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1 Saturday Abfil 2024 1 And this is the River Jhelum, the lowarbi of

2 THE CHAIRMAN: Okay, | think we are ready to begimhank 2 River Jhelum, and the powerhouse is located losre.

3 you, Mr Miana, for hosting us here at the pdwase, 3 Powerhouse is almost 22 kilometres from Muazafiad

4 and we look forward to hearing your preseoteio. 8. 4 city, and it's about 100 kilometres from Istdoad.

5 Presentation 8: Powerhouse Orientation 5 The headrace is coming from the dam site a

6 MR MIANA: Mr Chairman, members of the Court oflration, 6 carrying the water for the power generatiomauhis

7 a very good morning once again, Sir. 7 one. And after generating the power, the miate

8 You already know me, but again I'm MuharmAgan 8 released to the Jhelum River again.

9 Miana, the chief executive officer of the NestJhelum 9 Beside the powerhouse, we have surfadetsyaird
10 Hydropower Company. Sir, | am very delightedeceive 10 over there. Rest of the powerhouse is undeng. So
11 you at the Neelum-Jhelum powerhouse sitet@give 11 we have this one. And this is outlet oftdiace
12 you a brief site orientation, combined witbedety 12 you have already seen when you were comimy fr
13 briefing. 13 Islamabad. So this is an overview of ourlideelhelum
14 At the moment, sir, we are in the offi¢¢he 14 powerhouse site.

15 project director of Neelum-Jhelum Hydroeledaroject, 15 Slide 4, please. Sir, regarding the phagse
16 who is also joining us, sitting behind. $oigan 16 generations, the construction was startekl ine2008
17 raise your hand. 17 and it was completed in 2018. We commissia@iiethe
18 And for today's schedule, we'll have @néstion 18 four units during the year 2018 to get th@ BBV power.
19 No. 8 first, then we'll have the coffee brahkn 19 The expected annual generation, depending upo
20 followed by the presentation nos. 9 and Tiden we'll 20 availability or hydrology, is 4.66 billion its. And
21 have the lunch break. And after that, vgelfor the 21 the total energy generated as of today igtabo
22 site visit of the powerhouse, starting fréra tontrol 22 19.56 billion units. So total earning upriibw is
23 room inside the powerhouse. So | will fdebpure to 23 about PKR 178 billion, which comes about UgSahillion,
24 guide you as well in the powerhouse, aselbaly guided 24 converting as of today's exchange rate.
25 you at the dam site twice, yesterday andogéyre 25 We can move to slide 5. Sir, this is¢kpected
Page 1 Page 3

1 yesterday, sir. 1 energy generation from the powerhouse asgtienaion.

2 Sir, at the outset of the presentatior, afrthe 2 So starting from January in the calendar yizamnary,

3 guestions that was asked during the presentsith. 3 3 February and March are the less flow seasberawe
4 by -- I remember one of the Court members, 4 have less water available for power generation
5 Professor Wouter, regarding the regulatian, ygs, 5 Similarly, after August -- in September, Oeb

6 we have the regulatory authority, which idechl 6 November and December -- there is also ves/pewer

7 National Electrical Power Regulatory Authoiity 7 for generation. Rest are the five months|alvii
8 Pakistan, which controls all these regulatfonshe 8 where we have the maximum available power frdrare we
9 power industry. 9 can generate the maximum electricity.

10 Slide 2, please. Sir, in my presentatiwitl 10 Most of the electricity -- about 70% loé t

11 present an overview of the powerhouse siteering the | 11 estimated energy generation -- is in thegerfionths.
12 main features. These will be developed &ty my 12 And the rest, 30%, is generated in thesenseomths.
13 colleagues in presentation nos. 9 and 10veStave 13 So these five months are very crucial forpihwer
14 three presentations, which are connectedeaith 14 generation.

15 other. And since yesterday, sir, we wereusising 15 Almost 700 GWh we can generate in eadhtimduring
16 about more dams and spillways, all the sivilcture, 16 the high-flow season. And if we look at th& Wh of
17 from now onward we are in the powerhousenastly we | 17 the power, that can provide enough energgiiout
18 are discussing about the power generation and 18 700,000 homes in an area.

19 electromechanical equipment. 19 Slide 6. I've already mentioned aboait thday:
20 Slide 3. So we have already, sir, Skisn t 20 we'll be discussing more about the electrianeical
21 photograph yesterday, and let me give yoledmief 21 parts instead of the civil works. So thia igew of
22 explanation about it. Sir, this is a smtaéam 22 inside the powerhouse during the constructidris is
23 coming from this side, on the very right sidiess, 23 the powerhouse cavern. Beside it is thesfioamer
24 indeed through. And we'll see it when wgglto the 24 cavern. We have already seen many drawirdjs a
25 powerhouse, this small stream. 25 photographs about that one.
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1 So we can see here the installation and 1 we'll see further unit 4 over there; and tBef and
2 construction/fabrication of the powerhouse, th 2 then 1.
3 generator rotors. 3 The capacity for each generating unigia RIW.
4 Generator basically consists of two pa@se is 4 It's 242.25 MW, more precisely. And it tak€scumecs
5 a stationary part and one is the rotatingspafhe 5 of water to generate that electricity, becabsénead
6 stationary part is called the "stator", witile roting 6 is quite high, about 420 metres, so the legsms
7 part is called the "rotor", as per its name. 7 required for generation of 242.25 MW by each. uSo
8 The construction starts from the rotor.hihen 8 adding all four units, we can get 969 MW afoiicity,
9 steel plates are installed over here, arficabuitset 9 if the water is available for the generatiin,
10 of those steel plates we install the pol® poles 10 Can we move to slide 8, please. Sis,ithithe
11 are then excited with the DC current. Anthwhat 11 complex diagram of the tunnelling systemabee all
12 excitation we can generate the electricitg, that 12 our facilities are underground except thecward and
13 electricity is collected at the stator, whigh 13 the control building for that one. So | vitiefly
14 transported to the switchyard and to thenatigrid. 14 explain about this thing, sir.
15 So this is the phenomenon of the powesgahis 15 So this is the headrace tunnel coming fitee dam
16 one. So the cavern width is about 25 metesl 16 site, showing in green. And this is the sisigaft
17 starting from top of generator hall up tolthveest 17 that we have seen, that we were comparirigtiét
18 part we have 54 metres height over theretody 18 Eiffel Tower, 353 [metres]. So this is thege shaft
19 we'll have chance to go all these floors wieifi have 19 over there.
20 the powerhouse visit over there. 20 And then we have four penstocks over.hérel with
21 THE CHAIRMAN: Mr Miana, can | just ask: | readishisis | 21 that penstock, all the four units are corewct, 2, 3
22 a photograph of the construction. Am | raggl 22 and 4, with each one.
23 correctly that there's ultimately four ofgshe 23 And this is the generator hall that | yuess$
24 generators, and we're looking at basicaklydithem 24 showing in the previous slide about this o8e.
25 here, one of which is more constructed tharother? 25 everything is encompassed underground ipdhe&rhouse.
Page 5 Page 7
1 MR MIANA: Yes, this is the sequence, because auetio 1 To access the powerhouse, we have thiek&n--
2 construct the power units one by one. And the 2 we call it adit A5. So we'll also go fromgthiunnel
3 construction is done outside their unit pla¥eu can 3 over there, and then we'll reach the powesrolgith
4 see 1, 2, 3 and 4, but the construction isideiof 4 this tunnel we have also access to the heatinaoel
5 that unit. So we have to construct it. Amd ts the 5 where we have one plug over there for theheelrace,
6 heaviest part that we have to install inside. 6 and we have some drainage gallery and thetanig
7 To lift this one, sir, we have two craonger 7 instrument over here. So we can have acoassthis
8 there. The capacity of two cranes, abouttébfes. 8 one tunnel to the powerhouse, the monitoraipry, as
9 Whereas the maximum capacity of one rotobisia450 9 well as to the upstream of the penstock dvenet
10 or 460 tonnes. So we will have to go withtdndem 10 We can also access the powerhouse fismuiple
11 operation of the two cranes. The two cramesoupled | 11 line, which we call adit A6. We call it theble
12 together, and they are operated by one aper&b he 12 gallery as well, or cable tunnel as well. ¥da go
13 has to lift the rotor with both cranes siranéously 13 over to the powerhouse directly to this oBeif we
14 and put it in the specified place in the gatoe. 14 want, we can go to the transformer.
15 So the construction of the rotor is aégheir 15 From the transformer, sir, we have thegro
16 unit place, it's not inside. 16 evacuation through the XLP cable. So instéad
17 Can we move to slide 7. Sir, this isviegv. As 17 conductor, we have the XLP cable coming ftioen
18 you mentioned the four units over there tiis, is 18 powerhouse, and that are connected to thetsuard
19 units 1, 2, 3 and 4. This is a finished pobaf the 19 that is outside the tunnel.
20 powerhouse when all the units and their auyilvere 20 And these four --
21 installed over there. And after their instédn, we 21 THE CHAIRMAN: So Mr Miana -- no, no, it's fineSo these
22 can now recognise all these four units vesly aver 22 tunnels that you just pointed to, these etesdly
23 there. 23 tunnels that physically humans would go totaccess
24 The numbering starts from this side,iandmes up 24 these areas?
25 to the distance. So when we'll go aroursidtae, 25 MR MIANA: Yes, these are for the physical humaasvell as
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transportation and the vehicles. We'll seee’l go

Page 10

1 1 very small over there. Since all these adeowater,
2 in these tunnels today. 2 we cannot see this one at the moment. Buighihe
3 THE CHAIRMAN: Oh. 3 phenomenon of having the same energy at listeoh
4 MR MIANA: We can also go in this tunnel as well! 4 each turbine.
5 THE CHAIRMAN: Okay! 5 To this, we are connected with MIV. [hekplain
6 MR MIANA: So these are the four outlets. Thesediaft 6 more about MIV in my next slide. So this lissdout
7 tubes. After the draft tube -- the water coimet the 7 the spiral case and the installation procétseo
8 draft tube. And then 1, 2, 3 and 4, theycarabined 8 turbine and the associated parts during the
9 over here. And then from this point we hdee t 9 construction.
10 tailrace tunnel starts over here. 10 One more important thing, sir: you carogmise the
11 The issue of tailrace tunnel was expthine 11 water is coming in this direction, realltlnis one.
12 Mr Nayyar yesterday briefly about the collap3hat 12 But when it passes through the turbine,atasig the
13 happened somewhere over here. So | wilseribing 13 axis of the shaft over there. The watelss a
14 something more about it with the photograptikis 14 changing its rotation during the power getiamna
15 presentation. 15 Slide 10, please. Sirs, this is thesgaction
16 We will also, sir, access this downstreange 16 of turbine engine rotor. So let's start fithis side.
17 tunnel because it was quite a big one tordave 17 So this we call the upstream side of the rimgéxn
18 photograph so we had to cut it overheadhfer t 18 valve; it is over here. And this is conndatéth the
19 presentation. So we can go around this odd¢een 19 penstock, and the penstock is connectedthéth
20 come to this point. 20 headrace tunnel. So this is the schemetess.
21 Usually during the inspection of the TR/E, have 21 The main inlet valve is provided jusstwt down
22 two exits. One is exit near the outlet thathave 22 the unit or isolate the unit in case we neadhtenance
23 seen over there. And the second, going fnigrpurple 23 inside the particular unit.
24 line that goes here, combines over heretramwe can 24 The operation of the MIV, the main inlatve, is
25 walk through and come back to this one. h®ed are 25 such that it is operated with counterweiglss.
Page 9 Page 11
1 quite big tunnels, but this is small tunnelassmall 1 advantage of counterweight is that in cadaihfre of
2 vehicle can go inside, instead of a big one. 2 electricity, and in emergency, the counteriveggn
3 So this is all about the complex systémnd 3 automatically close the main inlet valve toiewany
4 this -- we have the transformer cabin, anthal 4 damages to the turbine parts.
5 is -- everything is underground. So todaylave 5 After that main inlet valve, the spirateaor the
6 the chance to see all these components pHysica 6 scroll case starts. You can recognise thédl silmh
7 Please move to slide 9. Sir, this isragae 7 and then the big dial there. This is jusbbethe
8 slide showing the four units over there. Tis 8 entrance of the water to the "stay rings"caiéit,
9 looking from top down. It is photo of a watid not 9 it's named the "stay rings", that guide théewa
10 the floor. 10 directly to the blades of the turbine orrtinener.
11 So we have the downstream wall over hEgair 11 And after giving the rotation to the tady the
12 units, 4, 3, 2 and 1, over here. Just twvshau that 12 water releases from here to the draft tule fram the
13 we have a scroll case, a spiral case, aldthgai/ 13 draft tube it goes to the tailrace tunnehd A
14 the -- in all the units. That is before eintgthe 14 | already described very in detail in my poes
15 water into the turbine system. 15 diagram.
16 You can recognise that shape is not atanh 16 With this -- there are many differentestparts
17 shape, it's a spiral shape like this onecaBse the 17 | will explain one by one. With this runivee have
18 number of blades are more, but the energyirextjat | 18 a shaft over there, and that shaft is coedegtth the
19 each entrance of the blade should be the. sHritls 19 generator.
20 not the same then it may cause vibrationkegping | 20 So this is the generator. In purple ghown
21 energy the same at all the inlet points,uségan 21 the rotor of this one. Whereas this one tisis is
22 work the pressure into kinetic energy by oauyithe | 22 the stator of this one. So when the turbitetes,
23 dial of spiral casing. 23 the runner rotates, it also rotates the wifttne
24 So the water entering the larger diahfthis one, | 24 generator. And with this rotation, the eleity is
25 and then it has a reducing dial over thevd,ibends | 25 produced and collected at the stator.
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1 To excite and to give the continuous syfl the 1 So we do all this activity during the aahu
2 generation of electricity, we have the eximtasystem 2 maintenance of each unit. So far we feelttieat
3 at the top of that rotor -- generator. 3 turbines are not in a very good -- in a gomabiition
4 So altogether they function in a very eysttic 4 over there. So they can be operated nexyéans over
5 way, and with all protective instruments owere, 5 there.
6 because change of any one parameter can imp#uoe 6 THE CHAIRMAN: And so based on their current cdiudi, you
7 other parameter as well. So all these areredwvith 7 think that you would not need to replace tliem
8 the protection system, instrumentation systach 8 another five years, maybe even ten yearshdr:
9 electrical and mechanical protection systesr there. 9 there's a pretty clear point at which you megd to
10 There are a number of protection systetagting 10 replace them?
11 from the mechanical to the electrical andtelzal to 11 MR MIANA: Not five/ten -- we cannot specify tinember of
12 the protection system. A number of protetiare 12 years. But maybe next few years, maybe newtyears
13 available just to avoid any damage to thetpland 13 or four years we can operate easily. Butalsa
14 from this one, the tailrace, we have thengoutside 14 depends on the sediment load coming to thintuside.
15 this one. The grey structure is all thelstedk 15 So if more sediments are coming, they willehthis
16 structure where all these have been embedded 16 one.
17 And this one, we can recognise thess@are 17 And we also -- another thing, thank yenymuch,
18 bearing supports over there, turbine guideibg, the 18 that I can mention over here: the turbinetard
19 generator guide bearing, the thrust bearBgmany 19 runners. They are already coated with a-hédbcity
20 kinds of the equipment, very small and tigyipment. 20 oxygen fuel, so we have a protective filnthn
21 These are small, but they are very impoxtétht 21 runners, so that protects the parent matrthke
22 respect to the smooth operation of the plant. 22 runner.
23 Slide 11. 23 THE CHAIRMAN: Thank you.
24 THE CHAIRMAN: Mr Miana, before you leave thisdd, can | 24 MR MIANA: Slide 11, please. So | briefly saiblcaut the
25 | ask: you have not yet had to replace artiief 25 tailrace collapse and that repair we did. Ndyyar
Page 13 Page 15
1 turbines or generators; is that correct? 1 already explained very briefly about this gasterday.
2 MR MIANA: No, not yet, sir. 2 So | will go and show you more photographs,\ahat we
3 THE CHAIRMAN: And if you did have to replace, 'etay, 3 did with this collapse, and how we get outhds
4 the turbine because of a problem from sediment 4 collapse, in how much time.
5 anything else, do you have to remove the géoer 5 Next, slide, number 12, please. Sir,ithis
6 before you can get to the turbine, or is there 6 a photograph showing the collapse area. We ha
7 a different way of ... 7 a collapse just 250 metres below the poweghausl
8 MR MIANA: It's a different way. We have, sir,@ping over 8 that was chainage 0+251 over there. Andctbiktpsed
9 here at the bottom. So we have to take jtlower 9 lasted up to 0+293 over there. These areghayths of
10 down the runner from here and take the ruoutside, 10 August 2022, sir.
11 put the new runner on the rails and putsitie, 11 One thing we can recognise over heréwbaan
12 hanging up with the shaft, and put back the ef -- 12 see that these are small pebbles or smaéstover
13 we call this the drafted cone -- so put taekcone 13 here; whereas at the outlet side we haviduitglers
14 inside over there. So in this way we carvedrmonths 14 like this. So this indicates the complexiogpinside
15 into weeks for the replacement of a runner. 15 the TRT that was explained by Mr Fiaz dutigy
16 THE CHAIRMAN: And | assume you regularly inspdo 16 presentation, that all along the part oHRI and the
17 turbines to see their condition. How do tle@k now 17 TRT we have very complex geology changingftoe
18 that it's six years after your start? 18 sandstone, siltstone and mudstone over tiSaré¢his
19 MR MIANA: Since all was submerged in the watee,inspect [ 19 is an indication of that as well.
20 annually, because approaching the turbiadaagthy 20 So we have a collapse of 42 metres hatittas
21 process, because first we have to put -edlusinlet 21 full collapse since it closed the tunnelwsoare
22 valve, put the bonneted gate at the outlet there, 22 forced to shut down our plant, and to refbasrone
23 then dewater the system, open the very basho 23 and to handle this situation.
24 (inspection window) -- so we'll see the halpsn 24 | will explain on next slide, 13. Sinee when
25 there -- and then go inside. 25 there is a collapse inside the tunnel, thetmo
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important thing: how to take that rubble frtima

Page 18

1 1 So the water is flowing through the pipe, thobugh
2 collapse area. Because it is not just towvatezhat 2 the tunnel as a whole, is that correct?
3 and go inside as we do not know about theycafove 3 MR MIANA: No, in fact this is an air duct.
4 that collapse, we do not know about the ggolathat is 4 THE CHAIRMAN: It's an air duct.
5 going on there, and we do not know how bityds 5 MR MIANA: This is repair method.
6 cavity. 6 THE CHAIRMAN: So that's just for the repair pres@
7 The most important as per the advice®f th 7 MR MIANA: Yes.
8 consultant: we have to use the forepoling oeeth 8 THE CHAIRMAN: Once you've finished, you take tlatduct
9 Forepoling is a common method used in theypsé 9 out and the water flows through the entireélins
10 system for the recovery of that part. Thithe start 10 that correct?
11 from the downstream side, sir, as you lodk93+ Sowe | 11 MR MIANA: The entire tunnel, sir.
12 have to move up, sir, to the powerhouse side. 12 THE CHAIRMAN: Okay.
13 First protection was provision of theitat girder 13 MR MIANA: So we'll see that photograph nextttve have
14 over there. And this protection was justatd the 14 done with the 42 metre collapse area. Saiiaive
15 ceiling of the area before the collapse. hwits, we 15 the clear picture of the tunnel over thdrethe next
16 have to put forepoles over there, all aldvgy t 16 slide we are going there.
17 periphery. And after putting that, perfodameetallic 17 So for the 42-metre collapse area, raiefoent was
18 pipes were there and then they were grouitixd w 18 provided over there, two layers of reinfoream
19 high-pressure grout. That created somedfifalse 19 provided over there for getting more stremgtiat
20 ceiling above that one. 20 area. And then the concrete was put indhatea.
21 The length of each forepole was 7-8 met&p 21 So next slide will be slide 16. So thithe
22 8 metre area of the false ceiling was, yousey, 22 finished product of that 42-metre collapsarThat
23 temporary ceiling was provided over therecé&xhat 23 is starting from 0+251, and going up to O+2&3res.
24 was provided, then it was easy to excavaetmetre 24 However, we extended -- we started from O+348etres
25 by 1 metre. So we have to excavate thisape 25 ahead of that one, and we went up to 0+3@8.
Page 17 Page 19
1 3-4 metres, and then we have to again ovér&p 1 60 metres of that portion was properly streagéd with
2 previous forepole with the new forepole. 2 the method | have just shown in the previdide sthe
3 So in this way, sir, we succeeded to gaiglss 3 reinforcement bar, then the concreting prgper!
4 and have the breakthrough for this collapsed.a 4 Proper drainage system has been provickdo
5 And the most important thing is that dgrihat 5 provide drains for release of water; and dfter
6 collapse there was no accident over therewdgthdvery 6 concrete, even, we also put the concrete iggub
7 much safety. All the precautions relatechto t 7 give further strength in case of any -- inufatif
8 excavation were taken to prevent any kinccofdent. 8 something happens. So this concrete is giffly
9 Slide 13. Having the time for this one, also 9 supported and strengthened to avoid any Kirdsoich
10 inspected the remaining tunnel instead ofithmetres, 10 like of incident in this portion of the turine
11 and wherever we find some weak points, saddeessed 11 Can we move to slide 17.
12 them with the different methods. 12 THE CHAIRMAN: Just one question before you de shfety
13 One of the methods was that we also tieeRRS. 13 briefing. At the moment when the collapseuned, did
14 RRS is the reinforcement rebars support.refaee two 14 it block water completely from going throuthle tunnel,
15 kinds. We have already seen on a previdies thle 15 or was there still water able to go throughttnnel,
16 lattice girder over there, and in this we sea steel 16 it's just you knew there was a collapse?
17 bars over there, a juncture of six steel baes 17 MR MIANA: It's a very good question, sir. It sa
18 there, which were put in the tunnel with rbckes over 18 completely blocked because | have alreadyistom
19 there. And after putting the rock boregas 19 slide 12, so you can see that this was cdeiple
20 shotcreted just to give the support. 20 blocked. This is the crown of the tunned #is is
21 So these are different kinds of methqqidied as 21 the lower part of the tunnel; “invert", wdl da And
22 per the requirement of the damages and thknesses. 22 so tunnel was completely blocked. And wegeésed
23 So this was the area about 1+585 metrest0QLmetres. 23 that whenever we were operating the plantriieror
24 THE CHAIRMAN: Mr Miana, looking at this picturéthink | 24 two days or just to observe this thing, amsas the
25 I'm now maybe realising something | didntienstand. 25 water flows, the pressure inside, besidecies
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started rising over there. So that was irtidinghat

Page 22

1 1 THE CHAIRMAN: Oh, sorry, please.
2 either water was not or less flowing in thi®o 2 PROFESSOR BUYTAERT: Two days ago we discusseditiet
3 So there was no other way, just to tattkieone 3 gates, or the "coaster gates", | think myeegjle
4 and take this rubble outside and give theratez to 4 calls them. Would you be able to indicate netibey
5 the whole of the tunnel for a smooth operatidnd 5 sit in the configuration?
6 since last August, TRT is in operation, andane 6 MR MIANA: Okay. So wicket gates are configuregphere,
7 operating safely, sir, without any problem. 7 just upstream of the runner. This is a ruiméne
8 THE CHAIRMAN: And at the moment of the collaps&s there| 8 red, and yellow is the wicket gate over there.
9 any harm to the turbines or the generator fimn 9 PROFESSOR BUYTAERT: Great. Thank you.
10 sudden stoppage of the water, or was themyable to 10 THE CHAIRMAN: Okay, | think now we are done. o
11 handle the sudden blockage? 11 I understand correctly, maybe we take ateaknow,
12 MR MIANA: As soon as we recognised the incraase 12 and then we'll come back for the next presiemt
13 pressure, we already started slowing dowotitygut, so 13 MR MIANA: Thank you very much.
14 that avoided any kind of damage to plant there was 14 (Pause)
15 no incident or accident or damage to mechhparts. 15 THE CHAIRMAN: I think we are now ready to heeorh
16 It was only the tunnel that we have to repair 16 Dr Hayat on presentation no. 9. Please ptbadenever
17 THE CHAIRMAN: Thank you. 17 you are ready.
18 MR MIANA: (Slide 17) Sir, about the safety biigf, this 18 Presentation 9: Dam -- Powerhouse Basic
19 is similar to that one we had, except witbva 19 DR HAYAT: Thank you, sir. Mr Chairman and mensbef the
20 additions because the power plant is in dipersand 20 Court of Arbitration, it's a pleasure to agryou
21 all the electrical panels are energised. cbmérol 21 again, sir. Alongside me is my fellow preser- the
22 panels are also energised, so we have tattitkle 22 presentation will be shared by Mr Muhammaddr-a can
23 bit of extra care when we are walking throtigh 23 you raise your hand, please; thank you -- is/ltioe
24 powerhouse site. 24 chief engineer at Tarbela 4th Extension.
25 So slide 18. We all are using rubbezseb it is 25 Already you have been given a generahtation of
Page 21 Page 23
1 very excellent that we are using that onethéndry 1 the powerhouse with Mr Miana, Arfan Miana. tBis
2 air powerhouse we'll also be wearing helntétsis 2 presentation is an overview of the powerhalesign,
3 vest, and we'll also have the hand gloveifwant to 3 construction and operation, turbine desigth sbme
4 touch any equipment which is dirty and we warttave 4 brief comments on generation and transmisgibitch
5 some discussion on that one. We'll also rgube 5 will be further developed in the next prestotea
6 safety goggles inside, if someone would [degause 6 First, | will cover the role of tunnelstime
7 it's better to, when you go inside, we shdside the 7 powerhouse, and features of constructionorg&ec
8 safety goggles over there. 8 Mr Tarig will focus on turbines, their opetatiand
9 And rest, we should avoid the electricplipment, 9 different types, and how to ensure their loitge And
10 which is energised. We'll go in group, ariltinot be 10 third, 1 will come back again to explain tioée of
11 scattering everywhere over there, so thaiave 11 different elements needed for power generatim
12 sufficient distance from the energised paAeid 12 transmission.
13 I think -- | believe we are going first teetinachine 13 Slide number 2, please. | start with
14 hall, the generator hall, and then goinguailind the 14 a cross-section of the powerhouse, whichexeavated
15 powerhouse, and ensuring this will be a gafg visit 15 underground. You are already familiar witis.t This
16 over there. 16 is a cutaway view that gives you the configjion of
17 Next slide (19). So, sir, this is albabfrom my 17 the main equipment and major equipment wittén
18 side. | will conclude my presentation fdstbne, and 18 cross-section of the underground excavatimtice
19 thank you very much for your kind attentiom ghe 19 also the human that has been placed ther® jgive
20 guestions. | hope we'll have a successsitl @f the 20 you an idea of the scale.
21 powerhouse in the afternoon. So if you haigany 21 You will notice that there is considegabeight
22 questions, I'm available to answer. 22 above the main generator floor. So | wolgd ke to
23 THE CHAIRMAN: Any questions? We have no furtiqeestions, | 23 point out towards the rails that have beangal, and
24 Mr Miana, so thank you very much. 24 this is for the cranes that are installe@ befift
25 MR MIANA: Professor Wouter has one? 25 heavy equipment. And already Mr Miana has ahown
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you some pictures of that.

Page 26

1 1 course drives the turbines. And after thatwiater
2 So notice that generally -- generally is i 2 exits through the draft tube into the tailragmel.
3 necessary to remove the generator and theshifie 3 Slide number 3, please.
4 and then you can go to the Francis turbined that is 4 THE CHAIRMAN: If | can just ask one question. éléntire
5 the general situation. 5 structure is underground.
6 However, in the case of Neelum-Jhelunh tiaisk 6 DR HAYAT: Sir.
7 previously mentioned also in one of the pregiems, 7 THE CHAIRMAN: Is that because the angle with whibe
8 arrangements have been made to remove phe spiral | 8 water is coming into the facility requiresatbe
9 casing, and have possibility of removing trenEis 9 underground, or are there benefits in havieg t
10 turbine from the bottom, which saves a Idtroé and 10 structure underground separate from that?
11 hassle basically. 11 DR HAYAT: Very good question, sir. | think botvays, sir.
12 While I'm talking about taking out thekine, 12 You maximise the head as you are undergrolmthct,
13 which is necessary after a few years for teaance 13 sometimes when you calculate, even a cemgroét
14 purposes, because of the abrasion that wa) haill 14 height difference will make, over a periodiaf
15 make a small clarification in matter of the 15 lifetime of the project, a lot of differenicethe
16 abrasion-resistant runner coating. 16 energy that is generated. That is number 1.
17 On slide 33 of presentation no. 6, wevstbyou 17 Number 2: in terms of -- because the Higzm
18 a photo of a turbine runner from Neelum-Jmealith 18 region is also quite seismic-prone area. irdav
19 coated and uncoated portions, showing alorasidghe 19 a structure inside actually is less prorepdamage
20 uncoated portion. The coating on the ruimenly 20 or acceleration. So the acceleration ofdtees that
21 applied on the leading edge of the turbiaddal which 21 are generated on underground structures ek, rmuch
22 showed no abrasion after four years of use. 22 less than if they were to be overground.
23 This photograph -- or that photograptyally -- 23 So these are one of the two main regbamnsve
24 therefore not only demonstrates the effectse of the 24 have this thing.
25 coating, but also the effectiveness of trsadder at 25 Next slide (3), please. Now | will explan
Page 25 Page 27
1 the Neelum-Jhelum Project. 1 tunnelling construction and tunnelling in tmtext of
2 Beyond that, let me walk through the mégatures | 2 the powerhouse.
3 of the facility. So as previously shown albis is 3 So can we go to slide number 4, pleasmndlling
4 the generator hall. It is 25 metres in wid® metres 4 is one of the most challenging parts of thertyower
5 in height, and 137 metres long, along the akése 5 construction in the Himalayas. We need tunbetause
6 paper, perpendicular to the paper. 6 we have to convey water from the dam throbgh t
7 Within the generator hall you can seecthrol 7 headrace, so that's the tunnel. Plus thenglanty
8 room also. However, the real complexity iptethis 8 of other tunnels, as you must have seen iry oitne
9 floor level. You only see this part when yeaik into 9 sketches and photos that have been shown.
10 the generator hall, but actually the compyeisibelow | 10 This is because (a) the geology is comgleyou
11 this. So this extends exactly four floouadly 11 have different types of rocks coming in. Yawe minor
12 below: 1, 2, 3, 4. 12 and major faults, which means these rocksrashed.
13 So starting from the generator whichhisan in 13 So they are not at the best of their strengtiere
14 greenish colour here, we have the shaftpbatav this | 14 are high rock stresses. Sometimes the malt ¢s
15 is the turbine. So the shaft connects th@rte to 15 quite high. So then you have these squegzmagd
16 the generator. So if you strip the machirfienmyn all 16 conditions and you've got rock burst. Tlaese
17 of this, just to give you an idea of the scilthis, 17 technical terms, basically. Which meansahatgiven
18 from the bottom to the top you can fit inZastorey 18 height, you will have rock actually burstingp your
19 apartment building in this space. And thiall 19 tunnel. And presence of water, which is gfwaresent
20 underground. So that gives you an ideaef th 20 there, almost.
21 complexity of the underground constructiod és 21 So all these things combined, they makeelling
22 actual size. 22 really challenging in these environmentsd Alh
23 So on the right you can see a blue araod this 23 explain a little bit.
24 is from where the water comes in, and thimeots to | 24 Many plants, you know, they use presedrignnels,
25 the penstock, which is not shown here. Asldf 25 headrace tunnels, to convey water over miémyétres.
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So the headrace -- and again, this pressatétias

Page 30

1 1 S0 you spray it on the face.

2 to be managed, because it will go into th&.rgend it 2 And you have seen -- you see even it i8eethis

3 may cause problems, especially (a) when y®u ar 3 is shotcrete, basically. So it is quick-settit

4 energising and (b) sometimes then you haeentaty the| 4 just sort of sticks onto the surface, andvitgit

5 tunnels, and it has to be done gradually secau 5 that initial strength.

6 otherwise all the pressure that has gonettigtoock, 6 So normally in a day you do only one béagt muck

7 when it starts coming back and you do it dyidk can 7 at one phase. Therefore, if you have a longd,

8 damage your tunnel. 8 progress is very slow. So how to overcomegitablem:

9 So the other tunnelling works will inclydé 9 you have multiple faces that you attack. @ogo from
10 course, the surge tunnel and the tailraceetanplus 10 one side, you go from the other side, soymwhave
11 the excavation adits, the conveyance adithits are 11 two faces. So now your progress from 3 Bjuw you
12 basically tunnels but smaller diameter. \Whsay 12 get to about 6-7 metres.

13 "smaller diameter”, it doesn't mean like v@mall, but | 13 Then you also sometimes put in an adietwveen.
14 they are still like 4 or 5 metres. So we itedm 14 So now you have one, two, three, four faeasyou can
15 "adits" and the others are basically tunn8is.they 15 attack on. So then your daily progress tmebsout
16 are not small per se, but we call them "adiBecause | 16 15 metres a day.
17 we look at very large tunnels; the smallegsomve say | 17 So these are some of the techniquegdhaise
18 "adits". 18 when you are going for drill and blast.
19 So there are basically two methods thatcan use | 19 And often we use specialised machinerighnis
20 to excavate the tunnels. And factors thhtoantrol 20 called the tunnel boring machine, TBMs. ARMs also
21 are, again, the geology, the tectonic setep, 21 come in various forms: there are open grighere are
22 strength of rock, hydrogeological conditionafer, as 22 shield tunnels, there are earth pressuradmla
23 | said, and geometry of the tunnel. Tuneeingetry 23 machines. And all these depend on the tiygealogy
24 could be totally circular, it could be a tesisoe, it 24 and stratigraphy that you have.
25 could be a D-shape. So there are variogs tgp 25 Here is a photograph of the cutter héaaeo
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1 sections that you can choose from for a tynnel 1 tunnelling breaking through, basically. Sie th

2 depending on your use and the geology. 2 basically a TBM in Albania. So here we alse two

3 So conventionally, tunnels are drilledWdyat we 3 TBMs in Neelum-Jhelum Project. So it's a p@riter

4 call a "drill and blast" method. So you have let's 4 head at the front. And the energy requirerteenin

5 say you have a full face of the tunnel, and in 5 these TBMs is in megawatts. And you neeceaiafised

6 concentric circles you drill holes and yourgesthem| 6 plant actually to feed these TBMs.

7 with dynamite. Tonnes of dynamite -- hundraoid 7 And so these cutter heads, they movedteding

8 sometimes thousands of tonnes of dynamiteed in | 8 fashion, and they cut the rock, and whilea been

9 a typical construction. 9 thrusted forward by pistons. That's the basit of
10 So these concentric circles of holesrmde and 10 mechanism with these TBMs work. And theynmedty take
11 filled with explosive. So with certain dedayDelays | 11 about 15 -- you can do 15 metres a day, erage.
12 are in milliseconds. So what you do is:fits -- 12 Some of the good TBMs have done 20, 30 metres, in
13 the innermost circle is blasted first. Sat ttreates 13 a day. So compared to one face, 3.5 mettegill
14 a space. And then the outer circle and tthen 14 and blast, and you have to have multiplesiacere
15 outermost circle is blasted. So it all fallsand 15 with one TBM you can do 15 metres, on average
16 then what we call is the mucking operatiGo.that is| 16 So as previously mentioned also, thealnetwork
17 loaded into a truck or on a conveyor beld iars 17 at this project is 68 kilometres through \difficult
18 taken out of the tunnel. 18 geology. Both drill and blast and tunnelitgpr
19 Normally, because you have to drill @mehtyou 19 machines were used in different parts.
20 have to charge, so the length of the driliing 20 Slide number 5, please. So | think MiaAMiana
21 normally kept at about 3-3.5 metres. So-themch 21 has already explained the various tunnetsitbdave,
22 cycle: drilling, charging, blasting, cleariogt. And 22 and you have already seen this sketch aifesst But
23 after that of course you have to put in trss f 23 just as a recap, this is the main transfoiratr-
24 support, which is normally shotcrete. Souitith 24 main generator hall, the transformer halieSe are
25 a high-pressure nozzle. It's concrete thiidwable, | 25 the access tunnels/adits. This is the headuanel.
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The headrace, manifold, penstocks. And bedgs

Page 34

1 1 steel-lined. This is the lining in the turmel
2 pressure is high, these are steel-lined. 2 DR BLACKMORE: How much under Jhelum?
3 There's a drainage gallery in here. Amdugh 3 MR MALIK: 732 metres, twin tunnels.
4 this drainage gallery, we drill holes in aliedtions 4 DR HAYAT: Can you go slowly? Can you come inrfrere,
5 so that, if there is any water -- becaus@tbssure 5 please, and do this thing, so that everybadysee you
6 is very high, some water will find its wayahgh the 6 and hear you better. (Pause) Slowly, onerley o
7 rock joints towards the powerhouse. And wetdeant 7 MR MALIK: Okay. Single tunnel, 8 kilometres --ame than
8 any water coming because we have sensititriments 8 8 kilometres is concrete-lined. Twin tunnelgund
9 and things and we don't want any water. 9 9 kilometres is concrete-lined. And twin tahn
10 So in addition to a lot of grouting aedling 10 732 metres under Jhelum crossing, steel-lidewd twin
11 those joints, we have this drainage galletly all the 11 tunnel, 10 kilometres average is shotcreiedli which
12 drain holes, so any water that comes is,tdken 12 was excavated -- it's circular and excavaiétia TBM.
13 into this gallery and taken out, so it ddezo’ 13 DR BLACKMORE: And the 10 kilometres is closesthe dam?
14 towards the powerhouse. 14 MR MALIK: Yes, it starts 4.5 kilometres downsire of the
15 Then also, as Mr Arfan Miana and mangistisaid, 15 dam.
16 the size related to the Eiffel Tower and, koow, the 16 DR BLACKMORE: So the first 4.5 kilometres ardined?
17 surge shaft, you have seen that. So theretof 17 MR MALIK: It's concrete-lined. First4.5is
18 tunnels in this area. So we will look mdasely at 18 concrete-lined.
19 some of these features later on. So juestagpr 19 DR BLACKMORE: Okay.
20 Slide number 6, please. This is the taeadwhich 20 MR MALIK: Which was excavated with a drill anthbt.
21 conveys the water from the dam towards tieegmuse. | 21 DR BLACKMORE: Yes.
22 In Neelum-Jhelum Project, this is about X8d@netres, 22 MR MALIK: And then we have the TBM tunnels.
23 and it is made of single and twin circulad an 23 DR BLACKMORE: Yes.
24 horseshoe-shaped tunnels. The tailracelttemeves 24 MR MALIK: They are then 10 kilometres which is
25 water from the turbines back to the rive's | 25 shotcrete-lined.
Page 33 Page 35
1 3.5 kilometres. 1 DR BLACKMORE: Okay. Has the headrace tunnel been
2 So the project also consists of ten acaeis. 2 inspected?
3 You know this, like adit this and adit thathis is 3 DR HAYAT: Not -- | mean, after being energised after
4 the entrance and this is the cable adit. tAtal 4 being full of water?
5 length is about 11 kilometres for all thesi¢gsad 5 DR BLACKMORE: Yes.
6 So between the headrace tunnel and thinésr, as 6 MR MALIK: No, sir, but I think the plans are tleenow.
7 | pointed out, we have the penstocks. 7 Because you know better than | believe anylatgly in
8 THE CHAIRMAN: Just a question, | think, from Mtd&kmore. 8 the room that you have to do it slowly, arehtthat
9 DR HAYAT: Sir. 9 means losing generation for that amount o fisir.
10 DR BLACKMORE: Just on the headrace, yesterdayderstood| 10 Now they are planning that there areiapsed
11 that the headrace has three different sbttsnel 11 firms with an ROV that go into the tunnelsd gou can
12 lining: it has shotcrete, concrete, and dontterneath 12 have inspection while the tunnel is runnirid wvater:
13 the river | think it was steel-lined. Coylol just 13 you can put that submersible into the tunSel.they
14 give me an idea of what length each of thiogegs 14 are planning, and | think hopefully in thetrfiew
15 was, please? 15 months they will have an inspection with tim&thod.
16 DR HAYAT: | will refer that question to Mr Ayublalik, who 16 DR BLACKMORE: That was my next question, whetheu are
17 will have a better answer on exact numb€an you 17 using some form of remote sensing, so weledo
18 answer that question, please, for me? | voeoe 18 | think it's important, that's all.
19 precise. 19 DR HAYAT: Thank you, sir.
20 MR MALIK: The twin tunnels are 19 kilometreslength. 20 Slide number 7, please. So these are sbthe
21 Out of that, 10 kilometres is shotcrete-lined/as 21 photos of the tunnel excavation. | think yxawe seen
22 excavated by the TBMs. Remaining is: 9 kétes of 22 this one before also. This is the starheflteadrace
23 the twin tunnel is concrete-lined, 8 kilorastof 23 tunnel. This is during construction. Tlsishe
24 single tunnel is concrete-lined. And thenhaee got 24 collecting canal while it was being constedct You
25 around 732 metres under Jhelum crossing vidich 25 can also see some formwork and reinforcefoettie
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desander area that we were at. So this iisgdur

1 1 that.
2 construction. 2 So design of the penstock must includeoniyt
3 Of course a lot of this hill had to be ttubugh, 3 basic hydraulics, like (inaudible), but alsmsider
4 and this was basically conglomerate, this nesock. 4 the high pressure, and the presence of peespikes
5 And that is why you also saw that roller-conipd 5 caused by closing. So of course for that avelthe
6 concrete on the upstream side to stabilisesitaa. 6 safety mechanism of the third shaft, to take of the
7 You can imagine the excavating tunnehis type 7 effect of increased pressure.
8 of geology -- and this Murree formation esalbgi with 8 So these inlet valves actually act --etane four
9 its soft shales, silt stones, clay stonessandstone 9 inlet valves, because you have four unitsydnocan
10 inter-bedded -- it's a huge undertakindninkt it's 10 isolate any one of the units at any giveretinot that
11 one of the monumental projects in such aoggoko be | 11 you have to shut the whole plant.
12 building such a large and long headrace twwitie such | 12 Slide number 9, please.
13 a high pressure. And we of course also erieced 13 DR BLACKMORE: Sorry, I'm just wondering: did yoed to
14 faults and falls, and one was very near dhelu 14 put any expansion joints in any of those ks ?
15 Actually, when you are driving back ttaisabad, 15 DR HAYAT: In this penstock, sir?
16 | would like you to have a look at both sidéthe 16 DR BLACKMORE: Yes. | can see you --
17 river, and you will see that the rocks hdse are 17 DR HAYAT: Not to my knowledge.
18 different on both -- like you saw on the dsite, here 18 DR BLACKMORE: I think you've got --
19 also the rocks are different on both siddhef 19 DR HAYAT: But again, because Mr Ayub has beerhany
20 River Jhelum. On one side you have the Murre 20 expansion joint in any of these penstocks?
21 formation, which are maroon-ish or reddisiiehiand | 21 DR BLACKMORE: | can see you've got thrust caldrthink,
22 sandstone, where the road is, on the lek bathe 22 if | can read it correctly.
23 river. And on the right side, when you loibks 23 MR MALIK: There is a small expansion joint beewethe MIV
24 Hazara formation, which are shales and schishd 24 and the spiral case.
25 actually the river is running along the fault 25 DR BLACKMORE: Yes. Okay.
Page 37 Page 39
1 So it took almost ten years to complete th 1 MR MALIK: To cater for any movement in the powetse or in
2 Neelum-Jhelum Hydropower Project. The inttie$ign | 2 the MIV. Very small, | think it's in millimegs.
3 for excavation was actually to use the coriaat 3 DR BLACKMORE: Oh, is it?
4 drill and blast method. But for a significéemgth, 4 MR MALIK: That's all you require.
5 as Mr Ayub Malik also just told you, we usesttunnel| 5 DR BLACKMORE: Yes, yes. No, there's not muchpenature
6 boring machines, to increase the pace of Wwaskcally. 6 change, so yes. Alright. Thank you.
7 The total length of the headrace tunnel is 7 DR HAYAT: Thank you.
8 28.5 kilometres, just to repeat. Out of this, 8 Next one (slide 9), please.
9 20 kilometres are twin tunnels, and that ip2@ 20, 9 This is the inlet valve. I'm sure todaywill --
10 so this means actually the tunnelling wakildbnetres. | 10 here you can't judge the scale maybe, an20ttenne
11 The length is 20 kilometres, but you havé&iRfnetres | 11 counterweight that you have, but I'm surewiibe
12 and 20 kilometres, so it makes a total dfiltinetres. 12 looking at it today when you are on a visittte
13 Out of this 40 kilometres, 20 kilometres wasavated | 13 powerhouse, and it's a sight to see.
14 by the two TBMs. 14 So basically it's an on/off valve. Dgrin
15 Slide number 8, please. 15 operations, the flow of water is controllgcthe
16 Now, this slide shows the cross-sectiche 16 wicket gates along the periphery, which reenb
17 penstock and inlet. So this is coming frommanifold | 17 explained by Mr Arfan Miana in his preseraati
18 or the part of the headrace, and this ip#mstock. 18 So unless you have any questions fortrtiésa
19 This is all steel-lined, very thick steeldanis 19 stage, | will hand over to Mr Tariq.
20 also grouted and encased in concrete. 20 THE CHAIRMAN: Any questions?
21 And here (indicating) you have the -sikithe 21 No, we have no questions, Dr Hayatke ia
22 main powerhouse or the generator hall. Yauelihe 22 we will see you again a little later in the
23 main inlet valve, or "MIV", as we call it ghort 23 presentation.
24 terms. And of course this is the turbine,ghaft and 24 DR HAYAT: Alittle later, sir.
25 the generator (indicating). So just a cEsgion of 25 THE CHAIRMAN: Very good.
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1 DR HAYAT: | will take over from slide 25 later osir. 1 can be transmitted to national grid through 60,
2 THE CHAIRMAN: Okay. We look forward to having ydack. 2 220 kV or 132 kV transmission lines. Hydrotlie
3 MR TARIQ: Mr Chairman and members of the Court of 3 power plants have the ability to quickly raompor
4 Arbitration, | am very pleased to address fgouhe 4 down, therefore they are playing a crucia inlgrid
5 first time. My name is Mohammed Tariq andnl ehief 5 stability.
6 engineer at WAPDA ... 6 Slide 12, please.
7 THE CHAIRMAN: Let me just interrupt you for a memt. 7 This slide is a detailed view of internal
8 Is the audio okay on this? 8 cross-section of Francis turbine installed at
9 Okay, please proceed. 9 Neelum-Jhelum and its associated structure for
10 MR TARIQ: Thank you. 10 conversion of the kinetic energy of the watey
11 ... responsible for the operation anchieaiance of 11 electrical energy, which has already beefa@qd in
12 Tarbela 4th Extension Hydropower Station. 12 detail by Mr Arfan Miana in presentation Bgats
13 The next fundamental component of powgsao 13 working in principle will be explained in wping slide
14 structure is turbine. Turbine is rotating in 14 number 15.
15 a mechanical device that extracts the kiretergy of 15 Slide 13, please.
16 moving fluid, which in our case is water, aodverts 16 We know that turbines are not one-sitzedil.
17 itinto the rotational energy, which is triemsed to 17 That is why we classify them on multiple dedactors
18 electrical generator by means of a couplatt &h 18 to meet our specific requirements. Somedezjgn
19 convertitinto electrical energy. 19 factors are: energy at inlet, direction off] head
20 Before the invention of waterwheel, ttaaw cycle 20 and revolutions per minute.
21 was the same as it is today: rivers wereifigirom 21 There are two types of turbine, basedrangy at
22 glaciers to the sea, irrigating land in betweThe 22 inlet. These are impulse turbine and readticbine.
23 kinetic energy of water was utterly wasteshtdbuting 23 They have already been explained in detail by
24 only to the erosion of land. 24 Mr Ayub Malik in presentation no. 2.
25 After the invention of waterwheel, a drfralction 25 However, impulse turbine operates by eding the
Page 41 Page 43
1 of the kinetic energy was utilised for differe 1 kinetic energy of high-velocity jet of wateta
2 purposes, including milling grains and powgrin 2 mechanical energy. Pelton wheel turbine falthis
3 machinery. Later on, after Industrial Reviolutand 3 category.
4 invention of AC generator in the 19th centting, 4 However, in a reaction turbine, reactimbine
5 output of waterwheel was not sufficient. Tbid to 5 uses both potential energy of the water stiorédte
6 the development of initial turbines, which eveot very | 6 reservoir and the kinetic energy of the higbesl
7 efficient, but much better than waterwheels. 7 flowing water. Francis and Kaplan turbindkifethis
8 They were preferred, due to their varighipes and | 8 category.
9 design, for the use in the regions where temvheel 9 We classify turbines in four categoriethwespect
10 could not be installed. Later on, they wergtomised 10 to the direction of flow. In tangential flaurbines,
11 for different locations, water flow and lacage, 11 water flows tangentially to the turbines'menblades.
12 resulting in birth of modern turbines. 12 In radial flow turbines, water enters dirgethd exits
13 Slide 11, please. This short video @ékcribe 13 tangentially. Pelton turbine falls in thategory.
14 operation of turbine in hydroelectric powkmp. 14 In axial flow turbines, flow of water remaiparallel
15 Please play. 15  tothe axis of rotation. Francis and Kapiahines
16 (Video played) 16 fall in this category. In cross-flow turbinevater
17 Now we will play it again, and | will ebgin. 17 passes across the turbine blades.
18 Please pause. Please pause. 18 There are three types of turbine witpeesto the
19 Water flows from reservoir, passing tigtothe 19 water head: high, medium and low. 300 metnesabove
20 penstock, and enters the spiral casing, vihdmae is 20 is considered as high head. Pelton wheghes are
21 housed, and exits through draft tube intdafece. 21 installed to utilise this head. Head randiogh 30 to
22 Please play. 22 300 metres is called medium head, and Frantige
23 The coupled shaft imparts rotational gynéo the 23 falls in this category. However, in moderrdges,
24 electrical generator, resulting in productibicheap 24 medium head is defined up to 500 metres.d Hebow
25 and environmentally friendly electrical enenghich 25 30 metres is considered as low head, ancaKapibines
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fall in this category.
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1 1 dial accelerates the water flow for efficienergy
2 There are three types of turbine with eeso the 2 transfer. Guide vanes regulate the flow efitlater.
3 revolutions per minute: high, medium and I, 3 Volume of the water can be controlled by difigsthe
4 Pelton, Francis and Kaplan respectively. 4 angle of the guide vanes.
5 Slide 14, please. 5 The runner is the heart of the turbine direttly
6 Let's discuss prominent types of the hebiTheir 6 interfaces with the water flow, capturingkiisetic
7 selection criteria depend upon head, flowaatesite 7 energy and transmitting it to the turbine shaf
8 conditions, which have already been explained 8 Bearing supports turbine shaft withintilmbine
9 Mr Ayub Malik in presentation 2. 9 housing and ensures proper alignment of thi &h
10 Francis turbine is a type of a reactiohinhe in 10 avoid wear and tear.
11 which water enters in spiral casing and flbath 11 Draft tube is located beneath the turbimaer and
12 axially and radially through turbine runntades, 12 it provides the exit passage to the watedifarharge
13 changing direction and velocity. This chaimge 13 into the tailrace. Its gradually increasing
14 momentum creates a reaction force that pukkddade, | 14 cross-section area acts as a diffuser.
15 causing a rotation. These turbines areldaitar 15 Slide 16.
16 medium head and variable flow rates. 16 The performance and longevity of theihglilepends
17 Francis turbines are used and are iratperin 17 upon many factors, including head, flow eatd
18 WAPDA. Pakistan's largest hydroelectric poplant, 18 sedimentation. Head or height differencevben the
19 located at Tarbela on the River Indus, featur 19 water source and the turbine directly affduts
20 17 Francis turbines with a rated installguacéy of 20 pressure and speed of the water enterinmithiae.
21 4,888 MW. In WAPDA, Francis turbines arealsed in | 21 Similarly, flow rate or volume of the watexgsing
22 many other hydroelectric power plants, likengla, 22 through the turbine per unit time affectsabgut of
23 Neelum-Jhelum, Ghazi Barotha and Warsak. 23 the turbine. Therefore, matching of turkiype with
24 Pelton turbine is a type of impulse taebivhich 24 site condition is crucial for determinatidn o
25 uses kinetic energy of high-velocity wat¢fijed 25 performance. That is why Pelton turbinessar@ble
Page 45 Page 47
1 from nozzles at specific angles. These tfperbines 1 for high heads and Kaplan turbines are suitédollow
2 are also in operation in WAPDA at high-head:@o 2 heads.
3 plants, located at Duber Khwar, Allai Khwadan 3 Sedimentation is the deposition of patidarried
4 Khan Khwar power stations. 4 by water. It has significant impact on periance and
5 Kaplan turbine is also a type of reactiohine. 5 longevity of turbines. Accumulation of sedittsecan
6 These turbines are suitable for low head aryk Iwater 6 cause erosion, abrasion and damage to tuslzides
7 volumes. These turbines are also in operatigtAPDA 7 over time. This phenomenon and its management
8 at small hydropower stations located at R&hagdiwal, 8 strategies have [been] discussed in detdiirbdbbas
9 Nandipur and Chichoki. 9 in presentation 6.
10 Slide 15, please. 10 This slide shows a close-up image ofiterb
11 Now we will have a short video demonsteat 11 abrasion on turbine blade profile. Ratebwésion on
12 fundamental working principles of Francisbine in 3D. 12 the turbine increases with increase in heddsie of
13 Please play. 13 grain. Sand particles larger than 0.2 to
14 (Video played) 14 0.4 millimetres are particularly abrasive.
15 (Indicating) Penstock. Transmissiondine 15 Slide 17, please.
16 Switchyard. Hydroelectric power plant. Maehhall of 16 Protective measures are essential foinies to
17 the power plant. Guide vanes, regulatingstin 17 ensure their reliable operation, longevitgt an
18 Runner. Guide vanes. Guide vanes. Tusbiné. 18 efficiency. These measures are necessanyigate
19 Spiral casing. Fixed vanes. Guide vanasinB with 19 various risk and threats that turbines maypenter
20 spiral casing -- draft tube. 20 during their operation.
21 In this video we have seen penstoclcianduit to 21 Protective measures include: inlet saregl trash
22 transport water from intake structure toingb Inlet 22 rack; desander; surge tank; pressure relleéy
23 wall is positioned at the entrance of theasjgiasing. 23 runner coating; and mechanical protectionthé
24 Spiral casing directs pressurised water froet wall 24 following slides, | will quickly go througih¢ measures
25 to the turbines runner blades. Its gradutglyreasing 25 which have already been explained by Dr Alibas
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1 presentation 6. 1 DR HAYAT: A pleasure to be back, sir. I'll tedKittle
2 Slide 18. Inlet screens and trash raks a 2 bit now about generation and transmission.
3 installed at the intake of turbine to prevemtry of 3 Slide 25, please.
4 debris, rocks and branches, to mitigate steai 4 So this shows the photo of the generataide the
5 blockage, abrasion, erosion and mechanicahgdarto 5 powerhouse, 1, 2, 3, 4, in Neelum-Jhelumydsknow,
6 turbine components, therefore prolonging fiéesof 6 and as has been explained by Mr Tariq als@tras,
7 turbines. 7 the generators convert the mechanical eneagiuped by
8 Slide 19, please. Desanders. Desanders a 8 the turbines into electrical energy, whicthisn
9 designed to remove sediments and abrasivielparfrom 9 readied for transmission via the transfornadirdnd
10 water before it enters the turbine. Thep helreduce 10 the switchyard.
11 wear and tear on turbine components andnydle 11 So the Neelum-Jhelum generator hall dedufour
12 operational life of the turbine. 12 generators, each rated at 242 MW and exptcted at
13 Slide 20. Surge tanks are installed eetw 13 300 RPM, revolutions per minute.
14 penstock and turbine to absorb pressuresoegesed by | 14 The vertical arrangement seen in thisqhbe
15 sudden changes in water flow. They protebiries 15 generator is mounted on top of the turbinésu have
16 from water hammer effect. 16 also seen other illustrations and videods iBtthe
17 Slide 21. Pressure relief valves aretgalevices 17 characteristic of large plants, while in dergblants
18 installed in turbine hydraulic system to aske excess 18 the generators and the turbines could béariaontal
19 pressure and also to prevent pressure-relatedges to | 19 direction. So here they are vertical, anel\ertical,
20 turbine during abnormal conditions in the poplant. 20 and in smaller plants there could be a hotato
21 Slide 22. Runner coatings are appligdriaine 21 arrangement also.
22 runners to enhance their resistance agdirasian, 22 As is in here, a hydroelectric plant vaousually
23 corrosion and cavitation damages. Thesingsat 23 have multiple generating units because tbidavallow
24 provide a protective barrier between turliagles and 24 individual units to be removed from operatidrile the
25 the abrasive elements to reduce wear andndarbine 25 others are kept running. So that is a disiesign
Page 49 Page 51
1 blades, therefore extend operational lifesgan 1 feature that we have, that we have more tharuait.
2 turbines. 2 So multiple units also allow for power giation to
3 Slide 23. Mechanical protection. Varisessors 3 track variations in available flows of watercbanging
4 and monitoring systems are installed to detect 4 power demands during the day. So if you tesgthan
5 mechanical faults, such as: bearing oil level 5 peak demand, so you can only run two genaredad as
6  monitoring; turbine overspeed protection; tegu 6 the demand rises, then you can add on, arastilis
7 inspection of inlet valve and pressure rel@fe to 7 the demand goes down.
8 ensure their proper operation; vibration namig to 8 For any turbine or generator, the enecgyersion
9  avoid wear and tear on the turbine shaft corapts; 9 efficiency is achieved by running a singlet aiits
10 shaft seal, to ensure as minimum as possitier 10 design optimal operating point, rather thamimng
11 leakage between the turbine shaft and the ¢eer; 11 multiple units at lower flow rates. So ibistter to
12 monitoring of bearing pad temperature, tdchaoy 12 be within the sweet spot, | would say, ofttiteines
13 damage to the plant components with respebet 13 and generators, 50%, 70%, 80%, 90% efficieratiier
14 turbine. 14 than having all at 40%, 30% efficiency. $@qg that
15 Alarm and automatic shutdown mechanisms a 15 the largest generating units produced by ofdsie
16 triggered in response to abnormal condittorevent 16 manufacturers are approximately 750 MW, lapignts
17  the damage to the turbine components. 17 will need multiple such units to meet thenpdadesign
18 Thank you very much for your attentidtow 18 capacity.
19 Dr Tahir Hayat will continue the remainingpan of 19 Slide number 26, please.
20 the presentation. 20 Next, this is the transformer, photo of
21 THE CHAIRMAN: Any questions? No. 21 a transformer, this one, and this is alseprsp
22 MR TARIQ: Thank you, sirs. 22 substation in the powerhouse. And it istiedain the
23 THE CHAIRMAN: Okay, we have no questions for yuTarig. 23 case of Neelum-Jhelum, underground alsoyendavill
24 That was very clear. Thank you very much. 24 see it today, only a few metres away frongtrgeration
25 MR TARIQ: Thank you, sirs. 25 hall.
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Page 54

1 The voltage that is produced at the geoeia 1 So getting the hydropower to homes andhbsses,
2 Neelum-Jhelum is 15.75 kV. As it is taketh® 2 it takes very careful planning, as transmissiites
3 transformer, it is stepped up to 525 kV, dnislis for 3 can carry the amount of electricity that i
4 efficient transmission. 4 consumed. To keep the right amount of poleerifig,
5 So a transformer, a step-up transformignere are 5 computers calculate how much electricity stidnd sent,
6 two types of transformer, step-up and steprdawhis 6 when and where across the system, and poweraj®n
7 is a step-up transformer: it increases frorm3 5 7 of various plants feeding the grid will belssigd.
8 525. This is because this will allow genematf 8 So this is at the master control leved.abthe
9 transmission of high voltage with less endogg. 9 plants, you know, they are at a master colevel.
10 So sometimes the transmission lines dowild 10 They have a control which then decides wplaht
11 hundreds of kilometres. It's very normatauese they | 11 produces what and at what time, and whésasito be
12 have to take these to a central grid statiorhe 12 sent. So during the course of the day Ithweil
13 case of Pakistan, it is distributed all der 13 adjusted so the correct amount of enerdgugrig into
14 country: it becomes part of the whole bigkbasf 14 the grid, and that will be used over the mehdtever
15 energy that you have. 15 period it is required.
16 So modern turbines can convert about &ftte 16 Number 29, please. Okay.
17 potential energy theoretically available fraater into | 17 So beyond the transformer, there areipleitbther
18 mechanical energy, and generators can ccaiveut 18 types of substations in the power systems.
19 98.5% of that mechanical energy into eletgriand 19 There are step-down substations, whictedse the
20 about 1% will be lost in the process of tfamsing the | 20 voltage for local distribution. Because\béage
21 low voltage of the generator. So at thesfiamer 21 that comes into your lines, for those livind\merica
22 level there's 1% loss. 22 it is 110, for those living in this part bitworld it
23 So at the optimal operating point, o\@¥9- to 23 is 220. So it has to be stepped down franttigher
24 combine all the efficiencies and the lossestom the | 24 level to the distribution point for the .a Biis is
25 total energy available in water we can preduc 25 where we have the step-down substations.
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1 electricity which is about 90% of that. Thd% is 1 There are also distribution substatioas sapply
2 various losses that we have in the system. 2 electricity direct to the consumer, and switgh
3 Next to the switchyard, please. Yes, 27. 3 substations. So multiple lines come intosthitching
4 So this is a place where once the voltagebeen 4 substation, and if there's a problem with one,
5 stepped up, it is directed to the transmistien and 5 there's less need, so that will decide --¢tlaes the
6 this plays a major role in the security of plogver, or 6  switches where you go from one place to therqtlace.
7 the security of the system. So it comprisesries of 7 So basically, switching stations can isplpust
8 switches, breakers and other protective dsvitech 8  like your main inlet valve or other safety ides:
9 can be either manually or remotely openeccanttolled | 9  that's also another sort of a safety protectibyou
10 to energise or de-energise specific transoniss 10 need maintenance on one line, you will swittciff.
11 circuits leaving the plant. 11 If you need more energy in some, then yougoamit to
12 To disconnect a transmission line leattrggplant, 12 that.
13 the breakers are opened, and to connectatbeagain 13 So next is, | think, the thank you. 3@s.
14 closed. So these are the breakers that wes laage 14 So I'm at the end of my presentatioryolf have,
15 ones. And basically to protect, if thereamg surges 15 sir, any questions, | will be glad to takes#, myself
16 or there are other problems, then you hagsth 16  and Mr Tarig.
17 breakers to isolate the system, or multipdtesns. So 17 Yes?
18 the Neelum-Jhelum switchyard is rated atid75 18 THE CHAIRMAN: Mr Buytaert.
19 Can we go to slide 28, please. 19 PROFESSOR BUYTAERT: Would you know what is tkecentage
20 So the transmission lines deliver thetda 20 contribution of the Neelum-Jhelum plant coragdo the
21 electricity into electrical power grid at tthesignated 21 total hydropower production in Pakistan? Véare
22 point of connection. So that point has sieffit 22 does the plant provide?
23 transmission capacity to accept the enermgbe 23 DR HAYAT: So | would say it is about -- rougHlyover 26,
24 produced at the plant and then to deliviatdtlines 24 because the total -- please. To be precise.
25 serving the users, basically. 25 MR MIANA: For the hydropower station, we haveab
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9,400 MW installation capacity. Out of tH@&9 is

Page 58

1 1 So | think then we have no further questioSo

2 the -- so almost 10%. 2 that concludes this presentation.

3 DR HAYAT: But what about the total big -- thatd5,000? 3 If | understand correctly, Dr Hayat, yoaymeed to

4 MR MIANA: Yes, they asked for the hydel. 4 leave at this point. Let me just, on behkthe

5 DR HAYAT: You're only asking about hydel? 5 Court, say how much we appreciate all thatwodone

6 PROFESSOR BUYTAERT: Yes. 6 during the course of this visit. It's beenyeelpful

7 DR HAYAT: Or total mix in the Pakistan ... 7 to hear from you.

8 PROFESSOR BUYTAERT: No, the percentage. So@bé df the 8 DR HAYAT: It has been a pleasure, sir, to addyess and

9 total hydropower energy -- 9 give you as much information as | could, ihank you
10 DR HAYAT: Total hydropower. 10 very much, sir, for listening to me.

11 PROFESSOR BUYTAERT: Yes. While we're at it, ikahe 11 THE CHAIRMAN: Thank you very much.

12 percentage contribution of hydropower in gaine the 12 So | understand now is our lunch bread,then

13 total electricity consumption; would you kridw 13 after that we'll resume with the next presgm. Is

14 MR MIANA: About 25-30%. 14 that correct?

15 PROFESSOR BUYTAERT: Okay, yes. Thank you. #mdrest? | 15 MR MIANA: We have now the next presentation, aftdr that
16 Would you happen to know the percentageseobther 16 we have the lunch break.

17 types of hydropower? 17 THE CHAIRMAN: Okay. Next presentation and ttemch.
18 MR MIANA: This is the nuclear, the thermal, &hd way 18 (Pause)

19 it -- 19 | think we are ready now for presentationl10.

20 DR HAYAT: | think it will come in the next prestion. 20 Presentation 10: Power Production

21 PROFESSOR BUYTAERT: Okay, perfect. No, nojpdlhappy 21 MR KHAN: Honourable Mr Chairman, members of Gwurt,
22 to wait. 22 good afternoon.

23 DR HAYAT: So that will be answered in precisans in the 23 | am Hameedullah Khan. | am from WAPDAave
24 next presentation. 24 a 31-year service length in WAPDA, mainly kg as
25 PROFESSOR BUYTAERT: Great. Thank you. 25 operation and maintenance engineer for p@uees.
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1 DR HAYAT: If that's okay with you. 1 Currently | am chief engineer, Warsak poweseaou

2 PROFESSOR BUYTAERT: Absolutely. 2 | have spent quite a time of my servicEabela

3 DR HAYAT: Thank you. 3 Power Station, serving the first power statibe

4 THE CHAIRMAN: Just one question from me, Dr Hayabu 4 second power station and also the T4, wherermp

5 mentioned that there would be a sort of mameson or 5 colleague Mr Tariq is chief engineer. | hapent more

6 place that would decide where the energy rieegis at 6 than 20 years out there.

7 what time. Is that located somewhere in Pakjsand 7 Currently | am looking [after] the noregion

8 you receive instructions from them here ashere to 8 powerhouses in the country, six of them, it

9 send the energy? Is that how it works? 9 small powerhouses. | am also looking after th
10 DR HAYAT: That is how it works, sir. | think [fam not 10 rehabilitation work of Warsak powerhouse,chitis one
11 wrong, it is called NTDC, National ... NPCC. 11 of the oldest powerhouses in the countrfadhthe
12 THE CHAIRMAN: NBCC? 12 powerhouse which was commissioned back i0.1@has
13 DR HAYAT: NPCC, National ... 13 a 242 MW installed capacity.
14 THE CHAIRMAN: NPCC. 14 So in our presentation -- along with me
15 DR HAYAT: National Power Control Centre. 15 Mr Arshad Malik, co-presenter: he is als@tkngineer
16 THE CHAIRMAN: National Power Control Centre. &k 16 in WAPDA -- we will be talking to you abolitet power
17 DR HAYAT: So what happens is -- so he will aigotalking 17 systems. You have heard a lot about theoppgaver, how
18 about that in the next presentation, to goue more 18 the energy produced, and | consider thatayeunow the
19 details. But | think there is a daily exchamf data 19 hydro experts, along with me. So it willdzesy
20 between all the power plants. So it's a dataing 20 talking to you about the power production drapower
21 out, so they will tell them what is the capathat is 21 systems now.
22 available with them on a particular day, tray will 22 We will be first discussing power systargeneral,
23 tell them how to dispatch and what to dot Huwill 23 then we will go to a simple power systemntive will
24 tell you more about it, sir. 24 be discussing it in more detail. Finallywi# be
25 THE CHAIRMAN: Okay. Very good. 25 discussing the role of Neelum-Jhelum, whighcolleague
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will be presenting to you, in the current doyia

Page 62

1 1 require some uranium or some fuel; for fdssl

2 power system: how it fits and what is its cidwotion 2 plants, it will require coal or some furnadeet

3 in the power system. 3 cetera. But here the fuel is water.

4 Slide number 2, please. Hydropower. 4 Water as known as the white gold. It dies

5 A lot has been said about the hydropowés. the 5 generate any flue gases. In a hydropoweosigiou

6 power extracted from the water, either fromfdiling 6 will not experience the extra high thermabss

7 water or the running water. And from theifigjlwater 7 because the temperatures are very low. Atiteae are

8 we get the potential energy; from the runniader, we 8 built on the rivers, and the river has a flanound the

9 get the kinetic energy. So either of thenther 9 year -- maybe it's less or high, maybe insegison
10 combined effect of them, can generate aflot o 10 they are getting more water and in dry setismnare
11 mechanical power. 11 getting less water, but the flow doesn't eedisis

12 Anciently, this mechanical power was used 12 not the case in the rivers, certainly, whdioh located
13 mechanical purposes, like signboard or ttibr 13 in this part of the country, in the Himalayagion.

14 maybe for grinding grains. After 1833, a evochydro 14 So you have a minimum flow. And thesdehy
15 turbine was developed, and then this hydrepevas 15 generators or hydropower plant can run ingemy of
16 started to be used as a source of eleateaty. 16 the year. The production may vary. In veetsen, they
17 As we know, water is about 800 times naemese than | 17 will be running as a baseload plant -- whdiaseload?
18 air. It has a density of 1,000 kg per mettged. In 18 | will explain it in detail later -- or theypay be used
19 contrast, air has only 1.293 kg. So a liteof 19 for peaking. But they will be kept runnigying to
20 water flowing with a smaller head can gemerat 20 the property of the river, which doesn't eetise
21 electricity. It is an equilibrium which waye to hit, 21 minimum flow is there.
22 where we stand or where we design our powsegho 22 Then the other advantage is: easy toteiainAnd
23 regarding the flow and the head. 23 for this, we have to make the comparison. héle to
24 So, as | have told you, Mr Benoit Fouropywas 24 make the comparison between the hydropowaet phd
25 considered as the founder of the modernrteripi 1833. | 25 a steam turbine.
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1 Then in 1882, as the slide suggests herejwan Rox 1 So the auxiliary equipment are the esalenti

2 in Wisconsin we have the first formal hydrogownit in 2 equipment in a powerhouse to run main equipmen

3 the USA. 3 i.e. generator and turbine. Turbines givetheu

4 The story doesn't stop over here regareliatution 4 mechanical energy; generator converts toldutrieal

5 of the turbines. In 1897, the first HEP wetsup in 5 energy, which is the theme over here.

6 Asia, at West Bengal, and it has an outpatrabst 6 So the balance of the plant equipment vaie

7 130 kW. Although it was a smaller one, asavee 7 essential for running these two major equigsisn

8 looking out to our powerhouses of the dag lik 8 known as the auxiliary of the power plant.dAhis

9 Neelum-Jhelum is 969 MW. 9 auxiliary in a hydropower plant is minimumcasnpared
10 Slide number 3, please. 10 to a thermal power plant. Maybe a thermalgrglant
11 Hydropower. Hydropower has three majimaatages: | 11 has so much auxiliary for one 600 MW unitjchihis
12 it is clean, cheap and reliable. And byanld mean 12 sufficient for a 2,000 or 3,000 MW hydro tiaen
13 that it doesn't generate any industrial wéiste 13 Less auxiliary means less maintenaneeg s more
14 doesn't have any chemical reactions goinglole we 14 reliability, and it's more economical also.
15 are generating the hydropower. And it is 15 The system doesn't run on the same lakerp
16 environmentally friendly, in a broad spectrum 16 throughout the day or throughout the seasit,must
17 By "cheap" | mean that maybe the int@t is 17 have a powerhouse, which can vary with tkeesy
18 very high for a hydropower station, but tinening cost 18 requirements. And this property is mostlgl egliably
19 is minimal. It is almost perpetual, a paspemachine 19 found in a hydropower unit.
20 having a generating efficiency of 98%. Ictféhe 20 It can start up very quickly. Our tusdsrat
21 tariff of the system is controlled by thisap 21 Tarbela -- because | have worked a long #éitne
22 characteristic of hydropower. 22 Tarbela -- they can start in a matter of Butds only,
23 Then we have the reliability factor in Xs you 23 from zero to their rated speed of 136 RPM,tary can
24 know, the hydropower consumes water aséis fin 24 be synchronised in next 2 minutes. And éneping of
25 contrast, if there is a nuclear power [plantyill 25 these turbines are so quick they can taladdf
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1 100 MW in a matter of few seconds: maybe 60 to 1 under construction or feasibility in the nerhside
2 70 seconds and they are running at 100 MW. 2 of the country. Generally, the heads avadlalot as
3 So you see how they adapt to the chargatyand 3 per topography or terrain which Pakistan fidse north
4 how flexible they are. So for the reliabilitfy 4 and west portion of the country has the hdzaisthe
5 a system, you cannot ignore the role of adpalver 5 rivers. So all of the hydro generation iscanirated
6 plant. 6 over here, in the north. In the south artthén
7 Ramping, as | have already explained, tié 7 central portion of the country, we have ptaimain,
8 ability of the turbine or a generator to gaquickly 8 so thermal units, wind units and solar uniésthere.
9 and to go down quickly in terms of loadingpeledingon | 9 Next slide, please, slide number 5. r&iw we
10 the system requirement. So this abilitytbdse there 10 will be talking about the power productiomnl éine power
11 if we are requiring a reliable system or é want 11 systems. So | will be explaining you firsimple
12 a system to be more reliable. 12 power system.
13 Hydro turbines are also used as frequency 13 Next slide, please, slide number 6. tBis,is
14 regulators: they are put on auto mode andwiie 14 a simple power system, and it is just forséiee of
15 automatically regulate the frequency. Theddard 15 understanding, sir.
16 frequency in Pakistan is 50 Hz; as you ajréadw, in 16 So as you can see over here, sir, iretheve have
17 America, it is 60 Hz. So due to quick rangpitey are 17 the generation. We (indistinct) belong s tiortion.
18 used as frequency stabilisers. 18 Then we have the transmission, which is shusva as
19 Slide 4, please. 19 blue. Then we have distribution system, tvidcshown
20 Sir, this is the map of Pakistan, showieghydro 20 here as green. And then we have black sttenéal
21 potential of the country. All of these polauses 21 part of a system: customers, from where wéhge
22 which are shown over here are not operaticBaine of | 22 money.
23 them are operational; some of them are under 23 So, sir, explaining my portion first: thenerating
24 construction; some of them are in feasibgitgge, 24 stations. These are designated as red.gé&héeration
25 study stage. 25 station may be a hydel, in a power systesmd-now
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1 So you can see the legend over here.ti#end 1 | am talking about a power system, sir. $®rtay be
2 powerhouses in green colour are in operafidre 2 a hydel, it may be a nuclear power plant oray be
3 powerhouses in magenta colour, some of threse a 3 a thermal power plant, or wind or anythin@ itSs
4 operational, some of these are under conitnydiut 4 the first part of a power system.
5 they are operated by a private owner andareatled 5 Then we have this generator step-up toameir.
6 by PPIB, Private Power & Infrastructure Boafdhey are | 6 This is very important, sir. Because in pdweises,
7 working under the umbrella of PPIB. 7 whether it is a hydro or a thermal, the geti@ra
8 Right now, sir, if | can show you, we heze 8 voltage, as Mr Hayat also explained, for Neellnelum
9 (indicating), Neelum-Jhelum. You can seeithis 9 it is 15.75 kV. But to transmit the powettds
10 Neelum-Jhelum; this is a reservoir, and Mangla. 10 voltage level will ultimately result in a lot losses,
11 So this Neelum-Jhelum, as you know, is aofriver 11 because -- as a simple technical discussitwe -
12 plant. But what's coming to this reservpistiored, 12 losses depend on the amount of current.
13 and Mangla can operate as a reservoir-bdaetd p 13 So the power we generate over here, 242 &hd
14 throughout the year. 14 we have a 15 kV voltage at the generatianth&
15 If you are interested where | am workiang coming 15 current will be obviously in kiloamperes. ddor the
16 here to brief you, | am working, sir, hera{cating). 16 losses you have to make square of the lhend t
17 This is River Kabul and Warsak powerhousightfiow | 17 multiply it with the resistance of the trarssion
18 | am performing my duty over here. 18 line, and the result will be so much higlséss
19 Where | have spent a lot of time, 20 yethis is 19 So to control these losses, we need apow
20 Tarbela (indicating). Tarbela 1, 1,750 Mvérela 2, 20 transformer to step up the voltage to a leséth is
21 1,728 MW; Tarbela 4, where Mr Tariq is wotkin 21 suitable for the transmission.
22 1,410 MW. And now we are in a process okiing 22 So, as per engineering standards, thgndedas
23 another powerhouse, which is known as Tathedad it | 23 suggested these levels, starting from 138&kV
24 will be completed in a span of a few years. 24 extra-high voltage level of 765 kV. And tieice
25 So we have a lot of other projects yveiich are 25 depends on: the distance you will be covenrige
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load centre; the topology of terrain of thesawhich

Page 70

1 1 from the distribution network. This is calledoncept

2 you will be crossing during the transmissioes; the 2 of net metering. If you have a surplus, yme @ to

3 wind pressures, if the area gets snow, any swexding, 3 the system; if you have scarcity, you takmik.

4 everything. There are so many factors. Hstgter 4 This is the first layer of the powerhoysdsere we

5 knows about it. 5 have the medium size. And these are ate litt

6 So, sir, here we will step up the voltegyels to 6 distance from the cities. So it may rangeficc0 MW

7 the appropriate voltage level to reduce thieeotiand 7 to 350 MW. Most of the small thermals areigteed like

8 control the losses. And then we will reach to 8 this.

9 a substation, which is the first step of the 9 Then we have the main stabilisers of yistesn.

10 distribution network. So here we will redtice 10 The junk of the power is supplied from here

11 voltage level again, and will bring it to @rceptable 11 (indicating). These are the large hydrothednal

12 voltage level so that we can easily distalibie power 12 power plants. So it can be as large as QW like
13 which we have generated in a power statichedoad 13 Three Gorges. In our country, it is Tarbé|838 MW.
14 consumers. 14 It could be a coal plant, it could be a naicleNVe
15 So there are so many types of the loaduwroers. 15 have one nuclear, 2,300 MW, at KANUPP.
16 We have divided, for simple power system ocoress over | 16 So this is the concept of an integratedgy
17 here, in three categories. 17 system, where the large power plants ardedlej the
18 First is the substation, consumers wietth buy 18 medium-sized power plants are availabletivels
19 the power in bulk. They will directly buyetipower 19 smaller power plants are available, windmétdars
20 from you at a relatively high voltage levetahey 20 are available, and the most important, coessigre
21 will distribute it in their system at theivo will. 21 available.
22 So these are the first category. They psectize 22 Next slide, please, slide number 8.
23 power in bulk at a high voltage level. 23 So now coming to the Pakistan power gsyst®w the
24 Then we have a primary customer, who s\dezlpower | 24 power is distributed. This is the map ofiftak and
25 at, in our country, only 11 kV, and just stiepvn it to 25 these are the transmission lines, the haed kre
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1 240 workable voltage and distribute it. Thasethe 1 actual transmission lines which exist in tbartry.

2 second: we call them primary customers. 2 The dotted transmission lines are the future

3 And then there are so many customersgiikeestic, 3 transmission lines: their feasibility is coetpl and

4 like markets, like hospitals, like railwaytstas, and 4 they are in a construction phase now, sir.

5 S0 many customers who require the ready-mendizigt, 5 Sir, for better understanding, | will regtiyou to

6 the finished product. So the finished productur 6 just concentrate on this legend. The red)iak the

7 country is sold as 240 V; in America it is 120 7 red lines, these indicate 500 kV transmisbias.

8 | believe. 8 The green lines, these indicate 220 kV trassiom

9 So, sir, this is the simple power systémnd now 9 lines. This magenta colour, this is the ndditéon in
10 | will be moving, in slide number 7, to dlétbit 10 our system, the DC transmission lines. Sodahave
11 complex power system. Sir, this is the spoveer 11 only one, starting from Matiari and ending ahore.
12 system, but here it is a little bit -- mdngngs are 12 Then for future, we are considering a@obC line
13 added in it. 13 over here (indicating), to import power fréajikistan
14 These are again the consumers: ruraliowers, then 14 in future. This is under consideration, sir.
15 more denser city consumers; a farmhouseildison 15 We have the powerhouses over here (itatigaalso,
16 network; windmills; solar farms; small poweunkses 16 sir. You can see these rectangles witraayhtrline:
17 located near the load centre, just to gieevtiitage 17 these show you the hydro powerhouses whehuaning
18 boost and to control the peaking hours. 18 in the system. And the rectangles with ¢hiss, with
19 Then we have the industrial consumetgesé may be | 19 this diagonal line, these show the thermalgobouses.
20 the sugar industry. They have their own phogses. 20 So, sir, for a wet season, when we hey@eaamount
21 So they will generate the energy, generat@diver, 21 of water, the power flow in Pakistan is froorth to
22 consume it for their machinery, for their;wmed which 22 south. And during the dry season, when tiems
23 is surplus, they will give it to the distrtimn 23 less in the rivers, to meet the country deintme
24 network. And if they have a fault on thesngrators, 24 power flow is from south to the north, andsiraf the
25 they can [do it] the other way round: they ke it 25 thermal units are running at that periodroét
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1 So it's quite a hectic planning. And gsaarlier 1 MR KHAN: Next slide, slide number 10.
2 colleague Mr Hayat said, the NPCC, Nationaléto 2 Sir, this is how we are utilising the poinaises in
3 Control Centre, is the system operator. Tae the 3 our system. We have installed capacity d331, as
4 complete data and they are responsible fsr thi 4 | have already told you, in megawatts. Big itot
5 planning. They will tell you when to startuyaunit. 5 possible to run all these powerhouses on filleir
6 As an operator of this power plant where veesitting 6 capacity all the time. Maybe the water isanatilable
7 right now, Neelum-Jhelum, its operator carstatt it, 7 for a hydropower station, or maybe a nuclesrgy plant
8 Mr Miana cannot start the unit at his own wile will 8 has some issues, or maybe the thermal poaet ipl
9 get the information and the instructions fidRPCC, sir. 9 under maintenance. So the planner has tdelbow to
10 So NPCC is the planner of the system. 10 use it most economically, in the economicitnoeder.
11 The transmission lines are controllednmamed 11 So this is how, in previous year, 2022¥#3 have
12 and erected by another company, sir, whikhdsvn as 12 utilised our thermal nuclear hydel/IPPs. sTdhiart
13 NTDC, National Transmission & Distribution@pany, sir. | 13 shows the energy in gigawatt hours, andsttse
14 This was once WAPDA: we were all brothersit Ben 14 contribution of each power plant.
15 we were disintegrated in 1998, obviouslympriove the 15 So as from the previous slide, the theisrelmost
16 efficiencies. And WAPDA was given the maedaft 16 more than 50%, sir. So if you can see ogeg,lihe
17 developing and running the hydropower, an®8Ts 17 contribution of the thermal in the power eysis also
18 looking after all the transmission lines, giniel 18 around 50%, sir.
19 systems, and developing the new transmisisiem and 19 And just in fact, sir, the nuclear isslés
20 studying the new transmission lines. 20 percentage [than] the energy mix we have isethie
21 Next slide, please, slide number 9. 21 last slide, and the hydro is more in the@nenix, in
22 Sir, now coming to the energy mix of tioentry. 22 terms of percentage. But you can see overthere is
23 Sir, this is the data from June 2023 andlitgive 23 very little difference between the energiethe hydel
24 you the idea what is the Pakistan total liesta 24 and the nuclear.
25 capacity and how it is generated, what istrergy 25 It is because the hydel is seasonaggdedds on
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1 mix. 1 the flow of water. In dry, you have minimurater, so
2 Sir, the country, as of last year, hamatalled 2 you cannot run Neelum-Jhelum at 969 MW alltime.
3 capacity of 46,035 MW. Out of this 46,035 Malmost 3 But a nuclear will only require fuel -- if ytnave the
4 52-55% is generated through thermal powertsousken 4 fuel for the plant, you can run it 24/7, rouhd
5 we have the hydel. And its share is now shover here 5 clock, throughout the year.
6 as 23%, but as of now, in January 2024, irisas up 6 The system operator and the planner lzagertsider
7 to almost 26%. 7 these points as well while they are planniog to run
8 Then we have nuclear, renewables and Karac 8 the power plants.
9 Electric. It is running independently frone tiest of 9 Next slide, please, slide 11.
10 the system. It is obviously interconnected,it is 10 Sir, now we will be talking about how tHEPS, the
11 operating independently. This is an indepahdompany 11 hydropower plants and the power system, hey are
12 responsible for supplying energy to Karaitig, 12 interlinked, how a HEP fits in a power system
13 mega-city of Pakistan. 13 So next slide, slide number 12, sir.
14 Next slide, slide number 10, please. 14 A lot has been said about this slidejrsir
15 THE CHAIRMAN: Before you move past this slidest to 15 previous presentations. And this is the HiEl, how
16 clarify: the hydro component is which parftthe pie 16 HEP can be designed run-of-river with pondagk
17 slice? 17 run-of-river without pondage, a reservoiagrump
18 MR KHAN: Sir, this is "WAPDA Hydel", the hydelogverhouses | 18 storage. So | will not talk much about thi$hen, as
19 controlled by WAPDA. But as | explained e forevious 19 Mr Tarig explains, the turbines have low headdium
20 slide, there are certain powerhouses whiehuar under 20 head and high head. This is the choice.
21 the umbrella of PPIB, private power producess they 21 So these two are the design parameferg.once
22 are here, in yellow. Collectively, hydetisere it 22 the powerhouse is established, then the topédras to
23 is shown as 23%, but as of today it is alrB6s27%, 23 look to it from the load perspective.
24 Sir. 24 Now he has to decide, for an HEP, whdtheperate
25 THE CHAIRMAN: Okay, very good. Thank you. 25 it as a baseload plant, intermediate-loaat jga
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a peaking-load plant. And what are theseg@rinwill

Page 78

1 1 Then during the evening, when most ofieple
2 be explaining to you in the next slides, sir. 2 return to their homes, they are cooking, #reydoing
3 Next slide, 13. 3 their works, markets are on, everything, tiverget
4 Sir, before going to that, a very simglenfula, 4 another peak. Lighting load is there. Arid fleak,
5 just for understanding how the P, the wattes power, 5 as you can see, is a little bit prolongedoun
6 which factors it depends [on]. 6 country, this lasts 4 to 5 hours. Morningkleats
7 So obviously it depends on the quantitwater and 7 from 1.5 hours to 2 hours. So in genera2dirhours
8 the head of water. You already know | consyde!, 8 you get 8 hours of the peaking, or maybettess this.
9 sir, as hydro experts now. 9 Then, sir, concentrate on this portiodiiating).
10 So the other things are: the gravityeksration 10 This is the amount of power -- in this graglmost
11 due to gravity, a fixed quantity, 9.8 mepes second 11 12 MW -- which is consistently required, whitas
12 squared. 12 a straight line, which is consistently regdifrom
13 This is the density of water, 1,000 kgrpetre 13 midnight until 12.00 [noon]. And then theagw or the
14 cubed. 14 load which is consistently required by thetem is
15 This is, sir, the efficiency of a turhin€he 15 known as the "baseload" for that system.
16 efficiency of a turbine theoretically canyw&om 0 to 16 So if I am talking of -- if | have a miplter of
17 100, but for a modern turbine, it is alwalgewee 90%. 17 1,000 over here for a system of 25,000 MWt s@ans
18 So even if we considered it as 0.9, whic&0&, we can| 18 that | will require 12,000 MW as a baseloagd now
19 easily calculate the watts from a given goaanhd 19 | have a data to give it to the plannerherglanner
20 head of water. 20 has a data to think about how they will ugetg in
21 This is how the HEP output is derived)] tris is 21 this baseload, the plants which are mosthieliand
22 the main theme in the minds of the plannersg the 22 cheaper in their production.
23 wet and dry season. 23 The varying load of the system, sir,Jslich
24 Next slide, please, slide 14. 24 doesn't vary much, is called the "intermediead".
25 Sir, now this is the daily plant loadirigvas 25 It lasts some 14/15 hours a day in 24 haunsyaybe
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1 talking to you about the baseload, intermedizdd and 1 18 hours. And the peaks, which are the abaldnigh
2 peak load. So let us first understand winagan by 2 load requirements, last about 8 hours.
3 baseload, intermediate load and peak load, sir 3 So if we multiply this time with these raegatts,
4 Sir, obviously this load requirement @frhumans. 4 we will get the energy, the base energy reduihe
5 Humans are pretty predictable: all of theresiduring 5 intermediate energy required and the pealggner
6 the night. After midnight, everybody feelsegdy and 6 required. And now we have arrived to a painére the
7 they sleep. 7 planner can, in terms of gigawatt hours, caid®
8 So if you can see over here, this isithe t 8 which plant is best for baseload and whichtgabest
9 starting from midnight up to 12.00 [noon], dhis is 9 for the peak load.
10 the power requirement or the load requirement 10 Next slide, please, slide 15.
11 So you can see the minimum requiremeariignd 11 Sir, again the same: baseload is 24 fodey;
12 12.00 midnight. All of us are sleeping. Wém't 12 intermediate load, [8] to 14 hours, dependimghe
13 require any lights in our rooms, we don'uieg TV, we 13 power system; and peak load, less than &lzoday.
14 are not interested in going to the restasrantthe 14 Next slide, please, 16.
15 power requirement is minimum. So this poird,are 15 Sir, this is another view, another wajooking to
16 achieving this point, sir, indicating lowesint. 16 the power system. Now we are moving ahéadve
17 Sir, then when the people are risingpérmorning, 17 explained you the daily load curve. Now Il e
18 around 6.00 am, they are switching [on] idpet$; the 18 talking in broader spectrum: weekly load eurWe can
19 industrial load is about to come. So wesg®inor 19 make this as monthly load curve; we can nitake
20 peak over here, and this is called the mgrpéak of 20 a full year load curve. And then we canctifely
21 the system. This is for a relatively smadleration, 21 plan our power system and the power planishwiie have
22 maybe 2 hours. And then when the peopleskttvn in | 22 available to adjust in this system.
23 their offices and their workplaces, thendamand goes | 23 So, sir, looking at this graph, now itizg/s of
24 down a little bit, but it doesn't touch hbezause we 24 the week, starting from Saturday and endin§unday.
25 are not sleeping; we are still working. 25 So you can see peaks are there, everywBetteon the
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1 weekends it is relatively less because peagl@ot 1 Finally on top the reserve capacity; andrbserve
2 working, and on the other days these are bigte 2 capacity", | mean for make up the deficiersiy, All
3 So this we can get from our daily loadseurAnd 3 these power plants are machinery-based agpd:#me
4 then we can multiply the time with this loadd we 4 develop faults. So if one of the power plafegelops
5 will be representing it in the percentageémétand 5 a fault and reduces its load, so this resempacity
6 the load requirement, and we will arrive graph 6 must be there to cover it. Hot reserve capauiist be
7 which in our power system is called as thadlo 7 there to cater [for] this. This is esserfialthe
8 duration curve". So now we have arrived poiat 8 stabilising, stability of the power systenm, si
9 where the planner can easily decide, sir. 9 We can look at the other scenario, siickvis the

10 This is 100% of the time, sir. Thishis baseload 10 dry season for hydro. You see hydro is miseier
11 of this power system. Then this (indicatiisghe 11 here base, and it is here. The run-of-ilents can
12 time where the load requirement is quite it it is 12 nolonger now run as a baseload. It willed as
13 quite less in time; and this (indicatingdhie peak of 13 a peaking load. But by using it as a peakiad, we
14 this power system. And the rest is the inégliate 14 will avoid the combustion turbines, and noevvave
15 load. 15 a cheaper energy at the top. So we hawedtrentage.
16 So, slide number 17, sir. 16 And the others are in the same economic asléhave
17 Sir, now in Pakistan we have more thdahpdwer 17 already explained, and the reserve is stithfthe
18 plants, different: coal, nuclear, hydel, wikhd now 18 combustion chambers.
19 the system operator has to decide, havisddhd 19 So that's all, sir, from my side. Now fo
20 curve and the choice of the available povartp, how | 20 Neelum-Jhelum in the power system, this gl
21 he will use to run this power system mosaby and 21 explained and presented to you by Mr Malii, m
22 most economically. 22 co-presenter, chief engineer in WAPDA.
23 So | will start from the right. This &, my 23 So, thanking you, sir. | am waiting, sir
24 interest portion, because it is for wet seaabere 24 THE CHAIRMAN: Thank you very much, Mr Khan. Leie just
25 hydro is baseload. As | am from hydro, | eiplain 25 check to be sure we don't have any questions.
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1 starting from here. 1 No. It was very helpful, Mr Khan.
2 Sir, we have a lot of water in the wessea So 2 MR KHAN: Thank you.
3 a big hydro like Tarbela, even the Neelum+inelcan 3 THE CHAIRMAN: We appreciate you coming all theywfeom
4 run on baseload. Because a large amounttef isa 4 across the country to be with us for this.
5 available, and it is better to operate theqrquiant 5 MR KHAN: My pleasure, sir. Thank you.
6 at its optimum level. Variability will be ledecause 6 THE CHAIRMAN: Thank you very much.
7 there will be no changing in the load. Andiobsly 7 MR KHAN: Thank you, sir.
8 we will get good energy from this power plamibjch is 8 (Pause)
9 cheap and reliable, sir. 9 THE CHAIRMAN: Okay, Mr Malik, we're ready.
10 Then nuclear power plants, which areiless 10 MR MALIK: Thank you. Honourable Mr Chairman aHdnourable
11 ramping, and which have hazards if they bamging 11 members of the Arbitration Court, I'm Arshaalik,
12 loads abruptly because of this nuclear unamitesent 12 presently working as chief engineer, hydeirapon in
13 and variations presented there. So thepraferred, 13 head office, Lahore. | have got 31 yeamxpkrience
14 globally preferred, as a baseload. So nueliiebe 14 working at different positions of WAPDA, theal and
15 the second choice in this load duration curve 15 hydro projects, and a major part of my seriscat
16 Then the big coal, the steam power plaBtsam 16 Ghazi Barotha Project, another run-of-rivejgrt on
17 has a low ramping, sir. If you compare itwé normal 17 the downstream of Tarbela.
18 hydro, it has 100 times lower ramping. Sailitbe 18 I will be elaborating the concepts gibgn
19 again preferred as a baseload where no weajation 19 Mr Hameedullah in a very good presentatiad, il
20 is required. 20 explain the things, particularly by taking tsxample
21 Then we have the gas turbines, whichiskdgn 21 of Neelum-Jhelum Hydro Project, where wesitting:
22 ramping, in the thermal family. 22 how it fits in Pakistan's power system.
23 Then the peak, we have -- we may havedh#bustion | 23 So please go to slide 19. Now definitely are
24 turbines. They are put over here becauyeatiee 24 becoming somewhat expert, and know well that
25 expensive. They have low efficiency, sir. 25 Neelum-Jhelum Hydro Project is a 969 MW rixniger
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project, having a small pondage.

Page 86

1 1 as the total system generation fit with edblero It
2 And in the region where it's operatingréhare 2 has been made on 31 July 2023, which is, giotsee,
3 three other projects, hydro run-of-river potge for 3 the peak of the wet season. We expect that fiaw
4 Patrind, having a capacity of 150 MW; and heohydro | 4 is maximum in this part of the year, and tfeeeyou
5 project of Karot that is 720 MW; while thegealso the 5 can see Neelum-Jhelum is running almostHtatighout
6 Mangla Project at the River Jhelum, which sscaage 6 the day, 24 hours, on the baseload of 969 MW.
7 project having a capacity of 1,000 MW. 7 Same pattern is reflected, with smallataoins,
8 These projects, as we can expect frorhyttie 8 with the other hydro projects of WAPDA. Yaancsee
9 projects, that in the dry season they're dipgras 9 that they are almost running flat, servingtiaseload
10 the combination of the baseload and the pgd&ad, 10 requirements with some little variationsjwging
11 depending upon the water and the head aleilabereas| 11 about 7,500 MW.
12 the Neelum-Jhelum project specifically, ia et 12 And the big portion you can see, thertiadyrit
13 season also it is working, like the othenemtional 13 has -- the total system generation, not thdymal --
14 hydro run-of-river projects, as a baseloadtpl This 14 this is the total system generation. Itdaslable
15 we expect from this plant. 15 peaks which are significantly changing beeaishe
16 On the left side, this is the switchyafthis 16 thermal mix, because in this period of ther yee are
17 Neelum-Jhelum Project, from where two 50dikgs are | 17 having the maximum hydro potential, so wetham as
18 efficiently transporting the power at thetagk level 18 the baseload, and thermals are just to, gosay,
19 of 525 kV to a distance of 285 kilometregoital. 19 meet the remaining requirements and serbimgeéaks in
20 And another interesting thing is thahat 20 addition with the hydro systems.
21 distance of about 80 kilometres, another powese has | 21 In this part of the year, we are alsdrgithe
22 been added and connected to these lines.isttha 22 maximum load requirement; see this figurethe
23 Karot power station. 23 coming slides this will be important to s&é@u see
24 Slide 20. Now, this slide, this givesritihe 24 that the maximum load for the system gerrasi about
25 overall view of the power system expansiohéregion | 25 20,000 MW in this period of the year. Thisatural
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1 where the Neelum-Jhelum Project is lyingthia 1 because in July we are having hard tempegtsoehe
2 slide, you are seeing triangles of differasioars. 2 loads like air conditioners and similar thingpese
3 And to understand these, you can see thedegkrase. 3 are definitely in extensive use. So that'y thie
4 The green ones, these are the projectshvené in 4 generation required is also maximum in thisopeof
5 operation. And number 2, this is our Neelumahim 5 the year.
6 Project. In its vicinity, number 4, is thetfta 6 Slide 22, please. Now, this is the ofige of
7 Project. While coming down, it's the Karobject at 7 the picture. Look at this date. This is atrtbe
8 the River Jhelum. And this is the Mangla PoRmject 8 peak of the dry season: 23 December 2028génisration
9 in the green colour. 9 graph has been taken. It reflects also the
10 While the red colour triangles, thesetleeplants 10 Neelum-Jhelum, the WAPDA hydro and the teyatem
11 which are under construction. And thesestiobloured 11 generation.
12 triangles, these are showing the plants wdiehin the 12 Look to interesting behaviour of Neelumeldm in
13 planning phase, and they are going througgh th 13 this period on this day specifically. Yoe $eat it's
14 All these plants are planned in such aneg 14 operating very below its peak for about 10repwhen
15 including the Neelum-Jhelum Project, notoialy] serve 15 it is switched off then so that some watatdsed.
16 the present needs of the country and thersy&tut 16 And later on in the peak time, it startedmtafeed
17 also the future requirements. So availghilitthese 17 the peak load, but definitely at very lowazty
18 plants gives the system operator the flatyti 18 beyond its installed capacity.
19 harness the benefits of cheap hydroelegtridiich is 19 Why it is so? It's already explained #ibthe
20 available, as well as it can fit well to 8ystem 20 hydro projects are highly dependent on twaales
21 requirements, especially in the role of adggb the 21 which are in the hydro generation. Oneésa¥ailable
22 load changes and coping with emergencies. 22 flow; and the other one, the available hdathese
23 Slide 21, please. Now come to see lidis.sThis 23 are available, definitely system operatoesgothem
24 shows the generation curve of the whole syst@d how 24 to operate. And if it is normal, then thesarces,
25 the Neelum-Jhelum and the WAPDA hydro prgjestwell | 25 they are to be utilised.
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1 You can see now the behaviour of the dikidros. 1 up to near 400 MW; whereas, correspondinply peaking
2 It's quite different from the Neelum. Theg aunning 2 load is also, with some spikes and with ineeda the
3 from these hours to drop up to these houcsigiso 3 water flow, it also has a similar trend indyrally
4 the base, and observing some peaks, somédipeakom 4 increasing. And ultimately it goes up to néad MW
5 here and here. But they're running almostignout 5 during the month of February.
6 the day and run at the base and peak condminatd 6 So this is the period of the intermediate
7 fitting in the overall generation of the systeith the 7 generation, where we have both the baselchtharpeak
8 available hydro capacity. 8 loads because of, you can say, the featuredarly
9 The interesting thing which | have pointed 9 riser of Neelum-Jhelum, which gets the waselier
10 before, look here: that the total demanctisvie 10 than Tarbela.
11 12,000 MW in this period of the year, whichsmabove or | 11 Slide 25, please. This slide, here we haken
12 near about 20,000 MW in the summer seasaiis;ally, 12 the turbine discharge in this brown coload the
13 because the temperature is low, so the hijdd 13 corresponding power generation in this colthe red
14 air conditioners and similar items is shdit of 14 one. You can see starting from July, whécthe peak
15 Please go to slide 23. Now, this isiéod of 15 period, or we can say the wet season, whefeawe the
16 the intermediate generation which is refctAnd you 16 maximum flow.
17 can see this is March 2024 this year. 17 In this period of time, the required tisge for
18 Neelum-Jhelum is an early riser: watenes early. 18 Neelum-Jhelum to have the maximum generéion
19 And because of the arrival of the water, see the 19 available throughout: nearly you can say@8@ecs are
20 behaviour in the operation of Neelum-Jhelartis 20 required for running four units on full load/e had
21 brown colour; it has also changed. It is momning 21 almost the maximum generation in this peabtime,
22 throughout the day for 24 hours, with the bioration of 22 running them at the baseload, as | haveilrea
23 the base and peak loads as per availabilityeovater 23 described.
24 in the head, and the system fitting intogystem 24 Then when the water inflow reduces, apoedingly
25 requirements along with the other hydro glafitWwAPDA, | 25 the turbine discharge, which is used forgegeration
Page 89 Page 91
1 which are following always the same pattermttie 1 reduces, and the power generation also reddaes
2 baseload, the peaks, and fitting into oveyeatieration 2 where we come here, you can see in the peerof
3 pattern depending upon the availability ardsystem 3 December and January, you can see the gemeisati
4 requirements. 4 almost stopped, and it's zero. And in theseths'
5 And also see that with this change insttesson and 5 period if time we have only the environmeudiatharge,
6 the temperature or the weather, the generdéorand is| 6 there's no generation.
7 also changing: from 12,000, it has reachedstito 7 This behaviour then continues till theavat
8 14,000. So this is a scenario which is réfigahat 8 arrives. And with that arrival, there's sdittke
9 how the behaviour of the system, the load deland 9 generation, which continues to increase wigh t
10 the operations of the plants, they are clmgngith the 10 increase in the water, you can say the inflow
11 passage of time; and how the system operatkes the | 11 accordingly the discharge, and then the power
12 decision depending upon the available powsds the | 12 generation.
13 storage capacity and things like that. Heendhe 13 Ultimately, in March we are able to h#we maximum
14 decision keeping in view all these things. 14 installed capacity generation of 969 MW, ittizen
15 Let's go to, please, slide 24. Thigskéng only 15 continues. And the best periods of the geioerare
16 for isolated behaviour of Neelum-Jhelum Rioje the 16 here from almost up till, let's say, Septamimare
17 month of February. And the whole month direary is| 17 having the maximum generation in that peoitiine.
18 covered here. Water has started comingwithdhe 18 Slide 26, please. Now, here comes tieedisting
19 increase in the water flow, there is alsalgahload 19 slide, the production plans. How the openalans his
20 rise with some spikes increase in the genarat the 20 generations, these are based on the requiteofehe
21 Neelum-Jhelum. This is the baseload andghitse 21 system as well as the capacity of the hytdnatp But
22 peak load, only for Neelum-Jhelum. As you see, 22 capacity means both the machines are awailabtause
23 after some flat period it is gradually inieg, some 23 particularly the machines are also shut damehsome
24 spikes, and then increasing. 24 maintenance work has to be done, it depeméisad; how
25 And ultimately it goes to near flat i thaseload, 25 the plant planned that. And sometimes thehinas are
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having a preventive maintenance; they arellysi@ne

Page 94

1 1 the water availability; whereas the Ghazi Baapit

2 over a period of a year. But depending upmalitions 2 drops and follows the pattern of the Neeluwitih by

3 the system operator decides when to givehinelswn to 3 December for a short period of time only.

4 any machine, and when to make off: the sysigenator 4 And then later on, the Ghazi Barotha aga#s and

5 makes these decisions. 5 gives much more generation than the Neelurwdhe

6 However, if the plant is unconstrainearethen, 6 because of the factors that | have explairteeteas

7 depending upon its own particular conditiangili 7 Neelum-Jhelum starts performing and generatioge near

8 operate in a different manner. So this iy ver 8 its capacity by March, which is when it iseatn

9 important to describe here. Although the Neelhelum 9 generate at its installed capacity, alreadyideed.

10 and Ghazi Barotha Projects are fundamerttaiing the 10 Okay?

11 same design, but they are operating in ardifit 11 THE CHAIRMAN: A question for you, Mr Malik. Sooking at
12 manner. 12 the comparison of these two hydroelectriotglat

13 The actual reason for this differencepsration 13 does seem that there's great value in haiager

14 of Neelum-Jhelum and Ghazi Barotha is that fo 14 pondage so that you can generate power thootithe

15 Neelum-Jhelum we are not having a big stootysrwise, | 15 year. Why would it be that at Neelum-Jhetbhendam

16 unlike Ghazi Barotha, which has, on its gastr, 16 wasn't designed perhaps to have a highesdahat you
17 Tarbela. Tarbela has a large storage, aadiGlarotha 17 could have more pondage to achieve a corrpaesult
18 is immediately downstream of this Tarbela @oproject. 18 of what you got at Ghazi Barotha? s it st ¢gsue or
19 The other thing which makes the diffeesincthe 19 is it other issues?
20 operation for Neelum-Jhelum and Ghazi Baristiiaat 20 MR MALIK: These things have been explained byfrignds
21 Ghazi Barotha has got some more pondagee étisgif 21 also. And what | remember -- tell if I'm wgp | will
22 Barotha station is lying, as well as at liggraAnd 22 take help from Mr Ayub -- you can say th&bbeit has
23 whereas Neelum-Jhelum has got a little pasdagy of 23 been explained that the geological conditithresy have
24 itself, which you have seen during your \as$iC1 24 prevented to make a big reservoir there. The
25 site. 25 excavations in that dam area were difficult.

Page 93 Page 95

1 So accordingly, Ghazi Barotha is used more 1 And the other thing was that what advantzas been

2 aggressively during the peaking hours in tigesdason 2 taken, that having this tunnelling of 28 kiletnes, the

3 because of the reason which | have alreadyytal, 3 high head has been depleted by coveringrimstef

4 that it has a big reservoir only upstreantheform 4 distance. And through that, we have beenletab

5 of Tarbela, and there is some pondage. Saorthkes 5 use, with very small quantity of water, thegation

6 the big difference in the operation of Neellimlumand | 6 near to Ghazi Barotha. One unit of Ghazi Bexat

7 Ghazi Barotha: Neelum-Jhelum is totally degatdpon | 7 generates 290 MW. But for that 290 MW, ituiees

8 the water inflows. 8 468 cumecs of water because the head thentyis

9 Next slide, please, slide 27. So the ephwhich 9 69 metres. Whereas for this project, the lead
10 I've already given is reflected in theseesliend the 10 420 metres, and that's why it requires o@lgumecs
11 coming slide. The Ghazi Barotha projectpafék 11 instead of 468 cumecs.
12 production is reflected here over a period péar. 12 So these are different things which Hzeen in the
13 This in red colour shows the off-peak gefanatf the 13 minds of the designers.
14 Ghazi Barotha, whereas this green colowflisating 14 THE CHAIRMAN: Okay, thank you.
15 the generation from the Neelum-Jhelum. Amdte 15 MR MALIK: Slide 28, please. Now, this is thehlagiour of
16 reason which | have described, you can deavhmir in 16 the Ghazi Barotha project for the peak prtonc You
17 this off-peak production from Ghazi Barotasuwell as 17 can see that it is aggressively used alrhomiighout
18 the peak you will see later on. 18 the year, as compared to the Neelum whichtiee
19 Here, you will see that both are follogithe same 19 green colour. And only for a small periodife the
20 pattern till here, and both are operatinp@maximum 20 peak production is less, and which restonashrearlier
21 load, supplying the grid you can say frors fieriod 21 than the Neelum-Jhelum. And it follows alirtben the
22 onwards, the peak season for the water intow the 22 pattern after the months December, Januany, f
23 period of the months of July and August. Areh 23 February onwards, the Neelum-Jhelum, wheriestanrts,
24 there's a steep decline gradually in theymtiah from 24 from March onwards, to serve the peaks ajtarthe
25 the Neelum-Jhelum for these off-peak houngjest to 25 Ghazi Barotha station.
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So these are the things and the concépitsk

1 1 operation and maintenance.
2 | have been able to clear you. And if theeesaill 2 THE CHAIRMAN: Sean Murphy. Nice to meet you.
3 any questions, you are welcome, please. 3 MR MIANA: This is project director for the Neeludnelum
4 THE CHAIRMAN: Thank you, Mr Malik. Let me jusbeck to 4 Project.
5 see if we have a question. Professor Wouter. 5 THE CHAIRMAN: Good to see you again.
6 PROFESSOR BUYTAERT: Yes, thank you. 6 MR MIANA: He's the resident engineer, mechanical.
7 Would you be able to go back to slide&ase. 7 THE CHAIRMAN: Nice to meet you. Sean Murphy.
8 Two questions on that slide. 8 MR MIANA: The resident engineer, electrical.
9 First, a quick technical question. Yoe B®se 9 THE CHAIRMAN: A pleasure.
10 big drop-downs during the wet season, whasslime the 10 MR MIANA: He's the senior engineer, operation.
11 turbines were switched off. Is that becaise 11 THE CHAIRMAN: Nice to meet you.
12 maintenance? So you see during the wetrgeaso 12 MR MIANA: And the senior engineer, electrical.
13 occasional peaks down to zero. Is that Isecai 13 THE CHAIRMAN: Wonderful. Nice to meet you, sir.
14 maintenance or is that because of a lacked to 14 MR MIANA: So we'll start with looking at the stehyard
15 produce electricity? 15 because we have the opportunity that theoetain
16 MR MALIK: Yes, what | remember: that in this juet of time 16 over there.
17 we were having some maintenance activities. 17 THE CHAIRMAN: Okay.
18 PROFESSOR BUYTAERT: Maintenance, okay. 18 MR MIANA: So it's fine, we can take that oppanity.
19 MR MALIK: Yes. 19 So at the left-hand side is the powerbousich we
20 PROFESSOR BUYTAERT: Thank you. 20 have already seen is on the ground sidéneBpis the
21 And then looking curve this is of couise 21 power coming from the inside. We have the &dits
22 2021-2022 and looking at about the time af yee are 22 over there. We call it adit A5 -- tunnel &&d tunnel
23 now, the end of April, at least in this yi#@eems to 23 A6. So this tunnel is going that we havesshim the
24 be already at maximum capacity and high flewsch 24 pink and the green colour in our slides, dlere.
25 seems to be much higher than what we habhe atoment. 25 So the power coming from the A6 side,civtis
Page 97 Page 99
1 Does that mean that we are currentlylatively 1 a cable tunnel as well, and that cable isitetimg in
2 dry conditions, or is that just an impression? 2 the switchyard over here.
3 MR MALIK: | have already described that all theeisions 3 THE CHAIRMAN: | see.
4 regarding the running and loading, theseabe tmade 4 MR MIANA: And from this switchyard, we have the
5 by the system operator. How he fits the thinchis 5 transmission line going outside, we can see there.
6 system primarily depends on him. 6 This one. The tower at the top is takingptbeer
7 And if the summer works are to be donékylocal 7 evacuation from this powerhouse.
8 plant operator locally, then they make thequests to 8 THE CHAIRMAN: Can we walk over a little bit?
9 have some works to be done, and accordirigly it 9 MR MIANA: Sure, sure. (Pause)
10 registered. So it's a matter of the decisierely 10 So this switchyard consists of all theipopent,
11 because of the system operator, how herfjtpkant in 11 like the equipment which isolate and cirduitakers:
12 the generation plan. It depends mainly om hi 12 the current transformer, the protection fiamser for
13 PROFESSOR BUYTAERT: Yes, okay, thank you. 13 metering, for instrumentation and for thetgction
14 THE CHAIRMAN: Okay, Mr Malik, | think we have rforther | 14 system and for the electrical instrumentatiso
15 guestions, but thank you very much for your 15 everything is in there.
16 presentation. It was quite helpful. 16 Now, at the moment they are taking pdaéhe
17 MR MALIK: Thank you. My pleasure. 17 national grid over there. This is a douhlstar
18 Presentation 11: Powerhouse Inspection 18 one-and-a-half-breaker scheme. One-andfdbiedker
19 MR MIANA: Mr Chairman and members of the Cogdpd 19 scheme has the advantage that it takespgass,dut
20 afternoon and welcome to the powerhouse Bite are at 20 it works like a double-breaker scheme. Shet
21 the entrance to the control building for plogverhouse. 21 moment, two units are -- one going outling ane unit
22 First of all, | would like to introduceyroperation 22 can be put in one-and-a-half-breaker scheBodf one
23 and maintenance team. 23 breaker is under maintenance, so we wilhage any
24 THE CHAIRMAN: Very good. 24 problem for the operation of the power.
25 MR MIANA: So that is headed by the chief enginafe 25 THE CHAIRMAN: All of the power is going out thugh those
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lines up there?
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1 1 the HRT, so we have restricted the load toNd@Dwith
2 MR MIANA: These are the lines to the nationabgsiver 2 the consultation with the consultants.
3 there. 3 We are working on that one, first to htheeROV
4 THE CHAIRMAN: So you're not taking us into the.. 4 inspection and then to see what has happasit®i
5 MR MIANA: No, we can, we can. 5 Why 530; why not 500 or why not 6007 We healeulated
6 THE CHAIRMAN: No, no, no. 6 the velocity, and this velocity is within the
7 MR MIANA: That's providing the (indistinct), begse there 7 permissible limit of the velocity within theRT. So we
8 is the corona effect, you can hear the noi$es is 8 are working on that limit.
9 the corona effect. 9 At the moment, all four units are in opiera The
10 THE CHAIRMAN: Ah, okay. 10 unit no. 4 is generating 125 MW; unit nos3 i
11 MR MIANA: This is the high tension, the high tagje is 11 generating 150 MW; third one, unit no. Zyémerating
12 there. So that creates the ionisation o&thend 12 130 MW; and unit no. 1 is generating 124 M®a
13 that creates that noise over there. 13 altogether -- can we switch it to the othetyse?
14 THE CHAIRMAN: Interesting. 14 So this indicates the electrical paramset8o the
15 MR MINEAR: What is the current electric prodoctiat this | 15 green lines are showing the active powenrtegawatt
16 moment? 16 generation from each of the units. You @it And
17 MR MIANA: Actually production power or electrigi? 17 there are all the parameters, starting fiwm t
18 We explain in the -- we are going there, okay 18 megawatts: megawatts, generation voltagesrgéon of
19 MR MINEAR: Okay, great. 19 electricity, the frequency, and the availdigad over
20 THE CHAIRMAN: Good. Wonderful, thank you. (Ra) 20 there, and the servo motor position. Thikéswicket
21 MR MIANA: So the same safety rules are mostiegi 21 gate position that we have been talking about
22 already. We will come down over here aftsiting 22 So you can see this is at 51% and tiA996,
23 there. Maybe we have to check Professor &vawer 23 because load is 125 on that one, and theread is
24 there, just the height, the head. 24 130, so slightly above that one. Similatty load at
25 So here comes the main control roomhepower 25 unit no. 3 is 150. So it's 55% opening.aSsoon as
Page 101 Page 103
1 transmission, everything. These are the hifo s 1 we open the wicket gates, the generation elscies
2 engineers -- please take your seats and donal. 2 one. So this is what happens. And altogetiecnave
3 These are the shift engineers responsibkaéosmooth 3 530 MW over here, generating this one.
4 operation of the powerhouse. And in casengffault 4 DR BLACKMORE: So who's controlling the wicket gaP Are
5 or any indication coming, so they have to b#&on 5 they controlled from here, or is that autoofti
6 immediately. So all the time, 24-hour, ttshiifts are 6 MR MIANA: At the moment they are automaticallyntmlled
7 there to be covered in the shifts, and they ar 7 with the frequency and the output that we tgiven as
8 responsible for all these things. 8 a set point to the generators. But if théesys
9 | will explain over there, starting frofhret 9 operator asks to reduce the load due to aiageat
10 switchyard from there. | can go there, josiive you 10  this one, then our shift are responsibledjost the
11 more information. 11 load.
12 So here we have the four generator uhi3:3 and 12 THE CHAIRMAN: Does the step-up get recorded Bere
13 4. And | have already explained the doubkbhr. We 13 MR MIANA: Step-up is not ... (Confers in Urdu)
14 have two busbars over here, and one-anddnealker 14 This diagram. So our generation atdhs here,
15  scheme. We call one-and-a-half-breaker selimwause | 15  we are generating at this one at 15.5, 157 we are
16 we have three breakers over there: 1, 2 and 3 16 stepping up from this transformer to the 536.these
17 So these three breakers are for theoghambtion. 17  are actually the common nomenclature and the
18 Like, in this bay we have one transmissiona &nd one 18 identification for presenting in their draginfor the
19 generator is coming. So in case of fauthaintenance 19 step-up and step-down for this one.
20 of any of the circuit-breakers, we'll be ablbave 20 So we already also have the CCTV allrzddbe
21 connection with both of these busbars. 21 powerhouse. We can see all these threenscaee
22 So this is our generation side. Andhatrhoment 22 showing the different locations inside thevedhouse
23 we are operating all four units, but withtrieted 23 and outside the powerhouse.
24 load of 530 MW. The water is available, tuting the 24 That's this control room. But if you baany
25 first week of April we find the pressure fiuation in 25  questions about the control room or this otfegrwise
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we will proceed.
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1 1 is it taken up there?
2 THE CHAIRMAN: So when you receive the instrucednomthe | 2 MR MIANA: That person responsible for the infloassd the
3 National Power ... 3 safety of the dam.
4 MR MIANA: Control Centre. 4 THE CHAIRMAN: Yes.
5 THE CHAIRMAN: ... Control Centre, do they comethis 5 MR MIANA: So altogether, when he changes theoinflthe
6 room, and you then adjust to provide them tighpower 6 outflow regulates. So he immediately infothet, he
7 that they seek? 7 gives the message. They also give the megsagse
8 MR MIANA: Yes. This is a communication throudtettelecom 8 of the increasing flow to the local adminitta
9 system. 9 downstream, so that everybody should be riadie
10 DR BLACKMORE: Are those communications verbabwer the | 10 increase in flow.
11 computer? 11 THE CHAIRMAN: Very good. Questions?
12 MR MIANA: Both. 12 PROFESSOR BUYTAERT: | saw that on the previawsen you
13 DR BLACKMORE: Both? 13 also had the other two power plants on there.
14 MR MIANA: Ifitis the immediate action, it's weal -- 14 MR MIANA: (Confers in Urdu)
15 DR BLACKMORE: Yes. 15 PROFESSOR BUYTAERT: So at the top you've gatigtinct)
16 MR MIANA: -- but that would also be documented. 16 power plants?
17 DR BLACKMORE: Okay. 17 MR MIANA: No, these are not the power plantgsé are the
18 MR MIANA: And also our shift operator -- let rsBow you 18 outgoing lines.
19 one thing. (Confers in Urdu) He records yesent in 19 PROFESSOR BUYTAERT: Okay.
20 this one. (Confers in Urdu) 20 MR MIANA: One is going to the Karot hydropowdampt and
21 So then the shift in charge takes ovesstiift. 21 the other is going to the Ghakkar grid statio
22 Then the shift changes. So they recordttiecharge 22 PROFESSOR BUYTAERT: Okay, yes. And from théentthey go
23 taken over by these engineers, and therstaety 23 on to the national grid?
24 writing every event over there. You cantbedime: 24 MR MIANA: Basically -- you already know aboutth- we
25 9.30, then 10.04, and even 10.21 and 1E4@ry event 25 have downstream the Karot hydropower.
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1 is recorded on this one. So it's a permath@cument 1 PROFESSOR BUYTAERT: Ah, okay. That's the --
2 over there. 2 MR MIANA: So one circuit goes, terminates thexed then
3 At the end of this, the shift engineepalgns 3 out from there.
4 and dates it over there, just to make thatase 4 PROFESSOR BUYTAERT: Yes. So --
5 returned all these things. 5 MR MIANA: So one is directly going to this onbetGhakkar
6 THE CHAIRMAN: Is there any particular communicatibetween 6 grid station 2.
7 the powerhouse and the dam site? 7 PROFESSOR BUYTAERT: Yes. So from here you'vetgotlines
8 MR MIANA: Yes, we have three kinds of the comnuation 8 going --
9 with the powerhouse and dam site. (Confetdriu) 9 MR MIANA: Two lines and one pole.
10 So we have this one data coming frontd#m site to 10 PROFESSOR BUYTAERT: Okay.
11 the satellite, and then we have the commtioica 11 MR MIANA: Each side. Double circuit.
12 through Thuraya satellite telephone, andting one 12 PROFESSOR BUYTAERT: Thank you.
13 is the local communication system. 13 THE CHAIRMAN: Very good. Very interesting. Tiayou.
14 DR BLACKMORE: Okay. All three are closed? 14 MR MIANA: So we'll move to the downstairs agaifause)
15 MR MIANA: All three are closed, yes. 15 So | will show you some instrumentationd a
16 We are also getting that inflow dataor{fers in 16 switchgear installed there.
17 Urdu) This one. So now we can see the énadkel is 17 THE CHAIRMAN: Very good.
18 this one. It's coming from that one. Anid th the 18 MR MIANA: So here we have the --
19 TRT pressure over there, and this is the lgREsure 19 THE CHAIRMAN: Let's wait for the ...
20 that we are observing. We are putting thiewecolour 20 MR MIANA: Sorry, sorry. But it's already goitgre.
21 different, just for observation. And these a 21 THE CHAIRMAN: | know. But | like to have thelatr members
22 megawatts and this is frequency. So we efting 22 here so they can see you pointing.
23 online data, this one. 23 MR MIANA: Okay. Sure, sure.
24 THE CHAIRMAN: Would you say that the instructfas to 24 So this is with the busbar protectioresaés for
25 where to place the gates and so on comestieoe or 25 the switchyard. | already mentioned bushkamd.
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busbar 2. So there are two busbars over,there
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1 1 MR MIANA: Thank you. (Pause)
2 different breakers: middle breaker, side beeakd the 2 So now we'll move to the powerhouse inthide
3 other breaker. So everything is coming oese land 3 tunnel. So | think they have to close this,@r
4 switching from there. They are controllinglan 4 | don't know whether they will continue withig one.
5 protecting all these things from this one. 5 (Pause)
6 THE CHAIRMAN: So this is taking the power thatemingout | 6 MR MIANA: So welcome to the powerhouse. We drtha
7 of the turbines and moving it into the switeh 7 entrance gate of the Neelum-Jhelum Hydroéectr
8 MR MIANA: Yard. 8 Project, 969 MW. We will go in a small grosp, that
9 THE CHAIRMAN: Before it gets stepped up, or hzalieady 9 | can communicate with you more clearly.
10 been stepped up? 10 | will also request, as | mentioned inlonigfing,
11 MR MIANA: Already stepped up. 11 that all the panels are energised, so tryoniotich
12 THE CHAIRMAN: Okay. 12 them. And | would also request all the guesto are
13 MR MIANA: The step-up is inside the powerhouse. 13 travelling with us inside the room, they dddeke all
14 THE CHAIRMAN: Ah. 14 the safety PPEs, personal protective equiprard
15 MR MIANA: Yes. We will see the transformer idei 15 please do not touch anything. If you waritgee some
16 THE CHAIRMAN: Okay. 16 clarification, you can ask the operation pedpey
17 MR MIANA: We will go to where the transformet is 17 can clarify to [you].
18 Actually this is only the protection st So 18 Okay, so just moving inside.
19 there everything -- we cannot work all thatlthere, 19 THE CHAIRMAN: Thank you. (Pause)
20 just to have an indication of any fault, taksome 20 MR MIANA: If you like, you can also have the eaiffs. If
21 reading. Metering, all instrumentation, gtkeng is 21 you like the earmulffs, it will feel more nigeur ears.
22 done from this panel. 22 It will feel more nice over there. (Pause)
23 MR MINEAR: These are basically your circuit-trees, 23 So let me start with the two cranes lthatve
24 you said? 24 mentioned in most of our presentations dweet We
25 MR MIANA: Circuit-breakers and all the otherait 25 have two cranes, 275 tonnes each, so aleygethhave
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1 equipment. So we have data up there coming. 1 550 tonnes capacity for the lifting of theViest part
2 This is our private exchange used foidbal 2 in this powerhouse.
3 control over there. This is the administréor 3 The heaviest part is the rotor, as | roaetd in my
4 private exchange for the communication betvieen 4 presentation number 8. The heaviest pahntisdtor,
5 control building and with the powerhouse, andn with 5 which is about 450-460 tonnes. So the tarmjegration
6 the (indistinct) meters. So this is a privatehange, 6 with (inaudible) the crane and electricalligit
7 with automatic exchange installed over there. 7 operated by one operator. So that is cdliedandem
8 THE CHAIRMAN: Very good. (Pause) 8 operation.
9 MR MIANA: So this is the battery room. So we Bawo sets 9 THE CHAIRMAN: And these can go down the galleyte
10 of the battery level: one is a 48V, the other 220V. 10 location they're needed?
11 The 48 is also sometimes stepped down fattitfezent 11 MR MIANA: Yes, they can go up to this one, al@tighis
12 protection relays and the metering. And eatihs 12 rail over there they will travel to.
13 2V. And these are the 220V batteries oves.hdust 13 So we'll just go to this one, and we# she
14 in case of the emergency, everything is swioff, 14 other things over there. (Pause)
15 the battery will take the load to the -- e 15 We have already seen this when we wetkeodam
16 essential load and for the emergency loads. 16 site from the upstairs. The same photogitagie, just
17 PROFESSOR BUYTAERT: Are those lead acid bat@rie 17 for the presentation, when some delegates,com
18 MR MIANA: Sorry? 18 we present them directly on this floor.
19 PROFESSOR BUYTAERT: Are those lead acid bate@rie 19 With this we have the tunnelling systarardere,
20 MR MIANA: Lead acid batteries. 20 we have already seen this one, and at theemtone are
21 DR BLACKMORE: These are exactly the same basdrhave | 21 here in this powerhouse site.
22 for my solar! 22 If we look at the salient features, weehthe
23 MR MIANA: But these are dry batteries. They drg 23 composite dam, gravity plus rockfill, andiésgth is
24 batteries. 24 160 metres. The rest is the earth-filled,dam
25 THE CHAIRMAN: Very interesting. 25 65-70 metres. This is the length of singfeél,
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1 length of TRT, the total head for this one, tibtal 1 generator. The inside is red, is the rotatior,
2 discharge for the operation of all four uréisd this 2 and outside yellow is the stationary parts.tiese
3 is the output of the four units over there. 3 are all parameters. We can see from hena#xénum
4 This is the annual energy generation@®bdlion. 4 upper limit air gap is coming over there, rdtime
5 And this is the (indistinct) of the powerhoypsant 5 variation to all the parameters (inaudible)oltbeen
6 that we have [been] involved in constructibths 6 installed and other protection and the effecti
7 one. 7 operation of the plant.
8 This is the installed data of this onendAup till 8 Then we can see the similar -- the upgrihie
9 now, we have generation up to -- they havelpuin the 9 one. This is the generator. From there we ar
10 latest figure, 19.9. | only show at 19.6np 10 generating 15.75 kV. At the moment it's 8over
11 presentation, but that was a couple of dggs &o now 11 there, we can see on the top of this oned fAam this
12 they put today this figure over there. 12 one, we can also see the unit speed, 99edns
13 THE CHAIRMAN: Very good. 13 300 RPM is 100%; slight variation becaustnef
14 MR MIANA: So at the moment we are just hereideghis | 14 frequency changes.
15 one (indicating). 15 And then the servo motor, the wicket ggiening
16 This is the cavern, the powerhouse cawetine big 16 over there, 48%. And the flow at the monient
17 cavern. We'll also go to the other sidden t 17 36 cumecs over there. And the field volfagehe
18 transformer room, where the small caverrl| se2 over | 18 excitation, 159 V, and the field current i825.
19 that. Before going to that, we'll just gotard this 19 So do we have generation? The poweksag, dut do
20 powerhouse and | will try to explain overrthe 20 we have the generation connection for the?on
21 Here is the unit number 4 in front ofang this is 21 Okay, sir. So then we have there breakarth
22 the excitation system for that one. | alyeaéntioned 22 switch, and here is the transformer with dime.
23 during the presentation that the excitergitie DC 23 There we'll step up the transformer. Jutrbe
24 current to the poles, and then when the geaherates 24 reaching the 525 kV switchyard that is shovadn the
25 the electricity, which is collected at theoro So 25 top one.
Page 113 Page 115
1 this is the excitation system; beneath thesisrthe 1 THE CHAIRMAN: And this is just for this turbine?
2 generator. 2 MR MIANA: Yes, panel number 4. So each unit aaeparate
3 So let's have a look on this one dowrsstaihere 3 control panel over there. So we'll go aratinade.
4 we can see the main inlet power over thetat'J what 4 These are different switches: the generato
5 we're talking about. Just upstream of this, timis 5 construction panel, overall unit control paael this
6 one is the penstock, and downstream to tlésstihe 6 is extra (indistinct). This you can supplgothere.
7 spiral case. And inside the spiral case we tfze 7 So here we can see the unit number 3dratipn.
8 stationary vanes, then the wicket gates azmltthe 8 The red light indicates that unit is in opierat When
9 runner. So we'll go there; that's just tacdbs from 9 the unit is shut down, this light will not glawing;
10 here. 10 it will be switched off. (Pause)
11 THE CHAIRMAN: And that is the counterweight te@r 11 Here we will see the whole picture aral th
12 MR MIANA: These are the counterweights. Theylaolding | 12 cross-section of the Francis turbine. Thetqart is
13 MIV in balance (inaudible). And the otheras there 13 showing the runner and the wicket gate aadpiral
14 in case of emergency, power failure of theglete 14 case, the middle is to the shaft over thard this is
15 powerhouse, then they can move by their wealpse 15 the generator over there. So we have aflahemeters
16 the unit to avoid any damage. 16 which are required, which has been given the
17 MR MINEAR: How do you actuate the counterweights 17 instrumentation it's displaying over there.
18 MR MIANA: How? 18 Similarly, this one, number 3, is geriagapower
19 MR MINEAR: How do you begin them? What do yautd 19 149-150 MW at the moment. (Pause)
20 trigger them? 20 Just for the record, just to show yois, irour
21 MR MIANA: We have the hydraulic system to operéitem. 21 turbine operator over here. They also wortké
22 We will see that hydraulic system when welgan there. 22 shifts. And they take all the parametersctviaire
23 (Pause) 23 displaying overhead just for the record. ¥an see
24 So this is the online monitoring panehber 4, for 24 the parameters that are displaying on thaselg, they
25 unit number 4. Here we can see the pictitieeo 25 also record hourly readings over there, amdhave that
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record for the years.

Page 118

1 1 MR MIANA: So by standing over here, you can (idiale)
2 So since the start of 2018 we have altgherds, 2 over here. (Pause)
3 all these are available with us. So whenesewant to 3 So we'll go by stair. | will come to tekevator.
4 analyse some fault at this one and we warbrnapare 4 (Pause)
5 the old parameters, so we can just take thetslout 5 So we are at the basement number 1 afdibiz)
6 and we can compare it. 6 this one, and the elevation at this poini4.5The
7 Similarly, this is the unit number 2 oveere. 7 elevation at generator floor was 600 metfgsl also
8 And finally, the unit number 1 over hefnd the 8 | forgot to mention that from the portal oéttunnel
9 same panel also installed for these unitsallSbe 9 to the generator, we were 14 metres lower ttetrone.
10 units have their separate operational partetteeir 10 So that outlet is 614 metres. So at the mome are
11 instrumentation panel, so they are operatmgrately, 11 594 over here.
12 independently. 12 So these are the different panels, wéotdknat
13 THE CHAIRMAN: And right now all four are operatj? 13 this one, the production and the instrumgmtatanel.
14 MR MIANA: Four are operational, yes. Becausd¢hd red 14 This is the circuit-breaker inside the powesde for
15 lights are on. 15 different equipment, like the motor and tbenpressor
16 DR BLACKMORE: | notice that the chamber is very. So 16 and everything. So all these panels hatereliit
17 just looking at your drainage, you have afot 17 readings.
18 drainage around to keep it dry? 18 We have also some spare over here.stnafahe
19 MR MIANA: Yes, we already mentioned that theseipstream| 19 faulty breaker overhead, we can change tiagidible).
20 drainage gallery over there. 20 So here we can see the panel indooirighiThis
21 DR BLACKMORE: Yes, it's on that side. Okay. 21 is for the lighting system. Similarly we cse®e the
22 THE CHAIRMAN: And the reason for the cavern @dw high | 22 main transformer on this one, main transforn®® main
23 is so the cranes can operate? 23 transformer means that supply to the mairstoamer,
24 MR MIANA: Yes, because we have to take the lopat and | 24 not the main transformer load.
25 this height maximise, and then the heighiefshaft. 25 And similarly, these are all the switchigehe
Page 117 Page 119
1 THE CHAIRMAN: Okay. So how far down are we unueath the| 1 400 V switchgear for the different electricitypplies.
2 mountain? 2 (Pause)
3 MR MIANA: At this place, | think about 300 metrebwill 3 Here we can also see this is the bonmgtix we
4 check, but it's around 300 metres. 4 call it, and this is at the outlet of the ttabe.
5 THE CHAIRMAN: Okay. 5 So whenever we want to have the maintenasaeithe
6 MR MIANA: But that varies from the C one to thise, 6 unit, we have to shut down the main inlet gand
7 starting from 200 metres and the maximumeahave 7 close this one, then we can dewater the prtid the
8 are 2,000 metres. So maybe here 300, plusgmiaybe 8 draft.
9 | have to check the exact figure. But ittsusid 9 And this is the crane for the maintenasfdéis
10 300-350 over there. 10 draft.
11 MR MALIK: This is 600. Overburden is about 3plis, 11 We will go up to there, just to show ardthe
12 300 metres-plus. 12 upstairs. (Pause)
13 MR MIANA: We will go down, then come up. 13 These are different switchgear and tinelpa
14 THE CHAIRMAN: Perhaps we'll do a group photdtoé Court 14 | will not go into detail because they asgrailar
15 on this side. 15 kind of panel.
16 MR MIANA: Okay. Okay, you can take now, becauwsehave 16 So this is the output from the generagoing to
17 plans to go down as well. 17 the transformer, the main transformer. Hegevoltage
18 THE CHAIRMAN: We could do one down there too. 18 is 15.75 kV, but the current is in thousands.
19 MR MIANA: Yes, yes. 19 | will check with -- what is the totalrcent?
20 THE CHAIRMAN: But this is a wonderful space,.so 20 10,800 is the total ampere generated fhame.
21 MR MIANA: | think better if you stand with thenit 21 With the step-up transformer, we enhancedhiege but
22 number 4, then the whole picture is showrethe 22 lower the current. Advantage is there bexthes
23 THE CHAIRMAN: Okay, perfect. 23 current has to be transported on the outetumtor.
24 MR MIANA: We have that place for the photographs 24 So if we have thousands of ampere, we cdravet the
25 THE CHAIRMAN: Okay. (Pause) 25 big cable like this one. So reducing the sizthe
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cable will increase the voltage level.

Page 122

1 1 well downstairs. These are okay, but dowrsstaie

2 THE CHAIRMAN: | see. 2 step more we have another one.

3 PROFESSOR BUYTAERT: So inside these pipes areléwric 3 So here we have the air system for thieebsgistem,

4 cables? 4 for the braking of the generator, the air bradad the

5 MR MIANA: Yes. 5 station supply for the different purposes.wedave

6 PROFESSOR BUYTAERT: What diameter? (Pause) 6 two different systems over there: small fer lthaking

7 MR MIANA: We will check diameter. 7 system, and these bigger for other systems of

8 But these are basically insulated. If/thee not 8 powerhouse. (Pause)

9 insulated, we cannot stand here! 9 THE CHAIRMAN: So we've seen these on severallsevBo
10 PROFESSOR BUYTAERT: We would be fried here, yes! 10 are these to be removed when you need to ...?

11 MR MIANA: If the outer diameter is, say, 1 metitewill 11 MR MIANA: Yes, when we need to lower the materia
12 be around 0.4 metre. 12 downstairs, we cannot take down throughtidiess
13 PROFESSOR BUYTAERT: Yes, something like that. 13 THE CHAIRMAN: Yes.

14 MR MINEAR: Is it copper cable? 14 MR MIANA: So we have to take it out, and thewdo the
15 MR MIANA: Yes, copper, all of it. 15 material and then place it back. This siutbthe
16 Similarly the other unit monitor gaugeokere, as 16 other side as well, on both sides of the pootese.

17 we've seen for the first one. 17 So here is again battery power systetteriga

18 We can look round from this, the oppositie. 18 system. So we have four banks of 220 V thexe, for

19 So this is the main inlet valve. Wegeiing 19 the station supply in case of emergency: laank 2,

20 closer to the main inlet valve. The maietimalve, 20 bank 3 and bank 4.

21 over here. 21 THE CHAIRMAN: That's a lot of batteries!

22 And this is bank of CO2 cylinders for tienerator 22 MR MIANA: Yes. It's essential, because theging is

23 protection in case of fire. 23 a common phenomenon that can happen any Bod.

24 DR BLACKMORE: CO2, ah. (Pause) 24 there's no supply, then the batteries tadatratal

25 MR MIANA: So that ends the powerhouse systemd #e have | 25 load, and the powerhouse also is undergramuohore
Page 121 Page 123

1 also the fire alarm system over there. |Ifdlse 1 dangerous for this one. So there are a lbatiéries

2 a fire, it will generate the signal and thersgor 2 over there, just to make it more safe.

3 will know about the location of the fire irigfone. 3 THE CHAIRMAN: And why don't you use a generatbgas

4 And this is the CCTV network that | showed in 4 generator?

5 the control room. 5 MR MIANA: I'm sorry, | forgot to show you. Wheme go

6 THE CHAIRMAN: Yes. 6 back, | will show you that we have in the begig.

7 MR MIANA: The signal is coming all around us frdlrese 7 But starting a generator takes some time.s@he

8 panels. (Pause) 8 generators are just like (indistinct) powguy.

9 So here we can see inside. (Pause) 9 DR BLACKMORE: How long do you expect the battemyjast?
10 So here we have the transformer oil fzethis 10 MR MIANA: [ think they have not yet replaced amfythe
11 one, and we have a spare. So for the tnemefil 11 batteries, this one. Not replaced yet arthese
12 bank we have a separate protection systemthgtCO2 12 ones.

13 in case of fire. 13 Similar to that on the dam site with ¢coetrol

14 THE CHAIRMAN: So the step-up occurs through this 14 building we have the generator, and simidahat

15 transformer? 15 control building we have another generater tvere.
16 MR MIANA: No, no, no, the transformer oil only-his is 16 So that capacity, this is sufficient to opethe

17 the oil being used in the transformer. Wegu [to 17 first unit. (Pause)

18 the] transformer, we will see, we will toublat. 18 So here, different cooling waters. Yea s

19 THE CHAIRMAN: I'm not sure | want to touch itb...! 19 closed-loop cooling water system for the iogodf the
20 MR MIANA: No, we will touch it, because we haaepare 20 different equipment over there. So thistihkes the
21 without generation. 21 open-loop and we also have a closed-loopitutpo
22 THE CHAIRMAN: Okay. 22 normally in the old power station we haveydhk

23 MR MIANA: And this is used for cleaning of theamsformer | 23 open-loop cooling water system, but in theleno one
24 oil. (Pause) 24 that has been changed and we have both émdagp and
25 So please, please take care. We havieearume as 25 the closed loop.
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1 Advantage is that because the headsgtnednd if 1 THE CHAIRMAN: Okay.
2 we are using the open loop then we have ottak 2 MR MIANA: Here we have the shaft, the shaft overe,
3 water from upstream of the inlet valve, maieti 3 300 RPM. 300 RPM. And wicket gates are datsis
4 valve. So if you take the water from upstreditine 4 one.
5 main inlet valve, the pressure is too highe Wil 5 And you can see over there the shaftngop to
6 normally use the pressure-reducing valve theze. 6 the generator. (Pause)
7 But in case of rupture of any pressure this, st 7 THE CHAIRMAN: That's the generator up there. u$&®
8 will flood the powerhouse. 8 MR MIANA: So here we can bend the water at the.g&o
9 So the concept has been changed. Instemns 9 we need this one here.
10 cooling, there are two cooling systems, leivtater is 10 So when we want to operate it, we hageséparate
11 taken from the downstream instead of takiognfthe 11 hydraulic system for the operation of thig.olVe just
12 upstream. So the more waters they are coimitidghe 12 lower (inaudible) inside that cylinder andytive got
13 danger of the flooding has been mitigated. 13 the operation over there. We can have tiatisn
14 DR BLACKMORE: Yes, that's a very sensible move. 14 from the downstream side, the other side amd
15 MR MIANA: Yes. (Pause) 15 isolation from the HRT, upstream side, isuidible).
16 For each unit, a separate system. (Pause 16 DR BLACKMORE: Did you have to activate these wiyeu had
17 So here is the closed loop. 17 the tunnel cave in? Were these gates aativalben you
18 So we can see we are very much neaistorie 18 had your tunnel cave in and you had to --
19 again. So the (inaudible). We are gettloger to 19 MR MIANA: We just opened this one because tfat'sir
20 this point. 20 ventilation --
21 THE CHAIRMAN: Yes, we certainly are! (Pause) 21 DR BLACKMORE: Ah, you let it go through. Okajrhat'll
22 MR MIANA: Similarly, we close and open for thest. And | 22 work. (Pause)
23 these are the heat exchangers, so theyot the 23 MR MIANA: So these are the pipes. Damaged pipese
24 heat exchangers; these are the cleanerthebtake 24 have the water from the pump, due to theamin
25 mud over there, they rotate and take theinzide, and 25 anything, the water comes down over herewésan
Page 125 Page 127
1 the oil is then taken out for the cleaningposes. 1 see, very small water is coming. (Pause)
2 A very different (inaudible). These are tbatcol 2 We are going there just to see a valvehvisi used
3 panels for this one. 3 for the dewatering of HRT. We have not yeidlthat
4 THE CHAIRMAN: So it cleans the oil? 4 one, but we're just showing there.
5 MR MIANA: Yes. 5 So you can see over here, the similaowee here.
6 THE CHAIRMAN: Wow. 6 When we want to put the things down this eveshave to
7 MR MIANA: Yes, basically this is the heat exchanfpr the 7 take it out and put it over there. But notaithe
8 closed loop and the open loop. So the hediagmger is 8 (inaudible) maybe this is only for the -- maythis is
9 this one. These are channel plates, likerdifit 9 only for this floor and the down floor.
10 plates over one, then the other. 10 So this is the MIV. We have reachedMiti¢ over
11 THE CHAIRMAN: | see. 11 here. We can now see the counterweightstbges.
12 MR MIANA: So move to the lower one. (Pause) 12 This is the needle valve. When the igrshut
13 So again, please take ... Be carefuhsple And 13 down, this valve is closed. So when theevadv
14 this one is the most dangerous. It's the mos 14 closed, there is always leakage in the wights,
15 dangerous. The rest is comfortable. (Pause) 15 small leakage. So spiral casing gets enoppme
16 So this is the (inaudible) system, tharaylic 16 extent. So in the beginning we just opes dhie, this
17 system for operation of the wicket gateswBdhen 17 automatic system, and the water is fillednftbe
18 want to operate the wicket gates becausé&ehayder 18 upstream side to downstream side. And wihepitessure
19 the pressure, and hydraulic pressure isnexd)tor 19 is balanced, then we can open this onédnelfipstream
20 that. | think -- how much is the total pree® 20 and downstream pressure are not balancechmm®t open
21 350 bar is the pressure for this ongtrate that 21 MIV.
22 we can gauge inside the running water. 22 And this is our HRT, headrace dewatettinig,one.
23 We'll have the chance to see the rotatiradt over 23 If we want to dewater the headrace tunnef the have
24 there. We will not go inside, but then wé aée it 24 to operate this one.
25 from the outside. 25 THE CHAIRMAN: The penstock comes in here?
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MR MIANA: Yes, the penstock starts from here.

Page 130

1 1 up?
2 THE CHAIRMAN: Right there? 2 MR MIANA: They slide it and they take it out, yeBecause
3 MR MIANA: Yes, going there. This is the end b&tMIV, 3 the runner is small in diameter. It's weighitbout
4 this big bolt over there. And the penstocd gan see 4 40 tonnes. 40 tonnes is not a big weight.
5 is on the pedestal, and this was it. 5 THE CHAIRMAN: Any other questions?
6 DR BLACKMORE: Where is the expansion valve? 6 MR MIANA: Then we'll move to the transformer ropoavern.
7 MR MIANA: | was expecting this question! | walsk 7 THE CHAIRMAN: Sure, yes. (Pause)
8 Ayub Malik. (Pause) 8 MR MIANA: So this is a big cavern, and now we areving to
9 MR MALIK: We'll invite them, because | was nottk at 9 a small cavern.
10 that time. So we can ask the consultantig/tize 10 So here we have entered the transforavere. We
11 oldest person over there. 16 years (inagiddser 11 have seen two caverns on each drawing aridgsaph.
12 here. 12 So earlier we were in the big cavern; nawtlite small
13 THE CHAIRMAN: Okay. 13 cavern over there.
14 MR MALIK: So 32 years is half of it. (Pause) 14 These are the pipes taking the currahtlian
15 So this is the expansion valve. 15 voltage from the generation side.
16 DR BLACKMORE: What's the expansion valve packiti? | 16 We'll just go to see the transformer,olhs
17 What's inside of it? 17 energised, and then we'll come back to orehw not
18 MR MIANA: What is the inside? Inside is rubbéf/hat is 18 energised.
19 the inside in the expansion valve? 19 Yes, please come in, gentlemen.
20 DR BLACKMORE: What's it packed with inside? 20 So this is the power, the transformenisrgised.
21 UNIDENTIFEID WORKER: Inside, rubber (inaudible). 21 They step up 15.75 kV to the 525 kV. These a
22 DR BLACKMORE: Ah, okay. 22 different equipment, the protection systeverghing,
23 THE CHAIRMAN: And that's the hydraulic that optas the | 23 installed for the transformer.
24 counterweight? 24 THE CHAIRMAN: Is the power coming in from ...?
25 MR MIANA: Yes. Yes, this is hydraulic, and thiegive 25 MR MIANA: This side.
Page 129 Page 131
1 separate system for this one. This is theauwid 1 THE CHAIRMAN: Up there?
2 system for the MIV. 2 MR MIANA: Yes.
3 THE CHAIRMAN: Okay, very good. Wow. 3 THE CHAIRMAN: Oh, okay.
4 MR MIANA: And all these are the metering pipestaring 4 MR MIANA: You have seen that --
5 and some other things. The pressure and the 5 THE CHAIRMAN: We saw the tubes, yes.
6 different -- there are different locations othere. 6 MR MIANA: We saw the tubes from outside.
7 And this is the air vent valve. Wheneyeau want 7 THE CHAIRMAN: Okay. Wow.
8 to -- | mean, after the annual maintenancenwie are 8 MR MIANA: This we can touch. This we can touch.
9 filling this one, the air has to take out frdmat 9 THE CHAIRMAN: Because it's --
10 area, because the air has to be taken fiisrork. 10 MR MIANA: Because it is not energised.
11 Air vent valve. (Pause) 11 THE CHAIRMAN: --it's not working right now?
12 So we will go in parts, because the étevia 12 MR MIANA: No, it's spare. In case of failureary other
13 small: maybe 6/7 persons can go at a time. 13 transformer, we have to take it out. This izve
14 So in the first instance, with us the eeaman and 14 already been provided over there just to dragt.
15 we can go, and Mr Pomper can also join usase, join 15 And first drag out the faulty one, take itsde, and
16 us. Come in, come in. 13 persons. (Pause) 16 then drag it out this one and then placeethieis
17 We have the opening over there justwefdhe 17 required.
18 weights, the heavy equipment down there. 18 THE CHAIRMAN: Spare transformer?
19 DR BLACKMORE: Okay. Where do you bring the rarsiupto | 19 MR MIANA: Yes, spare transformer. Because withte
20 this level? 20 transformer, we cannot generate the unit.
21 MR MIANA: | think this is the place. We can eviake them 21 THE CHAIRMAN: Yes.
22 from there. 22 MR MIANA: There is always one spare at every postation.
23 DR BLACKMORE: Oh, okay, move away. 23 THE CHAIRMAN: And is the single transformer falt four?
24 MR MIANA: Because the runner position is ovegrth 24 MR MIANA: No.
25 DR BLACKMORE: Okay. So you slide it that waydaoring it 25 THE CHAIRMAN: There's --

Page 132

36 (Pages 129 to 132)

Trevor McGowan

Amended by the parties




ARBITRATION PURSUANT TO ARTICLE IX AND ANNEXURE G & THE INDUS WATERS TREATY 1960
Day 5 -- Site Visit

Saturday, 27 April 2024

MR MIANA: Each unit has three transformers.

Page 134

1 1 electromechanical equipment over there.
2 THE CHAIRMAN: Three transformers? 2 THE CHAIRMAN: Any questions?
3 MR MIANA: Yes. So this one is 13 number. Foe tbur 3 No, this has been a very interesting wallad for
4 units we have 12, and this is the spare Quethe 4 us. We saw them in pictures before; now \eetlse real
5 power is 242, so divided by three will give fiower 5 thing. So thank you very much. That's wofudler
6 for this one. 6 MR MIANA: You are welcome.
7 THE CHAIRMAN: It's unlucky to have 13! 7 So now we are going back to the same wedco
8 MR MIANA: So 98.7 kVA (sic) is the transformerpzity of 8 building in the (inaudible). Okay?
9 each one. 9 THE CHAIRMAN: Very good.
10 DR BLACKMORE: Very good. Seems like a very nitace to 10 MR MIANA: So in the back we can see that theestao
11 be on a hot day! 11 generators over there. We can see the piles are
12 THE CHAIRMAN: Good. Okay. (Pause) 12 (inaudible). So in case of the power faifooen the
13 MR MIANA: Maybe they want to see. 13 public or from the powerhouse, we can immietjia
14 THE CHAIRMAN: We were looking at the spare trfanser. 14 operate the diesel set, in addition to thbes.
15 MR MIANA: We were just looking at the second eavthere. 15 So now we are at the entrance of ouuAGadil,
16 That was the big cavern we have seen inhhets and 16 which we call the cable tunnel as well. Amndoth
17  theslides. So this is the small caverrter 17 sides of this tunnel we have the cables opimiri from
18 transformer. 18 the four units. Each side contains the dablthe
19 DR BLACKMORE: They have 13, [12] plus a spare. 19 two units over there. So there are six sableach
20 MR MIANA: Total transformers are 13, 12 for tloair units. 20 one: red, yellow, blue. Red, yellow, blueitd,
21 Each unit required three transformers andapare. 21 unit 2, unit 3 and unit 4. And this is gomg, this
22 And the capacity of one transformer i 98VA. 22 one, and also that is going to the TRT. &elshown
23 THE CHAIRMAN: And those big tubes are bringiing fpower in | 23 you this is going to downstream-side tunwel ¢there.
24 from the generator ... 24 So these are different cables for the lighsiystem,
25 MR MIANA: Yes, from the generator to the transfier. 25 the instrumentation and everything over there
Page 133 Page 135
1 THE CHAIRMAN: ... to the transformers. 1 THE CHAIRMAN: So on each of these, there arees®l
2 Good. 2 MR MIANA: Yes, these are cables we can see ogez.h
3 MR MIANA: Good. Sorry, one thing remaining. 3 THE CHAIRMAN: Yes.
4 Above this, we have also the GIS systeat there, 4 MR MIANA: Different -- the CCTV cables, the poweables.
5 gas insulated switchgear over there, inside th 5 And also we have a connection from -- wivergo
6 powerhouse. And we have some connectionf th 6 downstairs, we can see the connection goiogfie
7 powerhouse with the other tunnel which we rsaen 7 powerhouse. So we also use this as a seoatelfor
8 outside there, which was closed. We'll jest, g0 8 when we are rehabilitating the TRT over there.
9 over there. So we have that connection asowet 9 So these pipes, you can see we've jughkge
10 there. 10 pipes over here. We use these pipes to dettat
11 So please, take water. 11 tunnel from the upstream side. It's a mechhaystem
12 THE CHAIRMAN: Thank you. (Pause) 12 that we have to dewater from the upstreamfsiom
13 MR MIANA: We'll leave all these PPEs over heénsjde, and 13 these pipes.
14 then we'll go back to that same place. 14 THE CHAIRMAN: And you can stop and have a snack
15 THE CHAIRMAN: Okay. 15 MR MIANA: These are for the security people.eYitan sit
16 MR MIANA: But before going there, | will show ydhe 16 over here.
17 transformer, the diesel generator room oeitsid 17 PROFESSOR BUYTAERT: When the downstream tunolédgsed,
18 THE CHAIRMAN: On the outside. 18 did the water pass through or filter throbgtitself,
19 MR MIANA: Yes. 19 or did you have to evacuate the water framugbstream
20 THE CHAIRMAN: Okay. Where would you like uspat these? | 20 part of the collapse?
21 MR MIANA: Over here. (Pause) 21 MR MIANA: So | already mentioned collapse stdriiem 251
22 Let's go. Everybody outside. 22 to 293.
23 So if you have any question or clarifimat 23 PROFESSOR BUYTAERT: Yes.
24 I think | have explained in a very detaile@y], so 24 MR MIANA: So downstream of 293, it was dewatetteugh
25 that you should become familiarised withttadi 25 the pumps that we installed permanently enttié¢ TRT.
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Upstream, we could not do that. So we pugehepes

1 1 brought an enormous number of talent to itesvsit,
2 specially for dewatering on the upstream side. 2 an extraordinary breadth of individuals whe experts
3 PROFESSOR BUYTAERT: Okay. Yes, that was thevkay. 3 in different areas, some coming from here,esoaming
4 MR MIANA: And we have one bulkhead at the endhis 4 from afar, and we're really very grateful float. It
5 tunnel, before entering to the downstream-sideel. 5 allowed us to understand the situation asviiter is
6 PROFESSOR BUYTAERT: Okay. 6 approaching the dam and as the electricéyriging
7 MR MIANA: But that is permanent -- that is closetid when 7 at the customers, all the way through thetdifcle.
8 required we open that one. 8 So we're very grateful for that.
9 PROFESSOR BUYTAERT: Okay. Thank you. 9 | do want to reiterate what | said atdhéset,
10 (Pause) 10 which is that | do regret that representativem
11 Final Remarks 11 India were not here for this site visithink we
12 THE CHAIRMAN: Well, | think | will stand up hereso that 12 would have benefited from any observationy thay have
13 I'm not looking at a blank wall. 13 wished to make with respect to the infornmatie were
14 So the court has met and discussed whisibre are 14 receiving. And of course also it would haeen of
15 any follow-on questions that we have, andeady 15 great benefit to do a site visit in Indianasdl, so
16 don't have many. But we do have one, anddtually 16 that we could see their facilities and heamftheir
17 a question we asked you, Mr Miana, duringoiveer 17 experts. In any event, we do welcome thsipitigy of
18 station visit, which you answered, but sofnesalid 18 India joining in this proceeding at some paio that
19 not hear the answer, and so we were hopinggold 19 we could benefit from them.
20 just answer it again. 20 Maybe in this regard | will just note thacause
21 The question was: to the extent thatuHhgnes, 21 of India’s absence, we've tried to maintginedty
22 generators, are not doing full power todayatwas the 22 sharp division between us and all of you Wwaee been
23 reason for that? 23 presenting to us. That has felt awkwaréhag, but
24 MR MIANA: | explained that there was some pressu 24 it was something we felt we had to do in ptdeensure
25 fluctuation in the headrace tunnel that weeoled 25 the integrity of the visit as best we could.
Page 137 Page 139
1 during the first week of April this year. &e have 1 So just a few thanks at the end of thit ése.
2 reduced the generation to the extent thatetueity 2 Mr Miana, | particularly want to thank you.
3 inside the HRT is within the permissible limit 3 | understood and | said yesterday that you wer
4 THE CHAIRMAN: | see. 4 boss. | found out today that there's a thalkpd the
5 MR MIANA: So as and when the matter is resolvedn we go | 5 NPCC which is the real boss standing behind yut of
6 for the 969. 6 course | joke. We are all very grateful fouy
7 THE CHAIRMAN: Okay, yes. 7 assistance throughout this visit, to you amat wtaff.
8 Okay, very good. So we have no furthestjans 8 You've really allowed us to not only hear frpeople we
9 for you today, and we don't expect to have say, 9 needed to hear from, but this ability to wiitough
10 tomorrow morning or anything, so | think lcasly we 10 the various facilities was extremely helpful.
11 are done. We don't need to return to thesi@nor to 11 | mentioned yesterday that the dam site your
12 the power station site. 12 home. | now see you have a second homenhétre
13 The reason why we don't need to do ttiosgs is 13 power station, and you were very generoafida us to
14 that we've been relatively active in asking o 14 come and see it.
15 guestions throughout the site visit and e we've 15 | also want to thank, of course, the Gaowveent of
16 received the answers that we need to unddratabest 16 Pakistan generally. | won't list out thelmas
17 as possible the information that you've h@eniding 17 ministries that | did on the first day, but Court is
18 to us. And | think that's in part becausgvymhad 18 well aware that this was a project that negli
19 a wonderful number of slides that you've hgremiding 19 individuals from across the government tisass
20 to us, even a video today, some hands-orrialateith 20 External counsel, of course; expertsasgi
21 the rocks and the sediments. So we readlyfe 21 external counsel. The Court imagines thatf glou
22 received quite a bit of information that veatremely 22 were deeply involved in helping to make tte\dsit
23 helpful for us in understanding the issues dne 23 move forward, and we're very grateful fot.tha
24 before us. 24 | would be remiss in not also saying kisaio the
25 | also want to note how the Court fedtt thou 25 Permanent Court of Arbitration, which alseswa
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instrumental in making this possible, and our

1
2 videographer, who did yeoman's work in chassground
3 and being sure that we recorded everythingéggpened
4 here.
5 Let me just finish by saying that we deéaext
6 steps in our process, which | won't go intp detail,
7 but we will be contacting the deputy agent extérnal
8 counsel in relatively short order to discuserg
9 things go from here.
10 So with that, | think I'll bring to a cle our site
11 visit. Again, tremendous thanks to all thioselved.
12 You've made us feel very comfortable here,wo
13 educated us on the issues we wanted todéaut. And
14 from all of you here in the room and alllodse
15 outside the room -- the security staff, the
16 transportation people -- it's really beeeraarkable
17 opportunity for us that you made very seasles we're
18 very grateful for it. Thank you very much.
19 MR MIANA: | would like to say a few words.
20 Mr Chairman and the Court of the memHdeeslly
21 feel pleasure and honour that your stayeat th
22 Neelum-Jhelum was quite comfortable, thatryeationed
23 over there. And I'm also thankful to youyour keen
24 interest during all the presentations; artcbnty the
25 interest, but you are aware of asking thetipres that
Page 141
1 encourage all the presenters to respond ¥iestigely
2 throughout this one.
3 I'm also thankful to all my presenters wiere
4 joining with me in the whole visit startingpfn the
5 presentation no. 1 till the presentation rio. They
6 have all done very well. And I'm especidtgrikful to
7 all of them that are coming from very far aviiayn this
8 site.
9 | hope that this visit, the presentatithag we
10 tried to make were very informative, knowledgle for
11 you people to understand the operation, ezémice,
12 design, and almost starting from the predideig
13 study of a run-of-the-river HEP. I'm agdiarkful to
14 all of you, and wish you a very safe jourbagk to
15 your homes. So thank you very much.
16 THE CHAIRMAN: Thank you very much, Mr Miana.
17 (The site visit concluded)
18
19
20
21
22
23
24
25
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