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Friday, August 6, 2021
--- On commencing at 9:33 a.m.

MS. DUFF:  Good morning, everybody.  This is day three of the oral hearing to hear OPG's application under OEB docket number EB-2020-0290.  Today we're going to continue with panel 2A until completion, and then we will then proceed with panel 2B.  On the first day of the oral hearing I happened to mention that the panel was interested in hearing if parties have any intention of filing objections to the confidentiality request that OPG had filed.  If there are objections, that's fine.  The Board will make procedural steps and establish them for those submissions to be filed and for OPG to reply.  If you could just perhaps let Lawrie Gluck, the project manager, the case manager, know by the end of today, that would be helpful, and then we can make arrangements accordingly.

Mr. Shepherd, if you can complete your cross-examination.  I think you're next.  I should check with Mr. Keizer.  Are there any preliminary matters that need to be discussed?

MR. KEIZER:  No, Madam Chair, no preliminary matters.

MS. DUFF:  Okay.  Fine.  Then Mr. Shepherd, please proceed.
ONTARIO POWER GENERATION - PANEL 2A, D2O STORAGE FACILITY, resumed

Peter Simpson,
Dietmar Reiner,
Gary Rose; Previously Affirmed.
Cross-Examination by Mr. Shepherd (Cont'):

MR. SHEPHERD:  Thank you, Madam Chair, and I have 30 minutes, and I have four items I want to address.  I want to finish the Modus report that we were talking about yesterday, talk a bit about the auditor general's report, and then I have two other things that I want to -- I'm going to skip the internal audit report, because it's the interests of time.  And -- but I do want to talk about some of the assumptions that Bates and Whites used and see whether they're realistic relative to what actually happens at OPG; and finally, I want to talk about the revenue-requirement impact of any change to the capital cost of the D2O.  And you'll see why when I can get to it.

So let me first finish with the Modus report, and this is probably for you, Mr. Reiner.  The managing risk is really important in a project, right?  We talked about scope control, and that's one thing that's important, we agree, but managing risk is another thing, right, that is very important?

MR. REINER:  Yes, I agree with that, Mr. Shepherd.  Managing risk is extremely important in a project.

MR. SHEPHERD:  And there's two parts to that, if I understand it correctly.  There's risks that are non-financial, like safety risks and things like that, environmental risks, and those have to be managed, absolutely, and there's also risks that have financial implications, risks that you'll waste money on something or that some adverse condition will happen and you have to be ready for it, that sort of thing, right?

MR. REINER:  Yes, those would be two categories, obviously, Mr. Shepherd.  Even things like safety risks and environmental risks do have financial ramifications, so those don't get ignored, but --


MR. SHEPHERD:  Well, true enough, but you don't manage safety because you want to save money, you manage safety because you want your workers not to be injured, right?

MR. REINER:  Absolutely right.  Safety is the first priority on every project we execute, and we always say if safety targets are achieved and the quality of a project is achieved, cost and schedule become much easier to achieve as well.

MR. SHEPHERD:  Absolutely true.  Okay.  So I want you to go to page 35 of our materials, which is page 7 of the Modus Q2 report, because Modus Burns McDonnell is very critical of prods and mods about how they handle risk.  They say, if you go down the page to the heading "risk management", they say that prods and mods treat it as a "check the box" activity, and that basically what they're saying is the OPG rules require you have a list of risks, so they made a list of risks, but they go on to say they don't actively manage the ongoing risks.  That's a concern, right, and in fact that's something you changed the processes -- the procedures for in order to address; is that correct?

MR. REINER:  It is the concern if risk management isn't done properly.  This is clearly an area where Modus identified it.  Is an area where corrective actions were taken and the project and processes did mature.

And Mr. Shepherd, I just want to highlight again, so in the particular case of D2O and these Modus reports, this is a 2014 report, May 2014, so it's a backwards look up to that point in time.  Corrective actions were taken, and this project extended six-and-a-half years beyond this time period where those actions were implemented.

And in terms of cost, about 50 million or thereabouts 50 to 60 million -- I don't have a precise number of costs -- would have been incurred on the project at this point in time.

And so for the bulk of the duration of the project and the execution of the project, these actions that corrected these gaps would have been taken to close these gaps.

MR. SHEPHERD:  Okay.  So I want to ask you.  You just said that by this time -- this is sort of May 2014 -- 50 million had been spent.  I had understood that by that time you had already paid Black & Mac about 80 million.

MR. REINER:  If you look in AMPCO 80, there is a table in there that shows what the actual costs were.  In the case of the Modus report -- so the Modus report was issued in May, but the work and what they would have looked at leading up to the report issued in May would have been to the end of 2013 and to the very early part of 2014 and to the end of 2013 that AMPCO interrogatory shows you what the actual expenditures on the project were to that point of time, and it's actually below 50 million to the end of 2013.

MR. SHEPHERD:  So then at the end of 2013 you fixed the risk problem, right, that they reported in May 2014, you fixed it at the end of 2013; is that right?

MR. REINER:  So this report highlighted a gap.  It wasn't an unknown gap.  There was much work underway already to fix the process.  We incorporated what they reported in this 2014 report into the actions that we took to fix the risk process, so on a going-forward basis from this point onward those actions were taken and these issues did not permeate into the conclusion of this project.

MR. SHEPHERD:  So you're saying that only some portion of 50 million was wasted by these things that they're complaining about?

MR. REINER:  I don't believe anything was wasted by these things.  I think what this highlights is that the risk management process shouldn't just be an exercise of -- and they call it a check-box exercise because there would have been procedures that would have been followed.  And in the procedure you execute a step and you get a check box for executing it.

What was missing and what we enhanced of all project work is risk committees where project managers actually present their risks and other people with relevant backgrounds start having a dialogue around what might the risk look like.  The risk is typically a future look.  What might the risk be, how would it manifest itself, what mitigating actions should be taken, and it becomes more of a challenge process that includes a broader group of people versus just following a procedure.

MR. SHEPHERD:  Well, that's only one of the things that they said, right?  If you look at the last two sentence (sic) of that paragraph, the last sentence is what you're talking about.  There is no -- there is no structured risk management oversight committee.  But the previous sentence is what seems to me to be the critical thing, and you can tell me whether this is right.  The critical thing is on a day-to-day basis you're supposed to be managing risks, you're supposed to be identifying new risks and opportunities.  That's what they say, right?  And you weren't doing that?

MR. REINER:  We have also provided -- and offhand I don't know what interrogatory -- but samples of reports from the D2O project.  And one of my panelists may be able to pull that up while I'm talking.  And those reports will show you that, yes, risks were identified in day-to-day project work.  The day-to-day execution of the project is done by the contractor --


MR. SHEPHERD:  Sorry, sorry, Mr. Reiner, I only have thirty minutes, so I can't spend twenty of them looking at other reports.  I'm sorry.

MR. REINER:  I'll say, Mr. Shepherd, that yes we were doing the day-to-day risk management.  There was opportunity to strengthen that process, and that was done.

MR. ROSE:  I’ll just add that the reference interrogatory you're referring to is CME number 19, that has a list of project reports across many years that would have lists of risk management.

MR. SHEPHERD:  Thank you very much.  I wonder if you go to page 38.  And on page 38, the experts conclude with respect to the two projects -- that's D2O and auxiliary heating system -- they conclude, and I'm quoting here:
"The consequences to OPG are two projects that may cause external stakeholders to question OPG's management prudence."


I have two questions about that.  First of all, in fact the OEB did question OPG's management prudence on AHS, right?  And in fact, disallowed 50 percent of the overrun, correct?

MR. REINER:  Yes.  I believe that to be correct, yes.

MR. SHEPHERD:  So at this time, 2014, I would assume
-- and tell me whether this is true -- that senior management, including people like yourself because you were in charge of DRP, right?  Senior management would be very concerned at anybody mentioning prudence problem, prudence problem, right?  Is that true?

MR. REINER:  Can I just understand what you mean?  Our focus was on the successful execution of the project, and ensuring that decisions were made that appropriately and reasonably dealt with issues that were encountered.

It was less about prudence problem, prudence problem; it was more about executing the project successfully.

MR. SHEPHERD:  So the fact that they said you may have a problem with prudence, i.e. you may get some disallowances, nobody cared.  Because that doesn't sound like OPG to me.

MR. REINER:  We obviously would care about cost recovery, obviously.  All of that factors into the documentation of the project, the processes used, documentation of decisions, reporting, and that's all part of ensuring that we can demonstrate prudent decisions were made.  And of course, we did all of that.

MR. SHEPHERD:  Did anybody report to the board of directors that there might be a prudence problem with D2O and AHS?

MR. REINER:  We knew in -- and I can't remember the hearing number, but that OEB did request a prudence review of this project, and our board of directors would have known that.

MR. SHEPHERD:  All right.  I wonder if you go to page 56 of our materials.  This is one of the attachments to the to the Q2 report.

You've talked about the various things that cause cost overruns, and Modus Burns McDonnell have actually estimated them, all right.  And this is why, when you talk about 50 million, I was shocked because they say here, well, here's 159 million of cost overruns now.

So I'm not sure I understand how they could -- you could have only spent $50 million.

MR. REINER:  Again, I'll just clarify.  Burns and Modus, to the extent they would have done estimates, they would only have been done to support the conclusions that they were drawing.  They were not doing cost estimates of the project, and they were not being asked to validate cost estimates.

What they would have done here is collected information that would have been available in the project, and pieced it together in order to support their conclusion.

MR. SHEPHERD:  The reason I bring this to your attention is because we have, for example, the pipe chase and you talked about how big a deal it was that you had to run these pipes through the pipe chase.

But their number -- which I assume they got from you, they didn't make it up -- is $4.3 million impact of having to have a pipe chase.  That doesn't seem like a whole lot when you’ve got $400 million to explain.

MR. REINER:  It is -- so that would be just one at that point in time that was known about, the cost of the pipe chase relative to what would have been included in the Black & McDonald estimate.  That would be in the variance.

But these are all costs, construction costs that were needed to build the facility that met the design requirements and that met the design.  The fact that it was different than the early estimate is back to what we talked about earlier, that the early estimate didn't have this information that was required to understand what the true costs were.

MR. SHEPHERD:  They also talk about the building relocation.  You talked about that, right, that you couldn't attach it to the heavy water management building, you had to have a separate building.  They say cost of that was $9.7 million.

So again, that doesn't seem like that big a deal when you have $400 million of cost overruns.  Something else was happening here, right?

MR. REINER:  There is nothing else that was happening.  This is a May 2014 report.  The design was not yet completed at that point in time.  This was what was known in 2014.

MR. ROSE:  What you're looking at here -- I don't have the reference to which report it is, but I believe this is a view of a forecast, an estimate complete might have been prepared by Black & McDonald or our final estimate at that point in time.  These were not costs that expended at this point in time.

MR. SHEPHERD:  Okay.  If you go to the next, page 57, you had a discussion about pipes and valves yesterday with Mr. Buonaguro, and you were talking about the original estimate of three kilometres of pipe then going up to five kilometres, and eventually being 10 kilometres in 2018 when you finally knew what the number was.

This is 2014 and they say here that piping was 14 kilometres.  So I'm not sure I understand how 10 kilometres in 2014 was a surprise, unless it was a happy surprise.

MR. REINER:  Well, Mr. Shepherd, we undertook to provide clarity here because I think there’s a bit apples and oranges.  Again, what we talked about yesterday with Mr. Simpson identified the 10 kilometres is all piping, including tubing, breathing air, instrument tubing, process piping.  The three kilometres refers to process piping only.

So in that undertaking -- if you can bear with us, and my apologies for that -- we'll provide some clarity in this area.

MR. SHEPHERD:  What I'm asking, and the reason I'm raising it is because you're talking about three kilometres and 10 kilometres, but this says 14 kilometres.

So I'm asking what happened between 2012 to 2014 to get from three kilometres to 14 kilometres.  Maybe you can include that in the undertaking?

MR. REINER:  What we'll maybe do, Mr. Shepherd -- I do not know where Burns and Modus got their number of 14 kilometres.  What we have is what was in the design at the time, and what was actually constructed.  And what was constructed is what was designed, so it's a reflection of what was actually done and designed.

I don't know where Modus would have got their information, if it came from the design documents.  So I may not be able to tell you -- to do a correlation to their 14 kilometres.

MR. SHEPHERD:  If you can't find the 14 kilometres, they must be wrong?

MR. REINER:  I do not know where they got their 14 kilometre number from.

MR. SHEPHERD:  All right.  I wonder if you could turn to K1.9 and this is -- you've seen this before, Mr. Reiner?

MR. REINER:  Could we bring that up?

MR. SHEPHERD:  Report of the auditor general.

MR. REINER:  Yes, this is the auditor general's report.  I have seen this.

MR. SHEPHERD:  All right.  And I'm looking at -- my page numbering I guess is going to be different than yours, but it's at page 150 of the report, I believe.  There we go.  There we go.  And so this is -- they're talking about the, what they call the prerequisite project work costs, which are the campus plan projects, right?

MR. REINER:  Yes.

MR. SHEPHERD:  And they have -- their sort of summary is five bullet points.  They say you didn't do detailed planning, you didn't understand the project work complexity.  And you've in fact agreed with that, right, that at the time you launched the project you didn't have a full understanding of exactly what you were getting into?  Fair?

MR. REINER:  We understood what needed to be built.  We did not understand the complexity of it, so, yes, that is fair.

MR. SHEPHERD:  And then the second thing they say is poor risk assessment, which I guess you've just agreed was a problem early on, right?

MR. REINER:  That was a process that was enhanced, yes.

MR. SHEPHERD:  Then the third is underweighting technical criteria when selecting contractors.  We talked about that earlier in the context of other critiques, and in fact Modus Burns McDonnell said that as well, and so did the Board.  And you're not convinced that when you selected Black & Mac you did it on the basis of underweighting technical criteria.  You're not convinced of that, right?

MR. REINER:  I'm not convinced of that, and I'm also not convinced that weightings that get applied to technical criteria are commercial known to the contractor prior to them developing their proposal, and we would have received different proposals had the weighting been different, and what I can tell you is, is it's not as simple as change the weighting and a different contractor gets selected.  It's change the weighting relative to a different proposal that would have been submitted, and I wouldn't be able to speculate as to who might have been selected.

MR. SHEPHERD:  They tailor their proposals to the weighting that you told them you're going to use.

MR. REINER:  They ensure that the weightings that we look at and the criteria we look at are factored into their proposals, yes, so there is an element of tailoring.

MR. SHEPHERD:  Okay.  The fourth thing they -- they say that you didn't -- you assigned the work to staff with limited experience in complex project work, and that's -- we talked about that yesterday as well, and I guess you're not convinced that projs and mods lacked requisite experience, right?

MR. REINER:  No, I think we talked about that yesterday.  We -- I think I did agree with you that there was an element of experience and capability that needed to be developed.  We undertook that.  I talked about the project management career paths that were put in place.  So there was definitely an element of project management capability that needed to be enhanced, and we did that.

MR. SHEPHERD:  And they also talk about poor project management and oversight of external contractors, which we just talked about this morning and yesterday, and your, I guess, answer to that, if I can paraphrase, and correct me if I'm paraphrasing unfairly, is it might not have been perfect at the beginning, but we fixed it?

MR. REINER:  We undertook to remediate all of the issues identified plus issues that we identified ourselves internally.

MR. SHEPHERD:  So they also talk about, if you go to page -- I'm looking for numbers here -- 154 of their report, they say it cost -- the bottom right of the page -- cost $14 million to replace one contractor with another.  This is replacing Black & Mac with CanAtom; is that correct?  Did it cost you $14 million to replace one with the other?

MR. REINER:  They took a look at costs expended in that transition period to switch from Black & McDonald to CanAtom.  It was $14 million, but that included costs that were utilized to execute the project that actually result in part of the asset.  So for example, one element in that 14 million, there's about $2 million of OPG project -- direct project management costs, because in the termination we took on the management of EllisDon, the subcontractor that was executing that project work, so Black & McDonald was no longer getting paid for that, but OPG had resources that needed to get paid.  So that is included in the 14 million.

MR. SHEPHERD:  If you go to page 156 of their report, you'll agree generally, will you not, Mr. Reiner, that many of the criticisms that we see in the auditor general's report are criticisms that the Board made in their decision and that Modus McDonnell made in their reports; is that fair?

MR. REINER:  I don't -- I don't believe that's a fair -- a completely fair perspective, because you need to take the auditor general report in its totality.  What the auditor general report does is it leads to a set of recommendations and actions.  And if you look at those recommendations and actions, many of them say, continue to do what you are doing.  And at the very front of the auditor general report there is a concluding statement on
-- yeah, I think it's page 121, and if you read that it says in their concluding statement:

"OPG has applied lessons learned from the work to the remaining project work and in the development of its cost and time estimates OPG subsequently established time and cost estimates for the project based on reliable information and reasonable assumptions."

So the auditor general also takes a backwards look, because they look at data that's available.  They then distil that into a set of recommendations and conclusions, and you need to take it in its total context to understand what the auditor general is concluding.

MR. SHEPHERD:  So here's -- I take your point, Mr. Reiner, but I guess I see that conclusion slightly differently.  I see that as the auditor general saying you really messed up on the campus plan projects and blew your brains out on cost and delays, but you recognized it, you fixed it, and the overall refurbishment is back on track.  That's about what you just said, right?

MR. REINER:  From that point in time on -- and as I said, with the D2O storage project, again, the auditor general looked at Modus reports, they referenced Modus reports, the same reports that you're referencing.  I go back to, this project continued for six-and-a-half years beyond that point in time.

So when the auditor general says you corrected that, they're looking at everything done in DRP, including completion of the D2O storage facility.

MR. SHEPHERD:  Well, so if you fixed everything, how did you go from 381 million to 510 million?

MR. REINER:  The 381 to 510 is also a factor of complexity.  It is -- so I would agree that there were still some mistakes that were made in estimating.  We are much smarter.  Even from that $381 million.  As part of developing that class 2 estimate there's a range of engineering definition.  We were within that range.  In our view, we were relatively confident that we had a class 2 estimate, as it had turned out as the engineering was completed and the work packages were completed there was additional complexity, and we were probably closer to class 3 estimate.  But all of that said, we continued to be committed to completing the entire Darlington refurbishment, including the 510 million of D2O storage costs, within the budget that we established for the Darlington refurbishment, within the 12.8 million (sic).  We had always recognized that there are going to be risks that we didn't appropriately identify and mitigate, and there are going to be other cases where risks may not materialize, but on balance in the program we still believe we can execute it within its budget.

MR. SHEPHERD:  That's 12.8 billion, right?

MR. REINER:  That's 12.8 billion.

MR. SHEPHERD:  Yeah.  Can you go back to page 156, please.  This is what I wanted to take you to, because what the auditor general concluded is that the 510 million includes approximately 130 million primarily related to allowing the newly selected contractor to make design changes in addition to other factors, and about 14 million, which we just talked about, relating to replacing Black & Mac.

So you talked yesterday about 127 million, roughly, that basically CanAtom took a haircut on.  But that 127, that's not this 130, right?  Because they say this 130 is part of the 510.

MR. REINER:  I believe what they are referencing in that 130, they are just taking the cost to complete engineering with the design change and the cost of construction that was involved in executing that design change.

The information that the auditor general didn't have, and we don't have either, is what would the cost of construction have been had the design change not been made.

And you will have seen, Mr. Shepherd, in the third party reports that were produced by Aries, which we submitted in evidence, they indicated that the initial design is going to be extremely difficult to construct.  It can be done, but it's going to take a lot of time and it's going to be difficult, and it's going to be costly.

So what we don't have is what would that cost have been if that design change were not made.  And we were of the view that that design change was offset, as CanAtom had indicated to us, was offset by simplification in construction.

MR. SHEPHERD:  All right.  So when the auditor general talks about this as basically wasted money, you don't agree that that was wasted money.  It was yes, it cost you more to build it, but there were good reasons for doing that?

MR. REINER:  In my view, yes, all of that is part of the 510-million-dollar cost.  But the decisions that were made to make that design change, to terminate Black & McDonald and the other decisions made along the way were reasonable and prudent decisions with the information we had available at the time.

MR. SHEPHERD:  Okay, thank you.  I have two quick things left.  The first is if you go to page 84 of our materials, this is from the Bates White report.  I want to ask you a couple questions about this.

First of all, they say that by reasonable average wage rate for labour working either for you or for the contractors is 73 dollars an hour.  Is that roughly what you ended up paying, either directly or through your contractors?

MR. REINER:  Mr. Shepherd, I don't have the average labour rate handy.  But what we have to pay in labour rates is dictated by collective agreements, and it's a set of collective agreements that fall under the Electrical Power System Construction Association.  So that is the association that administers and negotiates those collective agreements, and we have to abide by those.  Those are the labour rates we pay.

I couldn't tell you what the average is across the labour that we consume.  There may be differences to what was assumed by Bates White because I believe they used a general -- maybe I'll pause there.  I'm not going to speculate.   Bates White will be able to answer what they use.

But we use -- we pay what we're required to pay under the collective agreements that applied to this work.

MR. SHEPHERD:  Okay.  So what I'm going to ask you to do is to undertake to provide the average labour rate that was experienced in the D2O project, you and the contractors.

MR. REINER:  If I may, Mr. Shepherd, just so I understand exactly.  Now, it's trades labour specifically we are talking about, right?

MR. SHEPHERD:  Yes.  You can see here what they've applied the 73 to.  So there's your definition there, what they actually said they were applying the 73 to.

MR. REINER:  Essentially, you want to see apples to apples so you can compare what Bates White --


MR. SHEPHERD:  Yes.

MR. REINER:  Okay, we'll undertake do that.

MR. SHEPHERD:  The second question on this is --


MR. MILLAR:  I just want to mark that quickly. it's J3.1.
UNDERTAKING NO. J3.1:  TO PROVIDE THE AVERAGE LABOUR RATE THAT WAS EXPERIENCED IN THE D2O PROJECT, INCLUDING CONTRACTORS


MR. SHEPHERD:  The second question is in the next paragraph, they say that although projects typically have a 66 percent labour productivity, it's reasonable to apply 39 percent to this project.

So that tells me that if your labour work -- your personnel, unionized labour work ten-hour shifts, right, typically?

MR. SIMPSON:  Yes, that's correct.

MR. SHEPHERD:  So 39 percent means that in a ten-hour shift, they have 3.9 productive hours, is that right?  Does that sound right to you?

MR. SIMPSON:  So you'd have to define, when we talk about productivity, what that means.

Productivity in this particular case, when you're dealing with productivity factors, is the time expended physically at the work face.  So you have to take that into consideration in your estimates that there are other aspects of your day, other than time allocated at the work face.

MR. SHEPHERD:  Sure, of course.  There's lunch and training, and there's getting your protective gear on, all that sort of stuff.  I get that.

My question is a simple one.  In a ten-hour shift, does your typical unionized employee do 3.9 percent of productive work -- or 39 percent, 3.9 hours?

MR. SIMPSON:  To answer your question, in two areas the average currently at Darlington nuclear industry in our area is between .53 and .55.  That's the starting point.

So if you're comparing the D2O project .93 -- .39, that's the difference between what it is working in the plant and what it was working on this particular project in this location.  And there was multiple reasons why that is at .39.

MR. SHEPHERD:  All right, thank you.  On the next page, page 85, they talk about -- what they've done is they've said we have to change the crew size.  This is in addition, by the way, to increasing the hourly wage and reducing the productivity.

They said we have to increase the crew size because in a project like this, you can't have a typical three-person crew, you have to have a four-person crew.

Is that your experience?  Is that what happened actually here with you and your contractors?

MR. SIMPSON:  Yes, so there is an average, right.  Some crews will be as high as five.  Some crews will be in the order of magnitude of two or three, depending.  Once again, that's a question for Bates White as to exactly why they decided to do an average of three.  But that's consistent, plus or minus, with what we saw in the field.

MR. SHEPHERD:  Sorry, three is a reasonable average?

MR. SIMPSON:  Correct.

MR. SHEPHERD:  Thank you.  Because they said four.  My last question relates to page 159 of our materials, and this is from your direct evidence.

Here's what confused me.  The D2O costs are going in the CRVA, right?

MR. ROSE:  That is correct.

MR. SHEPHERD:  Then if you take a look at the footnote at the bottom of this page, it says that the revenue requirement in the last case -- so the revenue requirement for 2017 to 2021 -- included the impact of the capital cost allowance, because you get a net tax savings in the early years of a major capital project, right?

MR. ROSE:  I think the fact that we've got a portion of this asset already in-service, it is -- the CCA depreciation is being as attributed to that asset and being calculated in the net revenues of OPG for those respective years.  That's my high-level understanding of it.

MR. SHEPHERD:  That's actually not what this says.  It says that the CCA for forecasted capital expenditures, so you didn't include in rate base forecast capital expenditures, you put them in the CRVA, right?

MR. ROSE:  This is probably something that is beyond my level -- this is probably something for another panel which we might have to take an undertaking for.

MR. SHEPHERD:  That's exactly where I was going.  So here is what I would like to you do.  And I'm not meaning to sort of presuppose anything, I'm just trying to get the calculations reasonable.  I would like you if you could, please, to do a calculation and show us the calculations of the D2O project impact on revenue requirements, all impacts for 2022 to 2026 as proposed, as you proposed it in your application, and with a, let's use the 50 percent of overruns, so a 200-million-dollar reduction in capital.  A disallowance.

And the reason why I ask that is -- so you have two calculations, one at 510 and one at 310, and the reason why I'm asking that is because a "back of the envelope" calculation would show that the impact on revenue requirement of the 510 is somewhere around 79 dollars over five years, but I'm thinking that it may actually be more like 30 or 40 million dollars.  That 200-million-dollar difference may only be 30 or 40 million dollars, not $70 million.

So I wonder if you could undertake do that calculation.  It's presumably a spreadsheet that you've already done, because you would have done it in preparation for ADR and things like that, so I wonder if you could just undertake to provide that.

MR. REINER:  Yes, we'll provide that.

MR. SHEPHERD:  Thank you

MR. MILLAR:  J3.2.
UNDERTAKING NO. J3.2:  TO PROVIDE THE CALCULATION OF THE D2O PROJECT IMPACT ON REVENUE REQUIREMENTS FOR 2022 TO 2026 AS PROPOSED IN THE APPLICATION, INCLUDING WITH 50 PERCENT OVERRUN.

MR. SHEPHERD:  And with that I thank you for your indulgence, Madam Chair.  Those are our questions.

MS. DUFF:  For that last undertaking, if you could also identify any accelerated CCA that's reported.

MR. SHEPHERD:  Excellent.

MS. DUFF:  Board Staff, I believe you're next.  Mr. Richler?

MR. RICHLER:  Thank you, Madam Chair, Ian Richler for OEB Staff.  Actually, we don't need to use our time for this witness panel.  The areas we wanted to explore with these witnesses have been covered by the intervenors over the last couple of days, so we have no questions for this witness panel.  Thank you.
Questions by the Board:

MS. DUFF:  Thank you.  Yes, the Panel has questions, and I think the schedule said OEB staff but it was really OEB panel.  Mr. Sardana, do you want to go next, please.

MR. SARDANA:  Sure, thank you, Ms. Duff.

Mr. Reiner, my question probably is to you, but perhaps also to Mr. Rose.  I'm just curious, was it prudent for OPG to enter into an EPC contract with Black & Mac without a, quote, do not exceed price, and without any liability to Black & Mac for cost overruns?

MR. REINER:  Commissioner Sardana, at the time I believe it was.  This was a very first EPC contract that we entered into.  It was done under a Master Services Agreement that had just been negotiated for this very purpose.  We had deemed at that time that the appropriate model was one that was focused on actual cost adjusted up and down through performance fees to incentivize good performance.  That was a building block for future enhancements that we made to the contract.  We opted for that because of the down sides that are experienced, particularly in large projects.  When you try to fix-price them, sometimes it's difficult to get a bid for a complicated project at a fixed price without knowing the details, and then many times when you do get a bid there is a significant amount of risk margin that's built into the bid.  In our view, we wanted to have greater control and visibility on the costs, which is why we opted to go this route.

MR. SARDANA:  But I'm just following up on that.  Was there no intention to put at least a target price in the arrangement?  You know, if you don't have a do not exceed price, was there a target price in the arrangement that you entered into?

MR. REINER:  There was a target price.  The target price would have been based on the contractor's bid price.  That target is what was used to determine performance fees, so that was in place.

MR. SARDANA:  Thank you.  Ms. Duff?

MS. DUFF:  Thank you.  Just on that question, is that confidential information, the target price that was in that contract?

MR. REINER:  I believe, Madam Chair, that it was filed, that information, but we'll confirm, and offhand, I'm not sure it was filed as confidential, but we can confirm that.

MS. DUFF:  Thank you.  Mr. Janigan, do you have any questions?

MR. JANIGAN:  Yes. I know that there has been an extensive review of the experience that you had with this contract, and it seems to me that it was a first-time contract, and I believe you have indicated, Mr. Reiner, that the degree of complexity of the project was not understood or not completely understood by OPG at that time.  I was wondering, prior to entering into the contract or the bidding process, wouldn't it have been prudent to engage a report similar to that of Bates and White, which is admittedly based on perfect knowledge, before you entered into the bidding process for the contract and essentially establishing the estimates that appear to have gone up by about 400 percent during the context of the -- during the run of the completion of the project?

MR. REINER:  Commissioner Janigan, I think what you're asking is, yes, that is a reasonable and prudent thing to do.  We believe we did do that by virtue of all of the independent studies that were done for this project.  And as you saw from the evidence and the discussion, there are Kinectrics reports, there are Trow reports, there are a variety of independent studies that factored into the estimates, so we did set out to obtain information regarding the complexity, so that that would get factored into the cost.

I think what we would do differently, if I may go there, and have done differently as a result of this, is not to put such a precise estimate against a project of this complexity that early in the process, and through this stage-gated improvement that we've made in our project management, it lends itself to correcting that problem so that before we get to an estimate with appropriate contingency, that we would then measure performance against -- we would do more development of the engineering.

MR. ROSE:  Mr. Janigan, if I can add on to this response.  As Mr. Reiner indicated, we did do reports.  In fact, we did a report in the 2008 time frame, and we used this to establish a parametric estimate for the final project.  That estimate would have indicated that the project at that time would have cost over 200 million dollars at class 5, which is plus 100 percent, which is about a 400-million-dollar project.  What we then did is we went to EPC bid, and our first estimate was based on the bid price, the target price that came back from the vendor, so we did have some analysis.  We obviously thought that we were getting a bid that was better than the conceptual estimates that we had prepared based on the conceptual design work that had been done up to that point in the program.

MR. JANIGAN:  So some of the cost variances that you were going over with Mr. Shepherd were not unanticipated.  Is that what I take from that?

MR. REINER:  That's correct, they were not unanticipated.  What we did not know is what were the costs going to be.  We could not get there with Black & McDonald and that is the underlying issue that had us terminate Black & McDonald because we could not get -- we could not get that certainty around cost.  We did get it with CanAtom.

MR. JANIGAN:  So at the time you terminated those cost variances that Mr. Shepherd took you through, they were known to OPG.  But Black & McDonald did not respond to those variances; is that what you're saying?

MR. REINER:  They were known relative to the amount of detailed design work that was completed at that point in time in 2014.  That design work was actually not completed in its entirety until 2015, until a year later.

So some of those cost variances attributed to understanding exactly what needed to be constructed were not known at the time.  We did attempt with Black & McDonald to get into a different contractual structure that put some cap or some stronger incentive against an adjusted cost estimate.  But as you identified, in their estimate they gave us an estimate on what they knew at the time, but were not willing to take any financial risk against that.

MR. JANIGAN:  One other question, and I believe it relates to your cross-examination with Mr. Shepherd.

I believe you indicated -- and tell me if I've got this wrong -- that one aspect of your measure of the prudence of the execution of this project is whether or not it could be absorbed within the 12.8-billion-dollar estimate that you provided in the last proceeding.  Is that correct?

MR. REINER:  So I don't know if I would call that a measure of prudence necessarily.  I think the prudence test is probably separate.  But what I indicated and what we are committed to is absorbing the cost increase beyond the 381 million that we had factored into the 12.8 billion cost.

We are going to strive to absorb that within the 12.8 billion.  So it's an example of a project where the risks exceeded the amount of contingency that we carried.  We believe overall in the program there will be cases where risks don't materialize to the exact amount of contingency that we carry, and we are still confident that the entire program can get executed within the budget that we established.

MR. JANIGAN:  Would that in any sense mean that under expenditures that you have experienced in the context of this project would not necessarily become recognized in the amounts passed into rates?  In other words, what I'm saying is are you robbing Peter to pay Paul here, in order to get under the 12.8 billion?

MR. REINER:  Mr. Janigan, I'll attempt an answer.  I hope I address the issue.  If I don't, please ask me for clarification.

So the 12.8 billion was always a program of many, many individual projects.  It's broken down into thousands of sub projects.  Every one of those has a set of risks associated with it that could calculate it.  Overall, we determine a 90 percent probability of execution, and we had identified in past hearings that in some cases, we will be below that for some project work.  In other cases, we will be above.

But in totality, based on the analysis we've done, we believe we can remain within that.

Now, this project clearly exceeds.  I think, you know, how this factors into the 12.8 will be an outcome of the decisions that the Board will make with respect to this project and that will still need to be a point of understanding.

But not having that decision, the way we would work through this we exceeded budget on the project, and we believe in all of our analysis that we continue to do and the estimates to the end of the refurbishment project, we still have a high degree of confidence that we can execute the entire project, including D2O, within the 12.8.

MR. JANIGAN:  Okay.  Thank you very much.  Those are all my questions, Madam Chair.

MS. DUFF:  Thank you, Mr. Janigan.  If the person controlling the screen can please put up Board Staff interrogatory response 162?

I have three areas of questioning and that's the first reference.  Once it's up, I'll provide the others to expedite the screen control.  Thank you very much.

The next one I'll be asking about is CCC 039, and I'll also be referring to the last Board decision in EB-2016-0152.  It's on page 2 of this.

What I wanted to get to was finding out exactly when
-- at the termination of Black & McDonald, how much OPG had spent.  And there's a reference -- I think it's 150 million -- it's earlier on.  Sorry, it could be on the previous page.  Right, thank you.

So this reference point was -- this is the amount OPG had incurred itself.  Perhaps you can just characterize the 115.3 million, which is a combination of capital and OM&A, is that correct?

MR. ROSE:  That is correct.

MS. DUFF:  And booked; that's what it says on the page.  And there is an amount written off of $600,000.  To your recollection, was that the only amount written off by OPG throughout this whole project?  That's what I guess you bore yourselves as a cost, and not deferred --


MR. ROSE:  That's correct.

MS. DUFF:  -- customers -- sorry?

MR. ROSE:  Yes, that's correct, there were no other write-offs.

MS. DUFF:  What was the nature of that 600,000 and why you thought that was something OPG should bear?

MR. ROSE:  My recollection is this was very early costs that were -- there was a project done for OM&A and capital.  After the OM&A improvements back in 2004, there was some investments analysis done in that project with respect to Pickering and other drum handling facilities.  But the costs, when we evaluated those costs to see what was still related to the combined project, there were costs there that did not align with that.

That's my understanding what that write-off is.

MS. DUFF:  If we can scroll to the second page, just to understand what is that 115 million, there's a number of bullet points, soil management, changes to building structure, there's tangible assets, some work that had been done that relates to that 115.  There is something to show or it.  Is that a fair characterization?

MR. ROSE:  That is correct, and this work beyond Black & McDonald's -- when Black & McDonald was terminated, that work carried on.  The subcontractor that Black & McDonald were using, EllisDon, OPG, that work carried on under OPG's oversight.  We became project manager for the period between Black & McDonald and CanAtom, and this work was all relevant and related to the final product.

MS. DUFF:  If we can now go to CRC 039, and I'm trying to do now is dovetail this 115 million and the settlement with Black & McDonald and their additive numbers.

This interrogatory response -- if we go to the response and I think it's -- here it is.  Perhaps it's further, where you say the settlement with Black & McDonald and I believe it's 84 million right here.

So when the settlement -- and I'm using that word, if it's incorrect -- that 84 million, that 83.8 million that was paid.  Is that part of the 115 that we just looked at, or is that in addition to that 115?

MR. REINER:  That would be part of the 115.

MS. DUFF:  So you paid Black & McDonald 84 million, and the bullet points that we saw on that previous interrogatory, that covers the nature of the items that you received or tangible things from that work that they had performed?  And what I'm trying to get at is, is there any amount that -- I mean, I assume this was part of the 510?

MR. REINER:  It is all part of the 510.

MS. DUFF:  And what is the value -- I want to make sure that 100 percent of this is of value to consumers, that actually had a value to them that the end product -- because we talked about scope changes, so I thought there would have been some rework.  I thought there would have been -- like, when the scope was changed -- I'm trying to reconcile your statements about, you know, the 110 original estimate that Black & McDonald was working on was eventually not really a, I would say, relevant comparison, but -- and reconciling that with, that all the money that was spent was properly deferred and added to the eventual overall cost of the project, so could you please address that?

MR. REINER:  Yes, Madam Chair.  I'm going to do my best here, and maybe I'll just start with what you concluded in the scope change discussion.  And we had lots of dialogue about that, and I'll try again here.  I tried in that discussion to delineate that from what's normally perceived as a scope change of either bells and whistles being added that aren't required or, as you have identified, rework.  There was very little rework that was required on this project.  In that period of time where the termination of Black & McDonald occurred, there was an instance where some concrete work had to be redone because the concrete was damaged due to watering risk.  That cost us about a week on schedule, but there was very little rework on this project.

In the settlement with Black & McDonald, the settlement was essentially a discussion that looked at what were the costs incurred by Black & McDonald to that point in time, what were they entitled to get paid under the contract for that work, and then where did we settle.

There are a number of areas where we discounted the claims that they brought forward that identified work that they should get paid for, and we also took back the performance fee in the contract.

So what they got paid and what is in the 510 and in everything to the point in time of termination is reflective of actual costs incurred, and the bulk of that cost is tied to the material asset.

The scope changes in this particular case -- and it's a bit of a nuance.  I personally don't like calling it a scope change.  It's a scope clarification -- is as the engineering is progressing, separate from construction and work that is actually happening in the field, because the work in the field is always far enough behind the design and it doesn't get held up by this, but the details of the design start to identify, you know, if I use pipe as the example, start to identify how many kilometres of pipe is it actually going to take to build this facility.

And so we talk about some deltas.  That would be a -- that would be a scope change in this context, even though it is really not a scope change, it is just a new understanding of what needs to be constructed relative to what was understood.

MS. DUFF:  Did you ever update the statement of work?  I'm just trying to figure out what are the steps.  So if it's not a scope change and something more substantial than that, what is it?

MR. REINER:  It would be -- it would be in the design.  It would be an evolution of the design.  As the design gets completed and that design makes its way to work packages, those work packages were not developed at the time of the initial estimates.

So what was done at the initial estimate is assumptions about what that would look like with contingency included to factor in that the assumptions might not be completely correct.  So there is no change in requirements.  The requirements get refined.

To back up a step, there were some changes in requirements, and I can give you an example.  The first estimate did not include the atmospheric -- the heating, ventilation, and air-conditioning requirements in this facility and the detritiation of the building atmosphere.  That was a requirement.  We could not release tritium from this building.  That was not included in the initial estimate, so that would constitute sort of a scope change, but it is a requirement that is needed as part of the design, so there isn't a change in statement of work.  The requirements of what needed to be done at a high level remained the same, but the details on how those requirements were going to be met evolved as the design evolved, and that occurred to the end of 2015, when the design was completed by RCMT, and then the additional changes that CanAtom made and the final work packages that were produced for construction.

I hope I didn't overcomplicate it, but there isn't a correlation like that there was a statement of work, it is now a different statement of work, and that cost more money.  It is design of the building and what needed to be constructed was not known at the time of the initial estimates and it was not fully known at the time that Black & McDonald was terminated and CanAtom was hired.

MS. DUFF:  With these design scope growth, just to ask a direct question, did any of those scope growth suggestions or requests come from any of your unregulated businesses?

MR. REINER:  To my --


MS. DUFF:  To the best of your knowledge.  Yes, that's fair.

MR. REINER:  To my knowledge, they did not come from the unregulated business.

MS. DUFF:  I just want to follow up on a question that Mr. Sardana asked about the EPC contract and the management of it.  I mean, yesterday you talked about how you had a bit of a -- you didn't want to interfere.  You used that word.  Knowing that the way the EPC contract was written and some of the liabilities about cost overruns were not borne by Black & McDonald, I assume they would be borne by OPG by default.  Would that not be true?

MR. REINER:  If they are costs -- legitimate cost increases, yes, and they would factor into performance fee payments, so there would be a potential reduction through performance fee.

MS. DUFF:  So again, I'm trying to reconcile your statement about interfering with the financial risk that you were bearing, and as I hear your answer, it was also the actions you took with respect to that contractor and the settlements that you made?  Am I repeating that appropriately?

MR. REINER:  Yes, I believe that's appropriate.

MS. DUFF:  Okay.  I want to go to -- could someone please here -- it's still Lori Patchett, who is doing a great job -- put up the last decision, and I will ask some questions regarding the factual circumstances regarding what was in front of the Board when it made its decision, and I'm on page -- of the decision, I'm on page 32 that I'm looking at.  So -- and it's table number 12, and what I'm trying to understand is, again, I mentioned yesterday this panel was not -- ooh, just went past it, I think, didn't we?  Oh, no.  Yeah, this is it.  This Panel, you know, is reading this decision just like everybody else.  I am trying to identify the amount of the D2O project that was taken off and removed from the application.  OPG chose to file an impact statement, and to -- which removed the D2O project from its in-service additions.  Have I got that right?

MR. REINER:  Yes, I believe so, yes.

MS. DUFF:  On this table, I'm trying to find what was the dollar amount in front of the panel when that happened.  And I realize -- I think what you're saying is the panel never had an opportunity to opine regarding the expenditures to date, or anything regarding D2O.  That was deferred to this proceeding; that's why we're here.

But what was in front of them?  What was known to them?  And I look at this table and I want to make sure I understand.  So with the update, that's bullet point number 2, it's footnoted there, it's the removal of the heavy water facility.  It's 365.9 million in the year 2017.

Is that the -- is that number right?  Is that all I need to know?

MR. REINER:  So we -- I'll try to answer this in two parts, Madam Chair.  We'd have to undertake to validate that number and ensure it is correct.

But another thing you would need to know is at the time, the 381-million-dollar estimate was included in the Darlington refurbishment program.  So that would be the other reference point, that 381-million-dollar estimate.  That would have been known at the time.

MS. DUFF:  That would be fair.  Also page 85 of this, I'm trying to reconcile again your 381 with these numbers.

So on page 85, then there is down the page there is the removal of depreciation and amortization associated down a little further -- right here.  So again table 26, change in depreciation for the D2O project.  I see -- again, I'm starting to have a reduction of 6.9 million associated, I guess, with that capital in-service addition which was removed?

MR. REINER:  Yes.

MS. DUFF:  That's another factor.  You've anticipated my question.  I want to page sure that on this record of this proceeding we understand those references and without everybody having to go back.

So just through this window, if you could undertake --and I'm not going to spend time right now, but you mentioned this 381.  I don't see that in this decision.

So this is the reference.  If it's referred to in evidence, that would be helpful.  And I don't know if there's ARC changes, I don't know if there was liabilities upon termination, whether that was included as part of that N2 update.

MR. REINER:  We'll undertake to provide all that information for this case.

MS. DUFF:  Thank you very much.

MR. MILLAR:  The undertaking is J3.3.
UNDERTAKING NO. J3.3:  OPG TO IDENTIFY THE DOLLAR AMOUNTS ASSOCIATED WITH THE D2O PROJECT THAT WAS REMOVED FROM OPG’S EB-2016-0152 APPLICATION WHEN OPG FILED THE N2 IMPACT STATEMENT, SPECIFICALLY TO VALIDATE THE $365.9 MILLION IN 2017 INDICATED IN THE DECISION AND RECONCILE IT WITH THE $381 MILLION.

MS. DUFF:  Pure factual.  That would be great.

MR. REINER:  Yes.

MS. DUFF:  Thank you.  Those are my questions.  Mr. Keizer, did you have any redirect?

MR. KEIZER:  No, Madam Chair, no redirect.

MS. DUFF:  It's 10:45.  Should we have a short break, or is your panel ready to proceed?

MR. KEIZER:  Maybe it will be a good time to break.

MS. DUFF:  Okay.  We will break until 11:00 and proceed with panel 2B at that time.  Thank you.
--- Recess taken at 10:47 a.m.
--- On resuming at 11:02 a.m.

MS. DUFF:  Welcome back, everyone, from the morning break.  Mr. Keizer, perhaps you'd like to introduce your panel, and I understand they need to be qualified as experts.

MR. KEIZER:  Yes, thank you, Madam Chair.  If I can introduce -- and I just want to make sure that Mr. Krahn is on the -- I can't see him on my video display, but I'm assuming he is on.  I know we tested his audio.  Ah, there he is.  Thank you.  Yes, Madam Chair, if I could introduce Dr. Glenn George and Mr. Steven Krahn from Bates White.  If I could -- oh, I think -- I guess we'll have them affirmed now, and then I'll take them through some qualifying questions.

MR. SARDANA:  Sure.  Thank you, Mr. Keizer.
ONTARIO POWER GENERATION - PANEL 2B: D2O STORAGE FACILITY BATES WHITE ECONOMIC CONSULTING REPORT
Glenn R. George,
Steven L. Krahn; Affirmed.

MR. SARDANA:  Thank you.

MR. KEIZER:  Thank you, Commissioner Sardana.

So OPG proposes to tender Dr. Glenn George and Dr. Steven Krahn as experts in nuclear engineering, construction, and cost estimation, and I have consulted with other counsel, and for the most part they agree with that.  I'm going to take the witnesses through their experience, and for purposes of having them qualified.

And Dr. George and Dr. Krahn, your CVs set out at Exhibit D2 -- sorry, D2, tab 2, Schedule 11, attachment B, and that's your report.  And Dr. George, your CVs appears at page 34, and Dr. Krahn's CV appears at page 35, and I believe also the CVs are also filed as part of Exhibit A1, 9, A1, tab 2 -- sorry, tab 9, Schedule 2, page 1 for Dr. George and page 5 for Dr. Krahn, but they are the same CVs.

I don't necessarily think that we need to have them pulled up, but if you feel you need to have it on the screen, Madam Chair, I'm happy to have that done.

Start first with you, Dr. George.  You have a Ph.D. in public policy with a focus on energy, economics, and relations from Harvard University; is that correct?

DR. GEORGE:  Yes, that is correct.

MR. KEIZER:  And you have an MBA with distinction, as well as a BS in engineering with distinction from Cornell University.

DR. GEORGE:  Yes, that's right.

MR. KEIZER:  And you have a certificate, nuclear engineering, Bettis Reactor Engineering School.  What's the nature of that training?

DR. GEORGE:  That training is a six-month program in nuclear engineering.  It's also one that Dr. Krahn completed, and it's the equivalent of a master's degree in nuclear engineering, and it's operated under contract for the Office of Naval Reactors of the U.S. Department of Energy.

MR. KEIZER:  Thank you.  And you're currently a partner at Bates White?

DR. GEORGE:  Yes, that's right.

MR. KEIZER:  And what's the areas of your specialization and responsibility?

DR. GEORGE:  I lead the firm's nuclear practice and am one of several partners who lead its broader energy practice.

MR. KEIZER:  And prior to being at Bates White, you also served at the U.S. Office of Naval Reactors; is that correct?

DR. GEORGE:  That's right.  I spent the first five years of my career at the Office of Naval Reactors in Washington, D.C., charged initially with overseeing the manufacture, design, installation, and operation and maintenance of certain heavy-equipment components in naval nuclear propulsion plants.

MR. KEIZER:  And you also were involved in project management as well in that capacity?

DR. GEORGE:  Yes, that's right.  I was the project manager for the steam generator program for the U.S. Nuclear Navy.

MR. KEIZER:  And you were also a member of the U.S. Defence Nuclear Facility Safety Board as well; is that correct?

DR. GEORGE:  That's correct.  I was a staff member at the U.S. Defence Nuclear Facility Safety Board, which provides independent oversight of the U.S. nuclear weapons complex, including a wide variety of reactor operations, storage facilities, other manufacturing facilities, as well as decontamination and decommissioning of formerly used U.S. defence nuclear facilities.

MR. KEIZER:  And during your period since then you've been involved in various consulting activities, and those consulting activities include construction and cost estimation?

DR. GEORGE:  Yes, that's right.  I've spent the past 26 years now working as a consultant in the energy sector with a focus on the nuclear portion of the world of energy, and in large part doing construction cost estimation both of nuclear and of non-nuclear energy facilities.

MR. KEIZER:  And some examples of that, I believe, are set out in your CV [audio dropout] the construction cost estimate for the Olkiluoto 3 nuclear power plants in Midland; is that correct?

DR. GEORGE:  Yes, that's correct.  There are several examples listed in my CV.  The Olkiluoto 3 nuclear power plant in Finland is one example where I did a detailed cost review of the Olkiluoto 3 reactor project in Finland on behalf of the Finnish utility TVO and adverse to the French reactor contractor and designer, Areva.

MR. KEIZER:  And you were also involved in construction cost estimates in conjunction with Yucca Mountain Nuclear Waste Depository; is that correct?

DR. GEORGE:  Yes, that's right, on behalf of the U.S. Departments of Justice and Energy I conducted a project management review, including scope, cost, and schedule elements of the Yucca Mountain Nuclear Waste Repository in the State of Nevada in the U.S.A.

MR. KEIZER:  And you've done construction cost estimates, I believe, with the South Texas project electric generating station, which is a nuclear station, units 1 and 2 [audio dropout] Power; is that correct?

DR. GEORGE:  Yes, that's correct, on behalf of the utility company, Houston Lighting & Power, I reviewed and performed a cost estimate for construction of the South Texas project, the new units which came online in the early 1990s.

MR. KEIZER:  And there's a variety of other similar construction and project-related work in your CVs.  Am I correct?

DR. GEORGE:  Yes, that's correct, including for a variety of non-nuclear projects and solar projects, which are the subject now of litigation in the U.S. Court of Federal Claims, a nuclear remediation project, or really a set of projects in the United Kingdom, and several other projects which I can provide details on if useful.

MR. KEIZER:  Thank you, Dr. George.

Dr. Krahn, if I can address you for a moment.  You have [audio dropout] in public administration from the University of Southern California, correct?

DR. KRAHN:  That's correct.

MR. KEIZER:  And you also have a master's in engineering from -- in material services from the University of Virginia, a Bachelor of Science, metallurgical engineering, University of Wisconsin, correct?

DR. KRAHN:  Materials science, a master's in materials science from University of Virginia and, yes, a bachelor's degree in metallurgical engineering from Wisconsin.

MR. KEIZER:  You also hold that certificate from the nuclear engineering Bettis reactor engineering school, is that correct?

DR. KRAHN:  That's correct.

MR. KEIZER:  I note from your CV you indicate you are an affiliated expert with Bates White.  What does that mean?

DR. KRAHN:  I work for Bates White on a project by project basis on projects that involve nuclear engineering and estimating costs of nuclear facilities.

MR. KEIZER:  You're currently a professor of the practice of nuclear environmental engineering in the department of civil and environmental engineering at Vanderbilt University, is that correct?

DR. KRAHN:  That's correct.

MR. KEIZER:  What's your area of expertise in respect of your studies as a [audio dropout] at Vanderbilt?

DR. KRAHN:  I perform research in nuclear safety analysis, systems engineering, and technology incorporation into nuclear facilities.

MR. KEIZER:  And prior to Vanderbilt, you were also --you were a source selection official at the US Department of Energy, is that correct?

DR. KRAHN:  Yes.  I was trained and qualified to lead major procurements for the Department of Energy and in fact, was assigned to a low level waste processing procurement.

MR. KEIZER:  And you were also safety manager as well from the university -- sorry, US Department of Energy, is that correct?

DR. KRAHN:  That's correct.  That's a qualification required to be an approval authority for major technical decisions for nuclear facilities at the Department of Energy.

MR. KEIZER:  And you've held various responsibilities in relation to the US Navy, is that correct?

DR. KRAHN:  Yes, and probably most pertinent was a qualified senior project manager at a naval shipyard for a major nuclear submarine overhaul, and also for the nuclear work package for two nuclear submarine maintenance availability.

MR. KEIZER:  And throughout your extensive career, you've been involved in various special projects and consultations and just to confirm, you were an independent technical expert involved with nuclear engineering and project managing related to a plutonium procession plant at Rocky Flats, Colorado, is that correct.

DR. KRAHN:  That's correct.  I was part of a team that was brought together to certify the project management system for the 4-billion-dollar six-year project to complete the D&D and environmental restoration of the Rocky Flats plant.

MR. KEIZER:  I also note from your CV that it indicates that you were retained as a witness in the United Kingdom high court involving a case which is the largest nuclear construction case in UK history.   Can you describe that, please?

DR. KRAHN:  That was -- the case was for the award of the contract to perform decommissioning and decontamination of the Magnox fleet of reactors around the entire United Kingdom, and the issue was evaluating -- a portion of that issue was evaluating the cost and project management realism of the offerer's proposal.

MR. KEIZER:  You have noted in your CV, and I won't go through them, a number of different special projects all of which relate primarily to nuclear, is that correct?

DR. KRAHN:  That's correct.

DR. GEORGE:  We would be remiss not to make reference to our experience with heavy water and CANDU reactors.  Would it be appropriate to mention some of that experience at this time?

MR. KEIZER:  If you wish to.  My friends may want to explore that further.  So it's fine if you want to do that as well.

DR. GEORGE:  Sure.  Just up front, I would note there are several entries in my CV that refer to my work with CANDU reactors and, in particular, one arbitration matter concerning the Bruce nuclear power station and another entry which makes reference to a series of projects in support of Atomic Energy of Canada Limited some years ago in connection with its, at that time, potential plans to create a refurbishment business and also its plan to have the advanced CANDU reactor 700 and advanced CANDU reactor 1000 designs certified in the US and to sell them overseas.

And that work did include significant efforts to review heavy water aspects of the CANDU reactor design storage requirements, the cost to construct CANDU plants versus light water reactor designs, and so on.

MR. KEIZER:  Thank you, Dr. George.  I appreciate your response.

Madam Chair, those are my questions with respect to the qualifications of Dr. George and Dr. Krahn, and I propose and request that OPG tenders Dr. George and Dr. Krahn as experts in nuclear engineering construction and cost estimation.

MS. DUFF:  I was going to ask if there are any questions regarding the qualifications regarding the parties.

Mr. Shepherd, you put your camera on.  Did you want to speak?

MR. SHEPHERD:  Thank you, I just want to follow up.  I don't have a problem with these experts, except that I just want to understand the scope of their experience with respect to CANDU and heavy water.

Your experience, Dr. Krahn, is entirely with light water reactors, right?

DR. GEORGE:  No, that's not correct.  I was going to interject after Dr. George brought up his experience with heavy water reactors.  So during the time period 1990 to '91, I was involved with the US Department of Energy's new production reactor program, which involved me as a member of the chief engineers staff reviewing the design for a pressurized heavy water reactor replacement for the existing new production reactors at Savannah River.

When I transitioned to the defence nuclear facility safety board in 1991, from 1991 to 1992 I was on a team that provided safety oversight for the restart of the K reactor at the Savannah River site, which was the United States' last pressurized heavy water reactor production reactor.  As part of that, I reviewed the safety analysis for the K reactor and also reviewed the safety analysis for fuel fabrication associated with heavy water reactors at the Savannah River site.

And more recently, I led a five-year project evaluating the thorium fuel cycle for the US Department of Energy, and a major portion of that project was evaluating the potential use of CANDU design reactors in the potential introduction of thorium into the heavy water, the heavy water reactor system.  That resulted in a separate peer reviewed journal article on the potential use of thorium oxide fuel in a CANDU reactor.

So those are some of the highlights of my previous experience with heavy water reactor designs.

MR. SHEPHERD:  The Savannah River reactor was not a CANDU, right?

DR. KRAHN:  The Savannah River reactor was a pressurized heavy water reactor, but was not the specific CANDU design.

MR. SHEPHERD:  They're quite different, right?

DR. KRAHN:  They are different.

MR. SHEPHERD:  Mr. George, you've done some work on CANDU, specifically on CANDU with respect to Bruce, right?

DR. GEORGE:  Yes, with respect to Bruce and also the work for Atomic Energy of Canada Limited that I mentioned a few minutes ago.

MR. SHEPHERD:  The AECL work was a long time ago, right, when a lot of the stuff we know today about heavy water was not known, right?

DR. GEORGE:  I don't think I'd agree with that characterization at all.

MR. SHEPHERD:  So you've looked then at issues about how you store heavy water?

DR. GEORGE:  Well, heavy water storage was certainly part of the CANDU designs, which -- including the advanced CANDU reactors, which use heavy water.

MR. SHEPHERD:  Thank you.

Madam Chair, we have no objection to these witnesses.

MS. DUFF:  Thank you, Mr. Shepherd.  Are there any other participants on the -- call today, intervenors, that have either a question or an objection regarding qualifications of this panel?  Seeing none, based on the curriculum vitae and the information provided today orally, the OEB will accept these two gentlemen as experts for the purposes of testifying today and their -- regarding their expertise of -- make sure I've got this right -- nuclear engineering construction and cost estimation, and based on that we will proceed with our cross-examination.

MR. KEIZER:  Madam Chair, if I may, I would like to do a short direct examination.

MS. DUFF:  Oh, I forgot that.  I'm so sorry.

MR. KEIZER:  That's okay.
Direct Examination by Mr. Keizer:

MR. KEIZER:  So Dr. George and Dr. Krahn, you have in front of you a report marked as Exhibit D2, tab 2, schedule 11, attachment number 3, entitled "Construction Cost Estimate for Darlington Nuclear Generating Station D2O Storage Project", correct?

DR. GEORGE:  Yes, we do.

DR. KRAHN:  Yes.

MR. KEIZER:  And starting with you, Dr. George, did you lead the team at Bates White that prepared the report and are you ultimately responsible for its content?

DR. GEORGE:  Yes, I did and, yes, I am.

MR. KEIZER:  And Dr. Krahn, did you also participate in the report's preparation?

DR. KRAHN:  Yes, I did.

MR. KEIZER:  And you were a team member at Bates White that prepared the report, correct?

DR. KRAHN:  That is correct.

MR. KEIZER:  And what was your role in the preparation of the report?

DR. KRAHN:  I was intimately involved in the entire preparation of the report and worked with both -- with Dr. Gallay and Dr. George in developing the cost estimate upon which the report is based.

MR. KEIZER:  And you mentioned Dr. Gallay.  He was part of the team, as well as Ms. Morgan were part of the team that participated in the preparation of the report, and their CVs are -- also appear in the report; is that correct?

DR. KRAHN:  Yes.

DR. GEORGE:  Yes.

MR. KEIZER:  And Dr. George, do you adopt the report as your evidence in this proceeding?

DR. GEORGE:  Yes, I do.

MR. KEIZER:  And Dr. Krahn, do you likewise adopt the report as your evidence in this proceeding?  Did we lose Dr. Krahn?

DR. KRAHN:  So, I'm sorry, you broke up there.  I --


MR. KEIZER:  I'm terribly sorry.  That's okay.  Let me try that again.  Do you, Dr. Krahn, likewise adopt the report as your evidence in this hearing?

DR. KRAHN:  Yes, I do.

MR. KEIZER:  Thank you.  As well, similarly, there were interrogatories and undertakings that were asked in relation to the report, and I'll ask each of you in turn, do you adopt those interrogatories and undertakings for purposes of your testimony here today?

DR. GEORGE:  Yes, I do.

DR. KRAHN:  Yes, I do.

MR. KEIZER:  Thank you.  Before we return more fully to the report, are there any additions or corrections to the report that you would like to address?

DR. GEORGE:  Yes, Mr. Keizer.  I would direct your attention to Table 1 on page 6 of the report, and that's the page number in the native document, but is also, I understand, the page number in the evidence.  At Table --


MR. KEIZER:  Perhaps before you proceed, perhaps we could have that brought up on the screen so the parties can see it.

DR. GEORGE:  Thank you very much.  So in preparations for today's proceedings, we reviewed the contents of the report, and -- once again in some detail, and identified an error in the report, and this error appears in -- on page D, as in delta, 47 in the native file.  I don't know the page number in the version that's filed for evidence, but it's page D47.  Yes, I see it there.  And the error is that the number $24-and-a-half-million that appears in the right-hand column about a portion of the way down the page right next to the little hand that seems to be on my version, that 24-and-a-half-million-dollar number is correct and should simply flow to the bottom of the page.  We had intended to delete additional lines that appear on that page and inadvertently left them out, so that number should flow through to the bottom.  That's a difference of roughly $4.4 million.  And if we could return then to Table 1 on page 6, the row which reads "direct costs without fee and contingency, $307.7 million", that gets reduced by $4.4 million.  So that number is 303.3.  Various other numbers change in the table.  The bottom line is 512.1 million rather than 517.7 million, so it's a reduction by the bottom line -- as numbers change throughout the report to a small degree, nonetheless they do change.  The bottom line is reduced by 5.6 million dollars or about 1 percent, so we commit to submit a revised full version of the report showing how those numbers change, albeit to a small degree, but they do change in multiple locations throughout in the coming days or next week.

MR. KEIZER:  And perhaps before we explore the correction any further, but perhaps that's something that should be marked as an undertaking that -- for purposes of updating this report and providing for revised numbers that reflect that small correction in the number.

MR. MILLAR:  That undertaking would be J3.4.
UNDERTAKING NO. J3.4:  TO UPDATE THE REPORT WITH CORRECTED NUMBERS.

MR. KEIZER:  Thank you, Mr. Millar.  Is there anything else in addition you would like to add in respect of that correction, Dr. George?

DR. GEORGE:  Nothing else of note at this time, other than to say we have double-checked all similar or analogous calculations to see whether we might have inadvertently made a similar mistake elsewhere, and we believe -- other than that correction we believe the numbers to be accurate.

MR. KEIZER:  Thank you.  And so turning to the report, can you briefly tell us what was the purpose of the report?

DR. GEORGE:  Bates White was retained to provide an independent cost estimate for the engineering, design, procurement, construction, and commissioning of the D2O storage project as it would have been calculated prior to the beginning of construction.  The estimate comprises the cost to pay a construction contractor to engineer, procure, and construct, so EPC, engineering, procurement, and construction, the D2O project, together with OPG's in-house cost, the so-called owner's cost, for contract administration, procurement support, and engineering oversight and approval, through -- all the way through to project turnover, commissioning, and contract close-out.  It does not, however, include any costs associated with post-commissioning operations and maintenance, or so-called O&M costs.

MR. KEIZER:  At a high level, can you summarize as to how you went about conducting or the framework of the analysis that was performed for purposes of the report?

DR. KRAHN:  If we could go to Figure 2 which is on page 12 of our report, this indicates the high-level process which we undertook, a five-step process that involved first calculating the direct EPC cost which involved a system by system and subsystem by subsystem bottom-up estimate of materials, labour, and equipment required for the construction and installation of each of the sub systems.

And that involved the use of the basis of quantity document referenced in our report, which had what's called a take-off or a direct translation of the design drawings into lineal feet of pipe, numbers of valves installed, and other components installed.  So that cost estimate was built from the bottom up and it is reflected in appendix D of our report.

The next step was to calculate the EPC contingency, the EPC indirects and contingency and fee for the cost estimate.  To do that, we assumed in it a 10 percent fee which is a standard industry assumption or fee.  And then we evaluated the indirect costs that would be involved in the EPC contractor's approach, which included design engineering of various specialties, procurement management, construction management, component and system testing support, and then commissioning support as the project moved towards completion.

Step four was calculating owner's cost, first excluding financing, and this involved an estimate of the project management oversight provided by the owner, OPG, in the areas of engineering, procurement and construction oversight, contract administration and any required inspections of the systems prior to entering the commissioning process, and estimating the cost to OPG during the commissioning process, and then evaluating costs for contract close-out and an estimate for a small management reserve, and then finally approaching the estimate for the owner's project financing cost.

So those are the major steps in the cost estimate that the Bates White team performed.

MS. DUFF:  Mr. Keizer, you're on mute.

MR. KEIZER:  I'm on mute for the penultimate question.

What was the overall results of the analysis then?  Could you please briefly summarize the results of your analysis?

DR. GEORGE:  The results of the analysis are summarized at Figure 1, which we have already looked at in the context of the correction that we have offered.  Maybe we can have Figure 1 back on the screen?

DR. KRAHN:  This is on page 6 of our report.

DR. GEORGE:  Yes, page 6, thank you.  And so the result is that we believe the median estimate or mean estimate for the project would come out to be $512.1 million.  That's the bottom line, the total cost.  And that would be the estimated total cost for the whole project, all the way from project inception to project turn over, commissioning, and close-out.  It is a mean estimate.  It is the most likely estimate.  It comprises, as Steve described in the five-step methodology, ultimately comprises three main buckets of elements, the contractor's cost to engineer, procure, and construct the facility, the owner's cost to manage the contract and oversee engineering and construction, and to commission the facility.

And finally the owner's cost for financing and closing out the construction project.

This is a class 2 estimate, according to the guidelines set by the Association for the Advancement of Cost Estimation, or AACE, as it's sometimes called.  So it is a class 2 estimate, and that means that in general, it's accurate within 15 percent above and 10 percent below the estimate.

But we actually went ahead and conducted a full-blown risk analysis, the results of which appear at Figure 1, if we can scroll down just a little bit on page 6 of the report.

So that mean cost should be corrected.  Where it now says 517.7, that number is $512.1 million.  That point labeled P90, which means that 90 percent one sided confidence interval, that means the price at which we have 90 percent confidence that the price will -- the construction costs will not exceed that number.  That number should be corrected to $559.4 million, not the 576.5 that you see.  So $559.4 million.

In this estimate, both the mean cost of 512.1 and this P90 cost of 559.4 million, we believe that this range of estimates is robust to any reasonable set of assumptions that can be made in this analysis, or a very similar analysis, and recognizing that individual assumptions can be the subject of debate and differing expert opinion.

Nonetheless, we believe that this distribution, the mean and P90 numbers are robust to any reasonable set of assumptions.

MR. KEIZER:  Thank you, Dr. George.  Thank you, Dr. Krahn.

Madam Chair, those are my questions in direct.  The package is now available for cross-examination.

MS. DUFF:  Just one question regarding the change that was made and updated in the evidence.  When did you discover that?

DR. GEORGE:  The day before yesterday, I believe, and we redid the calculations last night.

MS. DUFF:  On that basis, we will proceed.

MR. SHEPHERD:  Madam Chair, I'm sorry, but can I interrupt?

MS. DUFF:  Yes, Mr. Shepherd.  In fact I was -- if you please.

MR. SHEPHERD:  I wonder if we could, like right now, get corrected numbers for this page 6 table?  I realize that there's a lot of changes throughout the report and it's difficult for us to do cross-examination if we don't have all the right numbers.  But at least this summary table.  You know what the numbers are.  Can you just tell us what they are?

DR. GEORGE:  If there is no objection, I'm glad to do that.  I can read the numbers.  Of course, someone needs to write them down in real time, but I'll read the original number and then the corrected number, and I will also for clarity provide the change, the delta between the two.

So that the first number, which reads 307.7, the corrected number is 303.3, which represents a change -- in each case the change will be negative -- a change of $4.4 million.  The next line, $47.2 million will be corrected to $46.6 million.  And that's a delta of $0.6 million.  The next line, 355.0 million should be corrected to 349.9, and that's a change of 5.1 million.  The next line, indirect costs of 69.9 million, remain unchanged at 69.9.  Similarly, the next line, EPC commissioning support of 4.5, remains unchanged at $4.5 million.  And then finally, in that section of the table, EPC contractor total project cost, which currently reads 429.4 million, is corrected to 424.3 million, which is a reduction of $5.1 million.

Under owner's costs, the owner's cost less financing, commissioning, and close-out is -- was 35.4.  That goes down to 35.3, a reduction of 0.1.  Next line, owner's commissioning and close-out costs, $6.8 million, remains unchanged.  Next line, total project cost less financing, where it currently reads $471.6 million, is corrected to 466.5 million dollars, a reduction of $5.1 million.  Financing cost, which currently reads 46.1, is corrected to $45.6 million, a reduction of $0.5 million.  And then finally, the total cost, which currently reads 517.7, is corrected to $512.1 million, a reduction of $5.6 million.

MR. SHEPHERD:  And just before you leave that, that same -- actually, I guess it's Figure 1 directly below it
-- has the 576, and you said the P90 goes down by 17 million, not 5 million?

DR. GEORGE:  That's correct.

MR. SHEPHERD:  Okay.  I'll deal with that in cross.  I just wanted to understand.  Thank you, Madam Chair, for your indulgence.

MS. DUFF:  No.  Yeah, it complicates things slightly, but having you read out those numbers will help, I guess, others in cross-examination if they're referring to page 6.

And with that then we will proceed with the cross-examination, and first up was Mr. Stephenson from Power Workers' Union.
Cross-Examination by Mr. Stephenson:

MR. STEPHENSON:  Good morning, panel.  My name is Richard Stephenson.  I'm counsel for the Power Workers' Union.  I do have a few questions for you.  They fall into two areas, and both are pretty high-level and conceptual.  I think these are more so I understand a couple of areas a little better.

The first area relates to the concept of perfect knowledge that I know is a part of the underpinning of your report, and I just want to explore with you the scope of the knowledge items, if I can call them that, about which a perfect knowledge is assumed.  And as I understand it, and please correct me if I'm wrong, the perfect knowledge relates broadly to issues in relation to the ultimate scope of the project.  That's one of the items that perfect knowledge is assumed; is that correct?

DR. GEORGE:  Yes, that's correct.

MR. STEPHENSON:  And another area is with respect to, broadly defined, input pricing, the various inputs where there's material or labour or otherwise, perfect knowledge is assumed around that, and quantities, I guess?

DR. KRAHN:  So let me try to address that, Glenn.  Certainly the second portion of that, quantities of material are part of the assumption of perfect knowledge, because we had a final design that had gone through any -- that had gone through all of the revisions, and we had access to those changes.  Could you repeat the first part of the question, though, because I wasn't as clear what you were getting at with that.

MR. STEPHENSON:  Yeah, it was input pricing.

DR. KRAHN:  So I'm not clear what you're trying to describe when you say input pricing.

MR. STEPHENSON:  Well, what -- the unit price for the various inputs, that does perfect knowledge assume that you know the ultimate input prices?

DR. KRAHN:  And the answer to that is, no, we had to estimate -- it was part of our estimate to determine the price of a large number of components and commodities that went into the design.  So we -- the input -- as you describe it, the input pricing was not part of the assumed perfect knowledge.

MR. STEPHENSON:  Okay.  And we know that on the ground as this project evolved OPG encountered issues with respect to both of the prime contractors that were ultimately engaged on the project.  And I take it you have at least a general knowledge of the fact that that occurred; is that correct?

DR. GEORGE:  Yes, that's correct.  We have a general knowledge of that, though it's not something that was within the scope of what we analyzed in our report.

MR. STEPHENSON:  And that's exactly what I wanted to get to, which is you did not assume perfect knowledge with respect to the details about those issues because, as I understand it, those issues actually were not part of your costing exercise, they weren't considered to be relevant to your costing exercise?

DR. GEORGE:  That's correct.

MR. STEPHENSON:  Okay.  And so -- okay.  Fair enough.

Now, I want to turn to -- on this question of perfect knowledge, because you undertook this exercise after the fact, we now have knowledge of what the outcomes of the project actually were in the sense of what it actually cost OPG to do various aspects and the whole project.  And the question I -- and obviously that is not relevant -- was not relevant to your exercise, correct?

DR. GEORGE:  That's correct.

MR. STEPHENSON:  How do you -- how did you and your team in the -- undertaking your task protect yourselves against being infected, for lack of a better word, with the knowledge of the actual outcomes?

DR. GEORGE:  So perhaps Steve will offer his own view of that, but we were really operating completely separate from the actual outcomes.  We began the process with a bill of quantities which, as Steve described it, is takeoffs from drawings.  So we knew the final design.  We knew the actual quantities of materials which were required, and we could go through the exercise, the five-step exercise that Dr. Krahn described a short while ago.

There was no effort to crosscheck our results with actuals from OPG, so it just -- it did not enter the process.  Now, there is an exception to that -- really two exceptions to that.  We do discuss them on page 18 of the report.  The two exceptions are as we describe near the top of page 18 -- thank you very much for displaying the relevant page -- with respect to specialty items.

So these are so-called big ticket items and there were 32 of them.  For those, we did use the actual.  The total for those was $33 million, so it's a relatively small part of the overall cost.  But we used those because there was no easy way to take a different approach, first of all.

And secondly, we could convince ourselves -- and those five bullets that appear a little further down on the page; the last one is slightly cut off -- but through these five considerations, we developed the opinion that using these 32 actual vendor invoices was more appropriate than any calculation alternative in our analysis.

And secondly, for very similar reasons, we determined that we should use the actual cost for dewatering and drainage of the construction site.  This is described in the paragraph immediately below the five bullets because there again, there was no ready way to estimate that number using RSMeans or some other source of available data.

With these exceptions, what we did was really independent from OPG's actual costs, and we were really operating independent of that.  We just sharpened our pencils and went about our work.  We did not try to match it to any OPG number.  Indeed, we are aware there were various numbers through time.  So I'm not sure exactly what we would have matched them to, but that was not in scope for us, and that was not something we undertook.

MR. STEVENSON:  Just to follow up briefly on that issue about the dewatering point that you mentioned, am I right that that is -- that it was so fact-specific, site-specific, context-specific, that there really isn't sort of an objective external source that is helpful?

DR. KRAHN:  Yes, that was our experience.  We looked for other available guides and they just did not address the nature, complexity, and duration of a dewatering evolution as it was experienced in the D2O project.

MR. STEVENSON:  Okay.  Thank you.  I want to move to my second area, and this is in relation to your exercise of looking at a couple of comparables.  And you make reference to these, a couple of US-based nuclear projects that you used as a basis for comparison.

Am I correct -- well, let me say this.  I wanted just to explore the limits of the value of that exercise for the purposes of your report.

Am I right that you use that essentially as a crosscheck against your bottom-up analysis?

DR. KRAHN:  I think it's important to say that we used it as one of several cross checks for our bottom-up analysis.

MR. STEVENSON:  Sure.

DR. KRAHN:  As described in section VII, all of the work we did for what we call here corroborating analysis is described in that section VII.  And it was one of -- I believe it's three methods we describe to help corroborate the final estimate.

MR. STEVENSON:  Right.  The issue I want to grapple with here is, you know, we've heard on a number of occasions that this project was considered to be -- the term is first of a kind, and to square that with an attempt to compare it against other projects.  And I'm just wondering how can something be both first of a kind and in some sense unique, and at the same time have other projects which are sufficiently comparable as to be used as any basis for comparison.

DR. GEORGE:  I'll begin a response to that by saying all three of the corroborating analyses that we describe in section VII of our report, beginning on page 29 and continuing through page 33, it's useful to say that these are -- each of them is suggestive and not, in and of itself, dispositive.  So I think it's reasonable to characterize them that way.

We do think there were criteria which, for the comparables analysis, could guide selection of appropriate comparables, understanding that no comparable is really directly and a hundred percent completely comparable for a first of a kind project.

So you've hit on, I think, an important element of any comparables analysis for a unique or first of kind project.

However, we do explore those criteria in one of our Interrogatories.  And perhaps if Dr. Krahn could refresh my memory on which one that was as I flip through my printout of the interrogatories, we do explore criteria, what we believe to be appropriate criteria for selecting a comparable.  Ah, yes.

So this was AMPCO Interrogatory No. 136, and I apologize in advance. I don't know the page number of that in evidence.  However, we were queried regarding -- I'm sorry.

DR. KRAHN:  There it is.

DR. GEORGE:  Yes, there we go.  We were queried on essentially this issue and perhaps, Dr. Krahn, if you want to walk through the criteria.

DR. KRAHN:  All right.  So we discuss in this response a four-part process we used to try to identify comparables.  First, was it a liquid radioactive material processing facility or storage facility, such as the D2O facility [audio dropout] broad general similarity --


MR. STEPHENSON:  Actually, Mr. Krahn, sorry, at least with me you froze for a moment there and we missed part of your answer.

DR. KRAHN:  Okay.  I'll start again.  So the four-part criteria included looking at liquid radioactive waste processing facilities, and I will skip to item 3, which was that, were they completed during -- were they at or near completion, so that we had relatively solid data on how much they cost, were they of relatively similar size and complexity, and as you will see in section 7A3 that they were only relatively the same size, but we used parametric analysis to account for the differences in sizes.  And then were they available in public documentation described in sufficient detail so that we could conduct one of the two parametric analyses that we utilized, and those were either square footage of the completed facility or linear -- I believe the other one was linear metres of process piping installed.

So those general -- those two parametric values are fairly frequently used for early analysis of cost of processing facilities.

MR. STEPHENSON:  Okay.  And just, if I can just try to characterize those again, it seems to me that in terms of your four criteria, the first two deal with, in a sense, the likeness, the comparability of the project itself, and the second two relate to essentially the reliability of the data relating to the projects?

DR. KRAHN:  I think that that's a fair characterization.

MR. STEPHENSON:  Okay.  Those are my questions for you today.  Thank you very much, witnesses.

MS. DUFF:  Thank you, Mr. Stevenson.

Mr. Pollock for CME, you're next.  Please proceed.
Cross-Examination by Mr. Pollock:

MR. POLLOCK:  Thank you very much, Commissioner, and thank you to the witnesses for your time.  My name is Scott Pollock.  I'm counsel for the Canadian Manufacturers & Exporters.  My questions, I just really have one line of questions for you, and it's going to still stay at a relatively high level, so if our faithful document show-er could bring up page 6 of the report again, and this is Exhibit D2, tab 2, Schedule 11, attachment 3, please.  And if we can scroll down a little bit.  I'm interested in specifically the figure, Figure 1.

Now, I guess I'll start.  This figure sort of represents or is one way of displaying the sort of the conclusion that you came to with respect to this report on the cost of the D2O, which was, I guess, 512 million instead of 517 million; is that correct?

DR. GEORGE:  That is correct.

MR. POLLOCK:  Okay.  And in terms -- you gave in direct evidence, you broke down your methodology into five steps, and each of those steps I believe has a similar figure which shows, we'll call it a probabilistic analysis of the cost of each of those individual steps; is that correct?

DR. GEORGE:  That is correct.

MR. POLLOCK:  And so just to situate myself, what we're looking at here is sort of the overall or the rolled up -- all the costs for each of those five steps rolled up into this one figure, so all the previous figures in the probabilistic analysis are all rolled up into this, correct?

DR. GEORGE:  Yes, that's correct.

MR. POLLOCK:  Okay.  So I'm not -- I don't have a math background or a stats background, so I would like to just understand what this is telling us, and so as I understand it each of these -- or the bottom axis is the amount of money that the hypothetical project -- the hypothetical D2O project would cost, and the height of each of the bars in the chart is the relative probability of that project being the cost that's listed on the axis, correct?

DR. GEORGE:  Yes, that's correct.

MR. POLLOCK:  And so I see that it's sort of a wave shape or something akin to what I think is called a normal distribution, although you can correct me if I'm wrong, but it shows sort of on the left-hand side the smallest numbers, and the very right-hand side the largest numbers, a relatively small probability of the cost of the project being that low or that small, correct?

DR. GEORGE:  That's correct, and to be clear, it's not a normal distribution.  It's a skewed distribution where the probability of a cost overrun, if you will, of coming out to the right of the mean cost at any given point is larger than the probability of undershooting the mean cost estimate, so it's -- it is skewed to the right, as is typical of probability distributions around a construction cost estimate.

MR. POLLOCK:  Okay.  Thank you for that.  That's a helpful nuance.

Am I right in thinking that sort of the principal reason why -- let's take the upper bound.  So you see the 650 is the last number that's provided.  The reason that the upper bound is relatively unlikely to occur is because everything in your analysis, the most costs or the highest cost version of it would have to have occurred, so in terms of the labour productivity would have to be the lowest in the range that you've anticipated, the financing cost would have to be the highest that you've anticipated, all of those decisions points or sort of forks in the road would be the most expensive version, and that's why the total cost is sort of as far to the right as possible, correct?

DR. GEORGE:  It's not calculated that way exactly, but that would be a very general way of describing it, yes.  A point very far out in the distribution and the high direction would indicate a very large coincidence of, if you will, worst-case factors of cost and productivity and other things.

MR. POLLOCK:  Dr. Krahn?  You have your hand up?

DR. KRAHN:  I just wanted -- I did lose connection for a short time during Glenn's response, so hopefully when we go to a break I can connect and reconnect and improve the stability of my connection.

MR. POLLOCK:  Certainly.  I don't think that will be a problem.  But to the extent that you don't ever hear a question of mine or you would like to hear it again, please let me know.

DR. KRAHN:  I did hear your question, and I -- so...

MR. POLLOCK:  Okay.  Thank you.  So turning now towards the middle, so this is the area that you considered -- or you've calculated to be the mean cost, the relative height of these bars means it's much more likely in your view for the project to come out at this cost rather than the far ends and the extremes, corrects?

DR. GEORGE:  That is correct.

MR. POLLOCK:  And am I right in thinking that it's more probable because of all the different inflection points or forks in the road, it's much more likely for some of them to be on the more expensive side and some of them to be on the less expensive side, thus making the probability of occurring somewhere in the middle to be more likely, correct?

DR. GEORGE:  That is correct.

MR. POLLOCK:  So to sum it up, the area around the mean -- and I use that very generally -- shows the outcome of a number of different types of permutations of how this project could go.  So for instance, it could have very good productivity rates and terrible financing costs, which would sort of wash out, or it could be very expensive at the first part of the project and under budget in the second part of the project.  Those would all be represented within this mean cost area, correct, give or take?

DR. GEORGE:  Very generally speaking, yes, that would be a reasonable characterization.

MR. POLLOCK:  Okay.  And I would like to go one step further even.  The mean cost would also represent instances, let's say -- first -- let's take it one step at a time.  It would represent completely average circumstances where all of the inputs are completely average and you come to a completely average result, correct?

DR. KRAHN:  No, because it could -- I mean, that could be one of the cases it represents, but it would also represent the cases where an equal number of estimates were low and a similar number of estimates were high and they cancelled out to produce the median result.

MR. POLLOCK:  Absolutely.  In fact, I think we're on the same page about that.

But in addition to being -- and I think to your point, Dr. Krahn, in addition to being a completely average case, it could also represent instances where, say, the project would have come in at $500 million but for some imprudent decisions on the part of the owner, which Added, I guess, $12 million to equal a 512 total, is that correct?  That would be one of the permutations that would be represented here?

DR. GEORGE:  Well, our analysis did not in any way address prudency.  So I think you're commingling conceptually a different idea of prudently or imprudently incurred cost.  This probability distribution represents a Monte Carlo simulation where, for example, 1000 or 10,000 iterations of the project conceptually.  If you ran the project a hundred times, the average cost would be $512 million, 512.1.  Ten of them would be above 559.4 and they would fall in roughly this distribution.

It has nothing do with whether any cost was prudently or imprudently incurred.

MR. POLLOCK:  I certainly appreciate that, but let's take an example, for instance.  I know -- and you answered an interrogatory and you confirmed you didn't look at prudence, so I appreciate that.

Let's take the following circumstance for instance.  Let's say for example that the owner was to have preferred -- during the RFP process were to preferred cost rather than technical ability for the contractor.  So the contractor's labour was not as productive, because they didn't have the amount of technical skills necessary.  That increased prod -- that decreased productivity would be one of the inputs that could get you to 512 million as if in a circumstance, regardless why it happened, but productivity was not as high, correct?

DR. GEORGE:  I think the hypothetical that you're offering does not fall within the scope of what this figure represents.

MR. POLLOCK:  It does represent -- I think we've already agreed that the 512 does represent instances, for instance, where let's say the financing costs are great, the other costs are great, but labour productivity is terrible, and that is one of the gives and takes that lead you to an average outcome, as Dr. Krahn suggests.  That is part of the analysis, correct?

DR. KRAHN:  Glenn, let me -- if we could go to our Bates White response to Board Staff Interrogatory No. 172, that particular question in response I believe addresses the question that's being asked is what is the potential impact of changes in productivity, regardless of what would cause the changes in productivity.

But we, in accordance with that request, produced a sensitivity plot which evaluated what potential changes in productivity what that -- what impact that would have on productivity.

So as opposed to just qualitatively addressing your question, I believe we quantitatively addressed the question of changes in productivity and their impact on the cost estimate.

MR. POLLOCK:  Thank you for that, Dr. Krahn.  But my question was actually a little bit different, and it's simply in the probability analysis, so back to that figure. I appreciate there is a sensitivity to that specific labour input, but within the probability of coming up to $512 million, there's a whole host of different permutations of outcomes, and I think we've agreed about that.

And I think we've agreed, and you've indicated that you didn't regard why those permutations and those different outcomes occurred, whether it was prudence or not.  Is that right, Dr. George?

DR. GEORGE:  That's correct.  At no point did we consider the prudence of any action which was taken or not taken.

MR. POLLOCK:  So there is nothing inconsistent then with your finding that the mean cost is $512 million or thereabouts.  The fact that OPG came in -- I think they're asking for 510 or so million dollars, and also the potential prudence or imprudence of their decisions which got them to full cost of 510.

There is nothing in your model that suggests that just because they came in around the mean that there is no possibility of imprudence, correct?

DR. GEORGE:  I would suggest there is a dissonance between the assumption that is being made in your question and the analysis that's being done here.

Specifically, the question suggests that something actually not probabilistically, but that there was evidence that something actually occurred, for example the example that you've given of some sort of imprudently incurred cost.

But knowing with certainty that some cost differed falls outside the conceptual framework of a Monte Carlo simulation.  One can't simultaneously superimpose a known change in a number onto what is a probabilistic distribution of potential outcomes of many, many iterations of the same project.

So there is a conceptual disconnect, I would suggest, between the premise of the question and the analysis that was performed as represented in Figure 1.

MR. POLLOCK:  Let me see if I can sum up, and maybe you disagree with this.  But I appreciate your point about them being conceptually different.

But from this, from your analysis and from the fact that OPG came in at $510 million, we cannot conclude with any type of certainty that they were prudent in their management of the project, correct?

DR. GEORGE:  We express no opinion regarding prudence, nor do we suggest that any opinion regarding prudence can be discerned from the analysis we performed.

MR. POLLOCK:  We can't even draw -- actually, you know what?  That's fine.

One final question.  In terms of again what your study does tell us and what your study doesn't tell us, your study and your scope of work doesn't include any of the other potential solutions to OPG's operational needs, other than the D2O project, correct?

DR. GEORGE:  That's correct.

MR. POLLOCK:  If I could use an analogy, your report would tell us, for instance, whether or not we got a good deal in buying a Lamborghini, but not necessarily whether a Honda Civic would get us from point A to point B as effectively?

DR. GEORGE:  We're back to the question of comparability perhaps, but yes.  Broadly speaking, your point is I think broadly accurate that our report does not address the alternatives which may or may not have been open to OPG to solve the issues they needed to at the Darlington site.

MR. POLLOCK:  Okay, thank you.  These are my questions.  Thank you, Commissioner.

MS. DUFF:  Thank you, Mr. Pollock.  I see we're near the lunch hour.  I just want to do a time check.  Next on board was CCC/AMPCO.  Is that Mr. Buonaguro?  If he is on the call, can he put his camera on?

Mr. Buonaguro, I am just checking.  Do you still have an hour of cross-examination?  Would you be prepared to start after the lunch?

MR. BUONAGURO:  I updated my estimate after the schedule came out last night, so I apologize.  You'll be happy to know that I'm looking in the 15-to-20-minute range.

MS. DUFF:  Okay.

MR. BUONAGURO:  So it's less.

MS. DUFF:  Thank you.  So we will take our lunch break.  But before we do, there is one thing I wanted to mention.  If you've been seeing the updates, apparently undertaking JT1.1 has been filed.  It was the panel question to OPG's witnesses regarding the settlement, and it asked for an illustrative example of the earnings sharing mechanism and providing the numerical results.

If I can just ask the parties to the settlement -- it's two pages, so it's not very long.  We will assume it's consistent with what the parties agreed to and if you can take a look at that you during the lunch, we would appreciate that and deal with that during the oral phase of this proceeding if there's any issues.

So on that, it is approximately 12:25.  We will break until 1:30 and we will rejoin at that time.  Thank you very much.
--- Luncheon recess at 12:25 p.m.
--- On resuming at 1:32 p.m.

MS. DUFF:  Welcome back, everybody.  It says I'm muted, but I'm not.  If you can hear me, that's great.

Mr. Buonaguro, you're going to cross-examine this panel.  If you want to proceed; thank you.
Cross-Examination by Mr. Buonaguro:

MR. BUONAGURO:  Thank you very much.  Good afternoon, panel.  My name is Michael Buonaguro.  I'm counsel for the Consumers Council of Canada and also today acting on behalf of AMPCO.  I only have a few questions.  Interestingly, your correction at the beginning is where I was going to start, so if we can look at K1.3, which is the evidence book or compendium of evidence that we circulated on Wednesday or have been using on Wednesday, and looking at tab 25 of that book.

So this is Exhibit D2, tab 2, schedule 11, attachment 3, page 113, and this just happens to be the page that you corrected, correct?

DR. GEORGE:  Yes, that's correct.

MR. BUONAGURO:  And the correction on this page was to take the total, which we have highlighted in our book, of 24,548,940 and bring it down -- it actually becomes not a subtotal of those amounts at the top, but it becomes the total of everything on the page; is that right?

DR. GEORGE:  Yes, that's correct.

MR. BUONAGURO:  Sorry, it replaces the 30,211,408.60 at the bottom?

DR. GEORGE:  Yes, that's correct.

MR. BUONAGURO:  So I think that helps us a bit, so if we go back to the top, this is described as the drainage temporary provision and unit cost estimate dewatering based on actuals.  So -- and I think you also talked about which items you used actuals for, and dewatering is one of them, right?

DR. GEORGE:  That's correct.

MR. BUONAGURO:  And so f I ask you the question how much did it cost OPG to undertake dewatering of the site because of the water levels where they happened to build, the answer is 24 million or 24-and-a-half million, give or take, based on these numbers?

DR. GEORGE:  That's our understanding, yes.

MR. BUONAGURO:  Okay.  So one of the questions I was going to ask is what do you actually mean by actuals at the top of the page after dewatering?  But that's the answer, it is actually information you got directly from OPG?

DR. GEORGE:  Yes, that's right.

MR. BUONAGURO:  Okay.  Thank you very much.  I want to go to tab 26.  And I should say while we're going there, I have an outstanding undertaking from OPG on this specific question, so I'm assuming I'm going to get a similar answer, but we'll see.  Tab 26.  So this is -- what we have highlighted here for the purpose of discussion are the tank costs.  So again, this is Exhibit D2, tab 2, Schedule 11, attachment 3, page 125 of your report, and we've highlighted tanks.  When it says 28 for the -- I assume that's the number of tanks?

DR. KRAHN:  I'm getting to that page, sorry.

MR. BUONAGURO:  Sure.

DR. KRAHN:  So, yes, 28 is the number of tanks that that estimate reflects.

MR. BUONAGURO:  And when it says OPG PO number 0024, I'm assuming that's some reference to an actual OPG PO order.  Can you just explain what that means?

DR. KRAHN:  Yes, so in that -- yes, as laid out in the text of the report, this is one of the categories for which we requested actual information from OPG, and we used OPG purchase order numbers, purchase order information, to develop this actuals estimate.

MR. BUONAGURO:  Okay.  So does that mean you used their information about what they bought and then you priced it on your own?  Is that what that means?

DR. KRAHN:  No, we -- what we did with this is the -- we reviewed the information from the purchase order.  We also, as we describe in the report body, reviewed information concerning the EPC contractor's procurement processes, to ensure that they were consistent with our experience in the nuclear industry, to give us confidence that those purchase order numbers were accurate reflections or were reasonable estimates, and then we used that information to -- as an input to that portion of the materials cost for this estimate.

MR. BUONAGURO:  Thank you.  Does that include the labour?

DR. KRAHN:  No, the labour -- the labour is an estimate on a per tank basis for the process of landing the tanks on their foundation in the facility.

MR. BUONAGURO:  Okay.  Thank you.  So if we look at -- it looks like for tanks specifically it's sort of a -- and an installed cost for all 28 tanks of $4.7 million, approximately?  That's what you have here?

DR. KRAHN:  Let me go back and make sure [audio dropout] landed, which means landed on their foundations in the facility.  Installed would indicate there -- you know, there's connecting piping that has to be done and the entire fluid systems associated with the tanks that have to be constructed, so this specific portion of the estimate addresses getting the tanks into the facility and landing them on their foundations.

MR. BUONAGURO:  Okay.  So then if we look at it a little bit further on, there's tank crew, heat exchanger crew, pump crew, subtotal labour, so on and so forth, and it comes up with a total of $7.1 million, or 7.167.  Including the tank cost at the top, I believe -- oh, no, no, yes, including the tank cost and the heat exchangers and the pump cost.  Is that installed in the facility other than connecting it to piping systems, which we're going to talk about in a bit?

DR. KRAHN:  So I think it would be -- I think it would be best for me to take an undertaking to review this -- this portion of the estimate to refresh my memory on exactly what those subtotals are, rather than --


MR. BUONAGURO:  Okay.

DR. KRAHN:  -- trying to reconstruct it in my mind at this [audio dropout]


MR. BUONAGURO:  Okay.  So I'll tell you what I'm looking for.  I'm trying to get a sense of what your cost was -- your cost estimate was for getting the tanks, purchase the tanks, bringing the tanks, putting them on-site, and having them ready to connect everything else, without connecting to everything else, if that makes sense to you, so it's before you're connecting into all the subsystems that we're going to talk about in a second.  So I'll take that undertaking.

MR. MILLAR:  The undertaking is J3.5.
UNDERTAKING NO. J3.5:  TO DESCRIBE THE COST ESTIMATE FOR GETTING THE TANKS, PURCHASING THE TANKS, BRINGING THE TANKS, PUTTING THEM ON-SITE, AND HAVING THEM READY TO CONNECT EVERYTHING ELSE, WITHOUT CONNECTING TO EVERYTHING ELSE, SO BEFORE CONNECTING INTO ALL THE SUBSYSTEMS.

MR. BUONAGURO:  Perhaps as a matter of clarification, when you use a description of the tanks you say PHT moderator feed and product, which I think accurately describes, I believe it's 19 of the tanks, of the 28.  Is that just a general description?  You didn't mean to limit the description to those four types?

DR. KRAHN:  Yes, we chose in this estimate to provide an estimate for landing all of the major tanks.

MR. BUONAGURO:  Right.  So I'm just saying in this case the description is just a touch misleading, because it includes, I believe it's nine other tanks, which wouldn't be characterized as PHT moderator feeder product tanks?

DR. KRAHN:  Yes, that could have been clearer.  The shorthand is probably misleading, and we can make sure that we address that in the undertaking as well.

MR. BUONAGURO:  Okay.  Thank you.  Now, I'm going to take you to tab 20 -- sorry, tab 50 of the same exhibit, so K1.3.  So this is a table we prepared, but all of the information is pulled directly out of the report, and I believe if you look at it, you will see that they've used the same category numbers.  So there's B, and then B-02, for example, for existing conditions comes out of your report.  And it's reorganized into the categories so we can take a look at it.

We are interested in the piping system cost to see how much of the total cost of the estimated is relating to connecting each of the 28 tanks that we just discussed to the different systems, to each other, so on and so forth.

And it looks like -- and you're going to correct me, hopefully, if I'm wrong, which I probably will be -- the bulk would be process systems which totals about 175 million.  And it looks like that's most of the interconnection between the tanks and the different systems at the site.

But there also might be other costs.  So for example, the process system tie-ins might be part of that tank connection specific, and there might be some costs relating to process support systems.

With that sort of our understanding in mind, what I'm looking for is how much of these costs that we see here that are all characterized as pipefitting and valve costs, how much of that relates to the costs associated with each tank being piped with the associated valves around the unit, around the storage facility and beyond?

DR. KRAHN:  I lost you about halfway through that question, sir.  Could I ask you to repeat it, please?

MR. BUONAGURO:  Sure.  Maybe I can take an example and maybe that will help.

So there are 28 tanks in the facility.  There are eight that characterized as PHT tanks, so eight tanks put in the facility to store water drained from a PHT.  So there's eight of those tanks; they're a hundred metres cubed.  Each one of those tanks has piping and valves that connect it to the various systems in the building.

I'm trying to figure out how much that cost is for all the tanks.  But, you know, as this example, one of the tanks would suffice, just to show where these categories capture those costs.

DR. KRAHN:  Well, the most frank response I can give is that is not a way that we organize the estimate.  So if there was a desire, and if that's important to the Panel to have that information, it would require us to reorganize the analysis that we have done to date, because that's -- that's not a way that we have parsed the data.

So if that's an important piece of information, it would be helpful to us to get a clear definition of what the reanalysis is before we launch off on it.

MR. KEIZER:  I guess the point being is I don't think -- I guess the question is -- is your question, Mr. Buonaguro, if it's leading to a complete redo of the report because you've caused them to look at the estimates in a different way, then I think that is a task we wouldn't want to undertake given the fact they produced the report and produced an estimate based upon how they believe they should approach it given the facility, and it's not helpful at this point to go back and redo the report in a different way to slice the information in a different means, particularly if that's going to result in a significant amount of work.

MR. BUONAGURO:  Maybe we can take it in baby steps.  If you look at D, process systems, under D-01 it says PHT moderator systems, the cost there is $101 million, and it is described in the evidence as pipe fittings and valves.

That suggests to me that that is the cost of connecting tanks to things, because that's what the pipe fittings and valves are, and tanks in particular, because we're talking about the PHT moderators in the D2O system.  Am I correct in that?

DR. KRAHN:  It's not simply connecting tanks to the system.  It is all the piping, sensors, pumps, and other components that are integral to those systems.

MR. BUONAGURO:  Okay.  And those systems are moving water between tanks, right?  And between systems?

DR. KRAHN:  Those systems are accepting water, storing water, providing the ability to move the water from tank to tank, and then have the ability to discharge the water for other purposes, a water purpose other than what you outlined.

MR. BUONAGURO:  Sure.  But it still has to do with moving the water at some point not in a tank and then into a tank, or from tank to tank, or from the tank to a TRF, or from the tank to a unit and so on?

DR. KRAHN:  And those are the basic functions of the fluid systems of the D20 storage facility.

MR. BUONAGURO:  Thank you.  And I assume that we start with 28 tanks.  If you had 27 tanks, you'd have less piping, valves, and fittings, right?

DR. GEORGE:  We don't know that without understanding what the hypothetical alternate functionality is and design of the system.  So you're asking us to make all sorts of assumptions in that counterfactual.

MR. BUONAGURO:  Right.  So you think that if you take a fully connected tank out, you won't necessarily reduce the piping?

DR. KRAHN:  There is no reason to believe it would scale in that way.

MR. BUONAGURO:  Okay.  Can you tell me which of these systems don't involve tanks at all?

DR. GEORGE:  Sitting here right now, I don't see a way to do that on an extensive list of systems.  So if there is a set of questions, I would suggest they be provided and we take an undertaking and answer specific questions.

But sitting here now, I don't see a way to answer what's been asked.

MR. BUONAGURO:  Let's take a look at the total list.  The first is B, architectural, structural, civil, correct?

DR. GEORGE:  Yes, we see that.

DR. KRAHN:  That's on your list.

MR. BUONAGURO:  Right.  And presumably, that's just the building essentially, for the most part?

DR. GEORGE:  Just to back up again, we don't know where this comes from.  You've asserted it's extracted from our report, which I'm willing to accept.  But without the opportunity to see how you have taken our data and repositioned it into this table, the best we could do in this setting is speculate as to answers to your questions.

So we can proceed, but without a clear idea of where you're going or what you're trying to extract, I don't know how useful this particular path is.

MR. BUONAGURO:  It doesn't feel like we're going to get anywhere.  I'm just going to check my reference, so give me a second.

Based on that view from the witnesses, I don't think I can usefully move along with what I was looking at, so I'm going to end my cross.  Thank you.

MS. DUFF:  Thank you, Mr. Buonaguro.  Next on the list was SEC.  Mr. Shepherd?

MR. SHEPHERD:  Thank you, Madam Chair, and I can tell you that -- I'm pleased to tell you that I don't need sixty minutes.  And how much I will need, I don't know.  But I'll do my best to keep it down to much less than that.  And I'm only going to be referring to two documents.  One is the Bates and White report itself, and the second is the interrogatory response AMPCO 172 that my friend referred to previously.

So first on the Bates and White report, I just want to understand the adjustment that you made to page 113 of that report.  Can you turn that up?  So you see at the top you have 24,548,940.  Now, can you go to the bottom, please?  And you just -- you said, and then you just confirmed to Mr. Buonaguro, that you replaced that 30-million-211 with 24-million-548, right?

DR. GEORGE:  Yes, that's right, and everything in between is simply deleted.

MR. SHEPHERD:  Okay.  So then that's a difference of $5.4 million -- or, sorry -- yeah, $5.7 million, and so I don't understand why you have a 4.4-million-dollar difference.  Is it 5.7 or is it 4.4?

DR. GEORGE:  It is 4.4, because there's also a mathematical or addition error in the bottom of the table.  So the number is 4.4 lower.

MR. SHEPHERD:  Sorry, which number is 4.4 lower?

DR. GEORGE:  The total should be 20 point -- excuse me, 24.549.

MR. SHEPHERD:  Okay.  So if the total is 24.549, subtract that from 3211 and you get 5.7.  That's the difference, right?

DR. GEORGE:  Steve, can you explain the --


DR. KRAHN:  Yeah, so if you --


DR. GEORGE:  -- variance on --


DR. KRAHN:  -- if you look -- so in the correction that we will be submitting for this page, if you look at the number to the left of the subtotal of 5,545,204, that number is an incorrect -- was developed through an incorrect formula.  That number should be as the total of external equipment and materials required for the estimate that we're now deleting.  So that was a calculational error in the spreadsheet that we will be correcting as part of our new submittal.

MR. SHEPHERD:  I'm sorry, that doesn't explain anything at all, Dr. Krahn.  I'm sorry.  You said take everything out between the 20.5 million and the 30.2 million, so let's take everything out.  You don't need to talk about that 5.545, do you, because you're taking it out, and then --


DR. KRAHN:  Okay.

MR. SHEPHERD:  -- you're saying replace the 30.2 with 24.5.  I can do math.  It's not 4.4 different.

DR. KRAHN:  Yeah, we have to -- I mean, this is why we have to go back and recalculate it within the framework of the overall estimate, because we have to de-escalate this for the years that it was expended, and that's true of all the totals in this appendix.  This appendix is in, as I recall, 2019 dollars, and as described in our report, this was an immediate first step to total, but then we time-phase the expenditures based on the six-year time frame of the project.

So we have to take that 2019 dollar value, which is what all of the RSMeans estimates were done in, and spread it over the years in which the funding was expended in which the work was done.

MR. SHEPHERD:  Dr. Krahn, this is not an RSMeans number, right?  This is actually an invoice number, isn't it?

DR. KRAHN:  And the invoice -- the invoice numbers also -- the actual numbers also have to be spread over the years that the work was conducted.

MR. SHEPHERD:  Sorry, you just said it was an RSMeans number, but now you're saying it's not, it's an invoice number.  Which is it?

DR. KRAHN:  I misspoke.  It is an actual number from financial information that we got from OPG.

MR. SHEPHERD:  And so you have to take the new number of 24.5 million, and you have to spread it over the period that it was actually expended, right?  Is that right?

DR. GEORGE:  Yes, we de-escalate it to the year in which it was expended and then bring it forward for the time value of money for the financing.  That's the general framework.

MR. SHEPHERD:  That's going to increase the difference.  It's not going to decrease the difference, because you're de-escalating at a lower rate than your financing cost, so therefore -- if you said it was 4.4 and now it turns out the math says 5.7.  In fact, if you de-escalate for inflation and re-escalate -- or, sorry, for currency, and re-escalate for financing costs, that 5.7 is going to be larger, not smaller.  It's not going to be 4.4, is it?

DR. KRAHN:  I'm going to suggest that we have an undertaking to revise this estimate.  We will revise the estimate and submit it, and people can review that calculation when it is complete.

MR. SHEPHERD:  This is not a question about whether this number is right, Dr. Krahn, this is a question about whether any of your numbers are credible.  This is -- I'm asking questions about credibility here, not about how much it cost for pipes.

So you've said a number of different things, most of which don't appear to be correct, and I'm trying to understand what the actual correct answer is.  Do you know the correct answer?

DR. GEORGE:  We've committed to redo the entire report, starting with the correction on page D47, which we will do.  And as Dr. Krahn suggested, the appropriateness of that correction as it flows through the entire report can be judged at that time.  In our view, the credibility of the report is not undermined by the error on page D47.

MR. SHEPHERD:  I don't believe the credibility of the report is undermined by an error, I think it's undermined if you don't know what your report actually says, and that's what you appear to have just told me.  You don't even know whether this is an RSMeans number or an actual number, and you just talked about it.

DR. GEORGE:  It's an actual number.

MR. SHEPHERD:  Okay.  I'll leave that.  I want to go to page 6 of your report.  So this is -- I'm looking now -- it doesn't matter where in the report -- where on the page.  In each case you include a contingency, right?

DR. GEORGE:  What do you mean by "each case"?

MR. SHEPHERD:  Well, you have a bunch of numbers up there.  Some of them have contingency in them, right?

DR. GEORGE:  The contingency line is contingency.  It's added to the number without contingency.  And then the number includes contingency.

MR. SHEPHERD:  So for example, fee and contingency, 47.2 million, which we now know is 46.6 million or maybe something else, I don't know.  That amount includes some -- like, $20 million for contingency, right, something like that?

DR. GEORGE:  It does include contingency, which is explained within section 5C on page 13 of the report.

MR. SHEPHERD:  Okay, go on.

DR. GEORGE:  So we calculate a contingency as described in general there, and a fee, and include those two elements in the line which says "fee and contingency". Those two together sum to $46.6 million.

MR. SHEPHERD:  Here's what I don't understand.  You did an estimate based on perfect knowledge, right?  You know exactly what was built, exactly what happened, right?

DR. KRAHN:  We describe what we mean by perfect knowledge in the report.  Perfect knowledge means we had --


DR. GEORGE:  This is in section 4B, state of knowledge, at the bottom of page 8 into the --


DR. KRAHN:  Perfect knowledge meaning in this report.

MR. SHEPHERD:  Sorry, I didn't catch what you were saying --


MR. KEIZER:  There was a gap on Mr. Krahn, sorry.

DR. GEORGE:  So as we see at the bottom of page 8 and to the top of page 9, perfect knowledge means perfect knowledge regarding project scope, design requirements, and actual site conditions.

As we further explain in the first full paragraph on page 9, despite perfect knowledge, variability in some factors including labour productivity, weather, and the need for modest rework among others is an unavoidable part of any construction project.

MR. SHEPHERD:  Here's what I don't understand.  If you knew what the site conditions were and you knew what was actually built, because that's what you assumed had to be built, then where's the contingency?  You already knew everything.

DR. GEORGE:  Perfect knowledge means project scope, design requirements, and actual site conditions.  It doesn't mean the normal variability in performing complex work of this sort.

MR. SHEPHERD:  So you're saying that even if you knew everything, even if you knew everything, a project is going to cost 10 percent more than you expect?

MR. SHEPHERD:  It could cost anywhere in the distribution shown in Figure 1.  So perfect knowledge as to, for example, a complete design, knowing what's on-site, and so on, there is nonetheless significant remaining variability in a whole range of factors, which are summarized at the top of page 9 regarding productivity, weather, need for modest rework, things of that sort.

Perfect knowledge doesn't mean absolute perfect foreknowledge of each and every bit of work, and the duration of each and every bit of work, for example.  It means you know what the design is, you know what the site conditions are, and you know what the design requirements are.

MR. SHEPHERD:  So there is still the possibility of variability around what you know, right?  There are some things that could be better or worse, you just don't know?

DR. GEORGE:  That's right, and that's why we show that probability distribution at Figure 1.

MR. SHEPHERD:  So why would you have a contingency which only goes in one direction?  A contingency says you're going to spend more money, and in fact you've assumed they spent more money even though you've used a mean to get to the final number.

If you have a contingency, that means you're above the mean, doesn't it?  That's not variability; that's cost overruns.  You've assumed cost overruns, right?

DR. GEORGE:  No, we haven't assumed it.  We include in the budget for -- in the project cost for the project.  It's standard industry practice to include a 10 percent contingency within the project cost for budget, and this is all explained in section 5C on page 13.

MR. SHEPHERD:  Except, Dr. George, you're not using standard industry practice, because you have hindsight.  And so yes, when you're doing an estimate at the front end, you don't have any hindsight.  You don't know what the perfect -- the actual site conditions are, so you include a contingency.  I get that.

But if you have knowledge of actually what's going to happen, then why would you need a contingency?  Variability, I get.  Above and below, I get.  But assuming a cost overrun, I do not understand.

DR. GEORGE:  So a few comments there and I would invite Dr. Krahn to add his thoughts.

But first of all, we don't assume a cost overrun.  We include a contingency in the budget for the cost estimate.

Secondly, I do take issue with --


MR. SHEPHERD:  I'm sorry.  Let me just stop you on that point, please.  You include a contingency and you assume it was spent?

MR. KEIZER:  He was in the process of answering the question and you interrupted him.  Let him answer first.

MR. SHEPHERD:  Mr. Keizer, he finished point one and I wanted him to clarify point one, which I'm allowed to do.

MR. KEIZER:  I think the witness should be allowed to answer his full answer before you interrupt him.

MR. SHEPHERD:  If he doesn't want to answer, that's fine.

DR. GEORGE:  I'm glad to answer.  We include the 10 percent contingency in the project cost.  We don't assume anything is spent or not spent.  Our analysis doesn't address what is or isn't actually spent on anything.

This is a construction cost estimate.  By its very nature, it does not include dollars which are spent or not spent.  It's a cost estimate.

Beyond that, the second point I would like to make is that the premise of the question is there is something inconsistent with normal industry practice in performing a cost estimate of the kind that we did.  I very much take issue with that, and I know Dr. Krahn does as well, because this is a very typical kind of exercise.

There are many instances, including a number that we addressed as part of our qualification as experts in the field we were qualified in.  Many of those instances we describe of performing construction cost estimates were done after the fact.

There is nothing unusual about this.  There is nothing contrary to typical industry practice at all.

MR. SHEPHERD:  Okay.  Dr. George, when was the last time, when you were representing a utility, that you gave an opinion that the reasonable cost of the utility or the properly estimated cost of the utility was less than what they actually spent?  When was the last time you did that?  I've look in your past.

DR. GEORGE:  In two of my pending cases before the US Court of Federal Claims, those are my opinions.  It wasn't clearly relevant here, but those are my opinions.

MR. SHEPHERD:  And those are opinions you're giving in situations where your utility client is claiming that the contractor overspent, right?

DR. GEORGE:  I'm not describing the circumstance any more detail about it.  These are matters under seal.

But you asked a question and my response is that in two pending matters in the US Court of Federal Claims, my opinion is that the cost should have been less than that which the utility is claiming was expended.

MR. SHEPHERD:  Thank you.  I want to -- can you go to page 8 of your report, please?

You were talking about state of knowledge and I just want to ask -- at the very bottom of the page, you say:  
"We assume that the design specifications of the facility as constructed reflected final requirements, incorporating both initial requirements and subsequent modifications."


So if I understand that correctly, your assumption is that this is exactly what they needed, or exactly what they wanted to build -- whether they needed it or not, you're not giving an opinion on, right?

DR. KRAHN:  Let me say that what it is -- what it states is that it's exactly what they built, and when we're talking about requirements, we're talking about the technical specifications for the system, and that the system was completed in accordance with the technical specifications that are in the drawing and the system description for the system.

MR. SHEPHERD:  So you haven't -- you've assumed, for example, no scope creep in the project, right?

DR. KRAHN:  It was not within our bounds to evaluate whether the scope had changed.  It was our ask to evaluate the building as constructed.

MR. SHEPHERD:  Thank you.  Can you go to page 9?  And it actually took OPG longer than six years to build this, but you assumed for the purposes of your estimate that it only took them six years, right?

DR. GEORGE:  Yes.

DR. KRAHN:  We assumed a six-year schedule.

MR. SHEPHERD:  Okay.  And you say you began it in 2013 because it needed to support the larger DRP.  Can you explain that?

DR. KRAHN:  We assumed it started in 2013 consistent with the information that we had about the rest of the upgrade program.

MR. SHEPHERD:  But -- sorry, you say to reflect the need to support the larger DRP.  The reason I ask the question is that six years from 2013 wasn't early enough to be useful for unit 2, was it?

DR. GEORGE:  We do not evaluate the role of this project within the broader DRP, the necessity of the project, nor the timing of the project relative to any specific need within the DRP.

MR. SHEPHERD:  Okay.  I want to go to page 12 of your report, and you refer to the bill of quantities, and the bill of quantities is a list of things that had to be procured or constructed that was provided by OPG, right?

DR. GEORGE:  Yes, that's correct.

MR. SHEPHERD:  And is that filed on the record, by the way?

DR. GEORGE:  We don't know whether it's on the record.  It's certainly referenced in our report.

MR. SHEPHERD:  Can we have an undertaking to file the bill of quantities, please?

MR. KEIZER:  I guess subject to, if you have how large a file or extensive it could be in terms of putting it together.  Actually, I believe it is on the record, and I can get for you, Jay -- sorry, Mr. Shepherd, a [audio dropout]


MR. SHEPHERD:  If you can get me a reference, that would be very useful.  I looked around for it and I couldn't find it, but there's a lot of material.

So the bill of quantities, Dr. George or Dr. Krahn, would include, for example, we had to buy this much of this type of pipe, right?

DR. KRAHN:  Yes.

DR. GEORGE:  Yes --


MR. BUONAGURO:  Okay.

DR. GEORGE:  -- the BOQ is based on takeoffs, as Dr. Krahn described earlier in today's testimony, from the as-built drawings, and we validated the BOQ to ensure there was no obvious duplication, nothing was obviously missing, that the overall set of elements in the BOQ seemed reasonable, and so, yes, it was provided by OPG, the BOQ was, but we validated it through cross-check, not exhaustively, but on a case basis with the drawings themselves.

MR. SHEPHERD:  Well, you didn't check to make sure that stuff was installed or anything like that, you just looked at it and used your professional judgment to assess whether the numbers looked reasonable given the project, right?

DR. GEORGE:  Whether the numbers in the BOQ matched what was in the as-built drawings.  No, we did not conduct a physical investigation at the site to ensure the as-built drawings were prepared accurately.

MR. SHEPHERD:  No, sorry, that wasn't my question, though, so even whether or not you went on-site, you didn't take the number of metres of certain type of pipe and go to the design drawings and measure it, right?  You looked and said, does this number look like a reasonable number given the design drawings; is that fair?

DR. GEORGE:  Steve, you can explain that.  It's more than what you just described.

DR. KRAHN:  So we looked at what we anticipated to be high-value components and made sure that the count for those components and the description of those components was accurate.  For example, we took all of the nuclear tanks, made sure that those -- the nuclear tanks that we -- that were in the BOQ were a one-for-one match for the nuclear tanks that were in the invoices that we had.

Similarly, we looked at also major components like the chiller and validated that the description of the component in the purchase order for that component matched what was in the drawing.  We did not --


MR. SHEPHERD:  Can I just clarify that, please, Dr. Krahn?

DR. KRAHN:  Sure.

MR. SHEPHERD:  These are all things that -- you just took the number that they paid anyway, right?  You didn't 

-- the bill of quantities was irrelevant to you in that context, because the invoices were the number in your estimate, right?

DR. KRAHN:  The two components that I just mentioned were components for which we used the actual cost.

MR. SHEPHERD:  Okay.  Go on.  Sorry, I interrupted you.

DR. KRAHN:  For the tritium removal system, we did do an evaluation of the length of the piping in the isometric against the amount called for in the BOQ, because that was a very unique system, and we wanted -- and I wanted to make sure that that was a reasonable estimate of the length of piping in that system.  That is the system for which I can recall having done a detailed look at the length of piping involved in the system.

MR. SHEPHERD:  Okay.  Well, that's interesting.  Have you -- that evaluation of the length of pipe, have you filed that somewhere?

DR. KRAHN:  No.  It was done in process as we were developing the cost estimate.  I did not individually document that review.

MR. SHEPHERD:  Well, you did, like, a spreadsheet or something, right?

DR. KRAHN:  I did not.  I did a -- I had the drawing and I, you know, I had a ruler and looked at the lengths of pipe.  I'm an old-school guy.

MR. SHEPHERD:  So are we both.  All right.  You talked about the amount of pipe, and we heard evidence that the amount of pipe in this facility was originally supposed to be three kilometres and then became five, then 10, and then 14.  And so what I would like you do -- and you'll probably have do this by undertaking -- is go back to your assumptions, go back to your -- whether it's the bill of quantities or your own internal documents -- identify the kilometres of pipe that are included in your estimate and categorize them by type.  So -- because some -- there are some very different types of pipe in this system, right?

DR. KRAHN:  Right.  There are class 3 pipe, class 6 pipe, stainless steel non-class pipe, and then a more limited amount of other materials.

MR. SHEPHERD:  Okay.  So can you just give us a table that says, here is what we assumed in the as-built, this many kilometres or metres, if you like, of this kind of pipe and this kind of pipe and this kind of pipe, and this is how much we assumed they cost fully installed?  Can you do that?

DR. KRAHN:  It is an analysis that we can do.  I mean, I would look to the panel and OPG for guidance on whether or not they want to undertake a fairly substantial review like that.

MR. KEIZER:  I guess that's my question in terms of what is the substant -- how much of a review is that?  Is that days, months?  How long is that?

DR. KRAHN:  It's not days.

DR. GEORGE:  It would be a very significant undertaking.

MR. SHEPHERD:  Sorry, we're talking about maybe $200 million of the overrun is pipes and valves and fittings.  You can't give us the details on what you assumed for those?

DR. GEORGE:  We worked on the BOQ, so everything that we used is in the BOQ --


DR. KRAHN:  A summation of the piping runs that are quoted in the BOQ, the effort to validate those on a one -- on a pipe by pipe basis with the drawings is a non-trivial evolution.

MR. SHEPHERD:  I'm not asking to you do that.  I'm asking you to tell me -- your estimate starts with the BOQ and says these are the quantities that were used.

So all I'm asking you to do is go to the BOQ, break down the pipe by category, and tell me what your estimate includes for that pipe.  Just a table.  You don't need to go to the design drawings and see where it is.

MR. KEIZER:  So based solely on the BOQ, Mr. Shepherd?

MR. SHEPHERD:  Unless their estimate is based on something else, yes, based on the BOQ.  Can you provide that undertaking?

MR. KEIZER:  That would -- yes, we'll undertake to do that.

MR. MILLAR:  That's J3.6. 
UNDERTAKING NO. J3.6:  TO PREPARE A TABLE SHOWING BOQ BREAKING DOWN THE PIPE BY CATEGORY, AND SHOWING ESTIMATES FOR THAT PIPE; TO FILE A COPY OF THE BOQ 

MR. SHEPHERD:  Thank you.  It was you, Dr. Krahn, that looked at the actual design drawings, right?

DR. KRAHN:  I was probably the one who spent the most time with the drawings.

MR. SHEPHERD:  You both looked at them?  Okay.  Then anybody can answer this.  How much of the equipment was spent -- ended up not being located not in the D2O?

How much of the equipment that is part of the cost ended up being located somewhere else in the heavy water management building, in the tritium removal facility, even all the way to the units wherever, anywhere other than the D2O itself? How much was in that -- was not in the D2O?

DR. KRAHN:  That is an analysis that wasn't required to do the cost estimate.  We can perform that reanalysis if it's deemed to be important to the proceedings, but we would have to take an undertaking to do it.

MR. SHEPHERD:  Of course.  Some of it was not in the D2O, right?

DR. KRAHN:  Yes.  I mean, certainly there is connecting piping that is underground outside the D2O.  So yes, there is.  There are electrical components that are in positions outside of the D2O structure.

MR. SHEPHERD:  There is also -- part of this project includes new piping that was actually in the heavy water management building, right?  Isn't that what you saw in the design drawings?

DR. KRAHN:  I would not -- I would believe that to be true.  But before I answer it, I want to go back and look at the boundary -- I mean, there were boundary delineations between the heavy water management facility and the D2O project, and I would want to confirm my -- reconfirm my understanding of those drawings.

MR. SHEPHERD:  When you did the estimate, did you assume that anything that had to be done to connect the D2O to the heavy water management building, and make sure that the water flowed correctly at the appropriate times and efficiently no matter where it was, that that was included in the estimate you did?

DR. KRAHN:  No.  That would have been part of the scope of doing the design evaluation of the D2O facility, and that was not within the scope of what we were asked do.

MR. SHEPHERD:  When you look at as-built, you didn't assume that a reasonable project would include, for example, replacing pipe in the heavy water management building that needed to be larger to accommodate the storage, as an example?

DR. KRAHN:  That would not have been within the scope of our project.

MR. SHEPHERD:  Awesome.  I have a couple more questions and then I'll be done.

With respect to the things for which you used invoice prices, you assumed -- tell me whether this is correct.  You assumed a proper procurement process and proper management of those contracts, right?

DR. GEORGE:  What we assumed and the basis on which we proceeded with that review is described on page 18 of the report.  So if we can turn there, we could have a fuller discussion of what we did.

So the universe of things we're talking about now is the 32 actual vendor invoices for the so-called big ticket items, and it leads --


MR. SHEPHERD:  Can you tell me -- sorry.  Can you tell me what the total dollars of the 32 invoices is?

DR. GEORGE:  Approximately 34 million, if memory --


DR. KRAHN:  That figure is on page -- table C10 in appendix C.  The listing of those components and their costs is part of our discussion in appendix C.

MR. SHEPHERD:  Thank you so much.

DR. GEORGE:  So the validation process is described in the five bullets toward the middle of the page, so if we can scroll down very slightly.

We understood that these would be the subject of a formal procurement process, which includes various pre- and post-contract reviews.  And we did review that there was a formal procurement process in place.

Based on our experience, these 32 items, the price or the cost seemed reasonable, or certainly did not appear to be unreasonable.  For certain items --


MR. SHEPHERD:  You don't need to read it, Dr. George. we get it.  The first point is you assumed a competitive procurement process by OPG?

DR. GEORGE:  For the EPC contractor.

MR. SHEPHERD:  Okay.  So that's the second bullet and that's the EPC contractor who was ultimately fired, right?

DR. KRAHN:  We would -- to make that delineation, we would need to look back to the invoices and see when the procurements were made.  They were made fairly early in the project.

MR. SHEPHERD:  Okay.  And the third one, based on your experience -- now, we've talked about your experience and you say none of the cost appears unreasonable.

But these are unique tanks, right, and they were for heavy water.  And you've never actually procured tanks for heavy water, have you?

DR. GEORGE:  We have not procured tanks for heavy water, but we have been involved in the procurement of plenty of tanks.  And frankly, these seemed at the low end of the reasonable range.

MR. SHEPHERD:  They're actually a lot more expensive than the tanks you would have procured in the past, right, because you would have procured tanks for light water?

DR. KRAHN:  No, but I've also been involved in procuring tanks for low level radioactive waste that would have similar quality level inspections as to what the tanks for D2O.  So just -- you know, just being specific of D2O I don't think produces a unique challenge for a tank manufacturer.

MR. SHEPHERD:  Okay.  They're stainless instead -- is that right, they're stainless steel instead of something else I can't remember.

DR. KRAHN:  Stainless steel.

MR. SHEPHERD:  So they're a lot more expensive than normal tanks, right?

DR. GEORGE:  The point of that bullet is they're not as expensive as one might have imagined or that based on our experience we might have expected to see.

MR. SHEPHERD:  Okay.  Can you go to page 56 of your report.  It's C3, actually.  And I just, I want to ask about this, because you've said there should be an average productivity rate of 39 percent within the protected area of the nuclear facility.  And we just heard evidence that within the protected area of Darlington the normal productivity rate is 53 to 55 percent.  Were you aware of that?

DR. KRAHN:  The highest number that we saw in reports that were provided to us was 59 percent, but we also had reports that indicated much lower productivities, so we used an average value.

DR. GEORGE:  And these documents are the wrench time studies referenced in that paragraph.

DR. KRAHN:  Right.  So we posted the basis for that estimate.

MR. SHEPHERD:  I understand, except that we heard evidence from people in charge at Darlington that their number is 53 to 55 percent.  That's what they use.  That's what they expect.  So I'm not sure I understand why 39 percent makes sense if they're doing a refurbishment of unit 2 and they're assuming 53 to 55 percent.  How does that square?

DR. GEORGE:  We don't know the basis of their 53 to 55 percent.  We do know the basis for our 39 percent, and we felt it appropriate to use the 39 percent.

MR. SHEPHERD:  All right.  Now, you've done a sensitivity analysis for that, right?

DR. KRAHN:  We have -- in Board Staff interrogatory 172 we've provided a sensitivity analysis covering productivity rates from 31 percent to 66 percent and provided the potential impact of those numbers on our overall construction cost estimate.

MR. SHEPHERD:  And this is the mean cost estimate that you're --


DR. KRAHN:  That is the number that we used in chart 2 of that interrogatory.

MR. SHEPHERD:  All right.  So I wonder if you could undertake to update Staff 172 with your new numbers for your mean cost?  And could you also show us the calculations, at least indicative calculations, so that we can understand how the sensitivity works?  Can you do that?

DR. GEORGE:  So you're saying you would like -- we understand redoing the sensitivity analysis, although it's very unlikely that it would differ significantly from what we've done previously, but what element would you like in addition to what we did the first time around that was missing?

MR. SHEPHERD:  So number one, I believe that the impact is somewhere in the order of $10 million at 53 percent, but -- or maybe $15 million or something like that, but more importantly, we would like to know how you got to those sensitivity analyses.  Now, maybe it's just a formula that you used, and if that's the case, just tell us what the formula was.  If it's something more complicated than that, a more complicated model, which sometimes you would use, I'm sure, then at least give us some indicative calculations of points on the chart so we can see how you got there, because intuitively it looks like this should have a bigger impact than you've estimated in Staff 172.

So if you could just show us how you got to those numbers, that would be helpful.

DR. KRAHN:  We can do that.  Do we have an undertaking number for that?

MR. MILLAR:  Yes, it will be J3.7.  
UNDERTAKING NO. J3.7:  TO UPDATE IR STAFF 172 SHOWING UPDATES FOR MEAN COSTS AND EXPLAINING DERIVATION OF THE SENSITIVITY ANALYSES SHOWING ANY FORMULA OR MODELLING.

MR. SHEPHERD:  And then I think I have two other questions on this and then I think I'm done.  And that is, you assumed 73 dollars per hour as an average labour cost for unionized staff, right?

DR. KRAHN:  We did not.  That is not correct.  That is just an example quoted in the report.

MR. SHEPHERD:  Oh, okay.

DR. GEORGE:  That's a purely illustrative example to show how the calculation would be performed.  In no way did we make that assumption, nor do we calculate an average wage rate across all labour categories.

MR. SHEPHERD:  Now, these are wage rates for contractors?  Or are these wage rates for OPG?

DR. KRAHN:  These are wage rates for construction contractors.

MR. SHEPHERD:  So help me understand.  These are all unionized contractors, right?  Unionized -- sorry, unionized workers?

DR. KRAHN:  And we describe in our cost estimating how we took into account the actual wage rates paid at the Darlington site.

MR. SHEPHERD:  So you're saying that, for example, your -- your example on the next page, 75 dollars per hour for each of four people in a crew, which, by the way, an average crew should be three, according to the OPG witnesses -- the 75 dollars per hour, that -- you didn't compare that to the union contracts to see what it should be?

DR. KRAHN:  The intent of this section of the write-up was merely to provide an illustration.

MR. SHEPHERD:  So do we have a table somewhere of the wage rates you assumed?  Is it in your evidence somewhere?  I've looked for it, and that's why I'm asking.

DR. KRAHN:  I believe it's in our -- the wage rates that we used are in our set of references.  I do not -- I do not know --


DR. GEORGE:  I do not believe we replicated --


DR. KRAHN:  We reproduced a separate evidence item.

DR. GEORGE:  So to be clear, we used actual labour rates, and we calculated crew sizes for individual tasks.  What you're referring to in both instances is our opinion on merely purely illustrative examples of how the calculation would be done.  We do not, for example, make the claim that all the crews would have four people rather than three, for example, or that a welder would be 75 dollars specifically.

MR. SHEPHERD:  Well, sorry, you said that you went to RSMeans and you used the RSMeans numbers and then you multiplied them by 1.46 times to get the hourly rate, right?

DR. KRAHN:  Well, what we say on page C3 of Appendix 3 is we talk about the wage adjustment factor of 1.46 for the labour at the site, and also the 1.7 factor for the productivity number.  So that adjustment multiplied together comes to a combined factor of 2.5, and you will see that factor towards the bottom of each of our subsystem estimates applied to the labour estimates from RSMeans, which are based on rates for commercial construction -- for personnel on commercial construction projects.

MR. SHEPHERD:  So you actually used the actual rates that the contractors were paying, right?  You just tested through RSMeans whether they were reasonable amounts?

DR. KRAHN:  We used the RSMeans database to calculate the labour expenses.  Those are labour expenses that are common for commercial work in the Toronto area, and then we adjusted them by a factor of 1.46 to reflect the -- our understanding of the negotiated rates at the Darlington site and by a factor of 1.7 to address the productivity of 39 percent, which multiplies together to 2.5.

MR. SHEPHERD:  You also assumed that two hours would be at time and a half every day, right?

DR. KRAHN:  That is correct.  We also put that in the above portion of the labour cost adjustments on page C3.

MR. SHEPHERD:  That's in addition to the 1.46 times, right?

DR. KRAHN:  That is part of the 1.46 times.

MR. SHEPHERD:  Okay.  Let me see if I've missed anything here.  I don't believe I missed anything, so thank you very much.  Those are my questions.

MR. KEIZER:  Commissioner Duff, before Mr. Shepherd finishes, just to clarify one thing.  I was in error.  I said the BOQ was on the record; it's not on the record.  But OPG will include it in the undertaking that was given in respect to the (audio dropout).

MS. DUFF:  Okay, so you're going to include it in the other undertaking?

MR. KEIZER:  That's right.

MR. SHEPHERD:  Which undertaking are you including it in?

MR. KEIZER:  You asked about the claim and the issue about (audio dropout) the BOQ.

MS. DEJULIO:  Charles, you're breaking up.

MR. KEIZER:  Can you shut your microphone off for a minute?

MR. SHEPHERD:  Will do.

MR. KEIZER:  Thanks, Mr. Shepherd.  You asked for an undertaking relating to the pipes, and the understanding of what was in the BOQ related to those pipes.  And just prior to that, you had made an inquiry as to whether the BOQ was on the record, and I had mistakenly stated that was.

It is not, so we will include it within the context of that undertaking.

MR. SHEPHERD:  Okay.  The whole BOQ, not just for the pipes?

MR. KEIZER:  Yes.  Understood, yes.

MR. SHEPHERD:  That's fine.  Thank you, Madam Chair, that's our cross.

MS. DUFF:  Thank you, Mr. Shepherd.  Board staff, I believe you were on the schedule for today five minutes of questions.  Mr. Richler?
Cross-Examination by Mr. Richler:


MR. RICHLER:  Thank you, Madam Chair.  Good afternoon, Dr. George and Dr. Krahn.  My name is Ian Richler and I'm with OEB staff.

I just wanted to follow-up on one of Mr. Stevenson's questions from earlier today.  It was actually the first question, or one of the first questions you were asked in cross-examination.

His question was how did you protect yourselves from being infected -- his word -- with the knowledge of what actually happened with the D2O project.

I won't ask you to repeat what you told him, but what I would like to know is why didn't you just tell OPG, at the outset of your engagement in this matter, to withhold or redact information about the total dollar amounts that they actually spent or had estimated to spend, so as to ensure that your estimate wouldn't be coloured by that knowledge?

DR. GEORGE:  It's hard to think through the hypothetical situation that we would have known about the process by which OPG would periodically produce business case estimates and would update them, so we would have known in advance to request that we not see them.

So we just did not know enough going in to know what to ask to be shielded from -- to which I would add we were very sensitive to the opposite.

But I'm thinking an even more important kind of problem, or potential problem, which is that we would somehow be shielded from useful though potentially, I don't know, embarrassing information, that we would somehow be directed down a path of our analytical approach or our inputs, or how we viewed the world, what assumptions we made.

And to OPG's credit, there was nothing -- to my recollection, there was nothing we asked for that was denied.  At no point were we told to make certain assumptions, or not make others.  We were not directed to approach the problem in a particular way.

That was our focus.  We wanted access to information.  We wanted transparency and complete information from OPG.  And it's true in retrospect, in response to your specific question, potentially had we enough knowledge in advance, we could have made that request.

But as I say, our focus was really completely in the opposite direction.  We wanted to make sure we had everything and could, with a clear conscience and a clean sheet of paper, approach the problem in the most appropriate and rigorous way we could with over a hundred years of accumulated nuclear construction experience on the team.

And we did that, and we really did that in spades.  And not having asked to be shielded from some things, perhaps with 20/20 hindsight we could have proceeded differently on that front.

But our important criteria for doing a good job here, which was gaining access to anything we could have want or need, and to be freed up to do the analysis we thought was appropriate and come up with whatever the answer was.  There was no expectation or pressure that I ever felt to come up with an answer from OPG.

Those are the elements which to me and my colleagues on this team, this is what convinced us that the cost estimate you're seeing really does reflect our expert opinion as to what this would have been estimated at in advance, making the assumptions that we made.

MR. RICHLER:  In appendix B to your report, you list all the documents you relied on in preparing your analysis.  You don't have to turn that up, but I see it includes a number of OPG's business case summaries for the D2O project.

And so you knew before you prepared your report that OPG's latest estimate for the project, as reflected in the 2018 superseding full execution of BCS, was 510 million dollars including management reserve?

DR. GEORGE:  We were in possession of that.  We honestly did not let that colour our expectations as to where the number would come out.  It's -- I admit astonishing how close our estimate came out to what apparently was the actual cost.

But it's important to point out, for example, what OPG may have in a business case summary that may not reflect the actual amounts expended if, for example, a contractor quote-unquote ate a bunch of costs, that we didn't reflect that in the estimate as one example.

So our cost estimate is really independent from what may exist in -- even in the latest BCS, and certainly does not reflect any costs which were incurred, though, which were not paid by OPG because a contractor assumed that risk and absorbed those costs.

MR. RICHLER:  Thank you.  Madam Chair, I have no further questions.  Thank you, witnesses.

MS. DUFF:  Thank you, Mr. Richler.  We're going to take our morning break and then we'll return.  The panel has a few questions, and we'll take fifteen minutes -- well, let's take twenty.  We'll be back at 3:10, thank you.
--- Recess taken at 2:51 p.m.
--- On resuming at 3:13 p.m.

MS. DUFF:  Welcome back, panel.  We have confirmed -- we have one question, and I'm going to ask it.  However, I'm not taking the right away from other Panel members.

Just following up a little bit on the question from Mr. Richler, OEB Staff.  And I'm looking at the inputs that you had to consider, so you had the drawings for the D2O facility, you had the business case summaries, you even had the invoices that were paid.  How can you ensure there is no circular reasoning?

DR. GEORGE:  I guess I'll start with the response and hope that Dr. Krahn will chime in.  We feel confident that, given the facility that was built, the cost estimate that we have created is an accurate and appropriate cost estimate, construction cost estimate.  We -- that's very different from saying it was the right facility or a necessary facility or every cost was prudently incurred.

So a lot of -- we recognize a lot of the bigger-picture issues at stake in this matter are not addressed by what we've done, but we do feel very confident that we have created a robust cost estimate for the facility that was actually built.  It's not circular.  It's linear.  We start with the drawings and take off from the drawings in the form of the bill of quantities, the BOQ, and work from there.  

The actuals that we used were very, very limited, just the 32 items that we mentioned, totalling around $33 million, plus dewatering.  Everything else we calculated, I don't want to say from scratch, but with a really firm foundation in how this kind of cost estimating is done over and over and over again, not just in the nuclear sector, but in any construction sector, although we did make appropriate modifications to make it nuclear.

So we don't take OPG's word for it.  We use the as-built drawings as included in the BOQ as a starting point only to a limited degree, but with, in our opinion, to an appropriate degree use some actual invoices.  We don't -- for example, we don't try to sum up hundreds of millions of dollars of invoices, and surely that exercise can be undertaken, but we don't do that.  We use the invoices only to a very limited extent for very large, highly engineered items and dewatering, because that was a one-of-a-kind undertaking, given the location of the construction site adjacent to Lake Ontario.

So we feel confident it's not circular, and it's really well-grounded, and we're just not taking their word for it.  We really start with a clean sheet of paper.

Steve, maybe you could add your thoughts to that?

MS. DUFF:  You're on mute.

DR. KRAHN:  So I would never qualify as an expert on Zoom.  Let me just put that out there.  Let me try to address the question from a little bit different perspective, and perhaps that will be helpful.

What did we spend our time doing?  We did not spend our time reviewing and parsing the business-case summaries from OPG.  I mean, we used that information to give us some project context, but we spent our time building this cost estimate from the bottom up.  And when we hit unresolvable issues like cost information that we couldn't easily get a handle on, we discussed it with OPG.  But the overall predominance of the estimates that went and the material that went into this cost estimate came from independent sources, so that would be how I would address your question.

You know, 95 percent-plus of my time and even more of Dr. Gallay's time was spent decomposing the design into its parts and analyzing those parts using the RSMeans database and then evaluating what adjustments had to be made to take that experience base, which is rooted in commercial construction, and apply it to the case of a nuclear facility construct.

So that would be how I would -- that's my feedback on your question.

MS. DUFF:  Thank you for that.  Those are the Panel's questions, unless my Panel members have anything to add.  Thank you for the visual cues.

This witness panel is excused with our thanks.  Appreciate your attending today.  Oh --


MR. KEIZER:  Thank you very --


MS. DUFF:  -- Mr. Keizer, actually.  I am getting schooled in cross-examination 101.  Mr. Keizer, do you have any redirect?

MR. KEIZER:  I do not have any redirect, but I thought I'd put that in for the record.

MS. DUFF:  Okay.  No, I'm sorry about that.  Now the panel is excused.

DR. GEORGE:  Thank you very much.  Have a great rest of the day and week.

DR. KRAHN:  Thank you.
Procedural Matters:


MS. DUFF:  Before the break, lunch break, I had asked parties to review the -- I had asked parties to review the response to JT1.1, and it was the -- the Panel had asked for an illustration of the earnings sharing calculation, and I wanted to know if anybody had any concerns with that calculation that was filed, and if you did, if you could put your camera on and identify yourself.

Okay.  Because the Board didn't have any concerns with it.  And in fact, the Panel has conferred and, after reviewing the settlement proposal, OEB Staff submissions, the oral answers provided on August 4th, and JT1.1, we have decided to approve the settlement proposal that was filed on July the 16th.  We are satisfied that the settlement proposal is in the public interest.  Written reasons for approving the settlement proposal will follow.  We wanted to provide some regulatory certainty to the parties.  As they are proceeding with their submissions regarding the remaining unsettled issues, we thought that information would be timely.

The Panel expects to provide our written reasons for approving the settlement proposal in conjunction with our written findings regarding the unsettled issues of the SMR and the D2O project, and then regarding the third unsettled issue, which was the payment amount smoothing, as we indicated in Procedural Order No. 4, we will address this issue after the combined decision is filed.

On that note, OPG can expect that this Panel will provide direction regarding the rate smoothing evidence and the range of options that we would like filed in this proceeding.  And on that note, another procedural order will be issued with those instructions and with dates set in due course.  Are there any questions regarding what I've just said?  Mr. Keizer?

MR. KEIZER:  No questions, Madam Chair.  Thank you.

MS. DUFF:  Appreciate that.  Well, this concludes the three-day oral hearing that we had reserved here to hear the unsettled issues.  Thank you to everyone who participated in making this a timely, efficient process.  I really appreciate the fact that it's joined on time and that we all were able to keep to the schedule.  That's important, to respect each other's times.

Anyhow, with this Panel's thanks, this oral phase of the hearing is adjourned.
--- Whereupon the hearing adjourned at 3:24 p.m.
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