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Friday, May 9, 2008


--- On commencing at 9:25 a.m.


MS. NOWINA:  Please be seated.


Good morning.  Today is day 7 of the cross-examination of the Ontario Energy Board's hearing EB-2007-0050.  The hearing is in regard to Hydro One's application for leave to construct a transmission line between the Bruce Power facility and the Milton Switching Stations, and to make modifications to certain transmission stations.


Today we are going to have Hydro One's presentation and others' questions on the model used for an economic analysis of the project.


Mr. Nettleton.

Preliminary matters:


MR. NETTLETON:  Thank you, Madam Chair.  Good morning, Board Members.


This is a rather unique, but I think appropriate, opportunity today to provide additional information regarding the locked-in energy financial evaluation model that the Ontario Power Authority has used for purposes of evaluating undelivered energy, locked-in energy, as it has been described in the evidence in respect of the application before you.


The panel that is here today comprises of two individuals, Mr. Bob Chow, whom you have seen throughout this process, and seated beside Mr. Chow is Mr. Jim Lee.


Mr. Lee is a senior planner with the Ontario Power Authority.  Mr. Lee has over 30 years of experience in the area of transmission system planning in Ontario.


He is a graduate of the University of Waterloo, with an applied science bachelor's degree in electrical engineering, and he is a registered professional engineer in the province of Ontario.


This morning, Madam Chair, I thought what would probably be the most efficient way to allow the presentation to be made is if Mr. Lee and Mr. -- well, Mr. Chow is still under oath, but Mr. Lee would be sworn, and this panel would effectively be evidence that would be adopted and included into the record of this proceeding, and I would lead these two witnesses through examination-in-chief.  


I think I will be doing very little talking in that examination, but the idea would be that that material would then be available.


I understand from my friend, Mr. Klippenstein, that his expert, Mr. Fagan, is here from Boston, today, and that there is hopefully going to be an opportunity for Mr. Fagan to ask questions after the presentation has been made.  I think that that would fit nicely with the process that we have here today after the examination-in-chief, if you will, has been completed. 


And if time permits, then there would be an opportunity for others to ask questions.


Subject to those thoughts, I would then have Mr. Lee sworn, and then proceed forward on that basis.


MS. NOWINA:  That's fine, Mr. Nettleton.  Just to be clear on the process -- I'm sorry, sir.


MR. MONEM:  Sorry, Madam Chair, Alex Monem.  We will be seeking to ask some questions, as well.  Those questions will come from Mr. Whitfield Russell and possibly from others by telephone, if we get the facilities set up.


MS. NOWINA:  That's fine, Mr. Monem.  Yes, as I was going to say, so in this circumstance, we will have -- counsel will certainly be free to ask questions, but so may the experts who are present or on the telephone.  That's fine.


In terms of questions, Mr. Nettleton, you have said after the presentation is complete, and that is fine as well.  The only thing that I would ask is that if there are questions of clarification, if we don't understand a particular slide, it might be most efficient for those questions of clarification to be answered during the presentation.


MR. NETTLETON:  I think that is -- that makes sense.  I am just concerned that the presentation is quite lengthy and that the train of the thought that has gone into the presentation is not lost, as we get into the detail.


MS. NOWINA:  I won't let it disrupt the flow, Mr. Nettleton.


MR. NETTLETON:  It is a lengthy presentation.


The presentation is over 83 pages in length in PowerPoint slides.  That demonstrates both the complexity of the topic we are dealing, but also I think the thought that has gone into the presentation here.


So back to your point, Madam Chair.  I think that makes eminent sense that if questions arise, I am certainly not going to object to questions during the examination-in-chief.  I think the whole purpose of this is to add clarity and certainty to the model and how it works.


MS. NOWINA:  How long do we expect the presentation to take?  Will it take the morning, Mr. Nettleton?


MR. NETTLETON:  I believe it will.


MS. NOWINA:  All right.  Just to let parties know, we have to break at 12:30 for our reasons, so that will be our schedule this morning.  We will have a morning break, as well.  Mr. Klippenstein.


MR. KLIPPENSTEIN:  Thank you, Madam Chair.  That sounds good.  I do have a concern.  I wasn't expecting an 80-page PowerPoint presentation, and that might not be the most efficient use of time, from Pollution Probe's purposes.


We asked Mr. Fagan to fly up from Boston this morning, and he has had the advantage of looking at the model and has a number of specific questions.  And I don't want to disrupt my friend's presentation, but I am concerned, if there are a dozen specific questions which are the heart of the matter from our point of view, that 80 pages of PowerPoint from our point of view may not be the most efficient way to do it, but I am prepared to see how it goes.


MS. NOWINA:  We will have the afternoon, as well; correct, Mr. Klippenstein?  Mr. Fagan will be here for the afternoon?


MR. KLIPPENSTEIN:  He can be.


MS. NOWINA:  I think we should plan for that.


MR. KLIPPENSTEIN:  Okay, thank you.


MS. NOWINA:  Thank you.  Go ahead, Mr. Nettleton.  I guess we will swear Mr. Lee.

HYDRO ONE NETWORKS INC. - PANEL 1A


Robert Chow, Previously Sworn


Jim Lee, Sworn

Examination-in-chief by Mr. Nettleton:


MR. NETTLETON:  Mr. Chow and Mr. Lee, the presentation you are about to provide to the Board has been prepared electronically, has it?


MR. CHOW:  Yes.


MR. NETTLETON:  Madam Chair, I believe paper copies are in the process of being prepared and it will be distributed, but, gentlemen, was that presentation prepared by you or under your direction and control?


MR. CHOW:  Yes.


MR. NETTLETON:  And is it accurate, to the best of your knowledge and belief?


MR. CHOW:  Yes.


MR. NETTLETON:  Do you, therefore, adopt it as your evidence in this proceeding?


MR. CHOW:  Yes.


MR. LEE:  Yes, sir.


MR. NETTLETON:  Thank you.


MR. MILLAR:  Should we give that an exhibit number, Madam Chair?  I suspect we should.


MS. NOWINA:  Yes, I guess.  We don't have the paper copies yet, but let's give it an exhibit number now.


MR. MILLAR:  Thank you.  K7.1, the PowerPoint presentation relating to the model.

EXHIBIT NO. K7.1:  POWERPOINT PRESENTATION RELATING TO THE MODEL.


MR. NETTLETON:  Mr. Lee or Mr. Chow, can you please describe the purpose of the presentation.


MR. CHOW:  The purpose of this presentation is to describe the financial evaluation model developed by the OPA and to respond to questions from the parties.


MR. NETTLETON:  All right.  Mr. Chow, why don't you, then, begin with the presentation and we will move forward through it?


MR. CHOW:  Thank you very much.


I guess I am hesitating, because my slide is getting cut off for some reason.


MR. LEE:  Switch places.


[Mr. Chow and Mr. Lee switch seats of witness panel.]


MR. CHOW:  I apologize.


The organization of this presentation is in two parts.  The first part will provide a conceptual overview of the model, and the second part is a more detailed discussion of the model and its processes.


Next, please.  Let's start at the higher level.  The model was developed to perform a net present value calculation - this is NPV, is the normal terminology used - transmission options considering the estimated capital costs of the transmission options, the forecast costs on the undelivered energy due to transmission constraints, and we commonly refer to as locked-in energy -- that terminology is the same -- and the forecast costs of relative transmission losses.


Let me start off with just talking about the capital costs.  The capital-cost estimates were provided by Hydro One Networks as an annual unescalated cost flow associated with the facility with their in-service dates.


Then the net present value of the capital costs would be -- was calculated using a real discount rate of

4 percent.


The second quantity that the model calculates is locked-in energy, or the undelivered energy costs.  For the purpose of this model, the locked-in energy, which is -- short term is LIE -- is defined as the energy in megawatt hours in the Bruce area that is not delivered due to transmission constraints.


For any hour, the locked-in energy is the amount of Bruce generation, area generation, which is nuclear and wind output exceeding the Bruce area transmission capability multiplied by one hour.  This is on an hourly basis.


So for any hours, the cost of locked-in energy is the megawatt hours of locked-in energy, LIE, multiplied by the forecast marginal system cost for that hour.


Then the total locked-in energy, net present value costs, would be the summation of the net present value of the locked-in energy costs over all the hours in the study period using a real discount rate of 4 percent.


The third quantity that was calculated by the model is the costs of relative transmission losses, because in all cases we are comparing two options in terms of its efficiency.  So it is -- the critical quantity here is the difference in transmission losses between alternatives.


So relative transmission losses is defined as the difference in system losses in megawatts between the transmission options.


For any hour, the costs of relative transmission losses is the megawatt hours of relative transmission losses multiplied by the forecast marginal system cost for that hour.  Then the total net present value of the costs of relative transmission losses is a summation of the NPV of these costs over all hours in the study period, using a real discount rate of 4 percent.


 Then finally, the total costs then for each of the transmission options is the sum of the NPV of all of the capital costs, the locked-in energy costs, and the costs of relative transmission losses.


Now, one of the salient features of the model that the OPA has developed is the factoring in the probabilistic nature of some of the parameters used in the calculation.


Now, we all understand that the output of wind generation, nuclear generation, and the capability of the Bruce transmission system are not a constant.


Now, in taking into account this variability, the model uses a probabilistic distribution developed from historical data for wind and transmission capability, and estimates of nuclear availability from a probabilistic derivation.


The use of the probabilistic distribution is a means to predict the future outcomes.


To provide a bit more detail of what I just discussed, here is the probability distribution of the nuclear -- sorry, of a nuclear generation output based on a two-state model.


Now, what I mean by a two state model is, if the unit is available, it is assumed that it is on, 100 percent of its capacity; when it is off, it is at zero.


Now, the outcome of the probabilistic distribution of the eight units at Bruce, if it is available, or seven or six, look like the figure -- the curve that's shown in the figure on the slide.


As you can see, the shape of that curve is step-wise, reflecting the nature of the fact that generating units are either up or down.  So it's not a smooth curve.  It is in fact a series of curves factoring in the probability of those units being available or not.


Next figure -- next slide, please.  Add to the previous slide is the probability distribution of the wind generation.  That is shown in the figure below.


This information is from historical data.  It's a generated output simulation from 20 years of weather data.  The curve shows a more smoother type of distribution, reflecting the nature of the wind that can generate at various output levels over time.


Next, please.  And finally, the third parameter that has a probabilistic feature is the transmission capability distribution.  As we have mentioned in the last few days, the transmission system does not have a constant level of capability.  In cases when there is equipment out of service, changing system condition, there is potential to have less capability than the nominal capability.


From three years of historical data that we obtained from the IESO, we used that information to generate a probability distribution of the transmission capability over one year -- over a distribution -- as distributions, excuse me.


So on this figure, it shows distributions of the three major parameters, which is nuclear generation output, wind generation output, and transmission capability.


I would like to note that this is just a snapshot in time of a particular state of the network.  For example, this is a state of eight units.  There will be a different distribution when there is seven units.  We have different distribution when there is six units.


So as different combinations of units assumption go over time, there will be a different distribution created for that particular state of the network.


Wind generally is constant, because we're using historical information.  We presume, then, that the same information will move into -- going forward into the future.  But wind, as I will explain later, have more detailed treatment of the distribution.  And transmission distribution is a similar manner.  We assume the transmission behaviour into the future will be pattern of what it had been in the past.


Next, please.  One aspect of looking at distributions is that the total generation distribution cannot simply be created by adding the wind distribution with the nuclear distribution, because wind and nuclear generation are independent events.  There is no correlation of when nuclear units would be up and when wind will be blowing.  So our assumption, that they are independent events, and being independent events, it is not possible to add up the distribution.


Instead, we introduced a concept of convolution.  Convolution is a mathematical concept which takes into account the independent nature of distribution and the manner of which to operate on those independent distributions.  I will describe that a little bit further in my presentation.  


The model then performs a convolution of the generation distributions - this is wind and nuclear - to determine the total generation distribution for the Bruce area.


After that, because transmission capability, again, is independent of the output of wind and nuclear that, therefore, it, again, is independent distribution from the other two distribution, when we attempt to establish locked-in energy distribution, again, the need to convolve of the transmission capability distribution with the total generation distribution that is calculated for the Bruce area.


I believe that is a very important concept of the use of convolution to derive the expected outcome.


Next, please.


MS. CHAPLIN:  Mr. Chow, just before you go on, I am going to ask you -- I haven't taken math since university.  It's a long time ago.  Can you explain in layman's terms what convolution is?  Is it some sort of random combinations of these?  Can you give me a little bit more feel for what is involved.


MR. CHOW:  I will, two slides later.


MS. CHAPLIN:  I will wait.


MS. NOWINA:  While we have an interruption, Mr. Nettleton, when can we expect the hard copies?  Because the panel up here doesn't have the nice screens that you have in front of you.  So especially in these slides with graphs.  It is very hard for us to read them.


MR. NETTLETON:  I see ten fingers going up, which I am assuming means ten minutes.


MS. NOWINA:  And we don't have any copies now; is that correct?


MR. NETTLETON:  You have one.


--- Mr. Nettleton passes document to Ms. Nowina.


MS. NOWINA:  Thank you.  I will ignore your notes.


MR. NETTLETON:  The only note is K7.


MR. NETTLETON:  Unfortunately, there is no colour, much to the chagrin of Mr. Klippenstein.


MS. NOWINA:  That's okay.


MR. CHOW:  Slide 15.


MS. NOWINA:  You can't read it on the hard copy, either.


MR. CHOW:  On slide 15, it is showing graphically what I just described in words.


MR. NETTLETON:  Mr. Chow -- just for the record, Madam Chair, these slides, the graphical depictions in these slides, are from Pollution Probe interrogatory 47.


MS. NOWINA:  Thank you.


MR. NETTLETON:  That may be helpful to get a better read of the text of those graphs.


MS. NOWINA:  Thank you.  Sorry, Mr. Chow, go ahead.


MR. CHOW:  So on slide 15, it is showing in figures what I have just said in words.


The nuclear distribution which is on the top, there is a star symbol, which is some operation is done on those curves.  It is convolved with the wind distribution on the bottom.  Through that process, you come out with a new distribution that represents the total generation distribution at the Bruce for that time period, which is shown by the figure on the right.  


So it is a distribution -- convolving with the distribution and of what is now combined distribution.


Next, please.  Okay, sorry, slide 16.  Now, this same process, after the total Bruce area generation distribution has been obtained through the convolution process, as I described in the last slide, the next step in the process is take back distribution, which represents the probabilistic output of the Bruce area generation.  


It is then convolved with the transmission capability distribution.  In this particular case, the operation is not a simple summing of two distribution points.


What the operator in this case has tried to do is represented by kind of pseudo computer coding instruction on the right bottom.  In a sense, what it is asking itself was:  At any particular point that it is looking at of -- two sets of points, if the generation is greater than the transmission capability, then assume that there is locked-in energy and that locked-in energy is equal to the generation that is available at that point, minus the transmission capability at the same point.


Now, if all else -- if, in fact, the generation output at that point is less than the transmission capability, then the locked-in energy for that set of points would be zero.


Given that operation with that particular logic, the result is shown in the curve above.  The curve above takes the outcome from that particular logic for every point that is produced by the convolution, put them in -- rank them from high to low, so you get an orderly distribution curve, and that's what we have as three different curves of locked-in energy, represent the amount from the process for the three scenarios.  


In this particular case, the one on the highest curve would be for the near-term measures only, for the system with near-term measures only, and rejection use for outages.  The middle curve would be near-term measures and using series compensation, but generation rejection used for outages only.


And, finally, is for -- is the last, the smaller curve to the left, represents the locked-in energy for the plan with the Bruce-to-Milton line assuming not using generation at all, even under outage conditions.


In mathematical terms, the total locked-in energy would be equal to the area underneath that curve or the integration of that curve to provide the total amount of locked-in energy.


Now, a question was asked:  What is convolution, in layman's terms?


Convolution is a technique to analyze the interaction of the behaviours of two independent events, so, for example, between wind and nuclear, between the Bruce total generation to transmission capability.  So the key word there is "independent events".


Now, what convolution is is a fancy word for saying, for the purpose of this model anyway, that every possible combination of two independent events are looked at, one from one distribution, one from the other.


Now, the following slide will give a kind of simple explanation of what actually happens.  Let's say we have two distribution, A, B and C, a three-point distribution, and there is another distribution which is X, Y and Z.


You form the convolution between the A, B, C distribution and the X, Y and Z distribution; you end up, three by three, nine possible outcomes, which is shown on the right.


For example, you could have A happening when X is happening.  Then you could have A happening where Y is happening, or A is happening where Z is happening, and so on.


So it enumerates every possible combination at that particular event. 


Now, in this particular case, the operator, which is the star there, is a summing operation.  So the -- what you do with the two events is -- depends on what you want to do as a process. 


In this particular case I want the area -- the distribution of when two independent events, when you convolve them together, what is the sum?  So on the right, that would be the distribution of the sum coming out from this process. 


Now, to further explain this, on the next slide, we provide a numerical example.  There is a data set 1, which got numbers 10, 9, and 7.  There is a data set 2, which got four numbers.  It's 5, 3, 2, 1. 


When you convolve the two sets you're going to end up with 12 numbers.  Then they are shown on the right.  For example, for point number 1, in the outcome distribution, it could be, consists of 10, plus 5, to get 15, and so on. 


So when you finish this process, your outcome distribution contains the -- a new distribution now to form the sum of the two original distribution, and their value goes from 15, 13, 12, and so on, down to 8 as a distribution. 


So it is really not a very complex process.  It's really moving all the points of one particular distribution and apply it to all the other points on the distribution.  Then when you look at finally the outcome, that becomes the impact of two independent events acting on each other on the random fashion.  And the key here is, they are independent. 


That completes my discussion of the higher-level model.  The next part will get into more detail. 


MS. NOWINA:  Go ahead, Mr. Chow.  We seem to be with you. 


MR. CHOW:  I wasn't sure the convolution.


MS. CHAPLIN:  Oh, yes, no, I'm sorry, yes, I get that. 


MR. CHOW:  Thank you.


Next.  As with any model, there is an approach to how the model was developed and how the model was structured.  In this particular model there is a number of programming highlights that I just want to point out. 


The model was intended to support planning studies.  In the sense, because it is to support planning studies, it is meant to be flexible.  In planning, variable change, assumption change, we want the ability to quickly see the response to that. 


As I described, the -- it is easy to do convolution when we have three numbers working on four numbers.  It is obviously much more complex when some of the numbers contains thousands of points or distribution points. 


So for this reason, the approach taken in this particular model -- and it helped to say this, because as we get into the model, it is easier to understand as different part of the modelling step what is it trying to do. 


So the approach that is taken is that it will try to create a -- create, you could say, a lookup table or a universe of outcomes that we know most of the scenarios will cover, so that when we need to have a certain assumption scenario, associated with a scenario, it is easier to go into this, you could say, lookup table, table warehouse, and pull out the information results that is precalculated that apply to that particular case. 


So that is an approach that this program used.  For example, it knows that in the range of calculation it's going to look at, there is six units at Bruce.  So it does all of the calculation of six units at Bruce.  It does a whole set of calculation for seven units at Bruce.  It does a whole unit calculation for eight units at Bruce, even though it may not, for that particular run -- it needs the six-unit case.  But it creates it anyway, because if the user will -- now wanted to take a look at seven units, all it does is change one parameter, and all of the results can be obtained very quickly.  So it provides a bit of overhead in the structure of the model to create this, all the outcomes. 


So one of -- the best way to understand the model is to understand what part of the flow diagram it is calculating all the possible combination of outcomes, when it is actually now choosing the specific outcome that matches the scenario that the user wish to run. 


So there is two distinct phases in the model, a flow chart, which we will show later.  One is creating this lookup table, or all the universe of cases, and secondly, apply the cases to create the user's specific study results.


Now, the issue of temporal detail has been asked a number of times by intervenors.  We have replied back that there is really -- the way -- the approach of using probability distribution, you somewhat lose the temporal detail.


Now, the reason I say that is, let's say the distribution have a certain information, first time dimension.  You take another distribution with its own time dimension.  In other words, you know on February, here is what the output is.  On March, here is what the output is.


But when you believe that this is a random event, independent, and you convolve the two, the outcome itself lose now the temporal information.  You can't take the first point and the last point, convolve them, and still keep the time relationship.


The key in this program is, the time relationship is not as important as the final outcome of the quantities, such as the locked-in energy or the total costs.


There is a level of temporal information that we are able to keep, and that's at the monthly level.  But it's not possible to get into the granularity, down to the hourly level, because through the convolution process, essentially that information is combined into the outcome distribution curve.


So we are working with distribution.  We are not looking what time series of information, necessarily.  But we do have information related to monthly level, the period of the year, because those are necessary to apply the energy costs, the marginal costs, that is necessary to conform with what time period certain marginal costs has to be applied, which I will get to later.


So that level of information we attempt to keep, because it is necessary to apply the proper costing, but when you went beyond that, it is very difficult to keep the temporal information in a distribution after convolution.


In the overall organization of the financial evaluation model, there is four steps and two phases.  As we discussed before, Phase I is to create the lookup table.  Phase II now is to apply the user scenario to the lookup table to get the result.


Now, within the Phase I calculation of the lookup table, there is three distinct steps in general that it uses.


One, it creates a distribution of nuclear, wind, and transmission capability, as I have discussed earlier.


Step 2, then, it convolves the distributions.  It convolve the nuclear and wind distribution to calculate the total generation distribution in the Bruce.  Then it convolves the total generation under the Bruce with the transmission capability distribution, to come out with locked-in energy estimates, and also power-flow distribution information that is used, then, for loss calculations.


And the third step is to apply the parameters to calculate the costs of locked-in energy and transmission losses.  The cost assumptions are applied to those quantities that is calculated in step 2; namely, the locked-in energy and the power flow distributions.


Then step 4, which is part of phase 2, this actually does the NPV calculation for the specific set of scenarios.  That is the way the program is ordered, and I will go into each of them in more detail.


Okay.  Now, the first step is now the creation of the distributions.  There is three distributions that is being operated on:  The nuclear probabilistic distribution, wind probabilistic distribution, and transmission capability probabilistic distribution.


Next slide, please.


We have a flow chart of the complete process.  Here we just cut the section of which depict this particular step in the process.  This part of the flow process is the calculation of the nuclear generation probability distribution.


Now, it is similar to all of the other steps in the way we depict this flow process.  Let me just go through this in a little bit more detail on this one.  First, on the left-hand side, there are input informations.  In this particular case, the critical information that feeds into this program is the effect of the forced outage rate and the planned outage assumption.


MR. NETTLETON:  Mr. Chow, let me just interrupt you there for a minute.


Again, Madam Chair, this process flow diagram is one that has been previously filed.  It was filed as Exhibit C, tab 2, schedule 47.  It was the updated schedule 47 that was included --


MS. NOWINA:  I think we will get it out, Mr. Nettleton.


MR. NETTLETON:  Yes.  I am sending you on a wild goose chase, and I apologize.  It was filed as part of the response to Pollution Probe's motion attached to my letter, I believe, of April 29th.  I am not sure if -- we're looking for an exhibit number, Madam Chair.


MS. NOWINA:  It looks like you had the presentation.  Wonderful.  This is -- you can have your black and white one back, Mr. Nettleton.  This one works much better and I think we're okay now.  I suspect it is easier for everyone else on your individual flat screens, so I hope everyone else can see it.


What slide number are we on, Mr. Chow?


MR. CHOW:  Twenty-five.


MS. NOWINA:  Thank you.  Sorry for the interruption.  Go ahead.


MR. CHOW:  I will continue.  Again, what we're looking at here is one part of the overall process flow.  This one is dealing with the creation of the nuclear generation distribution.


As I commented just previously, the other process that follows similarly is this one.  So let me go into this, a little bit more detail.


On the left is an input box.  Those are the parameters that require to be input to this process.  In this particular case, for nuclear generation distribution derivation, is the effective forced outage rate.  It is the number of planned outage days per day, per unit.  Those are the actual inputs required from the users to run this model.


There is the oval in between.  It is called "Bruce profile".  It is a naming of the module, the program module, or macro is the other terminology that is used for it.  It is where the coding of the program produces the action that you wish to have done as an operation on the input data to produce, then, the output which, in this case, is the Bruce unit two-step profile.


Now, in this case here, the information is produced for two time periods, one with planned outage and one without.  Now, I will go into that in a bit more detail later.  I just want to concentrate on the flow right now, just get a sense of the flow.


With that particular profile, it is then combined with the information that is provided, in terms of the Bruce unit MCR.  Again, it is not a constant, because, as I have presented in the last few days, the plan for the Bruce B units, for example, is to start off at today's level and it is going to be increased to 2013, in our case, we assume in a linear fashion, to 850 megawatts each.


So that's the kind of information that is necessary to -- you tell the model that things are changing.  There is information changing.  In this case, that particular box is:  What is the assumption for the annual Bruce unit MCR over time?


Then from that macro, apply Bruce MCR.  It produced, then, with all of the information that it has, the distribution - this is now distribution of the Bruce unit - using the two-step model with all of the information about the changes of MCRs and what they are, to produce a profile for distribution for a Bruce generation situation of six units in service, seven units in service or eight units in service.


Again, as I said earlier, that the reason we are doing this is to create the combinations that we could put into this universe of possibilities so that we can, now, extract the result later.


So this is the part that we are, in creating all of the possible combinations.  In this particular case, six, seven and eight units at Bruce are the only outcomes for this particular scenario that we are assuming.


There is not a three-unit case.  There is not a four-unit case, because that is not the prediction for this particular scenario run.


Now, because what's come out is a very big distribution rate, the rate is then -- the word here is "sample".  I would have a different word.  It is digitize into discrete steps so it can't be operated on.  


Each of the distribution, and through testing that we have done, can be modelled in thousands of points into 20 steps.


So take a curve.  Essentially, you digitize it so it approximates the kind of continuous nature of those curves into 20 steps.  And it is very common in modelling to do that.  Instead of working, then, with thousands of points, now you are working at 20 points to represent the distribution in order to make this thing run in a reasonable time.


So those are the kind of detail that go into the actual model coding.  The model itself, it is in modular fashion.  It has an input.  It has an operation on those inputs, and it has an expected output from the operation.


And the model, essentially, then takes those various actions, link them together in a logical fashion to derive, in this case, now, from the input data, with the information provided to it about the Bruce development plan, into, now, a set of possibility distributions for the Bruce nuclear generation.


Similarly on the next slide, it is the same process applied to wind generation.  The difference here is in wind generation it is using historical information derived -- it is using historical weather information derived from a study done by AWS Truewind, a consultant for -- that had done the work for the OPA.  It uses 20 years of data, of weather data.  It simulates what a generator in those 20 years would have produced in that region.  Then the simulated output is used then to create the wind distribution.  And the outcome of that is a discrete 20-step point for the wind for different times of the year.  


Now, the different time of the year, we are assuming eight time of the year that matches the costs -- the marginal cost assumption table that we use, which is the Navigant study, avoided cost table.  It conforms with the eight-time step in a year that you bracket the time into.  


But because the information coming from the wind study is time-referenced, the data can be sorted into those eight time buckets.  Then the distribution is created.  Then of which those buckets, then, the costing of those buckets can be applied to the Navigant avoided cost table.


Again, those are the detail that the code does in order to provide proper costing of the distribution coming out. 


MR. LEE:  I would like to interject and also indicate that this data is the same data source used for the OEB published avoided cost table.  So we would try to conform to that.  


MR. CHOW:  Then on the next slide, similar treatment was done to the transmission capability.  Again, the input is the information the IESO has on historical data of the transmission, derating information for the last three years, to create a distribution of that.  


Then we digitize it.  So then it becomes stored into the universe of outcomes to be applied when a scenario is defined by the user.  


So the first step as I described is to create the three distributions.  The next step in the process is to conduct the convolutions.  


First is the wind and nuclear distribution convolution to create the total generation distribution.  And the second part is the total generation and transmission capability distribution convolved to create the locked-in energy and power-flow distribution.  


Now, slide 28 shows the -- sorry, 29 shows the part of the flow chart for the process that deals with the first convolution.  So the information going in are the distribution created from the first step.  


The macro there, which -- "wind nuclear convolution" -- take that information, take additional information, in terms of the wind and store capacity -- this is changing over time.  Then coming out then it's the convolved distribution of the generation that is forecast for the Bruce with different scenarios.  


And similarly, in slide 30, the second step of the convolution is done.  Take the input from the Bruce generation distributions.  It takes in the limitations on the system, which then derive the transmission capability distribution, convolve the two.  And two outcomes is, one, the locked-in energy capacity possibility or distribution, and the real flow information, which is called real flow, but really expected flow information as the distribution in order to calculate transmission losses.  


The third step in the process then is derive the costs of the locked-in energy and the costs of the transmission losses.  


On slide 32, that part of the process flow chart where the derivation of locked-in energy is done takes energy costs, which is from the Navigant avoided cost table.  It has now the time-period definition as per the Navigant table.  It takes the information from the locked-in energy distribution as calculated from the previous step in the process, and the outcome is locked-in cost cases and locked-in energy cases.  


And losses is shown in the next slide.  It again does the same thing.  It takes the flow that is coming out from -- the distribution of the flow that is coming out from the convolution of transmission and the Bruce area generation.


As a part of an offline study using the power-flow program, loss points were created for different output at Bruce.  For different scenarios of transmission development, it is part as an input to this process.


Then from that, knowing the flow that is expected out of the Bruce as a distribution, knowing what flow would generate and what losses would result, it will then create a distribution of losses with different time periods for different scenarios to get the final outcome of transmission losses, costs, and multiplied by the appropriate time of the year which is bucketed, is provided those distributions.


So the aspect here is, there are segmentation of the different time periods because of the costing exercise.  There are distribution that is generated for different scenarios, different Bruce outcomes.  


So at the end it is not a simple matter of a number of -- just a few numbers.  It is, in fact, quite a large number that has to be managed and used as appropriate.  


And finally, the last part of the -- the fourth step of the process is to calculate a net present value of capital costs, locked-in energy costs, and transmission loss costs, to provide the final NPV for the different alternatives.  Then that is shown in part of the process flow chart on slide 35.  


And finally, when we put all the pieces together, that is the total financial evaluation model, process flow chart.  It contains all the pieces I have just described.  Even though it appears to be complex, it is comprised of a number of very logical flow steps and series of modular calculations that is linked together as a flow to produce different outcomes.  


And that, this point, completes the discussion of the medium-level flow -- the model discussion.  So I have covered the high-level discussion of the model.  At this point I have completed the mid-level discussion of the model.  The next part I will be into more detailed discussion of the model.


MR. MacINTOSH:  Madam Chair, I wonder if I could ask a question?


MS. NOWINA:  Yes.


MR. MacINTOSH:  Does the model assume constant demand for all outputs available?  In other words, no matter what is generated, there is a demand for it?


MR. CHOW:  Yes, that's the assumption.


MR. MacINTOSH:  Thank you.


MR. NETTLETON:  Mr. Chow, just following up on that question, why is that?  Why is that a reasonable assumption?


MR. CHOW:  That is a reasonable assumption, because the generation we have at the Bruce consists of two types, wind -- wind has no cost, no operating costs.  It is a price taker.  When the wind is generated, it is essentially dispatched.


Nuclear, again, is a very low-cost operating cost fuel.  So our assumption is it would be the first one to be dispatched by the system, and its output would always be used ahead of other fuel types.


MR. NETTLETON:  Has that historically been the case, in terms of dispatch or merit order, in the province of Ontario, Mr. Chow?


MR. CHOW:  That's my belief, it is.


MR. NETTLETON:  Madam Chair, it is now 10:30.  I don't know if you are planning a break now, but it would seem like a convenient point.


MS. NOWINA:  Yes, I was contemplating that.  It seems like a logical place for a break, so why don't we take our morning break now at return at five minutes to 11:00?


--- Recess taken at 10:26 a.m.


--- Upon resuming at 11:00 a.m.


MS. NOWINA:  Please be seated.  


Anything come up during the break?  Mr. Nettleton?


MR. NETTLETON:  Madam Chair, I realized during the first part of this presentation, the process flow model chart that is now on the screen was -- and I mentioned it was filed as an attachment to a letter that I had provided and sent to the Board on April 29th -- may not have been entered as an exhibit in this proceeding.  And I thought it best to do that now.


I have provided copies to Mr. Millar.  And it may be easy -- easier for the Board to take a look at that chart, because the font appears to be a little bit clearer --  


MS. NOWINA:  All right.  


MR. NETTLETON:  -- than in the PowerPoint presentation. 


MS. NOWINA:  Okay.  It will be entered as an exhibit. 


MR. MILLAR:  Yes, we have copies, Madam Chair.  We will call it Exhibit K7.2.  This is a letter from Mr. Nettleton to the Board dated April 29th, 2008, and it has that attachment.  


MS. NOWINA:  Thank you.  

EXHIBIT NO. K7.2:  LETTER FROM MR. NETTLETON TO THE BOARD DATED APRIL 29, 2008, WITH ATTACHMENT.


MR. NETTLETON:  And Madam Chair, I understand there may be some small changes between that chart and the one that Mr. Chow has referred, but I think that that can be a matter of any clarification questions as they arise, but it certainly was what was intended. 


MS. NOWINA:  All right.  Thank you very much.


You can go ahead, Mr. Chow.  


MR. CHOW:  Thank you.  


During the break, I took a look at the next part of our presentation.  There is some areas that I have already covered.  So what I would strive to do is skip over quickly the part that I already covered, and just concentrate on some of the new material --  


MS. NOWINA:  Thank you.  


MR. CHOW:  -- in order to speed up my presentation.  


So the next part of the -- of my presentation is dealing with the detailed description of the processes.  


Again, we refer back to the process flow chart, and the first step, part of the process, I will discuss is related to the nuclear generation distributions.  


In discussing the actual process step, it is useful to look at a generic approach to those process steps.  What we show here is input to the process step, the actual operation of that process step, then the output of that process step.  


With respect to the nuclear generation process step input, shown here in this table are some of the key parameters that are used for developing the nuclear generation distribution.  I will go down the list.  


The first one is effective forced outage rate, EFOR.  This is a parameter reflects the outage of the nuclear units, the forced outage rates, but it is adjusted to provide a two-step model.


Now, in real life there are outages which -- say, power outages.  There are -- you may be down 10 percent of output.  But because the model we assume in this -- in the financial valuation is a two-step model, the outage rate has been adjusted to conform with the two-step model.  Either it is up or it is down.  The energy outcome at the end is the same, but the rate has to be changed because of that two-step assumption.  


Associated with the nuclear generation distribution development is the planned outage assumptions.  Nuclear units have planned outages, very long planned outages.  Typically they run 24/7 unless there is a forced outage.  Then regularly there will be a planned outage required to do major maintenance.  


The third item is related to the first two, is the availability of the units.  This is from historical information about the performance of the units.  


After that is the Bruce A unit, maximum continuous rating, as I said before.  That is changing between 2009 to 2013.  Bruce A.  And that is an input parameter.  


And lastly is the Bruce B units, MCR, which is -- sorry, the Bruce A units, I apologize, is continuous rating of 750 megawatts.  What I referred to about increasing from 2009 to 2013 are the Bruce B units, and as their unit MCR is increased from today.  


Next slide.  The assumption that the OPA use as a base-case assumption for those parameters are shown on the right.  The effective forced outage rate is 8 percent.  The planned outage assumption is 22.5 days per unit, per year.  


Those two numbers give an availability number of 86.6 percent for the unit.  We make the assumption all the Bruce A and Bruce units going forward have the same performance.  The Bruce A MCR is 750 megawatts.  Bruce B MCR is 821 megawatts in 2009, ramping up to 850 megawatts in 2013.  That is what we have discussed before.  


On the next slide is a snapshot -- picture snapshot of the actual computer display showing the information as inputted to the model on one of the input sheets.  As you can see there, on row 4, it's got a parameter EFOR which a user can enter, 8 percent; the days of planned outages per unit per year, 22.5.  Then across the -- from row 9 across the top are the eight Bruce units, and down the different rows are the different years, from 2009 to 2013, and the assumption of each year for the MCR of the various units.  So this is an example of the type of input specification that's provided to the model in running a scenario.  


On the next slide is an example of the actual coding that is used in the program.  And it's only an example of what some of the coding information is -- looks like as part of the program.  


Now, the -- what this example shows -- it is written in Visual Basic.  The kind of information that is contained in this set of codes are program comments, for example, or the rows that have an apostrophe in front, it's there for comment, it's to help the -- a person looking at the code to know what that next section is going to do.  


So for example, right after the example of code, the first row there said "get nuclear generation information.  Get number of Bruce units".  It is a variable, but must always be 8, can't change.  I guess to a programmer, this is common to it.  And then the next line is the actual code itself.  It is applying a variable called "numBruce units" to a value of 8.  So that is the kind of coding that is used in that actual model.  


The model also performs data management.  As you can see further down the line there, you can see coding such as "EFOR equals input range.offset 60, 1.value".  It is a manipulation of data contents in the spreadsheet to do what you want it to do.  So this is a kind of coding.  It is not -- I guess it's always been asked of us to provide formulas.  It is not formula, in a sense.  It is a program module, typical of any particular program, that it take data, it does an operation on it and it puts it somewhere.  That is the kind of coding that we are talking about.


I believe I covered the next one is a two-state model.  It used EFOR.  It has the number of days of planned outages and it also then use the MCR value, so I will just move on to the next slide, slide 45.  


Again, that is covering the operation of the program, as I discussed earlier, of creating now the different scenarios.


In this case, we look at three refurbishment cases of six, seven and eight units in service at Bruce corresponding to two, one and zero units under refurbishment, because those are possible scenarios that -- in the time period that is being studied.


It considered there is two different planned outage states.  You either have planned outages in that time period or you don't have planned outages.


And it runs, as a result, six probability distributions per year for the nuclear generation distribution.


As I said before, each probability distribution, then, is represented by a 20-step curve.


The next slide, 46, goes through the same process with wind. 


Then the slide after that indicates the input, the operation and the output.


On 48, I covered most of it.  The additional information here is that it uses AWS Truewind study.  The AWS data uses 60 Helimax sites.  Helimax is a consultant we used to identify -- in OPA, used to identify potential wind sites.  And the information in the sites is used to simulate wind speed for each site for 20 years.  


So the AWS data have 20 years of information which is then used to simulate what a wind turbine would produce when it is located in that area.


On the next slide, it shows the input as it appears to the model.  So it has years.  It says how much wind is committed and existing, how much is planned, how much is coming on in the various years, and the total.  That defines the amount of wind that is being simulated in the scenario over the different years.


The next slide I have already covered.  It then produces the discrete 20-point distribution of the wind distribution.


Fifty-one then shows the convolution, which I have already discussed already.


Fifty-two, again, I have already covered.  Again, it takes the possible cases, calculates them and put them into a look-up table.


Fifty-three, we have -- I have commented on that before.  It is a convolution process of two distribution -- independent distribution convolve to create a new distribution for the generation at Bruce.


Fifty-four is the treatment of the transmission capability.


Again, with respect to input, operation and output on slide 55.  


Slide 56 I will go into in a little bit more detail.  Transmission capability is based on three inputs.  One is the transmission system limit under normal conditions, assuming no G/R use, and the NBLIP flow of 500 megawatts.


Now, NBLIP flow --


MS. NOWINA:  Go ahead.  You are going to tell me.


MR. CHOW:  Of course I will do that.  As we said a number of times during the proceeding, it is the measure of the amount of flow from London back -- flowing eastward into the GTA.


MS. NOWINA:  So Mr. Quesnelle and I have had this ongoing debate about what the acronym actually means, and we have been quite imaginative about it.  Maybe you could tell us what the acronym actually means.


MR. CHOW:  There's a long history on this one.


When I was still young, the flow out of London, before the 500 kV come in service, is called Buchanan input, BI.  Buchanan is because there is a transformer station there in London, the key station, that is called Buchanan.


So somebody named the flow Buchanan input, which is the direction it is going, meaning input, is flowing from east to west.  Just the way that the history goes.


In my involvement with the projects -- southwestern Ontario project in '85, being a young engineer, I got a chance to name things.  I added the Longwood path into this.  So I added "L".  I figured BLI is not good enough to speak.  I add a "P" as part of input.  So it is Longwood and Buchanan input, which is BLIP.  Now, BLIP goes, again, from the flow from east to west.


Now, as we discussed a number of times now, the prevailing flow now is opposite.  It is from west to east.  So what's very difficult to keep on saying, negative 500, negative 1,000.  So my friends in the IESO decided they put an "N" in front and call it negative BLIP.  So now then all of the negative flow that used to have for BLIP now becomes positive NBLIP.  That's a long history.


MS. NOWINA:  I'm so glad I asked, Mr. Chow.


MR. QUESNELLE:  We weren't even close.


MR. CHOW:  But at the end, what it means is it's a measure of flow from the London area back to Toronto or Hamilton.


It is important, because in some of the alternatives, especially with -- that doesn't happen in transmission line, the capability of the system is very much affected by the flow from Bruce to Toronto, as we explained earlier; that when you lose the Bruce-to-Milton line, you don't have a new line.  All of the power come down from Bruce, meet at London, add to the flow that is coming in west of London, and the total flow now got to go back to Toronto.  


So the more you come in from the west, the less capability then is for the Bruce transmission to deliver.


It's not a one-to-one correspondent.  This is something Mr. Falvo would calculate specifically for different levels of BLIP. 


In this, in the simulation of locked-in energy, we assume a level of BLIP that is more typical.  It's not at its limit.  It is represent value, that, what we expect in those time frames, would be flowing from London back to Toronto-Hamilton.


By the way, when the transfer limit for that level of BLIP is higher than the reference transfer capability that we have spoken about to permit, this is -- the 500 megawatt level, in fact, it de-stress the system.  It is being optimistic about the flow from London back to Toronto, because the NBLIP flow can go as high as 1,500 megawatts.


So this is really de-stressing the system quite a bit, and we believe that that is appropriate when we are we are doing an energy type of study when we are talking about now all of the hours in a year.


The second point is that the transmission use -- here we are simulating how an operator on a system would use the generation rejection scheme.  In the model, the assumption here is that when there is a derating on the system, generation rejection would be used and would be armed.


So the model knows enough to say, if I encounter a transmission limitation -- in other words, the limit that is being looked at at that point of the distribution is less than the nominal capability -- I am assuming that the operator, at that time, would be arming generation rejection.  And in that case, it will boost up for the duration of the use of the GR up to a higher level.


So again, the assumption here is the system is giving a more optimistic assumption that the system had more capacity.  We did not make such assumption for the scenario with the Bruce-to-Milton line.  The Bruce-to-Milton line have enough capacity to take into account outage conditions in most cases.


So the use of GR was not assumed for the Bruce-to-Milton line.  So in a way, again, we are being conservative when we compare options that rely on generation rejection very much and even for element out of service against the Bruce-to-Milton line.


The third point is, we are assuming that the derating pattern that was measured in 2005 and 2007 on the actual system out at the Bruce will carry forward into the future.


I also wish to point out, that is also being very conservative, in a sense that the outage that has occurred on the system, the many outages, have a greater impact on the stretch system than on a non-stretch system, and yet we are making the same assumption that the derating will apply for the system with the Bruce-to-Milton line.


So those are the...


[Witness panel confers]


MR. CHOW:  So that's the -- some of the key deciding assumptions for the derivation of the transmission system limit as an input.


On slide 57, I believe I have covered that in my discussion.  It is talking about using a certain assumption for GR, and model the transmission distribution capability as a 20-step curve.


On slide 58, I believe I covered that.  That's the part of the process flow that takes the transmission capability and convolve that with the Bruce area generation distribution.


59 is the same.  I have covered that already.  It is a figure.  It illustrates, as I have discussed before, the locked-in energy outcome.  That's on the figure on the right.


And 60, again, I have already covered, so I -- it is talking about then the locked-in energy distribution.


61, again, I have covered, about the power-flow distribution used for transmission loss calculations.  62, now, we get into the actual costing of the locked-in energy.


And this program module, again, I will cover them as input, operations, and output.  The input is locked-in energy distribution coming out from the part of the model which creates the locked-in energy distribution.  The new information here is on the next page, is the cost that you apply to it.


We are assuming that the costs is consistent with -- the same as the avoided energy costs that is contained in the Navigant avoided cost study table, which is approved for use on avoided cost by the OEB.


And a snapshot of the input data to that table is shown here.  The thing to note is that the Navigant cost is bucket or segregated into eight time periods.  This is shown in row 159.  The winter peak, winter mid, winter off-peak, summer peak, summer mid, summer off-peak, shoulder mid, shoulder off-peak.  So there are time definitions for those periods in the Navigant report.


So what we are attempting in the model is, match the time period to those eight periods in the Navigant table, so we could then apply the costs forecast for energy, for locked-in energy, and losses that occur in those time periods.


66 is talking about a process to derive monthly locked-in energy.  I believe I covered that too.


67 is the path that talks about the calculation and transmission losses.  Again, the key is the input, the operation of the program module, and its output.


On slide 69, this shows a relationship for two scenarios.  In this case the red curve is near-term measure and series compensation, and the blue line is near-term measure and the new line.


The characteristic, in terms of transmission losses, this is the total system losses as measured by the power-flow study.  This is an off-line study.  Not done by this model, but done offline, developed that curve.


Now, the importance is not the absolute value.  The importance is, eventually, the relative difference between the two.


So I will indicate how the curve is used.  If you go on the X axis, it indicates the Bruce area generation from 3,500 megawatts to 7,500 megawatts.  The Y axis as calculated by the power-flow program, what the losses for that various level of Bruce flow.


So as the greater amount of generation is added to the Bruce, the transmission in the southwestern Ontario and the Bruce system is loaded up.  That's why the losses increase as a function of the amount of generation installed at the Bruce.


Because the efficiency of the two systems is different between the one with the line and one with series compensation, there is a difference, in terms of the total losses, as you push more power through that system.


The program module use that information, because it knows the distribution of flow coming out from the various derivation of Bruce outputs.  It matches against the flow characteristic from this against the scenarios of the transmission assumption it makes, and essentially read off the last number from the set occur.


Again, I emphasize this is not something that is calculated by the program.  It is a very complex calculation to do loss, is done by the -- in a power-flow program, flow simulation of the southwestern Ontario and the Bruce system.


That information is inputted into the program, as shown in slide 70.  So therefore, for different flow levels, for different systems -- here it is called "limits", but in fact, what it really is, is that different systems, and those are the loss number, of which the program would be used to establish the relative loss differences between the alternatives.


And 71 essentially just covers what I have said.


There is two components of losses I wish to point out.  One is energy loss.  This is every hours or -- of which you add up all the different hours of losses -- in this case it is more of a distribution point, rather than hours.  Then when you do that, against the avoided costs, at different times on the Navigant table you get the energy component of the losses for the year.


But besides energy losses, there's also a component of peak capacity losses.  For that, it calculates, at the time of maximum demand, what the losses is.  It then use it to derive the equivalent capital cost, avoided capital cost, of losses.


For example, if an alternative at the time of summer peak produces an additional 10 megawatts of losses, in a sense the system would have to provide a generating capacity equivalent to the 10 megawatts in order for the system to have the same adequacy on the generation side.


That cost in the model assumes the costs of course proportional to the time of a gas-fired peaking plant.


Slide 72, again, is taking into the model of how the losses and the capacity lost costs are costed, and I have covered that.


The last part on page 73 shows then the net present value calculation, which brings all of the cost components that is calculated up to this point together to form a total NPV.


The input for this last step in the calculation is discount rate, the capital costs I indicated is coming from Hydro One for different scenarios, the locked-in energy costs specific to the case that is specified, the energy losses associated with that and the capacity loss associated with that.


So the capital costs on slide 76 indicates the input.  It's a cash flow injection for different years, for the different type of transmission being -- development that is being considered.


Here, because now the additional information is available to the model, it is now to go into the look-up table which is generated up to this point to pull out the relevant scenarios that provides the monthly locked-in energy costs, the monthly transmission loss energy costs and the annual transmission capacity costs from the lookup tables


Then it determines the annual costs and calculate a net present value of all costs for the specified scenarios.


The output of that, which is on slide 78, locked-in energy costs for each of the scenarios, capital costs, energy loss costs, capacity loss costs, the sum of the models, the net present value of that and the cumulative net present value.


That is shown, an example of the output, on slide 79.  The column in the contract was -- an additional column put in, is not used in any of the modelling.


Then for ease of presentation, slide 80 then show the net present value, cumulative net present value curve, for the two alternatives.  In this case, the two alternative is the new Bruce-to-Milton line as compared to the option using series capacitors.


That is the type of output results that we have presented at this hearing.


Next slide, please.


Next slide essentially asks the question:  Why not use a more simple method?


I think we have heard many times that a simpler method can be used which assumes capacity factors, and a capacity factor is essentially:  What is the average production from the generating units?


On the next slide, we just have a simple illustration of that concept.  Here is a case where there is 100 megawatts of generation.  This is a figure on the left.  It's got a two-step model, for example, as we discussed with nuclear.  Let's say it has availability of 85 percent of the time.  So, in other words, for a two-step model it is up 85 percent of the time and it's down 15 percent of the time, to give a capacity factor of 85 percent.


Now, we say let's do a simple -- more simple method.  Instead of going into convolution and looking at distribution, let's just take the design, the transmission system, to the capacity factor, which is 85 percent in this case.


So the box on the right is this is what you are going to design the transmission system to.  It matches the average annual generation capacity.


On the next figure, okay, so the transmission system now is designed to the capacity factor, 85 percent.  But, in effect, the generation runs, in this case, the two-step model, of which it operates 100 percent for 85 percent of the time and nothing for the other 15 percent of the time.


If you look at the figure on the right, you see where that 85 megawatt line is, which is what that system is designed for.  Then the shaded area above that curve, the red area above that blue line, in fact would be constrained off, because the system doesn't have the capability of delivering that part of the generation.  That would be, in our terminology, locked-in energy.


So the net effect is, when you design in a simple example to the average, you will not get 85 percent of the energy out.  You will get congestion, the 15 megawatts congestion, 85 percent of the time.


Now, I guess a number of times I have illustrated this.  Even though you have capacity on the last 15 percent of the time, you cannot will the generation to be available at that time.  You cannot assume wind will be blowing at that time.


So, instead of 85, let's say we design that to the wind at the capacity level of 30 percent; then the problem is compounded.


So we believe the detailed model is necessary to provide the true measure of the locked-in energy, and then it becomes an input to the total financial evaluation.


Congestion is not measured as an annual average.  It is more complicated than that.  Congestion is measurement based on real-time generation and transmission capability.


In our example, we show that 85 percent of the time, generator is not going to be able to access the grid. 


Now, from a developer point of view, if you make investment in generation and you cannot deliver it 85 percent of the time, I believe that would be a detriment to a developer's wish to develop that generation, or else if the OPA is willing to do take-or-pay, then the ratepayer of Ontario, then, would be at risk for those congested energy dollars.


So I -- that's the end of my presentation.  I hope that has been helpful.


MS. NOWINA:  Thank you, Mr. Chow.  That was a very clear presentation.  It was helpful.


Can parties tell me who wishes to ask questions of the panel and I will get an order of questioning?


MR. KLIPPENSTEIN:  We have had some discussion, Madam Chair, and Pollution Probe and Mr. Fagan are prepared to go first, but we are open.


By the way, I appreciate the Board's arrangement of this panel, and Mr. Chow and Mr. Lee, I know they have worked very, very hard on short notice, I think, and we found their presentation very logical and clear, and so that is appreciated.


And I think we're willing to go first, although if it happens that we have a lunch break to reflect on this more a little now or later, maybe Mr. Fagan will have a few more questions later, if that is possible.  But we're prepared to go ahead.


MS. NOWINA:  Lunch break is at 12:30, and I want to proceed until then.  So let's hear from others and when they would like to go.


Mr. Monem?


MR. MONEM:  Madam Chair, we will have questions, and Mr. Whitfield Russell will pose some of those questions, and after the break we will discuss with his office if there are more questions coming from there.  And we will go after Mr. Fagan is finished.


MS. NOWINA:  All right.  Thank you, Mr. Monem.


Who else would like to ask questions?


MR. MILLAR:  Madam Chair, Staff has a few questions.  I am happy to go last.  In fact, there may be a document that Mr. Chow mentioned that we may make copies of in advance.  So presumably we will get to lunch with Mr. Klippenstein and Mr. Monem, but we are prepared to go whenever it is convenient, and we probably only have a few minutes.


MS. NOWINA:  All right.  Thank you.


Anyone else?


MR. MacINTOSH:  Madam Chair, I might have one or two questions, but I will go before Mr. Millar, and mine might be answered.


MS. NOWINA:  All right.  Thank you, Mr. MacIntosh.


Mr. Klippenstein, Mr. Fagan, would you like to go ahead.

Cross-examination by Mr. Fagan:


MR. FAGAN:  Good morning.  Thanks for being available today.


I am going to jump right into detailed questions.  The context is the model itself.  And I am referring to 

C-2-9, attachment 1, which is the Excel file and the Visual Basic code and all of the worksheets associated with computing the locked-in energy and the losses.


Some of my first questions may be -- you may be able to answer without specific reference.  I am not asking you for the -- I will ask for the source of certain numbers, but let me proceed, and we will go from there.


Concerning the transmission capability portion of the model, you talk about you sample the probability distribution to obtain the penalty that will apply?


MR. LEE:  No.  The penalty comes from the IESO.


MR. FAGAN:  I understand where it comes from.  My question is, there is a set of data in the model.  It's called penalty.  It is three years' worth of what appears to be hourly data, although it is sorted in descending order between zero and 2,206 megawatts.


MR. LEE:  That's correct, yes.


MR. FAGAN:  And that's the same information that is presented in the Bruce area transmission system derating for 2005 to 2007.


MR. LEE:  Yes.


MR. FAGAN:  Okay.  My first question is, when you use this data --


MR. LEE:  Yes.


MR. FAGAN:  -- in the model for each of the eight annual periods --


MR. LEE:  Yes.


MR. FAGAN:  -- you use this probability distribution.


MR. LEE:  Yes.


MR. FAGAN:  Sampled points.


MR. LEE:  Yes.


MR. FAGAN:  And you don't necessarily distinguish things that might be going on at different periods of the year, or different seasons.  In other words, this is the -- you use the same probability distribution representation for what the penalty will be, if a penalty is being applied.


MR. LEE:  That's correct.


MR. FAGAN:  And you don't differentiate.


MR. LEE:  That's correct.


MR. FAGAN:  Okay.  My second question goes to the penalty data itself -- themselves.


MR. LEE:  Yes.


MR. FAGAN:  There appears to be three years' worth of hourly data.  8,760 times three, the 26,000 and change.


MR. LEE:  Yes.


MR. FAGAN:  And it is sorted in descending order here.


Do you have the date and hour mapping associated with that data, if we wanted to look at it?  If we wanted to see the hourly time periods between 2005 and 2007 which resulted in that data point, do you have that?  Is that something that is available?


MR. LEE:  Yes.


MR. FAGAN:  My next question is going to be, what drives this -- these derating points.  I think that the derating points are driven by transmission system planned outages, transmission system forced outages, the effect of loop flow in the province, and the effect of what's actually going on real-time dispatch:  Where is the generation coming from?  Where is the load coming from?


Can you confirm if -- is that true?  And can you tell me what is the biggest drivers of this distribution?  Like, is it forced -- like, I am thinking it is transmission outages are the main thing that's going on to cause this need for a derate.  And so I want to get a sense of, is it, you know, is it mostly planned outages, you know, that are causing, you know -- scattered all around the southwest part of Ontario, that is causing this distribution?


And the follow-up question to that, which is really going to be key, is going to be, in your approach in the model, where you just apply this in the same way, when you do the convolutions you apply this in the same way for each of the eight periods, is that appropriate?  If you have any way of actually -- well, you do scheduled planned outages.  Is there a way that you can schedule these planned outages such that the derating is going to be lower, obviously, during winter and summer peak periods, as opposed to having the full extent of the probability distribution of derating apply during the most important peak periods?


Is that clear what I am --


MR. CHOW:  Yes.  It's clear.  Let me put it this way.  We make the assumption based on 30 years of historical information that the distribution of derating is not to a degree possible to say it only occurred this month and not.  For sure, for outages you could plan for.  The nuclear units' outages, for example, you could plan for that.


We are talking here transmission outages.  When a system is operated in a very complex fashion like southwestern Ontario, there are very few times in the year where you could just say, Boy, the system is not needed, nor can you, for example, foresee outages on the system which then you could then take advantage of.


It is a very stressed system of which, when equipment is going out of service, you can't wait for the weekend.  It is going to be taken out.


Now, the outages is a historical performance of information.  We are not trying to look for costs, in effect, of every outage that occurs.  I believe in some of the Hydro One's evidence -- and it's only from my memory -- 50 percent of the time there is some element in the southwestern Ontario system is out of service.


Now, in most cases, they may or may not have been impact.  But that is just indicate the level of planned outages or forced and planned outages that occur in the southwestern Ontario system, because it is a very large system.  Every element in there is quite critical.


Now, for example, there are five reactors in the Longwood station.  One reactor is out, reduce the limit.


So the answer to your question is, we have the three years of information from the operator.  We did not assume that there is a way to -- or should we assume that -- in the future that those outages can be coincide or specified.  We are assuming that they are occurring relatively random in nature.  And for any particular time period there is equal probability of that kind of derating happening.


MR. FAGAN:  Okay.  Would you be able to provide the date-mapping fairly quickly?  Is that something you have readily available?


MR. CHOW:  I am not the owner of the information.  The IESO is.  I don't know.  I mean, we get the information as a distribution of three years.  I really don't know.  I can't answer that.


MR. FAGAN:  Okay.  You say that you think it is best to apply it randomly.


Did you look for patterns in the three years' worth of data?  Did you do any sort of analysis to try to see, you know, do we tend to have more trouble, be it planned or -- do we tend to have more transmission-related outages or generation outages that affect transmission capability that occur -- like, if I were to just do a data exploration - and this is what I will do - on the three years' worth of data, what might I see?


MR. CHOW:  We look at some major outages and say -- one major one, for example, is outages that affect GIS equipment at the Milton station.  That took it out for a very long time.


Those things are not something you can plan.  GIS station maintenance need to be done, gas insulated switch gear, special equipment that they use at Milton, and the station is old.  The station needs maintenance and refurbishment.


And a lot of those outages is going to get repeated into the future.  Can you time multi-month outages?  It may not be possible with that kind of equipment we are talking about, specialized equipment, specialized work forces.


So you have to understand the nature of the southwestern Ontario system.  It's not a simple system that consists of two stations and two lines.  It is a vast network of equipment where each component is critical to the operation of that system.


MR. FAGAN:  Okay.


MR. LEE:  To answer your question, we had attempted that kind of a notion, but southwestern Ontario, as Bob indicates, is a very complicated system so ...


MR. FAGAN:  That's true.  Mr. Russell was just pointing out I had asked a question about, to the extent you can do this, the relative contribution of maintenance outages, loop flow or system conditions because of provincial generation load balance in any given time, of those factors.  Can you say which ones tend to affect the derating more others?


MR. LEE:  Just for the record, the loop flow effect was taken out from this equation.  We tried to make sure that that aspect is not going to contribute.


MR. FAGAN:  When you say the loop flow effect was taken out, do you mean that the raw data, the three years' worth of data, you modified that data to account for the loop flow in the 2005 to 2007 period?


MR. LEE:  Basically, there is a relationship between the loop flow and the capability, and we try to make sure they would double-count that aspect.  So we took out the relationship by -- it is a very complicated process that IESO has gone through.  I cannot speak too much for that, but bottom line is the loop flow effect has been taken out.


MR. FAGAN:  So what you're saying is this data in the model -- 


MR. LEE:  Yes.


MR. FAGAN:  -- the 26,000 points of data ranging from zero to 2,200 megawatts --


MR. LEE:  Yes.


MR. FAGAN:  -- does not represent the actual physical derating values that were in place, but is a derivation from that data, and some loop flow effect was subtracted out from that?


MR. LEE:  Yes.


MR. FAGAN:  Okay.  Can you provide us that level of detail?  Can you provide us that information?


MR. LEE:  You have to check with IESO for that information.


MR. RUSSELL:  Can you give us the governing logic?  In other words, if you have an hour in which the rating was a specific -- or the derating was a specific level, how did you take account of clockwise loop flow and how did you take account of counterclockwise loop flow?


MR. CHOW:  Let me answer this one.


As we said in an interrogatory to the Saugeen, the loop flow in the future will be controlled by the phase shifter there at the Michigan tie.  So one of the aspects here is be able to identify the derating without having the impact of the flow into London and out as part of the derating.


So the derating is not taking that into account.


Now, the way it is done, and I am just -- my understanding from the IESO, there is hardware on the system that meter different things, so there is a metering of what the Bruce system is capable of carrying based on the rejection selection.


So there is a limit.  Say if I arm one unit, two units, this is what I supposed to be able to produce at Bruce.


Then I look at what the actual limit is, and the limit essentially said I have a capability less than that, which means there is something on the system which derate that number.


So everything on the system is in-service, running, normal situation.  Then the limit created by that one the BSPS module, which indicate that you are good for 5,000 megawatts, for example, should be able to run at 5,000.  But if your actual capability which is recorded by the operator is only 4,500 megawatts, then there has been a derating of 500 megawatts.


MR. FAGAN:  I understand that.  What I am really trying to get at here is you used these numbers specifically in the model.  The model is very sensitive to changes on the order hundreds of megawatts.


So I am trying to get very clear -- and that probability distribution, the median is around 600 megawatts.  So I am just trying to get very clear on if that is absolutely the appropriate probability distribution to use, given the fact that in history the phasing regulators were not in place, but in the future that they will be in place.  You see what I am getting at?


I mean, I am very much in the specifics of, since you're pulling these numbers, I want to make sure that these numbers have a solid basis, and if there is an offset of a couple hundred megawatts that hasn't been properly done, I want to make sure I can see that.


MR. CHOW:  Again, what I am saying is we have taken the loop flow out of the equation.  So the derating is due to the system conditions that affect the derating, not because of the loop flow.


MR. LEE:  What may be not coming across clearly is the fact that the calculation takes into account -- the model that calculates these numbers that we compare to to get the derating takes into account the loop flow as a parameter.  So we are able to take it out.  That is how it was done.


MR. FAGAN:  Let me just try one more thing, and then I will move down below.


The main way the loop flow has been taken into account, does that show up in this penalty data or does it show up in the limit data that you are using, or both?


MR. CHOW:  No.  I said before, the limit data is based on a negative BLIP flow of 500 megawatts, which is a typical level, not extreme; typical level.


What it is based on is the fact that there is a very efficient operation, which means the loop flow has been set to zero.  It would represent, then, the balance of generation load west of London.  That is, therefore, run 500 megawatts of surplus out there that's flowing back to Toronto


Now, the limit that has been derived for that is higher than the limit that is used in comparing the capability of the alternatives. 


MR. FAGAN:  Okay.


MR. CHOW:  Okay?  As I said before, it is trying to reduce the stress on the system from that component.  So we are taking into account not pushing that system to the limit as an assumption.  In fact, we back off from that.


So what you will find, the limit being used to calculate the various options - and it is absolutely critical for some of the options that already don't have enough capacity - that we are backing off from the design capability for the system to a more less stressed level.


So in fact, to your question, we are giving it an optimistic capability, and that is in the input table.  There is two columns of capabilities.


One is the design level at very high flow from -- you know, to the degree of the limit of that interface, to a level now is more typical.  Backing off of the flow from London, in fact, increase the transfer limit capability that we use for those options.


MR. FAGAN:  Okay.  Let me stay with that for a second.  While you were talking about the NBLIP before -- and, I'm sorry, I don't know if you have this in your mind.


There is a -- in the IESO annual outlook -- I'm sorry, the long-term reliability outlooks, there is a transmission section that has all of the interface characteristics and definitions.  And it has the historical -- in this case, the 2007 distribution associated with BLIP and negative BLIP.


When you look at that distribution, at the tail end of the distribution on the right-hand side of the graph -- let me take a step back.


What you have just said is you sort of characterized this 500 megawatts NBLIP as a somewhat normal value.  From that distribution graph in that report, it seems as if that -- that that's not true.  It seems as if -- and probably the best thing is to get this graph in front of you.  And you don't have to do it now, but perhaps later in the day or on Monday you could respond to this.


But it appears that the 500 megawatt NBLIP level is an uncommon level, that that only occurs -- that that doesn't occur regularly, and that, in fact, you would tend to see higher levels of NBLIP on average than 500.


MR. CHOW:  So you are saying that we should derate the transfer capability even more?


MR. FAGAN:  No.  Well, let me ask you that question.


What I am saying is that when you -- you presented the limits as normal transmission system limits, NBLIP at 500 megawatts.  If NBLIP was at a a higher level, what would that do to the limits?


MR. CHOW:  Lower it.  Greater flow back from London to Toronto, it would decrease the capability for the Bruce system.


MR. FAGAN:  Okay.  Let me leave that area.  I need to look at that a little more closely.  I am not sure that I understand what you have just described.


I am going to jump from transmission to the nuclear component of the model, and I am going to focus on what I think is perhaps the most important aspect of this, and that is that it's a two-state model.


You talked about historically there is often partial outages of units -- of different units at the station.  Yet the model uses a two-state.  It can either be on or off.


Historically, when there have been forced outages at the station, at Bruce, any of the units, is it more likely that those outages were for the full station?  Or is it more likely that those were partial outages?


And I realize it is a bit of a subjective question, and we would have to see some data to really answer it.  But what I am getting at is whether or not the two-state approximation in the model results in a nuclear generation probability distribution that is a little bit too extreme?


In other words, I think -- well, do you understand what I am sort of getting at?


MR. CHOW:  Yes.  I would just like to clarify that the two-state is applied to each unit.  It is not to the whole plant.  We're not saying the whole plant all of a sudden go to zero.


MR. FAGAN:  Right.


MR. CHOW:  Okay?  That's not what I'm saying.  I'm saying each unit has a probability of a two-state.  Now, for a nuclear unit -- and I am not a nuclear engineer, but I am just a normal engineer -- it's a nuclear station, and it's -- you cannot run nuclears at half output, for example.


MR. FAGAN:  Right.  But what you said is that historically -- you characterized it as two-state, and then you said, you know, the reality is that there is partial outages at units.  And that's my understanding too, that there could be -- it doesn't ramp, but that on a regular basis operationally it is not designed to do that, but that when different components at a given unit are out of service, it might be operating at, you know, fixed output for weeks or months at something less than its MCR for that period.


So my question goes to, historically, are there unit-specific outages?  Do they tend to be partial outages, forced outages?  Or do they -- or do they -- and maybe we're -- forced and planned is less important here.


MR. CHOW:  I believe with nuclear units the ability to derate them is limited.  My understanding, for example, Bruce B can only go down 50 megawatts before you shut it down.  It is just the nature of the nuclear generation.


So unlike some other units where you could operate them at half-output, my belief is for, on a unit basis, that is not possible as a state.


So it is a simplifying assumption in the model that there's going to be a two-state.  I believe what I'm saying is, it is not capturing the 50 megawatts derating, because it's a border to -- I am not talking about having state at which you'd be half-output for a long time, because that is not sustainable.


So the model for each of the units assumes when it is out, it is out completely.  And when it is in, it is operating completely.


MR. FAGAN:  I am going to pause for now and let Mr. Russell do some transmission loss questions.


MS. NOWINA:  That's fine.

Cross-examination by Mr. Russell:


MR. RUSSELL:  A couple of things, gentlemen.  Good morning, again.


MR. CHOW:  Good morning.


MR. RUSSELL:  Thanks for all the help here.


Turning to Pollution Probe number 47.  Sorry about that.  And in the table 3, normal transmission system limits at NBLIP equal 500.


MS. NOWINA:  I think that is C, tab 2.


MR. RUSSELL:  Yes, it is.  C, tab 2, Schedule 47.  Yes, ma'am.


And at the same time, I would like you to look at Mr. Lanzalotta's testimony, which is in the cross-examination reference book, and, in particular, at page 247.


 MS. CHAPLIN:  Mr. Russell, what page in just the regular evidence?


MR. RUSSELL:  Page in the regular evidence, 15, the table of locked-in energy.


MS. CHAPLIN:  Thank you.


MR. RUSSELL:  Are you ready?


MR. CHOW:  Yes.


MR. RUSSELL:  Okay.  Great.


The near-term measures you say with all elements in service at the bottom, 5,976.


MR. CHOW:  Yes.


MR. RUSSELL:  And I had understood that the near-term measures take the transfer capability from 5,000 existing up to 5,400.


MR. CHOW:  Yes, that's for the design level of 1,500 negative BLIP.


MR. RUSSELL:  Okay.  So what you are saying here is, I take it, that when you back off deliveries from resources to the west -- that is, Michigan, Sarnia, Windsor, whatever -- when you back them off by a thousand -- because I think the NBLIP was 1,500 in your stressed -- okay.  So what you're saying is, when you back it off you get an extra 500 or so.


MR. CHOW:  Yes.


MR. RUSSELL:  Nearly 600, actually.


MR. LEE:  This is with near-term, so...


MR. RUSSELL:  Yes, 5,400 versus 5,976, okay?


So what this tells us, I take it, is that sometimes when energy might be locked in, you can back off a resource to the west and unlock the nuclear and wind energy under some operating conditions?


MR. CHOW:  Well, this is why, for the locked-in energy study, we looked at the level at 500 megawatt BLIP, NBLIP, to represent the de-stressing of that system, to allow additional capacity out of the Bruce.  So it is a, you could say an optimistic scenario.


MR. RUSSELL:  I understand that, and I appreciate that, okay?  Okay.  



So then you go to 6,821, with generation rejection.  So we have just the near-term measures, and you rejected generator, and you go up by another 800 and change, about 847 or so; right?


MR. CHOW:  Yes.


MR. RUSSELL:  So 847 from generation rejection represents what generation rejection?


MR. LEE:  It's arming the generation in the Bruce area.


MR. RUSSELL:  Is it just one Bruce unit or is it Bruce unit plus wind?


MR. LEE:  Whatever maximum that the IESO assume for the study.  


MR. RUSSELL:  You don't know, in particular, but it is more than one Bruce unit?  One Bruce unit, A unit, would be 750.  You're getting something like 856?


MR. LEE:  It must be more than that, yes.


MR. CHOW:  I think Mr. Falvo commented, where possible, they will reject 700 -- the one Bruce unit, plus 400 megawatts of wind.


MR. RUSSELL:  Up to 400 megawatts of wind?


MR. CHOW:  Where it is possible.  I think there is an interrogatory that indicates that you cannot reject two Bruce units, because the impact of increased losses on the system above 300 megawatts essentially limits you to one Bruce unit and 400 megawatts of wind.


MR. RUSSELL:  All right.


One thing that puzzled me.  I was looking at the series caps and generation rejection involved in the Hamner-Essa line on the Nobel system.  In that case, you said that 15 percent of the inertial response of the North American system would come from within Ontario.


MR. CHOW:  I did not say that.


MR. RUSSELL:  No, no.  I'm saying that is what that report indicates.


I am wondering, in reaching that 1,400 megawatt limit on generation rejection, whether there is any assumption of inertial response from units within Ontario?


MR. CHOW:  Again, it's a scenario I think Mr. Falvo cover better than I can.


MR. RUSSELL:  Okay.  That's just an open question, okay.  Going to the near-term measures plus GR, and that is 6,821, and that is just the same set of assumptions used on the top of near-term measures only.  So there is nothing -- they're the same for that reason.


Now, go to near-term measures plus series capacitors, please.  Again, we had in the answers to Pollution Probe for various transmission scenarios -- I had assumed the transfer limits for this case was 6,326, in that order.


You are saying we're getting an additional 450 megawatts here because of this NBLIP adjustment?


MR. CHOW:  Yes.  De-stressing the system from the west.


MR. RUSSELL:  Okay, okay.  Then when you move up, you don't gain quite as much.  When you go from 6,776, you seem to hit a limit of only 400 megawatts more on this scenario; whereas in the first scenario, near-term measures plus generation rejection, we get far more benefit from generation rejection?


MR. LEE:  That's right.


MR. RUSSELL:  Can you explain that?


MR. LEE:  In fact, this was a subject matter that was brought up maybe Tuesday that they were asked to look after on Friday.


MR. RUSSELL:  Yes, right.


MR. NETTLETON:  I think, Madam Chair, this was a discussion between Mr. Chow and Mr. Pape, I believe, and there was some remark about the pain that might have been caused at that time, but how more appropriate it would have been to have the questions asked here.


I think Mr. Falvo is here.  He can probably respond now to those questions relating to that discrepancy or that differential in numbers.


MS. NOWINA:  Thank you, Mr. Falvo.  You are joining this witness panel, are you?  You thought you got away.


MR. FALVO:  I was looking forward to it.


It is true that the effectiveness of the generation rejection will be decreasing as we keep increasing the pre-contingency transfers, and there are two main factors to that.


One is, as you have noted, we see approximately 85 percent of the generation that's rejected come in over the -- from the external network, and that increases the losses in a higher disproportion, and that also combines with creating an increased stress on the voltage control.


So as these transfer levels increase, the effectiveness of the generation rejection decreases and the amount of reactive control that is required continues to increase with all of them.


So on that column, in table 3, you are seeing the reduced effectiveness of the generation rejection.


MR. RUSSELL:  The binding constraint you said was voltage support?


MR. FALVO:  It is two things.  It is both thermal limitations on the 230 kV network, and voltage control.


MR. RUSSELL:  Okay.


MR. FALVO:  In the southwestern area of Ontario.


MR. RUSSELL:  In this same column, near-term plus series capacitors, how much generation was deemed to be rejected in moving up by 400 megawatts?


MR. FALVO:  One unit, about 750 megawatts.


MR. RUSSELL:  Seven-fifty.


MR. FALVO:  Right.


MR. RUSSELL:  So is it fair to say that if you rejected one unit plus 400, you could lift that limit?


MR. FALVO:  Not with the facilities that were identified in the Pollution Probe 16 interrogatory, I believe.  It would take much more.


MR. RUSSELL:  Okay.  Now, in Saugeen, in response to Saugeen 10, you told us that you can reject up to one unit plus 400 wind?


MR. FALVO:  In some circumstances, in the other earlier scenarios, that was the limitation.


MR. RUSSELL:  What are those circumstances under which you could reject more generation?


MR. FALVO:  That was the one at the lower levels.


MR. RUSSELL:  Lower levels of load or lower levels of import, or lower levels of what?


MR. FALVO:  Lower levels of transfer.  Lower levels of transfer at the -- for example, taking the 5,976 to the 6,821, for example.


MR. RUSSELL:  Sorry, I'm not following.  I'm not following what the constraint is in moving that 7,176 upwards.  Why couldn't the 7,176 be more than that in some hours?  I heard you say that you can reject more than one unit, and I am trying to get an idea of under what conditions and how often those might occur.


MR. FALVO:  I believe the answer in that interrogatory was we could reject up to 400 megawatts of wind plus one unit, but no more.


And we were referring to the scenario under the near-term measures.  That one was limited by the combination of thermal limitations and voltage control for the facilities identified for that one, plus the maximum that was coming into Ontario when it was combined with the losses.


MR. RUSSELL:  Okay.  In the situation where you have series capacitors --


MR. FALVO:  Right.


MR. RUSSELL:  -- okay, what is the upper limit on the amount of generation that can be rejected under all conditions?


MR. FALVO:  In those cases, it is the voltage control.


MR. RUSSELL:  What is the megawatt limit of generation that can be rejected under all conditions with series capacitors in service, all load conditions?


MR. FALVO:  It is what we have shown there.  If we reject any more we will need much more facilities to control voltage.


MR. RUSSELL:  Are you saying that the 750 plus 400 of generation rejection is only applicable to what case?


MR. FALVO:  This is in steps; right?  There's some progression, although the actions are in steps.  But we described that for the near-term measures case.  When we get to the case with the near-term measures plus the series capacitors, then we have used up all of the reactive control facilities that have been identified in the near-term measures.


MR. RUSSELL:  All right.


MR. FALVO:  We'll need more.


MR. RUSSELL:  So if you added more reactive support or left a Nanticoke unit as a condenser, could you get more voltage support, and then raise that limit?


MR. FALVO:  Everything comes with a cost.


MR. RUSSELL:  That's my question.


MR. FALVO:  Right.


MR. RUSSELL:  First, without regard to cost, is there a way to put more voltage support or another SPC or run a Nanticoke unit as a condenser and raise that limit?


MR. FALVO:  That's a possibility.  We would be -- we're looking -- we are identifying that at those levels, under that near-term measures plus series capacitor column, that the reactive compensation required is approximately one-to-one or a little more for the megawatts that would be rejected.


MR. RUSSELL:  Okay.  And there was -- as I recall, there was some scenarios investigated in your April 2006 study which involved much more voltage support at Nanticoke than you are designing for under this; is that right?  


MR. FALVO:  Well, that was one I identified in the costing in 16, Pollution Probe 16, yes.  


MR. RUSSELL:  Okay.  All right.  And I take it this ability to raise above 7,176 for conditions with more voltage support would be the subject of those series of studies that Mr. Woodford and Mr. Chow talked of yesterday, that would be pursued in any study of series capacitors?  Is that fair to say?  


MR. FALVO:  I wasn't here yesterday, so I am not sure of specific studies. 


MR. RUSSELL:  Oh, okay.  I was taking unfair advantage of you.  All right.  


MR. CHOW:  Since you referred to me, no, my understanding is that the -- Mr. Woodford was talking about the series of studies, assuming that you are putting series compensation into the system.  


MR. RUSSELL:  Okay.  


MR. CHOW:  It is not related to other facilities.  


Now, if this is incremental facility, beyond just a series compensation, then obviously there would be additional studies to look at the need, how much, where it has to be installed, and the characteristic of that.  But that is not contemplated.  It is just a series compensation installation that is being discussed yesterday.  


MR. RUSSELL:  Well, I have read your studies, and they're very fine studies and very thorough studies of series caps.  


I couldn't -- I would not imagine that a great deal more effort or expenditure would be involved in looking at more voltage support and perhaps raising the 7,176 limit.  In fact, I thought one of the purposes of the study to see whether the 7,176 limit might even come down.  I mean, you had refined this in the course of these more detailed studies.  


Am I misapprehending what you and Mr. Woodford said?  


MR. CHOW:  Well, again, my understanding of the scope of what Mr. Woodford said was, if you install series compensation in southwestern Ontario, you have to do a bunch of studies which is related to the actual design specification of the equipment, such as protection study, such as installation coordination studies and resonance study and subsynchronous resonance studies.  


They are not related to how much power, using those series capacitors, can you push, and how much more system facility you have to add to allow that level of transfer to occur.  That's not what Mr. Woodford was asked to do.  


MR. RUSSELL:  All right.  Maybe I'm posing the question wrong.  I am really interested in whether, with series capacitors, we can reduce your calculations of locked-in energy.  That is pretty obvious.  


And my real question, apart from the constraints that you or Mr. Woodford put upon your answers yesterday:  Can you, and would you, in the ordinary course, investigate in these detailed studies the ability to raise that 7,176 limit?


  MR. CHOW:  That's not the objective of that particular -- that particular study identified is required.  


We -- Hydro One has positioned the series compensation as an interim measure.  As an interim measure, it has tried to bridge the gap between when the transmission line is not in service and the generation is coming on the system.  


The sizing of that particular interim system would have to be looked at at that time.  How late is the line?  Does it need to be there for the full 8,100, or is it only there to do 7,100?  That would be the type of study you would have to do to size that series capacitor bank and any other facility required to support that level of transfer.  


MR. RUSSELL:  Okay.  I hear you.  Okay.  


Let me move maybe to something else.  In those deratings on that curve on that same page, where we talked about the limits, what you're saying is there are -- you made an attempt to eliminate loop flow from the deratings.  


MR. CHOW:  Yes.  And at the same time used the assumption that the NBLIP is a 500.  So it is more representative of a de-stressed system.  


MR. RUSSELL:  And that -- I understand.  


MR. CHOW:  So in that degree, that the importance of loop flow, which we know is -- our intention is to block loop flow in the future -- would be taken out of the equation.  


MR. RUSSELL:  Okay.  But even with the phase shifters, you expect some loop flow, because there is a limit on how much of an angle you can push back with the phase shifter.  Isn't that correct?  


MR. CHOW:  That's correct.  But there is a material limit at which the impact of loop flow becomes minimal on the Bruce limit.  


MR. RUSSELL:  Right.  


MR. CHOW:  Because the impact of loop flow, which is really negative BLIP, is another version of saying, how much power are you pushing out or in from London?  


The impact is mostly material, when you operate at very high levels of Bruce transfer.  At the lower level of negative blip flow, the impact diminishes.  


So high Bruce transfer, high BLIP flow, the relationship between the two become a lot more prominent.  


MR. RUSSELL:  Okay. 


MR. CHOW:  At around 500 and below, it is almost decoupled, especially on a case where the Bruce-to-Milton line in-service.  The decoupling continue further with series capacitors, of course, because they share the same path.  


But there is a point reached where there is a diminishing impact on each other, and we feel around 500 the effect is generally diminished below that point.  


MR. RUSSELL:  All right.  


MR. CHOW:  Now, with regard to the -- I mean, again, with the phase shifter we are backing off the major part of the loop flows.  So, for example, if the loop flow is a thousand, you back it off 600 to 400, the impact of 400 is not very prominent, as compared to a thousand.  


MR. RUSSELL:  All right.  When you made these adjustments to the raw data, okay, and you took an adjustment for loop flow, can you tell me the effect of counterclockwise versus clockwise loop flow?  In other words, did counterclockwise loop flow add to the derating or subtract -- or leave it neutral or subtract?  Do you know how that was done?  


MR. CHOW:  Well, a couple of things.  One is, the derivations of the derating is provided to us from the IESO.


MR. RUSSELL:  Okay. 


MR. CHOW:  And that information either is recorded off telemetering, or some adjustment to that information.  They are not us calculating information.  OPA does not change the information given to us by the IESO.  


MR. RUSSELL:  I am not asking that.  


MR. CHOW:  I am just responding. 


MR. RUSSELL:  I am trying to get the -- I am trying to get the logic and approach used by the IESO in making these loop flow adjustments.  I really don't care one way or the other.  I am just wondering how it happens.  


MR. CHOW:  Okay.  So our understanding with the information regard -- Mike can answer. 


MR. FALVO:  Can I help you with that, Bob?  


MR. CHOW:  Yes.  


MR. FALVO:  What we have is a recording of what the actual limit was for those three years.  We don't have a recording of, necessarily, a cause.  What we do, though, have is also the telemetry and flows on the power system at that time.


So what we did was go back to the instruction set in the computer programs that monitor the power system, and we compared for a given -- for the given flow on the system, we compared what the limit would have been had there not been any other limitations on the -- any limitations on the system, other than that flow parameter that Bob is talking about, and the actual.  And that is the derating that we collected and provided to the OPA.


So we factored out the effect of the flow on the London path, right, and our result was a derating due to other effects, mainly planned outages and forced transmission outages, and some other items on the system.  


MR. RUSSELL:  Let me just give you a hypothetical.  Your data responses indicate that --


MS. NOWINA:  Mr. Russell, your microphone. 


MR. RUSSELL:  Time for lunch?  


MS. NOWINA:  Well, it is time for lunch.  As well, your microphone isn't on.  But let's stop and take the lunch break --


MR. RUSSELL:  I apologize.


MS. NOWINA:  -- and if you could hold the question until 1:30, let's do that.  We will break until 1:30.


--- Luncheon recess taken at 12:30 p.m.

 
--- Upon resuming at 1:33 p.m.


MS. NOWINA:  Please be seated.


Did any matters come up during the break?  No.


All right.  Mr. Russell, Mr. Fagan?  Are we still on Mr. Russell or are we back to Mr. Fagan?


MR. RUSSELL:  He's trying to make a plane and I am going to give it to him, if that's all right, Your Honour.


MS. NOWINA:  That's fine.


MR. FAGAN:  I just wanted to lead off with just going back to the -- we asked for some data.  We just want to confirm that we actually can get that, and I don't know if it needs to be more formalized, but I think it would be pretty important if we could get that, the raw data that you used to put into the model file as penalty data, the three years' worth of data.  


You had said that you had -- I missed exactly what you said about how you adjusted for loop flow.  What we would like is both the date and time mapping of those data points, and then, if there were specific adjustments made to data, so basically sort of the audit trail for whatever raw data you received from the IESO, and how that got turned into the data points that went into that worksheet.


MS. NOWINA:  That's a request for an undertaking, Mr. Klippenstein?


MR. KLIPPENSTEIN:  Yes.


MR. CHOW:  The OPA received the data from the IESO.  We do not modify the data, in any sense, after receiving it.  To us, it is a distribution.  So the raw information, we don't have the raw information.  We just have those curves, which, currently, is part of all of the model that was given to the parties.


So OPA don't have that data.


MR. KLIPPENSTEIN:  Madam Chair, Mr. Fagan has expressed thoughts about how he views this as fairly important, and I am wondering, since -- first of all, if it is an issue of IESO's consent or something like that, it might be that Mr. Falvo could address that.


MS. NOWINA:  Before we do that, can I take one sidestep?  Is Mr. Falvo going to continue to answer questions this afternoon?  Can we confirm he is part of this witness panel?


MR. NETTLETON:  That was one of my "to do" list items, Madam Chair.


We had not anticipated Mr. Falvo to be part of the panel, but it seems more and more like there is need for Mr. Falvo to be part.  If he is part, then I would like him to be re-sworn or affirm that he is re-sworn, so that he testifies, because right now he is not.


MS. NOWINA:  I had the same concern, Mr. Nettleton.


MR. NETTLETON:  Right.  What I have done, before he was sworn, or re-sworn, is I just had a word with him to ask whether or not the data is readily available, and what Mr. Falvo has indicated to me is that he is not certain that it is, that it's in a form that could be readily accessible and made available.


That said, I believe Mr. Falvo is prepared to go check to see and find out the answer right now.  He doesn't know, but he is prepared to go and check on that and get back to us.


I think, again, Madam Chair, it is a question of what degree are we getting to and what is the data going to be used for, and ultimately where are we going with this?


If next week is only going to be used for the purposes of cross-examining this panel on the load flow model -- or, sorry, the financial evaluation model, I am concerned that there is going to be use of the data and there's going to be next steps taken to have that data somehow be included in additional evidence that intervenors are then going to want to file.


I am concerned that that is going to eat up more and more time and that we are moving away from the ultimate purposes that are set out in the issues list.


MS. NOWINA:  Mr. Klippenstein, do you have a response to that?


MR. KLIPPENSTEIN:  Yes.  I think that Mr. Nettleton has a point about not getting too far from why we're here; that I think it's, in my submission, becoming apparent that this data is part of why we're here, that it underlies a significant part of the calculation.  It seems to have been used directly and importantly by OPA in these calculations.


So it is not moving away.  I think it is getting more to the point, and it would be good if Mr. Falvo could check right now, if we could get the information very soon.  And, yes, certainly if Mr. Nettleton is concerned or expects that the parties, Pollution Probe and their experts, might say, if we look at this data, there's this logical gap or defect, or if you use it in a different way, which we suggest to the Board is a better way, you get a different result.


But, ultimately, as I see it, that is to the Board's benefit in its decision.  This is a big issue about hundreds of millions of dollars, which swing depending on what numbers you use.  So it seems to me it would be useful.


MS. NOWINA:  I have question for you, Mr. Klippenstein, and Mr. Fagan can answer, if you would prefer.


In my non-engineering way, I did understand both the OPA and the IESO to give Mr. Fagan a response to how that information was derived this morning.


Is that response not satisfactory for you to understand how the data was calculated?


MR. FAGAN:  If there are -- I would like to see those calculation steps.


If there are calculation steps behind the 26,000-some-odd data points that are in there, if they subtracted something out, I would like to see that.  If there is a little bit more to it than just those numbers, I would like to see it.


MS. NOWINA:  For what purpose, Mr. Fagan?


MR. FAGAN:  When they do the convolution of transmission capability to the -- with the generation, aggregate generation capability, that step is one of the critical steps.  That's -- in a way, that's when they're subtracting transmission from generation to see whether or not they have enough, and that's the critical element to actually compute the locked-in energy.


From what I have seen, I am just not -- it's not clear to me that they're using the right transmission limit information, and that penalty data set feeds directly into that.  I mean, they knock off as much as 2,000 megawatts from the transmission limit in saying what the system is capable of delivering from Bruce.


And I want to see just -- I want to see the basis for why they're using that much.  It is just -- it's not clear to me, yet.  And if there is a little bit more behind that data that takes into -- that takes into account loop flow, for example, more directly, that would be helpful to understand...


MS. NOWINA:  Is it possible -- you folks are engineers talking to engineers.  Is it possible that you could ask more questions and get a response that would allow you to understand how the data was formulated?


MR. FAGAN:  Yes, I certainly could continue to ask a few more questions.  I think I could get very clear on how they got to the data.  Then depending upon those answers, I might still want to see the additional data behind the data set there, or maybe I would be okay with it.  


I mean, I will go right to that worksheet that has that data and ask some questions about, for example, this number.


I mean, I can do that.


MS. NOWINA:  All right, give us a moment.  We are going to confer.  While we're doing that, please think about whether or not -- all of you, including Mr. Falvo -- whether or not Mr. Falvo should be part of this witness panel, and, if so, we will swear him.


[Board Panel confers]  SEQ CHAPTER \h \r 1

MS. NOWINA:  Mr. Nettleton, we would appreciate Mr. Falvo going -- before he joins the witness panel, asking the question about how available the information is, and then we can make our decision when he gets that information.


Is that possible, Mr. Falvo?  


MR. NETTLETON:  Do you want him sworn first?  Or do you want him -- does it matter?  


MS. NOWINA:  We will swear him when he gets back, and then he can give us the information.  


MR. FALVO:  You're asking to go check whether the data is available?  


MS. NOWINA:  Yes, please, Mr. Falvo.  


MR. FALVO:  All right.  I will do that.


MS. NOWINA:  Can we continue our questioning in the meantime?  Go ahead, Mr. Fagan.


Your microphone is not on.  


MR. FAGAN:  I'm sorry.  I believe I have just one more area, return to one more area that we have already talked about, and that goes to the relationship between the NBLIP limit and the flow away from Bruce complex limit.  


And specifically, there is an IESO document entitled "Ontario Transmission System", and it's dated March 12th, 2008.  And...


MR. KLIPPENSTEIN:  Madam Chair, I believe this is a document Mr. Fagan referred to earlier, and I think he will be asking if it's otherwise acceptable that the witnesses refer to it.  I have given a copy electronically to Board Staff, so it is projectionable on to the screen if otherwise appropriate.  I am not sure it is part of the record already, but it is an IESO report.  


MS. NOWINA:  So we don't have hard copies?  


MR. KLIPPENSTEIN:  I don't believe we have hard copies.  So...


MS. NOWINA:  Can we put it on the screen and ask the witnesses their familiarity with the document?  


MR. KLIPPENSTEIN:  I think that is possible.  


MR. FAGAN:  Page 16 of this document. 


MS. NOWINA:  Before we get to page 16, I would like to -- we don't yet have it on the record.  I would like to find out if the witnesses are familiar with the document?  


MR. CHOW:  I am aware of IESO producing this kind of report regularly.  And this is one of the latest versions.  I myself cannot say I am familiar with the contents of it, but I will do my best, if certain section is more generic in nature, in terms of the aspect being covered.  If there is something more specific, I would have to indicate that I would have difficulty answering.  


MS. NOWINA:  Thank you, Mr. Chow.  I appreciate that.


Mr. Millar, do we need to mark it as an exhibit?  


MR. MILLAR:  We can call it K7.2, Madam Chair.  And that's the IESO -- what would we call this document?  


MR. FAGAN:  "Ontario Transmission System", that's the title.


MS. NOWINA:  March 2008.  

EXHIBIT NO. K7.2:  IESO DOCUMENT ENTITLED "ONTARIO TRANSMISSION SYSTEM", DATED MARCH 2008.


MR. FAGAN:  If we could go to page 16.  I'm sorry, it is page 16 in the Adobe file.  It's page 10 of 26 on the copy that would be on the screen.  That's the correct page. 


Now, that page has a table of the interface limits for Ontario internal transmission interfaces, and it includes the -- both the BLIP and the negative BLIP, and it also includes the FABC, which is the flow away from Bruce complex.


  Now, the flow away from Bruce complex has three sets of limits, and the third one, if we can take the third one, for example, says 4,500 to 5,300, with six 500-kV Bruce units in service.  


But then there is an asterisk, and it's the asterisk that I wanted to turn your attention towards.  The asterisk describes the relationship between flow away from Bruce and NBLIP.  And I would ask if you could just take a minute and read that.  


Based on my direct reading of that, it indicates that the upper limit for the flow away from Bruce is based on a BLIP of 3,500 megawatts, which is equivalent to a negative BLIP of minus 3,500.  


So it appears to me, the direct reading of that, that as you increase the negative BLIP number from a positive 500 to something higher, that the flow away from Bruce complex limit increases, which -- which appears to be different from what you said before.  


And I am wondering if you could take a moment to look at that and tell me if that is your understanding, or if this representation is different in some way, shape, or form?


MR. CHOW:  Based on my knowledge, that is not correct.  When you increase NBLIP, you reduce the FABC limit.  


Mr. Falvo, of course, will be able to answer this one better than I can, but this is my understanding.  


MR. LEE:  It's mine as well.  


MR. FAGAN:  So based on -- so you think that -- you have a different opinion?  Or am I misinterpreting the sentence that says "published limit range based on the most restrictive contingency, lower limit based on NBLIP of 1,500, upper limit based on NBLIP at negative 3,500". 


MR. NETTLETON:  That's not what it says, sir. 


MR. FAGAN:  That's true.  It says "positive BLIP 3,500", which, am I right, positive BLIP of 3,500 is the same as negative BLIP of negative 3,500?  


MR. LEE:  Yes.  


MR. FAGAN:  So that if we tried to just draw the relationship between FABC and BLIP or NBLIP, that it would indicate that the Bruce limits increase as the NBLIP flow increases?  


MR. CHOW:  Sir, I really believe that's the opposite.  I really do.  


MR. FAGAN:  Okay. 


MR. CHOW:  When you read the limits, it says "lower limits based on NBLIP of 1,500", the lower limit.  So in other words, 4,500 is the limit when your NBLIP is 1,500.  


Now, because NBLIP is just the reverse of BLIP, when you go to the other direction, the limit now goes higher, which is, we have said, many times in the past, when we design for flow go west of London -- exporting, for example -- the FABC limit increases.  And this is a -- confirmed this.


So when we do the financial evaluation, reducing from the NBLIP of 1,500 to 500, we are de-stressing the system in that model.  That's the way I read those limits.  That's my understanding of the relationship between FABC and NBLIP.  I cannot read it any other way.  


MR. FAGAN:  Okay.  Let me ask you one other related question then.  And it is something that Mr. Russell asked earlier, and it -- but we didn't get an answer.  And it is the effect of loop flow and the direction of the loop flow, what that effect has on the flow away from Bruce limits.


So the specific question would be, if loop flow is counterclockwise from New York through the system out to Michigan, what effect does that type of a flow have on the flow away from Bruce limit?


Does it have an effect of reducing what the limit otherwise would be, or does it have an effect of increasing what the limit would otherwise be?


MR. CHOW:  I guess my more complicated answer to you is the key parameter is BLIP or NBLIP.


The BLIP or NBLIP is the -- is a composite or a combination of the number of things happened in southwestern Ontario.  The loop flow is one component.  The generation west of London is another one.  The load that is west of London is another one; the import and exports picture.


What NBLIP or BLIP does is it becomes the composite of all of that.  So to take one parameter out of isolation and say, What impact does it have, I can't really give you an answer.  It's like asking, What happen when one of the generators in Sarnia runs up?  I don't know.  It depends on the situation at that time.


So that's why we do not use loop flow alone as a measure.  It is more appropriate to use the BLIP flow, which is really now the composite effect of all of the changes of system conditions, loads, import/export in southwestern Ontario.  It is a very complex system, sir.


MR. FAGAN:  Okay.  Let me give you a hypothetical and maybe you can help me understand what I am trying to get at.  Let's assume that the load and the generation are not -- there's no change in load and generation, and, suddenly, or over some time frame, even predicted, the loop flow, in a counterclockwise direction from New York towards Michigan, is increasing.


As that happens, does the IESO then say, Oh, loop flow is increasing by some amount.  We need to, for this next period, derate the system, the flow, away from Bruce limit, or does the IESO say, No, that's helpful.  We can allow the limits flow away from Bruce to increase, because we're expecting this increased counterclockwise flow which has the effect on NBLIP of reducing it?


So an increased counterclockwise loop flow will reduce the NBLIP flows, am I right?  Does that make sense, that the NBLIP flows from west to east would be reduced if there's, say, increased loop flows circulating the other way?


MR. CHOW:  Sure.


MR. FAGAN:  Okay.  In that situation, if the IESO is in a position to make this sort of a change, do they then say, Oh, we can relax, or we need to further limit the flow away from Bruce limit?


MR. CHOW:  I apologize, I am just not an operator.  I don't know what happens in real operation, how it change, whether that change is sustained, the change is momentary.  A change --


MR. FAGAN:  Assume away those difficulties.  Assume away -- make the assumption that they know it is going to be for 24 hours that this is going to happen, and so they sort of -- they're in a time frame where they can say, Oh, we could get a lot more out of the Bruce area for the next 24 hours, or we have to derate it for the next 24 hours.  


I am just trying to get at the pattern, the patterns effect on the topology of the transmission system.


What does it do?  Does it allow for more flow to cross the flow away from Bruce interface or does it -- or does it force there to be more restrictions on the limit, the flow away from Bruce interface?


MR. NETTLETON:  Madam Chair, my friend's question seems to be directed to the IESO.  He said that.


Mr. Falvo is here.  He has just stepped out to address your issue.  It might be best to wait for that question until Mr. Falvo is back.  The intention is to have Mr. Falvo made part of this panel, and I think at that time there would be an appropriate response to the question.


MS. NOWINA:  It appears that might be more helpful, Mr. Fagan.


MR. FAGAN:  Sure.  That's fine, because I think those operational aspects are just what I am trying to get at.


MS. NOWINA:  All right.  Do you have another line of questioning, Mr. Fagan, or should we move to someone else?


MR. FAGAN:  I think that -- one more line of questioning on a different topic.


MS. NOWINA:  All right.


MR. FAGAN:  The topic is wind and what is used in the model to represent wind.


There is a worksheet called "Wind Buckets", which appears to be the distribution of the wind capacity.  


Yes, thank you.  So that is showing that for a certain number of hours, wind is as high as 98 percent of the installed capacity in the model, and then the other end of that is down close to zero.  So those are eight different probability distributions for the wind resource.


I guess my question is:  You say that you used the AWS report, wind production, wind regime to generate this information?


MR. CHOW:  Yes.


MR. FAGAN:  I am just going to read you one or two sections from that report.  It is the section of the report on pages 3.5 and 3.6.  That section of the report talks about the ten-minute wind data that they used.


MS. NOWINA:  Does the witness panel have the report?


MR. CHOW:  Sorry?


MS. NOWINA:  Do you have the report?


MR. CHOW:  I have the AWS report.  I don't know if we have the same version or the same copy.


MR. FAGAN:  I have a copy that is October 6th, 2006.


MR. CHOW:  I don't have that.  I have Exhibit D, tab 5, schedule 1, attachment 3, page 1 of 13.


MR. FAGAN:  Oh, that's not the full report.


MR. CHOW:  Sorry.  That is from the -- from the IPSP.  What I have is just the April 13th version.


MR. KLIPPENSTEIN:  Madam Chair, if it is helpful, the Pollution Probe document reference book Exhibit K3.1 has that report at page 224.


MS. NOWINA:  That is helpful, Mr. Klippenstein.


[Mr. Nettleton passes copy to Mr. Chow.]


MR. CHOW:  Sorry, sir, which page should I refer to?


MR. FAGAN:  Page 3.5 and the top of 3.6.


MR. CHOW:  In terms of the Pollution Probe...


MR. FAGAN:  Oh, this is the numbering of the AWS report.


MS. NOWINA:  Mr. Klippenstein, it doesn't appear to be in your exhibit.


MR. KLIPPENSTEIN:  It appears that all we have is some excerpts from that report, so that's correct, and not the required ones.


MR. FAGAN:  I can read the sentence or two.  This goes to the spatial diversity of the wind resource and how variable the output is of the aggregate wind resource, given the wind data that they have.


I guess my first question is:  I think you said that you have used the data, the Helimax data, from the 60 or so sites to help populate your model, the way that you described the probability distributions for wind; is that right?


MR. CHOW:  No.  I believe what I said was the -- one of the zones, the Bruce zone, is defined -- the Helimax study for the whole Ontario.


MR. FAGAN:  Right.


MR. CHOW:  So we used the wind site identification of Helimax, a number of them, not all of them, and whatever was assumed in the AWS study report for zone 6, which is really an aggregate output of the various sites that is part of zone 6. 


That's the information that was given to us as the model of zone 6 wind information.


But the key here, it is an aggregate of the various sites that is modelled in the Bruce zone.


MR. FAGAN:  I'm sorry, was that a question?


MR. CHOW:  No, I am just clarifying.


MR. FAGAN:  Okay, yes, I understand that.  My questions go to -- there are a couple of statements in this section of the report that I wanted to ask you about.


This section is called, "Limitations of the Ten-Minute Data", and I think what they're talking about is wind data that is collected every ten minutes.  So that's their base unit of data they have on how the wind is blowing.


Right up front, it states:   

"As noted earlier, the lack of stations in some development areas and the overall excess of projects over stations reduce the geographic diversity represented in the data."


It goes on to talk about -- well, it goes on to then say:

"This suggests that the wind generation profiles produced probably overstate..."


And the authors underline the word "overstate" in the document:

"...probably overstate the variability of the combined output of the wind projects.  The degree to which the variability is overestimated is difficult to determine."


And that's sort of the essence of this section, although right at the end of the section they talk about, you could move this data, because it appears to lack some geographic diversity.  


And my interpretation of that -- and I guess I am going to ask for your interpretation of that in the context of the numbers that you have used in the model -- my interpretation of that -- and this is based on -- you have used Region 6, which contains -- based on table 3.2 of the report, Region 6 contains 617 megawatts of capacity.  The OPA assumptions for wind at full wind is 1,700 megawatts of wind out there.  


So between the fact that this is representative of 617, and ultimately there may be 1,700, that that's what you would be planning this line for, and the fact that the current data may -- probably overstates the variability of the combined output, that tells me that in actuality when you have more generation and when you take into account what they're talking about here, that you don't have as extreme a distribution in output of the wind.  


So, for example, when you look at your data, the effects that I am talking about here could have the effect of changing the extremes of the probability distribution for wind output, flattening the profile, so to speak, that you wouldn't have as many hours where you had 98, 97, 95, 94 percent of capacity in the winter peak. 


So that's my area of enquiry, and I wanted to ask you if there were -- if you did any sort of sensitivity analysis around the spatial diversity characteristics of aggregate wind resources, a thousand turbines, 1,700 megawatts, spread out over the geography of the Bruce area.


Had you done any analysis looking at whether or not this was the best snapshot for the probability distribution of the wind, given what the report says about the limitations of the ten-minute data?  


MR. CHOW:  No, we haven't.  We used the best information at the time, which is from this report.  


The distribution that we created is shown on our slide 13.  I guess when you indicated it could be flatter, I look at that curve, and I don't believe it is not flat.  It is very smooth distribution.  So that's just my response to you.  


MR. FAGAN:  Okay.  When I talk about flattening -- could we just go back to that slide that had the table of values directly from the model?  It wasn't that.  It was....  I will tell you what slide it was, if it was there.  


MS. NOWINA:  Is it the one that was just up?  


MR. FAGAN:  Yes, the one that was just up. 


MS. NOWINA:  The table of numbers that was previously up. 


MR. FAGAN:  Table of numbers.  Yes.  That.  Thank you.  


So you just said that when you looked at the distribution it looks pretty flat.  When I look at -- let's stay with winter peak, column B on this slide, the first value, which is the highest value in the table, is 98.6.  


So this is saying that there is one sample point -- I'm sorry, that there is one point in your model.  Now, this column B happens to have 12,000 points, because it represents 20 years of data. 


MR. CHOW:  Yes. 


MR. FAGAN:  And the winter peak period is 600 hours a year.  So this is 12,000 hours of data --


MR. CHOW:  Right.


MR. FAGAN:  -- for the winter, going back 20 years.  That is what this represents.


And you said the distribution was flat.  But this actually has a high of 98.6, and you go down to the bottom and it is zero.  It is basically saying the entire zero to 100 percent of the aggregate wind resource is -- that's the input.  You're saying the aggregate wind resource in the Bruce area could be as high as, you know, as these values.


And I guess what I'm just saying is, the more you get -- the more you get the spatial diversity, you tend to flatten the tails.  


Is that something that you have looked at?


MR. CHOW:  Just a few points.  This table runs for what, 12,000 points?  


MR. FAGAN:  For row B it is 12,000, because it is 20 years time 600 hours a year is your winter period.  


MR. CHOW:  So we are looking --


MR. FAGAN:  Your other periods are --


MR. CHOW:  So we are looking at 30 rows of 12,000.  And I guess what I want to say, comment on the curve as being flat or not, I would really like to look at the whole curve, not just the top 30 rows of 12,000.  Anyway, that is one aspect.  


Two is, when you look at all the slides that we have on 13, if we in fact take a look at the left-hand edge of that curve, you notice that, because by the discrete process of creating an approximation to that curve, in fact, if those 30-point rows were ordered that way, from highest to lowest, we are already not assuming that it would be part of the distribution.  


As you notice, we are taking a mid-point for that step of the 20-step.  So the highest point that you are talking about, which is the 30 row of 12,000, in fact, would not have been captured as part of the assumption in this model.


MR. FAGAN:  I am not trying to imply that those top 30 rows have more weight than 30 out of 12,000.  That's not what I am doing. 


What I am getting at is, the data behind that is based on 600 megawatts of ten-minute data, and the report talks about, it probably overstates the variability.  That's the thing that jumps out at me, and that's what I put in front of you, you know, is it -- how true do you think this is as a representation for the actual effect of 1,700 megawatts of geographically diverse wind?  Is it likely to look like this when it is a full 1,700 megawatts?  


MR. CHOW:  Well, based on the best information I know at this time, which is from this report, this is the best guess I have for the model.  


MR. FAGAN:  Okay.  


MS. NOWINA:  I see Mr. Falvo is back.


Mr. Falvo, are you willing to be sworn as a witness now?  


MR. FALVO:  Yes, I am.  


MS. NOWINA:  Thank you.  

HYDRO ONE NETWORKS INC. - PANEL 1A


Michael Falvo; Previously sworn.

MS. NOWINA:  I don't think we need to introduce Mr. Falvo.  He has been introduced on the record earlier.  


Mr. Falvo, do you have any information for us on being able to acquire the data?  


MR. FALVO:  We can provide the data.  I am somewhat confused as to what Mr. Fagan expects to find in it, and I am not sure if it will be helpful to him.  


I would prefer to understand what he is after, because I am struggling to find out what he is trying to find in it.  We can produce it, though.


MS. NOWINA:  When can you produce it, and in what format, Mr. Falvo?  


MR. FALVO:  It would be in a very large spreadsheet, or three.  


MS. NOWINA:  And when might you have it available?  


MR. FALVO:  We would have to do it over the weekend, I guess.  


MR. KLIPPENSTEIN:  If that could be e-mailed, distribution, over the weekend, that would be useful, if possible. 


MS. NOWINA:  Fine.  Why don't we take it as an undertaking, and we cannot extend the hearing to deal with this data.  That is the only caution that I would have.  This witness panel I believe is going to be back early on Monday and will be available to you then, and you will have had an opportunity to look at the data.  Mr. Nettleton?


MR. NETTLETON:  I just wanted to confirm that this panel's cross-examination on Monday is limited to just Monday.


What I am concerned about is that we continue to take away the time that we would otherwise have to cross-examine witnesses.


MS. NOWINA:  Mr. Nettleton, I don't want to keep going until I am an engineer.  Can we have an undertaking number for that?


MR. MILLAR:  J7.1, Madam Chair.  And could somebody clearly state what the undertaking is?  Perhaps Mr. Falvo can have a go at it, since he is the one producing it.

UNDERTAKING No. J7.1:  PROVIDE DATA PROVIDED BY IESO TO OPA.


MR. FALVO:  Well, I am questioning that, as well.


MR. FALVO:  What I understand is that we can produce the data that we provided to the OPA.  It will have some telemetry values of the output of the Bruce units on an hourly basis for the last three years, the output of our famous BLIP flow parameter on an hourly basis for the last three years, the number of units that have been armed for generation rejection, the limit that was in place at the time in our control centre, and then there will be a column where we reconstructed what the limit would have been had there not been any limitations.


Now, there is a macro that goes and does that.  You can look at it to your heart's content.  I am not sure that it will explain anything to you, but we will be reconstructing what is in our instructions about how to maintain the reliability of the system in Ontario.  So I am not sure what that will help uncover.


MR. FAGAN:  I think that would be great.  Will it include dates and times such that we could look at the data that the OPA received, which was a three-year times 8760 data?


MR. FALVO:  Yes.  It is on an hourly basis.  It has the date and the hour.  Remember, it is historical and I am trying to use that as a proxy for what we think will be reflective of the consequences of Hydro One's maintenance program going forward over the next five years, because we don't have a crystal ball to tell us what that is.


MR. FAGAN:  Okay, thank you.


MS. NOWINA:  Thank you, Mr. Falvo.


MR. FAGAN:  I guess I can ask Mr. Falvo the question that I asked earlier?


MS. NOWINA:  Yes, you may.


MR. FAGAN:  This goes to the operational practices of the IESO in changing the FABC limit, and it goes specifically to the -- on the slide in front of you is a table from the Ontario Transmission System Report.


MR. FALVO:  Yes.


MR. FAGAN:  And the line of questioning that I asked before had to do with the relationship between the flow away from Bruce complex limit and the BLIP or the NBLIP limits.


MR. FALVO:  Right.


MR. FAGAN:  The asterisk underneath that table appears to describe how those limits change with respect to each other.


MR. FALVO:  Right.


MR. FAGAN:  So my question is:  That says that the upper limit is based on the BLIP of -- a BLIP flow of 3,500 megawatts?


MR. FALVO:  Right.


MR. FAGAN:  That would be an NBLIP flow of minus 3,500?


MR. FALVO:  Right.


MR. FAGAN:  So if you thought about an NBLIP flow not of minus 3,500 but of positive 500, would that indicate that the direction of changing the FABC limit would go down?  Like, if it's at -- for example, 4,500 to 5,300 megawatts is the range given for that six units Bruce in service.


MR. FALVO:  Yes.


MR. FAGAN:  So the lower limit, the 4,500, applies when NBLIP is at 1,500?


MR. FALVO:  Yes.


MR. FAGAN:  The higher limit applies when NBLIP is at minus 3,500?


MR. FALVO:  Right.  Yes.


MR. FAGAN:  So would that mean that when NBLIP is actually at positive 500, that the rating would be even higher than the higher limit shown there?


MR. FALVO:  No, no.  The BLIP is 3,500.  You can think of that as 3,500 westward, and the NBLIP is -- essentially think of it as 1,500 eastward.  Those are the two bounds for that parameter that we would be calculating FABC flow for.


MR. FAGAN:  Okay.  So NBLIP at 500 is somewhere between those two?


MR. FALVO:  Right.


MR. FAGAN:  Okay, thank you.  I think that's it.  Thank you.


MR. KLIPPENSTEIN:  I think, Madam Chair, if Mr. Fagan could be excused, with your permission, he could catch a plane.  That would be appreciated.


MS. NOWINA:  Certainly.  You may be excused, Mr. Fagan.


MR. FAGAN:  Thank you.


MS. NOWINA:  Mr. Russell, are you going to continue now?


MR. RUSSELL:  Yes, Madam Chair.


Continuing with that same question, Mr. Falvo, I take it that NBLIP reflects the fact that there is a mutual exclusivity.  It's kind of a flow gate in which you have contributions from the west?


MR. FALVO:  Yes.


MR. RUSSELL:  And you have contributions from Bruce, and they get on to the Longwood-Nanticoke line and that is a binding constraint, and that's what gave rise to this concept.  Is that what's going on here?


MR. FALVO:  I think if you recall the slide that we had on the technical conference, slide 10 I think it is, where, remember, we showed that the limiting condition is the loss or the failure of the existing Bruce-to-Milton line.


MR. RUSSELL:  Yes.


MR. FALVO:  When that happens, then all of the power 

-- here it is here on the right-hand side.  All of the power out of the Bruce, or most of it, let's, say has to flow down towards Longwood, towards Nanticoke and back to Toronto.  So that would be superimposed on any flow that is taking place on that system prior to that contingency.


So the two would compound the problem on the transmission system.


MR. RUSSELL:  Okay.  So if you get -- I didn't mean to cut you off.  What you're saying is imports from Michigan or generation production from the west of your system --


MR. FALVO:  Right.


MR. RUSSELL:  -- would be superimposed upon that easterly flow?


MR. FALVO:  Right.


MR. RUSSELL:  Okay.  All right.


MR. NETTLETON:  For the record, that was Exhibit KT1.1.


MS. NOWINA:  Thank you, Mr. Nettleton.


MR. RUSSELL:  Okay.  Are there times during which you have to back off imports from Michigan and generation in the west because you have hit the NBLIP limit?


MR. FALVO:  Yes.


MR. RUSSELL:  Is that expected to continue to be the case after you add the new Bruce-Milton line?


MR. FALVO:  No.  We would expect that to be fairly infrequent.


MR. RUSSELL:  Fairly infrequent?


MR. FALVO:  Right.


MR. RUSSELL:  And with the series capacitors alternative, you would expect that to continue?


MR. FALVO:  Yes.  It depends how far we would go with the potential series capacitor option and all of the facilities that would go with that option.


We have talked about many options, including the fancy technology and the different types of conductor.  So it would depend on the transfer limits that would be in place at the time the facilities eventually get approved to manage that transmission system there.


MR. RUSSELL:  All right.  So just to summarize, then, clockwise loop flow from Michigan toward New York adds to the flow on the binding constraint?


MR. FALVO:  Yes.


MR. RUSSELL:  And is a limiting --


MR. FALVO:  Right.


MR. RUSSELL:  So my question is:  When you have counterclock loop flow from New York toward Michigan, how does that affect the derating?


MR. FALVO:  That can improve it, to some extent.


MR. RUSSELL:  Okay.  Now, we had a data response for the Saugeen indicating that the prevailing loop flow is helpful.


MR. FALVO:  In history, it has been, for this problem.  This isn't the only problem or limitation on the transmission.


MR. RUSSELL:  I'm just saying, isolating that fact --


MR. FALVO:  Right.


MR. RUSSELL:  -- with the phase shifters that you intend to install.


MR. FALVO:  No, that were planned and committed in the '90s.


MR. RUSSELL:  Oh, planned and committed in the '90s.  They're done and they're in?


MR. FALVO:  There have been some equipment failures that delayed them, but that decision was made many, many years ago.  It had nothing to do with this.  


MR. RUSSELL:  Okay.  So there are phase shifters in place and there are no new phase shifters planned?  


MR. FALVO:  To be precise, four are required.  One has been in service for -- since 1975.  The decision made in the '90s committed the other three.  Two are now in service and are expected to be operational imminently.  


One had failed, I think, two years ago, and its replacement is on order and is expected, I think, within a year.  


MR. RUSSELL:  Okay.  So during the period in which you were deriving data on loop flow and deratings, how many of the phase shifters were in service?  


MR. FALVO:  One.  


MR. RUSSELL:  One?  And -- but there will be three soon?  Or four?  


MR. FALVO:  There will be three very soon, perhaps the end of this month --


MR. RUSSELL:  All right.


MR. FALVO:  -- if things go well, and one, as I said, I think within a year. 


MR. RUSSELL:  All right.  With those four phase shifters in place, is it possible for you to add to the loop flow which unloads the Bruce transmission system?  


MR. FALVO:  The operational agreement with the companies in Michigan would be that they would be -- mainly used -- in fact, there is -- the agreement is that they are normally used to match the flow to the schedule --


MR. RUSSELL:  To the schedule?  Okay.  All right.


MR. FALVO:  -- imports and exports.


MR. RUSSELL:  All right.  But -- and this is not an operating procedure that you ever depart from? 


MR. FALVO:  Only for emergency situations. 


MR. RUSSELL:  Okay.  For an emergency situation, you can depart, so for an outage, say, of -- let's say we put in the series capacitors, and we lose the one and only Bruce-Milton line which now exists.  That would not be -- constitute an emergency during which you could depart from your zero -- not inadvertent, but mismatch?  


MR. FALVO:  We have a procedure on the website that defines our emergency control action list.  Emergency in layman's terms would be one where we would expect that without taking action, that there would be a threat of having to interrupt load in Ontario.  


MR. RUSSELL:  Okay.  I want to switch to the -- let me see.  One second.  Pollution Probe 47, Subsection F.  And you don't need to get it out.  I am going to tell you what it says, and I think you will remember.  


It says that the same deratings are used going forward as occurred in the period 2005 to 2007.  Putting aside your adjustment for loop flow, okay, because we know you adjusted -- they aren't the same in that respect.  Putting aside that adjustment, are you saying that the deratings are the same in percentage or in megawatts?  


MR. CHOW:  I believe the derating is in -- same in megawatts.  


MR. RUSSELL:  If you do the Bruce-Milton number 2 line versus series capacitors, do you expect any differential in loop flow, as opposed -- as a result of selecting one alternative versus the other?  


MR. CHOW:  No, because as we respond to one of the interrogatories from Saugeen, our assumption going forward is the phase shifter will control the loop flow.  


So that, as Mr. Falvo has stated, so that when there is no interchange occurring, no schedule interchange occurring, the loop flow is assumed to be zero. 


MR. RUSSELL:  Okay.  And you are talking generally, because we know that loop flow can get as high as 1,000 or 2,000, and the phase shifters only have the ability to buck or boost 1,600, as I understand it.  


MR. CHOW:  Yes.  But I also explained before -- 


MR. RUSSELL:  Is that a "yes"?


MR. CHOW:  Yes.  


MR. RUSSELL:  Yes?  Okay. 


MR. CHOW:  But as I explained before lunch, when you take 600 megawatts, let's say a thousand, the remaining 400 is not as impacted as the first thousand, because the sensitivity --


MR. RUSSELL:  Okay.


MR. CHOW:  -- between the FABC and BLIP diminishes when you reduce the negative flow. 


MR. RUSSELL:  So you are kind of getting in a safe harbour on loop flow, in effect, you're within the range where it is not a help or a hindrance?  Okay.


MR. FALVO:  Also remember, Mr. Russell, that the relationship between what we have right now, which is the flow out of the Bruce and the flow in the London area, will not be nearly as tight with the second Bruce-to-Milton line, because the failure of one line will still have a second one there, connecting exactly the two areas where the power wants to flow.  


MR. RUSSELL:  Okay.  


MR. CHOW:  Just to add to that, as I said this morning, I think we are being a bit pessimistic to assume that the impact on transmission capability derating for the system with the Bruce-to-Milton transmission line will remain the same as today.  


And all our judgment is, is that that system, because it has now relieved the stress on the system, should reduce the impact on derating.  In other words, an element that is out today on a stressed system which have an impact on the transfer capability would no longer have an impact, one additional transmission line put in service.


But in a financial evaluation model, we did not make any difference.  We still applied the same penalty factor to that system.  


MR. RUSSELL:  Okay.  All right.  


I want to give you a hypothetical.  Do you have minimum load constraints on the system at all, ever, where you can't take all the cost-effective generation and you have to turn away some that you want and keep some that is higher cost?  


MR. FALVO:  Yes, occasionally.  Well, it's rare.  It happens, but it is rare.  


MR. RUSSELL:  All right.  So under such a situation, let's say the wind was fully loaded, okay?  And what's the price that OPA pays for wind?  It's marginal energy cost plus, what, congestion?  What is it?  


MR. CHOW:  It would depend on the type of wind.  If it is standard offer when it produces, it get 11 cents.


MR. RUSSELL:  Okay.


MR. CHOW:  That's the basic price today. 


MR. RUSSELL:  All right.  Okay.  


MR. CHOW:  It depends on the contract of the various wind that was acquired through an RFP process. 


MR. RUSSELL:  All right.  So --


MR. CHOW:  So -- but Mr. Falvo said much of the wind are price-takers. 


MR. FALVO:  Well, in terms of the market dispatch, they would be treated as price-takers.  


MR. NETTLETON:  Were you asking that in the context of dispatch order, Mr. Russell?  


MR. RUSSELL:  I just -- just generally.  And so there will be a negotiated price for the large wind, and there is an 11-cent price for the standard offer wind?  Is that fair to say?  


MR. CHOW:  Yes.  


MR. RUSSELL:  And do the large projects tend to get a lower price than the 11 cents?  


MR. CHOW:  I can't speak on the -- 


MR. RUSSELL:  Don't know.  Okay.


All right.  Let's assume -- let's assume you've got a situation where you can get everything in from the wind, but you get -- in order to do that you got a minimum load constraint.  And you have to turn away some low-cost energy from Michigan, say 5 cents.


And now I want to contrast that to the case in which we have the series capacitors, and we have to turn away 300 megawatts of standard-offer wind.  


Now, isn't it logical to say, in that situation, a minimum-load situation, that the result of using the series capacitors would be to turn away 11-cent energy and replace it with 5-cent energy?  


MR. NETTLETON:  Mr. Russell, just to be clear, in your assumption are you assuming that the stack order is based upon the 11 cents?  


MR. RUSSELL:  I am assuming that they get 11 cents irrespective of when they run, yes.  


MR. NETTLETON:  Because I am not sure if that is the way it works in Ontario.  


MR. RUSSELL:  Well, whatever it is.  But I am giving you that hypothetical.  


If the effect of -- if the effect of using series capacitors is that we would have some undelivered 11-cent energy, and as a consequence of that we could bring in 300 megawatts of 5-cent energy from Michigan, there would be a saving in that hour, correct?


MR. FALVO:  Well, that would be a theory.  But what you're proposing is a hypothetical that would be contrary to the policy of the Government of Ontario to procure as much wind as is targeted.  


MR. RUSSELL:  I am just hypothetical.  


MR. FALVO:  That was the answer to your hypothetical, I believe. 


MR. RUSSELL:  The hypothetical requires us to take the 11-cent wind and turn away the 5-cent Michigan import, or -- is that what you're saying?


MR. FALVO:  No, Mr. Russell, that is not because of the series capacitors, necessarily.  It is because of the underlying contracts for those resources where, in the market dispatch, they have one treatment and, yet, at the coincident -- at the same time, they have some underlying contract that was negotiated based on terms that are consistent with government policy.


MR. RUSSELL:  Okay.  I am just accepting that as true.  I am accepting that those policies are reflected in your calculations of economic savings.


MR. FALVO:  We treat them as price takers in the market dispatch.


MR. RUSSELL:  Okay.  So let's just assume we can take the 300 with your alternative, your preferred alternative, but we can't take that 300 with the series capacitors for however many off-peak hours that we experience the binding constraint.


MR. FALVO:  Okay.


MR. RUSSELL:  Okay.  So the effect of selecting series capacitors over your alternative in that hour is that the consumers of Ontario will pay the 11 cents and forego the 5 cents?


MR. CHOW:  But, sir, I mean, you extend that and we might as well turn down every standard offer project there is, because you can always say, Boy, you know, are we buying 11-cent power and we could go out and buy five.  This is a government policy, sir.


MR. RUSSELL:  Let me just play this out.  I am not saying -- obviously this is not the case in every hour, or maybe it is, but my hypothetical is a minimum load condition in which we have to choose between economic and go out of merit and acquire power.


MR. FALVO:  No, but in a minimum load situation, it would be highly unlikely we would be importing power from Michigan.


MR. RUSSELL:  That's my point, and, in part, because you are receiving 300 megawatts of standard offer wind.  If you didn't have that standard offer wind, that would free up 300 megawatts.  You get the same load.  You lose the 300 megawatts of wind.  You can replace it with 5-cent power from Michigan.


My question, my simple question, is this:  Does your model capture those savings to offset the costs?


MR. CHOW:  My answer is, no, because we are following government policy with regard to renewable energy.


MR. RUSSELL:  Okay.  But irrespective of whether this real-world situation could eventuate, your model would not capture, it because it doesn't go to temporal sequences; correct?


MR. NETTLETON:  Do you understand the question, Mr. Chow?


MR. CHOW:  Not me.


MR. RUSSELL:  I'm sorry, you don't?  All right, thank you.  All right.  Well, then maybe I should move on.


MR. NETTLETON:  Mr. Russell, I just am wondering if I could help clarify.  I don't mean to interrupt.


MR. RUSSELL:  No, go ahead.


MR. NETTLETON:  Is the assumption that you just made that the congestion off of the 11-cent wind -- is it implicit in your assumption that that 300 megawatts of wind would be replaced?


MR. RUSSELL:  It would to.  If the load is the same, you would have to.


MR. NETTLETON:  Are you thinking that the 11 cents financial obligation would not have to be paid?


MR. RUSSELL:  I had understood if you couldn't take the energy, you don't have to pay for it.


MR. NETTLETON:  Maybe you should take that question to the witnesses, because that may be an important distinction.


MR. RUSSELL:  All right.  If I've got a wind generator and it its production is curtailed because of insufficient transmission, I had understood the earlier testimony to be that you don't pay for wind that you don't receive.


MR. FALVO:  My understanding was the wind from the large wind farms, the renewable energy supply RFPs, was not a take-or-pay.


I don't believe that is the case for the standard offer.


MR. CHOW:  But I also believe that Mr. Falvo said a number of times, when he looked -- for non reliability-related for dispatching, he will dispatch based on the bid stack order, which, in other words, you are going to turn down generation, you turn down the most expensive that was bid into the system; right, Mr. Falvo?


MR. FALVO:  Right.


MR. CHOW:  Then he also indicated that wind is a price taker.  Essentially, it is bidding or offering in zero dollars.  You will take whatever the price the market clears.


So in that stack of dispatch order, it is on the bottom of costs.  So it would make -- I understand the way it works is that you will not take the bottom of the stack, which is the lowest cost, and remove that.


You will take the highest cost generation that would solve that particular congestion problem and remove that.  And the assumption that we have made is nuclear would have a higher cost in the stack order than the wind.


MR. RUSSELL:  Yes.  And I agree that that would be logical, but I am going to two separate things.


One is the payment versus the dispatch stack, and what I heard is that the payment to the standard offer generators would be 11 cents irrespective of whether they bid in zero.


MR. CHOW:  But for one thing, standard offer do not bid into the market.


MR. LEE:  No.


MR. CHOW:  They just run.  When they run, they get paid.  They're not into re-dispatching.


MR. RUSSELL:  If they are not run, they are not paid?


MR. CHOW:  They are not -- there is no ability to kick them off the system.


MR. RUSSELL:  Well, if you had a constraint in moving power from the wind energy in Bruce, what would you kick off first?  Would you kick off the bilateral purchases, the standard offer or the nuke?  What is the order of curtailment on the logic of your model and in real life?


MR. FALVO:  In real life, it would be dispatched down, in order of the offer price, dispatchable resources first, so the most expensive dispatchable resource first.  That could be the nuclear.  It could be the import from Michigan.  And we would work our way down until we got to the wind.


MR. RUSSELL:  Okay, I follow.  I think I follow.


MS. NOWINA:  Are we clear on Mr. Nettleton's simple question, and that is:  If standard offer wind generators generate, they receive 11 cents per kilowatt-hour.  If they do not generate, they do not, or if they cannot -- if they're constrained off, they do not receive the 11 cents per hour; is that correct?


MR. FALVO:  The standard offer, it was my understanding that they got paid whether they generated or not, but I am not the expert on that contract.


MR. CHOW:  Again, I believe --


MS. NOWINA:  I think that is not what we heard before, so can we have that clarified.  Perhaps take it as an undertaking and get it clarified.


MR. NETTLETON:  Yes, ma'am.


MR. MILLAR:  Yes.


MS. NOWINA:  We will give that an undertaking number.


MR. MILLAR:  Undertaking J7.2, and it is to determine whether or not the standard offer wind projects are take-or-pay contracts.

UNDERTAKING NO. J7.2:  DETERMINE WHETHER STANDARD OFFER WIND PROJECTS ARE TAKE-OR-PAY CONTRACTS.


MS. NOWINA:  If we can add to that, if we can have confirmed if the large projects, the large wind farms, have the same status regarding pay?


MR. NETTLETON:  Madame --


MS. NOWINA:  Mr. Nettleton.


MR. NETTLETON:  Madam Chair, I just conferred with my clients and I can tell you that their understanding is standard offer wind, SOP wind, is connected to the distribution system.  So they're not curtailed off of transmission -- transmission systems.


So it is a take-or-pay obligation in respect of standard offer wind, but with large wind farms, the committed wind, it is -- it's as Mr. Falvo, I believe, has indicated on the record of being you pay if you put into the system, or you are paid if you deliver.


MS. NOWINA:  That's very helpful, but could we have it in an undertaking, because you are not sworn?


MR. NETTLETON:  I will be happy, but just to confirm for this conference, it might help.


MS. NOWINA:  All right.


MR. RUSSELL:  If I could follow up on a couple of things.


If I've got a wind generator, standard offer wind generator, 10 megawatts or under, and it is connected to a distribution feeder with only 10 megawatts of load normally, but only 5 megawatts of load, and, as a result, during minimum load conditions, I can't produce all of my standard offer wind, do we pay -- how do you determine the amount of wind not produced from a standard offer machine?


MR. CHOW:  Again --


MR. RUSSELL:  It doesn't happen?


MR. CHOW:  Can you repeat the -- because I am -- your question is really asking a number of things, but I just want to be clear that it is the right one that I am going to answer.


MR. RUSSELL:  Okay.  Sure.


MR. CHOW:  Could you repeat that, please?


MR. RUSSELL:  If a standard-offer machine, its deliveries encounter a constraint on the distribution system or the transmission system, how do you determine the kilowatt-hours it would have produced absent the constraint?


MR. CHOW:  Okay.  My answer to you is -- I think it is a bit more -- at least, I guess I could put it in proper context here.


Distribution systems typically don't have issues such as congestion.  This is radial system.  You know what it is on it.  If you have a generator, 10 megawatts, you know what wires you have to allow you to hook up to the transformer station.  This is not like a grid where power flow in every direction.


So if the equipment is not available, essentially then standard-offer wind cannot -- there is no connection, then it cannot run.


Now, I don't know in that situation whether there is any money paid to it.  In other words, even though it runs, it cannot be delivered.


MR. RUSSELL:  That's my question.  The distribution feeder gets interrupted or knocked down --


MR. CHOW:  Yes.


MR. RUSSELL:  -- and you can't generate or serve load.  So you're saying you just don't know the answer?


MR. CHOW:  I don't know the answer, but it is different than a transmission constraint, where you are looking for somebody to constrain off.


Here, if the connection of the standard-offer generator for one feeder, and that feeder is lost, there is no other -- no choice, other than, it just can't run.


Now, the other aspect, you are talking about a situation where the load is very light and the load is not absorbing it.  That's one of the issues that Hydro One is dealing with nowadays with standard-offer, is the amount of wind generation on the distribution system that it can then hook up before all the situation you are talking about, a reverse flow, about having voltage issue on the system start to occur, because the standard-offer generator amount is greater than the load can absorb.


So that is being handled by Hydro One.  They are putting a cap on how much that can be hooked up to that system.  So once that has been determined, I believe, then the light-load situation would have been taken care of.


MR. RUSSELL:  Okay.  I'm with you.  All right.


And similarly, on the other -- we had testimony the other day that all 1,700 megawatts of wind generation was deemed to be at the Bruce bus, for purposes of your calculations.


MR. CHOW:  For purpose of Mr. Falvo calculating the system limit.


MR. FALVO:  The committed ones, we know where they are.  They're projects that are in progress.  And there are -- there are specific project designs available to know where they are.  For the thousand, we simulated that at the Bruce bus.


MR. RUSSELL:  Okay.  At full name-plate capacity?


MR. FALVO:  Yes.


MR. RUSSELL:  Okay.  Great.


Now, this -- when you go from your preferred alternative to the series capacitors and you encounter undelivered energy, I understand that they value that energy at the marginal energy cost forecast by Navigant.


MR. CHOW:  Yes.


MR. RUSSELL:  Okay.  What is that cost supposed to be, and where is it supposed to be incurred?  Is it in your load centre?  Is it an average of all the nodal locational marginal prices?  Is it -- what is it intended to represent?


MR. CHOW:  What it represent -- in Ontario there is a uniform price across Ontario.  Everybody pays the same.


MR. RUSSELL:  Okay.  You've got a single zone and a single price every hour.


MR. CHOW:  Yes.  It is not locational marginal, the pricing.  It's a single zone.


MR. RUSSELL:  And this is the one that's recalculated every five minutes or so?


MR. FALVO:  Yes.


MR. RUSSELL:  Yeah.  And so -- okay.


MR. CHOW:  So our assumption is the Navigant avoided costs, we are treating it as a proxy of the hourly price for Ontario in the future for those years.  That's estimated for.


MR. RUSSELL:  All right.  Was any back-cast of the Navigant model made to ascertain whether calculation of historic periods would produce the same marginal energy cost as the model -- as was actually incurred?  In other words, was the model verified or authenticated?


MR. CHOW:  I cannot -- I don't know, sir.


MR. RUSSELL:  So you just took these numbers without authentication to their reliability in representing marginal costs in any past period?  Is that fair to say?


MR. CHOW:  Yes.  They are forecast value for the future, and they are also the -- approved to be used for marginal calculation purposes by the Ontario Energy Board.


MR. RUSSELL:  Okay.  Good.


In calculating transmission losses, let me just say what I understood to have occurred, and maybe you can correct me if I am wrong.


I understood that for each load level and each scenario, but for each load level, you calculate system losses, and you calculate system losses under two scenarios:  One with Bruce-Milton and one with the series caps.  And you do this for load levels peak all the way down to minimum -- oh, 3,500, whatever.  Is that correct?


MR. CHOW:  No.


MR. RUSSELL:  Oh, okay.  Tell me what --


MR. CHOW:  What we did was -- it is not the load level, it is the Bruce generation that drive the losses in southwestern Ontario.


So the curve that I have shown as part of my presentation, the X axis is the amount of Bruce generation, and the Y axis is the megawatt losses on the system as you increase the generation at the Bruce.


Don't forget, the study is looking at different flow of the Bruce and the losses it incurred.  The Bruce area have very little load, relatively speaking, to the generation.


MR. RUSSELL:  All right.  Okay.  Was this done with a load flow?


MR. CHOW:  Yes, it was.


MR. RUSSELL:  Okay.  What load conditions were represented?  What system load conditions?


MR. CHOW:  It has got two system load conditions.  For the typical energy calculation, it represents a load level of 22,000 megawatts.  For the peak calculation, it's modelled at 27,000 megawatts.


MR. RUSSELL:  All right.  So there are two sets of load flows, each of which has one with Bruce-Milton and one with series capacitors?


MR. CHOW:  Yes.


MR. RUSSELL:  Okay.  Now, in each of those cases -- let's just take the 27,000.  When you go from Bruce-Milton to series capacitors, I take it the losses increase?


MR. CHOW:  Yes.


MR. RUSSELL:  All right.  What did you redispatch -- what did you redispatch to replace the undelivered energy from the Bruce area?  Where did the energy come from in the load-flow calculation?


MR. LEE:  In this particular study, there is no undelivered energy.  Basically, what happened to the model is that if the calculated flow requirement out of Bruce exceeds the capability of the series-capacitor option, the model will curtail the flow.


MR. RUSSELL:  Yes.


MR. LEE:  Thereby not double-counting losses.  So in other words --


MR. RUSSELL:  All right.  But you had two load-flow cases, right?


MR. LEE:  Yes.


MR. RUSSELL:  One with all those 1,700 megawatts in it --


MR. LEE:  Yes.


MR. RUSSELL:  -- and one without the 1,700 megawatts in it, but the load stayed the same in both cases, correct?


MR. CHOW:  Again, it's not like that.  What we have is two curves, as I have shown in this figure here on slide 69.  Those are curves that's produced.  Given that you have a certain level of Bruce generation, you get a resulting loss.  And again, you are correct, it is done for two load level, one for peak, one for energy.


Now, we don't use that curve directly and to subtract off the curve.  As you may recall, when I reached one of the part of the model which output the flow distribution, the distribution had already taken into account the fact that one alternative may have to curtail generation at Bruce, so therefore you will take the flow -- the flow after it has been constrained for that particular period in time, go to this curve, read it up on the X axis what the generation would have been, and read off the losses that correspond with it.


Don't forget, like I said before, many of the data that was produced by the program is for the purpose of doing a table look-up.  So this curve, which is a graphical representation of information contained in the model storage, is that you give a flow, you give a condition, it will go out there to the curve and pick off that point.


Now, the flow which you are talking about is what happens after you constrain.  Well, it is constrained and the flow would have a less flow than the case with the Bruce-to-Milton line.  Then when you pick off the flow, one would have a higher flow than the other, but the losses would be from different points on the graph.


MR. RUSSELL:  All right, I understand all of that, but that's -- my question goes to -- let me ask it this way.


Are you saying you ran no load flow cases to get system losses?


MR. CHOW:  No, we're not saying that.


MR. RUSSELL:  Okay.  Well, please describe the load flow cases that you ran to calculate the losses at the 27,000 level and the 22,000 level.


MR. LEE:  Basically, we varied the generation pattern from -- to increasing the flow out of Bruce area to our swing bus somewhere we have modelled.  I cannot remember offhand which bus we backed off from.


MR. RUSSELL:  Okay.  So let's just -- just to be clear, let's say there is 27,000 megawatts of load and 1,700 megawatts of Bruce with your preferred alternative.


Let's further say that we have to cut -- we have 1,000 megawatts of undelivered wind, in the second case with a series capacitors.


And you are saying -- and my question is:  When that 1,000 megawatts of wind disappears in the series capacitor case, what generators did you bring up to replace it to meet the 27,000 megawatts of system load?


MR. LEE:  I think there is confusion about how this study was done.  There is no constraining aspect in the load flow.


Load flow is just to ascertain the losses incurred by the system at different levels of transfer of power out of the Bruce area.


We're using this level, as I've explained, in the look-up table.  There is no dynamic aspect of curtailing, and then having different impact on losses.  We know that, for example, if the series capacitor was installed and your transfer limit at a given time happened to be, say, 6,000 megawatts, you would go up to the table and look up the number.


And if the generation requirement out of the Bruce area was 7,000, they will assume 1,000 megawatt locked-in energy, but losses vary based on the 6,000 number, and that what it is all about.


MR. RUSSELL:  Let me just give you a hypothetical, and then we will leave this, because I am afraid we're not connecting.


MR. CHOW:  Can I give it a try just maybe to simplify it?


MR. RUSSELL:  Okay.


MR. CHOW:  I think what you're looking for is which is the swing generator when we run the load flow.


MR. RUSSELL:  That's it, that's it. 


MR. CHOW:  Again, Mr. Lee and myself, we know there is a swing generator we have chosen on the system to run the load flow.  We believe it is somewhere in central Ontario, but I think it is easier if I find out for you quickly.


MR. RUSSELL:  Okay.


MS. NOWINA:  Is that an undertaking?


MR. RUSSELL:  Yes, that's fine.  


MS. NOWINA:  Can we get an undertaking number?


MR. MILLAR:  J7.3, Madam Chair.  How would we describe that?


MR. CHOW:  The swing generator that was used in the loss studies for adjusting generation.

UNDERTAKING NO. J7.3:  PROVIDE INFORMATION ON SWING GENERATOR USED IN LOSS STUDIES FOR ADJUSTING GENERATION.


MS. NOWINA:  Perhaps this would be an appropriate time to take our afternoon break.


MR. RUSSELL:  Yes, I am nearly done, but, yes, let's do it.


MS. NOWINA:  We will take our break and return as 25 past 3:00.


--- Recess taken at 2:57 p.m.


--- Upon resuming at 3:32 p.m.


MS. NOWINA:  Please be seated.


Mr. Russell?


MR. QUESNELLE:  Microphone, Mr. Russell, please.


MR. NETTLETON:  Excuse me, Madam Chair.  I have one preliminary matter -- microphone...


MS. NOWINA:  All right, Mr. Nettleton.


MR. NETTLETON:  One preliminary matter dealing with an undertaking that was made to Mr. Fallis regarding the rate, assuming this would be the rate charged to the wind-power generator, assuming there was no net inflow, net revenue, net positive revenue, would be the rate charged for the use of the power.  So if I could have that filed --


MS. NOWINA:  Yes.


MR. NETTLETON:  -- that would be great.


MS. NOWINA:  I will wait until you get back to your mic.


What was the number of that undertaking, Mr. Nettleton?  I have it.  J5.1.


MR. NETTLETON:  Thank you, Madam Chair.


Mr. Chow also has some responses to undertakings that he made earlier, and also a correction that he would like to make, if he could.


MS. NOWINA:  All right.  Mr. Chow, go ahead.


MR. CHOW:  Thank you.  This is a response to Undertaking J7.3.  This is with regard to the swing generator that's used in the power flow study for the losses.  The swing generators are Lennox, Pickering, and Darlington.


There is one correction to what I have said just before the break.  The load flow cases that were run, the peak case was run at a system load level of 28,400 megawatts.  I believe I mentioned "27,000 megawatts", so that was the correction.


MS. NOWINA:  Thank you, Mr. Chow.


MR. RUSSELL:  Okay.


MS. NOWINA:  Go ahead, Mr. Russell.


MR. RUSSELL:  Thank you, ma'am.


Returning to an area that Mr. Fagan covered, is it the practice to schedule maintenance on transmission lines and switch gear at the time large Bruce units -- Bruce units are taken out of service, to the extent maintenance is deferrable?


MR. FALVO:  That would be the Hydro One, but that is what we normally observe, that there is -- there is an attempt, to the extent practical, to do that.


MR. RUSSELL:  And on these transmission derating curves, these very large deratings of a thousand megawatts or so, are those likely to be related to the outage of a line?


MR. FALVO:  The thousand, I would believe so, yes.


MR. RUSSELL:  Would you tend to schedule those on peak or off peak or shoulder peaks?


MR. FALVO:  Well, as you said, if it is a large -- if it's something significant and it can be deferred, then there would be an attempt made to do that.


MR. RUSSELL:  Okay.  So is it fair to say that these large deratings would tend to occur in periods when the loads -- when the Bruce nuclear units are maintained or taken out of service?  Not always, but, I mean --


MR. FALVO:  As I said, that is the attempt.  I think, other than the Christmas holidays, I think there is maintenance going on all the time.


MR. RUSSELL:  All right.  Okay.  All right.  Thank you.


If you would turn to page 42 of your PowerPoint, please.  And if you would be kind enough to look down to the year 2015/2016.  And there's an anomalous indication where Bruce 5, 6, 7, and 8 were 850.  In the next year they're 750.  And the reverse seems to happen with Bruce A.


MR. LEE:  Yes.  There is a very simple explanation for that.


MR. RUSSELL:  Okay.


MR. LEE:  To allow us to use the same model to model the refurbishment of Bruce B units, because the early parts of the model refurbishing Bruce A units, so this allows us to use the same model for the purpose.  All we did was swap the output of Bruce A to Bruce B.  That's all we have done.


MR. RUSSELL:  Okay.  So when you get to 2018 and you model the Bruce B refurbishments --


MR. LEE:  That's right.  In the same manner with the refurbished model, the refurbishment of Bruce A.


MR. RUSSELL:  So if I were to look at the input data, I would see the A units of 850 disappearing?


MR. LEE:  No -- yeah, that's right, exactly.


MR. RUSSELL:  In that -- okay.  So that's why you do that.


MR. LEE:  That's why we do that, to make it easier.


MR. RUSSELL:  Okay.  That makes sense.  And I had one final request from my colleagues at the office.  They understand there's sensitivity about the data on the Bruce B refurbishment, the outage schedules and so forth.


But they're unable to replicate the scenarios even for periods prior to that.  And so they're asking if they can get a complete set of the input data covered by Power Pollution 9 (sic) for all of the scenarios, including the type of data we're seeing here on slide 42.  Would that be possible?  We just can't replicate your results, and we understand we can't see all of the data.  And then I am done.


MR. NETTLETON:  Madam Chair, I am not sure that we had understood this exercise to be one of forensics, of being one of auditing the model that the OPA has used for purposes of calculating the locked-in energy forecast that it has put forward.


The project is a non-discretionary project.  It has been applied for as a non-discretionary project.  There clearly is issues in the issues list that reference costs and benefits, and the evidence that Hydro One is relying on is obviously that of the OPA's forecast model.


But getting into something where we're now trying to replicate, that we're trying to forensically audit, and trying to test the underlying principles and source code and demonstrating that it can be performed to a level of satisfaction, I think crosses a line.


There has been clearly a concerted effort on the part of OPA to provide as clear an understanding as possible of the model.  This technical conference has gone a long way to help that.  But to go further, and into the world of forensic analysis and audit is, in my respectful submission, too far.


MS. NOWINA:  Let me understand exactly what Mr. Russell is looking for first.


So Mr. Russell, maybe you can explain it, or if the panel -- witness panel understands it, it might be easier for me or better for me to get their understanding of it.  It might also clarify the undertaking for you.


Do you want to repeat it, and then I will get them to confirm that they understand exactly what it is.


MR. RUSSELL:  Yes.  There is a complete set of input data to these models for each scenario, and my colleagues back in my office have an incomplete set for any of the scenarios, but they're trying to put together a good-faith estimate, and they can't get close.  They can't replicate results.


Furthermore, we understand that there is sensitivity about the timing and the schedules of the Bruce B refurbishment.  And so all they're asking is for the data from 2009 through the onset of the -- 2009 to 2017, when these refurbishments start, if we could have a complete set of data for each scenario, then we could replicate it for the non-sensitive period.  That's it in a nutshell.


MS. NOWINA:  And what data do you have now and what is missing?


MR. RUSSELL:  Now you're outside my bandwidth.  I can go back and find or have one of them talk with Mr. Chow.


MS. NOWINA:  Mr. Chow, can you help me out here?


MR. CHOW:  My understanding is the model that we use with all of the datas in it was issued to the parties.  There is two versions.  One is a redacted version, which contains information about Bruce A when it goes out for refurbishment and when it comes back.


I don't think there is any issue with the Bruce B data.  There is nothing confidential there.


So one is I believe the people that signed the confidentiality agreement got the non-redacted version, which contained essentially all of the information.


MS. NOWINA:  All of the data?


MR. CHOW:  And I guess I am at a loss about what data is missing.


MR. RUSSELL:  Okay.  I can get an itemized list and I will put that in writing.


MS. NOWINA:  Well, we're running out of time, Mr. Russell.  I am not sure when you would do that or how you would deal with it.


MR. RUSSELL:  I can do it this evening by e-mail or first thing in the morning.


MS. NOWINA:  Tomorrow is Saturday, Mr. Russell.


MR. RUSSELL:  Yes, ma'am.


MS. NOWINA:  We would have to -- we can't make a finding -- we can't make a ruling on it until we understand exactly what it is that you're looking for.


MR. RUSSELL:  I will try to refine it and ask on Monday, then.  Is that --


MS. NOWINA:  So you don't need it for your cross-examination?  You just want it for your argument or for your own examination?


MR. RUSSELL:  Can I take five minutes and make a call?


MS. NOWINA:  Yes, you may take five minutes and give him a call now.


MR. RUSSELL:  Yes, thank you.


MS. NOWINA:  Go ahead and do that, and we will proceed with Mr. MacIntosh's questions, if you have any.

Cross-examination by Mr. MacIntosh:


MR. MacINTOSH:  Madam Chair, I just had one question of clarification.


Looking at the slides 48 and 49, what I wish to ask was:  Was any of the wind generation inputs based on historic wind generation, or was it all based on measurement of wind projected forward?


MR. CHOW:  Can you repeat that, sir?  I must have missed the point there, sorry.


MR. MacINTOSH:  I am hoping there was one.


What I am asking is, for the wind generation inputs in your model, were they all based on the measurement of wind itself, or was there any amount of the input based on historic wind generation?


MR. CHOW:  I cannot say for sure, but I believe definitely what the information is based on, mostly, are at potential sites, there are weather information that was collected over the last 20 years.  So the information such as air pressure, wind speed, that information used by AWS Truewind, we construct what a generator would be producing under that condition, if it is located at that site.


So it is a reconstruction, using historical information, to essentially forecast - at least backwards forecast - what that wind would have been.  Now, I am not totally clear whether some of the existing wind - there is not a lot of them up there - was included.


MR. MacINTOSH:  No.  There is a couple that have been there for a couple of years.


MR. CHOW:  Yes, that part I cannot say for sure.


MR. MacINTOSH:  Okay, thank you.  Actually, that was my only clarification question, Madam Chair.


MS. NOWINA:  Thank you, Mr. MacIntosh.  Mr. Millar.

Cross-examination by Mr. Millar:


MR. MILLAR:  Thank you, Madam Chair.  I probably have slightly more than the five minutes I anticipated, but I certainly won't be more than 10 or 15.


It pains me to do so, but I do want to quickly go back to the wind issue to make sure I have everything straight.


As I understand it, there is going to be two types of wind projects on the Bruce; right?  There is going to be SOP, which are small facilities under 10 megawatts, and then there are these larger wind farms; is that correct?


MR. CHOW:  Yes, that's correct.


MR. MILLAR:  It's my understanding - and you can correct me if I'm wrong - that you can't actually employ generation rejection for the SOP projects; is that correct?


MR. FALVO:  At this time, no.


MR. MILLAR:  Okay.  But you can employ it with the larger wind farms?


MR. FALVO:  Yes, because they connect directly to the transmission system.


MR. MILLAR:  That's what I thought, thank you.  Currently there are 700 megawatts of committed wind?


MR. CHOW:  Yes, 700 megawatts of committed.


MR. MILLAR:  Then there is another 1,000 anticipated; is that correct?


MR. CHOW:  Planned for.


MR. MILLAR:  Thank you.  Of the 700 committed, what percentage, if any, are SOP?


MR. CHOW:  We are forecasting about 300 of that would be SOP.


MR. MILLAR:  Three hundred of the 700?


MR. CHOW:  Three hundred of 700.  Oh, no, sorry.  I take that back.  I got a brain cramp.  It's 700 are large winds.


MR. MILLAR:  Okay.


MR. CHOW:  So of the 1,000, 300 megawatts is SOP.


MR. MILLAR:  Okay.  So of the total, 1,400 is the large and 300 is the SOP of the 1,700 total?


MR. LEE:  Yes.


MR. CHOW:  Yes.


MR. MILLAR:  Okay, thank you.


I think we heard earlier from this panel that when generation rejection is activated, it is the highest price in the stack that is rejected first; is that correct?


MR. FALVO:  No.  Sorry.


MR. MILLAR:  Maybe you could explain that to me, then.


MR. FALVO:  Remember when we said we talk about generation rejection, it is this special set of equipment that exists that we can use to automate a corrective action on the system to maintain reliability.  So we have targeted -- that is set up to target specific generators.  In this case, it is mainly Bruce and the wind -- the large wind farms along the Bruce transmission, because they will be the most effective ones to correct a problem, the problem being the condition immediately following a contingency.


When we have talked about curtailing in economic order, that means when, for example, the generation is increasing and it is approaching -- encroaching on a limitation on the system, and then we have an orderly way of limiting it, essentially.


In that case, then, we are obligated to follow the existing market rules to reduce or limit the generation in economic order, based on their offers into the market.


MR. MILLAR:  So for the curtailment, then - not for the generation rejection, but for curtailment - you curtail the highest price first, the highest price --


MR. FALVO:  The highest-priced offers that would be effective in limiting whatever it is that needs to be limited on the transmission system.


MR. MILLAR:  Correct me if I am wrong.  The wind farms are bid at zero; is that right?


MR. FALVO:  The wind farms are -- their treatment ends up treating them essentially as if they're zero, because they're -- in the rules, they're not offering -- they're like a self-scheduler.  So they're a price-taker.  So their price is always the lowest possible one in the whole 

stack --


MR. MILLAR:  Which is zero?


MR. FALVO:  -- in the order.  Which is zero.


MR. MILLAR:  It is the same for the Bruce; right?  Their bid is counted as zero?


MR. FALVO:  They are treated as a dispatchable resource, so they put in offers.


MR. MILLAR:  They put in offers?


MR. FALVO:  Yes.


MR. MILLAR:  Would it normally be zero?


MR. FALVO:  That's confidential.


MR. MILLAR:  Pardon me?


MR. FALVO:  That's confidential.


MR. MILLAR:  Oh, I'm sorry.  I'm sorry.  Don't answer that.


Okay, in terms of generation rejection, then, let me ask you:  How do you decide who is rejected first versus -- the wind farms versus the nuclear?


MR. FALVO:  As I said, it would depend on the situation on the system and what contingency -- remember, this is all about in advance of it.  So it is whichever contingency we are needing to plan corrective action for, and then we would select whichever units would have the most effective action.  


I guess all else being equal, then we could take a -- we could go in an economic order.  But, in most cases, that's highly unlikely that there would be multiple units that would have exactly the same effectiveness.


MR. MILLAR:  So just so I understand prices, conceivable price would be one of the considerations, but not generally not?


MR. FALVO:  Generally not, because it is a reliability thing, because the rejection is -- the rejection is a low-probability event, because it will only happen if the contingency happens.


So the arming is selected to maximize the transfer capability and be most effective if the contingency were to occur.


MR. MILLAR:  So is it based then on the block of generation that you can reject?  For example, for nuclear, I think 750 is -- are the unit sizes.  Presumably, for wind it's something smaller than that?


MR. FALVO:  Well, the block would depend on the specific equipment.  As we said, the rejection usually means interrupting or opening the switch for the generator that is connected.  So that becomes an all-or-nothing for those actions


MR. MILLAR:  Okay.  When you do have to -- let me start with constrain.  When you do constrain -- well, I guess we're still waiting for the undertaking to determine exactly which of the wind projects are take-or-pay.


But let's assume that the wind farms are not take-or-pay.


MR. FALVO:  Right.


MR. MILLAR:  If you constrain those, you don't pay them; is that correct?


MR. FALVO:  Again, in the market dispatch they would be at the bottom of the list, so it would be --


MR. MILLAR:  I see.


MR. FALVO:  -- very unlikely to get to them anyway.


If for some reason we got that far down, they don't put in offers into the system, so they're not entitled to constrain off payments from the market settlement.


MR. MILLAR:  Okay.  What about for generation rejection.  If they're rejected, you don't pay them, it sounds like to me.


MR. FALVO:  I would have to go back and check.  I think there may be a special rule where --


MR. MILLAR:  Yeah, I think that's the subject of an undertaking as well, so maybe...


If you could just give me one second.


[Pause in proceedings]


MR. NETTLETON:  Mr. Millar, just to be clear --


MR. MILLAR:  Yes.


MR. NETTLETON:  -- we're having discussions here about the subject matter of the undertaking.  We understood it was the curtailment of wind, not the use of generation rejection.


MR. MILLAR:  Okay.  Could we have that expanded then, please, to include generation rejection?


MR. NETTLETON:  Always dangerous for counsel to open their mouth.


MR. FALVO:  May I clarify, Mr. Millar, remember that the arming might happen frequently.


MR. MILLAR:  Yes.


MR. FALVO:  But the actual triggering would happen as frequently as the fault on the line, which is very, very infrequent.


MR. MILLAR:  It almost never happens.


MR. FALVO:  Right.


MR. MILLAR:  Yes, okay.


Okay.  Thank you for that.  I am going to move on to a couple of other questions.  If I could ask you to turn to your presentation, slide 65.


Here you have -- if everyone has it, you have reproduced what I think is table 5 from Pollution Probe interrogatory 47; is that correct?  This is the same chart that we saw a couple of days ago from Pollution Probe 47, I believe.


MR. CHOW:  Yes.


MR. NETTLETON:  Which page are you on, Mr. Millar?


MR. MILLAR:  I am looking at the slide 65, but there is a chart there.  And it seems to me this is the same chart from Pollution Probe 47, table 5.  I am just confirming we're talking about the same chart, because we had some questions about that the other day.


MR. NETTLETON:  65 here?


MR. MILLAR:  Yes.  Again, I'm talking -- I didn't think this was going to be the hard part.  Exhibit C, tab 2 -- I'm sorry, I have it on Schedule 9.  No, I don't.  Pardon me.  Exhibit C, tab 2, Schedule 47, table 5 -- Attachment A, pardon me, table 5.


Again, I don't even know if you have to go there, but if you wish to confirm that it is the same table.  As I look at them, they're the same.


Can somebody confirm these are the same charts?


MR. CHOW:  Yes, it is.


MR. MILLAR:  Okay.  Thank you.  I just wanted to confirm that I had that straight.


I think I heard Mr. -- it might have been Mr. Lee or Mr. Chow, but somebody said that this chart, in both its forms, was based on a Navigant study of avoided costs that the Board uses for CDM evaluation; is that correct?


MR. CHOW:  Yes.


MR. MILLAR:  And I in fact have some copies from the Board's website of that -- of portions of that Navigant study anyways, which I assume you are familiar with, because this chart is based upon it.  Maybe I could circulate those.


MS. NOWINA:  Mark it as an exhibit, Mr. Millar?


MR. MILLAR:  Yes, Madam Chair.  This is -- I think we're at K7.3, if I am not mistaken, and this is a document entitled "Avoided Cost of Energy and of Generation Transmission and Distribution Capacity", and it's dated March 28th, 2008.

EXHIBIT NO. K7.3:  DOCUMENT ENTITLED "AVOIDED COST OF ENERGY AND OF GENERATION TRANSMISSION AND DISTRIBUTION CAPACITY", DATED MARCH 28, 2008.


MR. MILLAR:  And just before we look at that, I think a couple of times you said that the Navigant study was Board-approved.  I just wanted to confirm with you that, specifically, it was approved within the context of avoided costs for CDM; is that correct?


MR. CHOW:  Yes.


MR. MILLAR:  It wasn't approved for this proceeding or some other --


MR. CHOW:  For avoided costs.


MR. MILLAR:  Understood.  Okay.  Thank you.


If you could turn to the third page of this exhibit, it actually --


MS. NOWINA:  Mr. Millar, can I stop and ask you a couple of questions?


MR. MILLAR:  Yes.


MS. NOWINA:  First, just for the record, so -- to explain what CDM means --


MR. MILLAR:  I'm sorry.


MS. NOWINA:  -- conservation and demand management programs.  And secondly, this is dated March 28th, 2008.  This evidence was filed, and certainly this model run, before that date, so do you have a comment on the date

of --


MR. MILLAR:  Yes.  That will be one of my questions.


MS. NOWINA:  All right.


MR. MILLAR:  So if you would turn to the third page, you see at Attachment 1 a chart.  And about the -- you see it runs from the year 2006 to the year 2025, and the left hand of that chart has the same categories we see on your slide 65.  That's the winter, summer, and shoulder, and you do the on-peak, the mid-peak, and the off-peak.  Do you see that?


MR. CHOW:  Yes.


MR. LEE:  Yes.


MR. MILLAR:  Although these two charts start in a different year and they end in a different year, there's a large amount of overlap in the middle.


When I looked to 2009 on Attachment 1, which is the first year of your table 5, I see in the first column, it gives a figure of 111.9 on Attachment 1, and then in 

table 5 we have 91.4 in yours.


Do you care to comment on why those numbers are different?


MR. CHOW:  Yes.  I believe the Navigant cost that we have is based on 19 -- no, 2005 dollar values.


The version that you handed out, which is dated March the 28th, 2008, has been inflated by 2.5 percent for the two years to 2008 costs.


MR. MILLAR:  If you'd had these updates at the time you prepared the model, would you have used these updated numbers?


MR. CHOW:  Yes, we would have, but we have since ran the study before we seen the update.


MR. MILLAR:  Okay.


MR. CHOW:  And also, the -- that would, in fact, increase the costs of the options, of the locked-in energy costs and losses.


MR. MILLAR:  Because the avoided costs are higher in this table.


MR. CHOW:  Are higher.


MR. MILLAR:  If I look -- the left-hand side of this chart shows the megawatt-hour cost, the actual energy cost; is that correct?  Sorry, I am looking at Attachment 1 now, not your slide, but attachment 1.


MR. LEE:  Okay, sure.  Yes.


MR. MILLAR:  And the right-hand side shows that -- there are some other columns there showing avoided generation capacity cost, transmission capacity cost, and I take it that's because in CDM calculations, you don't simply look at the energy costs.  You impute a number for transmission and generation and distribution, as well; is that your understanding?


MR. CHOW:  It is my understanding, but for our use we are only using the generation avoided costs.  We did not include the avoided transmission costs or distribution costs.


The other aspect -- and I am sure -- is that we are using a marginal change cost.  This is meant to be a small change.


What we are talking about in our case with locked-in energy, we are talking about hundreds of megawatts of change.  Directionally, it will make the proxy -- we are using this as the proxy for the hold price to price out the costs of energy, and also the locked-in energy and losses.  


In a real case, directionally, it would be higher than the marginal costs.  What happens is the marginal costs is a change of the next kilowatt to replace it.  In the case where we are talking about, let's say, constraining 500 megawatts, we in fact would have to go into the system, buy 500 megawatts of new generation, and, if the part of the cost curve, the system cost curve, start to climb very steeply at the peak load level, the resulting costs, in fact, it could be quite high, much higher than the marginal costs.


But, again, we are being conservative.  We are using a cost that is meant to be a small change.  We are assuming that would apply to a large change, where in fact a large change in the locked-in energy directionally will create a higher replacement or hold price that we would be forecasting using the marginal costs.


MR. MILLAR:  Okay, I understand.  Thanks.  But I did just want to confirm with you.  My question related to the right-hand side of that chart, and it sounds to me like you backed out the adders that are used in CDM, for example, the transmission and distribution.  So I just wanted to confirm with you that in your table 5 and slide 65, those costs are not included?


MR. CHOW:  They're not included.


MR. MILLAR:  Okay, thank you for that.  Could I have you turn to your slide 69, please?


This is just a very brief clarification issue.  This slide is entitled "Transmission Losses Inputs."


You list four things:  Flow distributions, avoided energy costs, capacity cost and transmission system loss profiles.


You talked briefly about capacity costs, and you specifically mentioned, I think, generation capacity costs; is that right?


MR. CHOW:  Yes.  For losses that occur, megawatt losses occur at system peak.  And, in fact, it is adding to the system additional demand.  And to maintain the same level of system adequacy, if there is going to be a sustained demand into the future, in fact you have to provide additional capacity on the system to serve that increased demand.


MR. MILLAR:  You spoke specifically of generation capacity costs.  Did you also include transmission capacity costs or other capacity costs?


MR. CHOW:  No, not for this purpose.


MR. MILLAR:  Just generation?


MR. CHOW:  Just generation.


MR. MILLAR:  Okay.


Just one final question, again, back to the Navigant study and the numbers you used.  I wonder if you could comment on why you decided to use numbers that were created for the CDM exercise here, what rationale you used there, or if there was some other calculations you might have considered for avoided energy costs.


MR. CHOW:  Well, I believe because it is a number that's widely used, we are looking for a proxy for that cost.  We would want to use something that is familiar with people, that has been seen by the Board, and we believe the number is conservative, and, for that reason, we adopted it.


MR. MILLAR:  It is updated only infrequently; is that correct?  I think it was done in 2005, and then they have updated it in -- just very recently, so about every three years?


MR. CHOW:  That's my understanding.  I don't believe in fact the numbers itself have changed.  The latest update is just applied to the escalation, the last few years.


MR. MILLAR:  Are there any other avoided cost methodologies you could have used?  Any other simple places you can get those numbers without, I guess, building them from scratch yourself?


MR. CHOW:  I believe there is two I have seen.  One is the discussion paper 7 that was in the IPSP discussion paper 7, and the other one is the IPSP.  That has numbers.


MR. MILLAR:  Pardon me?


MR. CHOW:  That has a table of avoided costs.


MR. MILLAR:  Okay, thank you.  Those are my questions.


MS. NOWINA:  Mr. Russell, have you been able to clarify what you were looking for?


MR. RUSSELL:  I was supposed to receive an e-mail.  Let me just check.


I received it and it's not coming up.  Here it is, okay.  Shall I just read the item?


MS. NOWINA:  Yes.


MR. RUSSELL:  We need inputs for the various items for the five scenarios used in Pollution Probe number 9:  First, number of unit in-service profiles; sample types for wind/nuclear/limit as average maximum or minimum; third, the number of limit cases; four, the nominal limits of each case with penalty and without penalty; next, cost scenarios, number of scenarios and year.  


For example, for each scenario studied, provide the limit in effect for each year of that scenario; next, where the losses for each case were average or peak; next, in-service profile in every month for every scenario used.


Next, confirm study parameters are the same as those provided in Exhibit C-2-9, attachment 1.


Finally, if any costs, capital energy changed between scenarios.


I am told that if you open the input file on the spreadsheet provided with my e-mail, I will see these items, and the others are there, but we don't think they change between scenarios.


I can forward that e-mail to Mr. Nettleton and confirm what I have said.


MS. NOWINA:  Mr. Chow, can you comment on what is being -- do you understand what is being asked for?


MR. CHOW:  I would have to confer with my colleagues about the details.  My own belief is much of the information probably is contained in the model.


MR. LEE:  Yes.


MR. CHOW:  I think it is a matter that the people enquiring may not have the knowledge of what's in the model sufficiently to know where they are.


I mean, I suggest the benefit of hearing this presentation to find out where the flow of the data resides.  So...


MS. NOWINA:  Can I suggest that we stand down for ten minutes; you look at Mr. Russell's spreadsheet; you and Mr. Lee consider whether or not that is still in the model and see if you can assist us with what they're asking for here?  


Does that seem appropriate?  Would that help you to determine whether or not in fact that information is in the model? 


MR. CHOW:  But I need the list, a printed page that I could...


MR. RUSSELL:  I will forward it to you.  


MS. NOWINA:  All right -- oh, yes, yes.  Good point.  Sorry.


Ms. Chaplin suggests that I give you, Mr. Nettleton, dispensation to discuss this with Mr. Chow and, yes, everyone talk together.  


We will get back together at 4:30.  


--- Recess taken at 4:12 p.m. 


--- Upon resuming at 4:47 p.m. 


MS. NOWINA:  Please be seated.  Who do I turn to?  Have you been able to work things out, gentlemen? 

Procedural matters:


MR. NETTLETON:  I believe so.  Madam Chair, there were eight questions that Mr. Russell had, I believe, read into the record.  I can address each of them, and I can do so because I have typed them all up and I am prepared to send them to my friend, Mr. Pape, or his colleague, Mr. Monem.  


But, for the record, I just thought it would be easier, especially if the ether is working and there are people listening in. 


MS. NOWINA:  Good. 


MR. NETTLETON:  So here it goes.  The question -- the first question was -- and all of these are in relation to interrogatory Pollution Probe number 9, which is Exhibit C, tab 2, schedule 9.


The first question was the number of units -- sorry, the number of unit in-service profiles.  The answer is two, and that two separate runs need to be conducted.  One is a base case for generation and one where the EFOR is 10 percent higher.  That instruction is intended to assist the person that has the model because they can make that change. 


The second question was sample types for wind/nuclear limit as average, maximum or minimum.  The answer is always average, as given in Exhibit C, tab 2, tab 9. 


The number of limit cases is the third question, and the answer is three.


The fourth question was the nominal limits of each case with penalty and without penalty.  There are three limits.  Limit A is the near-term measures with normal GR use, and parenthetically 6821/5976. 


The second limit, limit B, is near-term measures plus series capacitors with normal GR use, and that limit, parenthetically, is 7176 and 6776. 


Limit C is the near-term measures plus the new Bruce-Milton line without generation rejection, and those limits are 8160 and 8160. 


The fifth question pertained to cost scenarios.  The number of scenarios and year, (for example, for each scenario studied provide the limit and effect for each year of that scenario).  The answer is that three cost scenarios have been conducted per run.  Scenario 1 has a limit A for all years, scenario 2 has a limit B for all years, and scenario 3 has limit C for all years.


The sixth question is whether losses for each case were average or peak.  The answer is as noted in Exhibit C, tab 2, schedule 47, attachment A.  The last two pages, average and peak losses are both assessed for different purposes. 


Question 7 is the in-service profile in every month for every scenario used.  The answer is where Bruce B is refurbished, the in-service profile is provided or has been provided in the unredacted model data.  Where Bruce B is not refurbished, a 35-year life has been assumed for 

both -- sorry, for the Bruce B units from the in-service dates that were provided in response to interrogatory found at Exhibit C, tab 3, schedule 24. 


The eighth and final question was:  Confirm study parameters are the same as provided in Exhibit C-2-9, attachment 1 if any costs (capital, energy) change between scenarios.  And the answer is:  Nothing has changed. 


MS. NOWINA:  Thank you, Mr. Nettleton.  Mr. Russell, that meets your needs? 


MR. RUSSELL:  I believe so. 


MS. NOWINA:  Good.  Thank you.  The Board Panel doesn't have any questions for this witness panel today, and if there are no other matters -- 


Mr. Klippenstein. 


MR. KLIPPENSTEIN:  Madam Chair, it has occurred to me - I have had a discussion with some others - in looking ahead to Monday and presumably some cross-examination on these and having gone through today's proceedings, that I am wondering if it would be much more efficient for Monday, and sensible, given that I think pretty much all of the testimony today was sworn and the Board was present and heard and managed everything, and I think essentially all of the concerned parties were here - that today's proceedings be treated as being part of the record, rather than us having to, if that is called for, repeat some things from the transcript on Monday, or -- I guess it might mean reading chunks into the record, which seems rather inefficient.  I am not sure there is any downside to treating this as part of the record. 


MS. NOWINA:  That was our intention, Mr. Klippenstein.  We were actually treating today as cross-examination of a sort. 


MR. KLIPPENSTEIN:  That's very helpful.  Thank you. 


MS. NOWINA:  Mr. Nettleton, you had a point? 


MR. NETTLETON:  There is one matter, Madam Chair.  It would be akin to re-examination of this panel, and it arose out of a question that Mr. Russell asked regarding the testing of the Navigant Consulting data.  


While Mr. Russell was here, I thought I would pose the question.  


I could wait until Monday, if we wanted to do it then, but I am prepared to have that question so that it would be of benefit to Mr. Russell if he is preparing any cross-examination over the weekend.


MS. NOWINA:  Does anyone have any objection to Mr. Nettleton doing this now? 


MR. PAPE:  No. 


MS. NOWINA:  Go ahead, Mr. Nettleton. 


MR. NETTLETON:  Thank you.

Re-examination by Mr. Nettleton:


MR. NETTLETON:  Mr. Chow, you were asked questions about the Navigant Consulting report by my friend, Mr. Russell, and also Mr. Millar today.  Do you recall that? 


MR. CHOW:  Yes. 


MR. NETTLETON:  And can you confirm, sir, that the report that you have used was the 2005 Navigant study report? 


MR. CHOW:  Yes. 


MR. NETTLETON:  Do you have a copy of that handy, sir? 


MR. CHOW:  I don't, sir. 


[Mr. Nettleton passes document to Mr. Chow]


MR. NETTLETON:  Do you have it now, sir? 


MR. CHOW:  Yes. 


MS. NOWINA:  I don't think any of the rest of us have it, Mr. Nettleton. 


MR. NETTLETON:  I was afraid of that.  I think the only thing that I need to refer the witnesses to are pages 28 and 27, and I do have copies of those two pages and I could distribute those, if I could. 


MS. NOWINA:  Fine.  We will mark those two pages as an exhibit.  Mr. Millar, we need an exhibit number. 


MR. MILLAR:  I think we're at Exhibit K7.4 now, Madam Chair.

EXHIBIT NO K7.4:  2005 NAVIGANT CONSULTING REPORT, PAGES 28 AND 29.


MR. MILLAR:  This is the Navigant Consulting report, Madam Chair, pages 28 and 29. 


MS. NOWINA:  That's the 2005 report, Mr. Nettleton? 


MR. NETTLETON:  That's correct, Madam Chair. 


MS. NOWINA:  Navigant report on avoided costs? 


MR. NETTLETON:  That's correct. 


Mr. Chow, could I have you turn to page 27 of that report?


MR. CHOW:  Yes.  I have it. 


MR. NETTLETON:  You will see in the caption below 

the -- oh, first, is this the table of data that you have used in respect of your model? 


MR. CHOW:  Yes. 


MR. NETTLETON:  And you will see, on the bottom of page 27, there is text, and the second sentence it says:

"The nominal 2006 annual average avoided costs of $61 per megawatt hour ..." 


And then, parenthetically:

"... (shown in table as $59.90 per megawatt-hour in 2005 dollars)." 


Do you see that sentence?


MR. CHOW:  Yes. 


MR. NETTLETON:  It goes on to say it lines up nicely with current 2004 prices of Ontario of 61.71.  Do you see that? 


MR. CHOW:  Yes. 


MR. NETTLETON:  The $59.90 is actually found on table 12 on page 28.  Do you see that? 


MR. CHOW:  Yes. 


MR. NETTLETON:  The authors of this report go on to say, in page 27:  

"These avoided costs are higher than historical prices due to the high natural gas price forecast used, and the alignment of the forecast prices with forwards provides confirmation of their reasonableness." 


Do you see that? 


MR. CHOW:  Yes. 


MR. NETTLETON:  Do you have any reason to doubt the reasonableness and the confirmation that Navigant Consulting has provided? 


MR. CHOW:  No. 


MR. NETTLETON:  Thank you. 


MS. NOWINA:  Thank you, Mr. Nettleton.  That brings the day to an end.  Thank you very much, panel.  And we are adjourned until 9 o'clock Monday morning. 


--- Whereupon the hearing adjourned at 4:57 p.m. 
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