteam by canals with limited capacities. 
Flows exceeding the canal capacities are lost to generation due to spills from 
numerous cana1 spillways. While little spill is recorded at these spillways, the 
simulation model suggests that either significant quantities of spill go unnoticed 
at these locations or the canals are operated at less than full capacity the majority 
of the time. This latter possibility would also affect generation as the reservoirs 
would not be fully utilized and spills would likely occur from these reservoirs as 
a result 

In addition to the accessibility issues, NP mustmaintaincettain minimwn storage 
levels. particularly during the winter months. to ensure plant availability in the 
event of local power outages or when called upon by Newfoundland and 
Labrador Hydro. This winter reserve is not ta1a:o into account by the simulation 
model. 
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For the Rocky Pond/I'oTS Cove system, the gate and reservoir operational 
difficulties discussed above are likely the largest component of the difference 
between the simulated and actual generation. 

6.3.3 Unit Operation 

The simulation model operates the Rocky Pond and Ton Cove units exclusively 
at their most efficient loads, except when high inflows dictate that higher loads 
are necessary to avoid exceeding the reservoir rule curves. With the available 
control equipment, minimal constraints on plant flows, and the available forebay 
storage, it should be possible to operate these plants very close to this ideal. An 
examination of daily Control Centre Logs for several months (December 1998, 
April and August 1999, BIId 1anuary-February 2000) confirmed that the Rocky 
Pond and Tors Cove units are loaded at best efficiency a high percentage of the 
time. The main obstacles to attaining ideal operation are electrical grid 
requirements that may occasionally require the units to operate at loads otherthan 
their most efficient loads. An example of such requirements would be local 
power outages, which occur infrequently and therefore should not significantly 
affect annual production. 

6.4 Changes to Operating Guidelines 

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

• increasing head, by operating the forehay to get more head or reducing 
beadlosses; 

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

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

Increasing Head: Operating Forebay Higher to get More Head 
As interpreted from NP plant operating guidelines for the Rocky Pond Forcbay, the 
operating level is approximately 0.2 m below the full supply level. The simulation 
model was ron assuming that the Rocky Pond Forebay level was kept at the full 
supply level. The resulting increase in energy generation from this change was 
0.10 GWhlyr, from 45.61 GWh/yr to 45.71 GWh/yr. 

Assuming that the cost of energy to NP is SO.04IkWh this would n:sult in a savings 
to NP of approximately S40001yr for no cost It is possible that this type of operating 
change could bave dam safety implications. IfNP were to implement this operating 
change in the plant operating guidelines, the implications to dam safety should be 

further investigated. 

Spill Avoidance, Limiting Case: Muimum Load, Rcaervoin Low 
The limiting case for spill avoidance is to maximize the amount of storage available 
to contain inflows. To do this, the units would be operated atmaximum flow to keep 
the water in the storage reservoirs as low as possible. 

At Rocky PondfI'ors Cove, the potential for savings in spill is high. The maximum 
possible reduction in spill would be the equivalent of 3.8 GWhlyr, as shown in 
Table 6.1. However, the spill distribution plot (Figure 6.4) shows that most of the 
spill is at Cluneys Canal. To assess the potential for additional energy generation in 
the system using spill avoidance, the simulation model was run assuming the units 
were always operated at maximum load when water was available. The result was 
a decrease in spill at Tors Cove Pond Forebay, but a decrease in energy generation 
of 0.02 GWhIyr due to operating the units atmaximum efficiency more of the time. 
The spill at Cluneys Cana1 is the greatest in the system and remained unchanged 
compared to the base case simulation. 
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6.5 Physical Changes to System 

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

• Increase sill elevation of Franks Pond overflow spillway. 
• Increase dam height at Franks Pond. 
• Increase dam height at Cape Pond. 
o Increase La Manche Canal capacity. 
o Increase dam height at Cape Pond and La Manche Canal capacity. 

• Reduce headloss. 

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

mcrease Sill Elevation of Franks Pond OverOow Spillway 
To deten:nine the effed increasing the sill elevation of Franks Pond overflow 
spillway would have on energy production, the sill elevation was raised half a metre 
and one metre. The effect is to reduce spill out of the system at Franks Pond. The 
resulting increases in energy generation were 0.08 GWbJyr for the half meter rise, 
and 0.16 GWhlyr for the one meter rise. 

Assuming that the cost of energy to NP is $O.04IkWh this would result in a savings 
to NP of approximately $3 200/yr for the half meter increase in sill elevation and 
$6 400/yr for the one meter increase in sill elevation. Given a spillway length of 
approximately 120 m, the savings over perhaps 20 years would justify an expenditure 
of about S485/m of dam length based on a one meter increase. The practicalities of 
increasing the sill elevation at Franks Pond oYed1ow spillway would have to be 
investigated. By jncr~asi!lg the sill elevation while leayjng tbetop oOhA d 8m at the 
same elevatio~ ~ffe~iively reduces the spill capacity. If this change were made to the , .. --_. __ ..... _,-- -- ~ --

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 detennine the economical feasibility. 

Increlse Dam Height at Franks Pond 
To dctennine the effect of an increase in storage on energy production, the dams and 
structures at Franks Pond were assumed to be raised to allow an increase in full 
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supply level of one and a half meters. The effect is to reduce system spill. The 
resulting increase in eoergy generation WlIS 0.19 GWblyr. 

Assu!ning that the cost of energy to NP is $O.04IkWh this would 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 justify an expenditure of about $ l20/m of dam 
length based on a one and a half meter increase. The practicalities of increasing the 
dam at Franks Pond would have to be investigated. A detailed analysis into the 
benefits and cost would have to be conducted. 

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

Assuming that the cost of energy to NP is $O.04IkWh this would result in a savings 
to NP of approximately $22 OOO/yr for the one meter increase in dam height and 
$32 OOO/yr for the two meter increase in dam height. Given a dam length of 
approximately 160 m, the savings overperbaps 20 years would justify an expenditure 
of about $1824/m of dam length based on a two meter increase. The practicalities 
of increasing the dam height at Cape Pond would have to be investigated. A detailed 
analysis into the benefits and cost would have to be conducted to determine the 
economical fusibilitY. For the two meter rise in dam height there is spill at Cape 
Pond in the simulation. As a further analysis, the dam height could be optimized to 
further reduce spill by increasing dam height and preparing detailed costs for the 
increment of dam height. 

Increue La Manc:he Canal Capacity 
To determine the effect of an increase in canal capacity has on energy production, the 
capacity at La Manche Canal was assumed to be increased from 6.0 mIls in the base 
case simulation model to 7.0 m'ls, 8.0 urIs, and 9.0 mIls. The effect is to reduce 
spill at Cluneys Canal. The resulting increase in energy generation was 1.54 GWblyr 
for7 m'/scapacity, 2.21 GWblyrforS.Om'/scapacity, and 2.47 GWhlyrfor9.0m'/s 
capacity. 

Assuming that the cost of energy to NP is $O.04/kWh this would result in a savings 
to NP ofappl'Oximatcly $61 600/yr for 7 m'ls capacity, $ 88 400 for S. 0 m'/s capacity, 
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and 598 800 for 9.0 ml/s capacity. The savings over perhaps 20 years would justify 
a capital cost expenditure of about 5900 000 on canal improvCUlents to upgrade the 
canal to pllSll a maximum of9.0 ml/s. The practicalities ofincteasing the capacity 
of the canal would have to be investigated. A detailed analysis into the benefits and 
cost would have to be conducted. 

Increaae Dam Height at Cape Pond and La Manche Canal Capacity 
To determine the combination effect increasing the dam height at Cape Pond and 
increasing the La Manche canal capacity would have on energy production, all 
structures at Cape Pond were assumed to be raised by two meters and the cana1 
capacity was assumed to be increased from 6.0 m'/s to 9.0 m'/s. The effect is to 
reduce spill out of the system at Cluneys Canal by reducing spill at Cape Pond and 

increasing canal capacity. The resulting increase in energy generation was 
2.88 GWhIyr. 

Assuming that the cost of energy to NP is 50.04/kWh this would result in a savings 
to NP of approximately $115 200/yr or a net present value of about 51 051 000 
assuming an interest of nine peroent over 20 years. The practicalities of increasing 
the dam height at Cape Pond and La Manche canal capacity would have to be 

investigated. A detailed analysis into the benefits and cost would have to be 
conducted to determine the economical feasibility. As a further analysis. the dam 
height and canal capacity could be optimized to further reduce spill by increasing 
dam height and canal capacity. and preparing detailed costs for each increment of 
dam height and cana1 capacity. 

Reduce BeadloSl 
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 all units were operating together. The resulting increase in energy generation 
was 0.34 GWhIyr. 

Assuming that the cost of energy to NP is $O.04IkWb this would result in a savings 
to NP of approximately $13 6001yr. The practicalities of decreasing the headlosses 
would have to be investigated. 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 

c.a" AVarIlge Annual EMrgy Change In En8rgy 
(GWhIyr) (GWhIyr) 

Base Case 45.61 -
IDcrease Fnmks Pond Spill 0.5 m 45.69 0.08 

Increase Fnmks POI1d SpUl1.0 m 45.77 0.16 

1_ Fnmks Pond Dam J.5 m 45.80 0.19 

Increase Cape Pond Dam 1.0 m 46.16 0.55 

Increase Cape Pond Dam 2.0 m 46.41 0.80 

Increase 1.& Manche Canal! m'ls 47.15 1.54 

Increase 1.& Manche Canal 2 m'la 47.82 2.21 

Increase 1.& Milich. c.mar. 3 m'ls 48.08 2.47 

Increase Cspe Pond Dam 2.0 m 48.49 2.88 
Increase 1.& Manthe CIIDIIi 3 m'ls 

~ Htadlolses 45.95 0.34 

6.6 Sensitivities 

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

The sensitivity cases were as follows. 

• Environmental release requirement of 30 pcroent of mean annual flow. 
• No storage in system (to obtain value of storage); remove dams and gates. 
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• Changes to Tors Cove Fish Plant Water Supply Demand. 
• Changes to Franks Pond gate operation. 
• Changes to Maximwn Capacity of Franks Pond Canal. 
• Changes to Tors Cove Operating Levels. 

Environmental Release Requirement 
The sensitivity of energy generation to changes in environmental releases 
downstream of gated outlet struct\IIu was investigated. In the CUITeIlt model setup, 
for the purpose of maintaining flow in the river IUChes downstream of the gated 
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 m'ls, 
if water is available. As a sensitivity, this minimum flow was set to 30 percent of the 
mean annual flow into the reservoir, as long as there is water in the reservoir. When 
the reservoirs arc empty, the natural inflow would be released. 

The 30 percent mean annual flow requirement is equivalent to approximately 
0.54 m'/s at Franks Pond and 1.48 m'ls at Cape Pond. This amount is always 
released in all simulations unless there is no water in storage, in which case the 
natural inflows arc released. Using these flows as the minimum flow release from 
the gates for the base case simulation model, there was a deercase in average energy 
of 0.24 GWblyr, from 45.61 GWblyr to 45.37 GWh/yr. Assuming that the cost of 
energy to NP is $O.D4/kWh this would result in a loss in revenue to NP of 
approximately $9 6001yr, ifNP where required to release 30 percent of the mean 
annual flow. 

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

No Storage in Sy_tem 
To provideNP with an indication of the value of the storage in the system, all storage 
in the system was assumed to be removed. The resulting average annual energy 
generation from this sensitivity was 40.90 GWhIyr, a net decrease of 4. 71 GWblyr. 
Assuming that the cost of energy to NP is SO.04IkWh this would result in a loss in 
revenue to NP of approximately S188 4OO/yr, ifNP where to remove all storage from 
the system. nus represents the value of maintaining the structlns at Franks Pond 
and Cape Pond For this simulation it was assumed that all the basin inflow would 
enter Rocky Pond Forebay. This may not be the case because by removing the 
upstream structures, including the canals, would cause water to divert away from the 
forebay IUld into another basin. Therefore, this result may not represent the actual 
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value of storage, but does provide an indication as to the magnitude no storage in the 
system would have on energy generation 

Chuga to Ton Cove Fllb Pllnt Wlter Supply Demud 
For the base case simulation model the assumed water supply demand to Tors Cove 
fish plant was 0.023 m3/s. The effect a plus or minus SO pen:ent change in water 
supply demand would have on energy generation was determined by simulating the 
model for this change in water supply. The resulting average annual energy 
generation from this sensitivity was 45.57 GWhlyr, a net decrease of 0.04 GWhlyr 
for a SO percent inCIe8SC, and 45.64 GWbIyr, a net increase of 0.03 GWbIyr for a 50 
percent decrease. Assuming that the cost of energy to NP is $0.04IkWh this would 
result in a loss in revenue to NP of approximately $ 1 600/yr for a 50 percent increase 
in water supply demand. The resulting savings to NP for a reduction in water supply 
demand by 50 peroent would be $1 200/yr. 

ChllDgea to FraDks Pond Gate OperatioD 
The difficult access to theFI1IIIks Pond outletstructure IIIIIkcs it an obvious candidate 
for automation, if it wen: cost effective. The simulation for the base case assumed 
that the gate could be operated daily, and the gate operation plot in Figure 6.7 
showed that the gate is rarely open to full capacity IIDC1 arc closed in April; possibly 
to avoid spill at Cluneys Canal. The base case could be consideml the full 
automation casco The analysis was carried out for Franks Pond, but the results would 
be similar for Cape Pond. 

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

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

Seasonal OperatiOn: adjusting the gate a couple of times a year; and 
- Leave gate partially open: rcstrictthe opening to improve the DaturaI regulation, 

leaving the gate in a partly open position all year round. 

The effects of these three procedures arc described below. 

Leave Gate Full OpeD: Because ofthc difficulty of adjusting Franks Pond outlet 
gate, one option is to simply leave the gate open. The sttucturc itself will provide 
some DaturaI regulation. The difference in the estimate of energy generation in this 
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case and the base case indicates the value of having a gate that can be operated daily. 
The resulting energy generation from this SCJJSitivity was 42.50 GWhIyr, or a net 
decrease in energy of 3.11 GWhIyr. This decrease is due to extra spill out of the 
system at Clancys Canal, and additional operation at maximum load. Assuming that 
the cost of energy to NP is SO.04Ik:Wh this would result in a. loss in revenue to NP 
ofapproximately 5124 400/yr or a net present value ofSl 135000 (assuming 20 
years at nine percent interest). The gate should be able to be automated for a cost 
less than the net prescnt value ofloss in revenue. 

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

SealonalOperation: In this case, the gate was assumed to be operated twice a year, 
closed in April and opened fully in May. The resulting energy generation from this 
sensitivity WIIS 42.80 GWhIyr or a net decrease in energy of2.81 GWhlyr. 

Leave Gate Partially Open: The Franks Pond outlet gate was IISsumed to be opened 
to release 2 m'/s at an elevation halfway between full supply and low supply level. 
The resulting energy generation from this sensitivity was 44.80 GWhlyr or a net 
decreIISC in energy ofO.8} OWblyr. As the table below shows this would be the best 
of the three alternatives considered here for gate operation at Franks Pond. With the 
exception of possibly fabricating stoplogs there should be no cost to this option. 
Other gate settings could be investigated to optimize the size of the gate opening that 
provides the smallest decrease in energy generation from the base case. 

ChUICS to Mulmum Capacity of Frankl Pond Canal 
In this case, the maximum canal capacity of Franks Pond Canal was asswned to 
1.5 m'/s and 3.S m'/s. The canal capacity in the base case simulation is 2.5 m'/s. 
The resulting energy generation from this sensitivity was 43.91 GWh/yr for the 
1.5 m'/s canal capacity (net decrease in energy ofl.7 GWb/yr) and 45.5} GWhlyr 
for the 3.5 m'/s canal capacity (net decrease in energy of 0.1 GWhlyr). 

Changes to Ton Cove Operating Levels 
Due to the negative effect on Rocky Pond station energy generation an increase in 
Tors Cove Pond Forebay operating level would have, increasing the operating level 
wasinvestigatedasasensitivity. AsintcrpretedfromNP'splantopcratingguidelines 
the operating level for Tors Cove Pond Forebay is below the full supply level. For 
this sensitivity it was assumed that the operating level would be the full supply level. 
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The resulting average annual energy generation from this SCDSitivity was 
45.53 GWbJyr, a net decrease of 0.08 OWhlyr. 

Table 6.3 
Energy Results for Sensitivity Simulations at Rocky 
PondfTors Cove System 

CaN Averag. Annual Changaln SpIU 
Energy Ene", OutolSyetam 

(GWhlyr) IGWIIfyr) 1m''') 

BascCase 45.61 - 0.63 

EnvirOlllllentai Releases 4537 -0.24 0.67 

Value OfSIOJlI&e 40.90 -4.71 1.14 

Water Supply Demand -50% 45.57 -0.04 0.63 
+50% 45.64 +0.03 0.63 

Frenla Pond Gat. Opmalion 
- Leave 0.1& Full Open 
- Seasonal Opc:mtiOD 42.SO -3.11 1.13 
- Leave aale Partially 42.80 -2.11 1.08 
Open 44.80 -0.8\ 0.80 

Maximum Capacity FnDks 43.91 -1.70 0.87 
Pond 1.5 m'" 

Maximum Capaeity Franks 45.S1 -0.10 0.65 
Pond 3.S m". 
Ton Cove Operuing Level 45.53 -0.08 0.66 
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6.7 Conclusions and Recommendations 

The conclusions and recommendations arising from the llIIlIlysis IIR as follows. 

1. Improvements to Better Match Simulated Ideal Opel'1ltiOD 

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

2. Changes to Operating Guidelines 

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

3. Physical Changes 

Increased Storage: Because of the fact that the cana1 capacities reduce the 
amount of water that can be passed down the system to the generating stations, 
storage is important in the system to reduce spill out of the system. The 
maximum gain in energy for increased storage was 0.80 GWh/yr for a two meter 
increase in structures and dam height at Cape Pond. 

Increased Canal Capacity: An increase cana1 capacity at Cluneys Canal would 
reduce spill out of the system and increase energy generation by 2.47 GWhIyr for 
a 3 mlls increase in cana1 capacity. The cost for increasing capacity should be 
further investigated to do a detailed optimization llIIlIlysis. 

Reduce Headlona: 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 all units were operating together. The 
resulting increase in energy generation was 0.34 GWhIyr. 

Acrea International PI3414.00 
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4. Senaitivities 

Environmental Releases: Providing a minimum flow release of30 percent of 
mean annual flow downstream of the outlet gates at Fnmks Pond and Cape Pond 
reduces the energy generation by 0.24 OWh/yr. The requirement, however, 
assumes that when the reservoirs are low, the release is equal to the natural 
inflow. If the requirement were to gwuantee 30 percent, a reserve would have 
to be maintained similar to the winter reserve. 

Value of Storage: The value of the stol1lge at Franks Pond and Cape Pond is 
approximately 4.71 OWh/yr. 'Ibis may not be the case because removing the 
upstream structures, including canals, would cause waterto divert away from the 
forebay and into another basin, therefore, this result may not represent the actual 
value of storage, but does provide an indication as to the magnitude no stol1lge 
in the system would have on energy generation. NP may use this value in 
considering the costs of maintaining these structures. 

Changes to Franks Pond Outlet Gate Control/Operation: The value of 
operating the gate at Franks Pond on a daily basis is 3.11 OWh/yr. However, it 
may be possible to obtain some or all of the energy gains more cost-effectively, 
considering changing the gate setting a couple of times a year or restricting the 
gate opening. In the simulation to consider a1tematives for Franks Pond., the 
outlet gate was assumed to be operated daily if required. NP should determine 
the costs of automation or more frequent personnel access to the gates at both 
Fnmks Pond and Cape Pond., and compare it with the costs and benefits of the 
simpler approaches at both locations. The most cost-effective overall solution 
can then be selected. 

Changes to Masimum Capacity ofFraDiaJ Pond Canal 
A plus or minus 1 m'/s in cana1 capacity of 2.5 m'/s results in a dem:ase in 
energy generation. Therefore, the cana1 capacity bas modelled in the base case 
is close to optimal. 

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

Lookout Brook Hydroc1ec:trlc System was assessed to determine whether there is 
potential for increasing energy generation, following the methodology in Chapter 2, 
by 

• improving current pradice to better follow existing plant operating 
guidelines; 

• revising existing plant operating guidelines; and 
• making physical changes to the system. 

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

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

recommendations. 

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

this section as the base case system generation. Other estimates of energy generation 
resulting from operational or physical changes to the system arc compared to this 
value. 

7.1 System Description 

The Lookout Brook system is 10cated on the West Coast ofNcwfoundland ncar the 
community ofSt George's and has one generating station located within the system. 

The Lookout Brook Generating Station contains two genentingunits withnamcp1ate 
capacities of2.9S MW and 3.25 MW with a rated net head oflS4.S m. The drainage 
area above the intake to the Lookout Brook station is approximately 82 bD2• The 
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station was commissioned in 1945 and has a total D8D1eplate capacity of 6.20 MW. 
Storage is provided by structures at Cross Pond and Joe Dennis Pond with Lookout 
Brook Forebay acting as the headpond for the Lookout Brook station. A schematic 
of the system is presented in Figure 7.1. 

All major storage reservoirs are in series, with Cross Pond being the most upstream 

reservoir in the system. There is an overflow spillway located on Cross Pond, which 
whenovertoppcd, would lead to spill out of the system. W&terisreleasedfrom Cross 

Pond to Joe Dennis Pond using the control structure loeatcd at its outlet Water 
entering Joe DemUs Pond is either stored, spilled within the system or released 
downstream to Lookout Brook Forebay using the control structure located at its 
outlet Water from upstream reservoirs entering Lookout Brook Forebay is either 
spilled out of the system or used for generation. 

The structures in the system are as follows 

• Cross Pond gated outlet; 
• Cross Pond overflow spillway; 
• Joe Dennis Pond gated outlet; 
• Joe Dennis Pond overflow spillway; and 
• Lookout Brook Forebay overflow spillway. 

The Cross Pond and Lookout BmokForebay overflow spillways discharge out of the 
system; the other spillway discbuges within the system. 

7.2 Representative Operating Measures 

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

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

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

1. Flow Utilization Factor 
The Lookout Brook station houses two generating units. The flow utiliDtion factors 
for the Lookout Brook station (average inflow to forebay divided by combined flow 
capacity for both units' at most efficient load and maximum load) are 0.98 at most 
efficient load and 0.70 at maximum load. 

2. Energy CouvenioD Factor 
The energy conversion factors (the idea\average value of water in storage assuming 
the units are operating alone) for most efficient load and maximum load for LBK-03 
are 0.37 kWhlml (11.80 GWblyr/m'/s) and 0.35 kWhlm' (11.14 GWblyr/ml/s). 
respectively. For LBK-G4 the most efficient load and maximum load station factors 
are 0.38 kWhlm' (11.89 OWblyrIm1/s) and 0.37 kWhlm] (11.51 GWhiyrIm3/s). 
respectively. 

The average energy conversion factors from the base case simulation for LBK-G3 
and LBK-G4 are 0.35 kWblm' (11.14 GWhIyr/m]/s) and 0.36 kWblm1 

(11 .49 OWhfyr/m1/s). respectively. Theseenergy conversiODfactors take into account 
the average reduction in availability due to forced outages and the fact that over 70 
percent of the time they are operating together resulting in higher headlosses. 

Based on the energy coDversion facton for the Lookout Brook units, the unit 
dispatch to ma.yjmiu efficiency would be as follows. 

• Operate LBK -04 at most efficient load first. 
• Operate LBK-G3 at most efficient load second. 
• Operate LBK-G411t maximmn load third. 
• Operate LBK-03 lit maximum load last. 

The orderrccommended inNP's plllJltoperating guidelines is diffurentfrom this and 
the effect of the change is discussed in Section 7.4. 
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3. Flow Duration Curve 
The LBK-G3 and LBK-G4 flow duration curves for the turbine flow (power flow) 
in the base case simulation ue shown in Figure 7.2. The units operate at maximum 
flow around 22 percent of tile time. 

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

The monthly distribution of this spill over IS years for the base case simulation is 
shown in Figure 7.3 for the Cross Pond and Lookout Brook Forebay overflow 
spillways. As can be seen in this figure there was DO spill at Cross Pond in the base 
case simulation. 

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

6. Reservoir UtiliutioD Plot 
The plot of simulated Cross Pond and loe Dennis Pond reservoir levels for the base 
case simulation is provided inFigure 7.4. The plot illustrates the reservoir utilization 
corresponding to ideal operation, which generally makes full use of the available 
storage range. For the Lookout Brook system the use of reservoir storage is not 
limited by other physical or operational conatraints. 

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

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

Table 7.1 
Lookout Brook System Representative Operating Measures 

Lookoutll,....AI~_ ..... 9I*d1llJ ....... 
Flow Utili2ation Factors 

- Most Effieiont 1.oed 0.98 
- Maximum Load D.70 

StatiOll FadOB 
• LBK-G3 Most Effu:ient Load DJ7kWblm' 
• LBK-G3 Maximum Load OJSkWblm' 
- LBK-G4 - Most Efficient Loed D.38 kWhfm' 
- LBK·04 - Maximum Load O.37kWhfm' 

Energy Potential of Spill 2.7GWhIyr 

Reservoir Stonge FIdIIn 
- Cross Pond 60 dey. 
- Joe Damis PODd 40 clay. 
- Lookout Broolc Forebay <Y.. dey (7 hDln) 

Forebay Ston&e FICIOt <Y.. clay (S hmus) 

7.3 Ideal Operation of System 

The long term enagy production at Lookout Brook as estimated by the simulation 
model developed forthe Water Management Study is 34.0 GWhfyr. This compares 
with recorded energy generation for the same reference period (1984 to 1998) of 
28.1 GWhfyr. While these numbers are not directly comparable due to upgrades of 
both units in 1998/99 and a number of lDlusual events affecting the recorded 
generation, the difference does provide some indication of the potential for 
improving actual geneIation at this system under the current plant operating 
guidelines. Further indicators of this difference are provided by the comparisons 
conducted for the Water Management Study for two sample years. This comparison 
indicated an avenage difference between recorded and simulated generation (after 
adjustments Cor storage) of approximalaly 13 percent for this system. The 
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comparison would therefore suggest that there is substantial opportunity to improve 
the operation of this system by more closely following the ideal. 

For the entireNP hydroelectric system, thevalueusedfortheadjustmentforpractical 
operations was seven percent 1ms factor is intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on realistic operational constraints and recent operating experience. Further details 
on the calculation of this filctor and its application may be fo~ in Section 22.3 of 
the Water Management Study. The remainder of this section will consider 
opportunities to reduce the diffi:mnce between the simulated ideal operation and 
actual operation at the Lookout Brook system. 

7.3.1 Plant Operating Guideline. 

The simulation model used to estimate generation at the Lookout Brook system 

assumes that the operations staffhas interpreted the existing operating guidelines 
as described in the Water Management Study. Plant operating guidellnesprovide 
operators with procedures regarding how to operate the system based on current 
inflows. During periods of high inflows, the units will be operated at maximum 
load (and less than maximum efficiency) to avoid spiUs. 'This requiJes some 
interpretation by the operators regarding what constitutes high or low inflows. 
The interpretation used in the simulation model inco!pOrated arule curve for each 
reservoir in the system. If the reservoir levels are above the rule curve level at 
any particular time of the year, then the units are operated at maximum load to 

bring the level down to the rule curve. If the reservoir levels are below the rule 
curve, then the units are operated at best efficiency. 

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

The Lookout Brook system has substantial storage capacity that can be 
effectively used to smooth the highly seasonal basin inflows. (Reservoir storage 
factor of 60 days for Cross Pond and 40 days for Joe Dennis Pond). However, 
the gates which control the two main storage reservoirs at Cross Pond and Joe 
Dennis Pond arc not easily accessible. The Cross Pond gate is located 17 Ian 
from the end of the nearest road over very rugged terrain. 1bis gate requires a 
:fiill day of tmvel for a return trip at most times of year, unless a helicopter or 
floatplane is available. It is not unllSUBl for this gate to be completely 
inaccessible by any means for several weeks each year. 

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

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

Inadditiontotheaccessibilityi99UCS, NP does maintain ccrtainminimum storage 
levels, particularly during the winter moDlhs. to ensure plant availability in the 
event of local power outages or when called upon by Newfoundland and 
Labrador Hydro. This winter reserve is not taken account of in the simulation 
model. 

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

7.3.3 Unit OperaUon 

The simulation model operates the Lookout Brook units exclusively at their most 
efficient loads, except when high inflows dictate that higher loads arc necessary 
to avoid exceeding the reservoir rule curvcs' With the available control 
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equipment, minimal constraints on plantllows, IUId the aVailable forebay storage, 
it should be possible to operate this plant very close to this ideal. The only 
obstacles to aUaining this ideal would be electrical grid requirements, such as 
local power outages, which may occasionally requiIe that the units operate at 
loads other than their most efficient 10lids. 

7.4 Change. to Operating Guidelines 

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

• increasing bead, by operating the forebay to get more head or reducing 
hcadlosses; 

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

Each ofthcse is discussed below for the Lookout Brook system. Increasing the head 
through a c:hange in the use of the tlashboards or inmlJation ofinflat&ble crest gates 
was considered as a potential physical change (Section 7.S). 

The other two possibilities were examined using the limiting cases of high and low 
reservoir rule cwves, discussed in Chapter 2. The case 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 reservoirs, as described in Section 7.3. A change in unit 
dispatch order to improve efficiency was also investigated. 

Spill Avoidance, Limiting CaR: Muimum Load, Resclvoin Low 
The limiting case for spill avoidance is to mBy;m;'Tt! the amount of storage available 
to contain inflows. To do this, the units would beopcratcd atmaximumtlowtokecp 
the water in the storage reservoirs as low as possible. 

At Lookout Brook, the potential for savings in spill compared to the base case is low. 
The maximum possible reduction in spill would be the equivalent of2. 7 GWhIyr, as 
shown in Table 7.1. However, the spill distribution plot (Figure 7.2) shows that this 
would be difficu1tto capture since the spills occur infrequently and in large amounts. 

Finol&port Acres International PJ3474.00 



7-9 

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 watcrwas available. The average annual spill from Lookout 
Brook Forebay was reduced by only 0.01 m'ls, Dom an average of 0.24 m'/s to 

0.23 m3/s. This represents an increase of approlrimately 0.1 GWhlyr. This small 
amount does not compensate for the decrease in energy production due to operating 
the units at a lower efficiency. 

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

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

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

1.) For minimal inflow operate Unit #4 at best efficiency. For higher i1fl10ws, bring 
#3 on at best efficiency and cycle on and off to mIIinJalnforebay limits. 

2.) For higher inflows, hep #4 at best efficiency and bring #3 to full load If 
required to bep ilMad of inflow, operate both unitJ at fuJI load. Total output 
with both mIIchines on will be about 5800 kW diu to the additiollQl head loss in 
the penstock. 

The recommendation in Section 7.2 is for higher inflows to bring LBK-G4 to full 
load before LBK-G3. L8K-OJ should be brought to full load last. 
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Changing the unit dispaUlh in the base case simulation improves the energy 
generation by an estimated 0.1 GWhIyr, at no cost to NP. 

This result assumes that the energy conversion factors calculated from available data 
are comet; efficiency testing on the units operating separately and together wouId 
provide coDfinnation. 

7.5 Physical Changes to System 

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

• Chauge pattern offlashboards instalJationhem.oval at Lookout Brook Forebay to 
increase head. 

• Increase dam height at Joe Dennis Pond to increase storage. 
• Reduce headlosses. 

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

ChaDle Pattern of Fluhboard. at Lookout Brook Fonbay 
It was interpJeted from the existing plant operating guidelines that the flashboards 
at the Lookout Brook Forebay are Jemoved in the spring to allow for additional 
spillway capacity. This results in the fOJebay level drawing down from 262.13 m to 
261.72 m in the spring. To determine whether any additional energy could be 
obtained through extrahead, the flubboards were assumed to be in place year round, 
but still drawing the fOJebay down in the spring. This would allow for some storage 
of inflows at the foJebay during the spring runoff. The re.suIting increase in energy 
generation from this cbauge was 0.2 GWbIyr, from 34.0 GWbIyr to 34.2 GWhlyr. 

Assuming that the cost of energy to NP is So.o4lkWh this would resu1t in a savings 
to NP of approximately S8 OOOlyrwithno additional costforthis change, butleaving 
the flashboards in year round may lead to dam safety concerns. A separate analysis 
into spill capacity was conducted by NP in 1996 which had shown that flasbboards 
0.4 m in height could be maintained all year round and still allow for adequate spill 
capacity during the design flood. If it did become a dam safety CODCCrD that the 
flashboards must be Jemovcd, then inflatable crest gates (a rubber dam) on the 
spillway section may be considered. The comparison analysis conducted in the 
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WatcI Management Study noted tbat the recorded levels in the spring arcbigherthan 
those modelled. This would suggest tbat some of the flashboards an: being kept in 
during the spring. Although the plant operating guidelines suggest that the 
flashboards are removed actual operation are to keep them in up to approximately 
0.36m. 

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

Assuming that the cost of energy to NP is SO.04/kWh this would :result in a savings 
to NP of approximately $32 OOO/yr for the one meter inCIUSC in dam height and 
$64 000!yr for the two meter inCIUSC in dam height. Given a dam length of 
approximately 470 m, the savings over perhaps 20 years wouldjustify an expenditure 
of about S6251m of dam length based on a one meter iru:reasc. The practicalities of 
increasing the dam at Joe DeDDis Pond would have to be investigated. NP has 
previously considered reinstating old control structures or constructing new ones. 
Previous work on the costs show tbat it would be economically feasible to increase 
the storage at IDe Dennis Pond. A detailed analysis into the benefits and cost would 
have to be conducted. 

Redace Headloues 
Another method of increasing head is to reduce headlosses. NP recently replaced the 
penstocks at Lookout Brook and would likely notreplal:ethese again for many years. 
For the purposes of examining the value of areduction inheadlosses, however, it was 
assumed tbat the units could operate at the maximum. load at the same time (no 
additional headlosses with both units operating). The resulting energy generation 
was 35.2 OWh/yr or a net increase in average annual energy of 1.2 OWh/yr. Over 
the life of the project a recovery of some or all of these losses could have a net 
present value of several hundred thousand doUars; the c:fficiencytesting to determine 
the preferred unit loading should include a delamination of the SOIlrl:Cl of the 
headlosses. Measures to reduce these cost-effectively could then be investigated. 
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Table 7.2 
Results of Physical Changes to System 

Cue A¥1IrIIIge'AMuaI EIwI1IJ Changa InEnargy 
(CNIhIyrI {GWhIy" 

BIUCCue 34.0 -
Flaahboard at Forebay 34.2 +0.2 

IncftaseStongeIoe Dennis by 1 m 34.S +0.8 

Increase StorqeIoe DermIs by 2 m 35.6 +1.6 

Reduce headlDOKl 35.2 +1.2 

7.6 Sensitivities 

In addition to the investigation of specific operational and physical changes, 
sensitivity runs were done to provide NP with information on the cost or value of 
certain aspects of their systems. Lookout Brook's location on a remote high plateau 
has two effect8; first, the pattern of runoff is dominated by snowmelt, so storage to 
capture the runoff is important, and second, the rugged UDdeveloped temin makes 
access for gate operation 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 situation. Results for all sensitivity cases are 
provided in Table 7.3. Average energy genenrtion, average annual forebay spill for 
each case is presented in Table 7.3. 

The sensitivity cases were as follows. 

• Environmental release requirement ono percent of mean annual flow. 
• No storage in system (to obtain value of stomge); remove dams and gates. 
• Changes to Cross Pond gate openrtinn. 

Environmental Releue Requirement 
The sensitivity of energy genenrti.on to changes in environmental releases 
downstream of gated outlet structures was investigated. In the current model setup, 
for the PlIIpOse of maiDtaining flow in the river reaches downs1mlm of the gated 
outlets for environmental reasons, the minimum flow of an gates was set to 0.1 m'/s, 
if water is available. As B sensitivity, this minimum flow was set to 30 percent of the 
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mean annualllow into the reservoir, as long as there is water in the reservoir. When 
the reservoirs are empty, the natural inflow would be released. 

The 30 percent mean annual flow requirement is equivalent to approximately 
0.4 m3/s at Cross Pond and 0.8 m3/s at Joe Dennis Pond. Using these flows as the 
minimum flow release from the gates for the base case simulation model, there was 
no change in system energy. This is the case because 30 percent of mean annual flow 
is less than the best efficiency flow of the unit. This amount is always tel.eased in all 
simulations UDlcss there is no water in storage, in which case the na1Ural inflows are 
released. 

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

No Storage in System 
To provideNl' with an indication of the value of the storage in the system, all storage 
in the system was assumed to be removed. The resulting average annual energy 
generation from this sensitivity was 25.0 GWhIyr, a net decrease of 9.0 GWblyr. 
This represents the value of mamtaining the structures at Joe Dennis Pond and Cross 
Pond. 

ChaDga to Croll PODd Gate OperatioD 
The remote location and difficult IICOCSS of the Cross Pond outlet structure make it 
an obvious candidate for automation. The simu1ation for the base case assumed that 
the gate could be operated daily, and the gate opetation plot in Figure 7.5 showed 
that it was usually open to less than ful) eapscity. The base ease could be considered 
the ful) automation ease. The analysis was carried out for Cross Pond., but the resu1ts 
would be similar for Joe Dennis Pond. 

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

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

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

regulation, leaving the gate in a partly open position all year round. 
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The effccts of these three procedures are described below. 

Leave Cate FDD OpeD: Because of the difficulty of adjusting Cross Pond gate, one 
option is to simply leave the gate open. The structure itse1fwi1l provide some natural 
regulation. The difference in the estimate of energy generation in this case and the 
base case indicates the value of having a gate that can be operated daily. The 
resulting energy generation from this sensitivity was 31.S GWhIyr, or a net decrease 
in energy of 2.5 GWbIyr. This decrease is due to extra spill at the forebay and 
additional operation at maximum load. 

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

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

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

LeaveCatePsrtlslly Open: The gatc curve from SectIon 7.2 indicatedthatthe gate 
is usually opened in the base case to release about 3-4 m'/s. As a sensitivity. the gate 
was assumed to be open 0.3 m aU year round to release those flows when Cross Pond 
is half full. The resulting energy generation from this sensitivity was reduced by 
0.7 OWh/yr from the base case. As the table below shows this would be the best of 
the three alternatives considered here for gate operation at Cross Pond. With the 
exception of possibly fabricating stoplogs there should be no cost to this option. 
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Table 7.3 
Energy Results for Sensitivity Simulations at Lookout Brook 
System 

c- . Ave .. ge- AnnU81 Clwlgaln FDrebaySplIl 
Energy Energy (1ft"') 

(GWhIyrj (CJWhIyt) 

Base Case 34,0 - 0,24 

Eavironmenlal Releues 34,0 0,0 0.24 

Value of Storage 25,0 -9,0 1.04 

Cross Pond 0aIe Operation 
- Leave Om Full Open 31.5 -2.5 0,34 

- Seasonal Operation 32,5 - I,S 0,37 
- Leave Om Putially 33.3 -0.7 0.29 
Open 

7.7 Conclusions and Recommendations 

The conc1usioDli and recommendatioDS arising from the ana1ysis are as follows, 

1. Improvements to Better Mateh Simulated Ideal Opel'lltion 

Gate Opel'lltioD: The analysis shows that controlling the release ofWBter from 
storage is the key to maximizing the ou1put from the LookoutBrook system, The 
outlet gates at Cross Pond and Joe Dennis Pond need to be adjusted frequently 
to ensure that the c:cmect flow is being released to keep the units operating at best 
efficiency, as well as to avoid spill, Automation of the gates would provide the 
best control, but simpler approaches may be more cost effective, 

2. Chanca to OpCl'llting Guidelines 

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

Unit DiJpatda Order: The present guidelines suggest a unit dispatch order that 
is incoDSistent with the ststion factors as calculated from the available 
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information. NP should carry out efficiency tcstiDg on both units, operating 
5CpBllltely and together, to dctenninc the prefmed dispatch order. 

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

3. Pb)'lical CblDla 

Forebay Flashboard.t: Keeping the flashboards in all year and drawing the 
forehay down in the spriDg increases energy output by increasing head and 
reducing spill. If fiashboards must be mnoved in the spriDg for dam safety 
reasons, then an inflatable crest gate (rubber darn) on the spiUway section may 
be considered. The spillway section is short, and it may be possible not only to 
keep the head up during periods of high runoff risk, but also to raise the full 
supply level in lower risk periods. NP should investigate !he costs and benefits 
of alternative flashboardlcrest gate arrangements, taJdng into account darn safety 
requirements. 

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

HeadlO8lJa: The analysis showed that there may be some gains in energy by 
reducing headlosses. When NP is conducting the efficiency testing to determine 
unit loading, it should give particular attention to finding the sources of the 
headlosses. The costs and benefits of improvements can then be determined. 

4. Seuitivitia 

Environmental Relea .. : Providing a minimum flow release of30 percent of 
mean annual flow downstream of!he outlet gates at Cross Pond and Joe Dennis 
Pond does not affect energy generation, because this amount is already being 
released to supply the units. The requirement, however, assumes that when the 
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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 RSUVe. 

Value of Storage: The value of the storage at Joe Dennis Pond and Cross Pond 
is 9.0 GWbIyr. NP may use this value in considering the costs of maintaining 
these structures. 

Changes to Croll Pond Ondet Gate ControllOperatioD: The value of 
operating the gate at Cross Pond on a daily basis is 2.S GWhIyr. If!he gate can 
be automated for perhaps $50 000 to $70 000, automation would be justified by 
the energy savings. However, it may be possible to obtain some or all of the 
energy gains more cost-effectively, considering changing the gate setting Ii 

couple of times a year or restricting the gate opening. In the simulation to 
consider alternatives for Cross Pond, Joe Dennis Pond outlet gate was assumed 
to be operated daily if required. NP should determine the costs of automation or 
more frequent personnel access to the gates at both Joe Dennis Pond and Cross 
Pond, and compare it with the costs and benefits of the simpler approaches st 
both locations. The most cost-effective overall solution can then be selected. 
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8 Sandy Brook Hydroelectric System 

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

• improving current practice to better follow existing plant operating 
guidelincs; 

• revising existing plant operating guideliDes; and 
• making physical changcs to the system. 

In adciitioD, the sensitivity of energy generation to operating changes and constraints 
WIIS investigated. 

The following sections dcscn1le the Sandy Brook system, present representative 
operating measures (e.g., flow lltiJi71lQQn fiIctor and energy potential of spill) and 
provide the results of the analysis used to IISIICSS theeflectofopcralional andphysical 
changes on energy generation. The last section provides conclusions and 
recommendations. 

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

8.1 System Description 

The Sandy Brook system is located in centml Newfoundlandnearthe Town of Grand 
Falls-Wmdsor. The system was commissioned in 1963 and has anamep1ate capacity 
of 5.5 MW and a rated net bead of 33.5 m. Storage is provided by structures at 
Island Pond, West Lake, Sandy Lake and SlDdy Brook Forebay. The total drainage 
area above the intake to the Sandy Brook Generating Station is approximately 
529 kml. A schematic ofthc Sandy Brook system is presented in Figure 8.1. 
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On the west side of the drainage basin, Island Pond drains into a series of small lakes 
along WestBrook, and into WestLake. On the east side oftbe basin, Sandy Lake 
plus other small lakes drain into Sandy Brook. West Lake flows into Sandy Brook 
in the forebay of the generating station. West Lake and Sandy Lake are the main 
storages for the system. Island Pond provides some storage but is essentially 
uncontrolled. 

The structures in the system are as follows 

• Island Pond outlet (uncontrollcd); 
• West Lake gated outlet; 
• West Lake overflow spillway; 
• Sandy Pond gated outlet; 
• Sandy Pond overflow spillway; 
• Sandy Brook Forebay gated spillway; and 
• Sandy Brook Forebay overflow spillway. 

The Sandy BrookForebay spillways discharge out oftbe system; the other spillways 
discharge within the system. 

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

8.2 Representative Operating Measures 

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

1. Flow Utilization Factor. 
2. Energy Conversion Factor. 
3. Flow Duration Curve. 
4. Energy Potential of Spill. 
S. Reservoir Storage Factor. 
6. Reservoir Utilimtion Plot 
7. ForebayStorageFactor. 
8. Gate Operation Plot 
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The definition and use of these measures and plots are presented in Chapter 2. The 
measures as calculated for the Sandy Brook system are provided below. They were 
developed from the data in the base case simulation. Table 8.1 at the end of this 
section summarizes the measures for the Sandy Brook system. 

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

1. EDerv ConV~!I'lioD Factor 
The energy conversion factOIS (the ideal average value of water in storage) for most 
efficient load and maximum load at Sandy Brook station are 0.078 kWblm1 

(2.45 GWbJyr/ml/s) and 0.069 kWhlm' (2.16 GWbJyr/ml/s), respectively. 

The average energy conversion factorfrom the basec:ase simulation is 0.077 kWblm1 

(2.42 GWblyr/m'/s). The energy conversion factor takes into account the average 
reduction in aVailability due to forced outages and the operation at grestcr flows than 
most efficient load. 

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

4. Enlll'1D' Potential of Spill 
The average annual simulated spill for the base case was approximately 3.11 m'/s. 
Using the simulated energy conversion factor at maximum load, the spill would 
produce approximately 7.S GWhIyr, if entirely saved and used for generation. 

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

5. Raervoir Storage Factor 
Storage is provided by structures located at the outlets of West Lake, Sandy Lake and 
Sandy Brook Forebay. The reservoir storage factors were calculated to be 
approximale1y 23 days for west Lake, 48 days for Sandy Lake, and between one and 
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two days (39 hours) for Sandy Brook Forebay. These factors represent the number 
of days to fill the reservoirs with average inflows and without any outflows. 

6. Reservoir Utilization Plot 
The plots of simulated West Lake and Sandy Lake reservoir levels for the base case 
simulation are provided in Figure 8.4. The plot i1Justrates that Sandy Lake never 
draws down to the dead supply level. This is because the shape of the approach 
channel to the outlet prevents releases at low reservoir levels. 

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

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

Figure 8.5 shows lID inconsistency in the rating curve for the outlet at West Lake. A 
capacity of approximately 5 mlls is shown when West Lake is at low supply level. 
NP should investigate this inconsistency. 

Table 8.1 
Sandy Brook System Representative Operating Measures 

8IIndy IInookReplwI .. lall". Opomotlng ..... u_ 

Flow UtiIU:atiOll Fec:tors 
• Most Efficiont Load 0.81 
- Mulmum Load 0.66 

SlBIion Factors 
- Most EffICient Load 0.071 kWh1m' 
- Muimum Load 0.069 kWhlm' 

Energy PoIcnIiaI of Spill 7.S0Wblyr 
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Sindy Brook ~ OpeMllng'MluUIIII 

lU.servoir Stonge flCton 
- WestLake 23 day. 
- SIIICIy Lake 41 days 
- Slildy Brook forebay 1.6 (39 houn) 

Porebay Storage Factor 1.1 days (26 bours) 

8.3 Ideal Operation of System 

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

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

8.3.1 Plant Operating Guideline. 

The simulation model used to estimate the energy generation of the Sandy Brook 
system assumes that the operations staff bas interpreted the existing operating 
guidelines as described in the WatJ:r Management Study. Plant operating 
guidelmes 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 mnimumefliciency) to avoid spills. 
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This requires some inteIpretaUoD by the opcrBtors regarding what constitutes high 
inflows. Thc interpretation used in the simulation model incorporated target 
levels for each reservoir in lb.e system. The reservoirs were operated to keep the 
forebay at its targct level to maintain operation at best efficiency. lfthe 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 1he rule curve, then the units are operated at best efficiency. 

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

8.3.2 Gate/Reservoir Operation 

The Sandy Brook system has relatively liUle storage capacity particularly in light 
of the seasonal runoff variations experienced in CentrBl Newfoundland. Sandy 
Lake and West Lake are the two prinwy storage reservoirs. The gates that 
conaol these reservoirs are difficult to access. Travel to Sandy Lake requires 
about 2.5 hours (one·way)fromthepowerhouse,wbileWestLakccanbereached 
in about one hour. Therefore, operations staff cannot adjust these outlet gates 
frequently. 

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

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

The simulation model operates the Sandy Brook unit exclusively at its most 
efficient load, except when high inflows dictate that higher loads are necessary 
to avoid spill. With the available control equipment, minimal constraints on 
plant flows, and the available forebay storage, it should be possible to operate the 
plant very close to this ideal. An exRmjnation of daily Control Centre Logs for 
several months (December 1998, April and August 1999, and January.February 
2000) indicated that the SlIDdy 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 eft1cient use of the available water, although a more detailed 
study would also include an examination of unit availability and system 
conditions during these months. The main obstacles to attaining ideal operation 
are electrical grid requirements that may occasionally require that the units 
operate at loads other than their most efficient loads. Such requirements would 
include local power outages or other infrequent occurrences. 

8.4 Changes to Operating Guidelines 

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

• increasing head, by operating the forebay to get more head or reducing 
headlosscsi 

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

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

Spill AvoidllDce, LimltlDI C.I.: Maumum Lo.d, Raervoin Low 
The limiting case for spill avoidance is to maximize the BIIlount of storage available 
to contain inflows. To do this, the units would be operated atmaximum flow to keep 
the water in the storage reservoirs as low as possible. 
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At Sandy Brook, the potential for savings in spill compared to the base case is high. 
The maximwn possible reduction in spill would be the equivalent of7.S GWhlyr, as 
shown in Table 8.1. However, the spill distribution plot (Figure 8.3) shows that this 
potential would be difficult to captun: since the spills occur primarily within a 
relatively short period in the spring. 

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

Bat Efficiency Operation, Limiting Clle: Raervoin High 
The limiting case for maximizing the amount of time the units are operating at best 
efficiency is to run the units at best efficiency, until the storage reservoirs are just 
about to spill. This may require frequent gate open1tion to match releases to best 
efficiency flow. 

The result of a simulation using this rule was an average annual production of 
27.9 OWhlyr. with a spill of3.4 m'Is. This production is lower than the base case 
production and the spill is greater. 

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

8.5 Physical Changes to System 

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

• lncrease the capacity of the control gates at the outl~ structures. 
• Increasing the efficiency of the units was not examinM because NP is already 

planning to replace the rwmCl at SBDdy Brook. 
• Increase available storage. 
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These physical changes to the system is discussed below. Table 8.2 summarizes the 
results. 

Increase Capacity of Control Struetura 
The value of increasing the capacity of the control structures at both West Lake and 
Sandy Lake was assessed by simulating operation with arbitrarily doubled capacities. 
The resulting energy was 28.3 GWhlyr, 0.2 GWbJyr 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. 

Increase Storage at Sandy Like 
To determine the effect of an increase in storage on energy production, the dams and 
structures at Sandy Lake were assumed to be raised to allow increases in fuU supply 
level of two meters. The effect is to reduce system spill. The resulting increase in 
energy generation was 1.7 GWh/yr. 

Assuming that the cost of energy to NP is SO.04IkWh this would result in a savings 
to NP of approximately $68 OOO/yr for a two meter increase in dam height. Given 
a dam length of approximately 215 m, the savings over perhBps 20 years would 
justify an expenditure of about S29001m of dam length. The practicalities of 
increasing the dam crest would have to be investigated along with the costs and 
benefits of such a project. 

Table 8.2 
Results of Physical Changes to System 

ea •• A".,.. Annual EnI/llY Change 11\ EnItvY 
(OWhIyij (GWh/VI1 

Base Cue 2 • .1 -
Increase Capacity of Control SlrucNrel 28.3 ..0.2 

Remove Obstruction in 5111dy Lake 28.1 0.0 

Outlet OIl1111el 

Increase Stonge In SlIIdy Lake 29.8 +1.7 
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8.6 Sensitivities 

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

The sensitivity cases were as follows. 

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

EDvironmental Release Requirement 
The sensitivity of energy generation to changes in environmental releases 
downstream of gated outlet structures was investigated. In the cun'ent model setup, 
for the purpose of maintaining flow in the river reaches downstream of the gated 
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 mIls, 

if water is available. As a sensitivity. this minimum flow was set to 30 percent of the 
mean annual flow into the reservoir. as long as Ihere is water in the reservoir. When 
the reservoirs are empty. the natural inflow would be released. 

The 30 percent mean annual flow requirement is equivalent to approximately 
1.0 m'ls at West Lake and 1.8 mIls at Sandy Lake. Using these flows as the 
minimum releases from the gates did not change the simulated energy generation 
because 30 percent of mean annual flow is still less than the flow released to meet the 
generation objectives. 

If NP were required to hold a supply of water in the reservoirs to ensure that the 

30 percent requirement were always met, there would likely be a reduction in energy. 

No Storage in System 
To provide NP with an indication of the value of the storage in the system. all 
upstream storage in the system was assumed to be removed. The resulting average 
annual energy generation from this sensitivity was 24.4 GWblyr. a net decrease of 
3.7 GWhIyr. This represents the value of maintaining the structures at Island Pond, 
West Lake and Sandy Lake. 

Final Rttporr Acr •• lnternatlonal PJ3~U.OO 



8-11 

Changes to Gilte Operation 
The remote location and difficult access of the Sandy Brook system outlet structures 
make them candidates for 8lltomlltion. Though the simuliltion for the base case 
assumed that the gates could be operated daily, the plots in Figure 8.S showed that 
they arc open at full capacity for most of the ytllf. 

In order to assess the value of the 8lltomation, a simulation was run with the glltes 
fully open aU ytllf. The difference in the estimate of energy generation in this case 
and the base case indicates the value of having a ga1e that can be operated daily. The 
resulting energy generation from this sensitivity was 27.3 GWblyr, or a net decrease 
in energy of 0.8 GWhlyr. This decrease is due to extra spill at the forebay and 
additional operation at maximum load. 

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

Table 8.3 
Energy Results for Sensitivity Simulations at Sandy Brook 
System 

Cue Aw,.... Annual ChaIlll8 1ft Forebay 'plll 
E.,.rgy Entrgy (m'I.) 

(0WI\Iyt'\ (GWhIyrj 

Base Cue 21.1 - 3.11 

EDvirolllDoutal Release. 21.1 0.0 3.11 

Value ofStoRge 204 .4 ·3.7 4.57 

Gate Operation 
- Leave Gates FuU Open 27.> -0.8 3.45 

8.7 Conclusions and Recommendations 

The conclusions and recommendations arising from the &naIysis arc as follows. 

1. Improvemenu to Bctter Match Simulated Ideal Operation 

NP should review the openting procedures in light of new runner and controls 
to be installed at Sandy Brook in 2001. 
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2. Changes to OperatiDg Guidelines 

The present guidelines IS interp~ted for th~ Water Management Study come 
close to maximjzing system output. No changes are recommended. 

3. PhYlical Changes 

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

4. Sensitivities 

Environmental Releases: Providing a minimum flow release of 30 percent of 
mean annual flow downstream ofth~ outlet gates at West Lake and Sandy Lake 
does not affect energy generation, because this amoUDt is already being released 
to supply the units. The Rquimnent, however, assumes that when thereservoils 
are low, the release is equaI to the natural inflow. lfthe requiremeDt were to 
guarantee 30 percent, a reserve would have to be maintained similar to the winter 
reserve. 

Value of Storage: The value of the storage at West Lake and Sandy Lake is 
3.7 GWhIyr. NP may use this value in considering the costs of maintaining the 
structures. 
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9 Pierres Brook Hydroelectric System 

Pierres Brook Hydroelectric System was assessed tD detmnine whether there is 
potential for increasing energy generation, following the methodology in Chapter 2, 
by 

• improving current pmctice to better follow existing plant operating 
guidelincl;; 

• revising existing plant operating guidelines; and 
• making physical changes to the system. 

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

The following sections describe the Pierres Brook system, present representative 
operating measures (e.g., flow utiIiDtion factor and energy potential of spill) and 
provide the resu1ts of tile analysis used to assess the effectofoperational and physical 
changes on energy generation. The last section provides conclusions and 
recommcnd8tions. 

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

9.1 System Description 

The Pierres Brook system is located on the southern shore of the Avalon PeninsuJa 
in eastemNewfouodland. The Pierre! Brook Generating Station was commissioned 
in 1931 and has a nameplate capacity of 4.3 MW and a l1Ited net head of76.0 m. 
Storage is provided by structures at Gull Pond, Big Country Pond and Witless Bay 
Country Pond. 
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The total dminage area above the intake of the Pimes Brook station is approximately 
116 !ant. A schematic of the Pimes Brook system. is presented in Figure 9.1. 

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

The structures in the system are as follows 

• Witless Bay Country Pond gated outlet; 
• Witless Bay Country Pond overflow spillway; 
• Big Country Pond gated outlet; 
• Big Country Pond overflow spillway; and 
• Gull Pond overflow spillway. 

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

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

9.2 Representative Operating Measures 

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

1. Flow Utilization Factor. 
2. Energy Conversion Factor. 
3. Flow Duration Curve. 
4. Energy Potential of Spill. 
S. Reservoir Storage Factor. 
6. Reservoir UtiliDtion PiaL 
7. Forebay Storage Factor. 
8. Gate Operation PloL 
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The definition and use of these measures and plots are presented in Chapter 2. The 
measures as calculated for the Piem:s Brook system are provided below. They were 
developed from the data in the base case simulation. Table 9.1 at the end of this 
section slllllJIl8rizes the measures for the Pierres Brook system. 

1. Flow Utilization Factor 
The flow utili7Btion factors for the Piem:s Brook station (average inflowto forebay 
divided by flow c:apacity at most efficient load and maximum load) are 0.96 at most 
efficient load and 0.73 at maximum load. 

2. Encl'lY Convenion Factor 
The energy conversion factors (the ideal average value of water in storage) for most 
efficient load and maximum load are 0.19 kWhlm' (5.96 GWh/yr/m'/s) and 
0.18 kWhlm1 (5.75 GWhlyr/ml/s), respectively. 

The average energy conversion factor from the base case simulation is 0.19 kWhlm3 

(5.83 GWh/yr/m'/s). This CDClBY convenion factor takes into account the average 
reduction in availability due to forced outages. 

3. Flow Duration Curve 
The flow duration curve forthe turbine flow (po~ flow) in the base case simulation 
is shown in Figure 9.2. The unit operates at maximum flow around 30 pcrcentofthe 
time. 

4. EnCl'lY Potential of Spill 
The simulated spill for the base case was approximately 0.18 m) Is on average at the 
Gull Pond overflow spillway. Usin& the simulated enCIKY convenion factor for 
maximum load pIeSented previously in this section, the spill would produce 
approximately 1.0 GWhIyr, if entirely saved and used for generation. 

The simulated spill at the Witless Bay Country Pond for the base case was 
approximately 0.01 m'ls on average. Using the simulated energy conversion factor 
for maximum load presented previously in this section, the spill would produce less 
than 0.1 GWhIyr, if entirely saved and used for generation. The average simulated 
spill at Big Country Pond was 0.20 mlls but the spill was discharged to Gull Pond 
and remained within the system. 

Acrn International PJ3474.00 



9-4 

The monthly distribution of spill over 15 years for the base case simulldion is shown 
in Figure 9.3 for Witless Bay Country Pond and thePierres Brook station (Gull Pond 
overflow 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 for the Pierres Brook 
station. The reservoir storage factors were calculated to be approximately 48 days 
for Widess Bay Country Pond, 53 days for Big Country Pond. and 60 days for Gull 
Pond. These factors represent the number of days to fill the reservoirs at average 
inflows without any outflow. 

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

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

8. Gate Operation 
There are control gates located at the outlets of Witless Bay Country Pond and Big 
Country Pond. Provided in Figure 9.6 is the simulated gate discharge, gate capacity 
and simulated reservoir level for an example year (1987) for Witless Bay Country 
Pond and Big Country Pond. These plots illustrate the frequency with which the 
gates are being operated in the simulation model to maintain most efficient load and 
to avoid spill by operating at maximum load. 
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Table 9.1 
Pierro Brook System Representative Operating Measures 

~ 8r00kRepresentatlvll Operallng MIa_ 

Flow UlilizIDoa Factors 
• Most Efficient Load 0.96 
- Maximum Load 0.73 

StatiOll FBeton 
• Most Ellicleol Loed 0.19kWhlm' 
- Maxintum Loed O.18kWhlm' 

&orgy Potential of Spill 
• Witless Bay Country Pond SpiU <0.1 GWbIyr 
• Picrrel Brook Spill J.OGWb/yr 

R.oservoir Stonse Factors 
• Witless Bay CO\llltry PoDd 48 days 
• Big Country PODd 53 days 
• Gull Pood 60 days 

Forebay Stonge Factor 37 days 

9.3 Ideal Operation of System 

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

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

9.3.1 Plant Operating Guidelines 

The simulation model used to estimate the energy generation of the PicrresBrook 
system assumes that the OpelBtiODS staff bas interpreted the existing operating 
guidelines as described in the Water Management Study. Plant operating 
guidelines provide operators with procedllnlS regarding how to operate the 
system based on current inflows. During periods of high inflows, the unit will 
be operated atmaximumload (BDd less thanmaximum efficiency) to avoid spi11s. 
This requires some interpretation by the operatOI3 regardingwhatconstitutes high 
inflows. The interpmation used in the simulation model incorporated a Nle 
curve for each reservoir in the system. If the reservoir levels exceed the rule 
curve at any particular time of the yev, then the unit is operated at maximum 
load to bring the level down to the rule curve. If the reservoir levels are below 
the rule curve, then the unit is operated at best effiCiency. 

Obviously, some judgment 011 the part oftbe operat0I3 in applying this guideline 
is required. For instance, knowledge of above normal snow accumulations in the 
watershed prior to spring nmoffmay be employed in deciding to operate the unit 
at maximum load even when water levels have not reached the Nle curve. 
However, the rule curve will ordinarily provide useful guidlmce to system 
operating staff. The rule curves used in the simulation model are illustrated in 
Figures 9.4 and 9.S and are providedintheecbo of the detailed simulation model 
input in Volume 2 oftbe Water Management Study. 

9.3.2 Gate/Reservoir Operation 

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

In addition to the accessibility issues, NP must maintajn certain minimum storage 
levels, particularly during the winter months, to eDSUre plant availability in the 
event of local power outages or when called upon by Newfoundland and 
Labrador Hydro (NUl). This winter IeServe 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 Pierm Brook unit exclusively at its most 
efficient load, except when high inflows dictate that higher loads are necessary 
to avoid exceeding the te8ervoir rule curves. With the available control 
equipment, minimal constraints on plant flows, and the available forebay storage, 
it should be possible to operate this plant very close to this ideal. An 
examjnation of daily Control Centre Logs for several months (December 1998, 
April and August 1999, and January-February 2000) confirmed that the PierteS 
Brook unit is loaded at best efficiency a high percentage of the time. The main 
obstacles to attaining ideal operation are electric:a1 grid requirements which may 
occasionally require that the units operate at loads other than their most efficient 
loads, Sucll requirements would include local power outages or other infrequent 
occummces. 

9.4 Changes to Operating GuIdelines 

The purpose of the analysis described in this section is to determine whether 1hcre 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 mote bead or reducing 
headloS5eS; 

• by avoiding spill; md 
• by operating the unit at best efficiency more of the time. 

IncteaSing the head as a consequence of ineteasing storage at Gull Pond was 
consideted as a potential physic:a1 change (Section 9.5). 
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The other two possibilities were examined using the limiting cases of high and low 
reservoir rule curves, discussed in Chapter 2. The case described for the base case 
is an intennediate case, since it uses a NP rule curve varying between the low supply 
and tull supply levels of the reservoirs, as described in Section 9.3. Operation at a 
Iowa' forebay level to avoid spill was also investigated. 

Spill AvoidlUlI:e, LimitiDC Case: MuimUID Load, Raervoln Low 
The limiting case for spill avoidance is to ID8Ximize the amount of storage available 
to contain inflows. To do this, the \lllit would be operated atmaximum flow to keep 
the water in the storage reservoirs as low as possible. 

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

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was run assuming the unit was always operated at 
maximum load when water was available. The average BIIIllIal spill from 0uIl Pond 
was reduced by only 0.01 m)!s, from an average ofO.lB m'fs to 0.17 ml!s. This 
represents an increase of less than 0.1 OWblyr. This small amount does not 
compensate for the decrease in energy production due to operating the unit at a lower 
efficiency . 

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

The result of a simulation using this rule was an average annual production of 
26.4 OWhfyr, with a spill of 0.25 m'!s. Thill production is lower than the base case 
production. This suggests that the rule curve used for the base case simulation is near 
optimum for the Picrres Brook system. There could be minor adjustments made to 
the rule curve that could increase production monthly, but the increase would be 
expected to be marginal. 
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Spill Avoidance, Limiting Cue: MuimulQ Load, Raervoin Low 
An alternative method of avoiding spill would be to operate the forebay at a lower 
level. although this would also reduce head. This was simulated by setting the 
forebay target elevation at 116.43 In, its 10_ operating level in the plant operating 
guidelines. 

The result was an average annual production of 26.6 GWhtyr, or 0.1 GWh/yr less 
than that of the base: ease. Although the avenge spill was reduced to O.IS m'/s from 
0.18 ml/s, the savings did not compensate for the decrease in energy production due 
to reduced head on the unit. 

9.5 Physical Changes to System 

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

• Increase: dam height at Big Country Pond to increase: storage. 
• Increase dam height at Gull Pond to increase storage aod head. 
• Reduce headlosscs. 

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

Increase Stonge at Big Country Pond 
To detcnninc the effect of ao increase in storage on energy production, the dams aod 
structures at Big Country Pond were assumed to be raised to allow ao increase in full 
supply level of 1 m. The effect is to reduce system spill The resulting incrcasc: in 
energy generation was 0.3 GWhlyr. 

Assuming that the cost of energy to NP is SO.D4/kWh this would result in a savings 
to NP of approldmatcly S12 OOO/yr. Given a dam length of approximately 97 III, the 
savings over perhaps 20 years wouldjustify anexpenclitureofabout$11 OO/m of dam 
length based ona 1 mincrease. Thcpracticalities of increasing the dam height at Big 
Country Pond would bave to be investigated. A detailed aoalysis into the benefits 
aod cost would have to be conducted. 
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Increase Storage lit GuO Pond 
The dams and structures at Gull Pond were assumed to be raised to allow an increase 
in full supply level of ODe metre. This would also have the efl'ect ofincreuing head 
OD the unit. The resulting incmIse in energy gencmlion was O.S GWblyr. 

Assuming that the cost of energy to NP is SO.D4/kWh this would result in a savings 
toNP of approximately S20 OOO/yr. Oivena damlengthofapproximately 172m, the 
savings overpedlaps 20 years wouldjustify an expr.nditure ofabout $1 l00/mofdam 
length based on aim increase. 

Reduce H.dloDes 
Another method of increasing head is to miuce headlosses. For the purposes of 
examining the value ofareduction inheadlosses, the simuIation model wasnID with 
the assumed headlosses reduced by SO percent. The resulting energy generation was 
28.1 GWbIyr, or a net incn:ase in average annual energy of 1.4 GWbIyr. Over the 
life of the project a recovery of some or all of these losses could have a net present 
value of several hundred thousand dollars; the actual total headloss is uncertain and 
would have to be determined by efficiency testing. MC8S\nS to reduce the losses 
cost-effectively could then be investigated. 

Table 9.2 
Results of Physical Changes to System 

Cae A"'""JIII AIInuIII ~ ChanJIII In &IeraY 
~ (GWh/yr) 

BaaeCasc 26.7 -
Increase Stmqe Big Country by I m 27.0 iG.3 

Increase Storage Gull Poad by I m 272 iG.S 

Reduce Headlosscs 28.1 +1.4 

9.6 Sensitivities 

Environmental Release Requirement 
The sensitivity of energy generation to changes in environmental releases 
downstream of gated outlet strw::tures was investigated. In the current model setup, 
for the pUIpOsc of maintaining flow in thc river reaches downstream of the gated 
outlets for environmental reasons, the minimum flow of all gates was set to 0.1 ml/s, 
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if water is available. As a sensitivity, this minimum flow was set to 30 percent of the 

mean annual flow into the reservoir, as 10Dg as there is water in the reservoir. When 
the reservoirs &Ie empty, the natural inflow would be released. 

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

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

9.7 Conclusions and Recommendations 

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

1. ImprovemeatB to Better Match Simulated Ideal Operation 

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

2. Changes to Operating GuideJiDIlII 

Clarification ofGuidelina: The present guidelines as intelpreted for the Water 
Management Study come close to mB.Yimizing system output ifNP can operate 
in this manner. NP should clarify the guidelines for the operators, in particullll' 
providing guidance on when to increase load from best efficiency to maximum. 

3. Ph)'llical Changes 

Increased Storage: Because of the fact that runoffis dominated by large events, 
especially spring runoff, storage is important in the system.. Reducing spill atBig 
CountJy Pond by increasing the storage by I m results in an increase in enecgy 
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generation of 0.3 GWhIyr. The result of aim increase at Gull Pond is an 
increaseofO.S GWblyr, due to tho combined effect of reduced spill and increased 
head. 

Headlosses: 1be analysis showed that there may be some gains in energy by 
reducingheadlosses. NP should conduct efficiency testing, which should provide 
an accurate estimate of headlosses and give particular attention to finding the 
sources of the losses. The costs and benefits of improvements can then be 
determined. 

4. Sensitivities 

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

Rose Blanche Brook Hydroelectric System was assessed to determine whether there 
is potential for increasing energy generation, following the methodology in 
Cbapter2, by 

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

• revising existing plant operating guidelines; and 

• making physical changes to the system. 

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

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

The following sections describe the Rose Blanche Brook system, present 
representative operating measures (e.g., flow utili7Ation 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 Rose Blanche Brook system in the 
Water Management Study. conducted by Acres for aU NP hydroelec1ric systems, was 
used to assess the effect of operatiODal and physical changes on energy generation. 
The long term production estimated in the Water Management Study assumed ideal 
operating practices using current NP plant operating guidelines, as interpreted for the 
study. The result of this simulation for the Rose Blanche Brook system is referred 
to in this section as the base case system generation. Other estimAtes of energy 
generation resulting from operational or physical changes to the system are compared 
to this value. 
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10.1 System Description 

The Rose Blanche Brook system is located on the soU1h coast ofNewfoundlllDd near 
the community of Rose Blanche. Rose Blanche Brook station is NP's newest 
generating station, commissioned in 1998. RoseBlanche Brook station has two units 
withnameplalccapacities of3.0 MW eachfora total nameplate capacity of6.0 MW. 
The two units share a single generator. The Rose Blanche Brook station has a rated 
net head ofl14.2 m. The total drainage area above the intBketothe penstock to Rose 
Blanche Brook station is S3 1cm1

• The only controlled storage in the Rose Blanche 
Brook system is the forebay, which is relatively small. Rose Blanche is essentially 
a nm-of-river station. A schematic of the Rose Blanche Brook system is presented 
in Figure 10.1. 

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

10.2 Representative Operating Measures 

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

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

The definition and use of these measures and plots are presented in Chapter 2. The 
measures as calculated for the Rose Blanche Brook system are provided below. They 
were developed from the data in the base case simulation. Table 10.1 at the end of 
this section summarizes the measures for the Rose Blanche Brook system. 
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1. Flow UtilizatioD Factor 
The Rose Blanche Brook statiOD houses one generating unit with two turbines. The 
fiowutili7Jltion1ilctmsfortheRose BlanclleBrook station (average intlowto forebay 
divided by combined flow capacity for both units at most efficient load and 
maximlllllioad) are 0.64 at most efficient load and 0.57 at maximum load. 

2. Energy CODversloD Faetor 
The energy conversion factors (the idealiverage value of water in storage) for most 
efficientloadandmAY.imumloadforeachunitareO.28kWblm'(8.87GWhlyr/m3/s) 
and 0.26 kWblml (8.31 GWhlyrJm'/s), respectively. 

The average energy conversion factor from the base case simulation for the two units 
is 0.25 kWblm3 (7.93 GWh/yr/m'/s). The eneJJY conversion factor take into account 
the average reduction in availability due to forced outages. 

3. Flow Duration ClII'Ye 
The flow duration curves for the turbine flow (power flow) in the base case 
simulationi! shown in Figure 10.2. The two units operate at, or above, thecombincd 
most efficient flow more than 35 percent of the time, and a maximum flow 
approximately 10 percent of the time. 

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

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

5. Reservoir Storage Faetor 
The only storage in the Rose Blanche Brook system is the forebay. The reservoir 
storage factor for the forebay is approximately 11 days. This represents the nlllllber 
of days to fill the live storage of the reservoir, assuming average intlows and DO 
outflows. 
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6. Reservoir Utilization Plot 
The plot of simulated forebay levels for the base case simulation is provided in 
Figure 10.4. The plot illustrates the reservoir operation assumed for the biISC case, 
which genemlly keeps the reservoir in the top half of the operating range, except 
during spring. 

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

8. Gate Operation 
Theze are DO control gates in the Rose Blanche Brook system. 

Table 10.1 
Rose Blanche Brook System Representative Operating 
Measures 

Raua..,ehl Brook RapNNIIIatMIC)peNtl/lgMeaaUIee 

Flow UliUzlItion FICton 
• Most Efficient Lood 0.64 
• Maxllllwn Load 0.57 

Station Faclan 
• Both Units, Most Efficient Load O.2.kWblm' 
• Both Units, MllXilnwn Load O.26kWhlm' 

Energy Potential of Spill 5.0GWbIyr 

~o~SwnaeF~ 

• Rose Blllllcbe Brook Forebay 11 days 

Forebay Storage Fodor 6d1y3 

10.3 Ideal Operation of System 

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

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

10.3.1 Plant Operating Guideline. 

The simulation model used to estimate the energy generation of the Rose Blanche 
Brook system assumes that the operations staff bas int.eIptellld 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 operallld at mnimum load (and less than maximum efficiency) to avoid 
spills. This requires some interpretation by the operators regarding what 
constitutes high inflows. The intcJpretation used in the simulation model 
inCOIpoIated arule curve for each reservoir in the system. If the resetVoir levels 
exceed the rule curve at any particular time of the year, then the units are 
operated at ma)[imum load to bring the level down to the rule curve. If the 
reservoir levels are below the rule curve, then the units are operated at best 
efficiency. 

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

10.3.2 Gate/Reservoir Operation 

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

10.3.3 Unit Operation 

The simulation model operates the Rose Blanche Brook units exclusively at their 
most efficient loads, except when high inflows dictate that higher loads are 
necessary to avoid exc:ccding the reservoirru1e curves. Withtheavai1ablecontrol 
equipment and the storage available attheforebaywhichpermit frequent starting 
and stopping of the units, it should be possible to operate the plant close to this 
ideal. An examination of daily Control Centre Logs for January-February 2000 

confirms that the Rose Blanche units are loaded at best efficiency a high 
percentage of the time, with the exception of prolonged periods at 0.5-0.7 MW 

for enviroomental releases as described below 

One obstacle to attaining ideal operation is electrical grid requirements that may 
occasionally require that the units operate at loads other than their most efficient 
loads. Such requirements would include local power outages which can be 
expected to occur more frequently at Rose Blanche Brook than at most other 
plants due to its location at the end of a long radia1 transmission line. Another 
operational practicality at Rose Blanche is the maintenance of a minimum flow 
(for environmental reasons) downstream of the powerhouse. Although the units 
have been designed so that they can use this Oow for generation, their efficiency 
is substantially reduced at such a relatively 10wOow. These two factors probably 
account for most of the difference between the simulated IIld actual production 
of this system. 
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10.4 Changes to Operating Guidelines 

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

• increasing head, by operating the forebay to get more head or reducing 
hcadlosscs; 

• by avoiding spill; and 
• by operating the w;nts at best efficiency more of the time. 

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

The other two possibilities were examined using the limiting cases of high and low 
reservoir rule curves, discussed in Chapter 2. The base case is an intermediate case, 
since it uses a rule curve between the low supply and full supply levels of the 
forebay, as described in Section 10.3. 

Spill Avoidanee, Limiting Cue: Muimurn Load, R_rYon Low 
The limiting case for spill avoidance is to maximize the amount of storage available 
to contain inflows. To do this, the units would be operated at mBYimum flow to keep 
the water in the storage reservoirs as low as possible. 

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

To assess the potential for additional energy aeneration in the system using spill 
avoidance, the simulation model was run assuming the units were always operated 
at maximnm load when water was available. The average annual spill fiom Rose 
Blanche Brook Forebay was reduced by 0.1 mlls, fiom 0.63 mlls to 0.53 mlls, and 
the energy increased by 0.4 OWblyr to 22.8 GWhIyr. 
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Beat Eftieieuc:y Operation, LimitiDC Case: Raenroin High 
The limiting case for IllllXimizing the amolDlt of time the units are operating at best 
efficiency is to run the units at best efficiency, unti1 the storage reservoir! are just 
about to spill. 

The result of a simulation using this rule was an average annual production of 
22.7 OWhlyr, with a spill of 0.56 m'/s. This production is 0.3 OWhlyr higher than 
the base CIIlIC production, but 0.1 GWWyr lower than the Spill Avoidance, Limiting 
Case. 

The small gains in energy confum that the current operating guidelines lead to ncar 
optimum generation. The intc:nnediaterule curve chosen for the Water Management 
Study appears to give lower annual CDergy than operation at either extreme. 

10.5 Physical Changes to System 

Given that the Rose Blanche Brook system was only commissioned in 1998, an 

examination of physical changes is not required. There is no information available 
now that would result in different conclusions than were drawn during the 
optimimtion 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 their systems. Results for all sensitivity cases are provided in 
Table 10.3. Along with the average energy generation, average annual forebay spill 
for each case is presented in Table 10.3. 

The sensitivity cases ~ as follows. 

• No environmental release requirement (compared to minimum flows established 
during design). 

• No storage in system (to obtain value of storage); remove dam. 

Environmental RclCQc Requiremeat 
An agreement with the F edera1 Department of Fisheries and Oceans requiJes that a 
minimumflowofl m'/s be maintained in the Rose Blanche River downstream of the 
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powerhouse at all times. This is approximately 30 percent oftbe mean annual inflow 
to the basin. If the turbines are shut down, a fisheries valve is opened to provide the 
minimum flow. NP is requiml to hold a supply ofwater in the tescrVoiIs to ensure 
that the low flow requirement is met even during periods of low inflow. The 
fisheries value can draw the reservoir down to below low supply level of the 
reservoir. 

The cost of the fisheries release was estimated by removing the I m3/s limitation and 
allowing the unit to operate only at best efficiency flows or above. This simulation 
provided an additional 0.8 GWhIyr. Since at times the fishery release will draw the 
reservoir down below low supply level which wnuld further reduce generation, the 
total cost of maintaining the fisheries release is in excess ofO.S GWh/yr. 

No Stonge in SYltem 
To provide NP with an indication of the value of the storage in the system, the 
forebay storage in the system was assumed to be removed. The resulting average 
annual energy generation from this sensitivity was 17.9 GWhlyr, a net decrease of 
4.5 GWhIyr. This represents the value of storage at the forebay dam. 

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

CaM AW~AII" .. I eM. 11'1 Average SpIll 
WID Energy (m'I.) 
(~ (GWll/yr) 

Base Case 22.4 - 0.63 

EovinmmOlllllilUioases 
- minimum Rlltoved 23.2 0.8 0.63 

Value ofStonIge 17.9 -4.S 1.16 
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10.7 Conclusions and Recommendationa 

The conclusions and recoJJUDe:lldaoons arising from the analysis are lIS follows. 

ED.vironmeD.tal Releues: Providing a minimum flow release of approximately 
30 percent of mean annual flow downstream of the plant costs in excess of 
0.8GWblyr. 

Value oC Storage: The value of the storage at Rose Blanche Brook Forebay is 
4.SGWblyr. 
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11 Petty Harbour Hydroelectric System 

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

• improving current practice to better foUow existing plant operating 
guidelines; 

• revising existing plant operating guidelines; and 
• making physical changes to the system. 

In addition, the sensitivity of energy genenltion to operating changes and coostraints 
was investigated. 

The following sections describe the petty Harbour system, present representative 
openting measures (e.g., flow utilization factor and energy potential of spill) and 
provide the results of the analysis WiCd to assess the effect of operational and physical 
changes on energy generation. The last section provides concill8iollS and 
recommendations. 

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

11.1 System Description 

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

The drainage area falls largely within the municipal boundary of the City of 
St. John's. Bay Bulls Big Pond is the largest storage reservoir and is also used as a 
municipal water supply for the Regional Water System, serving the City of 
St. John's, the City of Mount Pearl, the Town of Conception Bay South, and the 
Town of Paradise. Spill and controlled releases from Bay Bulls Big Pond arc 
discharged into Raymond Brook, which in 111m flows into the forebay. Controlled 
releases from Cochrane Pond are discharged into Cochrane Pond Brook, which also 
flows into the forebay. Spill at Cocbranc Pond is discharged into Paddy' s Pond, part 
of the adjacent Topsail Hyclroclectric System. The forcbay, comprising First Pond 
and Second Pond, is located near the community of Goulds. The generating station 
is located in the community of Petty Harbour and draws flow from the forebay 
through a single penstock. Spill from the forebay is discharged around the station 
and out of the system. 

The sttuctures in the system are as follows 

• Bay Bulls Big Pond overflow spillway; 
• Bay Bulls Big Pond gated outleti 
• Cocluane Pond overflow spillway; 
• Cochrane Pond gated outlet; and 
• Petty Harbour Forebay overflow spillway. 

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

11.2 Representative Operating Measure. 

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

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

The definition and use of these measures and plots are described in Chapter 2. The 
measures as calculated for !he Pct1y Harbour system are provided below. They were 
developed from the data in the base case simulation. Table 11.1 lit the end of this 
section summariu:s the measures for !he Petty Harbour system. 

1. Flow Utillzation Faetor 
The flow uti.liDtion fllCtors for the Petty Hllrbour station (average inflow to forebay 
divided by combined flow capacity for all three units at most efficient load and 
maximum load) arc 0.52 at most efficient load and 0.41 at maximum load. 

1. Energy CODvenion Factor 
The energy conversion fllCtors (the ideal average value ofwaterin storage at rated net 
head) for most efficient load and maximum load for PHR-GI are 0.11 kWhlm' 
(3.57 GWbJyr/mlfs) and 0.11 kWhfm' (3.45 GWhlyrIm1/s), respectively. For PHR.­
G2 the most efficient load and maximum load cuergy convenion factors are 
0.14 kWhfm' (4.40 GWhfyr/ml/s) and 0.13 kWhfml (4.04 GWhfyrlm'/s), 
respectively. For PHR.-G3 the most cffi.cicut load and maximum load energy 
conversion factors are 0.14 kWbfml (4.39 GWbIyr/m'/s) and 0.14 kWhfml 
(4.29 GWhfyr/m'/s), respectively. 

The average energy conversion factors from the base case simulation for PHR.·Ol, 
PHR.·G2 and PHR.-G3 are 0.13 kWhlm' (3.57 GWbIyr/m'fs), 0.14 kWhfm1 

(4.46 GWhfyr/m1/s), and 0.14 kWhlm' (4.47 GWhfyr/m1/s) respectively. These 
cuergy conversion factors tllke into account the average reduction in IIvailability due 
to forced outages, and the lower hcadlosses during the 80 percent of the time that 
only one or two units are operating. 

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

• Operate PHR.-G2 at most efficient load first 
• Operate PHR.-G3 at most efficient load second. 
• Operate PHR·G3 at maximum load third. 
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• Operate PHR-G2 at maximum load fourth. 
• Operate PHR-G I at most efficient load fifth. 
• Operate PHR-G I at maximum load last. 

NP's plant operating guidelines recommend that PHR-G2 be loaded to maximum 
before PHR-03. The simulated flow duralion curves, discussed below, show thatthe 
units are loaded to maximum almost the same amount of time in ideal operation, so 
a change in dispatch order may not have any practical effi:ct. However, in the 
absence of up-to-date efficiency testn:sults, the available estimates ofheadlosscs and 
unit efficiencies are subject to considerable uncertainty. 

4. Flow Duration Curve 
The flow duration curves for the turbine flow (power flow) in the base case 
simulation ate showninFig\lles 11.2 and 11.3. PHR-G2 is loaded first Both PHR­
G2 andPHR-G3 are operated at maximum load DO more than 25 percent of the time. 
PHR-Gl is used less than 20 percent of the time. 

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

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

6. Reservoir Storage Fador 
Storage is provided by structures located at Bay Bulls Big Pond and Cochrane Pond. 
The Petty Harbour Forebay acts as the headpond for the generating station. The 
reservoir storage factors were calculated to be approximately 250 days for Bay Bulls 
Big Pond, 20 days for Cochrane Pond, and nine days for Petty Harbour Forebay. 
These factors represent the number of days to fill the reservoirs at average inflows 
without any outflow. 
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7. Resenoir Utilization Plot 
The plot of simulated Bay Bulls Big Pond and Cochrane Pond reservoir levels for the 
base case simulation is provided in Figure 11.5. The plot illustrates the reservoir 
utilizationcorrespondingtoidcaloperation. Asmay be seen in the figure, the storage 
range of Bay Bulls Big Pond is limited by the minimum Illlowable level of 149.80 m. 
This level was agreed upon by NP and the Regional Watr:c System. Below1his level, 
there are no releases ofwater for generation, so that the municipal water supply is not 
interrupted. 

At Cochrane Pond, the available storage range is not fully utilized. As discussed in 
item number 9 below, this could be the resu1t of the gated outlet being undersized. 

8. Forebay Storace Fador 
The forebay storage factor (time required to draw forebay down assuming no iDflow 
with the units operating at maximmn load) is estimated to be approximately four 
days. 

9. Gate Operation 
There are control gates located at the outlet of Bay Bulls Big Pond and Cochrane 
Pond. Provided in Figure 11.6 is the simulated gate discharge, gate capacity and 
simulated mervoir level for an example year (1987) for both reservoirs. These plots 
illustrate the frequency the gates are being operated in the simulation model to 
maintain most efficiCAt load and to avoid spill. 

For Bay Bulls Big Pond, the simulation model incorporates a maxjmmn allowable 
discharge as a function of reservoir level, accordingto an operating regime suggested 
for sharing water between NP and the Regional Water System. In contrast, the 
releases from Cochrane Pond are limited by the physical capacity of the gate. As 
mentioned in item number 7 above, 1his may prevent utili7ation of the full storage 
range. 
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Table 11.1 
Petty Harbour System Representative Operating Measures 

Petty HalbourRepraentall¥'ll OperatIng ....... 

Flow Ulilizatioa FICtar! 
• Most Efficient Load 0..52 
• Maximum Load 0.41 

Station Fac:tor& 
• PHll-G 1 Most Efficient Load 0.11 kWblm' 
• PHR-Gl Maximum Load O.l1kWhlm' 
• PHR-G2 Most Efficient Load 0.14 kWblm' 
• PHR-G2 Maximum Load 0.13 kWblm' 
• PHR-G3 Most Efficient Load 0.t4kWblm' 
• PHR-G3 Maximum Load 0.14kWblm' 

EncraY PoteDtial of Spill 
-CocbnIIe Pond SpiU 03GWbIyr 
- Petty Harbour Spill 1.1 GWbIyr 

Ilcsc:noir Stonac FacImlI 
• Bay Bulls Big Pond 250 clays 
• CocbnIIe Pond 20 days 
• Petty Harbour Fcnebay !Hays 

Fcnbay SIonoge Factor 4 clays 

11.3 Ideal Operation of System 

The 10118 tenD energy production at petty Harbour as ~mated by the simulation 
model developed for the Water Management is 19.9 GWhIyr. This COlllpares with 
recordcdenergy generation forthe aamerefereDCC period (1984-98) of16.3 GWhlyr. 
While these nUlllbers arenotdim:tly comparable due to the two ruuncrrepIacements 
in 1985186, several prolonged outages over this period, and the steady increase in 
conswnptive withdrawals frolll Bay Bulls Big Pond by the Regional Water System, 
the difference does provide some indication of the potential for improving actual 
generation at this system under the current plurt operating guidelines. Further 
indicators oftbisdifl"erence are providcdbythe comparisons conductcd forthe Water 
Management Study for two SBIIIple years. This comparison indicated an average 
di1'fcroence betweenzecordcd and simulated generation (after adjustments for stomge) 
of approximately 20 percent for this system. The comparison would therefore 
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indicate that there is substantial opportunity to improve the operation of this system 
by more closely following the ideal demonstnlted by the simulation model. 

For the entireNP hydroelectric system, the value used forthe adjustmentforprac!ical 
operations was seven percent This factor is intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on realistic operational constraints and recent operating experience. Further details 
on the calculation of this factor and its application may be found in Section 22.3 of 
the Water Management Study. The remainder of this section will consider 
opportunities to reduce this diffcrenc:c between the simulated ideal operation and 
actual generation at ~e petty Harbour system. 

11.3.1 Plant Operating Guidelines 

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

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

11.3.2 GatelReservolr Operation 

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

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

11.3.3 Unit Operation 

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

The plant operating guidelines state that unit operation should be selto "maintain 
constant forebay elevation under normal circumstances". Cycling units to 

efficient load would require some tolerance of within-day fluctuations about an 
average forcbay level. This would not appear in the simulation results because 
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the model uses a daily time step. Depending on the interpretation of this 
guideline, it is possible that units could be set at inefficient loads in order to 
rigidly adhere to a constant f~bay levd. 

Another obstacle to attaining ideal operation is electrical grid requirements that 
may occasionally require that the units operate at loads other than their most 
efficient loads. Such requirements would include local power outages or other 
infrequmrt occunenees. 

11.4 Changes to Operating Guidelines 

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

• inaeasing bead, by operating the forebay to get more head or reducing 
headlosscs; 

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

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

Spill Avoidanee: Lower FoRbay Operatinl Elevatio. 

Due to the lack of reservoir storage coupled with the large inflow area of1he forebay, 
the forebay level tends to rise quickly during heavy inflows, resulting in spill and 
forcing the units to be loaded above their most efficient settings. Targeting a lower 
forcbay operating elevation could reduce the amount of spill, although the reduction 
in head could be a drawback. 

As one alternative, the rule eurve was setat90.89m yearround. This is currently the 
mjnimum winter elevation in the plant operating guidelines (298.2 ft). 'I'be average 
simulated generation was 20.1 GWblyr,orO.2GWblyrmorc1hantheilasecase. The 
average forebay spill was reduced from 0.27 ml/s to 0.2() ntIs. 
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As a second alternative, the rule curve was further lowered to 90.30 In, which is 
estimated to be the bed elevation of the channel joining First and Second Pond. The 
average simulated generation was 20.0 GWbIyr. The average forebay spill was 
reduced to O.IS m]/s, but the saving in spill was not enough to offset the reduced 
head. As a variation on this alternative, the units were set to operate atmost efficient 
load until just before spilling, thereby g=erating more effieiently with the available 
forebay storage. This also reduced the use of the inefficient PHR-Gl unit. The 
average simulated generation was 20.2 GWbIyr, or 0.3 GWblyrmore thin the base 
case. The average forebay spill was 0.17 m'/s. 

11.5 Physical Changes to System 

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

• Raise the spill elevation of Petty Hubour Forebay to increase: head and storage. 
• Increase the discharge capacity of the Cochnme Pond gated outlet 
• Rehabilitate PHR-Gl. 

Each of these: physical changes is discussc:d below. Table 11.2 summarizc:s the 
results. 

Raile Spill Elevation ofForebay 
The elevation of the existing spillway crest at PcIty HBJbour Porebay is 92.35 m and 
the dam crest elevation is 93.82 m. To determine whether any additional energy 
could be obtained through extra head, the spill elevation was assumed to be raised 

by 1 m. while maintaining the present summer and winter operating c:levatioos. This 
would allow for some additional storage at the forebay during heavy inflOWli. 

The resulting increase in energy generation from this ehange was 0.5 GWbIyr, from 
19.9 GWhlyrto 20.4 GWhlyr. The averageforebay spill wasreducedfiom 0.27 rIiJ/s 
to 0.18 rrJ/s. 

Assnming that the cost of energy to NP is SO.04IkWh, this would result in a savings 
to NP of approximately $20 OOO/yr. Given an estimated spillway crest length of 
40 m, the savings over perhaps 20 years would justify an expenditure of about 
$4600/m of crest length. Raising the spill elevation could be achieved by insta1Iing 
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flashboards or an inflatable crest gate. The practicalities of increasing the spill 
elevation would have to be investigated, including any dam safety issues and 
~c1ions on the levels of First Pond and Second Pond. 

Increue Diseh.rge Capacity of Cochrane Pond Gated Outlet 
The average annual inflow to Cochrane Pond is estimated to be 0.44 m'/s, but the 
average simulated gate discharge in the base case is only 0.36 m.J/s, with the 
remajnjng 0.08 m'/s being spilled out of the system. The spills are frequent and the 
storage is not fully utilized, as shown in Figures 11.4 and 11.S respectively, even 
with the gate normally fully open. To examine the option ofincreas.ing the discharge 
capacity, it was assumed that the discharge capacity of the gate was doubled. 

The resulting average genemtion was 20.2 GWblyr, or 0.3 GWh/yr more than the 
basecase. Cochranc: Pond average spill was decreased to 0.02 m'/s, while spill at the 
forebay was increased slightly from 0.27 m'/s to 0.30 urIs. 

Assuming that the cost of energy to NP is $0.041kWh, this would result in a savings 
to NP ofapproximatcly $12 OOOIyr. The savings over perhaps 20 years wouldjustify 
an expenditure of about $110 000. The existing outlet is about 1.3 m wide. The 
practicalities of increasing the gate capacity would have to be examined, including 
whether or not there are any other hydraulic restrictions on the outlet. 

Rehabilitate PHR·Gl 
The PHR-G2 and PHR-G3 units are relatively efficient and equipped with modem 
control equipment Headlosses have been improved by the recent rehabilitation of 
a large section of the Petty Harbour penstock. One of the station's main remaining 
deficiencies is PHR-Gl, 1I1e oldest and least efficient of the three units. To 
investigate the option of rehabilitating the unit, itwas assmned that the estimated unit 
efficiency was increased by a factor of20 percent, which would malee it comparable 
to the estimated efficiencies ofPHR-G2 and PHR-G3. The unit dispatch order was 
also revised so that all units would be loaded to best efficiency before any were 
loaded to maximum. 

The resulting average generation was 20.3 GWblyr, or 0.4 GWh/yr more than the 
base case. Assuming that the cost of energy to NP is $0.041kWh, this would result 
in a savings to NP of approximately $16 000Iyr. The savings over perhaps 20 years 
would justify a total expenditure orabaut $150 000. 
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Unlilcetheotbertwowlits,PHR-Gl is not automated. WhenconsideriDgoptionsfor 
rehabilitation, it may be desirable to examine the costs and benefits of installing 
modem control equipment for this wlit This should be preceded by efficiency 
testing to obtain accurate estimates of unit performance. 

Table 11.2 
Results of Physical Changes to System 

CalM Awrag. Ann .. , En8Ig)' Change 1n'£IiIMVY 
(GWhfyr) (GWhlyr) 

BucCase 1\1.9 -
RaIse Spill Elevation of Fore bay 20.4 ~.s 

Inc:rease Dischalp Capacity of 20.2 ~.3 

Coc:IuUIe Pond Gated Oudet 

Rehabilitate PHR-G 1 20.3 ~.4 

11.6 Sensitivities 

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

The sensitivity cases were as follows. 

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

Environmental Rddle Requirement 
The sensitivity of energy geDmltion to changes in environmental releases 
downstream of gated outlet structures was investigated. In the current model setup, 
for the purpose of maintaining flow in the river reaches downstream of the gated 

outlets for environmental reasons, the minimum flow of all gales was setto 0.1 m'/s, 
ifwater is available. ~ a sensitivity, this minimum tlowwas set to 30 percent of the 
mean annual flow into the reservoir, as long as there is water in the reservoir. When 
the reservoirs are empty, the natural inflow would be released. 
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The 30 percent mean annual flow requirement is equiValent to approximately 
O.46rnl/s at Bay Bulls Big Pond and O.l3rnl/s at Cochrane Pond. Using these flows 
as the minimum flow~lease frorn the gates for the base case airnulationmodel, th~ 
was no change in systern energy. 

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

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

If NP were required to hold a supply of water in the reservoirs to ensure that the 
30 percent ~q~ment was always rnet, without violating the IDiniIDwn allowable 
water level of Bay Bulls Big Pond, th~ would likely be a reduction in energy. 

merealcd Regional Water System Demand 
The sensitivity to an increase in rnunicipal water supply demand was investigated. 
For the base case, the average p=ent day (2000) municipal consumption was taken 
as 60 000 ml/d. The sensitivity ron assumed an ultimate future (2059) demand of 
86 000 ml/d. The resulting average annual energy was 18.6 GWblyr, or 1.3 GWblyr 
less than the base case. 

No RegioDal Water System Demand 
To provide NP with an indication of the energy cost of sharing Bay Bulls Big Pond 
with the Regional Water System, a sensitivity ron was carried out usumi.ng th~ 

were no water supply withdrawals and no associated restrictions on the level or 
discharge of Bay Bulls Big Pond. The ~sulting average annual energy was 
23.2 GWblyr, or 3.3 GWh/yr mo~ than the base case. 
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Table 11.3 
Energy Results for Sensitivity Simulations at Petty Harbour 
System 

Cae A.,.,. AnnIlDl Ching_in Forebey SpIll 
EIIaIWY Enem (III''', 

(GWlWrt (GWhIyr) 

Base Case 19.9 - 0.27 

Envinmm ... t.1 Releases 19.9 0.0 0.29 

Increased Regional Water 18.6 ·13 0.27 
SyIIaI1 Demond 

No Regional Woto:r System 23.2 +33 0.26 
Demmd 

11.7 Conclusions and Recommendations 

The conclusions and recommendations arising from the analysis an: as follows. 

1. Improvemota to Better Match Simulated Ideal Operation 

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

1. CbBllges to Operatiq Guidelines 

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

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

head and unit efficiency. 

3. Physical Changes 

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

Cochrane Pond Gated Outlet: The analysis shows that the Cochrane Pond 
gated outlet may be undersized, resulting in spill out of the system and less than 
ideal stoI1lge utilization. NP should investigate possible modifications to the 
outlet to increase its discharge capacity. 

PHR-G 1 Ullit: This unit is the oldest and least efficient of the three units, and 
the only one not equipped with automated control equipment NP should 
investigate the costs and benefits of rehabilitating PHR-Gl to modem standards. 

4. Selditivities 

EnvironmeDtal Releases: Providing a minimum flow release of30 percent of 
mean annual flow downstream of the outlet gates at Bay Bulls Big Pond and 
Coclmme Pond does not affect energy generation, as there is little change in the 
average flow already being released to supply the units. The requirement, 
however, assumes that Cochnme Pond releases only the natural infiowwhen the 
water level is low, and that Bay Bulls Big Pond satisfies the requirement without 
regard to the minimum allowable water level and maximum allowable gate 
discharge restrictions. If the requimnent were to guarantee 30 pen:ent at 
Cochrane Pond and not violate the operating restrictions at Bay Bulls Big Pond, 
a reserve would have to be maintained similar to the winter reserve. 

Increased Regional Water System Demand: Assuming a future ultimate 
average demand of86 000 ml/d, up nom the present 60 000 ml/d, the decrease 
in average generation at Petty Harbour would be 1.3 GWblyr. 
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CostofRcgional Water System Demand: The estimated energy DOst ofsbaring 
the water resource of Bay Bulls Big Pond with the Regional Water System is 
3.3 GWhIyr. 
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12 New Chelsea/Pitmans Hydroelectric System 

New CbelsealPitmans Hydroelec:tric System was assessed to detennine whether there 
is potentia) for increasing energy generation, following the methodology in 
Chapter 2, by 

• improving cunent 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 genaation to operating changes and constraints 
was investigated. 

The following sections describe the New Che1sealPitmans system, present 
representative operating measures (e.g., flow utili71!tion factor and energy potential 
of spill) and provide the resul15 of the analysis used to assess the efIe<:t 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 CbelsealPitlnans system in the 
Water Management Study, conducted by Acces forall NP hydroelectric systems, was 
used to assess the effe<:t of operational and physical changes on energy generation. 
The loug term production estimated in the Water Management Study assumed ideal 
opcratingpracticesusingc:urrentNPp1antoperatingguicielines,asiDterpretedforthe 
study. The result of this simulation for the New Cbelsea/Pitmans system is referred 
to in this section as the base case system generation. Other estimates of energy 
generation resulting from operational or physical changes to the system are compared 
to this value. 

12.1 System Description 

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

The NewChelsealPitmans system encompasses the drainage basins ofPitmans Pond 
and Seal Cove Pond. The drainage area ofPitmans Pond is 66 ian2• The drainage 
area of Seal Cove Pond downstream ofPitmans Pond is B Ianz. Prior to the fall of 
1997, a second outlet from Pitmans Pond was diverting flow nom the equivalent of 
approximately 6 km2 drainage area. A small dam was constructed in 1997 to prevent 
this leaIc.age. A schematic of the New ChelsealPitmans system is presented in 
Figure 12.1. 

The structures in the system are as follows 

• Pitmans Pond overflow spillway; IUId 
• Seal Cove Pond overflow spillway. 

Pitmans Pond is the headpond of the Pitmans station and Seal Cove Pond is the 
hcadpondfortheNew Chelsea station. Eachreservoirbasaspillway. The spill from 
Pitmans Pond flows into Seal Cove Pond. The spill from Seal Cove Pond flows out 
of the system. 

12.2 Representative Operating Measures 

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

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

The definition and use oftbese measures and plots are described in Chapter 2. The 
mcaJures as calculated for the New ChelsealPitmans system are provided below. 

Filial Report Acres International P13474.00 



12-3 

Tbeywercdevclopedfromthedatainthebasecasesimulation. Table 12.1 attheend 
of this section summarius the measures for the New ChelsealPitmans system. 

1. Flow Utilization Fador 
TbeNew Chelsea I11III PitmaDs stations each house a single generating unit (NCH-G 1 
and PIT -01, respectively). The 110w utili7ation fiu:tors for the New Chelsea station 
(average intlowto forebay divided by combined 110w capacity at most efficient load 
and maximum load) tile 0.52 at most efficient load and 0.46 at maximum load. The 
11owutilizationfactorsforthePitmaDsstationtlleO.S3atmostefficientloadandO.47 
at maximum load. 

1. Enerv Couvenlon FadDr 
The energy conversion fiu:tors (the ideal average value ofwater in storage assuming 
the units tile operating alODe) for most efficient load and maximum load for NCH·G I 
are 0.183 kWhlm' (5.76 GWbJyrJm'/s) and 0.177 kWhlm' (S.S8 GWhlyrlm'/s), 
respectively. The energy conversion factors for most efficient load and maximum 
load for PIT-Gl tile 0.038 kWhlat (1.19 GWblyr/m'/s) and 0.034 kWhlm' 
(1.07 GWhIyrlm'/s), respectively. 

The avenge energy conversion factor from the base case simulation for NCH-Gl is 
0.184 kWhlm' (S.80 GWhlyr/m'/s). The average energy conversion factor from the 
buecase simu1ationfor PlT-Gl is 0.039 kWhlm' (1.22 GWbJyrIm'/s). This energy 
conversion factor takes into account the average reduction in availability due to 
fcm:ed outages. 

3. I10w Duatiou Curve 
TheNCH-G1 andPlT-G1 flow du:ration curves for the turbine 110w (power flow) in 
the base case simulation tile shown in Figure 12.2. The New Chelsea unit operates 
at maximwn flow around 7 percent of the time, while the Pitmans unit operates at 
maximmn 110w about 11 percent of the time. 

4. Energy Potential of SpiU 
The simulated spill for the base case was approximatclyO.008 m'/son average Btthe 
Seal Cove Pond Forebay overflow spillway. Using the simulated energy conversion 
factor for NCH-GI at maximum load presented previously in this section, the spill 
would produce approximately 0.045 GWhIyr, if entirely saved and used for 
generation. The simulated spill for the base case was approximately 0.005 m'/s on 
awrage at Pitmans Pond overi1ow spillway. Using the energy conversion factor for 

Flrrai Report ACnl8 lnf8matlonal PI3414.00 



12-4 

PIT -0 I at maximum load, this spill would produce approximately 0.005 GWhfyr, if 
entirely used for generation. 

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

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

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

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

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

Newp!eu./Pllmana . .,...m Raprnenlrive Operating ........,. 

Flow Utilizalion Fac:IOJS 
- PiIm .... Most Eftlcialt Load 0.S3 
- PitmBDI Maximum Load 0.47 
- New Cbelsea Most Efficient Lold 0.52 
- New Cbebca Maximum Load 0.46 

Station F.eta ... 
- PIT -G I Most Efficient Load 0.038 kWh/m' 
• PIT -0 I MaximIDll Load 0.034 kWh/m' 
- NCH-G I Most Ellicicnt Load 0.183 kWh/m' 
- NCH-G1 Maximwn Load 0.177 kWhfm' 

l!Aergy Potential of Spill O.OSOWblyr 

Racrvoir Stonp Fectolll 
- Pltmans Pond 184 days 
• Seal Cove Pond Foreb.y 2.1 days 

~~Fo~Sw"ieF~ 87 days 
New Chelsea Fcnbay SWrage F~ 1.3 da,.. 

12.3 Ideal Operation of System 

The long term energy production at New ChelsealPitmans as estimated by the 
simulation model developed for the Water Management Study is 18.5 GWhIyr. This 
compares with recorded energy generation for the lIIIII1e reference period (1984-98) 
of 17.1 GWhIyr. While these numbers are not directly comparable due to the 
construction of a diversion in the watersbed in 1997. the difference does provide 
some indication of the potential for improving actual generation at this system under 
the current plant operating guidelines. Further indicators of this difference are 
provided by the comparisons conducted for the Water Management Study for two 
sample years. This comparison indicated B negligi"ble cI.i1Ierence bc:tw=l recorded 
and simulated genention (after adjustments for storage). The comparison would 
therefore suggest that there is Vel}' little opportunity to improve the operation of this 
system by more closely following the ideal demonstrated by the simulation model. 
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F or the entire NP hydroelectric system, the value used forthe adjustment for practical 
operations was 7 percent. This factor is intended to reflect an average difference 
between the simulated results and the generation that can actually be expected based 
on realistic operational constraints and recent operating experience. Further details 
on the calculation of this factor and its application may be found in Section 22.3 of 
the Water Management Study. The remainder of this section will consider 
opportunities to reduce any difference between the simulated 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 
ChelsealPitmans system assumes that the operations !Itaff has inteJpreted the 
existing operating guidelines as described in the Water Management Study. 
Plant operating guidelines provide operators with procedures regarding how to 
operate the system based on current inflows. During periods of high inflows, the 
plants will be operated at maximum load (and less than maximum efficiency) to 
avoid spills. This requires some inteIpretation by the operators regarding what 
constitutes high inflows. The inteIptCtation used in the simulation model 
incolJlOratcd a rule curve for each reservoir in the system. If the reservoir levels 
exceed the rule curve at any particular time of the year, then the units are 
operated at maximum load to bring the level down to the rule curve. If the 
reservoir levels are below the rule curve, then the units are operated at best 
efficiency. 

Obviously, some judgment on the part of the operators in applying this guideline 
is required. For instance, knowledge of above normal snow accumulations in the 
watershed prior to sprlngnmoffmaybeemployedindecidingto operatetheunits 
at mlllcimUDl load even when water levels have not reached the rule curve. 
However, the rule curve will ordinarily provide useful guidance to system 
operating staff. The rule curves used in the simulation model are illustrated in 
Figure 12.4 and are provided in the echo of the detailed simulation model input 

in Volume 2 of the Water Management Study. 

12.3.2 Gate/Reservoir Operation 

The New ChelsealPitmans systan has significant storage capacity (storage ratio 
of 127 days). Discharges from the system's main storage reservoir at Pitmans 
Pond are determined by the turbine flow at Pitmans station, which can be 
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remotely adjusted. However, remote water level indication is not available for 
this storage reservoir and several days may elapse between water level 
measurements by opemting staff. Despite this operating practicality, the size of 
Pitmans Pond relative to its watershed ensures 1bat water levels in this reservoir 
do not change rapidly and it is unlikely that this would cause actual generation 
at this systt:m to differ from the simulated estimate. 

NP must maintain c:ertainminimum storage levels, particularly during the winter 
months, to ensure plant availability in the event oflocal power outages or when 
called upon by Newfoundland and Labrador Hydro. This winter reserve is not 
taken into accoun~ by the simulation model. Again, due to the storage CIIJIB'lity 
available at Pitmans Pond, the actual system production is not overly seusitive 
to this type of reservoir operating coDStraints unless they severely restrictive. 

12.3.3 Unit Operation 

The simulation model operates the New Chelsea and Pitmans units exclusively 
at their most efficient loads, except when high inflows dictate that higher loads 
are necessary to avoid exceeding the reservoir rule curves. With the available 
control equipment, minimal constraints on plant flows, and the available forebay 
stomge, it should be possible to operate these plants very close to this ideal. An 
examination of daily Control Centre Logs for several months (December 1998, 
April and August 1999, and January-February 2000) confirmed that the New 
Chelsea and Pitman5 units are loaded at best efficiency a high percentage of the 
time. The main obstacles to attaining ideal operation are electrical grid 
requirements which may occasionally require that the units operate at loads other 
than their most effieient loads. Such requirements would include local power 
outages or other infrequent oeeurrenees. 

12.4 Changes to Operating Guidelines 

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

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

Each of these is discussed below for the New Che1sealPitmaDs system. Increasing 
the head at Pitmans Pond by raising the dam was considered as a potential physical 
change (Section 12.5). 

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

Spill Avoiduee, LimitiDg Cate: Muimum Load, Reaervoin Low 
The limiting case for spill avoidance is to m!IXimiu the amount of storage available 
to contain inflows. To do this, the units would be operated at maximum flow to keep 
the water in the storage reservoirs as low as possible. 

At New Chelsea, the potential for savings in spill compared to the base case is low. 
The mllXimum possible reduction in spill would be the equivalent of 0 . OS OWhlyr, 
as shown in Table 12.1. Spill is rare at Seal Cove Pond Forebay due to the 
substantial storage available in the system at Pitmans Pond. Therefore, there is little 
generation benefit possible by reductions in spill flows. 

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was run assuming the units we:e always operated 
at maximum load when water was available. The average annual spill1iom Seal 
Cove Pond Forebay was reduced by only 0.008 m'/s. from an average of 0.008 m'/s 
to zero. The spill at Pitmans Pond Forcbay was also reduced to zero 1iom 0.005 m'/s 
in the base case. This represents a total increase of approximately 0.05 OWh/yr. 
This small amount does not compensate for the average annual decrease of 0.8 GWh 
in energy production due to operating the PIT and. NCR units at lower efficiencies. 

Best Efficim~ Operation, Limiting Cue: Reservoln High 
The limiting case for mavimiziog the amount of time the units are operating at best 
efficiency is to run the units at best efficiency, until the storage reservoirs are just 

about to spill. 
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The result of a simulation using this rule was an average IIDDllIIl production of 
18.4 GWhJyr, with a spill of 0.26 mlls at Seal Cove Pond and 0.021 mlls at Pitmans 
Pond. This production is slightly 10Ml' than the base case production (by 
0.1 GWhIyr). This suggests that the rule curve used for the base case simulation is 
near optimum for the New ChelsealPitmans system. There could be minor 
adjustments made to the rule curve that could increase production monthly, but the 
increase would be expected to be 1DIIf8inal. 

12.5 Physical Changes to System 

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

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

Each of these physical ch8nges to the system is discll8S~ below. Table 12.2 
summarizes the ~ts. 

Incrc:ue Stonge aDd bead at Pitmans PODd 
To determine the effect of an increase in storage and head on energy production, the 
dams and structures at Pitmans Pond WeIe assumed to be ~ to allow increases 
in full supply level of one and two meten. The dfect is to reduce system spill and 
increase bead on the Pitmans unit. The resulting inaeases in energy generation were 
0.2 GWhJyr for the one meter rise, and 0.3 GWbIyr for the two meter rise. 

Assuming that the cost of energy to NP is $O.04IkWb this would result in a savings 
to NP of approximately 512 OOOIyr for the one meter increase in dam height and 

$18 0001yr for the two meter increase in dam height. Given a dam length of 
approximately 344 In, the savings over perbaps 20 years would justify an 
expenditure of about $3201m of dam length based on a one meter increase. It is 
unlikely that this work could be completed for less than this cost, unless it is found 
that excess freeboard is present at this structure which would permit raising only the 
spillway crest to achieve these eaergy gains. Alternatively, a seasonal tlashboard 
arrangemeotcould also be considered which would increase thebeadonPitmans unit 
and allow a portion of this generation gain to be realim1. 
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Increue Unit Efficiency 
AnotbermethodofincreasinggcncrationistoimproveUDitefficienc:ythroughrunner 
or major turbine component replacement. Both of these units were commissioned 
in the esrly 1950s and most of the major components have not been replaced. 
Efficiency testing conducted on the New Chelsea unit in 1997 indicated thai the 
turbine efficiency was IICCCptable considering the age of the unit. Best efficiency was 

estimated to be just over 83 percent and efficiency It maximum load was over 
82 percent. A new runner design might be expected to increase these values to about 
89 percent and 85 percent, respectively. The resulting increase in simulated 
generation from the system due to this change is 1.0 OWhlyr. 

The Pitmans unit is of a similar vintage, and a similar unit overhaul could be 
considered It this station. Unfortunately, efficiency testing has not been conducted 
on this unit, but based on an analysis of SCADA data, the efficiency of this unit was 
thought to be substantially lower than that of New Chelsea.. The simulation model 
used a best efficiency of71 percent and81\ efficiency at maximum load of66 percent. 
If this unit were upgraded to 88 percent and 84 percent efficiency, respectively, the 
simulation model indicated that an increase in generation of 0.7 OWb/yr would be 

realized. NP may want to further pursue the costs of major unit overhauls It New 
Chelsea snd Pitlnans to better assess the economic feasibility of such projects 

Table 12.2 
Results of Physical Changes to System 

Cue Av .... Ann\lal Energy Ch.nge In EMrgy 
(GWh1ffl (GWhIyt) 

Base Case 18.5 -
Raise PiCman. Pond by 1 m 11.7 ~.2 

Raise Pi1m1llJ Pond by 2 m 18.8 ~.3 

New CbcIIca turbine ovcrll8ld \9.5 +1.0 

Pilmanl turbillO overhaul 19.2 ~.7 

12.6 Sensitivities 

In addition to the investigation of specific operational and physical changes, 
sensitivity runs were done at most systems to provide NP with information on the 
cost or value of certain aspects of their systems. The sensitivities considered for this 
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study are not applicable to the New ChelsealPitmans system. Environmental releases 
ftom stomgc dams arc not neceS5aIY due to the fact that the only reservoirs in this 
system are also forebays for generating units. For this same reason, it is not 
necessary to estimate the value of removing storage or various modes of storage gate 
operation. 

12.7 Conclusions and Recommendations 

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

1. lmprovemeota to Better Match Simulated IdellJ Operation 

As indicated by the model comparisons, the New ChelsealPitmans system appears 
to be operated in a manner which closely resembles the ideal indicated by the 
simulation. The major operating pmcticalities which reduce generation when 
compared with that of the simulation arc beyond the control of tile system operators. 

1. Changes to OperatiJlg GuideliDes 

Clarifleation or GuideliDes: The present guidelines as interpreted for the Water 
Management Study come close to maximizing system output ifNP can continue to 
operate in this manner. NP should clarify the guidelines for the opemtors, in 
particular providing guidance on when to increase load from best efficiency to 
maximum. 

3. Ph)'llical Chanla 

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

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

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

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

• revising existing plant operating guidelines; and 
• making physical changes to the system. 

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

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

13.1 System Description 

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

The Seal Cove Generating Station contains two generating units with nameplate 
capacities of 1.1 MW and 2.4 MW with a rated net head of 55.5 m. The drainage 
area above the intake to the Seal Cove station is approximately 78 kml. The system 
was commissioned in 1924 and has a total nameplate capacity of3.5 MW. Storage 

Final Report Acres International PJ3474.00 



13-2 

is provided by structures at Fenelons Pond and Soldiers Pond with White Hill Pond 
F orebay acting as the headpond for the Seal Cove station. A schematic of the system 
is presented in Figwe 13.1. 

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

The structures in the system are as follows 

• Fenelons Pond gated outlet; 
• Fenelons Pond overflow spillway; 
• Soldiers Pond gated outlet; 
• Soldiers Pond overflow spillway; and 
• White Hill Pond Forebay overflow spillway. 

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

13.2 Representative Operating Measures 

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

I. Flow Utilimtion Factor. 
2. Energy Conversion Factor. 
3. Flow Duration Curve. 
4. Energy Potential of Spill. 
S. Reservoir Storage Factor. 
6. Reservoir Utilization Plot. 
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7. Forebay Storage Factor. 
8. Gate Operation Plot. 

The definition and use of these measures and plots are presented in Chapter 2. The 
measures as calculated for the Seal Cove system are provided below. They were 
developed from the data in the base case simulation. Table 13.1 at 1he end of this 
section summarizes the measures for the Seal Cove system. 

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

2. Energy CODvenioD Factor 
The energy conversion factors (the ideal average value of water in storage assuming 
the units are operating alone) formost efficient load and mAXimum load for SCV-Gl 
are 0.11 kWbfml (3.61 GWblyrlnT/s) and 0.11 kWblm' (3.56 GWb/yrInT/s), 
respectively. For SCV-G2 the most efficient load and maximum load station factors 
are 0.11 kWblm' (3.61 GWblyr/ml/s) and 0.11 kWblml (3.56 GWblyr/m'/s), 
respectively. 

The average energy conversion factors from the base case simulation for SCV -G 1 
and SCV-G2 are 0.11 kWblml (3.36 GWbJyrJml/s) and 0.11 kWh/ml 

(3.54GWblyrIm3/s),respcctively. These energy conversion factors take mto account 
1he average reduction in availability due to fomed outages and the fact that less than 
five percent of the time they are operating together resulting in higher headlosses. 

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

• Operate SCV -G2 at most efficient load first. 
• Operate SCV -G 1 at most efficient load second. 
• Operate SCV-G2 at maximum load third. 
• Operate SCV -01 at maximum load last. 
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The interpretation of the order recommended in NP' s plant operating guidelines is 
the same as the unit dispatch listed above. 

1. Flow Duration Carve 
The SCV -G 1 and SCV -02 flow duration curves for the turbine flow (power flow) 
in the base case simulation are shown in Figure 13.2. The units operate at maximum 
flow less than five percent of the time. 

4. Enel1D' Potential of Spill 
The simulated spill for the base case was approximately O.lS mJ/s on average at the 
White Hill Pond Forebay overflow spillway. Using the average simulated energy 
conversion factors for SCV -Oland SCV -02 presented previously in this section, the 
spill would produce approximately 0.5 GWbIyr, if entirely saved and used for 
generation. 

The monthly distribution of this spill over 15 years for the base case simu1ation is 
shown in Figure 13.3 for the Soldiers Pond and White Hill Pond Forebay overflow 
spillways. As can be seen in this figure there was no spill at Soldiers Pond in the 
base case simu1ation. 

5. Reservoir Storage Factor 
Storage is provided by structures located at the outlets of Soldiers Pond and F enelons 
Pond. The White Hill Pond Forebay acts as the headpond forthe Seal Cove station. 
The reservoir storage factors were calculated to be approximately 80 days for 
Soldiers Pond, 9S days for Fenelons Pond and half a day (12 hours) for White Hill 
Pond Forebay. These filctors represent the number of days to fill the reservoirs at 
average inflows without any outflow. 

6. Reservoir Utilization Plot 
The plot of simulated Soldiers Pond and Fenelons Pond reservoir levels for the base 
case simulation is provided in Figure 13.4. The plot illustrates the re5elVOir 

utilizatiOD corresponding to ideal operation, which generally makes full use of the 
available storage range. For the Seal Cove system the use of reservoir storage is not 
limited by other physical or operational constraints. 

7. Forebll)' Stonge Factor 
The forebay storage factor (time required to draw forebay down assuming no inflow 
with units operating at maximum load) is less than half a day (5 hours). 
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8. Gate Operation 
There are control gates located at the outlet of Soldiers Pond and Fenelons Pond. 
Provided in Figure 13.S is the simulated gate disebarge. gate capacity and simulated 
reservoir level for an example year (1987) for Soldiers Pond and Fenelons Pond. 
These plots illustIate the frequeney with which the gates are being operated in the 
simulation model to maintain most efficient load and to avoid spill by operating at 

maximum load. 

Table 13.1 
Seal Cove System Representative Operating Measures 

hal CcMt R.,...1ItIItIW 0peI ........... _ 

Flow Utilization FIdon 
- Most Efficient Load 0.39 
- MlIXimwn Load 0.35 

Statioa Factors 
- SCV-OJ Most Efficient Load 0.11 kWhlm' 
- SCV-<ll Maximwn Load 0.11 kWhlm' 
- SCV-<l2 Most Eftici ... t Load 0.11 kWhlm' 
- SCV-<l2 Maximwn Load 0.11 kWhlm' 

EDmgy Potential of Spill o.s GWhIyr 

Reservoir StorIgc Factors 
- Soldien PoDd 80 clays 
- FCllcloas PoDcI 9S days 
- While Hill Pond Forebay ~ day (IS houn) 

Forebay Storage FII:tOr <Yo day (S houri) 

13.3 Ideal Operation of System 

The long term energy production at Seal Cove IS estimated by the simulation model 
developed for the Water Management Study is 9.93 GWhIyr. This compares with 
recorded energy generation for the same reference period (19g4-98) of9.44 GWhlyr. 
Further indication of the difference between recorded and simulated generation is 
provided by the comparisons conducted for the Water Management Study for two 
sample years. These comparisons indicated an average difference between recorded 
and simulated generation (after adjustments for storage) of approximately 
-O.S pen:ent for this system. A negative result for the comparison is unusual, but this 
result suggests one of two things; that the Seal Cove system is being operated in a 
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manner close to the simulated ideal or that there is flexibility in the operation of the 
system such that energy generation is not sensitive to operation. In either case, there 
would be little opportunity for improvement under the current operating guidelines. 
For the Seal Cove System it is more probable thatthere is flexibility in operating the 
system rather than the system being operated near the ideal as explained further in 
the following sections. 

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

13.3.1 Plant Operating Guidelines 

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

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

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

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

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

13.3.3 Unit Operation 

The simulation model operates the Seal Cove units exelusively at their most 
efficient loads, except when high inflows dictate that higher loads are DecesSllly 

to avoid exceeding the reservoir rule curves. With minimal constraints on plant 
flows and the available forebay storage, it should be possible to operate the plant 
elose to this ideal. An examination of daily Control Centre Logs for several 
months (DeceIIlbec 1998, April 1999, and January-February 2000) however, 
seems to indicate that the units are DOt loaded at 'best effieiency very often. Plant 
loads at Seal Cove during these months ranged from 0.2 MW to 3.5 MW. This 
is most likely due to the fact that the controls at this plant are outdated and the 
limited extent to which the plant can be remotely operated. In addition, there 
may be electrical grid requirements that occasionally require that the units 
operate at loads other than their most effieient loads. Such requirements would 
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include local power outages or other infrequent occurrenccs. Although there are 
operating difficulties due to the outdated controls, the efficiency curve for SCV-
02 based on the efficiency testing conducted by Acres in August 2000 show that 
there is only a difference of approximately six perce.nt in efficiency for wicket 
gate openings between 60 BDd 100 percent. This illustrates that although the 
units are operating at lower loads there isn't much of a diffem1ce in efficiency, 
explaining why the simulated and record energy are close although the operation 
and loading of the units are not ideal. 

13.4 Changes to Operating Guidelines 

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

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

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

Each of these is discussed below for the Seal Cove system. Increasing the head 
through a change in the use of:f:1ashboards or installation ofin:f:1atable crest gates was 
considered as a potential physical change (Section 13.5). 

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

Spill Avoidance, LlmitiDg Cue: Muimum Load, Reservoin Low 
The limiting case for spill avoidance is to maximize the amount of storage available 
to contain inflows. To do this, the units would be operated atmaximum flow to keep 
the water in the storage reservoirs as low as possible. 

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

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

13.5 Physical Changes to System 

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

• Change pattem offlashboards installation/removal at White Hill Pond Forebay 
to increase head. 

• Increase dam height at White Hill Pond Forebay to increase storage. 
• Reduce headlosses. 
• Increase net bead. 
• Combination of reducing headlosses and increasing net head. 
• New reservoir and control gate at Gull Pond East. 

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

ChlJlge Pattern ofFluhboanb at White Hill Pond Forebay 
It was interpreted from the existing plant operating guidelines that the forebay level 
is drawn down in the spring to allow for storage of spring runoff. To determine 
whether any additional energy could be obtained through extra head, it was assumed 
that flashboards were in place year round, but still drawing the forebay down in the 
spring. This would allow for some storage of inflows at the forebay during the 
spring runoff. The resulting increase in energy generation from this change was 
0.14 GWhlyr, from 9.93 GWhlyrto 10.Q1 GWhlyr. 
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Assuming that the cost of energy to NP is $O.04/kWh this would result in a savings 
to NP of approxiJnately $5 6OO1yr with a relatively small cost for fabrication of 
flashboards, but leaving the 1lashboards in yesr round may lead to dam safety 
concerns. If it did become a dam safety concern that the f\ashboaros must be 
l"Cmoved, then inflatable crest gates (a rubber dam) on the spillway section may be 
considered. 

IDcreale Stona. at White Bill PODd Forebay 
To detennine the effect of an increase in 3t.orage on energy production, the dams and 

structures at White Hill Pond Forcbay were assumed to be raised to allow increases 
in full supply level of half a meter and one meter. The effec:t is to reduce system 

spill. The resulting increases in energy generation were 0.08 GWhIyr fur the half 
meter rise and 0.16 GWhIyr for the one meter rise. 

Assuming that the cost of energy to NP is $O.04/kWh this would result in a savings 
to NP of approximately $3 2001yr for the half meter increase in dam height and 
S6 400/yr for the one meter increase in dam height Given a dam length of 
approximately 420 m, the savings overpcrbaps 20 years wouldjustify an expenditure 
of about $ 140Jm of dam length based on a one meter increase. The practicalities of 
increasing the dam at White Hill Pond Forebay would have to be investigated. A 
detailed analysis into thc cost would have to be conducted, but based on the above 
expenditure it may not be cost effective. 

Reduce Headlotses 
Another method of increasing head is to reduce headlosses. The existing woodstave 
penstock is reaching the end of its USt.ful life and NP is currently investigating 
replacing this penstock. For the p1IJ]lOscs of examining the value of a reduction in 
headlosses through penstock replacement it was assumed that the woodstave 
penstock would be replaced with a steel penstocJc of equal diameter (seven feet) and 
one with a larger diameter (eight feet). The effect on headlosscs a steel penstock 
would have as apposed to a woodstave penstock would be in reducing the headloss 
due to lower friction losses. A large diameter penstock would reduce the headlosscs 
further at higher flows (both units operating at the same time). The reSulting energy 
generation was 10.24 GWhlyr or a net increase in average annual energy of 
0.31 GWh/yr for the seven foot diameter penstocJc and 1035 GWhlyr or a net 
increase in average annual energy of 0.42 GWhIyr for the eight foot diameter 
penstock. 
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Assuming that the cost of enugy to NP is SO.04IkWh this would result in a savings 
to NP of approximately $12 4OO/yr for the seven foot steel penstock and $16 BOO/yr 
for the eight foot diameter penstock. This rep~nts the gain in energy production 
and savings to NP by replacing a woodstave penstock at Seal Cove with steel. At the 
point it beoomes apparent to NP that the penstock has to be replaced detailed cost 
estiDllltes for both wood stave and steel penstocks should be compared along with the 

savings to determine the cost effectiveness of going to steel and possibly a larger 
diameter penstock. Detailed efficiency testing on SCV -G 1 operating alone and with 
SCV-G2 would allow for acc:umte MeasureS of CUIreIlt headloss to allow for a more 
acc:urBte estimation of increased energy production. 

Increase Net Head 
Currently theR are no draft tubes at the exit of the units in the Seal Cove station. At 
some point in time these WeR either removed or have fallen off. By installing new 

ones it will effectively increase the net head of the station, therefore, increasing 
energy production. The resulting energy generation assuming draft tubes in the 
station was 10.44 OWh/yr or a net increase in avenge annual energy of 
0.51 GWh/yr. 

Asswning that the cost of energy to NP is SO.D4/kWh this would result in a savings 
to NP of approximately $20 400/yr. NP should look into the cost effectiveness of 
fabrication and installation of new draft tubes based on these approximate savings. 

Combination of Reducing Headloues and Increaslag Net Head 
The combination effect of installing flashboards at White Hill Pond Forebay and 
draft tubes at Seal Cove Station, and replacing the seven foot diameter woodstave 
penstock with an eight foot diameter steel penstock to increase net head on the 
energy production was investigated. The resulting energy generation was 
10.73 GWhlyr or a net increase in average annual energy ofO.BO OWh/yr. 

Assuming that the cost of energy to NP is SO.D4/kWh this would result in a savings 
to NP of approximstely $32 OOO/yr. 

New Reservoir and Control Gate at GuO Pond Eat 
To determine the effect additional storage in the system would have to energy 
generation by regulating more of the basinrunoft; a reservoir and conlrol gate atGutl 
Pond East WeR added to the system. Reservoir and discharge chanlcteristies were 
based on the previous structure that was located at Gull Pond East. The resulting 
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energy generation was 10.33 GWh/yr or a net increase in average annual energy of 
0.40 GWh/yr.l 

Assuming that the cost of energy to NP is 0.04 kWh this would result in a savings to 
NP of approximately $16 OOO/yr or a net present value ofS146 000 for 20 years at 
nine percent NP should look into the cost effectiveness of building a new dam at 
Gull Pond East based 011 this approximate savings. It may be the case that when 
Fenelons Pond is due for rehabilitation itmay be worth investing the capital cost into 
building anew dam at Gull Pond East and decommissioning the Fenelons dam. This 
could allow for more regulation of the basin inflows and easier IICQeSS to the control 
structure for operation. 

Table 13.2 
Results of Physical Changes to System 

C_ ""'J8iI- Annuli Energy Chlnge In Energy 
(GWhIyr) (GWh/yr) 

BuaCua 9.93 -
Flashboanlll FOICbay 10.07 -10.14 

InCRae SID ..... lit Forebay by O.S m 10m -10.08 

Increase Siorage lit Forebay by 1.0 m 10.09 -+0.16 

Seven Foot Diameter Steel PenstocIt 10.24 -+0.31 

EIgbt FOOl DIameter Steel Pemtoc:k 10.3S -+0.42 

Install Draft Tubes 10.44 -+O.SI 

Steel Pcastoc:kIDraft 1'IIbelFluhboanls 10.73 -+O.SO 

R.eacrvoir GuU Pond Easl 10.33 -+0.40 

13.6 Sensitivities 

In addition to the investigation of specific operational and physical changes, 
sensitivity runs were done to provide NP with infonnarion on the cost or value of 
certain aspects of their systems. In addition to some standard sensitivities, the cases 
chosen for Seal Cove were selected with a view to providing NP with some values 
related to its specific situation. Results for all sensitivity cases are provided io 
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Table 13.3. Along with the average energy generation, average annual forehay spill 
for each case is presented. 

The sensitivity C83CS were as follows. 

• Environmental release requirement of30 percent ofmcan annual flow. 
• No storage in system (to obtain value of storage); remove dams and gates. 
• Changes to Soldiers Pond and Feuelons pond gate operation. 

Environmental Release RcqairemCilt 
The sensitivity of energy generation to changes in environmental releases 
downstream of gated outlet structures was investigated. In the cunent model 8etup, 
for the purpose of maintaining flow in the river reaches downstream of the gated 
outlets for environmental reasons, the minimum flow of all gates was Bet to 0.1 mlls, 
ifwater is available. As a sensitivity, this minimum flow was set to 30 percent of the 
mean annual flow into the reservoir, as long as there is water in the reservoir. When 
the reservoirs are empty, the natural inflow would be released. 

The 30 percent mean annual flow requirement is equivalent to approximately 
0.15 mlls at Soldiers Pond and 0.23 mlls at Fenelons Pond. This amount is always 
released in all simulations unless there is no water in storage, in which case the 
natural inflows are released. Using these flows as the minimum flow release from 
the gates for the base case simulation model, there was a decrease in average energy 
of 0.02 GWhlyr, from 9.93 GWhIyr to 9.91 GWhIyr. Assuming that the cost of 
energy to NP is $O.()4IkWh this would result in a loss in revenue to NP of 
approximately S8001yr, ifNP where required to release 30 percent of the mean 
annual flow. 

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

No Storage ill System 
To provide NP with an indication of the value of the storage in the system, all storage 
in the system was assumed to be removed. The resulting average 8IU1ual energy 
generation from this sensitivity was 8.57 GWhIyr, a net decrease of 1.36 GWhlyr. 
Assuming that the cost of energy to NP is SO.04IkWh this would result in a loss in 
revenue to NP of approximately $54 4001yr, ifNP where to remove aU storage from 
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the system. This cepn:sen1ll the value of maintaining the structures at Soldiers Pond 
and FenelODS Pond. 

Cbllllla to Soldien Pond IIDd Fenelons Pond Gate Operation 
The difficult access to the Soldielll Pond and FeneloDS Pond outlet structures make 
it obvious candidates for automation, ifit were cost effective. 1'be simulation for the 
base case assumed that the gates could be operated daily, and the gate operation plot 
in Figure 13.S showed that it WIS usually open to full capacity, except for in the 
spring. This means that there may not be a large benefit in automation of the gates, 
but it may be best to look into other means of operation. The base case could be 
considered the full automation case. To investigate the value of automation, or of 
some alternative procedure, three cases were IXlnsidered. A variety of other cases are 
possible, but these three give an indication of the range of savings that can be 
achieved. The three cases are 

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

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

regulation, leaviDg the gate in a partly open position all year round. 

The effed.s of these three procedures are described below. 

Leave Gate FaD Open: Because of the difficulty of adjusting Soldiers Pond and 
Fenelons Pond outlet gates, one option is to simply leave the gate open. The 
structure itself will provide some natural regulation. The difference in the estimate 
of energy generation in this case and the base case indicates the value of having a 
gate thatcan be operated daily. The resulting energy generation from this sensitivity 
WIS 9.38 GWhlyr, or a net decrease in energy ofO.sS GWblyr. This decrease is due 
to extra spill at the forebay and additional operation at maximum load. Assuming 
that the cost of energy to NP is SO.04IkWh this would result in a loss in revenue to 
NP of approximately S22 OOOIyr. 

If the gates could be automatedforperbaps $100,000 to $150,000, automation would 
be justified by the energy savings. 

However, it may be possible to obtain some or all of the energy gains more cost­
effectively, as considered in the two other options. 
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Sealonal Operation: ID this case, the gates were BSsumed to be operated twice a 
year, closed to one quarter full open in April and opened fully in June. The resulting 
energy generation froDl this sensitivity was 9.64 GWhlyr ora net decrease in energy 
of 0.29 GWblyr. 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 13.2 indicated that the 
gate is usually full open for all the year, except for during the spring. During the 
spring the gates are usually opened to release about 2-3 DI'/s. A3 a sensitivity, the 
gates were assumed to be open one quarter full capecity all year round to release 
approximately those flows. The resulting energy generationfroDl this sensitivity was 
9.68 GWblyr or a net decreue inena:gy of 0.25 GWhiyr. As the table below shows 
this would be the best of the three alternatives considered here for gate operation at 
Soldiers Pond and Fenelons Pond. With the exception of possibly fabricating 
stoplogs there should be no cost to this option. Other gates settings could be 
investigated to optimize the size of the gate opeqing that provides the smallest 
decrease in energy generation froDl the base case. 

Table 13.3 
Energy Results for Sensitivity Simulations at Seal Cove 
System 

Cae . A'III,...-AtInua1 ct .... '" Forvbay 8pII' 
EntIIY Eneliw {m'la) 

(GWhIy" (GWhIyr) 

B .... Case 1l.1l3 - O.IS 

EDvironmenlal ReleNts 1l.91 -0.02 0.16 

Value of Storage 1.57 -1.36 3.19 

Soldim md FenelDDI Pond 
Gate ()penItion 

- Leave G~ filII Open 9.38 -0.55 0.32 
- Seasonal Operatlon 9.64 -0.29 025 
- Leave Gate Pu1iaIly 9.68 -025 0.24 
Open 
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13.7 Conclusions and Recommendations 

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

1. Improvements to Better Match Simulated Ideal Operation 

GatelUnlt operation: The analysis shows that controlling the release ofwater 
from storage and operation of the units does not effect the eoerg)' output of the 
Seal Cove system substantially. The storage reservoirs regulate only a small 
portion of the total basin inflow, therefore, allowing for flexibility in operation 
of the control gates. The efficiency curve for SCV.(J2 prepared by Acres during 
efficiency testing conducted in August 2000 illustrates that the ClD'Ve is flat 
between 60 percent IIDd 100 percent wicket gate opening with a difference in 
efficiency of approximately six percent. This small difference in efficiency 
allows for flexibility in unit loadings due to problems with outdated controls. 
Automation of the gates would provide the best control, but simpler approaches 
would be more cost effective and provide close to the energy produced using 
ideal opellltion. 

2. Cbanges to Opel'lltinl Guidelinea 

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

Ullit DiJpatcb Order: NP should amy out efficiency testing on SCV.(J 1, 
operating separately and together with SCV.(J2, to determine the prefemd 
dispatch order. 

3. Physical Changes 

Forebay Flasbboanb: Installing tlashboards and keeping in all yearround while 
drawing the forebay down in the spring increases energy output by increasing 
head and reducing spill. If tlashboards must be removed in the spring for dam 
safety reasons, then an inflatable crest gate (rubber dam) on the spillway section 
may be considered. The spillway section is short, and it may be possible not only 
to keep the head up during periods of high runoff risk, but also to raise 1he full 
supply level in lower risk periods. NP should investigate the costs IIDd benefits 
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ofaltcmative flasbboardlcrest gate arrangements, taking into accOImtdam safety 
requirements. 

lIlereued Storage: Beawse of the fact that a small amount of runoff is 
controlled from the two main storage reservoirs and there is relatively no .spill for 
the simulation period, the dam height was im:reased at the forebay by half a 
meter and one meter. The etm:t of increasing storage at White Hill Pond 
Forebay results in an increase in energy genendion of 0.08 GWhIyr for a half 
meter rise, and 0.16 GWhlyr for a one meter rise. NP should look into the costs 
for this increase in dam height to detennme the economical feasibility. 

Red1lc:eBeadloSlla: Another method of increasing bead is to reduceheadlosses 
through replacing the existing woodstave penstock with a steel penstock of equal 
diameter or one with a larger diameter <eight feet). The resulting energy 
generation was 10.24 GWhlyc or a net increase in average annual energy of 
0.31 GWhIyr for the seven foot diameter penstock and 10.35 GWh/yr or a net 
increase in lYmIge annual energy of 0.42 GWhlyr foe the eight foot diameter 
peostock. Headlosses would have to confirmed by detailed efficiency testing of 
SCV-Gl operating seplUlltely and with SCV-G2. 

IncrealeNetHead: Currently there are no draft tubes at the exit of the units for 
Seal Cove. At some point in time these were either removed or have fallen off. 
By installing new ones it will effectively increase the net head of the station, 
therefore, increasing energy production. The resulting energy generation was 
10.44 OWhlyr or a net increase in average annual energy of 0.51 OWh/yr. 

Combination of Reducing Beadlolla and Inereuing Net Bead: The 
combination effect of installing tlasbboarda at White Hill Pond Forebay and draft 
tubes at Seal Cove Station, and replacing the seven foot diameter woodstave 
penstock with an eight foot diameter steel penstock to incRase net bead on the 
station on the energy production was investigated. The resulting energy 
generation was 10.73 GWhlyr or a net increase in average annual energy of 
0.80 GWh/yr. 

New Reservoir anel Control Gate at GuO Pond Eut: Constructing a new 
reservoir and control gate at Gull Pond East would result in an increase in energy 
production of 0.40 GWhiyr. 
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4. Semitivitiea 

Environmental Releasea: Providing a minimum flow release of 30 percent of 
mean annual flow downstream of the outlet gates at Soldiers Pond and Fenelons 
Pond does Dot affect energy generation, because this amount is already being 
released to supply the units. The requirement, however, assumes that when the 
reservoirs are low, the release is equal to the natural inflow. If the requirement 
weIll to guarantee 30 percent, a reserve would have to be maintained similar to 
the winter mserve. 

Valne of Storage: The value of the storage at Soldiers Pond and Fenelons Pond 
is 1.36 GWhlyr. NP may usc this value in considering the costs ofmBintaining 
these structures. 

Changes to Soldiers Pond and Fenelon. Pond Ontlet Gate 
Control/Operation: The value of operating the gates at Soldiers Pond and 
Fene10ns Pond on a daily basis is 0.55 OWblyr. If the gate can be automated for 
perhaps $100 000 to $150 000, automation would be justified by the energy 
savings. However, it may be possible to obtain some or all of the energy gains 

mOIII cost-effectively. considering changing the gate setting a couple oftimes a 
year or restricting the gate opening. 

Acres International PJ3474.00 
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14 Topsail Hydroelectric System 

Topsail Hydroclcctric System was assessed to determine whether there is potential 
for increasiDg 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 
• makjng physical changes to the system. 

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

The following sections descn"be the Topsail system, present rcpresentBtive operating 
measun:s (e.g., flow utilization factor and energy potential ofspiJl) and provide the 
results of the analysis used to assess the effect of opc:ratiooal and physical changes 
on energy generation. The last section provides conclusions and recommeodations. 

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

14.1 System Description 

The Topsail system is loc:atI:d on the south east coast of Conception Bay nClll 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 of2.6 MW and a rated net head of 85.5 m. The drainage area above the 
intake to the Topsail station is approximately 61 kmz. The station was commissioned 
in 1932. Storage is provided by structun:s at Thomas Pond, Paddys Pond, Three Ann 
Pood and Three Island Pond. There is a short canal between the uncontrolled outlet 
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of Topsail Pond and the intake to the Topsail station. A schematic of the system is 
presented in Figure 14.1. 

All ma,i or storage reservoirs are in series, with Thomas Pond being the most 
upstream reservoir in the system. There is an overflow spillway located on Thomas 
Pond, which when overtopped, would lead to spill out of the system. Water is 
released from Thomas Pond to Paddys Pond using the control structure located at its 
outlet. Water entering Paddys Pond is either stored, spilled out of the system or 
released downstream to Three Ann Pond. Additional inflow occurs at Paddys Pond 
due to spill from Cochrane Pond located in the Petty Harbour Hydroelectric System. 

Water from upstream reservoirs entering Three Arm Pond is either stored, spilled 
within the system or released downstream to Three Island Pond using the structure 
located at its outlet; this is similar for Three Island Pond. Water entering Topsail 
Pond is either spiUed out of the system or used for generation. 

The structures in the system are as follows 

• Thomas Pond gated outlet; 
• Thomas Pond overflow spillway; 
• Paddys Pond gated outlet; 
• Paddys Pond overflow spillway; 
• Three Ann Pond gated outlet; 
• Three Ann Pond overflow spillway; 
• Three Island Pond gated outlet; 
• Three Island Pond overflow spillway; and 
• Topsail Pond overflow spillway. 

The Thomas Pond, Paddys Pond and Topsail Pond overflow spillways discharge out 
of the system; the other spiUways discharge within the system. 

14.2 RepresentatIve Operating Measures 

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

The definition and use ofthcse measures and plots are described in Chapter 2. The 
measures as calculated for the Topsail system are provided below. They were 
developed from the data in the base case simulation. Table 14.1 at the end of Ibis 
section summarizes the measures for the Topsail system. 

1. Flow Utilization Factor 
The Topsail station houses a single generating unit (TOP-G 1). The flow utilimtion 
factors for the Topsail station (average intlowto forebay divided by combined flow 
capacity atmostefficient load and maximum load) are 0.85 at most efficient load and 
0.72 at maximum load. 

1. EDel'lY Convenioll Factor 
The energy conversion factors (the ideal average value ofwater in storage assuming 
the units are operating alone) for most efficient load BIld maximum load for TOP-G 1 
are 0.212 kWhlm' (6.68 GWhlyr/m'/s) and 0.202 kWhlm' (6.36 GWhlyrIm'/s), 
respectively. 

The average energy conversion factor from the base case simulation for TOP-G 1 is 
0.22 kWhlm' (6.82 GWblyr/m'/s). This energy conversion factor takes into account 
the average reduction in availability due to forced outages. 

3. Flow Duratlou Curve 
The TOP-G 1 flow duration curve for the turbine flow (power flow) in the base case 
simulation is shown in Figure 14.2. The unit operates at maximum flow 
approximately 10 pen:ent of the time. 

4. Eller&Y Potential of Spill 
The simulated spill forthe base case was approximately 0.143 m'/s on average at the 
Topsail Pond Forebay overflow spillway, 0.115 m'/s at Paddys Pond overflow 
spillway and 0.003 m'/s at Thomas Pond overflow spillway. Using the simulated 
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energy conversion factor for TOP-G 1 at maximum load presented previously in this 
section, the combined spill flows would produce approximately 1.8 GWhIyr, if 
entirely saved and used for generation. 

The monthly distribution of this spill over 15 years for the base 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 there was little spill at 
Thomas Pond for the base case simulation. 

5. Reservoir Stonge Factor 
Storage is provided by structures located at the outlets of Thomas Pond, Paddys 
Pond, Three Ann Pond and Threc Island Pond. The Topsail Pond Forebay acts as 
the hcadpond for the Topsail station. The reservoir storage factors were calculated 
to be approximately 46 days for Thomas Pond, 22 days for Paddys Pond, 3 days for 
Thlee Ann Pond, 6 days for Three Island Pond and less than om: day (18 hours) for 
Topsail Pond Forebay. These factors representthe averagenumbcr of days to fill the 
reservoirs without any outflow. 

6. Reservoir Utilization Plot 
The plot of simulated Thomas Pond reservoir levels for the base case simulation is 
provided in Figure 14.5. The plot illustrates the reservoir utilization corresponding 
to ideal operation, which generally makes full use of the available storage range. For 
the Topsail system the use ofrescrvoir storase is severely limited by other physical 
or operational constraints, particularly the reservoirs at Paddys Pond, Three Island 
Pond and Topsail Pond Forebay where constraints imposed by recreational users 
restrict the extent to which these reservoirs can be used to store water for generation. 

7. Forebay Stonge Factor 
The fo~bay storasc factor (time required to draw forebay down assuming no inflow 
with units operating al maximum load) is 0.53 days (13 hours). 

8. Gate Operation 
There are control gates located at the outlets of Thomas Pond, Paddys Pond, Thlee 
Ann Pond and Three Island Pond. Provided in Figure 14.6 is the simulated gate 
discharge, gate capacity and simulated reservoir level for an example year (1996) for 
Thomas Pond. This plot illustrates the frequency the gate is being operated in the 
simulation model to maintain most efficient load and to avoid spill by operating at 
IllllXimum load. 
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Table 14.1 
Topsail System Representative Operating Measures 

Tapaan Re,.-antallvw Op.mIng IIIeuuIwa 

Flow Utilization Factors 
- Most Efficient Load 0.8S 
- Maximum Load 0.72 

Station Factors 
- TOP-<lI Most Efficient Load 0.212 kWbfm1 

- TOP-<lI Maxim1llD Load 0.202 kWblm1 

Energy Potential ofSpiU l.8GWh/yr 

R~owSm~.P~n 

-Thomas Pond 46 clays 
- Paddys Pond DcIays 
- Three Ann Pond 3 cia)'! 

-Three Island Pond 6 clays 
- Top"';l Pond Forebay 0.74 days (18 hours) 

Forebay SlIInIge Factor 0.53 clays (13 hours) 

14.3 Ideal Operation of System 

The long term energy production at Topsail as estimami by the simulation model 
developed for the Water Management Study is 15.9 GWhlyr. This compares with 
mcorded energy generation for the same reference period(1984-98) of 12.4 GWhlyr. 
While these numbers are not directly comparable due to runner replacelJlent in 1997 
and a number of prolonged outages affecting the rec:orded generation over this 
period. the difference does provide some indication of the potential for improving 
actual generation at this system under the current plant operating guidelines. Further 
indicators of this differcnce are provided by the comparisons conductcd for the Water 
Management Study for two sample years. This comparison indicated an average 
difference between mcorded and simulated generation(after adjustments for storage) 
of approximately 10 percent for this system. 

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

14.3.1 Plant Operating Guidelines 

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

Obviously, some judgment on the partofthe operators in applying this guideline 
is required. For instance, knowledge of above normal snow accumulations in the 
watershed prior to spring runoff may be employed in deciding to operate the units 
at maximum load even when water levels have not reached the rule curve. 
However, the rule curve will ordinarily provide useful guidance to system 
operating staff. The rule curves used in the simulation model arc illustrated in 
Figure 14.5 and are provided in the echo of the detailed simulation model input 
in Volume 3 of the Wider Management Study. 

14.3.2 Gate/ReservoIr Operation 

The Topsail system has significant storage capacity that can be effectively used 
to smooth the basin inflows (storage ratio of 53 days). Thomas Pond and Paddys 
Pond reservoirs provide most of the usable storage capacity. The gates that 
control these reservoirs are readily accessible. Many other constraints are 
imposed on reservoir operations in this system due to the many recreational users 
of the four downstream reservoirs. However, these constraints have been 
considered (to the extent possible) in the simulation model and therefore these 
factors should not be the source of differences between the modeled and actual 
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results. Therefore, the impact of the practicalities of gate and reservoir operation 
on system generation should not be significant. 

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

14.3.3 Unit Operation 

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

14.4 Changes to Operating Guidelines 

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

• increasing head, by operating 1he forebay to get more head or reducing 
headlosscs; 

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

Each of these is discussed below for the Topsail system. Increasing the head through 
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 recreational users and 
home owners on this reservoir preclude such an alternative. 

The other two possibilities were exllDlined using the limiting cases of high and low 
reservoir rule curves, discussed in Chapter 2. The case described for the base case 
is an intermediate case, since it uses a NP rule curve varying between the low supply 
and full supply levels of the reservoirs although it very nearly approximates the high 
rule curve case, as discUS9ed below. 

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

At Topsail, the potential for savings in spill compared to the base case is 
considerable. The maximum possible reduction in spill would be the equivalent of 
1.8 GWbIyr, as shown in Table 14.1. However, the spill distribution plot 
(Figures 14.3 and 14.4) shows that this would be difficult to capture since the spills 
occur in large amounts. 

To assess the potential for additional energy generation in the system using spill 
avoidance, the simulation model was run assuming the units were always operated 
at mByimum load when water was available. The average annual combined spill 
from Topsail Pond Forcbay, Paddy, Pond and Thomas Pond was reduced by 
0.068 m'ls, from an average of 0.26 mlls to 0.19 ml/s. This represents an increase 
ofapproximately0.46GWblyr. This amount more than compensates for the average 
annual decrease of 0.06 OWh in energy production due to operating the units at a 
lower efficiency. 

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

about to spill. 

The result of a simulation using this rule was an average annual production of 
13.5 GWbIyr, with a spill of 0.61 ml/s. This production is substantially lower than 
the base case production. This suggests that the rule curve used for the base case 
simulation is near optimum for the Topsail system. With the number of reservoirs 
and constraints in the Topsail system, gains ofup to O.S GWh/yr may be achieved by 
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making adjustments to the rule curve, particularly at Thomas Pond which has few 
constraints due to other water users. NP should rdine its rule curves and clarify 
these operating targets in the plant operating guidelines 

14.5 Physical Changes to System 

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

• Increase dam height at Thomas Pond to increase storage. 
• Change gate dimensions at Paddys Pond to permit better storage utilization. 
• Consider diverting Cochrane Pond drainage aru to Topsail system to increase 

BVerage inflow. 

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

Increase Storage at Tbomas Pond 
To determine the effeet of an increase in storage on energy production, the dams and 
structures at Thomas Pond were assumed to be raised to allow increases in full 
supply level of one and two meters. This reservoir is the only one in the Topsail 
system where such a change could be considered as the remaining reservoirs have 
considerablerecmUional usage. The effect of increasing storage is to reduce system 
spill. The resulting increases in energy generation were 0.3 OWhlyr for the one 
meter rise, and 0.6 GWblyr for the two meter rise. 

Assuming that the cost of energy to NP is $O.04IkWb this would resQ)t in a savings 
to NP of approximately $12 000/yr for the one meter increase in dam height and 
$14 OOOIyr for the two meter increase in dam height Given a dam length of 
approximately400m, the savings over perhaps 20 years wouldjustify an expenditure 
of about $27Sfm of dam length based on a one meter increase. It is uDlikely that the 
work could be completed for less than this unit cost and therefore increasing the 
available storage in this system is probably not economical at this time. 

ChaDge Gate Capacity at Paddya Pond 
Due to the fact that over 80 percent of the Topsail watershed area lies upstream of 
Paddys Pond dam as does the majority of the system storage, siziug of the gates 
which convey these flows to the forebay is critical for system generation. The gate 
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having the most limited capacity on examination appears to be the one located at 
Paddys Pond outlet structllR. To assess whether or not the capacity of this gate is 
restricting flows to the powerhouse, the model was tested BSsumingthat this gate had 
double its present capacity. The resulting energy generation was 16.0 GWhlyr or a 
net increase in average annual energy of only 0.1 GWblyr. Based on this 
infonnation, it may be concluded that the gllles in the Topsail system appear to have 
adequate capacity. 

Divert Cochrane Pond Watenhed 
The Cochraoe Pond watershed was diverted from Manuels River (now the Topsail 
system) as part of the Petty Harbour hydroelectric development in 1917. Subsequent 
to this diversion, the Topsail hydroelectric development was constructed. As Topsail 
unit operates under a greater net head than the Petty Harbour units, a simulation 
considering the rerouting of Cochrane Pond flows to Topsail was modeled for both 
systems. The resulting annual production at Topsail was 17.3 GWhlyr, 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 GWblyr. 

While this would seem to indicate that such a change would not be worth pursuing, 
it was noted that the spill at Topsail with the addition of Cochrane Pond inflows 
increased by the equivalent of approximately 1.6 GWhlyr (from 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 

Cue Average Annual Energy Change In Energy 
(GWhfyr) (GWhfyrJ 

BueCllIe IS.9 -

Double Paddy. Pond Gate Capacity 16.0 -+G.I 

Increlll. Storage Thomas Pond by 1 m 16.2 -+G.3 

Increase Storage Thomas Pond by 2 m 16.5 -+G.6 

Divert Coc/uan. Pond 17.3 +1.4-1.4 (+1.6) 
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14.6 Sensitivities 

In addition to the investigation of specific operational and physical changes, 
sensitivity runs were done to provide NP with information on the cost or value of 
certain aspects of their systems. Results for IIl1 sensitivity cases are provided in 
Table 14.3. 

The sensitivity cases were as follows. 

• Environmental release requirement of 30 percent of melln annual flow. 
• No storage in system (to obtain value of storage); remove dams and gates. 

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

The 30 percent mean annual flow requirement is equivalent to approximately 
O.S I rolls at 'Thomas Pond, 0.63 ml/s at Paddys Pond, 0.68 ml/s at Three Arm Pond 
and 0.73 m'ls at Three Island Pond. Using these flows as the minimum flow release 
from the gates for the base case simulation model, there was no change in system 
energy. This is the case because 30 percent of mean annual flow is less than the best 
efficiency flow of the unit. This amount is always released in IIl1 simulations unless 
there is no water in storage, in which case the natural inflows arc released. 

IfNP were required to hold a supply of water in the reservoirs to ensure that the 

30 percent requirement were always met, there would likely be a reduction in energy. 

No Stonge in Sy.tem 
To provide NP with an indication of the value of the storage in the system, IIl1 stol'llge 
in the system was assumed to be removed. The resulting average annual energy 
genCl'lltion from this sensitivity was 12.S GWhlyr. a net dcc:rease of 3.4 GWhlyr. 
This represents the value of maintaining the structures at Thomas Pond, Paddys 
Pond, Three Ann Pond and Three Island Pond. 
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Table 14_3 
Energy Results for Physic:al Changes to Topsail System 

Cne A_ae Annual !nergy Chang_In EneI'lW 
(OWhlyr) (GWh/y'" 

BueCase 15.9 -
Environmenlal Releases 15.9 0.0 

Value oCSIo"'l" 12.5 -3.4 

14.7 Conclusions and Recommendations 

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

1. Improvements to Better Mateh Simulated Ideal Operation 

The Topsail system appears to be opelaled in a manner which closely resembles the 
ideal indicated by the simulation. The major operating practicalities which reduce 
gcnenrtion when compared with that of the simulation arc beyond the control of the 
system operators. 

1. Changes to Operating Guidelilles 

Clarification of Guidelilles: The present guidelines as interpreted for the Water 
Management Study come close to maximizing system output ifNP can operate in 
this manner. NP should clarify the guidelines for the operators, in particular 
providing guidance on when to increase load from best effiCiency to maximum. It 
may be possible to make modest gains through fine-tuning of the reservoir rule 
curves thatdetcrminewhen to switch from bestefficicm:y load to maximum load. NP 
should review the present practice and update as required. 

3. Physical Changes 

mereued Stonle: Options for increasing storage at Topsail are limited to ehanges 
at Thomas Pond. These alternatives do not appear to be economically feasible based 
upon the analysis conducted. 

Final Report Acres International PJ3474.00 
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Cochrane Pond Diversion: The diversion of Cochrane Pond flows from the Petty 
Harbour system to the Topsail system is not economically feasible llDless the storage 
capability of Cochrane Pond is retained. Further analysis is required to assess the 
potential of this change if the Cochrane Pond storage capability was added to the 
Topsail system in addition to the inflows to this reservoir. 

4. Sensitivities 

Environmental Releases: Providing a minimum flow release of30 percent of mean 
annual flow downstream of the outlet gates of all four storage reservoirs does not 
affect energy generation, because this amount is already being released to supply the 
unit. The requirement, however, assumes that when the reservoirs are low, the 
release is equal to the natural inflow. If the requirement were to guarantee 
30 percent, a reserve would have to be maintained similar to the winter reserve. 

Value of Storage: The value of the storage at Thomas Pond, Paddys Pond, Three 
Arm Pond and Three Island Pond is 3.4 GWh/yr. NP may use this value in 
considering the costs of maintajning the structure. 
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15 Conclusions and Recommendations 

Acres has completed a review ofNP's hydroelectric system to identify potential 
opportunities for increasing energy generation through operational and physical 
changes. Specific conclusions and recommendations for each of the systems 
reviewed are included in the individual system chapters. General conclusions 
regarding the whole system are as follows. 

1. In some instances, a review of the Control Centre logs showed that the units 
are not always being operated to obtain maximum generation. In some cases 
inefficiencies are unavoidable due to system demands, in other instances, 
improvements may be possible. Additional review of the logs, in 
combination with discussions with the opemtors, may identify opportunities 
for improved operation and increased generation. 

2. NP should undertake a review of each plant's operating guidelines. In many 
instances, the guidelines require revision to remove ambiguity regarding 
intelpretation. 

As noted in the individual chapters, corrections are required in some 
operating procedures, for instance in unit dispatch order. 

The unit loadings in some of the plant operating guidelines should be revised 
to reflect results of efficiency testing undertaken by Acres for NP in the past. 

3. As noted in the individual systemcbapters, the review has identified potential 
sources of additional energy through physical modifications of existing 
structures. Modifications considered included raising dams, automating 
control gates, and replacing penstocks. 

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

4. Sensitivity simulations were undertaken to estimate the cost of constraints on 
the systems, for instance water level constraints for recreation, and the value 
of controlled storage, again using the simulation models. 
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