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1 WednesdayApdil 2024 1 We understand that our task is to aseistity
2 MR JOYA: Good afternoon, everyone, Chairman Myrahd 2 getting a better feel for the reality of HESigin,
3 members of Court of Arbitration. My name isthdmmad 3 operation, by seeing a run-of-river plantiie flesh,
4 Azam Joya, and | am General Manager of Pakistater 4 through the lens of one such Pakistan plaatNIHEP.
5 and Power Development Authority, known as WAPD 5 Having said this, you should please fexs to ask
6 In that capacity, it's my pleasure to waie you 6 us questions as we go along. | cannot protinégeaeve
7 and the wider delegation from the PermanenttCis 7 will be able to answer everything that you ragly. And
8 Arbitration to Muzaffarabad for what will hdp#y be 8 we say so: if we cannot, please don't hesitedsk.
9 an informative site visit of WAPDA's Neelurmrelim 9 WAPDA has accepted this mission with utmos
10 hydropower plant -- known as NJHEP -- aftedsa 10 seriousness, and has assembled from arolisddha
11 I'm speaking in the place of Lieutenaah&al 11 an array of leading experts in geology, higdyy
12 Sajjad Ghani, Chairman of WAPDA, who unfoetely was | 12 geography, design and power systems, asa/ghrious
13 unable to be with us today due to some uraeht 13 branches of engineering, to discharge it.
14 unavoidable business. 14 Slide 3. It remains only for me to imlnge you to
15 Assisting me in this introductory presgion is 15 the NJHEP itself. It is one of WAPDA's preatl
16 Mr Usman-e-Ghani, Additional Pakistan Cominissr for 16 achievements: a 969 MW run-of-river HEPjrgitt
17 the Indus Waters. | think he is here orstieond 17 44 kilometres outside of Muzaffarabad, wiveeeare
18 seat. 18 right now. The NJHEP was designed and bativeen
19 By way of background, WAPDA is one of Bt&n's 19 2008 and 2018. It now contributes 5,150 GMtiean
20 largest and oldest government agencies et &gt 20 and reliable energy to the national grid gyear. So
21 Pakistan Water and Power Development Authéit 1958, | 21 it is a test bed for many similar HEPs th&R®A wishes
22 it's headquartered at Lahore. It's a pulbiiity in 22 to develop in this region.
23 charge of developing, maintaining and margagin 23 Over the course of the next few days,witiu
24 publicly-owned hydropower facilities in Pakis. 24 become very familiar with the NJHEP and, tigioit, the
25 At the present point in time, WAPDA cadrsome 23 25 process by which a run-of-river hydroeleqgbtant is
Page 1 Page 3
1 hydroelectric plants, or HEPs, with a totstatled 1 built and operated in these Himalayas rivéditse
2 capacity of 9,476 MW. By 2028, we hope to addrther 2 entire facility is at your disposal and, slioybu wish
3 9,000 MW of hydropower to the national gricbtigh 3 to inspect any element of it, you have onlggk for
4 megaprojects like Tarbela 5th Extension, DiaB@sha 4 it, sir.
5 dam, Monmouth Hydroelectric Power Projects, an 5 Thank you very much. | now turn the flower to
6 elsewhere as well. 6 Chairman Murphy for any remarks you wish tkenair.
7 It is an exciting time for us, and we hdipe you 7 THE CHAIRMAN: Thank you very much, Mr Joya, fdrose
8 will feel some of the excitement in the cowsgour 8 welcoming remarks. | will say a few wordshahalf of
9 visit. 9 the Court of Arbitration. But before | do thaerhaps
10 Slide 2. The parameters of site visiieexted 10 | will allow the members of the Court of Arlation to
11 in your Procedural Order No. 10 are reflediedthe 11 introduce themselves.
12 record, on the slides. It has been impoftarall of 12 My name is Sean Murphy. | am the Chairofahis
13 the site experts who will be making preseémtatto you 13 Court of Arbitration. I'm also a Professbr o
14 to understand these parameters. 14 International Law at George Washington Ursiigiin
15 Sir, we all are engineers, not lawyexad 15 Washington DC. So to the extent that my tipres are
16 perhaps, with some exceptions here and tiverbave no | 16 very simplistic, coming from a non-enginge,'ll
17 knowledge or familiarity with the detailstb& dispute 17 understand why that's the case.
18 between Pakistan and India that has browghhgre for 18 Mr Minear, would you like to introducewself?
19 the site visit. Nor are we knowledgeableutiize 19 MR MINEAR: Thank you, Sean. My name is Jeffidipear.
20 Indus Waters Treaty. Rather than discusethmtters, 20 I'm from the United States, and my trains\gs
21 and mindful of the directions given in youogedural 21 a lawyer. I'm here as a legal umpire orCbert of
22 Order No. 10, we have come here to prepaegkti¢to 22 Arbitration. | also have training in naturesource
23 you about the design, construction and aperat HEPs 23 management and as a chemical engineer chlilceIto
24 in our part of the world in a relative ignace of how 24 thank you at the outset for taking the timsehare
25 these issues may be relevant to your task. 25 your knowledge about the facility with usoadk
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1 forward to learning a good deal today andhéndays 1 All the way at the end of the table is Garth
2 ahead. 2 Schofield. He is the court's registrar, amdshalso
3 THE CHAIRMAN: Mr Blackmore. 3 the Deputy Secretary General of the PCA.
4 DR BLACKMORE: Thank you. My name is Don Blackraor'm 4 Mr Bryce Williams is over there, just kishis
5 a civil engineer. | used to run a water bessnin 5 hand. He is the court's treasurer, also abaenf the
6 Australia that covers an area just a bit bigigen 6 staff of the Permanent Court of Arbitrationg as
7 Pakistan, about 1 million square kilometresl have 7 assisting generally in the arbitration.
8 owned and managed a number of hydroelecaiw®in 8 And then Mr Sebastian King, here on miatrifom
9 the past. | was a commissioner on the Wodich@ission 9 the PCA staff.
10 on Dams that looked at the development dedtefeness 10 So those are the individuals who areitglp
11 of the 50,000 large dams on earth, so I'ga dams in 11 administer the arbitration.
12 every setting, in every continent, bar Artteec they 12 We also have, as a part of the courteggdéion, a
13 didn't invite me to Antarctica. So | bringiaterest 13 videographer, who is standing behind the cathere,
14 in what you've done with this dam, and | Viglien 14 Mr Daan Nieuwland. He will be taking theadd
15 with great interest, so thank you. 15 throughout the course of the visit.
16 THE CHAIRMAN: Professor Buytaert. 16 And then we have a person who is seadnitpe
17 PROFESSOR BUYTAERT: Thank you very much. Gdetaoon, | 17 Neutral Observer. That's Mr Stephen Pontpegrds the
18 everyone. My name is Wouter Buytaert. |'Rrafessor 18 end of the table there. He is an individutab works
19 in Hydrology and Water Resources at Imp&allege 19 at the International Crisis Group, althoughshacting
20 London. 20 here in his personal capacity. And I'll aditle
21 In case you wondered about my accenprignally 21 more about the Neutral Observer in just aitain
22 from Belgium, but I've been based in Londmmiow 15 22 So let me, first of all, thank the Gowaamt of
23 years. I'man environmental engineer byingi and 23 Pakistan for organising this site visit. Twurt of
24 have worked several decades already on ninunta 24 Arbitration is extremely grateful to you andhll of
25 hydrology in particular, but all over the Vabra long 25 the site visit experts, who we know haveaalyeput in
Page 5 Page 7
1 history in South America, but to a lesser mxddso 1 a lot of work in preparing yourselves for tiext
2 here in this part of the world. So I'm pariely 2 few days. That's evident from the variouseslithat
3 interested in the broader hydrological/geornoiqgical 3 you've prepared and shared with us in advamckl'm
4 setting of the dam, and the way that the em=ging 4 sure will be evident in the presentations yioatre to
5 design has adapted to these settings. 5 make in the next few days.
6 | really look forward to the visits, arhbk you 6 We're very grateful also for all the ldigis that
7 very much already for all your input. 7 has gone into this site visit. We know hoffidilt it
8 THE CHAIRMAN: There is a fifth member of our Coof 8 is to arrange accommaodations, transportatecyrity,
9 Arbitration who is not present here, Judge 9 the general well-being of those involved ie Wsit.
10 Awn Al-Khasawneh. He is unable to be prefmnt 10 It takes an awful lot of effort. We may hetve
11 reasons that have been made known to thiepaAnd 11 security personnel in the room, but | hope you will
12 while that is regrettable, we are not, agarof 12 convey back to the security staff how grateéfe Court
13 Arbitration, taking any decisions in the g®uof this 13 of Arbitration is for their assistance aslwel
14 site visit, other than what may be necedsedgal 14 So I'll just quickly note that | know theare
15 with the logistics of the visit itself. 15 a lot of different parts of the governmenbined in
16 Moreover, the video of the site visittthaeing 16 this. | do want to thank the Ministry of Land
17 taken, and the transcript that will be madmfthe 17 Justice -- including Mr Akbar, the deputy rige for
18 video, will be made available to him so thetan 18 all of its efforts here; the Ministry of Wate
19 benefit from all of the presentations ydaglimaking, 19 Resources, including Mr Murtaza, who | knas been
20 the questions we ask and your responsesrta th 20 involved here; Pakistan's Commissioner fdugnWaters,
21 I'd also like to introduce three memiudrhe 21 Mr Ali Shah. It's good to see you again,aid many
22 Court of Arbitration, which sits in The Hagaad is 22 thanks to you and your staff for the workeher
23 the body that administers the arbitration weire 23 From the Ministry of Foreign Affairs, Mlizami. We
24 involved in. We have three members from Beatnanent | 24 very much appreciate all that the ministry ¢iane to
25 Court of Arbitration. 25 make this site visit possible.
Page 6 Page 8
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1 We have several external counsel, ledbp&hiel 1 receive arguments on the application of fexthe

2 Bethlehem here. We are very grateful foofihe 2 law, including with respect to the interprietator

3 work you've put in to help bring this together 3 application of the Indus Waters Treaty. $¢hal site

4 And I'm sure I'm missing individuals ortgaof the 4 experts can rest assured: we are not askingyp

5 government, but please take thanks from thet@b 5 questions about the law. We're solely intecem

6 Arbitration to everyone who's had a part ia th 6 some of the facts relating to this particdiam site.

7 process. 7 My fourth point: all presentations by #ie

8 Let me also note, with regret, the abseftee 8 experts are intended to be succinct, nesinéd]y

9 Government of India at this site visit. Tloeid would 9 technical in nature, and are presented byithatls

10 like to recall that it invited India almosyear ago 10 who are not members of the Government ofsRaks team
11 to participate in the site visit process, andld have 11 or experts appearing before the court.

12 welcomed and benefited from its involvemarthie 12 Fifth, the court's questions to the sitperts

13 process, both in reacting to presentatioimgjlmade by 13 will be exclusively on technical matters praed, and
14 the site visit experts here, but also we dibave 14 we will not stray into any legal issues.

15 liked to visit sites in territory administdrly India. 15 Sixth, at any time during a technicabkpreation

16 We would have benefited from hearing presiensfrom | 16 or after it, members of the court may havestians for
17 India's site experts about their work and tihems, 17 the experts. So | hope you don't mind uasiooally
18 and so we hope that India will at some paéaide to 18 interrupting you with something that we jdsh't quite
19 engage in this process. It would greatlisatise 19 understand, and we would welcome your respohtake
20 Court of Arbitration if they were to do so. 20 the point that there may be some questi@is/tu're
21 I'll note something that the engineerstdeeed to 21 not able to respond; that's entirely fine yBur
22 pay attention to, but India has not indicated 22 best, we expect nothing more than that.
23 an intention to file a counter-memorial im process. 23 Seventh, once a technical presentatioongpleted,
24 So the next step in our process is a hearirige 24 to the extent that Pakistan's deputy ageletor
25 merits regarding what we call "phase 1 issugsch 25 counsel believes that it would be helpfuthi® court

Page 9 Page 11

1 will be in mid-July. The court would certainkelcome 1 for a succinct and non-leading question tpuigo the

2 participation by India in that hearing if thene able 2 technical expert for purposes of clarification

3 and willing to do so. 3 correction, then the deputy agent or the teamhsel
4 | will also note that this site visit istn- is 4 will direct the question to me, and the caouilit

5 not -- an ex parte visit. Under Article 106f4he 5 decide whether or not to pursue the matter.

6 Supplemental Rules of Procedure of the Caurteeting 6 Eighth, Mr Nieuwland, our videographerl| W&

7 is not ex parte if both parties are given the 7 recording all site visit activities, to inckivhen

8 opportunity to participate in the meeting ane party 8 we're walking around the facilities. In tlwicse of
9 voluntarily elects not to do so. 9 this visit, please give him room to operat¢hsd he
10 Mr Joya, you mentioned a little bit abthet 10 can do his job of recording everything thatase
11 protocols for the site visit, and | appreziatry much 11 embarked on.
12 that it's been passed through to everyorwvied. 12 After the visit is completed, a transcyifil be
13 | would like to stress a few aspects of vghiatour 13 produced from the video recordings. At tme time,
14 Protocol No. 10, and indeed | have ten asyibat 14 our PCA team will be taking some still photgahs
15 | would like to emphasise. 15 during the course of the visit. If a partghes to
16 First, the purpose of this visit is tmfiarise 16 have a particular aspect of the visit capitimephoto
17 the court with general aspects of the desigh 17 or video, please make that request to theeaeiat.
18 operation of run-of-river hydroelectric pkialong the 18 Ninth, other than that -- the videograyred our
19 Indus system of rivers. 19 PCA staff taking photographs -- no one shbeltbking
20 Secondly, and | suppose conversely, thgoge is 20 videos or photographs during this site vigitter the
21 not to establish facts specific to any Indian 21 site visit is completed, in due course tliegi
22 run-of-river hydroelectric dams. 22 recordings, transcript and still photos Wl made
23 Third, the purpose is not to receive laggl 23 available to the parties, with a procesdanegfor
24 arguments from Pakistan -- and | think yoalveady 24 corrections to the transcript.
25 made that clear yourself, Mr Joya -- and atsdo 25 Tenth, my final point: outside of theemitiation
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sessions and the technical presentationsyéngbers of

Page 14

1 1 we see the Kishenganga project over therd, that
2 the court and the Neutral Observer on thehand, and | 2 yellow, which is functioning right there. Amdth
3 the representatives and site experts of Rakst the 3 their tunnel as well, it is performing a sianil
4 other hand, may exchange cordial greetings.ti&re 4 function as | told earlier in the NJHEP projec
5 shall be no substantive exchanges, eitheniteadtor 5 South of that is the upper limb of JheRiver, and
6 legal in nature. 6 you can see Sirinagar as well. This JheluveRi
7 Finally, let me return to the presenc&loPomper 7 discharges into and then emerges out of Wialke,
8 as our Neutral Observer. His task is to lesemt 8 located in India. And downstream of Wular &akou can
9 throughout the site visit, to observe the pealings 9 see the Lower Jhelum project by India, thelland
10 and the overall conduct of the visit. Hd aliért me 10 Uri 2 projects.
11 during the site visit if he has concernsat tegard, 11 Once again, crossing the red line ofrohnive can
12 in which case | will address the matter priyngHe 12 see Siran over here, the red triangle. duis
13 will then certify, at the end of the siteityithat it 13 forthcoming hydroelectric project which P&kisis in
14 was -- or was not -- conducted in accordavittethe 14 process of constructing. And once more,sgsia route
15 protocols set out in Protocol Order No. 10. 15 of tunnel over here, which removes water fabwelum
16 Unless there are any further issues taibed, 16 Upper Limb, and discharges it back into teum again
17 the court is ready to receive the first pnestéon. 17 downstream of Muzaffarabad.
18 (A short break) 18 Slide 6, please.
19 Presentation 1: NJHEP General Oriemtatio 19 THE CHAIRMAN: Mr Joya, before you leave thisdglj can
20 MR JOYA: So | will now give you a short introdion of | 20 | ask you to point out on the slide wherepbaer
21 NJHEP, with a view to situating you for the 21 station is located.
22 presentations to come. 22 MR JOYA: So the NJHEP, we start from the hea#laioiThe
23 Slide 5, please. On the slide, we havag of the 23 power station comes right after crossing\tbelum
24 surrounding area, with major cities and hgdweer 24 River -- Jhelum River right over here somaehe hat
25 features. | shall start from left of theesthat is 25 will come in detail later on, sir.
Page 13 Page 15
1 Muzaffarabad. You can see Muzaffarabad ogez.hThis 1 THE CHAIRMAN: So it's right on that part of thieer?
2 is the place where we are right now. 2 MR JOYA: Yes, it's here.
3 Muzaffarabad is the intersection of tweers. One 3 THE CHAIRMAN: And second question is: as we gdhepe
4 is called Neelum River, which is known as i€ispanga as | 4 along the river, | looked down at a certaimpand
5 well, by our Indian friends; and second iserdpnb of 5 | thought | saw what might be the tailrace thiat
6 Jhelum River, combines over here. 6 possible or are we not in the right location?
7 Sir, if we follow the Neelum River upstneave will 7 MR JOYA: Inthe coming slides, | will further bifcate the
8 reach the headworks of NJHEP over here; iduegiie 8 tunnels, the headrace and the tailrace, wfdrent
9 shows it. By "headworks", | mean the dam, its 9 colours and different details.
10 associated structures, together with thevese 10 THE CHAIRMAN: Okay. | may revisit my question.
11 So you can also see a tunnel over hene tihe 11 MR JOYA: Thank you. You really like questioss,
12 headworks, which comes down to the Jhelurimagais 12 Because all project -- 90% -- is undesgdy so to
13 tunnel is to generate the head of hydropgnaatuction, 13 understand it is very nice.
14 by which | mean it's a vertical distance lestwthe 14 Slide 6, please. So let's now looktkelihore
15 reservoir and the turbines at the end. ntiorees water 15 closely at NJHEP site. The headworks sitte@rly
16 from Neelum River and discharges it backé&dhelum 16 marked with a triangle over here. And you see the
17 River downstream of Muzaffarabad. 17 tunnel which comes out of that headworks framtheast
18 Around the NJHEP, we see a grey line beee. It 18 to southwest. After coming out of the headtwpothe
19 encompasses the catchment area of Neelum Rive 19 tunnel splits into two different tunnels. efrafter
20 Catchment area means that this area feetietiiam 20 crossing the Jhelum River, as | told eartier,
21 River in its discharges. So these discharfjesately 21 recombines. And again, as a single tunhehters
22 help out to operate the NJHEP project. 22 into the power station, powerhouse. And fthen
23 Furthermore, there is a red line as wEfat's 23 powerhouse is the tailrace tunnel, whichidisges
24 the line of control. If we see on other sfléne of 24 water into the Jhelum River.
25 control, Indian territory, Indian-administéri€ashmir, 25 These green tunnels we have to constugcto the
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poor geology of this area. So instead of gfim

Page 18

1 1 Slide 10, please. It's another view fthm
2 a single larger [one] there, we have to gaviar 2 downstream side, to make things for the corepéss of
3 smaller ones, to cater for the geology ofdtes, 3 purpose. From this angle, the orifice spijhiga
4 based on recommendation of the designers. 4 completely submerged into water over hereygdseyou
5 At the lower parts, you can see the poaesh where 5 can see the crest-gated spillway over hetkftase
6 the turbines and generators are located. frismal 6 are its gates, which are operated over here.
7 there, as | told earlier, is the tailrace gan see at 7 This image also gives a clear view offteeboard.
8 the bottom. It will come in more detail laten, sir. 8 Freeboard is a structure extended above tfacsu
9 Slide 7. So it's about the headworks.tl@rslide 9 level of the reservoir, you can see over here.
10 | will explain three things. Number 1 is tieservoir; 10 Slide 11, please. There is more aboiER]
11 number 2 is the dam wall; and number 3, tbeldin River | 11 powerhouse site. Turning now towards thegsbause,
12 flowing from south to north. These things eoming in 12 this is a satellite image of it, obviouslyt aBbowing
13 detail in the forthcoming slides, sir. 13 the powerhouse itself -- it is only denotgdalword
14 Slide 8, please. Now | have tilted thevjpus 14 "P" -- which is well below the surface.
15 slide at 90 degrees to give a more cleaung@csir, 15 Same may be said to the headrace aratilvhich
16 of the area. This shows the design inle fitiore 16 run from top right to the bottom left. Rumgithrough
17 detail with the key elements picked out. sTimage 17 the powerhouse, ultimately these enter taJhelum
18 will be revisited in many presentations whigt come 18 River to discharge water.
19 after me by other presenters. It is incluoleet here 19 What you can see, however, is the switchgbove
20 just to familiarise you with the orientatiofithe 20 the ground, to connect the power to our natigrid
21 project. 21 from here.
22 As | told earlier, it's the previous stid has 22 Sir, slide 12, please. Now the powerbouwe
23 been turned at a 90-degree angle. It sHovsléelum 23 were to excavate the area around the powsghgau
24 River flowing from left to right. And the aewall is 24 would find something very much like this. nfaroon,
25 shown in yellow, and its associated strustinme 25 this one, we can see the powerhouse itShH.
Page 17 Page 19
1 brownish over here. 1 slightly larger triangle, this one, is powtt®n
2 Then there are two spillways, shown inaed in 2 house. It is housing the generators, so Wé ca
3 purple. And dissipation structure, and you s2e 3 "generator hall" as well; whereas the slighthaller
4 a brownish colour. Then you can see thérgfibasin 4 one is the transformer hall, where the step-up
5 over here; the "desanders", it's called. It's 5 substations are located to ready the cureent f
6 a desander structure, with the structure wisishown 6 transmissions. You will see it later on ad.we
7 in pink. It is the operating building. Arten, 7 More than that, there's a system of pekstoYou
8 finally, there's a headrace tunnel, which coine 8 know that penstock, these are the pipes whiahwater
9 purple. 9 for the turbines to rotate inside the genetaad,
10 So it's the overall orientation of theject, just 10 and then dispose it further into the JheluveiRas
11 to show up the things, sir. 11 | told earlier.
12 Slide 9, please. You can see herehfiitst 12 Sir, there are different tunnels as wedlr here.
13 time, the detail of the two spillways. Thedlevel 13 You can see there's a headrace tunnel whitdpsbwater
14 orifice spillway is on right side, whereasleft side 14 from the dam and then feeds to the penstokkd.then
15 is surface level crest-gated spillway. Trasethe 15 ultimately that is the discharge tunnel, \ufigcour
16 structures by which HEP passes floodwateutir the | 16 other tailrace tunnel, and many other lightels as
17 dam. In its background, you can see theveise 17 well, which we'll come to later on in detalil.
18 which is stretching away towards southeast as 18 And finally, looming above it, this onk's the
19 (indistinct). 19 surge shaft. It starts from the headracegard above
20 Sir, foreground is denominated by thessadder 20 site, sir. It is to cater for emergenciesltow
21 structures you can see over here. And atehye 21 pressure to escape from the headrace ivém ef any
22 bottom of the desander structure, this ane, i 22 emergency. Similar to surge shaft, we hasiege
23 a collecting canal which connects to headnahih is | 23 tunnel as well on the downstream side, ter dat
24 somewhere over here. It goes in this wayyiich 24 similar emergencies.
25 | showed earlier in purple colour. 25 Slide 13, please. It's again the powesbaecord
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(indistinct). We have shown powerhouse hecgtail.

Page 22

1 1 4.4 kilometres more tailrace, it dischargés the

2 Other presenters will take you back to thsimgnd 2 Jhelum River.

3 again, so | will just give an overview of tkige, 3 Next, please (slide 18). So thank yoy weuch for

4 Sir. 4 your kind attention. You will see all thesensents

5 As you can see, we have two main halise i® 5 close up over the coming days, and these atsméil

6 a larger one, the other is a smaller one. |arger 6 be discussed separately as well by the expéris

7 hall is a generator hall, whereas the smatieris the 7 purpose of this brief presentation was simply

8 transformer hall, which | showed earlier id o®lour, 8 orientate you what is to come. So if you have

9 sir. Then beneath the generator hall we have 9 questions, | am over here, sir, at your diapos
10 a structure of turbines, which stretches tdwefour 10 THE CHAIRMAN: | have one question. It's probabf no
11 floors. 11 great significance, but I'm curious aboutakact
12 We can see third generator unit over.h&ren 12 location of the power station. So if we galoto
13 there's a connecting shaft to the turbine beee. 13 slide 17 for just a minute, it looks like {h@wverhouse
14 The turbine is shown, sir, in yellow, wherdees 14 is relatively close to the tailrace area.d 4.t if we
15 distinctive scroll case, that is shown in rét the 15 go to slide -- | think it's 11, it looks d®tigh the
16 point where the water enters into the tusbioerun 16 powerhouse is rather far from the tailraBe.if you
17 this. Then this water is disposed to a duie over 17 could just clarify that.

18 here. 18 MR JOYA: It's only -- you can see it's a satelinage.
19 Slide 14. The only thing which is abtive ground, 19 We have blown it up just to show the tailracea more
20 that is the NJHEP switchyard, which you eaever 20 clearly. On the same scale, if | show tredhece as
21 here, sir. And it will be shown to you dgriyour site 21 well, then well you can compare both areas.
22 visit as well. 22 THE CHAIRMAN: So | think my confusion was: itnabst looks
23 Slide 15. This is the NJHEP tailracelisge 23 like that's the upper part of the Jhelum RiBut
24 tunnel. It comes over here and dischargedtie 24 that's not the case: that's just a dividien
25 Jhelum River, which comes this way. | thjpka might | 25  topography, yes.
Page 21 Page 23

1 have seen it while coming on the way to Muzatbad, 1 MR JOYA: It's just to show the tailrace more chga

2 Sir. 2 Otherwise length is the same, 3.4 kilometiss,

3 THE CHAIRMAN: Yes. 3 | showed earlier, sir.

4 MR JOYA: Slide 16, please. So this is the NJHigfraulic 4 THE CHAIRMAN: [ understand. Thank you very much.

5 profile. When we pull out all this togethgou get 5 MR JOYA: You're welcome, sir.

6 this, which is what is called the NJHEP hyticau 6 THE CHAIRMAN: Questions? | don't think we haveyather

7 profile. Its purpose is to show the broadksts, the 7 questions.

8 main features of the NJHEP relative to theeveaturses. 8 MR JOYA: Thank you, sir.

9 We start on the right side. The NeelureRiit 9 And now | hand over to Mr Usman-e-Ghardditional
10 flows into the reservoir; and from hereuits ahead 10 Commissioner for Indus Waters, who will tgke through
11 unless it joins Jhelum River again. But siameously, 11  the schedule of the site visit, sir. Thaol.y
12 as | told earlier, the headrace tunnel camaéesf the 12 THE CHAIRMAN: Thank you very much, Mr Joya.

13 dam site, then it splits into two, moves asia 13 MR USMAN-E-GHANI: Thanks very much, Joya Saabaitman
14 tunnel. And before entering the powerhoitise, 14 Murphy, members of the court. You will adl ery
15 reunites, it again becomes single. And #gter 15  familiar with the schedule, as it was finatisipon

16 function of turbines rotating, through thiraae 16  your directions. So | would like to run signfhrough
17 tunnel it gets discharged into the JheluneRover 17 briefly, in case you have any questionshsyg tan

18 here, downstream of Muzaffarabad, as | tatties. 18 accordingly be taken.

19 Slide 17. Thank you. That's about tGelEP 19 In particular, | must note some changehe

20 tunnelling. We have just shown the hydrapiafile 20 schedule which | understand the court isidenisg.
21 from the side, with the tunnel network youn sae over 21 In particular, Day 3 of the site visit -ist

22 here. There's the tunnel network, starts lomee, and 22 tomorrow -- has now been split into two, lsat it will
23 almost crossing under the Jhelum Riveredthes the 23 occupy all of the activities of Day 3 and BlayThis
24 powerhouse after traversing 30 kilometresygb 24 means the events of Day 4 will now be shifteDay 5.
25 underground. And then from powerhouse, t&ing 25  The events of Day 5 will be shifted to Dayd so on
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and forth. The order of presentations withaén the

Page 26

1 1 On Day 3, the objective is to depart from

2 same. 2 Muzaffarabad after the presentation at ar&u@d pm,

3 Once | have described the schedule, Ihaifid back| 3 returning in time for closing the day, andtfoe

4 to Mr Joya for the final limb of this introdiocy 4 dinner and other activities like that.

5 presentation, being the introduction of theagers. 5 Next slide, please (21). With Day 4 nasinig

6 | should add, the schedule is subject to ahamgybe | 6 occupied with presentation no. 7, the damraservoir

7 because of some weather conditions. Thankgou 7 inspection, the presentation[s] of Day 4 [fhée=n

8 much. 8 moved to Day 5.

9 Our next slide, please (19). Day 1 waserday, 9 It is another long day, taking place etyiat the
10 and so we are at the start of Day 2. ltskater 10 powerhouse. We will depart from Muzaffarabt€l.15,
11 day, with two presentations only. The finsé is this | 11 travelling downstream this time, arrivingta
12 one which is being currently made. 12 powerhouse at around 10.15.

13 It will be followed by presentation noveich 13 There will be four presentations overdberse of

14 will start diving a little deeper into thegher level 14 the afternoon: presentation no. 8, whicteigegal site

15 features of the run-of-river hydroelectriamgk, 15 orientation; presentation no. 9, which isdsasf

16 specifically on Himalayan rivers. Desigmsiouction | 16 powerhouse; presentation no. 10, which isawer

17 and operation issues will be examined irfbrie 17 production; and presentation no. 11, whi¢hes

18 After that, the court will be able todiéy any 18 inspection of the powerhouse itself. Thetoaill

19 specific questions or issues that it wishesete 19 then have the opportunity to deliberate tmistfore

20 addressed on the following days. 20 issuing the instructions for Day 5.

21 Next slide, please (20). As you canfs®a the 21 The object is to depart from Muzaffarabadround

22 slide, Day 3 was intended to be a long délyeatlam | 22 5.00 pm, arriving back again in time backh®hotel.

23 site. The schedule for this day has beerifiradd 23 Next slide, please (22). The eventsaf Bhave

24 a bit. We will depart early from Muzaffarabat 24 been moved to Day 6, as | said earlier, wiiah

25 8.00 am in the morning, aiming to arrivehat dam 25 originally the first contingency day. TheyDlagenda
Page 25 Page 27

1 site, some 44 kilometres upstream, at aroB@&min | 1  istobe sentby the court. Once you havergis your

2 the morning. 2 directions, we will work with you to providesahedule

3 We will then have four presentations dliercourse | 3  for this day.

4 of the morning and afternoon, which are tke si 4 Next slide, please (23). The events of ®have

5 orientation, the presentation no. 3, to enghieto 5  beenmoved to Day 7. Itis currently listed a

6 see the physical layout of the dam site bef@rgo on 6  acontingency day in case of some inclemeathee

7 to the conference room for the detailed prtasiens. 7 conditions or other interruption preventingngoproper

8 Presentation no. 4 will provide an ovewif the 8 site instruction from taking place. If itrist

9 physical elements of the site, including gapby, 9 required, then we anticipate departing fronzéfarabad
10 topography, geology and hydrology. 10 for Islamabad at around 1.00 pm, to arriveklta
11 After lunch, we will have two presentation the 11 Islamabad by around 5.00 pm. An administeatieeting
12 basic elements of the headwork of the rurivef- 12 will be held thereafter to discuss the deparfrom
13 hydroelectric plants. In terms of broad teenthe 13 Islamabad.

14 presentation no. 5 will address the sewesadehe 14 Next slide, please (24). The eventsaf Dhave
15 flood control issues, and presentation nill6 15 been moved to Day 8, so we do not need yoostzhis
16 address sediment management issues. 16 slide.

17 As the subject matter of these two prasiens 17 Next, please (25). On Day 8, the coilitdepart
18 also overlaps with the five questions thatdburt put 18  from Muzaffarabad.

19 to the site experts a few days ago, theesgjterts in 19 And unless some clarification is neededhy hand
20 these presentations will also address the'sou 20 the floor back to Mr Joya.

21 questions. 21 THE CHAIRMAN: Thank you very much, Mr Usman-e&ih The
22 After these presentations, we will have 22 only question | have -- it's not a questitejust

23 an inspection of the dam and the reservdhesite 23 aconfirmation that the idea of splitting theem site
24 by the court. This presentation no. 7 orsttedule 24 into two days is very agreeable. We vieasivery
25 has now been moved to next day, on Day 4. 25 important to focus in particular on that,sited the
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decision that the timing would be optimisechbying

Page 30

1 1 We have another two members from NJHER:tea
2 the two days is certainly agreeable to thetcoAnd 2 Mr Arfan Miana and Ayub [Malik]. Mr Miana,rsiplease.
3 we're also aware that weather conditions rffagta 3 Mr Miana has bachelor's and master's ddgre
4 sequencing here, and we certainly are ametatitat 4 mechanical engineering, and has worked witHPlA since
5 as well. 5 1992. He was involved in commission of 1, WM Tarbela
6 Any questions from anyone about the iing? No 6 4th Extension. He has been project directer there,
7 guestions then beyond that. Thank you so much 7 and currently he is chief executive officerehat and
8 MR JOYA: Thank you very much, Mr Ghani, for gigime | 8 NJHEP.
9 a chance to speak again. 9 And Mr Malik, he has bachelor's degreeiv
10 Slide 27, sir. It's about the preserttecome 10 engineering and a master's degree in irogati
11 here. Members of the court, Pakistan hasrased 11 engineering. He has 34 years of experience i
12 a range of hydropower experts from many wiffe 12 construction management and contract admaticst,
13 organisations within Pakistan. Many of theark at 13 particularly in relation to the megaprojedtte is
14 NJHEP and other hydropower facilities, bqibrational 14 presently deputy project manager of NJHEP.
15 and under construction, throughout Pakisg&mthey 15 Slide 29, please. So that's our nexigod
16 are now under the umbrella of WAPDA and ia biouse | 16 presenters: Mr Fiaz Hanif, Mr Umar Farooq EmndNayyar
17 here as well, the experts. 17 Alauddin.
18 We also have two representatives withams 18 At the top is Mr Fiaz Hanif Sendhu, okiere. He
19 NESPAK. NESPAK is National Engineering Seegiof | 19 is our geology expert. He holds bachel@tgeke and
20 Pakistan, a government enterprise, an emergyactor 20 master's degree in geology and geohydrobmwell as
21 which provides consulting, construction, eegring and | 21 a further master's degree in hydrology. &35 years
22 management services globally. Its headqsaget 22 of experience in the field of hydropower, anesently
23 Lahore. It's one of the largest engineeromsultant 23 he is chief geologist of 1,530 MW Tarbela Bitension
24 management companies in Africa and Asia dis Whey | 24 project.
25 are with us in this room. 25 Then we have Mr Umar Farooq, who is tres
Page 29 Page 31
1 As | point out on the slide, | would akkrn to 1 engineer in the Water & Agric division of NESIR. He
2 raise their hands so as we can identify th€hank 2 holds a bachelor's degree in civil engineesing
3 you. 3 master's degree in hydraulic and irrigatiogiregering.
4 So in front of you, sir, are the groupésenters 4 He is in the process of completing his dot¢toom
5 number 1. Mr Ghani, the chairman of WAPDA, 5 water source engineering.
6 Mr Ghani Saab, he couldn't join us, as | &zdier. 6 Mr Nayyar Alauddin. So Mr Alauddin habachelor's
7 At the top, it's me, sir. Thank you verych for 7 degree in civil engineering, and was empldyetVAPDA
8 listening a lot. | had been general manag€adela 8 in 1983 to 2019, finishing as a project diveend
9 Dam as well, and project director at T5 extani 9 general manager of NJHEP, the same projeetwés
10 Tarbela as well. Now I'm general managestdioation 10 thereafter hired as an advisor on NJHEP 19 2and
11 and monitoring in WAPDA. 11 remains as a key part of the team today.
12 And Mr Usman-e-Ghani, please raise yandhsir. 12 Slide 30, please. And then we haveioaf §roup
13 He is from Additional Commissioners with th@ank you | 13 of presenters: Mr Tarigq, Mr Arshad Malik, Mameedullah
14 very much. 14 Khan and Mr Yasir Abbas.
15 Slide 29. This is our next group of preers: 15 Mr Tarig, he is over here. Mr Tariq r®ld
16 Dr Tahir Hayat, Mr Ayub Malik and Mr Arfan ksia. 16 bachelor's and master's degrees in engigearnd has
17 At the top, we have Dr Tahir Hayat. Biease. 17 over 30 years of hands-on experience with Ak the
18 Dr Hayat is one of Pakistan's most erpegd 18 field of hydropower operation and maintenande is
19 megaproject engineer and administrator. dtdsh 19 currently one of the chief engineers of Tharld¢h
20 a bachelor's degree, master's degree inemngig, as 20 Extension.
21 well as doctorate. He is currently the chiefcutive 21 And then Dr Yasir Abbas. He is the cleiefineer
22 of the consulting consortium, building tha@er Basha | 22 in the Water and Agric Division of NESPAK ddmas been
23 Dam on the Indus. When completed, it wiltHoe 23 a practising water source engineer for 2@syede
24 tallest roller-compacted concrete dam inntbed, 24 holds a bachelor's degree in civil enginggrimaster's
25 almost 272 metres high. 25 degree in hydraulics and irrigation enginmegrand
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a doctorate in civil engineering.

Page 34

1 1 project, and he'll be making part of the pmsgon,
2 Mr Hameedullah Khan, he has a bachelegse in 2 the latter half.
3 electrical engineering, and currently he ising as 3 So we have been asked to make the fiostautive
4 chief engineer at Warsak HEP, which is undaggo 4 presentation of the site visit on hydroelectri
5 intensive rehabilitation these days. 5 projects, "HEP" for an acronym. And you vadlar a lot
6 Mr Arshad Malik. He holds bachelor's amaster's 6 of this "HEP", "HEP", and this is basically
7 degrees in electrical engineering. He hap dee 7 hydroelectric project: design, constructiod an
8 experience in thermal and hydropower throughou 8 operation.
9 Pakistan, including as an additional chiefireegy at 9 This presentation is intended as an iotttdn to
10 the NJHEP as well. He is currently a chigfieeer at 10 the design and development process behind the
11 WAPDA's hydropower projects. 11 run-of-the-river hydroelectric project on ertdlayan
12 So that concludes this introductory pr&sén on 12 river, and the presentation will be basicailfour
13 behalf of Chairman Ghani, WAPDA, and thefsteNJHEP. | 13 parts.
14 Thank you, sir, for your kind attention, amel wish you 14 So in the first part, | will provide yeuith
15 a very successful site visit. If you agaaméisome 15 an overview of the HEP development processng out
16 guestions, we are at your disposal on this. 16 the various challenges that its designerogmets
17 THE CHAIRMAN: [ don't think we have questionsitlhdo 17 associated with it will face, and eventualtyl
18 want to thank you for those introductionsieyf were 18 hopefully overcome as part of that process.
19 very helpful, and | feel like there's a lbtlegrees 19 Secondly, | will address the questiorlBP
20 in this room! It's very impressive, and ea/ery 20 development, explaining how we start fronteak sheet
21 grateful for all the time that you've takerhelp put 21 of paper and actually design through vargtages and
22 together this very distinguished cast of espeSo 22 phases to a design which can be put intdipeday the
23 thank you, Mr Joya, and thank you to everyone 23 contractor, and thus have a fully functidnalropower
24 MR JOYA: Sir, thank you. With this, we are preding 24 project.
25 towards a break for coffee, if you like, sir. 25 Thirdly, Mr Malik will explain the HEPSElf,
Page 33 Page 35
1 THE CHAIRMAN: Absolutely. 1 taking you through its major components arplaming
2 MR JOYA: And then we'll come back after ten mesutor 2 how these fit together. And again, in the jest,
3 presentation no. 2 in the same [room]. 3 Mr Malik will give you an overview of the HEP
4 THE CHAIRMAN: Yes, that's fine. Why don't we uese in 4 construction process: what challenges arelfexcthat
5 about 15 minutes, quarter past the hour. Kian very 5 process and at that stage. And basically bee’
6 much. 6 talking through the lens of the Neelum-Jhehyaropower
7 MR JOYA: Thank you, Mr Chairman. 7 project, in which he has been associatedhotast
8 (A short break) 8 15 years.
9 THE CHAIRMAN: Okay, I think we are reassemblea yehy 9 Your questions have been gratefully rezdivand
10 don't we proceed now with presentation no. 2. 10 will be answered later in presentations 5@&ntf
11 Presentation 2: HEP Design, Construction guet&ion 11 anything that | say or Malik Saab says yad ft's not
12 DR HAYAT: Thank you, sir. Mr Chairman, membefg¢he 12 clear, and problems occur in your minds, stvauld feel
13 court of arbitration, good afternoon. 13 free to ask questions at your convenieneasgl, and
14 By way of introduction, although the oduction 14 we'll be glad to answer.
15 has already been made by Mr Joya, my naDeTghir 15 Slide 2, please. Before | go into thiestance of
16 Mahmood Hayat. I'm presently working as thiecutive 16 the presentation, | would like to make aftopening
17 of Diamer Basha Dam Consultants Group, wisiehjoint 17 observation. The HEP design and developprentss may
18 venture of six firms, like Stantec, AFRY aitters. 18 be described in three words: it is lengthig i
19 And we are providing consultancy services for 19 expensive and it is challenging. It's leggth
20 construction of Diamer Basha Dam Projectciviig 20 expensive and challenging.
21 a 272 metres high roller-compacted conceeste, 21 When we speak of a hydropower plant albovertain
22 4,500 MW hydroelectric plant. And it is lret[Khyber 22 capacity, we are actually talking in terms of
23 Pakhtunkhwa] Gilgit-Baltistan area of Pakista 23 a megaproject. And these large-scale conyaletures,
24 Alongside me is Mr Muhammad Ayub Malikdehe's the | 24 costing upwards of $1 billion, take many gdar
25 deputy project manager for Neelum-Jhelumdyyakver 25 develop and build. To be designed, constdiahd
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operated successfully, any megaproject mustome

Page 38

1 1 preparation, tendering process and bid evalyand
2 numerous hurdles across multiple dimensiémsl when 2 negotiation and award.
3 you are talking about the Himalayan regionthaise 3 So these processes may take many mordtis\aive
4 hurdles are magnified. 4 experts like advisors, lawyers, in-house attergal,
5 With that, sir, slide number 3, pleasee'lWalk 5 to go through all these processes. So thestaps
6 now about the HEP development process. 6 are typically carried out in parallel of tleasibility
7 And slide 4. So at the centre of thigdian, you 7 studies or pre-feasibility studies. And thater on,
8 see the HEP design, which actually is HEP Idpweent, 8 during the next phases, these are refined! daning
9 let's call it. And it entails basically sixam 9 this process, the assistance is also takem fro
10 components of design. 10 internationally recognised construction pdecgs, such
11 The first one is the technical studies an 11 as those produced by FIDIC, which is therhatgonal
12 engineering. And as we move clockwise,Gtsitractor 12 Federation of Consulting Engineers.
13 selection and contracting; social impactsssent, 13 Now, FIDIC produces typical templatesmftiple
14 resettlement and compensation; environmangelct 14 contracts. But the most important of thesetfe
15 assessment, mitigation and management; tegula 15 purpose of the HEPs are the Red Book, whkich i
16 activities, power planning and power saled; af 16 applicable to large construction projectsegaily; the
17 course, financial planning and financing. 17 Yellow Book, which deals with electrical améchanical
18 Now, these six processes, they mustrparallel, 18 works; and the Silver Book, which deals witiat | just
19 and they start almost from the conceptiogesttn 19 said: EPC, or engineering procurement anstaation,
20 a certain degree. And then they are refametimore 20 which is basically a turnkey project. Scsthare the
21 detailed as the process goes along. And thast be 21 internationally recognised templates whidith some
22 carried [out] in parallel. And failure ofyaane of 22 modification, people normally use to makes¢henders.
23 these could mean the failure of the projadts 23 Slide 7, please. Next we have the soujact of
24 prolongation, or it's been put in "cold str'a as you 24 the project. So no project is without sotigdacts.
25 may call it. So all these are important.d Awill 25 These social impacts are usually measured asiange
Page 37 Page 39
1 take you through each of these later in the 1 of internationally recognised standards, scthe
2 presentation. 2 Equator Principles or the standard guideblmash are
3 Let's look at slide 5, please. So herdawe the 3 produced by institutions such as the Inteonati
4 design phases of hydroelectric power proj¢€R. They | 4 Finance Corporation or World Bank or the Asian
5 go from concept, to pre-feasibility, to fedltin 5 Development Bank.
6 engineering design, and construction desfgrd one by 6 So HEPs are actually very intrusive ihi@ fabric
7 one, I'll explain. 7 of geography and communities in which theylacated.
8 So in each phase there is a yes-or-noariew 8 However, due to the typical small size of the
9 proceed to the next phase. From the congeptit is 9 run-of-the-river reservoir, they are typicdtgs
10 good: you go to pre-feasibility. Okay, geath. Then 10 impactful than the storage projects, whickehauch
11 feasibility, and then of course all the atheBo at 11 larger reservoirs.
12 each phase there is an answer whether teqaadth 12 So the HEP construction can significaintipact the
13 the next level or not. 13 community in or adjacent to the construciicea. We
14 Slide 6, please. Next we return to aunti@ctor 14 have some examples on the slide which Bihwsjou. So
15 selection, which obviously is a critical phasany 15 there could be involuntary displacement oficwinities,
16 project. So the life-cycle is shown on tfe | 16 we can have water quality reduction and aszen
17 So actually the project gets built by the 17 waterborne diseases, loss of agricultural, less of
18 contractor. It is designed by the engindmrsit 18 commercial opportunities -- fishing, minibgpirism --
19 gets built by the contractor, unless and itriti 19 loss of spiritual or other indigenous sitename
20 an EPC contract. So for normal projectsidba is 20 a few.
21 that the engineers design, the consultastgreand 21 And there are mitigation strategies aitijaiion
22 the contractors who win the tender build finggect. 22 processes available. For example, appresitt
23 So from the initial stages of the prajgou have 23 selection. If a dam site is near to a conityuwe
24 to have a project procurement strategy, aontr 24 will try to look for an option where it isrfrom
25 strategy and packaging, tender preparattonract 25 a community so that we don't have that mdéampact.
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Page 42

1 Restoration of resettlement and liveliho&b we 1 a project failure or its being put into coldrage.
2 make better villages, give them better faeditso 2 The project is okay, everything is fine, hé t
3 whatever they had before, they will have ahrhetter 3 indicators are good, yet you don't have theeydo
4 life in that area. And payment of compensatis 4 build it. Then it will be put into cold stae.
5 course, for their movement and all of theghinBut 5 So as the slide shows, it starts withrfaal
6 if no mitigation is possible, however, thea fite 6 analysis and tariff analysis, which is basydabw
7 would be basically unsuitable. 7 much it's going to cost to build, obtain bé# t
8 And by the way, if the social impactstué t 8 permits, all the resettlements, all the costs,
9 projects are not managed, the project willefieihe 9 everything included; and what are the tasgfid what
10 very least, and become more challenging pteiment, | 10 are the returns that you're going to getis $uat
11 including because the investors and lendéirbevshy 11 positive? Is the EIRR, FIRR, all the ecorsigjithey
12 to support such a project. So if the prdjeckers 12 do all those things, and cost-benefit raBo.if that
13 insist on pushing on the project regardiésisen 13 is positive then the project is positive.
14 legitimate objections of the locals, therythvdl find 14 THE CHAIRMAN: Dr Hayat, can | just ask you a gtien?
15 it very hard to get international or privatading. 15 When you say "tariff analysis", we're spegldbout the
16 Slide 8, please. So the environmentphuts are 16 tariffs in essentially selling the power frtime plant?
17 also similar in nature, somewhat. And tleitaids some | 17 DR HAYAT: Selling the power to a utility or the
18 of them, like impact on wildlife, which i©fiding of 18 government, sir.
19 natural habitats, possibly including someaegéred 19 THE CHAIRMAN: Thank you.
20 species; effects on fish and other aquédic li 20 DR HAYAT: Yes, sir.
21 floating aquatic vegetation, loss of teriaktr 21 So then there are options that are dlaita the
22 wildlife. 22 builders, whether they go for debt fundintans or
23 Wider impacts could be downstream hydjiokd 23 they go for equity funding, or there couldabmixed
24 changes due to stream flow, sediment trahspater 24 bag. And then they have to go for finaneiggeements
25 quality, because there will be reduced flowstream, | 25 with various agencies to secure all the fiuhdsare
Page 41 Page 43
1 reservoir sedimentation, greenhouse produfrion 1 required before they actually embark on the
2 reservoirs, and waterborne diseases. 2 construction. And these are all -- so finaye is of
3 There are again potential mitigation styggs 3 course negotiations, signatures of finangetements,
4 available. For example, we select an appxtpsite 4 and all that.
5 so that it does not impinge on any naturaitagb 5 Slide 10, please. So the financing tiack
6 There are environmental offsets. For tanif 6 actually usually tied to the next significahgllenge,
7 you have greenhouse gases production frometleevoir, | 7 and that is the regulatory activity. By thimean
8 it is normally because there's a lot of junglthe 8 the process in which the project acquirev#nmus
9 reservoir that will be submerged, and it détay and 9 agreements and permits that it will needterHEP to
10 produce the gases. So one strategy woulldmeahead | 10 operate in due course. So the project fingnaill
11 and cut the jungle in that area before youndiate that 11 only be available, or contingent, if you hallehe
12 area, and then replant the trees all arduand t 12 permits in place. And these must eitherliaioed in
13 reservoir so that you have a positive effiéthat. 13 advance or in accordance with precisely ddfin
14 Because at that time, you have a resenairhgpve 14 timelines set out in the financing agreements
15 more ambient moisture in the air, so thatsupport 15 So on this slide, we have illustrateélaction of
16 vegetation in the area. 16 kind of regulatory instruments that the projaust
17 So all these techniques are used to overthese 17 have in place. And most probably, the mostgicated
18 environmental impacts. Again, if no mitigatis 18 of these is the power purchase agreemengspas
19 possible, the site may be rendered unfeasible 19 pointed out, Mr Chairman.
20 Slide 9, please. So the next challenge i 20 This is a long-term contract betweenreikeetricity
21 financing. You have to build a project, ymed money | 21 generator and the customer, usually a utlity
22 for that. 22 a government or a company. The PPA, ordhep
23 The total cost of a major Himalayan HER rn into 23 purchase agreement, can last anywhere betaenh
24 billions of US dollars. For this reasonkiat 24 20 years, and it's a good measure of thadiak
25 financing is one of the most common reasons f 25 viability of the HEP.
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1 So PPA can either be for a predefined atnoiu 1 a cascade of facilities, or was it seen msre a

2 energy or a predefined percentage of energyttie HEP | 2 a standalone facility?

3 will eventually generate. 3 DR HAYAT: At this point in time, it is a standale. But

4 Beyond PPA, there are of course otherinstnts 4 there are possibilities of sites downstrearichvbould

5 that the project will need to obtain. So ¢hare land 5 make into a cascade. But, you see, if yoabdee

6 acquisition agreements. The land that isdated, or 6 projects -- because Neelum or Kishengangalyspart

7 the land that is required for building the damthe 7 of the river: it joins Jhelum. So in that senit is

8 reservoir area which is inundated, it could be 8 part of Jhelum also. And on Jhelum, you Héoleala,

9 government land: then you will need government 9 you have many other projects before you hingla you
10 permission. If it is private land, you'lMesto talk 10  have Mahl, you have Karot, and all thoserqgthgjects.
11 to the private owners and give them compimsato 11 So it can be considered as a part of a casdad in
12 all those agreements have to be in place. 12 thatsense.

13 And water right agreements, because yibbaev 13 DR BLACKMORE: Thank you.
14 using water of the river. So agencies véll b 14 MR MINEAR: Excuse me, Mr Hayat, now that we'meeirupted
15 responsible for the water of the river, aod'ly have 15  you, can | ask: are water rights in Pakistan
16 to go to those agencies to get the perntit'thaant 16  administered at the national, regional calldevel?
17 to use this water for building the dam", bsesthere 17 DR HAYAT: To my understanding -- | think | wilefer this
18 will be some storage for some time. Theceffenot 18 to one of my colleagues here, and | will cdraek to
19 that much for a run-of-the-river project, kg more 19  you later on that. But very briefly, | thibkth the
20 for a storage dam. But in any case, you neter 20  provinces and the central government getshied in
21 rights agreements. 21  this. Butwe will clarify that more in ddtas we go
22 And you need project implementation asritession 22 along.
23 agreements, and mostly the government ageaice 23 MR MINEAR: Thank you.
24 responsible for this. And any other necggsamits. 24 THE CHAIRMAN: | have a question that relatestmtractors
25 So with this review, you'll be able te see 25 that you discussed. And again, if you'reimot
Page 45 Page 47

1 reality. | mean, going through all of thisst easy, 1 a position to answer, that's fine. But I'st jcurious
2 to say the least. This is some exerciseythahave 2 whether, as a general proposition, theretsitet
3 to carry out. | see some smiles on some faees 3 number of contractors -- global contractotthat do
4 And as | said earlier, it is lengthy, it igpersive 4 this kind of work, or whether it's a very fragnted
5 and it is challenging. And with that saidsihot 5 population that you can sort of pick and cledosm?

6 for the faint of heart, you know? So the pctg that 6 DR HAYAT: Normally, when a large hydropower prcjgomes
7 do succeed and see the light of day ofterdstan 7 into being and it is designed, it is thenyguind the
8 a testament to the designers' and backesgivite 8 tenders are ready, it is put up for intermetio
9 and tenacity. 9 bidding. For such hydropower projects, itds
10 Can we move to slide 11, please. Soave lboked 10 uncommon that there is not one entity andnet
11 at the challenges in development. 11 company that can undertake single-handedly lsuge
12 DR BLACKMORE: | was interested in that listmljust 12 projects. Yes, the bag is maybe limitecheln,

13 wondering: when you have a sequence of hpdrep 13 there'll be maybe a dozen companies or teertdo
14 facilities on the one river, and you neeceschose 14 companies that do hydropower, and thered dezen
15 things for an individual site -- so | undecst all of 15 companies -- or less than that even -- whinelo

16 that -- does the government have a -- whasdha grand 16 hydromechanical and the electrical part af, tand

17 plan for how the river will be developed? v&® 17 I can maybe count them on my fingers.

18 generally don't just put one hydroelectranpin: you 18 But what happens is that they form jeenttures,
19 have one -- 19 because it's such a -- you know, Diamer BBsim, where
20 DR HAYAT: Cascade. 20 I'm working, its expected cost is to touch $illion.
21 DR BLACKMORE: And you have a cascade, and soAmd | was | 21 Now, this type of a project requires -- trer®

22 looking up there to see whether -- it's erdbddn 22 company, or construction company even, tat ¢
23 water rights, and all sorts of things. Bwils just 23 single-handedly handle all this thing. Sowally they
24 wondering whether, for something like thisngéhe one 24 come in a group of two or three.

25 we're talking about now, was that seen asopar 25 And what normally happens is you havivihside
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of the contract which the civil contractoregalup, and

Page 50

1 1 process will determine whether it is worthwhelen
2 then you have the electrical, which maybelsrqterson | 2 considering the site for hydropower productibmean,
3 or another entity. And then the hydromechaniike 3 if you have stream gauging -- normally ithere in
4 gates and other things, they go to anothéy,mard 4 Pakistan and all the other countries alsou-have
5 they come and join hands. Or maybe somet@avesthe | 5 the data on river flows throughout the yead a
6 designers or the client, let's say WAPDA, thlsp 6 normally spanning many decades: 60, 70, 80e8mes
7 sometimes package them differently, so theyat let 7 more than 100 years. So you know how muckvigt
8 out as one single contract. 8 coming in that stream, and whether it is \é@abl
9 For example, in Diamer Basha, we are ngeix 9 actually put hydropower in there. Is thermfivater
10 contracts, which is main works 1, main wdtks 10 available throughout the year, or most p&ito
11 hydromechanical 1, hydromechanical 2, 11 So at the concept stage, the power dethahthe
12 electrical-mechanical 1, electrical-mechdricgo six 12 project will aim to meet will also need to be
13 contracts. So it depends on various scenarid how 13 identified. And once the site is selectedesk study
14 you want to proceed. 14 to develop the concept is undertaken, whidhrwolve
15 Does that answer your question? 15 selecting the basic design of the HEP, tegetiith its
16 THE CHAIRMAN: Thank you, yes, very helpful. 16 proposed capacity.
17 DR HAYAT: Thank you, sir. 17 So basic design and proposed capacity, an
18 So we have looked at the challenges iR HE 18 developing the basic operational procedinatsaill
19 development. Now, let's look at how theglegirocess | 19 determine the concepts, energy generationlaihd
20 functions from concept to execution. 20 income in very broad -- it's like a broaddbruyou
21 You will recall that we set out five stagf HEP 21 know. It's the early stages. So that ictmeept.
22 design by way of introduction. Now | willaxine them | 22 If the resulting concept is sufficienlysitive,
23 in slightly more detail. Obviously there different 23 then the HEP designer will set down a buttgetture
24 methodologies, but this is the generic oaelthill 24 development. It all boils down to money Y@t have
25 be explaining. 25 to spend, you know, eventually. So you hesee: is
Page 49 Page 51
1 Slide 12. Project conception. So thisasically 1 it worthwhile going ahead on this one? Atrestep you
2 a desk study, and this is where you conceprejact. 2 ask that question as you go along the process.
3 And this is done, for instance, first time,dayeening 3 But the most important decision that loaset made
4 the national inventory. 4 at this stage is whether a hydroelectric pihbe
5 By the way, this is a small -- you wileste full 5 a storage dam or a run-of-the-river projéetish to
6 scale of this later on, but this is a glimp&the 6 pause here, and | will point out the diffelbetween
7 Pakistan hydropower potential inventory, pregdy 7 the two, because you will be hearing a listteabout
8 WAPDA. For example, here you see the on#ssn 8 this over the next presentations also.
9 bluish colour are those in operation; under 9 First, I'll talk about storage dams. Bs hame
10 construction; ready for implementation, fearmple. 10 suggests, a storage dam incorporates a ogserv
11 Like here, here, here. In operation, of seurThen 11 upstream to store water. So the questianhig:.do we
12 detailed design of those which have beelecbout; 12 store water? Answer is: because the flowisemiver
13 under study. 13 vary from season to season, and even frontygaar.
14 So this is the national inventory. Speeling on 14 So there are months in the year when thewiile
15 where you need your power -- and you candordething | 15 receive a lot of rainfall, and abundant fl@ss
16 in the national inventory which has gone &ybe 16 available which are more than required. h8ed are
17 a slightly advanced stage, or you know thiatis 17 called the "wet months". So in Pakistanwhkemonths
18 a potential site which is a good site, therfirst 18 are typically from May to September. Monsooome in,
19 site is the project conception. So we sctigisn 19 and we have catchment, and snowmelt is there.
20 inventory, or the investors screen this itwgnand 20 On the other hand, we have the dry moirthghich
21 see which one is the one that they wouldttikake 21 the flow is low. And normally in Pakistanstfrom
22 ahead. 22 October to April.
23 So using this basic information availadileach 23 So regardless of the flow variation,denand of
24 site -- for example, available seasonal fleegause 24 the water remains, and that is for elegyricit
25 flow is necessary for power generation --sitreening 25 generation and also for irrigation, for argoylike

Page 52

16 (Pages 49 to 52)

Trevor McGowan

Amended by the parties




ARBITRATION PURSUANT TO ARTICLE IX AND ANNEXURE G & THE INDUS WATERS TREATY 1960
Day 2 -- Site Visit

Wednesday, 24 April 2024

Pakistan, for example. You need water fagation.

Page 54

1 1 reservoir that you create, and basically yaiixvater
2 So you need that also in the dry months wingntbe 2 level. So higher the head, higher will beghergy
3 river flow is not sufficient to meet all therdands. 3 that you will produce because it will give yibat much
4 Therefore, at that point in time you use tlagewthat 4 higher pressure at that.
5 you have stored in the reservoir during yoet mronths, 5 And the other variable in that is the antef
6 and use it during the dry months for yougation 6 water, the volume of water in cubic metresgesond
7 needs and your power generation. 7 that you flow through the turbines. So higherflow
8 Second are the run-of-the-river projedtisese are 8 through the turbine, higher will be the eneftat you
9 only used for generation of electricity or gowIn 9 will produce. If you have higher volume oftersand
10 general, very broad terms, in a run-of-theri 10 higher head, it is very good, you will beeata
11 project, the water coming into the riverdgsia to the 11 produce very good electricity.
12 water that goes out of the power station liatckthe 12 So an engineer who is actually desigaipgoject,
13 river. So thatis, in very broad terms, 13 or the financer or anybody that is backirggroject,
14 a run-of-the-river project, unless the watening in 14 he would like to maximise the power poterifa site.
15 the river is more than what is required atgbwer 15 That is natural because you want to get gogmum
16 plant. In that case, as you see in the Nedhelum, 16 money out of your project, you want to getlest
17 we have spillways: you can spill over badk the 17 return on your project. Now, in a storaggeqmt, this
18 river. 18 is usually done by creating a tall dam oeiy high
19 However, since these plants are basifmailgower 19 dam. As | said, in Basha we are creating
20 generation, and power generation is -- ameepdemand | 20 272 metres-high dam, with a very high starage
21 actually, power demand, | would say, is \dei@uring 21 So that is the head that is availabtheatiam
22 the day. During the night, when people sldeppower | 22 site. So that is used for storage, and geuthat
23 demand goes down. And during the day, wkeplp 23 head with a high dam to produce electritigcause
24 start, and businesses start opening, fastsiget and 24 higher the head, you produce more electricity
25 everything, the power demand surges. S@#itzour 25 In a run-of-the-river project, a massieservoir
Page 53 Page 55
1 day period, there are ups and downs in poeradd. 1 is not needed. The necessary head can lectrea
2 Therefore, a small reservoir is needed as 2 through a low dam with a small reservoir, amith is
3 an operational pool. So that during the lodesnand 3 connected to the turbine via a tunnel, insceleding
4 period, you will store enough water in thagm 4 tunnel.
5 reservoir or pondage so that, during the deghand 5 So you use the topography, which in Hiyasgas
6 period, you will release that water that yauéhstored 6 quite steep. So you have a small reservait yau
7 in that 24-hour period into the power statimn 7 divert the water in a tunnel, and the tunsi¢hen
8 generate more electricity. 8 taken to a powerhouse which is, due to thegigphy,
9 So the powerhouse will be working at défe 9 at a much lower elevation. So your reservdich is
10 levels: it will generate more electricity wtieis 10 a small one, is at a high elevation; your giwguse is
11 needed, and it will be generating less etétgtivhen 11 at a lower elevation because of the distahte.
12 it is not needed. So this is the typical 12 a smaller distance, you get -- the topograplanges
13 run-of-the-river situation, and this is cdllpeaking"” 13 a lot, there's a high head.
14 also. When you peak the power during th& demands, | 14 Like in Neelum-Jhelum, with this 28.50kiletres of
15 that is called the "peaking operation”. &o f 15 tunnel, the height of the dam at Neelum-Jhetuonly
16 a 24-hour period, you store that much waiend the 16 47 metres, yet the head that we have created
17 low demand, and use it during the high dem&uithis 17 420 metres. If you were to build a dam &t that
18 cycle is repeated daily. 18 head, a high dam, the dam would have bdeasit
19 So relating to the choice between a géooa 19 420 metres high at this place.
20 a run-of-the-river project is the power prctn. 20 So this is the difference between a godam and
21 Now, the power equation is simple. The pawaryou 21 a run-of-the-river project. So you use tggraphy
22 can produce from a power plant, in very sintefms, 22 to your advantage.
23 is: you multiply the head of water with timeaunt of 23 And this advantage -- yes, sir, please,
24 water that flows through the turbines. Arthtis the 24 Mr Blackmore.
25 head of water? It is the level of watehia t 25 DR BLACKMORE: I'm just interested, given that'veetalking
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1 about the philosophy here, and the planninghi® 1 only between the last 20-25 years. And He:thait

2 country, and the elements that go into ruriver and 2 many of the glaciers have melted, the traofGLOF

3 storage, so | was just thinking as you goughoit -- 3 has reduced significantly. This is the clieneffect,

4 because it's a very powerful presentatiothaok you 4 you know?

5 for that. |just haven't heard the word "etm 5 And now, instead of the 49,500 cumecsGEhe®F

6 change". Is climate change a key part ofhimking 6 event can only generate about 14-15,000 cunf&zshat

7 for some of these dams? 7 was a sigh of relief also. But there werepthctors

8 DR HAYAT: Very good question, sir. Very good gtien, 8 that came in, and our flood was high; thaisther

9 sir. Everybody is worried about -- 9 reason.

10 DR BLACKMORE: | have two more, but we'll do cke change| 10 And the other reason for climate chasge i

11 first. 11 previously the monsoons never went in thehcagént area
12 DR HAYAT: Okay. I'm most glad to answer youegtion, 12 of Diamer Basha Dam. But in the last onedeave are
13 sir. Most welcome, sir. 13 seeing that monsoons are ingressing intoattoliment
14 Yes, it is on our mind, sir. Again téifer back 14 of Diamer Basha Dam. And when we take titat i

15 to my own project, which is the Diamer BaBlaan 15 account, the combination of snowmelt andriibasoon
16 Project. Indus is the most snowmelt-fedrrimghe 16 ingress actually creates the PMF, whichigdhse we
17 world, sir. We have more than 18,000 gladiethat 17 calculated, with climate change added fodtiration
18 area. 18 of the project, adding that 10% extra in thaake
19 When the project's feasibility was daheas 19 care of any future climate change also,rnte®out to
20 thought that the maximum flood that couldybrerated 20 be 42,000 cumecs. But the previous GLOFandigration
21 in that river will be by a GLOF event. "GLOstands 21 of only like two days. This one is sustainedr three
22 for "glacial lake outburst flood", G-L-O-FSo as the 22 weeks. So 42,000 over three weeks, andibdrad to
23 glaciers melt -- that is their behaviouthere are 23 discharge, but the discharge capacity carie te
24 glacial lakes. And at any given point ingjm 24 similar, like 35,000 cumecs, so we desighedspillway
25 a glacial lake my burst unexpectedly. Arehtiiou get 25 to that.

Page 57 Page 59

1 all that flow and debris coming into the river 1 So yes, climate change is real, it is lagiwe

2 So we studied that at the feasibility stémt was 2 have to take care of that. And | will talloablater

3 done in 2002, 2003 and 2004. And at that tirme 3 that it is thought that in the Indus Basinthie

4 thought that we would get a 49,500 cumecglflmecause | 4 Indus, we are going to see something likepleesay,

5 of the GLOF. But because of the large reservby 5 17% reduction in the volume of water thatamg to

6 the way, the reservoir here holds about 8anill 6 flow in this river, because of climate charggually.

7 acre-feet of water, and it's 100 kilometregloSo it 7 DR BLACKMORE: So my next question: | look at tiis

8 has some absorption capacity. 8 hydropower, right, hydropower potential incflits

9 So the outflow in that flood was only abou 9 forms. There are many forms, which you'veulised.
10 35,000 cumecs, the spillway capacity. Sbwias the 10 But over here, | see countries such kistaa and
11 probable maximum flood; and you'll hear madveut that | 11 others that are going down a journey of gpEemer --
12 in presentations 5 and 6 as we go along. 12 wind, solar -- and using hydropower or hydneer
13 Later then, when we were doing this coibn 13 storage as an offset for the times when thd doesn't
14 design, we were looking at what your quesson 14 blow and the sun doesn't shine. So I'myosidering:
15 climate change. And we said: what has hagptnthe 15 is the background to the way we're now timiglkibout
16 glaciers? What has changed in the snow @olgethere 16 this network here of opportunities, lookiogfhat
17 anything that is required that we should gkaheir 17 a green future might be -- you've got clingtenge,
18 design or we should have a re-look at that? 18 which you've just discussed, thanks. Bufu'sh
19 So again we contacted the same profesand by 19 wondering about whether solar now is byHar t
20 the way, he is Professor Reynolds; maybeayeu 20 cheapest. Like in Australia, it's by far theapest
21 familiar with his name. We contacted 21 unit of power you can get, but [there's]tootmuch
22 Professor Reynolds, and we requested hininéhearry 22 solar at midnight. And we're looking to istreery
23 out this study for us. And over a few mopttesdid 23 heavily.
24 that study, and he came up with a very ssingi 24 THE CHAIRMAN: What's the question?
25 answer. And now we are talking about thieaifice 25 DR BLACKMORE: The question is whether we're gntging,
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1 into the planning of the hydropower, solar auat. 1 You had a third question, sir?
2 DR HAYAT: Sir, we are. As you know, sir, alredithe 2 DR BLACKMORE: No, I'll stop, that's fine.
3 energy mix in Pakistan is skewed. And thaltlg our 3 PROFESSOR BUYTAERT: As a quick follow-up questanthe
4 energy bills are out of the roof, you know®arially it 4 discussion about energy storage, has Pakistaplans
5 should be 70/30: 70% hydro -- ideal mix -- 8086 5 for pumped hydropower?
6 other. Here, we have almost the other wagdou 6 DR HAYAT: I think, to the best of my knowledgégre was
7 The problem with hydro is also it's season 7 some talk of pump storage. This is one ofjthed
8 variation also. During high-flow season, yave 8  options that is available to any country thating
9 enough water that you can release and generate 9  lowdemand, you actually use the electridigttyou're
10 electricity all the way round. And that igem we 10  producing to take water up, store againit'So
11 have, by the way, peak demand also, bechose are | 11  acyclic sort of situation, pump storage: pamp the
12 the hot months in Pakistan, all the air-ctimwiing is 12 water back and use it for peaking.
13 going on and things like that. 13 So to my knowledge, | think the sites rhay
14 But during winter months, the power-pgambrmally | 14 anissue. Butyes, that is an option thatrbe
15 go down to almost 30% or 25% of their capdmitcause] 15  studied. But Il come back to you with more
16 of the low flows; and you're storing watesaafor your | 16 information when I get that.
17 crops and things like that. So you haveateeh 17 PROFESSOR BUYTAERT: Thank you.
18 something additional coming in. That is tator 18 THE CHAIRMAN: Thank you very much. Continueease.
19  where our other thermal and nuclear powertpleome [ 19 DR HAYAT: Thank you, sir.
20 in. 20 So slide 13, please. Pre-feasibilitggiuSo
21 That being said, yes, we have -- the goeent has 21 with the basic concept in hand, the next stép
22 avery aggressive policy of pursuing otheegr 22 undertake the pre-feasibility study. Nove, sterting
23 alternatives. This is a green alternatige,dbecause 23 pointis, for example, a site visit to gatffier
24 it doesn't emit any gases or things like, that 24 data -- in particular, hydrology -- to enssoeind
25 hydropower. But in terms of wind and solar. 25 basis for the computation of future energgren
Page 61 Page 63
1 But that being said, somebody quoted mexample 1 comprehensive data on basic layout of thedpaiver,
2 from Australia. We have to be very carefuewhve go 2 HEP; cost-benefit analysis.
3 on that path, you know? Because when youoelynuch 3 And this whole analysis is not actuallgaltely
4 on your solar or your wind, as you said, itas 4 confirming that the hydropower is going to wes
5 a very stable power system, and your systendd®come | 5 a technical and economic prospect. Rather, th
6 unbalanced. And now I'm told that the Ausiral 6 pre-feasibility study is intended to determiviesther
7 Government is plugging in other like hydroposvand 7 a full feasibility is needed or not, becausk f
8 things like that to make their system stable. 8 feasibility is quite a substantial undertaking
9 So yes, we are pursuing that, but withicau 9 And again, it boils down to money. Soithestor
10 that -- yes, especially in rural areas, f@neple, 10 or the government entity wants to make sutbe
11 where it is difficult to even take transnisslines 11 pre-feasibility that it is worthwhile moving the next
12 and all that, solar and wind could be -- take them 12 stage, i.e. feasibility stage. So we taleesiap at
13 off the national grid, you just keep themeipendent. 13 atime. So in the pre-feasibility we see, thes,
14 Or even from larger plants. 14 there was a concept, we've gone through the
15 | mean, the technology is evolving daylay. The 15 pre-feasibility and all the boxes [are] clestkso we
16 problem with solar and wind is their storduggause it 16 now can move to the feasibility level.
17 is only -- not so much with wind, but withHao So 17 So this is not confirming absolutely tegility
18 unless you have some good power storageigapac 18 of the project, but to say: yes, we movd&rtext
19 which is, by the way, advancing day by d&gs|a] and 19 stage, which is a full feasibility.
20 | don't want to name other companies. They a 20 Slide 14, please. So a full feasib#itydy is
21 producing these power banks and power systdmase you | 21 actually taken to determine, with a high degyf
22 can store power. 22 probability, that the project is technically,
23 So as it grows, I'm sure there will izree when 23 environmentally and financially viable. Tamain
24 these will become much more attractive, ahihk that 24 boxes that have to [be ticked]: whether it is
25 is the way to go. 25 technically, economically and environmentédigsible.
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So this study actually focuses mainly on thiesse

Page 66

1 1 So this runs in parallel with the enviramntal,
2 aspects and there are other things whichrrun i 2 social, financial, regulatory, contractingidties
3 parallel, as | said, but these are the thi@a m 3 which | have referred before. It serves timegposes:
4 things. 4 first, it allows for further optimisation dfi¢ concept
5 And then of course you decide what furttedies 5 which was developed at the feasibility stage, each
6 are required. So a full hydrological and ggulal 6 element is designed to a higher degree. fsetves
7 analysis of the project site is done at ttages 7 as a basis in which the tender drawings adema
8 Environmental studies are done to a greatenex 8 This is important, because these arertheidgs
9 A lot of site investigations are done: drifijriaking 9 based on which you will develop the bill obgtities,
10 samples, testing. 10 you will cost the project, and that will bee®a part
11 And then, with all the data that is cagnim you 11 of the tender, i.e. the drawings and theolbill
12 basically develop alternatives, which dam sitl be 12 guantities, and of course the other spetifica and
13 suitable. So it's not one type sometimetsstlits 13 things like that, they will become part dé tlthole
14 every place. So you will say: should | goddCFRD, 14 tender document which will be floated on the
15 ECRD, or should | go for a concrete damf? deavity? 15 international market. The contractor wil/@ahat
16 Is it arch? All those things. Where willthe 16 information. He will look at that and thea\ill bid
17 powerhouse? What will be the capacity? 17 for the project.
18 So you make five, six, seven alternativeisen you 18 So when this is done, this allows thelémenter of
19 design them with a broad sort of brush texdant and 19 this project that he can then proceed to the
20 then select, with all these things, whicthésbest 20 construction phase. So the engineering 0ésig
21 alternative out of these that you can thke ftarward 21 actually a bridge between the design andtieat®n.
22 in your feasibility study. So first you db@ad sort 22 And if you engage the contractor earty gan
23 of a sweep, and then you narrow down to gaaror two | 23 start early. And as a rule of thumb whichneemally
24 preferred alternatives in this feasibilitydayou then 24 use: that 1,000 MW produces electricity whgctalued
25 finally go with one. 25 at $1 million per day. So this is just aibagle of
Page 65 Page 67
1 So the selected alternative will be desigand 1 thumb. And so this gives you an idea thtitef
2 its cost estimated reasonably. That willudel the 2 project is late, how much you are losing. Angu
3 cost of equipment and construction, and tladyais of 3 start early, you are good at design, how nmichey
4 HEP operation strategies, a computation oéebgol 4 actually you start making as early as possibie
5 energy production, analysis of tariff valuesrkets 5 people are very keen to start their projedyea
6 together with project finance alternativesghgsis of 6 So at this point in time, only 20% of theense
7 social/lenvironmental impacts, together withrapriate 7 has actually been made, or less than thatiahmoney
8 mitigation strategies, which we talked about; 8 starts flowing out when you go into constrieti So
9 development of comprehensive plan for project 9 the 80/20 principle applies here also. Sg 806 is
10 implementation. 10 what you have spent up till now. The bigréhis still
11 So again, at the end of all these studiasd by 11 ahead of you; that's the big challenge. d&ohave to
12 the way, there is a whole gamut of expertsadbus 12 be very sure that all that you have doné dsie
13 fields that come together to do this, albasrthe 13 diligence, and it is workable, it is doabknd as
14 board, and combine together. Then, as ) saidiecide | 14 | said, with all the other permits and atigé other
15 whether the project is technically, environtatty and 15 things coming in.
16 financially feasible. And if it is, then wake the 16 So, as | said, all relevant nationateséamd
17 next step. And the next step is the engimgelesign. 17 local permits must be secured. The powahase
18 Slide 15, please. This, by the way dretshows 18 agreement must be either executed or, dttteas
19 a drawing that is produced of many drawitigsisands| 19 a certain degree, project financing mushhgace.
20 of drawings. Actually, in a project like Nigm-Jhelum, | 20 So this is the actual gelling up of the whmigject at
21 even you have 15-20,000 drawings. Let thitis: 21 this stage. Then you know that you have Hunge
22 15-20,000 drawings. 22 viable going ahead now.
23 So this is a drawing looking from the tphe 23 Slide 16. And next we go to the consimac
24 powerhouse. You can see the generator durthiee 24 design. Normally, when a project is tendenedi the
25 setting and all that. 25 contractor comes in, during constructionghgr
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actually a little bit of tweaking, generallyemking;

Page 70

1 1 change the alignment of the canal with antiotdil
2 generally, and I'll qualify that. There ingeally 2 3 million cubic metres of rock excavation. dihe
3 a little bit of tweaking in design that yowhalone at 3 canal is now totally running on solid gabbndtearock,
4 the tender stage, unless there are changdiicns 4 which is the main rock in that area, and sawesafe
5 which are exposed during construction, or ctlight 5 in that sense.
6 during construction. Then, if they are sufisdh-- 6 Then we found out that the rock stregséisd area
7 small changes are no problem. But if they are 7 were different, and that has a major effedhen
8 substantial, then you have to change the rlesigl 8 orientation of the powerhouses. Previoushyas
9 this could be substantial. Like you may havadd -- 9 reported that the main stress in the ardaeimdck
10 if your hydrology tells you something, youynieave to 10 was vertical. We found out: no, it is horitzd.
11 add another spillway, or increase the capatigour 11 Vertical always told us there was somethingng there,
12 spillway. 12 vertical could not be, maximum rock stresade
13 So I'll give you three recent examplesiiich, at 13 vertical did not make sense. So we foundhwatgh
14 the construction stage, we had to changedsign. 14 over-coring test, and all other hydraulictuging,
15 Going back to Mangla Dam, I'm sure you'reravitss one | 15 and things like that, that it, maximum rotiess, is
16 of the largest projects. When the constioctiarted, 16 horizontal. And based on that informatioa,had to
17 the designers were Binnie and Partners, #idsAwas 17 reorient our powerhouses.
18 | think the contractor. 18 And also the spillway. When we applieel t
19 When they started the project, the fotioda 19 earthquake forces on the dam with the eiaitaive
20 revealed that the clays were sheared. Agtfiam 20 found out that this spillway was previously
21 there, the concept of sheared clays andltvesr 21 a crest-gated spillway. Now, we found oosthgates
22 shearing resistance came into being in e @irsoil 22 would not withstand the amplification: witfat
23 mechanics and geotechnical engineering. And 23 amplification, they would fly off the trunmsupport,
24 Professor Alec Skempton of Imperial Collegialy was | 24 you know, basically. So we then went fouagated
25 engaged in those studies. And becausetobtzause 25 spillway.
Page 69 Page 71
1 of the lower shearing resistance which waadaluring 1 Not only that, but the sedimentation stadhat we
2 the construction phase, we had to changectsigra of 2 have carried out, we have mid-level outlets far
3 the dam, with much flatter slopes to makefié s 3 sediment venting, that is opening in the dandytat
4 Now, at Basha that I'm involved in, there many 4 various levels.
5 changes that we had to make. For examplimgitire 5 So all these changes are being made jordiject
6 time the detailed design was done, which watething 6 as it is being built. So it is like makingtaircraft
7 year 2012 or 2011, the "guidelines", | calt ithe 7 as it is flying, you know? So sometimes thisow the
8 International Congress on Large Dam guidelines 8 challenges are in a hydropower project.
9 earthquakes changed. From 50 percentile vieay to 9 The other example is of course of Neelteluim,
10 75 percentile or 80 percentile for the sedaabdf 10 where you're going to visit. And there wetet of
11 safety evaluation earthquake, SEE, or what wa 11 design changes made in this project duriag th
12 previously called the maximum credible earthe, or 12 construction process. And as you go toiteeand
13 MCE. 13 people will be giving you presentations, theg
14 So our design earthquake, or the maxicnedtible 14 telling you about all those desigh changastwlere
15 earthquake, or the safety evaluation earkejwehich 15 required. And they were substantial, thesevmet
16 is called SEE or MCE, changed from a value 48, 16 minor.
17 which is the gravity value, to 0.64g, a 50&réase. 17 So at the end of the project or the caosbn,
18 So you can imagine what effect that had erd#sign. 18 then we produce what are called the "recadidgs" or
19 You had to apply that earthquake to all dzgures of 19 "as-built drawings", because there are ndetails
20 the project -- during the construction phagehe 20 which are slightly different than the tendeawings or
21 way -- to see that it was safe or not. 21 the construction drawings that were issukel Half
22 Similarly, in the diversion, we had t@obe a lot, 22 an inch there, a few millimetres there afeha
23 because during investigation we found outttiex 23 millimetres there. So to have a proper etobmhat
24 diversion canal was passing over alluviurd,such high | 24 is there, there's a whole big set of drawthgsis
25 flows could not be allowed over alluvium. W®hadto | 25 produced which is called "as-built" or "retor
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drawings".

Page 74

1 1 because it can damage the foundations whemates
2 This shows part of the drawings of Neelilelum 2 goes over it, damage your equipment. It'g gestly
3 orifice spillway, one of the drawings that easduced. 3 to fix.
4 So this is just a snapshot of that. 4 Next slide, please, 18. So this is adasi
5 Now, unless you have any questions, siil] | 5 schematic of a hydropower project. I'm sure will be
6 pause here, because we then move to the awxif phe 6 seeing these sort of drawings quite a fewdimehe
7 presentation. 7 next two days. This is a dam which we pubé@river
8 THE CHAIRMAN: No questions from us. This wasexry 8 to create a reservoir.
9 helpful presentation. So please, | think evelr to 9 This looks very steep, but if you lookra
10 Mr Malik. Thank you very much though, Dr Hayit was | 10 longitudinal cross-section of Neelum Rives, &lmost
11 very, very helpful. 11 like this: it's a very steep river. And waa/é got --
12 DR HAYAT: Thank you, sir. You are most welcorsi, 12 within a very short time, if you go on ouseevoir,
13 MR MALIK: Mr Chairman, members of the court, goo 13 you will reach the flowing river. So it'«Bometres
14 afternoon. It's late afternoon now. 14 and you reach the reservoir. In case oageodams,
15 My name is Muhammad Ayub Malik. | amasated 15 you can go 100 kilometres and you still dseé the
16 with this project since 2009, very earlyhie project. 16 river, it's still a reservoir.
17 We just started construction of the projeetmv 17 We have an intake from where we takevdter.
18 | joined, and I'm still here. So a lot ahtis have 18 I'll explain later on their functions, latam. From
19 changed, whatever he has been telling,af kitanges, 19 there, the water is drawn into a filling Isasivhich
20 a lot of challenges. And we'll be tellingiyalittle 20 is, in our case a desander. From the desdahde
21 bit on this one. 21 water enters the headrace tunnel. This leeks
22 My presentation is in two parts. Onkvidll take 22 short, but in our case it's 28.5 kilometsesit will
23 you through the basic hydroelectric comp®)ermry 23 give you a ... you can imagine the scale.
24 basic. My colleagues later on, at the daenesid at 24 At the end of the tunnel, we have a stagk,
25 the powerhouse, will be telling you in detabout 25 which is a sort of pressure release valvensmgse of
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1 those things. 1 a sudden closure on the tunnels, the wateandoe
2 And then I'll tell you the constructioradlenges 2 damage the tunnels. And from there, the vgaies into
3 of building a hydropower project in this aréd this 3 the penstocks, which are highly pressurisedhast of
4 will be based on the Neelum-Jhelum: pictdhiaigs, 4 the time they are steel-lined. And that isnated to
5 what are the challenges, how we managed thihgs 5 the spiral casing through an inlet valve, Wwhic
6 Dr Tahir Hayat says, we have to come up witlovative 6 another safety thing, safety valve.
7 ideas while designing and constructing thesggts. 7 The water goes into the turbine, it ratdke
8 | mean, there are places where you haveajo 8 turbine, and it generates -- it converts ltiyidraulic
9 enough space. Like if you go to the Neelurtleyawhen | 9 head into mechanical power. And this meclzupiower
10 you go to the project site, it looks hugeit Bhen we 10 then rotates the generator, which conveids th
11 were constructing it, we were seeing: how\sgoing 11 mechanical power into electrical power.
12 to build it? It's only 50 metres wide. Smhave to 12 And this electrical power then is serthise
13 excavate it, you have to build that thing. whether 13 transformers, which steps it up for the tnainsion
14 you can put a gated spillway there, or yoreha have 14 voltage, which can be 132 volts, 220, 5@0our case,
15 an ungated spillway. 15 it's 525 volts, which is our national gridtage.
16 If there is sediment, you might havedday 16 Next please, 19. I'll start with indivally the
17 a desander that we opted for in this projéée. have 17 components of the structures. Which is #matl The
18 another project where they said, "We dortine 18 dam'’s purpose is to create a barrier in fbtite
19 a desander, our reservoir is good enougtt @asa 19 river and impound water behind it. It cardbferent
20 a desander". 20 types of dam: it can be made of concretayritbe
21 Then if there is a very windy area, theua have to 21 earthen dam, or it can be a combination of
22 make sure that your wave action doesn't rirekevater 22 concrete-faced rockfill dam, which is a comaltion of
23 overtop the dam. This is something that robtie 23 both of these. The selection depends upon yo
24 design engineers don't want their dam tokleen for 24 location, availability of the material, andatis
25 the concrete dams, they don't want them tavbeopped | 25 suitable for your environment. Earthen damas
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1 normally built where you have got wide valldyscause 1 basic spillway designs. One is surface spillwThat

2 they can take a lot of pressures. Concretesda 2 means basically there's an opening on tdpeofiam

3 normally you go for narrow valleys where yaufgr 3 with no gates there. The water, as soonraaéhes

4 concrete dams, like in our case, in the Neelhetum 4 the full pondage level, it can start flowingeothe

5 River. 5 dam. The operators have no control oventhisr, at

6 Next, please, 20. So these are the Hasie 6 what time they can release or how much theyt tea

7 types of dams which | just discussed. Thedtaidne is 7 release. So this is dependent upon the fidhe

8 the basic earthen embankment dam, which is 8 river.

9 an earth-filled dam. Now, an earth-filled daith have 9 A similar spillway, if you put a radialtgeon top
10 the tendency that the water can pass thrtggtham and | 10 of it, becomes a crest-gated surface spillith
11 it can damage the dam. So you put in anrviqae 11 this one, the operator has got two advantagesan
12 core, which is generally clay core, or you kbave 12 control the flow going over the reservoirepthe dam
13 an asphalt core that will stop the water atigg from 13 body, and he can raise the water that isctoehind
14 upstream to the downstream side. Still saater might | 14 the dam by the height of this opening, wittate. So
15 migrate from this core, so you put in sarairdron the 15 this is the crest-gated surface spillway.
16 downstream side so that it doesn't havesattaphic 16 And the third one is where you put théveay deep
17 failure of the dam. 17 in the dam body. This has the advantageythatan
18 Second is your concrete dam, which cagither 18 have smaller gates because you can pasda simount
19 gravity dam, massive concrete, or you cae havarch 19 of water because it has got a pressuretoipéss
20 dam, which is a thin structure, but if yowédnatrong 20 through. But it comes with its own probleymur gates
21 abutments then you can put an elliptical-stiap 21 have to be much stronger, you have to maiketlsat you
22 structure that can transfer the forces t@butments. 22 don't have -- the velocities of water conongjare
23 The third type is your concrete-facedfilalam, 23 much higher, so your downstream concretestendgee
24 where you make the (indistinct) of crusheskrand 24 surfaces have to be catered for that one.
25 then you put on top, on the upstream faggrete 25 Third problem is that they, by virtuetioéir size,
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1 slabs. That will act as an impervious batoehe 1 they are limited to the maximum design cagacso in

2 water. 2 case of an exceptional flood, they are thenbioed

3 On all three sites, three types of dams,have to 3 with either surface spillway or a gated sjvon top,

4 put cutoff walls with it so that the water & seep 4 so that there's a combination of both gatethiree

5 under the dam. Anything that can seep utdedam can| 5 types of gates, for the safety of the dam.

6 undermine the dam foundations. Their purposa 6 [Slide] 23, please. Now we come to thakies.

7 elongate the seepage part so that the watscdames 7 The intakes are the structures through whichtgike

8 out from the downstream side comes out avemgdown | 8 the water from your reservoir and you taketd the

9 the dam side in the river. 9 tunnels or the conveyance system. The ruhesfiver
10 21, please. Spillways. Spillways, ke name 10 projects have a problem that they are subtepd
11 suggests, it is a structure to spill or efood 11 sedimentation. So you want to take this magenigh
12 waters to the river from the structure. Ntws 12 as possible from the reservoir. Because wiesriver
13 picture is a spillway of the Tarbela Dam, rtirein 13 flows, the sediments are mainly -- as youg the
14 spillway of the Tarbela Dam. 1 think its eajty is 14 reservoir, the sediments are less and les$, f
15 something like 840,000 cusecs, a huge cgpacit 15 sediments. Most of the sediments are didttem or
16 860,000 cusecs. So this is a huge strucitse. 16 in the lower part of the reservoir.
17 amazing to see the water flowing from this mhen it's | 17 But if you take -- so you can have aaagfintake.
18 flowing. 18 But in case of a storage dam, you can evédargieep
19 Now, this can have different types oflaplys. 19 intakes, because by virtue of the resenairtd[so]
20 I'll explain in the next slide. But this is 20 long, most of the sediment settles many lelibes or
21 a crest-gated spillway, like Dr Tahir Hayaisveaying 21 tens of kilometres away from your intake ctites.
22 that they had initially planned for the DiarBasha 22 Next slide (24). There are two typestakes in
23 project, where you can control the amountaier 23 the run-of-the-river. One is you can hadeep
24 flowing from the reservoir. 24 intake. But the problem with that one i §f@ur silt
25 Next, please (22). These are the tlypestof 25 slowly migrates near your intakes, and traytben
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start migrating into your tunnels, which camage your

Page 82

1 1 have a 3.5-kilometre tailrace tunnel, which is
2 electromechanical equipment. 2 unpressurised -- or low pressurised. | waaytit's
3 For that, you go for a surface intakecdse of 3 unpressurised, but it has got only 20 metfrégad on
4 surface intake, you cannot put it too highalse you 4 it.
5 can draw air in the intake. So in this cgee,have 5 Next, please (27). Now | come to theineb.
6 a separation between your tunnel intakeslanahtake 6 Now, turbines are the elements that conveftaujic
7 from the reservoir, so that your clean watenes in 7 head, hydraulic power into mechanical powWéow, we
8 and then you've got the water intake comiamfthe 8 have got two main types of turbines: Franois Relton.
9 tunnel. 9 Francis turbine we call the "reaction turbjraeid the
10 In case you've got more silt, you cangpdésander | 10 Pelton we call the "impact turbines".
11 in between, which is a long settling pondtier 11 Now, in case of a Francis turbine, theeweomes
12 sediment to settle down. We have got darggflond; 12 in through the spiral casing and you sedlitimeter
13 you just saw a picture in Mr Joya's presemtat 13 reducing gradually. That is so that the naiters
14 earlier, and we'll be showing you tomorroasth 14 through these guide vanes. The turbindisits. This
15 settling points. 15 is during the construction. And as watersgoeit
16 Next slide (25). Now, the conveyancenelets. To | 16 maintains the pressure while the water keapgetting
17 take water from the intake to the powerhoyse have | 17 in, and it hits the turbine runner and iates. And
18 got tunnels, canals, and then you've gottpeks And | 18 then it's connected on the top to a shalft wit
19 right next to the powerhouse, you will havis tnlet 19 a generator that rotates and generatesialgctr
20 wall. 20 Next, please (28). As | was saying,dlae two
21 This is a picture of the inlet valve of o 21 main types of turbines. One is the readtidpine,
22 Neelum-Jhelum project. The penstock terre;bere. | 22 where the water comes in through the spésg cwhich
23 From there, it's connected to the inlet vadwel the 23 you just saw the picture. It goes in, ratadte
24 inlet valve is then connected to our scradlieg, 24 Francis runner, and then the water goes diawithe
25 which takes the water into the turbine. 25 turbine. This whole system is pressuris&ad this
Page 81 Page 83
1 These are designed so that, in case efn@ngency, 1 pressure is equivalent to the pressure yoe fatin
2 they can shut down. They have got these w@assi 2 your system; which is, in our case, 420 medfdead.
3 counterweights, which are 20 tonnes. Sose gau 3 Whereas in case of a Pelton wheel, yoe bat
4 have an electricity failure or something, thay just 4 a nozzle and a needle valve, which spraysadd jeater
5 drop on their own under gravity. So they'geabig 5 on these buckets or cups. And this rotaissatheel,
6 ball valve inside that rotates, with that ladpping 6 and there's a horizontal shaft connectedyenarator.
7 down. This is required in case of a problerthée 7 Now, the advantage of this one is there's
8 powerhouse; or you want to do some maintenamame of [ 8 pressure in it -- it's not pressurised, iWsmal
9 the units, and you want no water flowing icdaese you 9 pressure -- and it is very simple to mainteho. if
10 have to send your technicians into the terbirdo] 10 you have damage on one of these buckets;aroeasily
11 maintenance or checking the conditions ofittits. 11 disassemble, repair and put it back in acdayio.
12 Next [slide] (26). Now, these are theauzs 12 Whereas in case of a Francis runner, normgallyhave
13 conveyance elements. We have got a heatanel. In 13 to take out the generator -- which weighsetbing
14 our case, it's headrace tunnel. But in chseme of 14 like, in our case, 400 tonnes plus -- yolehtavake
15 the projects, we have got a channel alscanitbe 15 it out, you have to take out the shafts, f@nremove
16 an open channel also. Like Ghazi Barothahave got 16 the runner, and then you can repair it.
17 a 52-kilometre-long power channel. Herehaee got 17 But in Neelum-Jhelum project, they maoiaes
18 a 28.5-kilometre pressurised tunnel. 18 changes. They have introduced a part afridié tube
19 Then we have got the surge tank, andave already 19 that can be taken out at the bottom, andutiheer can
20 told you. | will show you the pictures ofslsurge 20 be dropped at the bottom. So it is one thiectime
21 tank later on. We have got a surge shafout case, 21 you can take it out. And if you want to e it or
22 we have a shaft which is 353 metres high. 22 do some major repairs on the runner, yowoat in
23 From there, we go to the penstocks. thed after 23 our case.
24 it generates electricity, the water is tatento the 24 29, please.
25 tailrace tunnel, back to the river. In otoject, we 25 DR BLACKMORE: On the Francis turbine, do you é@oaster
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gates on it that regulate the flow?

Page 86

1 1 abandoned later on.

2 MR MALIK: Yes, we have got the gates. We havethe 2 And then the surge shaft, | said 353 radiigh.

3 wicket gates. We call them "wicket gates". 3 And the powerhouse. Powerhouse is a baxgern

4 DR BLACKMORE: What do you call them? 4 that we have to go and -- and like Dr Tahiy&avas

5 MR MALIK: "Wicket gates". 5 saying, there were changes. In this cas&agde¢o

6 DR BLACKMORE: "Picket"? 6 change the orientation and the location of the

7 MR MALIK: "Wicket". 7 powerhouse before we started excavating.

8 DR BLACKMORE: Ah, well, that's Australian! 8 Next, please (32). The first one wasivert the

9 MR MALIK: We got it from the British! 9 Neelum River. This is our construction sio to

10 DR BLACKMORE: Ah, | can't comment on that! 10 make it dry or make it free of water, we esatad

11 MR MALIK: So with that, you can adjust the opagpiand the| 11 a diversion tunnel on the right bank, 505reseiong.
12 water that goes in, how much you want to ape@ur 12 This, you can see on the right side, is thgmcoming
13 turbines are at 300 rpm. They run at 30Q rpm 13 out from the diversion tunnel. On the bottefhside,
14 Next, please (29). The last elemente g 14 this is the foundation concretes for the nsaincture
15 generate electricity, you can't see this, the 15 of the dam.

16 3.5-kilometre tunnel that discharges the miadek to 16 And incidentally, if you see this longlveuring
17 the river. 17 construction we realised that this water teatan
18 Now, this is the outlet structure. Yoera/saying 18 divert to the river is not enough, so wedll b
19 that you might have seen it. It is visiblhen you 19 overtopped, our coffer dams will be overtapp8o we
20 are travelling on the road, you can seepiit 20 came up with the idea to use this area origheside
21 because you are travelling on top of thislro8o you 21 as an open channel. And we built a longiidioffer
22 have seen this one. 22 dam, and put RCC, roller-compacted concleteifg
23 So this water is then diverted bacls dénveyed 23 here, on which we'll later on build one elatmerhich
24 back to Jhelum River. So basically the wateu can 24 was the rockfill dam on this part. Resthefh was
25 touch it. It's coming from Neelum, untouclgd 25 concrete dam.
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1 anything else, and now it's going into JheRixer 1 So we used this thing, and we were abjmss

2 after 31.5 kilometres. 2 1,500 cumecs during construction, without toging

3 Next, please (31). Now I'll give you aadim 3 our coffer dams.

4 overview of the construction challenges thathave 4 Now, this left side you see is the exdawefor

5 gone through during construction of this Neelihelum| 5 the desanders. And this block you see icalhgithe

6 Project, five/six slides. It took us ten yeao ... 6 opening of the tunnel. This is the startwftonnel.

7 to build it! Not to take the slides, butdbk us ten 7 Now, when you'll go there, we have got a ctilg

8 years to build the project. And we had talgough 8 tunnel here and the desander built at thisepla

9 2010 flood, not shown here. We were just eztyy, 9 Next, please (33). Now, for the tunngjliwe
10 and we had a huge flood, and our diversiondbwas 10 started this tunnelling with what we call the
11 not connected yet, and it got filled up vei#timd so the | 11 conventional drill and blast method. Wetsththat
12 contractor has to go back and dig it outrag&o it 12 thing. But very early this in the projeck vealised
13 was big challenges from day 1. 13 that there is a stretch of 12.5 kilometresnetihere's
14 Next, please (31). As | said, it tookersyears 14 no access tunnel available in between thinal that
15 to do it. Our major challenges during cargton was | 15 was the critical most part where going wittrih and
16 diversion and excavation. This is our digrslam 16 blast would have been very slow, becausdrith@nd
17 during construction. You will be seeing ottilis much | 17 blast produces a lot of noxious gases, duostjt's
18 portion when you will go there, hardly thp to 18 a slow process.
19 10 metres. The rest of it is underwater now. 19 So WAPDA decided to acquire these hakdroc
20 Then we have got the tunnelling. Theésay 20 tunnel-boring machines, two of them. And/thvere
21 challenge on this project was tunnels, bexagshad in | 21 acquired -- brought to site in 2012. Theytsd
22 total 58-68 kilometres. It has got the ntaimels, 22 excavating. This is 8.5-metre diameter tLUBM.
23 our diversion tunnel, our tailrace tunnet] are had 23 They were, | would say, running factorie§; ii&tres
24 about 15 kilometres of access tunnels, wiviete 24 long. So it was like a snake going throughttinnels
25 excavated just to reach the main tunnelsydnich were| 25 excavating, chewing up the rock.
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1 Our tunnels, the lowest point was wherpassed 1 the Jhelum crossing, they come back and tijein anerge
2 under the River Jhelum. You saw the drawihgre the 2 into one tunnel.
3 river comes in from -- on the inside, we @alipper 3 These tunnels are 8-metre diameter ex@dyvand
4 limb"; and then it goes to Muzaffarabad, dre@htcomes 4 then they were concrete-lined. All the tuarvethich
5 back lower limb. So the tunnel came from NeeRiver, 5 were done by drill and blast are concretedlinéhe
6 it went under the Jhelum River, and thensitliirged 6 tunnels that were excavated with the TBM are
7 into Jhelum River. So we were around 178esainder 7 shotcrete-lined.
8 the Jhelum River. 8 Next, please (36). This is the steeflfaetory.
9 Next, please (34). Now I'll show you pinefile of 9 | told you under the Jhelum River we put im steel
10 our tunnels. This is the dam site where\tbelum 10 liner. These are 6.6-metre diameter stpelspi We
11 River is flowing. From here, this is how dumnels 11 used to call them "cans". And each piecelMasetres
12 were. You see the profile of the tunnelisart of 12 long, 72 tonnes of weight. It's 38-millingetr
13 the tunnels have a very -- | would say gradgevery 13 high-grade steel. And these were transptitedgh
14 less because we used the TBMs on that. T&M-H was | 14 low-bed carrier from this factory inside thanel
15 told that they have a restriction, or thaytogo 15 where they were to be placed. And then g
16 above 6% gradient, these light TBM. So tB&T 16 offloaded on a rail carriage which will takem where
17 incidentally started here, just downstrearthisfadded 17 they were to be installed. And there, theyewvelded
18 A2, and we excavated up to here with the TBhhels. 18 together. And once they were all weldedttogye they
19 And you can see the overburden. At the kighaint, 19 were filled up with concrete from outside.
20 it was around 1.5 kilometres of overburdetoprof the 20 Next, please (37). This is the surgé $heas
21 tunnels. 21 telling you. And for comparison, we put the
22 From here, the tunnels go in a steegslapthe 22 Eiffel Tower along it. Eiffel Tower is 330atnes high.
23 original design, this dotted line, this washe 23 Our surge shaft is 353 metres.
24 original concept or feasibility design, besmthe 24 Yesterday somebody asked me from Chi¢hgg,were
25 tunnel engineers say that you need to hdfieisnt 25 doing another exercise, and they say in &ubthey
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1 rock cover on top of you to have a safe tunBel the 1 are having a pump storage where they hava giatge
2 designers had this thing 400 metres belowitiee 2 shaft which is higher than Burj Khalifa. BHtpalifa
3 But with this thing, the gradients werenaag out 3 is 828 metres high, so you can imagine a shgt
4 more than 14% so our electromechanical -- our 4 which is 828 metres high.
5 earth-moving machine couldn't drive on 14 degwith 5 So this was a very challenging one bectngse
6 mud and wet ground. Plus it was very -- is\feaind to 6 contractor has to first drill a pilot hole coigndown
7 be very difficult to drain out. And if it hg®t silt 7 353 metres, making sure that it stays in$idettnnel
8 accumulated, it will choke the tunnels. 8 geometry, although it veered off by 4 metres o
9 So it was decided to remove the tunnetsmove 9 5 metres, because to keep it straight isa very
10 this dip. We used to call it the "Jhelum'DifSo we 10 difficult job. And then at the bottom theytjin
11 moved it up, but then your rock cover becanig 11 a huge cutter, and then they took it up, tviie call
12 178 metres. Rather, the depth was 178 metres 12 "raise boring". So it created a hole whigsw
13 geologist said the rock cover is only 100raset 13 1.6 metre diameter. That was our mucking.hol
14 So in this area we put in a steel liner t 14 So then the contractor started excavétimy the
15 strengthen the tunnels. For 732 metreesetiare 15 top, and he would throw all the rock in thale, and
16 twin tunnels so we put 732 metres steeldimin both 16 he would haul it from the bottom. And onoeas done,
17 sides. 17 then it was concreted all the way up byfsliming.
18 After that, the tunnel flattens out anglaes to 18 So it was a very complicated and dangerdus @@oing
19 the powerhouse, and from powerhouse thigritadrace | 19 down in an Elemac, it gives you religion!p&sially if
20 tunnel. 20 the Chinese are operating it!
21 Next, please (35). Now, the twin tunnébsr 21 But luckily we had no accident. Luckil had only
22 tunnels started as a single tunnel; | shoxeedn the 22 one accident, where somebody broke a legrelias
23 dam picture. And after 0.8 kilometres it into 23 a stone that fell off and he had a simpletdir@. But
24 two tunnels. So this is our tunnel bifuroati 24 this project, | don't know why, but somehoithw-
25 There's another bifurcation where they coaskbAfter | 25 I mean, | hear about other projects, safegso We
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had less than a dozen fatalities in 12 ydars o

1 1 MR MIANA: Can you repeat the question?
2 construction, and accidental ones. And Halfiem 2 PROFESSOR BUYTAERT: How do you control the poasetput of
3 were traffic-related. Somebody drove offltiege and 3 the generators?
4 the dumper went into the river, or somebodyeéover 4 MR MIANA: The power from the generator is depamtdgon
5 somebody sleeping in the tunnel. | mean, lpetpit. 5 the head and the flow rate. So if the flotesare
6 It's idiotic but people still do it. 6 less then the power generation is obviously.léAnd
7 The main accidental deaths were | thirlosi 7 the controlling is through our regulation loé twvicket
8 seven. Three we had an incident in the TBid,fave or 8 gates or the stairways, what you were desgyibier
9 six where the form work fell down. 9 here. And the rest is the governor systengtwh
10 Next, please (38). Now, this is the ptwase 10  controls the system frequency, as well aspied of
11 cavern. The powerhouse cavern, when wetligorrow | 11 the turbine.
12 what you will see is 50% of the powerhouBkis 12 So these are the parameters, which are
13 powerhouse is 25 metres wide, and from théctdhe 13 interconnected and which control the outptie
14 deepest point is 54 metres, and the lendtB7isnetres 14 generator.
15 long. 15 PROFESSOR BUYTAERT: Thank you.
16 So we excavated. Starting from thewap, 16 DR BLACKMORE: I'm just interested in what wag ttfesign
17 excavated a pilot hole, started -- put aguthrough 17 criteria for earthquake loading. What did wdiow
18 the top, and then we took out the shouldeikewe put 18 for? I'm assuming you allowed the sameter t
19 in 15-metre long strand anchors to supperttbwn. 19 powerhouse, the tunnel and the structurelrhutot
20 And then we came down. 20  sure what it would be.
21 When we came to this height, we put @s¢hcrane 21 MR MALIK: | have to find out. We have changedvhen it
22 beams. In the original design, these craaenB were 22 was tendered, this project was designedginat
23 resting on concrete columns. But we saidam| was 23 design was done in 1996. What happenedhaa@nt2005
24 part of that, that if we ever do it, thesaness have 24 there was a major earthquake. In 2007 theaxt was
25 to wait for two years. So we decided tothase crane 25  awarded. But after they awarded the contbasied on
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1 beams by putting these cranes and anchorsg trane 1 that earthquake the Government of Pakistanggththe
2 beams into the rock by 15-metre-long standh@rscand 2 earthquake criteria for this part of the worldwas
3 7.5 metre-long rock bolts. So these cranenbeae 3 a 7.8 magnitude earthquake. So | can geth®u
4 designed to take a load of, | think, 600 tanne 4 seismic parameters from where -- we changéd bo
5 We have two bridge cranes running on that, 5 underground parameters and the abovegrouathpéers to
6 275 tonnes each. At this elevation, our phoese, 6 cater for earthquakes.
7 being such a wide one, and the geology isheobest, 7 DR BLACKMORE: So 7.8 was the number --
8 they started converging, the walls startedingpin. 8 MR MALIK: | think something around 9. Our maximwredible
9 Maximum | think we calculated was around 23limetres 9 earthquake is 9 plus.
10 of movement on this wall, on the downstreaati.wSo we 10 DR BLACKMORE: Alright. Make sure --
11 stopped the excavation. Contractor broughtound 11 MR MALIK: Although somebody wanted it to be 1But then
12 15,000 tonnes of muck inside, to build raepd then 12 somebody said, "If we have to design somgtfin
13 install 15-metre-long rock anchors to stabithe 13 10" -- and | said one thing. | said: I'm not
14 rock. 14 a seismologist, but if a 10 earthquake copms,
15 Now we do -- | mean WAPDA and we haventa@ng 15 structure might be safe but there'll be nomt&ins
16 regular measurements. There's no movemaltif ils 16 around it! So then we settled for 9 plussamething
17 stabilised. 17 like that, one in a thousand year event, sumglike
18 Next, please (39). That's all for thestnuction. 18 that.
19 Ten years in ten minutes! Any questions? 19 DR BLACKMORE: It's an extremely high number.
20 PROFESSOR BUYTAERT: A slightly more general dioeson | 20 MR MALIK: Very high number.
21 power generation. How is the power outpuhef 21 DR BLACKMORE: Yes, it's a very high number.
22 generators controlled? 22 MR MALIK: | can get you the actual figures also.
23 MR MALIK: | have to ask my electrical engineellsam 23 THE CHAIRMAN: | hope we don't test that numbéile we're
24 a civil engineer; | don't go near the eleefrparts. 24 here!
25 Mr Arfan [Miana]? 25 MR MALIK: No! In 2016 we were having a meetinQur panel
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of experts were here. We were sitting indésign
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1 1 At the end of the desanders is a collgatanal
2 office in Muzaffarabad and | was giving a praation 2 from where the water goes into the tunnethiois
3 on the schedule of the project. And | haveeduoardly 3 the left-hand structure. Underneath the deganyou
4 three lines when there was a sound like tvase 4 see these small gates. These are called-sluitsgs.
5 an accident on the road. Our building walstnigxt to 5 This is for flushing any silt that accumulaireront
6 the main highway. And | thought there's aridemt. 6 of our intake structures.
7 And | turned around and everyone has disapdeaknd 7 In the middle, these are our orifice g@ls.
8 then | realised that this was an earthquake. 8 These are three gates. And we have to ddsge
9 So | went out, and we were standing theerd,you 9 gates so that in case of an emergency, ewereifate
10 can see -- there's a vehicle showroom rigkt to that 10 is out of order, these can pass the maxinmmd f This
11 building, and you can see a wave going offeitede of 11 is called "N minus 1 criteria" on any danuo tBese
12 that glass building, and it was for 30 sesond 12 gates are huge. In Pakistani standards,atigrour
13 Later on we found out it was a 7.4 earthg. So 13 gates are 12 metres by 8 metres. Our sthgdses on
14 when | came back, | commented: never aghimtsout 14 most of our projects are 12 metres by 8 mefidese
15 schedule on this project: even the earthesiak 15 are 12 metres by 15 metres: 12 metres wilmelres
16 THE CHAIRMAN: Well, again, | hope we don't télsat number| 16 high.
17 here. | also hope that they're not consihwiche 17 Then on the right, which is under corctioun --
18 aircraft as we're flying home! 18 you don't see it here -- is -- we call itiieb
19 MR MALIK: It's already been constructed! 19 channel. This has got -- this is crest-miogrgates
20 THE CHAIRMAN: | had a few questions. This rekato the 20 and it's got flap gates. The radial gates; move
21 powerhouse, but it's a very basic one. okdd like 21 like this upwards, and the water goes betat tThe
22 there were at least two turbines there. Hany -- 22 flap gates are like this and they fall down.
23 MR MALIK: Four turbines. 23 Basically, in this reservaoir, in casdlobds, you
24 THE CHAIRMAN: Four turbines. 24 get a lot of floating debris. And especialynetimes
25 MR MALIK: Four turbines. 25 when you've got exceptional floods, you besé logs
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1 THE CHAIRMAN: And the value of having multiplertinesis | 1 coming in because there's a big logging imgggiing
2 not to use them all at once; is that correct? 2 on in the upper reaches. So you get loggo Bass
3 MR MALIK: No, if we have full water supply avaltée, like 3 them through this structure, you lower thegand the
4 in high-flow seasons, and our dam can su@lyc2imecs 4 water takes these debris downstream. So #nesbe
5 to the powerhouse, we can run all four uietsdut. 5 three ...
6 THE CHAIRMAN: Okay. So you would in some situmts run | 6 And then on the right of this structuréene you
7 all of them? 7 see this wall going, this is where we buribekfill
8 MR MALIK: We run them for five months a year uiya 8 dam, which is a flexible dam. The reasohas this
9 although WAPDA have their own criteria for nimg the 9 line where you see this wall, this is wherehaee got
10 project that, after certain hours of runnithgy stop 10 a main boundary thrust. Our dam is situatethe main
11 one unit for a day, and they do a monthlynteaiance on 11 boundary thrust. When we'll go to the gites will
12 all of them. But as a routine, they run ¢hngbines 12 see that on the right the rock is greeni#buco On
13 flat-out for five to six months, as long hs tvater is 13 the left side it is greyish to brownish celoihis
14 available. 14 left side is Indian subcontinent tectonidelaRight
15 THE CHAIRMAN: The next question is relating tms 31, so | 15 side is Eurasian plate. So you can stamd el your
16 if Mr Miles could take us back to that. Gbwbu just 16 one foot is in India, the other foot is inr@e!
17 point out, using your pointer, the basic congmts? 17 It's not like that, but we have donéithen we
18 | find this photograph very helpful becausstrips 18 excavated it we found a seam of very crusbed It
19 away the water. The basic components afdhe 19 was crushed to like powder. And when oupfgewere --
20 MR MALIK: This is looking downstream. This iset left 20 I mean, our geologists, when we did that diation,
21 bank, this is the right bank of the rivehe$e are 21 they have to go and grout that at the bosorthat
22 the intakes, this is the intake structurenfwehere we 22 water doesn't come. They said in that aas so
23 take the water. These are the intake gdtes.water 23 dense that they couldn't even grout it.
24 goes into the desanders. What you see bitlieihg 24 So this is an interesting area. ThiEugasian
25 constructed are the desanders. 25 plate, and this side is Indian subcontindihie Indian
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subcontinent, as per the tectonics, it's gbameath

Page 102

1 1 He's the geologist so he knows exact, buehkinat
2 the Eurasian plate and that's why Himalayas#lt 2 it's around 25 metres.
3 rising. 3 DR BLACKMORE: That must be pretty good rock --
4 THE CHAIRMAN: But we don't need a visa to crossfione--| 4 MR MALIK: Yes.
5 MR MALIK: No, no! 5 DR BLACKMORE: -- because | put them down 120.
6 THE CHAIRMAN: So my last question was relatinghe surge| 6 MR MALIK: No, we put it at 25. And then when \started
7 shaft, which I think was at slide 37. Coutdijust 7 raising the reservoir, for the first few manthlot of
8 indicate: the idea here is not that there dibel water 8 water came up from our drainage system inltamage
9 that would go necessarily go all the way up @t the 9 galley. But now hardly one third of that wae
10 shaft? 10 coming out, very little water comes out.
11 MR MALIK: No, no. 11 MR MINEAR: First of all, Mr Malik, Mr Hayat, thak you for
12 THE CHAIRMAN: It's just a pressure release wibere 12 your presentations, they were very, veryfhelp
13 might be water possibly? 13 When we drove up this morning, we weokileg at
14 MR MALIK: It contains water to the level whetgetdam 14 the Jhelum River, and it was both more tusinid
15 water level is. Because the liquid maintésevel. 15 a higher flow than | would have expectedrdythis
16 So it's not like there is a lot there. Serel the 16 time of year. Am | right about that or iattkypical?
17 water level in the reservoir is 1,000, théawan this 17 MR MALIK: No, it's normal. Mr Tahir Hayat is wking on
18 tunnel will be 1,000. It has got anotherksngoing on 18 Indus River, which he says is fed by snowmelt
19 top of it. 19 Similarly with the Jhelum River, but the imIRiver we
20 But that tunnel, our reservoir level, imaum level 20 call it an "early riser". You can see thevgfirom the
21 is 1,015 above sea level. This shaft hasmet on 21 dining room.
22 top of it. That has outlet at 1,040. Sowha¢er will 22 MR MINEAR: Yes.
23 be at 1,015 all the way in that tunnel. Wthen 23 MR MALIK: Similarly you've got mountains on trésde which
24 pressure comes, it's like that pump, andviter rises 24 feed into the Jhelum River, like on the iasi@rinagar
25 up in that one. And then if it is above D,0¢hat 25 Valley and all that. This snow is at a lowakitude,
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1 tunnel opens on the side of the mountain laaavater 1 so it starts melting earlier.
2 goes out. 2 So in hydrological terms, the flow in theelum
3 We have tested this phenomenon in 2019 pdrt 3 River starts rising from 15th March, that's ou
4 of the commissioning. We had four units ragrat 4 criteria. In case of Indus, it is 15th M&8o there's
5 full, and then we made a sudden shutdownl &b 5 a difference between them.
6 units. "Sudden" means within a minute. Swdated 6 MR MINEAR: And can | ask you, do you know approately
7 a shock wave above. And we had people inogper 7 what the flow of that river is in cubic metpser
8 tunnel to monitor that. The water went ma3@enetres 8 second right now?
9 higher than the normal and then it came doB8mthere 9 MR MALIK: | have no --
10 was a surge going on. | was standing oddlkestream 10 MR MIANA: It's about 380 --
11 of the outlet structure. Hardly a ripple eamut. So 11 MR MALIK: No, that is in the Neelum River. Buhat's in
12 it performed excellent. 12 the Jhelum also?
13 THE CHAIRMAN: You were looking in the outlet see the -- | 13 MR MIANA: Jhelum, | can get the data and [tedLy
14 MR MALIK: No, | was standing at the -- there vaawall -- 14 tomorrow.
15 there's a bridge on the downstream of thiis 15 MR MINEAR: That would be great.
16 picture you saw, | took that picture fromt thiadge 16 MR MALIK: I've got another thing: if you see thger dark
17 downstream of the outlet structure. 17 brown colour, that means most water is corfimm
18 THE CHAIRMAN: Okay. 18 Jhelum. If it's greyish, it's coming fromeilen. Both
19 Did you have a question? 19 of them have different coloured waters.
20 DR BLACKMORE: Well, | was going to ask -- soriydo have | 20 THE CHAIRMAN: So this talk of the Jhelum Riverompts
21 one question. I'm just interested in howpde®i had 21 another question: why did you not build tbeverhouse
22 to drill your grout curtains. How far didygo down? 22 at the first -- the Jhelum dip, if you will?
23 MR MALIK: In the dam site? 23 MR MALIK: The first feasibility done for this pject had
24 DR BLACKMORE: Yes, the dam site. 24 the powerhouse where we had the Jhelumtdi@s
25 MR MALIK: 1think they were 25 or 30 metres. @tres? 25 there. But at that time | think it was 56850 MW.
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1 It was a 550 MW. This was in the feasibisitydies.
2 And then there was another weir there thdttakk it
3 and bring it here, another 250 or somethie that.
4 Later on there was another study, lik¢H2yat]
5 said, that you keep on refining your inventoAnd
6 they said that instead of having these twogpbauses,
7 you make one and you can get 969 MW hereyangut
8 another weir upstream of our Jhelum dip, &ed you
9 have the Kohala hydropower project that geasra
10 another 1,150 MW. So instead of having 1)a¥0, you
11 are now getting 2,000-plus MW.
12 THE CHAIRMAN: More head, basically, yes.
13 MR MALIK: Yes.
14 THE CHAIRMAN: Okay. Well, thank you very muddy Malik,
15 for your presentation. Thank you, Dr Hajat,your
16 presentation. They were very helpful ang ver
17 informative. Thank you as well to Mr Miarm fumping
18 in in the midst to answer a question. Wg wauch
19 appreciate all the work you put into these
20 presentations.
21 I think that brings us to the end of tosla
22 session, so we will retire now, but with tkewto
23 everyone who's present. We very much apyieeail the
24 work you've put into this, and we're lookingvard to
25 the next few days as well. Thank you vergimu
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