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1 Thursday A&il 2024 1 THE CHAIRMAN: And those are closed right now.
2 (10.09 am) 2 MR MIANA: Because the outflows are not too musloperate
3 Bridge viewing 3 them, and the small opening of that gate is no
4 MR MIANA: Okay, gentlemen, Mr Chairman and themters of | 4 recommended.
5 the court, again good morning to all of you. 5 PROFESSOR BUYTAERT: What is the long-term avewdigeharge
6 From here we can see to the downstreagro$ithe 6 of the Neelum?
7 dam site. To the left we have the right bér@icause 7 MR MIANA: From flap gates it's 300 cumecs frontleaide.
8 the flow is in this direction. And to our higis our 8 PROFESSOR BUYTAERT: So a long-term average digehaf
9 left bank. And this is the embankment dartiéo 9 around 3007
10 left-hand side. At left is the crest opermfighe two 10 MR MINEAR: Not now. Atthe moment it's 250.
11 flap gates. Beside this we have the thrdialrgates 11 PROFESSOR BUYTAERT: So now it's below the loegrt
12 which are visible in the black over there] aith them 12 average?
13 we have the undersluice over there, whersrite| 13 MR MIANA: It's below the long-term average frdlap gates.
14 water is coming out. 14 Because the level is also 1,011.9 metresetbimg
15 At the moment the total flow coming dotmeam is 15 around this one. So that's the lower thaximman level
16 250 plus or minus. So this varies about raicg to 16 of 1,015 metres. That's why we cannot opeves will
17 the inflows, as well as the level regulations 17 make some discharge from the flap gates.
18 There is also a natural stream coming fitis 18 PROFESSOR BUYTAERT: What season is at the higlosg?
19 upstream side, you can see in the downstoé#ns 19 MR MIANA: It's already setting in.
20 one. And beside this undersluice we havelésanders 20 PROFESSOR BUYTAERT: Yes, okay.
21 over there, and at the end of the desandz=fsawve the 21 MR MIANA: So we can expect that when it will man
22 collecting canal over there. 22 Kashmir upstream, obviously the flow is cagnin
23 From there, collecting canal inside tteintain 23 PROFESSOR BUYTAERT: Yes. Thank you.
24 headrace internal starts. So this was jusivarview 24 THE CHAIRMAN: Very good.
25 of the dam from the downstream side so thatcan 25 MR MINEAR: Do you consider this a high sedimieratd at
Page 1 Page 3
1 familiarise with these components. 1 this point, is this a high sediment load fouy
2 The left side is the Panjal formation, #meright 2 MR MIANA: We have to check the data. I'm notesabout
3 side is the Murree formation. So the moreuttiee 3 that.
4 geology will be explained by the geologisstijto give 4 MR MINEAR: Okay, thank you.
5 you an idea about that one. So if you haye an 5 (10.12 am)
6 guestions about this one, I'm ready to antivegr 6 (Pause)
7 MR MINEAR: Is this rockfill here? 7 (10.25am)
8 MR MIANA: (Inaudible) this is the rockfill at Iekide, 8 Presentation 3: Dam and Reservoir General Siantation
9 yes. And at right side is concrete dam. 9 MR MIANA: Thank you very much. My name is MuhamdnArfan,
10 THE CHAIRMAN: And the channel on the left, tisate 10 as you already know very well.
11 channel you spoke of yesterday; is that ct#re 11 For presentation number 3, while we are.h From
12 MR MINEAR: The coffer. 12 this place we have now the chance to sedsiine
13 THE CHAIRMAN: The coffer. 13 physically from the upstream side, and therditream
14 MR MIANA: No, no, these are the crest openingsrdhere. 14 side we have already seen from the bridged from
15 We've got two flap gates. 15 here, we will be looking physically the varso
16 THE CHAIRMAN: Okay. 16 components of the dam, and same we'll alfpdsenting
17 MR MINEAR: Further to the left, what is -- 17 the presentation material very briefly.
18 THE CHAIRMAN: The opening? 18 With me, my co-presenter is Mr Alauddi¥ou
19 MR MINEAR: There was a coffer dam that was nwred 19 already know him. He was the general mareigiis
20 yesterday, is that right? 20 project up until April 2019, and now he isriing with
21 MR MIANA: Rockfill dam, not coffer dam. 21 us as an advisor to the company.
22 MR MINEAR: Okay. Thank you. 22 So let us start with this presentatidhe
23 MR MIANA: At present 10-15 cumecs from undersfyiand the| 23 sequence of the presentation will be thatl§it will
24 rest from the flap gates. So if the flow@ases then 24 briefly introduce the Neelum-Jhelum Hydropo®epject
25 we have the option for the radial gatesdn@®3. 25 and point out the various physical featuoegos have
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some sense of layout about this one.

Page 6

1 1 and explain about these things.
2 And second, Mr Nayyar Alauddin will theaysa few 2 MR ALAUDDIN: Mr Chairman and members of the couars
3 brief words about the process of NJHEP desighthe 3 Mr Arfan has already introduced, my name igyda
4 construction. And finally we will give you s 4 Alauddin. | am working in this project sire@11 and
5 briefing about the safety precautions whiteeiling 5 | was also the director of this project. Yuill be
6 around the dam. 6 seeing me a couple of times, a few times dutia
7 (Slide 2) So this is NJHEP within Pakist&o 7 presentation and during the site visit.
8 overall the Ministry of Water administers thater 8 (Slide 6) So, sir, this is the photograpthe
9 management within Pakistan, and under thestfinof 9 headwork of Neelum-Jhelum Project. Startiogifhere,
10 Water Resources we have the Water and Poewai@pment 10 you see this is the Neelum River coming ftbenline of
11 Authority, which is commonly known as WAPDANd under | 11 control. As you can see, right there isNbelum
12 the WAPDA the Neelum-Jhelum company was fdrraed this | 12 River. Now, this becomes a point, becaushave
13 project had been constructed under the Neghahoum 13 constructed the dam here. The length ofaservoir
14 Hydropower Company. 14 is about 4.5 kilometres. From here to hbee,
15 Basically, Neelum Jhelum Hydropower Conypaorks 15 distance is approximately, or the lengthoisua
16 with an independent board of directors. Agre -- 16 250 metres.
17 the chairman of the board of directors isai@irman 17 So water from this reservoir comes te paough
18 WAPDA, Lt Gen (Retd) Sajjad Ghani, and alse of the 18 this intakes gauge, and through this intgkesgje water
19 members of the board of directors with me 3yled Mehar 19 goes into the desander structure and anthefehe
20 Ali Shah, is also a member of the board gators. 20 desander structure there's a collecting cdrsidall
21 (Inaudible) some independent and some offieiats. 21 show you from there. And then it goes i headrace
22 So Neelum-Jhelum power plant, which is 969 N&\being 22 tunnel, and then goes up through the powsehtiwough
23 operationalised under this scenario in PakistNext, 23 four number turbines, we generate 969 MW eiftecity.
24 please. 24 (Slide 7) some basic statistics of tluggut.
25 (Slide 4) So this is a map. We haveadlyeseen 25 Neelum-Jhelum has an installed capacity 8f\8V. Its
Page 5 Page 7
1 some similar map yesterday, but this will yeli more 1 live storage is 3.8 million cubic metres, vehits
2 about the orientation, about the area, alhisibhe. 2 dead storage is 6.2 million cubic metrehak
3 So this is the Neelum-Jhelum where we aralsigrover 3 a catchment area of about 6,809 square kitesietts
4 here, and from this we have the tunnellingesysthe 4 mean average flow is 283 cumecs.
5 single tunnel, then the twin tunnel, and tiverhave 5 In this river, the flow varies, the diso
6 the powerhouse in the Chattar Klass near Narzdifad. 6 varies. During the low flow -- during the wén season
7 And then we have the tailrace tunnel thatrdisges the 7 we get low flow, low discharge, and during ltigh flow
8 water in that River Jhelum again. 8 season we get more water. But the mean avémagis
9 So we are taking the water from the Neeluhich is 9 283 cumecs.
10 coming from the upstream side, the Indiaa,sadd then | 10 So this project has been designed fod@0iyear
11 we are diverting the same water to the Rilielum. On | 11 flood for 7,600 cumecs, and probable maxirfland which
12 the map, this is the upper limb of the Rifezlum, 12 can pass through this radial gates and apegfites is
13 where we have the Uri 2 showing in this niaghe 13 12,500 cubic metres.
14 Indian side. And there we have the prop&sgthla 14 Through these radial gates we can pamsg ab
15 Hydroelectric Power. 15 through the spillway we can pass about 11¢b@fecs,
16 This red line is showing the line of cohtand we 16 and through our flap gates we can pass &#futumecs,
17 can physically see that this mountain bebsib 17 so that's how. And as well as through thietsiuice
18 basically showing there is a control of lirgo we are 18 gate we can pass 166 cumecs of water. 8o ltioav the
19 very much near to the line of control. Anelean also 19 probable maximum flow of 12,500 cumecs cailyepass
20 see some prominent cities over there. Iddachés over 20 through this structure without overtopping.
21 here, with this mountain here, city of Pakistand 21 (Slide 8) Now I shall brief you about thistory of
22 Muzaffarabad is over here, and this is thear&a of 22 the project and the different implementattages of
23 Pakistan. 23 the project. This project was early conagiafter
24 Next slide, please (Slide 5). So abloeitNJHEP 24 1980, when the government decided to corgtiac
25 design feature, | would request Mr Nayyasléase come| 25 Neelum-Jhelum Hydroelectric Project. Anddobsn that,
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1 in 1984 and 1987, initial feasibility and dgsivas 1 concrete gravity dam and rockfill dam.
2 prepared. But that design was for a smaitgept of 2 The sequence of the different stageseof th
3 550 MW. lIts intake was here at Nausari, bet t 3 constructions are, in 2013 we completed tisarier
4 powerhouse was located at the upper limbeofielum 4 excavation work, which was a major task. 004,
5 River. So it was then a little shorter projgfcs550 5 powerhouse excavation was completed, andlif e
6 MW. 6 diversion dam was completed.
7 So after the feasibility and this comletof 7 In 2011, the river was diverted throughiversion
8 design, the government approved their prejeatcost 8 tunnel of 500 kilometres, and after that yee work on
9 PKR 15 billion in 1998. But unfortunately theject 9 the dam had already been started.
10 could not be constructed because of seveaabns. 10 In 2017, we completed the excavationligimy of
11 Subsequently, the government decided to foatreer 11 a 28-kilometre headrace tunnel, as well &kiBmetre
12 exploration on that, and studies for enhanitgn 12 tailrace tunnel.
13 generation capacity, or studies for increpis 13 So as a result of all this completiomvofk we
14 capacity, | mean from 550 to 969 MW, was péath and | 14 commissioned our first unit in 2018, in A{@918, the
15 for that purpose you see the revised fedgibtldy 15 first unit was commissioned, and in Decen@di8, the
16 in 1996 and design completed in 1997 foraMeV 16 fourth and last unit was commissioned. Sthea, this
17 project instead of a 550 MW project. 17 project is generating power, which is goimg ithe
18 Design completed of 969 MW in 1997 areldbtailed | 18 National Grid system.
19 design completed in 1998. Based on th&0@?2 the 19 (Slide 10) So these are some photografptihe
20 government approved that project at a cost of 20 civil works carried out. Because now thacdtire is
21 84 billion. You see, you are seeing thislP@hat is 21 ready and most of the components are subohergeater.
22 this PC-1? This PC-1 is basically a pro foand 22 So you can see, this is the desander steuclithiese
23 document on the basis of each committee apprany 23 are the inlet gates you can see, one, twee tfour,
24 project in Pakistan. So PC-1 of the projea 24 five, six. There are six inlet gates, andasneath
25 approved, at a cost of PKR 84 billion. 25 there are sluicing gates.
Page 9 Page 11
1 Unfortunately, even after the approvalwiogk on 1 Here you can see our spillways. Thistlonds
2 the project could not be started due to sévesaons. 2 for the debris channel and the rockfill darhjol at
3 In 2005, we had a major earthquake in thia.aféhere 3 that point of time were not ready.
4 was a lot of destruction, about 76,000 pedigld due 4 (Slide 11) It's a very good view of ouills@y.
5 to that earthquake. 5 You see the sizes of the spillways is thatéight is
6 Our design of, you see design, the origiaaign 6 15 metres, its width is 12 metres. So I'veaaly
7 was based on the old seismic parametersOUa the 7 mentioned that we can pass 12,500 cumecstef wa
8 earthquake -- we recorded different seismiarpaters 8 through these spillways. You can see heiejdlihe
9 compared with the original design. So it Wasight to 9 inlet or diversion tunnel. The diversion vetarted
10 change the design based on the new seisnaimpters. 10 here. This was the coffer dam construcgorthat
11 So in 2005 and 2006, tenders were invitad in 11 water may not go to the construction site.
12 2007 contract was awarded to a consortiuwo{Chinese | 12 (Slide 12) Now about the tunnelling. rArthis
13 companies, Messrs China Gezhouba Group Comaad 13 collecting canal, from the end point of tlesahder
14 Messrs China Machinery Electric Corporati@fina 14 structure up to 0.8 kilometres, it is a serginnel of
15 Gezhouba Group Company was contractor focitlie 15 about 10.5-metre internal diameter. Aftat th
16 work, whereas China Machinery Electric Coaion was 16 bifurcates into the twin tunnel, the twinnehof
17 the contractor for the EMH work. 17 19 kilometres. Then again it combines armbives one
18 (Slide 9) Works on the project started in 18 channel, and then up to the powerhouseisiagle
19 January 2008. But | told you that the desigs 19 tunnel, and then water goes into the powesdou
20 changed. After the award of the contraet pitocess 20 The diameter of these twin tunnels 4sfied
21 for changing the design was started. | gjinadl you 21 diameter -- was about 8 metres.
22 a couple of examples during my presentatiopgsition 22 (Slide 13) So | think you will know that
23 number 5. Initially, simply briefly, I'll teyou, for 23 in July 2022 a part of the -- a 50-metre phthe
24 example the dam was a concrete gravity dautlater 24 tailrace collapsed due to this generatiomfiiois
25 on it was changed to a hybrid structure.eam 25 project stopped. Immediately the remediak&on the
Page 10 Page 12
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1 tailrace started, day and night were carrigdand 1 that diversion.
2 after 12 months -- | mean, in August 2023 pitwgect 2 DR BLACKMORE: What's the maximum flow you've padshrough
3 was recommissioned and now, so far, it istatiorily 3 the dam?
4 functioning. 4 MR ALAUDDIN: Itis about 2,100, or 2,200 or sorhizty.
5 About the tailrace damages, there would be 5 DR BLACKMORE: Did you experience any issues?
6 a separate briefing on that. 6 MR ALAUDDIN: No, we didn't.
7 (Slide 15) So these are some of the histbry 7 DR BLACKMORE: A lot of debris?
8 and implementations of the project, and newelld ask 8 MR ALAUDDIN: Debris you see naturally comes, anel carried
9 Mr Miana to say some advices on the safetfief 9 out the survey of the river from time to titneassess
10 project. 10  that.
11 MR MIANA: So regarding the safety rules, usually use the| 11 DR BLACKMORE: Okay, thank you.
12 rubber soles, like hiking boots or tennisesho 12 MR ALAUDDIN: Welcome.
13 | think we all have the similar kind of tlate. So 13 PROFESSOR BUYTAERT: A couple of questions. inklslide 2
14 perfect. And the visitor must wear hard hiétgou 14 on the overall governance, who operateshink the
15 need for them, and go around further presentaumber 15 next one. Yes, it doesn't really mattere dhe with
16 7, and along with the safety vests, highsaifety 16 WAPDA. It was earlier. It doesn't reallyttea
17 vests. We have already arranged for that e will 17 In Pakistan, who operates the poweribligion
18 also be following the safety section, writi@m 18 network?
19 different location over there. And in casehave to 19 MR MIANA: (Inaudible: off microphone) The systemthat
20 go inside the water or inside the galleysrkiairs, 20  the generation is separate. Transmission the
21 then we have to use the waterproof bootsatieathere. 21 generation side is separate, and from therssion
22 But at this moment we're not going there. 22 todistribution is a separate network.
23 Please keep a safe distance from allrhésmdnd 23 For the distribution we have the différen
24 guardrails. We will also have the cottorvgk or the 24 companies, the different regional comparsieshey are
25 hand gloves over there, so that we can asguist to 25 responsible for the distribution of the poteethe
Page 13 Page 15
1 avoid our hands from dirt. So these are ssaddity 1 residents, commercial and industrial.
2 rules. 2 PROFESSOR BUYTAERT: A follow-up question. DoexkiBtan
3 So if you have any questions we are availa 3 have a power industry regulator which overtises
4 MR ALAUDDIN: Yes, if you have any questions. 4 different companies that both provide andidiste the
5 Questions from THE COURT 5 power?
6 THE CHAIRMAN: So one question | have is, has thasn ever 6 MR MIANA: At the moment | do not have the idealdahe
7 been overtopped? 7 information about that. | will get it and llicome
8 MR ALAUDDIN: No, it hasn't. 8 back to you.
9 THE CHAIRMAN: And the diversion dam that you mentd 9 PROFESSOR BUYTAERT: That's fine.
10 diverted the water on the far side of therriv 10 Then a few questions about the hydroldgjon't
11 MR ALAUDDIN: Diversion tunnel, there are two tigs, 11 know who is best placed. So | understaritieavet
12 diversion dam is the dam. Diversion tungel i 12 season is during summer. What is the mdritieo
13 500 metres, which starts just upstream ofxiieing 13 highest discharge, typically?
14 structure, through which it is under the natmand 14 MR ALAUDDIN: Itis July.
15 goes like this. 15 PROFESSOR BUYTAERT: Okay, yes.
16 THE CHAIRMAN: The far side. 16 MR ALAUDDIN: In July we get maximum discharge.
17 MR ALAUDDIN: On the far side, yes. 17 PROFESSOR BUYTAERT: And what is the reasonfferttighest
18 THE CHAIRMAN: And so the dam itself, the divemsidam 18 discharge? Is it simply because it's thhdsg
19 itself would be somewhere up here beforéusheel. 19 rainfall, or is there a contribution of glrcinelt and
20 MR ALAUDDIN: It's there. 20 potentially snowfall.
21 THE CHAIRMAN: Right here? 21 MR ALAUDDIN: It's ice melt basically.
22 MR ALAUDDIN: Yes. 22 PROFESSOR BUYTAERT: Sorry?
23 THE CHAIRMAN: Ah, okay. 23 MR ALAUDDIN: Ice melt.
24 MR MIANA: There is a chance that we will go fbe 24 PROFESSOR BUYTAERT: Ice melt. Okay. Yes. Bseamy
25 presentation no. 7 walkaround, we will seedhtlet of 25 follow-up question was about the distributi@tween
Page 14 Page 16
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direct run-off from rainfall, glacier and iogelt and

Page 18

1 1 discharge?
2 snowmelt. What, roughly, do you have any iofehe 2 MR ALAUDDIN: Sorry?
3 relative contribution of those three? 3 MR MINEAR: How far back do your records go wittgard to
4 MR ALAUDDIN: No, sorry. | don't have a precigien on 4 historic discharge here?
5 that. 5 MR ALAUDDIN: Sorry, | could not follow your quesin.
6 PROFESSOR BUYTAERT: Yes. But there is substhitta 6 MR MINEAR: Do you have historic records of disoes?
7 contribution? 7 MR ALAUDDIN: Yes, we have.
8 MR ALAUDDIN: Yes, we will respond to it. 8 MR MINEAR: And how many years back do you go?
9 PROFESSOR BUYTAERT: What about snowmelt contidmytis 9 MR ALAUDDIN: You see our record starts many, maears
10 that substantial? 10 back. But we have designed this projectdase
11 MR ALAUDDIN: We think that is substantial, becauof this 11 accurate data collected from 1992 and onwiasel$o
12 the water comes -- 12 six years.
13 PROFESSOR BUYTAERT: And | guess that probablyesearlier| 13 MR MINEAR: Thank you.
14 in the season when snow -- what is the pktieo 14 THE CHAIRMAN: Well, you can see that your presgion
15 snowmelt? Do you see any peak as a ressitafmelt 15 provoked a number of questions from us. Kiyau very
16 when temperatures increase? 16 much for the overview presentation. It'snreglpful.
17 MR ALAUDDIN: It probably starts in April. 17 And thank you for arranging for perfectlyaigeather
18 PROFESSOR BUYTAERT: April. So right now? 18 for this visit.
19 MR ALAUDDIN: Yes. 19 | think we don't have any further questicso
20 PROFESSOR BUYTAERT: Yes. Okay. 20 perhaps we'll move on to the next stageetidy.
21 Do you see any impact of snowmelt onrsedt loads, 21 Although I think perhaps we'll try to do agle
22 or icemelts? How does that vary throughloatyear? 22 photograph of the court members with the ohathe
23 MR ALAUDDIN: We are monitoring and studying thiscause it 23 background, if we can arrange that, eithez bejust
24 is a complicated -- it's not -- it's compléxh 24 down below, perhaps.
25 behaviour of these things, assessment arutiiciimgy 25 MR MIANA: Before going down can we explain dlétbit
Page 17 Page 19
1 this takes time. 1 about the upstream side of the dam?
2 PROFESSOR BUYTAERT: Yes. Thank you. 2 THE CHAIRMAN: Sure, absolutely.
3 MR ALAUDDIN: You are welcome. 3 MR ALAUDDIN: So if you please come here.
4 MR MINEAR: Do you have gauges upstream in which gan 4 So you can see that this is the NeelurerRigming
5 monitor monthly mean discharges? Is that suingethat 5 from the line of control side. This is ouse&evoir.
6 you monitor? 6 As | mentioned, this land is about 4.5 kilorest
7 MR ALAUDDIN: Yes, there are gauges. There aredlgauges 7 So on this side you have seen the sanmgie
8 at different intervals through which we cdildata. 8 from the downstream side. Now we are there@st side.
9 MR MINEAR: Thank you. 9 You see just at the right you can see thefitiodam.
10 PROFESSOR BUYTAERT: Quickly, what type of gaigythat, do 10 The significance, what is the significancéhef
11 you happen to know? 11 rockfill dam? That will be explained in tb@ming
12 MR ALAUDDIN: These are basically -- these aréoguatic 12 presentation, as it has been said, for dayteif the
13 gauges which provides data through the gatl our 13 fault line.
14 control room. 14 Now you see the two gates there. Thestha flat
15 PROFESSOR BUYTAERT: But are they water levelggayl 15 gates. This is a debris channel. It hadiwctions.
16 combined with -- 16 During the high flow season we pass the water
17 MR ALAUDDIN: Yes, level gauges. 17 (indistinct) water, through these gates.oAte
18 PROFESSOR BUYTAERT: Do you know the rating? 18 floating debris are also removed from it.
19 MR ALAUDDIN: Discharge gauges. 19 You see this red line, this we call login. The
20 PROFESSOR BUYTAERT: Okay, but what exactly deytmeasure?| 20 purpose of the log boom is that the debisilshnot go
21 Because typically you have a water level gaudpich is 21 over the intake, on this part near the intege it
22 then converted into discharge with a ratinye -- 22 keeps debris here. And you see when weth-thé
23 MR ALAUDDIN: Yes. The same thing, yes. 23 passage of time, this debris flows towardsigtris
24 PROFESSOR BUYTAERT: Okay, thank you. 24 channel. Had it not been -- this red linethere,
25 MR MINEAR: How far back do your records go wittgard to 25 there would be a heap of debris in fronhefihtake
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1 1 PROFESSOR BUYTAERT: Yes.
2 With this debris channel we have the usid&e -- 2 MR ALAUDDIN: We time to time do that, yes. Ankdre will
3 sorry, the spillways, which are not visible. 3 be a separate briefing on the sediment trgppin
4 Now, you can see from here, from this,sidls is 4 capacity.
5 our desander structure. Under this you s=#dhting 5 PROFESSOR BUYTAERT: Okay.
6 debris, and that trash cleaning machine i®verg the 6 MR ALAUDDIN: The garbage we have prepared fordiesander
7 debris also. So here we have six intake gateagh 7 structures.
8 which water goes into the desander structatehe 8 DR BLACKMORE: Is the desander a critical -- marfiythese
9 end of the desander structure, at the endyosee 9 facilities don't have a desander, so wouldsau
10 the structure for the collecting canal. Ftbm 10 that's a critical part of your operation®dt had to
11 collecting canal water goes into this hegdilegor. 11 pass that sediment at that level througiptireer
12 In the desander stretcher velocities slowdswthat 12 station, what would be the outcome?
13 the sediment may settle at the bottom, anthéa 13 MR ALAUDDIN: Then simply we think that more sent will
14 there is a sluicing arrangement. 14 go and will damage our runners, turbines.
15 So these are some of the salient featufgsu 15 DR BLACKMORE: We're yet to talk to how often yeeigot to
16 have any questions, you are welcome. 16 maintain your runners, but I'm just wonderinigh or
17 Questions from THE COURT 17 without -- some of these facilities don't @dav
18 DR BLACKMORE: You seem to have plenty of plastic 18 desanders, so I'm just interested.
19 MR ALAUDDIN: Yes. 19 MR ALAUDDIN: Soitis basically -- it is -- yosee, it
20 PROFESSOR BUYTAERT: How often is the sedimemtaeed from | 20 depends, there can be a number of optioris fdhere
21 the desander? So how is it removed? 21 are projects without desanders like this.
22 MR ALAUDDIN: Actually, these are removed, contous 22 DR BLACKMORE: Okay. So we'll call this one alRdroyce
23 monitoring of the sediment is carried outie 23 project with the sander.
24 desander structures. But the maximum lirhictvwe are 24 Excellent, thank you.
25 now following is that when a layer of, saynétre is 25 (10.56 am)
Page 21 Page 23
1 deposited, we carry out the sluicing of thdirsents. 1 (A short adjournment)
2 But even then, from time to time, whenevelfea, we 2 (11.33am)
3 regularly take samples of the water and weleee 3 THE CHAIRMAN: Okay, I think we are ready to reseimvith
4 behaviour of the sediment. It's not fixed tha wait 4 presentation 4, whenever you are ready.
5 for 1 metre. It can be whenever the operaalises 5  Presentation 4: Overview of Dam Site Physicaldtion
6 that the sluicing is required, he carriesiit o 6 and Elements
7 You see, we also take samples from tHeatoig 7 DR HAYAT: Mr Chairman, members of the Court ofoRration,
8 canal. That tells us the concentration of the 8 good morning. | am Dr Tahir Hayat and itfdeasure
9 sediments, which are passing from the desatderture 9 to address you again. | am presenting wittUkhar
10 going in there. If the construction becolmigé, even 10 Faroog. Can you raise your hand, please® He
11 then we carry out the sluicing of the desande 11 a senior engineer at National EngineeringiGes,
12 structure. 12 Pakistan, NESPAK. And Mr Fiaz Hanif Sendthief
13 PROFESSOR BUYTAERT: Okay. So you sluice itwhben it 13 geologist/consultant of Tarbela 5th Extenstooject.
14 accumulates too much. How often does it &@appOr is 14 Together we will address the geographic,
15 it highly variable? 15 topographic, hydrological and geological ésstelevant
16 MR ALAUDDIN: At the time I will tell you that irthis 16 to the Himalayan run-of-the-river design, stauction
17 desander structure, after three or four n®iiftlyou 17 and operation.
18 don't carry out the sluicing of the desarstiercture, 18 We will proceed in three parts.
19 after three months and a half months, or fieomths, 19 First, I'll provide you with an overviefthe
20 a layer of 1 metre sediment is depositedchvis 20 physical and social geography and topograplgring
21 reflective that our design of the intake ctuee and 21 the Indus basin and the areas around theie#ielum
22 the design of the desander is very effective. 22 Hydroelectric Project.
23 PROFESSOR BUYTAERT: Do you ever empty them elgtiand | 23 In the second part, Mr Farooq will take yhrough
24 completely clean them out? 24 the hydrology of the region, and point ouhecspecific
25 MR ALAUDDIN: This one? 25 features relevant to Neelum-Jhelum Hydropd®veject.
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1 And thirdly, of course, Mr Sendhu will cerm to 1 which then flows into the Arabian sea.
2 address you on geology of the region, andcpdatly 2 The only river coming from the other sisliéhe
3 the Neelum Valley and the dam axis. 3 Kabul River, which comes from Afghanistan,ezstinto
4 Again, please feel free to ask any questad your 4 Pakistan, and downstream of Tarbela it jdiesihdus
5 convenience during or after the presentations. 5 River.
6 Slide number 2, please. I'll start with t 6 So the green shading in this map showsadtehment
7 geography and topography of this region. Alsbe 7 area of the Western Rivers, all of this graesa. And
8 clear when | make my presentation, and thersthlso, | 8 the somewhat yellow shading shows the catcharen of
9 the Indus basin is actually the lifeblood akBtan's 9 the Eastern Rivers.
10 water supply, and the only river basin of any 10 Slide number 4, please. Next we sesahe map,
11 consequence within our country. 11 but this time showing the glaciers and snovec, which
12 Slide number 3, please. This slide shows 12 is shown in this greyish colour in this arg@he grey
13 a schematic representation of the princigals of 13 colouring shows the snow or ice cover. Tlagom
14 Indus basin, and the catchment areas ottera and | 14 contributor of river flows is meltwater frasnow and
15 the western rivers. In the first place, péeaote the 15  glaciers in the Karakoram and Himalayan mainnanges.
16 line of control. So this is the internatibbaundary, 16 In fact, Indus is one of the most meltwatgahdent
17 and then this is the line of control. 17 river basins in the world.
18 The Indus River is 3,200 kilometres |cenggl its 18 So the combination of snow and glacidt aecounts
19 basin encompasses a total area of approximate 19  for -- and that's your question maybe -- &#6:80% of
20 862,700 square kilometres. The Indus basmia 20 the total flows in the basin rivers. The a@mng
21 Pakistan is made up of the Indus River. h8dridus 21  flows are contributed by rainfall, mostlytire monsoon
22 River, if | may point out here, this is tmellis River. 22 period, in the later part of summer: Junky, August.
23 So the Indus River in Pakistan is madefupe 23 DR BLACKMORE: Just a question then. So howdiaes the
24 Indus River and six major tributaries. Thestern 24 monsoon push in? Does the monsoon pushthightay
25 rivers are the Indus, Chenab and Jhelufmpoltt 25 through into that upper area of the Indus?
Page 25 Page 27
1 those out later, so Jhelum, Chenab, Indusl tAa 1 DR HAYAT: Monsoon basically affects middle andigeern
2 eastern rivers are Ravi, Sutlej and BeaslejSBeas, 2 parts of Pakistan.
3 Ravi. 3 DR BLACKMORE: Yes.
4 The Indus River originates in the Tibdtlighlands 4 DR HAYAT: Mostly. But they do enter into the tioern
5 and then flows through Indian Administered las, 5 areas also. And as | said, previously theyewe
6 enters Pakistan. This is Gilgit-Baltistaram@ilgit. 6 supposed to be up to Dasu Project area, we seging
7 By the way, this is where we are building Daimer 7 signs of monsoon rain. But this, in the (as
8 Basha Dam near the town of Chilas. Theraibdla 8 decade, we have seen that the monsoons @dretdns
9 Dam, which is on Indus, flows through KPK, Rimdown | 9 have also crossed this previous sort of ademynand
10 to Sindh, near Hyderabad. And then neardkara 10 gone up to as high as about this area &edhis is
11 falls into the Arabian Sea. So this is thtt 11 almost all of Pakistan.
12 traverses. 12 DR BLACKMORE: Sorry, but what's the elevatiorhem you've
13 The Chenab River, this one, originates in 13 got the Indus coming around the top?
14 Himachal Pradesh state of India, and paksesgh the 14 DR HAYAT: At Basha, the Indus elevation is ab®50 metres
15 Indian Administered Kashmir before enteriagiBtan in 15 above mean sea level, so it's not that Hiyh.it
16 the Punjab province in Pakistan. 16 rises very rapidly because we have, as yowksome of
17 The third Western River is the JhelumeRivt 17 the highest mountain ranges in this arealik&d2
18 originates in the Indian Administered Kashraird then 18 and Gasherbrum, Broad Peak, Nanga Parbame some
19 it is joined by the Neelum River, which ig sbown 19 of the few.
20 here, but in the next diagram | will showe ¥re 20 So, yes. So at this point in time et at
21 actually somewhere here (indicates). SiNgetum 21 950, at this place. That | know exactly,\&bmean sea
22 River actually flows almost along the linecohtrol, 22 level.
23 and joins the Jhelum River here, at Muzalffada And 23 THE CHAIRMAN: And is the increased effects of ftnonsoon
24 then it flows down; this is Mangla dam. Asfccourse 24 higher further north due at all to climatamte
25 all the rivers ultimately meet and they iiaib Indus, 25 conditions, or not?
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1 DR HAYAT: We believe so. It's always -- you knaslimate | 1 from a hydrology perspective, it's an impariasue in

2 change is still -- | mean, you can -- evenryapp on 2 terms of the reliability of flows and the timgi of

3 there says it's so many percentage chanegnofyou 3 peaks, that's all.

4 know. It's a probability. So we can say ttiat- 4 DR HAYAT: | think in the next part of the presation,

5 we are quite sure that it's part of the clev@tange 5 Mr Farooq will be explaining the hydrology rhumore in

6 that these things are happening. 6 detail. So he will be having more detaildtwat, and

7 THE CHAIRMAN: And that in turn affects the wayathyou 7 | think he'll be answering many of your quarssi at

8 operate the dam, in that if you've got grelayeiro 8 that time.

9 coming through, water coming through, you neegpen 9 MR MINEAR: Excuse me, this area here is outdige t
10 your gates at certain times; is that correct? 10 catchment here. Is that all low land? tpeges me
11 DR HAYAT: Definitely, because the operation lof hates 11 that immediately adjacent to the Indus Ryaer have
12 always depends on the amount of water thaéte/e- so 12 an area that is not included in the --

13 you balance in terms of: you want to fill teservoir 13 DR HAYAT: This must be draining to the otheresidir,
14 because you need the water, so you ... asdipyou 14 then. Not into the Indus. So this part widag
15 know -- and because there are gauging ssagibthe 15 draining to the Indus River, whereas thiswitibe
16 way through. So you have -- and the damsastly, 16 sloped somewhere towards that side, sotthélt be
17 you know, in this reach down there. 17 going to the other side, into the Arabian. Sea
18 So you have anywhere from 24 to 78 haurs, 18 THE CHAIRMAN: Okay. Dr Hayat, please proceed.
19 72 hours of warning that a flood is comit@p the 19 DR HAYAT: So Mr Farooq, as | said, will explatmat heavy
20 operator then has the option to know whéibdras the 20 reliance on snow and glacial melt and flowkdus are
21 capacity within the reservoir to fill thatoming 21 then definitely subject to seasonal variationore in
22 flood; or if he thinks that he's short ofttlihen 22 summers, less in winters.
23 he'll open the spillway gates. And sometitheyg do it 23 So the climate patterns do not just eagording
24 before the storm arrives so that he can here 24 to season but across the length of the Ibdsis. So
25 capacity to absorb whatever is the volumeebega at 25 this is coming to your question partly.
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1 that point in time. 1 In the upper Indus basin, which is thesua the

2 THE CHAIRMAN: Thank you. 2 Himalayas, Karakoram and Hindu-Kush rangéy the

3 DR BLACKMORE: Can I just ask one more questiara 3 way, this is the place, near Gilgit, wherdfadise
4 | think these are important questions fomrugims of 4 three ranges meet: the Karakoram, the Himslayd the

5 looking at the hydrology. So in the last dixave've 5 Hindu-Kush -- most precipitation occurs in tginand

6 got more energy in the monsoons, pushingtiiéu 6 spring, in terms of falling snow, especiatiyhigher

7 north. So that's likely to be a climate cleng 7 elevations.

8 response. Like, it could be in the balance of 8 The lower Indus Basin has subtropical anitiand

9 probabilities something else, but it's unikeso if 9 semi-arid temperature, which is this aread the
10 that's occurring, we're going to see increasthe 10 precipitation is mostly from monsoons: rdiosn July
11 probable maximum floods along through thigae. 11 to September.

12 The other issue for me is how many --mymu get 12 The Indus Basin has an average annuzpjedion,

13 to the top of the Indus, or along the -- wheun start 13 both rain and snow, ranging from 100-500 mtieé lower

14 to go through the very high peaks, do youmkndat 14 basin, to 2,000 mm and above in the Himaléyathills

15 percentage of the glaciers are below 5,006es 15 and higher mountains.

16 DR HAYAT: | don't have off top of my head. 16 So the Indus Basin has, as | said, a®405

17 DR BLACKMORE: Is it the vast majority of glacgst 17 [glaciers] -- somebody has counted, but |ld/say

18 DR HAYAT: More than 18,000 glaciers, so I'll leeto come | 18 18,500, let's say. And they span about 3ist@are

19 back to you on that one, you know: how maey5e000, 19 kilometres. So it is one of the highest eptiations

20 5,000-6,000, 7,000. I'll have to get backido on 20 of glaciers in the world, | would say.

21 that. 21 The climate change has caused warming and

22 DR BLACKMORE: The reason for the question id the 22 accelerated glacial melt, which is your obston,

23 science evidence is showing that glacie@el 23 very correct. As you can imagine, the watétbe

24 5,000 metres are much more affected nowéyglimate 24 Indus Basin are therefore unusually exposdiet

25 change impact, and those above it are léssted. So 25 impacts of the increasing temperature artaded
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change of climate.

1 1 industrial use. So there is that increasteisha
2 Although there is considerable uncertains 2 compounded as the time goes by.
3 | said, you know there's probabilities, arid &md 3 Slide number 6, please. So next | turhéo
4 that -- as to the exact consequence of tinatz 4 demand for power supplied by hydroelectic tglaiill
5 change, two patterns are predicted. 5 show you a series of slides that give youspsinot of
6 First, several studies predict that tietebe 6 the area and local demand centres. In faet, t
7 a significant decrease in total water avditgbiOne 7 Neelum-Jhelum Hydropower Project, which by tiowsure
8 study predicts about 17% by the end of thigurg. 8 you -- we are sitting here right now, and thithe
9 Secondly, increasing heat will put morsded for 9 tunnel and this is the powerhouse area, ardsses
10 water for irrigation, because a lot of watér be 10  the Jhelum at this point in time.
11 getting evaporated, which is the principalevased in | 11 So this actually supplies to a single gni
12 Pakistan, actually. 12 Pakistan. It has no specific demand ceittagtually
13 Slide number 5, please. Now I'll show ttee map 13 goes into the bigger basket of power whighes
14 showing the population density in the IndasiB. And | 14 distributed all over Pakistan.
15 if you look at the region, you know, it gdesm -- 15 So the green plants are the ones whechetually
16 basically, the population density is numidgyeysons 16 in operation, like the Neelum-Jhelum herésifhhere.
17 per square kilometre. So it goes from leas 20 to 17 Those which are under construction: Kohaleih And
18 all the way to greater than 2,000. 18 others which are under planning or desigiting
19 Now, you can see the Indus Basin herghwh 19 different colours, along different rivers éaeiThis
20 | showed you before. And you can see tleat th 20 only shows up to Mangla Dam.
21 significant part of population of Pakistan is 21 So what happens in a bigger basket thahgve is
22 water-dependent, and this is from Indus Basid that | 22 that if one hydropower plant is deficiengttdoes not
23 is where the population is centered. Youadighis 23 make it ineffective: then other plants kiokand
24 red area, which is centred around the IndisinBand 24 there is more flexibility if you have a Idtmants
25 its tributaries, all of it. So this is whgay this 25 feeding into one grid system. You have more
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1 is the lifeline, and life and blood of Pakisteé50 1 flexibility.
2 this contributes 95% of the total water sosiafe 2 Slide number 7, please.
3 Pakistan, the Indus Basin. 3 PROFESSOR BUYTAERT: Sorry, can | ask a quick tioeon
4 So the Indus Basin is home to a populaifon 4 your previous slide?
5 240 million people, out of which 78% live ink#stan 5 DRHAYAT: Please.
6 and 17% live in India. The remaining 5% line 6 PROFESSOR BUYTAERT: What is the difference betwibe red
7 Afghanistan and China. The population iseéasing, 7 and the purple?
8 and quite rapidly. It is predicted that tiopylation 8 DR HAYAT: Okay. The purple triangles are therpled
9 within the Indus Basin will rise to 383 miltidy 2050. 9 plants, and the red triangles are those wdnietunder
10 So from 240 [million], it will rise to 383 iition by 10 construction.
11 2050. 11 PROFESSOR BUYTAERT: Okay, because number 9 stehbeson
12 Pakistan's population has increased byt&86 12 top of the mountain, or perhaps that's sibatary.
13 since 1961. So by 2050 it is predictedwell have 13 Do you know why ...
14 about 400 million people. About 40% of ourrent 14 DR HAYAT: Number 9 here?
15 population lives in urban areas. By 2058, tiamber 15 PROFESSOR BUYTAERT: Yes.
16 would have jumped to 50%. So out of 400ionilpeople, | 16 DR HAYAT: Yes. So number 9 is under constructio
17 by 2050, 200 million will be living in urbameas. 17 PROFESSOR BUYTAERT: Yes, but what type of plarthat?
18 So the density that you see here, angrdveing 18 Because it seems to be off the main rivet assume
19 size of Pakistan's population in the IndusiBdnas 19  it's the tributary --
20 very important consequences for water manegerta), 20 DR HAYAT: It's on one of the tributaries.
21 there will be higher demand, and that is fdechand, 21 PROFESSOR BUYTAERT: Okay, yes, thank you.
22 because you have to feed 400 million pegpleequired 22 THE CHAIRMAN:
23 increased agricultural output and irrigatishich 23 DR HAYAT: But | can get you the number, and fridmat we
24 requires water. And the increased urbanlptpn will 24 canrefertoit.
25 also have water requirement for domestianse 25 PROFESSOR BUYTAERT: Okay.
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THE CHAIRMAN: Can | ask, doctor, of the ones thaist and

Page 38

1 1 All the others are run-of-the-river. Kohadaunder

2 the ones that are planned, roughly what'péheentage 2 construction.

3 between the run-of-river dams and the stodages? 3 DR BLACKMORE: Sorry, Mangla -- the release patttar

4 DR HAYAT: Storage dams are few. Storage sitefaw. So 4 Mangla is around irrigation, not power. Si is

5 in terms of percentage, | don't have off mgcheBut, 5 primarily you're using the water -- while it's

6 for example, if you look at the Indus cascagehave 6 storage-backed hydro, the primary call is for

7 Buniji, we have Basha, we have Dasu, Patarkoth®ut 7 irrigation, and power is a useful outcome?

8 of these, only Basha is a storage dam. 8 DR HAYAT: Your observation is correct, sir.

9 Similarly, on the Indus we have -- onlgrage 9 DR BLACKMORE: Okay. | just wanted to make suméhanks.
10 is -- the other one is Kalabagh, which isafd 10 DR HAYAT: Slide number 8, please. So here veel@oking
11 storage right now. So that is the other. 11 at the transmission lines. And as | saitlezayou
12 So most of those plants are power plants, 12 know, this is the transmission line thatasg from
13 run-of-the-river, most of them. If you nesdexact 13 Neelum-Jhelum, and it is feeding into a ngaid. So
14 percentage -- 14 most of -- the highest transmission lineagptthat we
15 THE CHAIRMAN: No, no, no, that's fine. | wassjicurious 15 have is 525/500 kV, which is shown in thigyerga or
16 generally. 16 red sort of colour. The greens ones ar&k220
17 DR HAYAT: Generally. 17 Then of course this is the transmissaitage. As
18 THE CHAIRMAN: Yes. 18 you go down, then you step down -- thisdagmission
19 DR HAYAT: Generally. 19 voltage. They you step down from 525 to 220n 220
20 THE CHAIRMAN: Very good. 20 to 110, 110 to 66, and all the way dowrytil go to
21 DR HAYAT: Yes, sir. 21 the household or industries.

22 DR BLACKMORE: While we're talking hydropowerjuist want | 22 But this shows the main -- so it is oomplete --

23 to go on to pumped hydro, because you hastatvely 23 so the idea is to show that this is one cetagrid

24 small amount of storage-backed hydro, sagau 24 from Karachi all the way to the north, in etall

25 run-of-the-river. I'm just wondering whetlieere is 25 these plants feed in, and then it is distedu So
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1 arole -- have you seen a role in Pakistapdanped 1 whole of the Pakistan is connected to ondesimgd.
2 storage to meet peaking demands? Or isahawhere 2 Slide number 9, please. Now, the priricipa
3 in the future? 3 immediate effect of any hydropower is causefilling
4 DR HAYAT: To the best of my knowledge, sir, no. 4 of the reservoir, and we inundate the aread you saw
5 DR BLACKMORE: Okay. 5 the reservoir here also when you were on toipad
6 THE CHAIRMAN: Okay, doctor, thank you. 6 building, which causes water level to rise. tt&

7 DR HAYAT: Thank you, sir. 7 reservoir gives the run-of-the-river hydropoviee
8 Can we move to slide number 7, pleasethiSas 8 storage, as | talked about yesterday, witiah 24 or
9 the area we look closer to the -- near thdudeghelum 9 one-day cycle, so that you can have peak ddaach all
10 Project. This is the place where we are nigv. And 10 those things, and create generating head.

11 this is the line of control, as was pointetito you. 11 So the reservoir, normally in these réithe-river
12 This is the tunnels passing. And this ispinerhouse 12 projects, it's in a narrow valley, which @nstrained
13 location, you can see the load centres he&o 13 by its size. So therefore, as a consequénee,

14 Islamabad is here. We have Abbottabad dret oities 14 reservoir could be many kilometres long.

15 which are closer by. 15 So the reservoir will be filled, actually the

16 But, as | said, this is not a specifanplthat 16 predefined level of an ungated spillwayydfi have
17 feeds only these load centres, but it -hénrtext 17 an ungated spillway, the maximum level that t
18 slides you will see it feeds into one biglgri 18 reservoir will obtain will be that of the waigd

19 So actually, this Neelum-Jhelum, it opesan 19 spillway. And as the river rises above thgated
20 conjunction with two other plants, and onthis. We 20 spillway, it will automatically spill overAnd of

21 have Patrind somewhere around here, andioedohala | 21 course, if you have flood, there will be sdtoed
22 is under construction. And Karot, which ésvd here 22 surcharge over and above that.

23 somewhere, which is off the map somewhere, Imear 23 If you have gates, then the maximum lefiéhe
24 Mangla. So Patrind is 150 MW and Karot i® KR&V. And | 24 reservoir is controlled by the top of theegatSo the
25 Mangla is of course 1,000 MW, and it's aagjerdam. 25 top of the gates defines your reservoir leyeld
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1 there, when there's more water, they are toperlease 1 land, basically. So there's hardly -- becémisdams,

2 excess water. 2 you need a space in which you can constraaiam and

3 So in mountainous areas, you know, dags site 3 have it contained, sort of a reservoir. Aathmally

4 quite narrow, which can pose quite a few ehaks. 4 you would look -- on a river when you're desig

5 Limited area, you have to put a lot, manyghin 5 a dam, you look for a place where the riveraisow,

6 together. So the width of the valley anditgtid 6 i.e. there is a natural constriction of terj but

7 pass the design flow through the spillway, Inauch 7 behind it you have an open valley, so thdt e#ch

8 space you need, if you have desanders, howityaiu 8 metre height of the dam you get more storage.

9 these things together. And you have seenanme of 9 Like in this valley, this is okay for

10 how we have done it in Neelum-Jhelum, antiave done | 10 run-of-the-river. But if you have a veryegtevalley,

11 some excavation and things like that. 11 you can hardly store any water in that. &olgok for
12 Now, I'll describe what happened to Neellnelum 12 a valley which is -- at the dam site it \g#l narrow,

13 with that specific case when they filled tbgervoir. 13 so that you can save on the constructioneoflam and
14 Next slide, please. So in slide numBeyau will 14 it will be easier to build the dam. But ehihe dam
15 see this is a Google image of the area before 15 you have an open wide valley in which you stane

16 construction of the project. So this isdhen site. 16 water. So those storage dam sites, you kihey,are
17 The dam total width is about 250 metres.t Ehafter 17 a gift of nature in any country that you thetse
18 excavation and everything. And at full payelievel, 18 sites, and you try to maximise on those. éthér than
19 which is 1,015 metres above sea level, yoisea this 19 that, then you go for run-of-the-rivers.
20 is the contour which was predicted, thatwosld be 20 THE CHAIRMAN: Is one way to think about the éifénce
21 the extent of the reservoir created. Socgousee, 21 between a run-of-river dam and a storagetamfor
22 compared to its maximum width of 250 metites width 22 a run-of-river dam, you are able to have sameunt of
23 actually also decreases, and it is quitetdinear 23 reservoir or pondage, but only enough to $mowt, on
24 sort of feature that is created in a normaldthyan 24 a daily basis, the peaks; whereas for aggatam you
25 run-of-the-river project. 25 are able to smooth out the entire year?
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1 Now | will go to slide number 11, pleagend here 1 DR HAYAT: Very good, sir. | think you have hiig nail on

2 you see satellite imagery after the dam wastoacted. 2 the head.

3 So this is the dam, and this is the -- yousssnthe 3 THE CHAIRMAN: | get a degree, | think!

4 reservoir, and this is about 4.5 kilometresifthe 4 DR BLACKMORE: I've just got a couple of questiaizout the

5 dam. So this is the effect that a run-ofsikier in 5 storage dams. So let's deal with Mangla fooeent,

6 Himalayas, and the specific example of Neeltngium 6 because it's downstream. And I'm not awares that

7 has. 7 have a reregulating pondage downstream afdh& So

8 So by constructing a 47-metre high dam, th 8 you just release in peak, keep the flow dowgast of

9 reservoir extends about 4.5 kilometres eifd®. So 9 the dam, even for what you need for irrigagthmut
10 the higher the dam, the longer the reservoir. 10 enables you to use the power stations fdipgaower?
11 So that concludes my part of the preientaNext 11 Tarbela does, but I'm not sure --
12 will be hydrology, to be dealt with by Mr Unfaarooq. 12 DR HAYAT: Tarbela has that reregulation going fo
13 If at this point in time you have questiguisase. 13 Ghazi Barotha. And to the best of my knogéed but
14 Questions from THE COURT 14 I'll refer that question to one of my collees sitting
15 THE CHAIRMAN: Before we let you go, doctor, | dave 15 here -- to the best of my knowledge --
16 a couple of questions. 16 DR BLACKMORE: It doesn't.
17 So the reason why most of the dams irsRakare 17 DR HAYAT: -- Mangla does not have. Am | corfect
18 run-of-the-river dams is because it's naigims of 18 Mangla does not have one. (Pause)
19 the topography, possible to have a storage dis that 19 THE CHAIRMAN: Just to remind everyone, we needreate
20 the main difference/reason? 20 a transcript of this, in part so our colleggiudge
21 DR HAYAT: You are quite right, sir, in that sensBecause | 21 Awn Al-Khasawneh can benefit from our conségom. So
22 for a storage dam, you require -- topograployne of 22 whenever anyone speaks, let's have a mianepghdront
23 the major features, as well as geology. 23 of you.
24 Most of Pakistan is actually quite flals you go 24 That's not to cut anyone off: we want the
25 down from Islamabad then up to Karachi, dlidlat 25 information. It's just we want to capture it
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1 MR MINEAR: Two quick questions. First, were arijages 1 the exact timeline on the life of the projactl they

2 inundated by the creation of this reservalvas anyone 2 keep on doing some exercises to maximisefehef]

3 displaced as a result of this? 3 these projects.

4 DR HAYAT: Few peoples displaced. There were ffeits and 4 For example, at Mangla, they have dore aflwork

5 all others in the reservoir. But it was aroararea. 5 in the catchment area by building small chazuks,

6 So to give you the exact number, | will refes to 6 plantation, because that checks the amoisgdifnent.

7 Mr Ayub Malik: | think he may have the answéthe 7 And it has had an effect, it has had a defieffect

8 exact number. But it was few. 8 on the sediments that flows in, because ofyfbe of

9 Once the mic is with you, can you answat t 9 the catchment that it has.

10 guestion, please? 10 In terms of the exact number or timeher t
11 MR MALIK: There were some houses where we werthe top,| 11 estimate -- it is always an estimate, iteigan
12 where you saw that and where the desand&cavated. 12 an exact number. So both for Mangla andélarihere
13 There was a few houses that have been retbcaind 13 are studies with ballpark figures of how ¢kediment is
14 there was a girls' school there that WAPDi% bu 14 moving, and how long it will take to movegtaertain
15 a replacement area. That school was bnittlze 15 position.

16 people who were relocated from here werengive 16 If you want that information in detaile\W
17 compensation for that land. 17 provide you. | don't have it at my fingestigt this
18 So very few: | think it was hardly 10@pk were 18 point in time.

19 relocated from this area. 19 DR BLACKMORE: | know a fair bit about Tarbelatbdon't
20 MR MINEAR: If I could just go back to slide 5rfa second. 20 know anything about Mangla. So | just warited
21 DR HAYAT: Please. 21 understand, because it's such a key piece of
22 MR MINEAR: | was curious about this area sotftthe 22 infrastructure for Pakistan, and if it hdgeaof
23 Indus. It does not receive any irrigatioriendrom 23 50 years you'd start to worry. If it hafe of
24 the Indus? Or does it get adequate watés,ipjust 24 500 years you'd be less worried. So | justted to
25 not farmed in that area? 25 understand where you were on that journey.
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1 DR HAYAT: Ithink it's not farmed in that are®art of 1 DR HAYAT: As you know also, sir, we went for aigiieening

2 it, if I'm correct -- if my high school lessoare 2 of Mangla Dam. So we have increased its dgpac

3 correctly remembered -- quite of it is deseei. 3 DR BLACKMORE: I've seenit. It's very nice.

4 MR MINEAR: Okay, thank you. 4 THE CHAIRMAN: Very good. | think that's it forup

5 DR BLACKMORE: I'm going to come back to the qimstof 5 guestions. So, Dr Hayat, | guess it's Mr Bqnaext.

6 sediment, because every time | look out atethe 6 (12.12 pm)

7 mountains | worry about it, as you do. 7 (Pause)

8 So you've got run-of-the-river dams, aod'ye got 8 (12.15pm)

9 sediment management to make sure that, iertiethe 9 THE CHAIRMAN: So, Mr Farooq, whenever you aredga
10 sediment goes downstream. Then at the etiikof 10 MR FAROOQ: Mr Chairman and members of the Cofurt
11 you've got Mangla. We won't deal with Tashele'll 11 Arbitration, | am Muhammad Umar Farooq, wogkas
12 stick with Mangla. 12 senior engineer in the water and agricultdirdasion
13 So is there an estimate of the lifetifhthat dam? 13 of NESPAK. You will be hearing from me a ptauof
14 Because there's only a finite amount of tina¢ you 14 times during the course of these presentatiby
15 can put sediment into it before you stamtrtpact its 15 focus for now is a short presentation on bigdyy.

16 capacity. I'm just wondering whether thereznd 16 Slide number 13. This map shows theeatea of
17 they're very difficult to flush. Like, thitam is very 17 the Indus Basin, falling within the terriesiunder
18 easy to flush. Mangla is, you know, almogtdssible 18 the control of four states: in green, apprately 59%
19 to flush. I'm just wondering whether thessme work 19 of the Indus Basin area is in Pakistan, whicludes
20 being done that would give us an idea ofikiety 20 the area of Pakistan Administered Kashmipr@agmately
21 lifespan of Mangla. 21 21% of the Indus Basin area is in India, Whincludes
22 DR HAYAT: You're aware, sir, there are severatles 22 the area of Indian Administered Kashmir, @s gan see
23 being done, have been done, both the two res@rvoirs 23 here in blue colour; the rest of the 20% &@dmost
24 that we have, Mangla and Tarbela. And tlaeh 24 equally divided between Afghanistan and China
25 sediment coming in, as you know. The exantber and 25 The hydrologists divide Pakistan's teryitinto
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1 three hydrological units. By far the largeghe 1 the town of Gurez, about 12 kilometres upstre&the
2 Indus Basin, which covers approximately 65% of 2 line of control.
3 Pakistan's territorial land. The two othesiba 3 To the centre left of the map, here is the
4 include an endorheic basin in the Kharan Déser 4 Neelum-Jhelum Hydroelectric Project. KishengaRiver,
5 western Balochistan, which has no outlet ¢éostim, it 5 as it passes through the line of controhase
6 is here. And the other is Makran coastalrhasiich 6 changes to the Neelum River, and this Neelehidn
7 directly drains into the sea here. 7 Hydroelectric Project is situated on NeeluweRhere.
8 The Indus Basin is heavily influenced bgiter 8 It diverts the flows of the Neelum River thgbu
9 precipitation in the high mountains in thenfiasf 9 a tunnel and powerhouse and discharges iatdhilum
10 snowfall, by summer monsoon rains, and byipigeer 10 River here. The flows that are being divieete
11 atmospheric phenomenon. The extensive 208&ifg, | 11 Kishenganga Hydroelectric Project are noil@via for
12 which displaced around 7.6 million populatisas 12 hydropower generation at Neelum-Jhelum Hydobec
13 attributed to two atmospheric rivers thaspdsover 13 Project.
14 southern Pakistan. These so-called atmdsphears 14 Slide number 15. Mr Chairman and memobkgtise
15 are long narrow zones of wind that carryhger 15 court, as you would have seen on the driva the
16 vapours out of the tropics. An average apinesc 16 hotel to the dam site, Neelum River is flaywjuite
17 river can carry roughly the amount equal mecath's 17 strongly, but not at its full level. You csiill see
18 flow of Mississippi River of the United Staitef 18 some rocks visible in the water. At the mointne
19 America, and an exceptionally strong atmosphieer 19 river is flowing at a rate of about 250 cumbat the
20 can transport water vapours about 15 timésadf 20 flow will be around 1,200 cumecs or morehi@ month of
21 amount. 21 July due to monsoon rains.
22 Slide number 14. 22 This graph shows the dalily dischargailsicmetres
23 DR BLACKMORE: Sorry, can | ask a question? 23 per second for the years 1993 and 1994, sigowi
24 Are these atmospheric rivers which wesarng 24 a typical seasonal pattern of Himalayan sivérhe
25 more and more -- | saw one in America regeatid 25 flow in Kishenganga on Neelum River is stigng
Page 49 Page 51
1 we've had one in Australia in the last six then- are 1 seasonal. The highest flow occurs from thatmof May
2 they becoming an increased phenomenon, orthayéeen | 2 to the month of August, due to snowmelt inthper
3 around for -- is it being driven by climateaoige and 3 catchment, and monsoon rainfalls in the love¢échment.
4 increased energy, or has it been a part cfythiem 4 Meltwater begins to start in spring, and monms@ins
5 for hundreds of years and we're just notitiegn 5 typically occur from May to August and intopBember,
6 more -- 6 and there is a long dry period from Octobeh&end
7 MR FAROOQ: Sir, | see it as a part of the clinzitange 7 of March.
8 phenomenon. For example, we have two selarésfin 8 Slide number 16. This slide shows thé/dai
9 Pakistan in the last 13 years. One was i0,281d the 9 sediment inflow in tonnes per day for the spem@od of
10 most recent flood was in 2022. So, yes, areconsider 10 1993 and 1994. As you can see, it broadbks the
11 that these are due to the climate changena 11 flow of the Neelum River, as shown on thesjmes
12 change could be one of the phenomena thaving 12 slide, and the importance of floods on thiénsent
13 these types of atmospheric rivers in suavare 13 transport is clear. Notice that the sedinramsport
14 condition. 14 drops to near zero in the dry season, despitinuing
15 Slide number 14. Now we have a closek & the 15 water flows, as you can see here.
16 tributaries of the Indus Basin, or | woulg §a&dus 16 During the winter, the dry season, therd run
17 River. As Dr Hayat mentioned earlier, theéus Basin 17 clear, but the dry season is also the omlg tf the
18 is comprised of Indus River, and six of i@jon 18 year that sediment on the riverbed can bereéd,
19 tributaries: River Jhelum, Chenab, Ravi,&pathd Beas 19 because the bed is entirely submerged dtireng/et
20 join the Indus River at the left bank frore #ast 20 season.
21 side, and Kabul River joins the Indus Rivtetha right 21 Sediment flow rates are measured by sagibie
22 bank from the west. 22 sediment concentrations in the river durirgwet
23 In the centre of the map, as shown irothage 23 season, and based on the observations arsdmaeent of
24 triangle, it is the India's Kishenganga Hytdeotric 24 the size of the sediment on the riverbechdutie dry
25 Project, which is situated on the KishengdRigar near 25 season, the winters.
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Different types of samplings during botht\end dry

Page 54

1 1 PROFESSOR BUYTAERT: Okay.
2 season is needed to better quantify the setime 2 MR FAROOQ: The plant will not be operating for{2durs of
3 transport. As we will come to discuss in the 3 the day, but at least for part of the day edeling
4 forthcoming presentation, the equilibrium bedw 4 upon whatever we are getting flow at the dien s
5 sediment inflow and outflow is important foaimtaining 5 PROFESSOR BUYTAERT: Okay. And then | think theetion
6 the live storage. Several techniques carsbd for 6 is determined both by the amount that appedte
7 this purpose. 7 river and | guess also the loads, the demand f
8 Slide number 17. This slide summarisesrfiow 8 electricity and the variation throughout tlee;ds
9 of sediment by month for multiple years ofedaf\s was 9 that right?
10 shown for the 1993 and 1994 data, almosheall 10 MR FAROOQ: Partly. | mean, normally we havehhilgmands
11 sediment is delivered in the summer monihd, a 11 in the evening and it is -- | mean, thereraa@y
12 virtually no sediment transport in the wirt@snths or 12 factors, but one factor is that how the cjpenaants
13 dry season. 13 to run the plant. But as usually we havé ligmand in
14 Mr Chairman, this concludes my portionhi$ 14 the evening, so most of the time we don'taipehe
15 presentation on hydrology. | will now hanetioto my 15 run-of-river plant in the morning and colléwt water
16 colleague, Mr Sendhu, who will address yogeoiogy, 16 in the operating pool and then releasetliénevening
17 and before | do, if you have any questidmsn t 17 when the demands are high.
18 I'm here to answer. 18 PROFESSOR BUYTAERT: Okay. Thank you. Do youta
19 Questions from THE COURT 19 follow up on that?
20 THE CHAIRMAN: Thank you, Mr Faroog. | think vé® have at | 20 Then I'll just ask my second questioo.tt&nk you
21 least one question. 21 for giving the overview of the hydrology bEtentire
22 DR BLACKMORE: So if we go back to slide 15, deasir. 22 country. For the Neelum basin in particuleould you
23 So when we are going through the dry seasiis-is 23 know what the average precipitation is olierNleelum
24 just a typical one. So we're going throughdry 24 basin?
25 season, the capacity of the power statioriameels is 25 MR FAROOQ: | don't have the average value dverthole
Page 53 Page 55
1 200 plus cubic metres a second. 1 Neelum catchment. But here where we are righ, in
2 MR FAROOQ: 280. 2 Muzaffarabad, the precipitation is of the orofe
3 DR BLACKMORE: Yes. So we're way below that fiwef or six 3 1,400 mm per year.
4 months of the year, or five months of the y#éar 4 PROFESSOR BUYTAERT: Okay.
5 I'm reading it correctly. So what is the dewi on 5 MR FAROOQ: But definitely as we go more in thethdhe
6 how much water you generate and how mucheaelin 6 precipitation reduces, and | don't have treeefigure
7 the river? So what's your environmental flmw 7 for the whole catchment.
8 compensation flow strategy for this dam? 8 PROFESSOR BUYTAERT: Okay. And then perhaps asagain
9 MR FAROOQ: For now, as the lowest recorded dailpw at 9 the question | asked earlier about the meftiod
10 this dam site is about 20 cumecs, so the WRARD 10 measuring streamflow. Would you happen kwhat
11 ensuring to release at least this amount sioeam of 11 method was used here?
12 the dam. 12 MR FAROOQ: Yes. Sol can tell you, sir, that RIDA has
13 PROFESSOR BUYTAERT: A related question. So franen to | 13 a dedicated department named Surface Watioldgy
14 when is the plant able to perform at maxinpawer 14 Project, or SWHP. It has a monitoring netnamross
15 production? 15 all of the major rivers in Pakistan, and whay do is
16 MR FAROOQ: So, sir, the design discharge oftleke is 16 they install gauges -- they normally recoahoally --
17 280 cumecs, and from this graph | can shawtlyat you 17 they record manually at the gauges and tragtain
18 can see from May to the month of August theatpwill 18 a log for each site, and then they carrytimit
19 be generating its installed capacity, or 4l 19 physical flow measurements at each sitexteldp
20 operating at full capacity, and for the afghe 20 a relationship between the gauge and thealige.
21 months it will not be. 21 PROFESSOR BUYTAERT: Mm-hm.
22 PROFESSOR BUYTAERT: And so for the rest, is the 22 MR FAROOQ: Then the data is transported to thedd
23 environmental flow always 20, or does it adepen the 23 office in Lahore where they apply some qualitecks
24 inflow? 24 and water balance techniques to ensure #iiyoof
25 MR FAROOQ: I mean, it depends upon the inflow. 25 the data. And after ensuring the qualitthefdata,
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1 they translate the daily recorded gaugestivgo 1 DR BLACKMORE: Okay. Thank you.
2 discharge series and then they publish itd #hat is 2 THE CHAIRMAN: Great. Thank you very much, Mr Bag. Are
3 basically the data the designers rely forgiesf any 3 you finished with your presentation? | thatk
4 hydropower project or development of water 4 MR FAROOQ: Yes, | am.
5 infrastructure. 5 THE CHAIRMAN: Thank you very much. That's vergipful.
6 PROFESSOR BUYTAERT: Yes. Would you happen tokitee 6 And | think now we have Mr Sendhu.
7 method that is used for the flow measurements? 7 (12.30 pm)
8 MR FAROOQ: So basically surface water hydrolagijofvs the 8 MR SENDHU: Mr Chairman and members of the Cotirt o
9 guidelines as set forth by the USGS, and ntlyréhey 9 Arbitration, my name is Fiaz Hanif Sendhuedently
10 are doing the physical flow measurementsusent 10 I am working at Tarbela 5th Extension HydmppProject
11 meter method. 11 as the chief geologist. Before that | haveked as
12 PROFESSOR BUYTAERT: Okay, yes. 12 the resident geologist at this Neelum-Jhelum
13 MR FAROOQ: And for all the measurements, whethey are 13 Hydroelectric Project.
14 flow measurements or sediment measuremants, t 14 I have more than 35 years of experiehtave the
15 standards to follow is the USGS. 15 honour to address you on the geology ofég®n and
16 PROFESSOR BUYTAERT: Yes. And the water leveasueementy 16 dam site. The geology of the region is venmyplex and
17 that are done manually as well, do you know bften 17 challenging, due to pressing and foldinghefdtrata
18 they are typically done? Is that daily, erfaps 18 and rocks in the region.
19 hourly? 19 Slide number 19, please. This slidédssng the
20 MR FAROOQ: Yes. Atleast that -- | can tell yiathe 20 tectonic map of the region. Neelum-Jhelurdridglectric
21 high flow season or summers, at the key ilmesithe 21 Project lies in these Himalayas, there igitira site.
22 gauge is recorded at one-hour interval, argan say 22 The Himalayas are geologically young moustain
23 that there are 24 values in a day. And irters they 23 developed as a result of collision betweerrsd
24 may be recording, say, four to six observatio 24 continental and microcontinental plate fragtee The
25 a day, and depending upon whether it is ddeation 25 northwestern part of the Himalayas is subi@diinto
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1 or not. 1 units: Sub Himalaya -- this is also calledfthahills
2 PROFESSOR BUYTAERT: Okay. Thank you. 2 of the Himalayas; Lesser Himalayas; Kohistgquence;
3 DR BLACKMORE: Just something | didn't understahdion't 3 and Higher Himalayas.
4 understand a lot, but | didn't understand guswe'll 4 These units are separated by a seriesralfql to
5 try and work through it a little bit. 5 sub-parallel thrust faults. This is the madnindary
6 So when you're releasing water througlptiveer 6 thrust, this is going like this, this is maentral
7 station and at some parts of the day you'elsed off 7 thrust, and this is main mantle thrust. THasls
8 the power station, you're not generating,athdr 8 were developed due to collision between Eanggiate
9 parts, for peak, you are, that tells me tbatye got 9 and the Indian plate. Here is the Eurasiategind
10 to have some operational pondage here. 10 here is the Indian plate along this MCT faduldian
11 MR FAROOQ: Yes. 11 plate is subducting below the Eurasian plBige to
12 DR BLACKMORE: | wasn't clear that there is amgtional 12 Earth's subduction, stresses were developetds the
13 pondage. | thought it was a run-of-riveilfigzc So 13 south side, and due to these compressionstrasdes,
14 what percentage of the dam capacity is sxdperating 14 these faults were generated. The MBT, maimdbary
15 range that you can use for meeting peak ddsflan 15 thrust, passes below the dam foundation here.
16 MR FAROOQ: Sir, the total capacity, or the greagacity 16 Another important feature of this aretinés
17 of the reservoir is around 10 million cubic - 17 Hazara-Kashmir syntaxial bend. All the limeats and
18 10 million cubic metres, and out of the 10iam cubic 18 strata in this area have taken a bend oti@ég@ees.
19 metres, 3.8 million cubic metres is the ciapad the 19 Sediments deposited in this core of the bétidthe
20 operational pool. 20 passage of time were converted to sedimerdgekg, and
21 DR BLACKMORE: And what's the operational range? 21 in this other area, these are metamorphisroc
22 MR FAROOQ: The full pond level is at 1,015 mstabove the | 22 The region is tectonically active andlggcally
23 mean sea level, and the minimum drawdown is\a 23 complex. This makes it challenging to baydropower
24 1,008 metres. So it creates an operatiangker of 24 plants, but it can be done, as Neelum-Jhelum
25 around 7 metres. 25 Hydroelectric Project shows.
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1 Slide number 20, please. This slide shba/s 1 DR BLACKMORE: It's freshwater. Because | cap#s
2 geology of the Kashmir region. All three tyjué 2 anything else in it.
3 rocks, sedimentary rocks, metamorphic roahd,igneous [ 3 MR SENDHU: Because these sediments, all thesmeats, as
4 rocks, are present in this region. Neeluniadhe 4 previously | have said, in the core these wetbments
5 Hydroelectric Project is located in the seditagy 5 of previous already-existing rocks, they @diments
6 rocks of this yellow, and here this is Neellilelum dam 6 transported with the water, with the rain aiith the
7 site and this is tunnel, it is mostly locaited the 7 gravity, and deposited, and then they wereeed
8 sedimentary rocks. Only dam site, right aleutnof the 8 into the rocks.
9 dam, is lying on the metamorphic rocks. 9 DR BLACKMORE: How old? How old are the sedimewpteocks?
10 Next slide (21), please. These sedimgnbtaks 10 MR SENDHU: Yes?
11 I'm talking about are unstable due to weprlag and 11 DR BLACKMORE: How old? What age?
12 tectonic deformations, because due to thd beese 12 MR SENDHU: These sedimentary rocks are frommiillon to
13 have become deformed and sheared. Thisskt®wing | 13 23 million years before, Miocene age.
14 the geology of Neelum Valley. These arestridimentary | 14 And second, this one is siltstone racks
15 rocks. This yellow colour, this is the M@re 15 a sedimentary rock that is composed mostiyiof It
16 formation, and the red and maroon are theutdaz 16 is a type of mud rock with low clay contef its
17 formation and Tanol formation. These areametphic 17 maroon colour, reddish colour, is due tolaggous
18 rocks. These names, Murree formation ancitdzend 18 material, due to clays.
19 Tanol formation, these are stratigraphic reagneen by 19 And the third one is graphite schist. dde't have
20 the Stratigraphic Committee of Pakistan, who 20 the sample of this rock -- this is metamarpbik --
21 differentiate the same type of rocks depdsitehe 21 because a 7-8 metre bed was encountereddben
22 same period. Also, there is metamorphic.rdaks is 22 excavation, and then it was buried undedéma
23 Panjal formation. This is a group of metgwhar rocks. 23 structure. So at present we don't havaitgpte. It
24 Next slide, please, 22. This slide is 24 is medium to large-sized crystals. It is kviea
25 a cross-section of the geology at the deen Jihe 25  moderately weak. It can easily split into fakes.
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1 older rocks of metamorphic rocks have bearstad 1 And the next here is greenstone rocks Ehi
2 up -- this is the fault line -- have been #ted up 2 metamorphic rock, and it has been metamorphiosm the
3 and come into contact with the younger agksro€ the 3 igneous rocks.
4 sedimentary rocks. They have moved from edatal to 4 MR MINEAR: From igneous rocks?
5 vertical position, because the position isZootal, 5 MR SENDHU: Yes. Inthis area it is convertediirbasalt
6 but due to thrusting they have been shiftedeo 6 to greenstone.
7 vertical, to these deformations. 7 THE CHAIRMAN: It does have a greenish look to it.
8 Mr Chairman and members, | have displapede 8 MR SENDHU: Yes, it is due to -- it's some minarahtent
9 samples of the rocks just for your visual obeson. 9 epidote and chlorite. Those minerals haveghéenish
10 THE CHAIRMAN: Thank you. 10 colour.
11 MR SENDHU: This is sandstone. This is sedinmgmtack. 11 Slide 23, please. This is fault contetiT.
12 It forms when grains of the sand are cementgether 12 Lower is sedimentary rocks. These are tteaie,
13 over long periods of time. Itis a hard rdakt due 13 this is sandstone, and above are Panjal famngroup
14 to stresses it has been deformed. In sldeel see 14 of metamorphic rocks. This picture was taddeout
15 how this hard rock has been deformed anedold 15 1 kilometre downstream from the dam axisis That
16 DR BLACKMORE: Sorry, question: does this haveaxine 16 the right bank of the dam, and this faulvbfanoves
17 phase, or has it been freshwater? 17 into the river, and at dam site it shiftetblethe dam
18 MR SENDHU: Sorry. 18 foundation.
19 DR BLACKMORE: Has it been laid down under tha selaid | 19 Then after 500 metres upstream from &éme,
20 down under freshwater, this rock, this sedifhe 20 shifted towards the left bank of the riv8o in
21 MR SENDHU: I'm sorry, | couldn't understand y@orry. 21 1.5 kilometres, the fault shifted from thghtibank to
22 DR BLACKMORE: No, it's alright. I'm just wondeg whether | 22 the left bank, passing below the dam foundati
23 this was laid down as a sediment in a frestfiwa 23 Next slide number 24, please. This st@wvs the
24 environment? 24 main boundary thrust at the Neelum-Jhelunrésidctric
25 MR SENDHU: Yes, yes. 25 dam site. Here was a dam site, and thisiead
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buried under the river alluvium at dam sitej these

Page 66

1 1 DR BLACKMORE: Just -- you may not be the rightgm to

2 MDBH, these are the main dam boreholes. Tiese 2 ask but I'm going to ask it anyway, put itratice.

3 boreholes were drilled to determine the depthe 3 So when you've put your flexible part of ttadin

4 sound rock for placing the dam foundation fand 4 place, the rockfill dam, what was the impengitayer

5 locating the contact of the fault. These boles were 5 that you have used in that?

6 drilled into the riverbed. 6 MR SENDHU: Clay core.

7 DR BLACKMORE: Sorry. So given that you've gdaalt 7 DR BLACKMORE: Is it clay core?

8 running up the river, basically, do we have estimate 8 MR SENDHU: Clay core, yes.

9 of when it was last active? When the fauls Vest 9 DR BLACKMORE: Yes, okay. Thank you.

10 active, when it was moving? 10 MR SENDHU: Slide [25], please.

11 MR SENDHU: ltis not active. | am coming nextiat. 11 This is during the excavation of the fafion.

12 DR BLACKMORE: Oh, okay. Sorry. 12 This is in the cross-section of this fadthis is the
13 MR SENDHU: The right abutment of the rockfillndas 13 contact of the fault, the sharp contact.s T4

14 resting on the metamorphic rocks. So thestha 14 sedimentary rocks, these are siltstones tes

15 Panjal formation metamorphic rocks, righttatant of 15 sandstones, and this is graphite schist.

16 the rockfill dam is lying on these rocks, algersion 16 Slide 26. These pictures show the ingpaicMBT
17 tunnel also crosses through these metamaqutks. 17 fault on the rocks. Deformation and opengaan be
18 Upstream from this picture is the inlet, &#mid is the 18 seen. These hard and brittle rocks have treden and
19 outlet of the diversion tunnel. At the tiofehis 19 big cavities have developed. A lot of efdrad to be
20 picture, the excavation was in progress footh ends 20 made to strengthen the foundation rocks.nésmwf
21 of the diversion tunnel. 21 cement was injected to consolidate the damdation
22 In 2005, an earthquake occurred in Mazalfffad and | 22 rocks. These rocks were encountered orighelrank
23 adjoining areas. This earthquake was alomg t 23 below the rockfill dam foundation.
24 Muzaffarabad Fault. During construction @98, 24 Next, please, [slide] 27. This is, fipahere
25 designers had to examine the main boundargttto 25 are photos of the effect of compression en th
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1 determine the impacts of the 2005 earthquakbe® 1 sedimentary rocks. In this area you cantiednammer
2 fault. A geological field survey found nosigof 2 is placed for the scale, to visualise the sfzbese

3 movement along the MBT. Surveys could noverany 3 micro folds. This is the same hammer | hdaequ

4 rupture along the MBT fault at the dam sitd, ib 4 here, just to understand (indicates).

5 cannot be ruled out that there could be adutu 5 Due to these folds, we have challengds wit

6 movement on the main boundary thrust at the site 6 collapses, rockfalls, and landslides.

7 during the lifetime of the project. 7 Next, [slide] 28.

8 So keeping in view these risks of movenadorg 8 So thank you, sirs, if you have any qoesti

9 this MBT fault during the lifetime of the peajt, the 9 Questions from THE COURT
10 dam design was changed. Previously it wasrete 10 THE CHAIRMAN: Thank you, Mr Sendhu.
11 gravity dam. Then it was redesigned as gpogite dam. 11 You just mentioned landslides. Havedtmen
12 A rockfill dam with clay core covering thaifezone on 12 landslides up upstream or downstream frondéme since
13 the right side and the concrete dam withcyspdlway 13 it was put into operation?
14 and other structures on the left side. 14 MR SENDHU: Landslides, the studies were camigtchy
15 Next, 25. 15 NESPAK into the reservoir area, and theymenended
16 PROFESSOR BUYTAERT: Do you have an estimatelraftis the | 16 some measures. But landslides, in the resemea,
17 potential direction of the movement herdst t 17 we have not found any landslide yet.
18 location? | know that on the continentalesdss 18 THE CHAIRMAN: Okay. Yes.
19 a subduction, but is it also the same dagtbu 19 DR BLACKMORE: Sorry, | have two questions.
20 expect here, or might there be lateral mowvesite 20 So where did you find the clay for theyatore?
21 MR SENDHU: Actually the angle of the fault ireth 21 Where did the clay come from? In this vatlegome
22 cross-section we are seeing, that is abodegeees. 22 other area?
23 So it is expected to move along that plane. 23 MR SENDHU: Yes, this was away -- now | am noteenbering
24 PROFESSOR BUYTAERT: Okay, yes. Thank you. 24 the name, but this was the source from sdher site.
25 MR SENDHU: Slide 25. 25 DR BLACKMORE: Somewhere here?
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MR SENDHU: Not somewhere here. At a distance.

Page 70

1 1 MR FAROOQ: (Inaudible: off microphone) ... by Buytaert
2 DR BLACKMORE: Okay. Because | would have beerstifigd if 2 when we were at the left bank, you asked,aytm@
3 you had been able to find it here. 3 Mr Blackmore, what is the length of recordikalde for
4 So the second question is, when you'rierigaat 4 a gauging station record.
5 that folded rock in the foundation -- andihkh 5 So the maximum length of data that islaié, it
6 | asked the question yesterday but I'll aslgiin. 6 is at Muzaffarabad station, Neelum River at
7 So when you were grouting and putting grotdt this -- 7 Muzaffarabad, and it starts from 1963, andktie the
8 MR SENDHU: Yesterday, yes. 8 record is available. And the slide 14, | khishows
9 DR BLACKMORE: Yes, and it looks to me like it widutake 9 also the currently operational gauging locetion
10 a very large amount of grout. 10 Neelum River.
11 MR SENDHU: Yes. 11 PROFESSOR BUYTAERT: Those stations are upstam
12 DR BLACKMORE: But you only went 20 metres for-B@tre-high | 12 downstream of the confluence?
13 structures. 13 MR FAROOQ: It is basically upstream of the coefice --
14 MR SENDHU: Yesterday you asked that questiouatie 14 PROFESSOR BUYTAERT: Just to repeat my questsotfte
15 depths. 15 gauging station in Muzaffarabad upstreanoanms$tream
16 DR BLACKMORE: Yes. 16 of the confluence?
17 MR SENDHU: And because this was 7 or 8 yearsrbehis 17 MR FAROOQ: So it is upstream of the confluenue exactly
18 work was carried out, so | told 24 metres. 18 on Neelum River.
19 DR BLACKMORE: 24. 19 PROFESSOR BUYTAERT: Yes, thank you.
20 MR SENDHU: No, but it was not, then suddenlgiafhat 20 MR FAROOQ: Thank you.
21 I recalled that these are the depth of thndge 21 THE CHAIRMAN: Okay. So I think now we're finistl. See
22 holes. The grouting depths for primary halese 22 you shortly at lunch.
23 35 metres and secondary was 25 metres disglytevas 23 (12.52 pm)
24 15 metres. And these depths were variahlieng the 24 (A short adjournment)
25 slopes, these were 10 metres. And towaedethside 25 (1.54 pm)
Page 69 Page 71
1 of the dam, there was alluvium, so a groutimgel was 1 Presentation 7: Dam and Reservoir Inspeétjon
2 formed and 5 metres into the rock, that wasitgd. 2 MR MIANA: Mr Chairman, members of the Court oflbration,
3 DR BLACKMORE: Thank you. 3 now we'll start the presentation no. 7, wiéch
4 MR MINEAR: Since we have a geologist here, whdhée 4 a walkthrough of the dam area all together.
5 composition of the sediment that flows inte th 5 We will first go to the control room. W¢ust
6 reservoir here? What is the composition?2 Is 6 have a look at the control room, what pararsete are
7 sandstone or schist, or ... 7 getting inside the control room. Then wellup to
8 MR SENDHU: The composition of these rocks? 8 the dam site and we'll have a look round epeth And
9 MR MINEAR: Of the sediment that flows down frompstream. 9 then we'll go to the desander site and thellyi
10 MR SENDHU: There are some samples that have flaead 10 collecting tunnel, and then we'll see the H®&fich
11 there of the sediments from the river. Aad o 11 we cannot see!
12 hydrologist, | think he will explain thesergales that 12 THE CHAIRMAN: Okay, very good.
13 are lying there. 13 MR MIANA: So let's start.
14 MR MINEAR: We'll get some later. Okay, thankuyo 14 THE CHAIRMAN: Thank you.
15 THE CHAIRMAN: Okay, | think we have no other gtiens for [ 15 MR MIANA: Thank you.
16 you, Mr Sendhu. Thank you very much for your 16 With me in this presentation, Mr Nayyalt also
17 presentation. It was very helpful. 17 accompany me, he is my co-presenter, and also
18 So | think we've now finished this praagon. 18 Mr Ayub Malik and Dr Tahir will assist mettiere are
19 MR MIANA: (Inaudible: off microphone). After éhlunch we 19 some questions.
20 will go for presentation number 7, walk ardtine dam 20 THE CHAIRMAN: Thank you.
21 site. 21 MR MIANA: So let's start. (Pause)
22 THE CHAIRMAN: Okay. So for about 10 minutes Nvgéet 22 So this is the control room for the ofieraand
23 ourselves organised and then we will havehun 23 the regulation of the water from the dam sitée
24 MR MIANA: Yes, okay. 24 already explained about the available fgdiit the
25 THE CHAIRMAN: Very good. Thank you so much. 25 regulation of water through different sourdiée the
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1 radial gates, the flap gates, the undershncethe 1 MR ALAUDDIN: -- not cumecs.
2 two HRTs to the powerhouse. 2 So this brown line is the Taubat dischaoge of
3 So these are the level indicators oves,libe 3 the gauges there, and the other one is Shatie.
4 three level indicators over here. At the maoiee have 4 other two gauges so far, due to some issaid, rfot
5 1,011.9, whereas the maximum level for theriedr is 5 giving reading. Otherwise there are four gasug
6 1,015. So almost 3 metres below that ortheanoment | 6 upstream of that dam site.
7 we are maintaining this level. The slighfatiénce is 7 THE CHAIRMAN: Wouter, let's give you a microphofue you,
8 due to the position of the sensor over théteere are 8 sir. Thank you.
9 two others located at the same level. Maybsome 9 PROFESSOR BUYTAERT: Thank you.
10 calibration issue. 10 What is the sudden surge between 12-gsdt -
11 On this side we get the information rdiey every 11 24/25 April? That doesn't look like a vestural peak
12 event that occurs, where we have the institatien and | 12 in the discharge. Is that --
13 the control. So everything is recorded dwe, with 13 MR MIANA: This one?
14 the date, month, hour, minute and even secBodhat 14 PROFESSOR BUYTAERT: Yes.
15 records. Some are in the white, which &t ju 15 MR MIANA: That was when in the catchment areaftow was
16 information; some are in the pink, whicha@s® some 16 very high.
17 warning. But when it is in the red, theis ihews 17 PROFESSOR BUYTAERT: Okay. So | would expetd increase
18 that we need some action to do that one. 18 like that as a result. But why does it teeddenly
19 This one is our CCTV. They are just hg\around 19  decrease?
20 all the facility, with CCTV cameras aroundri 20 MR MIANA: That is the rain for two or three days
21 Behind these screens, on the main seredrave the 21 PROFESSOR BUYTAERT: Okay. So really continucis, then
22 discharge data that we just described over hi the 22 it stopped?
23 moment we have the full station over théneam there 23 MR MIANA: Yes.
24 we can get -- this is the Taubat. It's jigstr to the 24 PROFESSOR BUYTAERT: Okay. Thank you.
25 line of control at 9 kilometres? 25 MR MIANA: So this is an overview of the controlom.
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1 MR ALAUDDIN: 200 kilometres. 1 THE CHAIRMAN: This is a very important room, litik.
2 MR MIANA: No, no, 9 kilometres from the ... 9 &ihetres 2 MR MIANA: Yes.
3 from the (inaudible). And with this, the sedas at 3 THE CHAIRMAN: Very good. Thank you. (Pause)
4 Shadra? 4 MR MIANA: If you like, you can take a helmet. ihs
5 CONTROL ROOM OPERATOR: Karimabad. 5 a hi-vis, you can also wear this one. (Pause)
6 MR MIANA: This is Karimabad. The next one? 6 This is the same building that we just edrom
7 CONTROL ROOM OPERATOR: Shadra. 7 here, the dining room and the conference roand this
8 MR MIANA: Third one is Shadra. And the fourthesh 8 is our emergency power supply in case of fiaibf the
9 CONTROL ROOM OPERATOR: Islamapura. 9 public network. So we have the two diesekgatiors
10 MR MIANA: The Islamapura. 10 over here, and we have the tank capacitinufs
11 CONTROL ROOM OPERATOR: 15 kilometres from this. 11 12,000 litres for the generation. And witlst
12 MR MIANA: So this is the most nearest to thigon 12 capacity, we can generate further four daystinuous
13 So we get the information starting frdm t 13 operation. Because this is in the far-flargp. So
14 Kishenganga (indistinct) of the Neelum Riwerd we get 14 any kind of landslide in this may entrapetetricity
15 through flow station [...] we are gettingncA 15 for more time. So instead of one, we havevpol
16 altogether with this, the route of the NeeRiver, we 16 diesel generators. These are some of thehsmioms
17 get the data. And accordingly we managendutie 17 over there for this one.
18  flood season. 18 We have already seen in the morningframad the
19 THE CHAIRMAN: I see. 19 top of that point. The desanders are otedir And
20 MR MIANA: So this is the graph that we get frdiis one. 20 we're just heading towards the concrete dibde) dam
21 MR ALAUDDIN: So this graph is showing the disapes number | 21 that starts from here, and that is almostriéfes?
22 on this Y-axis. It means thatit's 2.5 cusstarting 22 MR ALAUDDIN: Yes.
23 point. 2,500 cusecs (indistinct), waterdsing. So 23 MR MIANA: Plus the earthfill and rockfill dam teere.
24 that's why this is scale in cusecs -- 24 MR ALAUDDIN: Total length from here to that eixl
25 MR MIANA: Cusecs, not the cumecs. 25 250 metres. The intake structure is 88 meffdien
Page 74 Page 76

23 (Pages 73 to 76)

Trevor McGowan Amended by the parties



ARBITRATION PURSUANT TO ARTICLE IX AND ANNEXURE G & THE INDUS WATERS TREATY 1960

Day 3 -- Site Visit Thursday, 25 April 2024
1 the composite dam is 160 metres. 1 there. So major excavation work was involfeedhe
2 MR MIANA: Okay. (Pause) 2 desander structure.
3 So we are on the top of the dam. Notigodut 3 DR BLACKMORE: Where did you put all the spoil?héfe did
4 still we're on top. 4 you put all the spoil? Where did you putribek?
5 So we can see from here the upstrearrasiti¢his 5 MR ALAUDDIN: We had allocated lands for deposifithe
6 one. So here we have the building, we weretim the 6 spoil material.
7 morning. And prior to that, we were on thr{stinct) 7 DR BLACKMORE: Okay.
8 side, on the downstream side, and now wetdhe alam 8 MR ALAUDDIN: Some of the aggregates which werefukare
9 site. So | am just going through the dam &itell 9 also utilised again here.
10 explain this one. 10 DR BLACKMORE: Okay.
11 Here we can see there's a log boom beeg,tjust 11 MR MIANA: So | think this was the part of thatcavation?
12 to stop the floating debris over there. tRetdebris 12 MR ALAUDDIN: Yes.
13 size is very small. We can take out the ders| but 13 MR MIANA: So you can see the extent how we hexeavated
14 the small cannot be taken out, even withghab. You 14 from there. So this is the remaining of thra.
15 can see they are taking out this one. Whkich 15 THE CHAIRMAN: Good.
16 continuous also during the monsoon, and nmmstarting 16 MR MIANA: This is our intake gates for the dedars. We
17 soon. So this debris is coming from thernepsh side, 17 have two intake gates on either side, ona this one
18 even underwater it's coming, and it comékdsurface 18 and one is on that side, for the desandad the
19 at this point. 19 control of that desander is there, if | Gtetyou
20 THE CHAIRMAN: So you never get water coming -- 20 toit. (Pause)
21 MR MIANA: Never. 21 So these are the control panels, elattrantrol
22 THE CHAIRMAN: -- never get water coming overtorthe top?| 22 panels for the hydraulic hoist, number 1 thed
23 MR MIANA: No, no. 23 number 2, left and right. These are the reotdhese
24 MR ALAUDDIN: No, no. 24 are the hydraulic hoists used for that olved these
25 THE CHAIRMAN: And that's because your freebaartigh 25 are the controlling valves for the flow watther
Page 77 Page 79
1 enough that it prevents -- 1 forcing up or down.
2 MR MIANA: Yes. | think this level is 1,019? 2 THE CHAIRMAN: There's one intake or two intakes éach
3 MR ALAUDDIN: ltis 1,019, yes. 3 desander?
4 MR MIANA: 1,019. 4 MR MIANA: Two.
5 THE CHAIRMAN: Okay. 5 THE CHAIRMAN: Two intakes for each desander.
6 MR MIANA: And our maximum operating level is 181 So we 6 MR MIANA: Two (Inaudible).
7 have 4-metre freeboard over there. 7 THE CHAIRMAN: Okay. So there's six total?
8 MR MINEAR: What conditions -- when you have suspl 8 MR MIANA: Six total. And three undersluice.
9 storage, how high would the water come uphere 9 THE CHAIRMAN: Three undersluice?
10 MR MIANA: We do not pass 1,015. 10 MR MIANA: That we saw in the morning: one wasjperation.
11 MR MINEAR: Okay. 11 So these are this one, one that side andhiseone.
12 THE CHAIRMAN: And can | ask: am | correct thhistis 12 We can go on that side. (Pause)
13 earthen up here (indicating), and this i<oetle down 13 DR BLACKMORE: How long does the water take tepthrough
14 here, or ...? 14 the desanding chamber?
15 MR ALAUDDIN: Yes, this is a roller-compacted @vate. The 15 THE CHAIRMAN: Say it again.
16 purpose is to stabilise the side slopes. 16 DR BLACKMORE: How long does the water take tepa
17 THE CHAIRMAN: Yes. 17 through --
18 MR ALAUDDIN: This is the purpose of this. 18 MR MIANA: Very minimum.
19 THE CHAIRMAN: Yes, okay. 19 DR BLACKMORE: At the design flow, not a low flGw
20 Please. 20 MR ALAUDDIN: You see, we reduce the velocity@@ metres
21 PROFESSOR BUYTAERT: So was this part excavatedhat's | 21 per second. So it takes a lot of time to ...
22 the reason that this slope is so unstable? 22 DR BLACKMORE: Yes.
23 MR ALAUDDIN: Yes, this -- you see, if you canesthe 23 MR MIANA: And what is the length, this one?
24 mountain, this was all mountain here. This been 24 MR ALAUDDIN: This length is 275 metres.
25 excavated. It was, you can see, almosthikegoing 25 MR MIANA: So you can divide the depth and widtien you
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get the second.

Page 82

1 1 MR ALAUDDIN: Yes. So from here you can have dea of the
2 DR BLACKMORE: And depth? 2 freeboard.
3 MR ALAUDDIN: Depth ... 3 DR BLACKMORE: So how often do you have to repaie
4 MR MIANA: 22 metres. 4 gates, do you have to take them out and niaititem?
5 MR ALAUDDIN: Width is 25 metres, depth is 22 nmer 5 | see you've got all the gear here, the cddies.
6 MR MIANA: 22 metres. Alright. 6 MR MIANA: Yes.
7 DR BLACKMORE: Okay. And what percentage of ditt you get 7 DR BLACKMORE: So do you take the gates out every year,
8 out? From the input water, what percentaghefand 8 three years, five years, to maintain --
9 and silt do you get out? 9 MR MIANA: You mean the radial gates?
10 MR ALAUDDIN: In terms of parts per million, whemater goes 10 DR BLACKMORE: Yes.
11 to the desander and up to this, maximum i® &0 ppm. 11 MR MIANA: Painting of the radial gates, if yotamt to
12 DR BLACKMORE: Right. 12 paint on the upstream side, then you hapetthese
13 MR ALAUDDIN: 30 milligrams per litre. 13 stoplogs over there.
14 DR BLACKMORE: Yes. 14 DR BLACKMORE: Yes, yes. Cofferdams in, yes.
15 MR ALAUDDIN: So it means that the desanderstifficy of 15 MR MIANA: Because these are normally paintedhwlite epoxy
16 trapping the sediment is quite good. 16 paint, which is a good quality, so that tekdsng
17 DR BLACKMORE: Okay. 17 time for the repainting.
18 MR ALAUDDIN: That 30 ppm is maximum. Most ofethime, we | 18 DR BLACKMORE: Yes. Because there's a lot obe®
19 found the concentration less than 30 in dilecting 19 material going past it, even with epoxy paint
20 canal. 20 MR MIANA: Yes, yes.
21 DR BLACKMORE: So what is the concentration cogiin? 21 DR BLACKMORE: Soisitfive years, ten years?
22 MR ALAUDDIN: For example, it's normally more 400, 22 MR MIANA: Actually just forecasting five yearsSo still
23 normally more. 23 we are in sixth year of operation.
24 DR BLACKMORE: Okay. And when you take it ougure going 24 DR BLACKMORE: Oh, you haven't started yet! Okay
25 to sort of remove most of the large particlgs 25 MR ALAUDDIN: Still, even after four/five year#he paint
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1 you're going to have 30 ppm and it'll be reddy 1 is in very good condition.
2 small? 2 DR BLACKMORE: Because | know on my dams, whed o do
3 MR ALAUDDIN: Yes. Actually the design has beeade in | 3 the same thing, it was a massive task. Mgspaere
4 such a way that particles more than 0.16melres, 4 30 metres wide, so a different structure.
5 greater than that, 0.15 or 0.16 millimetrest/es down 5 MR MIANA: Itis a massive job, taking all the --
6 at the bottom, and particles less than otdigtian 6 DR BLACKMORE: A big job.
7 that go through. 7 MR MIANA: The big job, yes.
8 DR BLACKMORE: Go through. 8 DR BLACKMORE: Big job.
9 MR MINEAR: They are suspended, mostly. 9 PROFESSOR BUYTAERT: Another question about theggaHow
10 DR BLACKMORE: Okay. 10 often do you open them, or what's the ragiavben them
11 MR MIANA: This is for the number 3. 11 being open and closed?
12 We can go around to see the river fraartap. 12 MR MIANA: This one?
13 If you want, the Court can have the ploster here. 13 PROFESSOR BUYTAERT: Yes.
14 This is a good photo here because behindi®d 14 MR MIANA: Actually this depends upon the inflows
15 scenery for this one. 15 PROFESSOR BUYTAERT: Yes.
16 So here is the reservoir, smaller ontthmobig 16 MR MIANA: So when the inflows exceed the capaoit two
17 one, and the river is coming from that sided on 17 flap gates, we have then the undersluicenThere's
18 your left we have the three radial gateg,dnd 3; 18 no other chance just to operate this one.
19 and to the end of that one, we have the lveal§ates, 19 PROFESSOR BUYTAERT: Okay. So they're mostlyduseget
20 the crest opening over there. And beside Wehave 20 the water out?
21 the upstream dam over there. 21 MR MIANA: Yes.
22 MR ALAUDDIN: Now you see the level, 1,015. Thsithe 22 PROFESSOR BUYTAERT: Are they also used for traireent
23 1,015 maximum level of the reservoir, writtkare in 23 control?
24 red. 24 MR MIANA: Yes, for the flushing of the reservoir
25 THE CHAIRMAN: Okay. 25 PROFESSOR BUYTAERT: Flushing. Okay, yes.
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DR BLACKMORE: So do you use them to flush whiea t

Page 86

1 1 to the tunnel.
2 reservoir's got high flow or do you lower tkeservoir 2 THE CHAIRMAN: | see. And those upper gates hagereen
3 to flush? 3 on them?
4 MR MIANA: The recommended is in the high flovedause in 4 MR ALAUDDIN: No screen.
5 the high flow you can flush more effectively. 5 MR MIANA: Screen is in the underwater.
6 DR BLACKMORE: Yes, yes. So what do you do? 6 THE CHAIRMAN: By the time the water gets hettés i-
7 MR MIANA: In the high flow. We flushed last ye 7 MR ALAUDDIN: It's already clean.
8 August. 8 THE CHAIRMAN: Yes. (Pause)
9 DR BLACKMORE: Oh, okay, so in high flow. 9 MR MIANA: So first we'll look at that one, theve'll come
10 MR MIANA: July. In July. 10 back over here. (Pause)
11 DR BLACKMORE: Okay. And how long do you haeetake to | 11 So this is 75-metre-square area.
12 flush? How many days? 12 MR ALAUDDIN: Square metres, 75 square metres.
13 MR MIANA: This takes a long time, because weehto 13 THE CHAIRMAN: Does that tunnel still ...
14 control the level step by step. 14 MR MIANA: Yes, it (inaudible) has been blocked.
15 DR BLACKMORE: Yes. 15 THE CHAIRMAN: It's been blocked?
16 MR MIANA: Immediately, because these (indistjrare 16 MR MIANA: [...] blocked from the upstream side.
17 discharged with this water. So we haveotwayy 17 MR MALIK: (Indistinct) gate on the upstreame;jd...] and
18 slowly just to get the water outside there. 18 then the [...] floodgates in the middle.
19 (Videographer's note: due to loss of audio, @ftte tour 19 THE CHAIRMAN: Okay.
20 is missing from this section. The missiag was 20 MR MINEAR: May | ask: how many people work herélow many
21 re-recorded the following day) 21 people work here at the dam site?
22 MR MIANA: For the sediment (indistinct), thegeuthis 22 MR MIANA: At the maximum level, it was aboutDQ.
23 crane, put that down, this one, take thepkaover 23 MR MALIK: 2,000 people were working for the dam
24 there, and they get analysis from the (iitde) 24 construction.
25 MR ALAUDDIN: This is also used for checking theeed, 25 MR MINEAR: Okay. And how many does it takeoferate it?
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1 velocity, because it is a requirement. Sepp@locity 1 MR MALIK: How many work here at the dam site3 fdeople?
2 is higher than 0.1 (indistinct), so sedimavitsnot 2 20 people?
3 be settling and they will be going inside dsie to 3 MR MIANA: No, no, no, it's more than 60 peopM/e have
4 this, we check the velocity in the desanderyvell as 4 two different kinds of sections at dam sitée civil
5 water samples also taken too. 5 monitoring is different and the operation and
6 THE CHAIRMAN: It looks like you could catch a ate with 6 maintenance section is different. So regrias done
7 this! 7 by the operation and maintenance sectiontrendther
8 MR ALAUDDIN: Yes! (Pause) 8 formation is the dam monitoring. So theyalre
9 MR MIANA: With the difference of colours, we cagcognise 9 working together. So altogether, | thinkuand --
10 the brownish and the whitish: Murree formmtiand the 10 over 65.
11 other is the Panjal formation. 11 PROFESSOR BUYTAERT: The structure down herthasto
12 THE CHAIRMAN: Yes, | can see that. 12 flush the desander?
13 MR MIANA: | also like the green, that one. 13 MR MIANA: Yes.
14 THE CHAIRMAN: The greenstone, yes. 14 PROFESSOR BUYTAERT: Okay.
15 MR MIANA: The greenstone over there. Mr Fiaasw 15 MR MIANA: That's the outlet for the desander.
16 explaining about that one and showing sdoresover 16 PROFESSOR BUYTAERT: That's what | thought. fkhgou.
17 there. 17 MR MIANA: Yes. (inaudible). Flushing out. dBse)
18 THE CHAIRMAN: Exactly. (Pause) 18 Actually it's not like this, it is natftecting.
19 MR ALAUDDIN: So at the end we have sets of gaté/e have| 19 Basically it is like this. It's not likeigh It's
20 four gates for the outlet gates, througtctviwater 20 looking like (inaudible) but it's not like.]
21 goes into the collecting canal and thentimo 21 high-velocity [...].
22 headrace tunnel. At the bottom there aredates of 22 If you want to have the photo herejrikhhis is
23 2.5-metre height and 4-metre width, at t&om. So 23 better.
24 there are eight gates. The lower gate®afiishing 24 THE CHAIRMAN: I don't know. I think maybe we\had enough
25 the sediments, and the upper gates forywagphater 25 photos? Yes, we're okay.
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1 (Photo taken) 1 MR MIANA: Okay, let's move this way. (Pause)
2 (Pause) 2 So from here, we pass the collectinglcafilais
3 THE CHAIRMAN: The water that's coming out of tide ... 3 one. We can see the level as 11.6, likeothés 11.5
4 MR MIANA: The undersluice. 4 over here.
5 MR MINEAR: Earlier today we saw a sluice (indist), 5 So it goes over there, in front of desasd We'll
6 right? 6 just have a look around all this. (Pause)
7 MR MIANA: In the morning. 7 Desander number 2.
8 MR MINEAR: Yes. 8 MR ALAUDDIN: And these are the hydraulic hoi$ts four
9 MR MIANA: No, we are (indistinct) now. It depésupon the 9 outlet gates.
10 inflow. We are maintaining the level. Soen the 10 MR MIANA: So from here, the tunnel HRT starts.
11 inflow reduces, we have to adjust the raguia 11 DR BLACKMORE: Okay.
12 THE CHAIRMAN: The inflow for the desander? 12 MR MIANA: Not from here, just maybe -- how mametres from
13 MR MIANA: No, no, no. The inflow coming to thliam site. 13 here? Maybe 100 metres, right?
14 So when we have to maintain the level, soegalate 14 MR ALAUDDIN: Yes, itis a transition phase, 16@&tres, up
15 the gates' pressure. 15 to that point.
16 THE CHAIRMAN: Oh, we're not talking about thagates, 16 MR MIANA: Up to that point.
17 we're asking about the water coming outief & 17 THE CHAIRMAN: So when the water is actuallyeakout of
18 MR MIANA: | am also responding the same. 18 the desander, is that happening under thssitbover
19 THE CHAIRMAN: Oh. 19 there? When you take the water to the tunne
20 MR MIANA: So in the morning | (inaudible) 15mecs coming| 20 MR ALAUDDIN: From here.
21 from that side, but at that time our inflomesre 21 MR MIANA: From here?
22 higher. But now the inflows to the damlasser, so 22 THE CHAIRMAN: -- from down there.
23 we are in charge of (inaudible). 23 MR ALAUDDIN: From here only, not from there.
24 MR MINEAR: That's a way to fine-tune the level? 24 MR MIANA: ltis directly connected with the deeders. All
25 MR MIANA: To fine-tune the level, yes. Fromghve cannot 25 three desanders are there, connected.
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1 fine-tune, but from that we can fine-tune. 1 THE CHAIRMAN: Right.
2 PROFESSOR BUYTAERT: Where is the intake of gidé gate?| 2 MR MALIK: Water comes from the intake into thesénders.
3 MR MIANA: Intake? 3 It drops the sand, the sediments there. thaal the
4 PROFESSOR BUYTAERT: The little side gate, widhwes it 4 cleaner water from the higher elevation comiesthe
5 come from? 5 collecting canal and then it goes into that.
6 MR MIANA: It comes from the intake. We have theee 6 And it has got two purposes. One, yaitke water
7 undersluices -- 7 is almost stationary there, when it's theodt drops
8 PROFESSOR BUYTAERT: Ah, okay. 8 all the silt. And when it comes here, aghére's no
9 MR MIANA: -- just under the intakes of the water 9 turbulence here. So you don't have air xege
10 PROFESSOR BUYTAERT: The sluice is underneathntater 10 producing going into the tunnel.
11 intake? 11 THE CHAIRMAN: So when you close off, let's sayp of
12 MR MIANA: They are underneath [...] 12 these, and only use one, that one is flowitathis
13 PROFESSOR BUYTAERT: Okay, yes. 13 area here --
14 MR ALAUDDIN: The setting is that there are gixake gates 14 MR MIANA: Yes.
15 of size 4.5 by 4.56. So underneath eacledoh gate, 15 THE CHAIRMAN: -- and then into the tunnel?
16 there is a single undersluice gate of sizestte high 16 MR MIANA: Yes.
17 and 4.5 metres wide. So this is connectitidthe 17 THE CHAIRMAN: Okay. (Pause)
18 undersluice. 18 MR MIANA: We will go around this one.
19 PROFESSOR BUYTAERT: Okay. So it's the outfeghose 19 THE CHAIRMAN: So the tunnel is somewhere overe?
20 sluices. 20 MR MIANA: Yes, it's one like this one. You caruch!
21 MR ALAUDDIN: Yes. Below there is the invert tifis. 21 THE CHAIRMAN: Too bad! Maybe if we dig dowrlitile bit!
22 MR MIANA: There are three intakes, but coming is 22 MR MINEAR: Can you remind me the diameter & thnnel,
23 common. 23 how large?
24 PROFESSOR BUYTAERT: Thank you. 24 MR MIANA: Is it 10.5 metres?
25 MR ALAUDDIN: You're welcome. 25 MR ALAUDDIN: 10.5 metres.
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1 THE CHAIRMAN: Good. Questions, anyone? 1 MR ALAUDDIN: Yes.
2 PROFESSOR BUYTAERT: The tunnel has quite a loadignt, 2 PROFESSOR BUYTAERT: Yes.
3 doesn't it? Would you know how much enesgpst by 3 DR BLACKMORE: How often do you inspect the tutthe
4 friction over the 35 kilometres? 4 MR ALAUDDIN: That's a very good question!
5 MR MIANA: If we are operating at 969, the headd is 5 DR BLACKMORE: And my colleague here wants tourdker!
6 about 34 metres. 6 MR ALAUDDIN: That's a very good question!
7 PROFESSOR BUYTAERT: Okay. Out of 400, wasf't it 7 Actually so far, since 2018 till now, Wwaven't
8 MR MIANA: Yes, 420 metres. 8 dewatered the tunnel. There are severabmeder it.
9 PROFESSOR BUYTAERT: Soit's less than 10%. 9 You see, this pressure at the end is 420entegh
10 MR MIANA: Yes, less than 10%. 10 pressure. So if we dewater, there is agrortbat --
11 PROFESSOR BUYTAERT: Okay. 11 you see, the concrete lining, it's not inafeers; this
12 MR ALAUDDIN: The original design was mostly 12 is pervious. So it's recharging the samgstthe
13 shotcrete-lined, but later on, when we dated the 13 stones there. So the level in the surrawgndiodel is
14 losses, the losses were very high. Sostdeaided 14 saturated, but level of the water has rissmif we
15 that the drill and blast portion should be 15 dewater the tunnel, so you see there widl lne of
16 concrete-lined, to have a smooth surfacdessd 16 pressure on the concrete lining and it naagabe.
17 friction. 17 So this is the reason that we havegsipally
18 So that is why -- there was a lot of ioyement 18 inspected. For physical inspection, devajes
19 after the award of the contract. These \wemae of the 19 required, which we have so far not done.
20 design changes made later on. 20 DR BLACKMORE: Yes.
21 MR MIANA: During the execution of the project. 21 MR ALAUDDIN: But near future, we are plannirgdo that.
22 MR ALAUDDIN: During the execution of the projeexactly. 22 DR BLACKMORE: So what | used to do, when we t@adewater
23 MR MINEAR: When you switched to the two tunnelgl you 23 tunnels not as long as this, I'd find thengest
24 lose more pressure as a result of thatugiranore 24 engineer in the team and send them down!
25 friction because you were sending it through 25 THE CHAIRMAN: Do you ever expect sediment ie tinnel to
Page 93 Page 95
1 two tunnels? 1 increase at an important level, or are yadident
2 MR ALAUDDIN: Twin tunnels, sorry? 2 over the life of the dam that the water iglsan
3 MR MINEAR: No, you have a -- this was a splittfre 3 there won't be any sediment build-up?
4 two tunnels. 4 MR ALAUDDIN: In the tunnel, the velocity is, saground
5 MR ALAUDDIN: Yes. 5 3 metres per second, or more than that.n8eruhat
6 MR MINEAR: Does that result in greater frictiand greater 6 velocity, we don't think that any sedimerit aéttle.
7 pressure loss? 7 THE CHAIRMAN: Good. Thank you.
8 MR ALAUDDIN: Not exactly. Not exactly, yes. Bause, 8 MR ALAUDDIN: Thank you.
9 you see, it has been designed in such alaaytose 9 (The walkaround ended)
10 factors have been considered, divisionfordzation. 10 (2.29 pm)
11 PROFESSOR BUYTAERT: Was the bifurcation parhef 11 (Pause)
12 original design, or was that a solution? 12 (3.30 pm)
13 MR ALAUDDIN: Not as -- there was some bifureatj but not 13 Closing remarks
14 as we have now. 14 THE CHAIRMAN: So, first of all, the court is megrateful
15 PROFESSOR BUYTAERT: Okay. 15 for the presentations that we received toddey were
16 MR ALAUDDIN: We have 19 kilometres of twin tuain 16 extremely helpful, very informative, muctpegriated.
17 Actually this has been designed because wheyp -- 17 Arguably this day was the highlight of th&itvin
18 when we move along the tunnel, the overbuisialso 18 terms of seeing the dam and walking aroyrachd we
19 increasing. So due to the high overburidevas 19 really did appreciate the opportunity tcttokat.
20 realised that there was tremendous presSoédyy 20 We've thought about whether we had antycolar
21 making twin tunnels, its cross-section dueed, and 21 guestions for you right now and decided weaton't,
22 it's found to be more stable under the higter 22 knowing that tomorrow we'll be having faiihydepth
23 pressure. 23 presentations.
24 PROFESSOR BUYTAERT: Yes, with a negligible imipan the | 24 At the same time, we do have an inténestdiment
25 head loss, as | understand it. 25 management issues and environmental manag&seaes.
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We're assuming that that's probably goirfgetoovered

1 1 tomorrow's schedule, | think the plan mightdt least
2 tomorrow anyway, but we just thought we wquéds to 2 for those of us in the court, leaving at 8rBthe
3 you our particular interest in that area. 3 morning, just as we did today, coming backouhe dam
4 So no particular questions for you foemmight, 4 site, having the two presentations with alupreak in
5 but we're certainly looking forward to hegratbout it 5 the middle that we can be a little more gamenbout,
6 tomorrow. 6 given that we have a little more flexibilitythe
7 SIR DANIEL BETHLEHEM: Thank you, Mr Chairman. nd for the 7 schedule. So we look forward to that.
8 record, and relying on paragraph 3.4 of \aitar visit 8 Very good. And we'll see you tomorrdiaxcellent.
9 protocol, and the latitude given to lead salithrough 9 (3.34pm)

10 the chairman just to raise an issue. iftiply to 10 (The day concluded)

11 note that as the court was walking arounthersite 11

12 visit, many of the presenters to come --indded 12

13 those who had already presented but willbgtiin the 13

14 room -- did not have the benefit of heathrgyquestion 14

15 and answer session, and it may very wetthaiethere 15

16 will be a number of questions that will ls&exd 16

17 tomorrow which were, in fact, follow-on gtieas from 17

18 questions that were asked today. 18

19 So in true parliamentary fashion, assiipposed to 19

20 ask a question, my question is: could thebees of the 20

21 court, if they are asking questions to tlesenters 21

22 tomorrow that are follow-on questions, piejast 22

23 identify that they are follow-on questiomsi avhat the 23

24 guestion was and what the answer is, sahbat 24

25 presenters tomorrow are not kind of stungiiirio 25

Page 97 Page 99

1 something that has already been addresseth ttay

2 haven't heard.

3 THE CHAIRMAN: So the idea is if a question tommw builds
4 upon something that came out today in theseoof the

5 walkaround, it's helpful to recall what waked and

6 answered today as the foundation for th&dvisbn

7 guestion?

8 SIR DANIEL BETHLEHEM: Yes, indeed. Also becaube

9 presenters tomorrow and the day after hame ve

10 particular expertise, so they may be abfi tout

11 issues that have already been addresseddt B
12 moment they don't know what has been adehless
13 But, as | say, this is simply relying on

14 paragraph 3.4 to identify an issue as atigues
15 THE CHAIRMAN: I don't see any difficulty in thaWe will

16 do our best to provide that foundation to.y8o
17 | don't see a difficulty.
18 But let me again reiterate how muchprapiate

19 Dr Hayat, Mr Farooq, Mr Sendhu's presentdtiom this
20 morning, Mr Miana, Mr Alauddin for the watkand. It
21 was really quite helpful to us. We're vgrgteful for

22 all the efforts you're putting into thisesitisit and

23 we're learning a lot, so it's very, veryplfidl Thank

24 you.

25 Given that, | think we're finished foday, and
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