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1 Friday, 2pril 2024 1 presentation 6, deals with sedimentation satithe

2 THE CHAIRMAN: Okay, let me start for us, if | cgnst by 2 same.

3 noting that we're continuing our visit her¢het dam 3 Before | turn to the issue, | recall aldmat you

4 and we're looking forward to two different geatations 4 heard yesterday: that we will endeavour toesidthe

5 today. As | understand it, we will have tistf 5 Court's five questions in the course of these

6 presentation this morning, largely. If wechézspill 6 two presentations.

7 over to the afternoon, that's fine too. Bisg will 7 Slide 2, please.

8 be presentation 5. And we will go until rolygt2.50 8 With that in mind, we propose to procegdotiows.

9 this morning. 9 First, | will provide an overview of a rarf-river

10 Then we had a glitch yesterday in oueetaphy of 10 HEP headworks. In so doing, | will revisida

11 the walk around, where we had video througmi 11 reinforce some familiar concepts, but sittiagen

12 we lost the audio for about ten minutesvas at the 12 within the design of the NJHEP.

13 point where we were looking at the spillw&o what 13 Second, Mr Farooq will address you on ldfeiPage
14 I'd like to do is have us, around 12.50/1g@0back to 14 issues and the role of live and dead starager HEP
15 the spillway and, Mr Miana, if you could jestplain 15 reservoir.

16 what we were looking at there, that wouldvduey 16 Third, Dr Abbas will address you on Hpil\ways
17 helpful, so we capture that on the audithiefideo. 17 and freeboard, being this element of the wedd that
18 Then we'll finish that around 1.30 or e could 18 plays the most material role in flood control

19 have our lunch break at that time and thsmmne in the 19 Slide number 3, please.
20 afternoon. If we haven't finished the preéssin 20 Now, with this, | start with the firstdic: that
21 we're about to embark on, presentation Kamefinish 21 is the headworks. You have already seeantaildhe
22 that off in the afternoon and then move on to 22 different components of our headworks. llghst
23 presentation 6, if that's agreeable. Ok@ypad. 23 repeat important components of the headworks.
24 Alright. | think with that said, Mr Aladin, it's 24 Again, you see this is our dam. Andrenupstream
25 over to you. 25 side is the River Neelum, coming from the lof

Page 1 Page 3

1 MR ALAUDDIN: Thank you, Mr Chairman. 1 control. And now this is our reservoir. ThEur

2  Presentation 5: Run-of-river hydroelectric plaaics 2 dam. The length of it is 250 metres from #nid to

3 MR ALAUDDIN: Mr Chairman, members of the Court of| 3 this end (indicating). There are our sixketgates,

4 Arbitration, | think there is no need of my 4 and this is our spillways. This you can see i

5 introduction, as you are already familiar witk, and 5 basically a gantry crane. This is the defhis

6 now you will have to bear me again for ...! 6 channel and this is our rockfill dam.

7 THE CHAIRMAN: We look forward to it. 7 You can also see this desander. TheHarfgt

8 MR ALAUDDIN: Thank you very much. 8 desander is 275 metres. And then you cathisee

9 In this presentation with me is Mr Umardes, 9 collecting canal. We have already been thyene have
10 senior engineer at NESPAK, whom you know ftben 10 seen that. From the collecting canal, wges into
11 previous session. We are also joined by &iryAbbas, | 11 a 28-kilometre tunnel, and then eventuallgsgato our
12 chief engineer at NESPAK. 12 power station, where, through four (indiglinee
13 The presentation we are about to gitleeidirst 13 generate 9 MW of electricity.
14 of two concerning what might be called rusrieér HEP | 14 Slide 4, please.
15 basics. Why this is necessary, a summakgyoissues: 15 Now, this is basically the drawing of #zme
16 it attempts to give you an overview of how 16 photograph and slightly rotated. And theppae is to
17 a run-of-river HEP functions in the Himalay#s this 17 brief you or inform you about further detaithis.
18 sense, it restates and builds on some oh#terial 18 You see this blue line showing the wters.
19 introduced in earlier presentations, paridyl 19 Starting from here, we have a collecting taxiée
20 presentation 2, on HEP design, construction a 20 have -- sorry. First, this yellow strip asially
21 operation. 21 the headworks, total headworks. Length fnene to
22 This part of the presentation addres$ed might 22 here (indicating) is 88 metres. Then we lspilbvays
23 probably be called flood and storage issties a 23 here. In Neelum-Jhelum there is orificelspiys. And
24 a run-of-river HEP headworks. The secont] pénich 24 with that is attached -- this is anotherctte here,
25 follows directly after this presentation as 25 which is our debris channel. This is alst gb

Page 2 Page 4
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a spillway, but it is a crest-gated spillw&o we

Page 6

1 1 MR ALAUDDIN: Yes.
2 have a combination of orifice spillways anestrgated 2 DR BLACKMORE: Okay. | wantto come back to tleifidations
3 spillways. 3 when you've moved through a little bit, iftthakay,
4 As regards the sizes, you were alreadyriméd on 4 sir. | want to ask questions about the fotioda
5 the site that the size of each spillway isrE2res, 5 here.
6 width is 12 metres and its height is 15 metres 6 MR ALAUDDIN: Yes, about the foundation, yes.
7 Regarding the sizes of the debris channekites of 7 About the foundation, you see it's a ptaincrete
8 the gates are: its height is 8 metres anchvigdt 8 bed here. And underneath, a grout curtairbbes
9 9 metres. 9 provided, up to 25 metres depth; or in certases
10 At the left side, the extreme left sidegur 10 where there was no sandstone, further degepeting
11 rockfill dam. You see, you are seeing timg here 11 wasdone. Soaminimum 25-metre curtaintgninas
12 (indicating) in the briefing on geology oéar It has 12 been provided. This is not only here, brdughout
13 already been informed to you that a numbéawdf 13 the -- along the dam itself.
14 lines are there in this area. One is maimtary 14 DR BLACKMORE: So there is only one -- so I'muasfng that
15 thrust, which we call it "MBT". You see MBY passing | 15 the grout line is this way (indicating), &sdhe dam,
16 here, this area. This is at the right side almost 16 and you don't have two grout lines, you faste one,
17 at the right side or right bank, near thitrigank. 17 one grout line 25 metres deep?
18 At this place, you see the -- let meytell the 18 MR ALAUDDIN: Yes.
19  original design of the headworks was a cte@rvity 19 DR BLACKMORE: Okay. Like, very standard --
20 dam. But as a result of 2005, investigative 20 MR ALAUDDIN: Yes, this is quite a standard pieet
21 extensive studies were carried out abousefsmic 21 DR BLACKMORE: So my only question is that youh@w put
22 parameters on this fault line. So when & wa 22 a flexible dam --
23 identified that concrete gravity dam will et 23 MR ALAUDDIN: Yes.
24 suitable for this location, so the desighent 24 DR BLACKMORE: -- on top of a very rigid foundatti with
25 selected that this part should be construated 25  afaultline. So if the fault line moveshink the
Page 5 Page 7
1 rockfill dam. So this 65 metres, this is tboekfill 1 dam is okay; | just wonder about the groutator
2 dam. We have a hybrid structure: it is a cositp 2 Have people thought about whether the grataicuwill
3 concrete gravity and a rockfill dam. 3 be stable?
4 Slide 5, please. 4 MR ALAUDDIN: You see, there may be some movemésit the
5 As | already mentioned, we have a hylracture. 5 main concern is that -- you see it's quitgodebere,
6 Now, above the dam, for a run-of-river HER, dam is 6 deeper here and extensive grouting has been dgut
7 usually situated in a valley, allowing a narro 7 you see, the geological consideration isgheimic
8 reservoir to fill behind it. This creates tidar 8 movement under the ground seems to be ldssisas
9 power generation. 9 compared to on the top.
10 Second, the dam structure is very depgnafi 10 But as far as your question is concerietthe
11 location. The three major types are earttemcrete 11 consult, let me deliberate further, therallstevert
12 and rock-filled dam. NJHEP is a hybrid: thain dam is 12 toyou.
13 concrete, with a rock-filled section, stréwigll 13 DR BLACKMORE: It's not a concern; I'm just trgito
14 a geological fault, the main boundary thrust. 14 understand. Because if you're going to hdflexible
15 You see now this is the cross-sectidhef 15 dam on a rigid base, but the rigid base ia fawilt
16 rockfill dam. As far as the important paats 16 line, it does raise engineering questionsiaivbat you
17 concerned, you see it has a central clay cover 17 could do if you do have the bad -- if we dvéthe
18 that, there is a layer of fine filter and rsesfilter, 18 inevitable, which is some movement on thait fine,
19 then it's rockfill, and then it's a groutgatap here. 19 how do we make sure the integrity of thaecemains.
20 This is the upstream side. And here alsedhee: fine 20 That's all.
21 filter, coarse filter, rockfill, and then rgp of 21 MR ALAUDDIN: Right. So you have already mengahthat
22 1 metre. 22 this is a flexible structure, and (indistjrtzas
23 So this is basically core, clay core. 23 a plastic behaviour and self-healing charstits.
24 DR BLACKMORE: Sorry, just -- the side slopes ey 2:1? | 24 So you see that's how we have constructsdiribi
25 So I'm reading that correctly? The slopga1® 25 There was some minor drop of seismicteeen we
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have monitored it after that and we founduitein

Page 10

1 1 Now coming to the intake structure. letak

2 sound condition. So ... 2 structure is considered one of the most inaport

3 DR BLACKMORE: Sorry, my follow-up question | wasing to 3 components. This is the drawing of -- thithis

4 bring on later was: what monitoring do youdav 4 cross-section of the intake of the Neelumeithel

5 place? And do you have a gallery -- like kega 5 Hydropower Plant.

6 that's built across -- in the concrete seciioall 6 The intakes allow water to abstracted ften

7 that you've got monitoring that's close torbek? 7 reservoir into the headrace, and thence treto

8 MR ALAUDDIN: Yes, we have a drainage gallery ursath, 8 turbines. [They] need to be carefully desibtme

9 drainage galleries where there are drainalgs hand 9 minimise sediment ingress and prevent vortex[ithey]
10 which there are piezometers there. Andwtsbave 10 may include special structures to achieveeitr both
11 V-notch weirs there to see the drainage wtter 11 of these aims.

12 amount of drainage water which is comindghodrainage 12 Now, you see, this is the intake of Neellhelum
13 gallery. 13 Project. Its height is 4.5 metres, width.Emetres.
14 Regarding the monitoring movement, weehextensive 14 And from this, water goes into this desarstieicture.
15 monitoring system here. We have surface engskve 15 Intakes need to be very carefully desigirethe
16 have piezometer on both sides, upstream @ndstream 16 design and construction, effort made thstiguld be
17 side, from which we can realise any moverretite dam. 17 at higher levels, so that ingress of sediseeat

18 So all sorts of instruments which are requfce a dam 18 avoided to the possible extent.

19 are there. 19 The Neelum-Jhelum Project, underneatie ise
20 DR BLACKMORE: Okay. Sorry, | just happen to oadam that | 20 undersluice gates also provided. Thereimiatake
21 moved, so I'm sort of a little nervous ancliked on 21 gates, but underneath there are three uniterglates.
22 it 22 The height of the undersluice gates is lavaid the
23 MR ALAUDDIN: | understand. 23 width is 4.5 metres.
24 DR BLACKMORE: It flooded people for 400 kilomesr 24 The purpose is that sediment may be epbsited
25 downstream. So you can understand thatd tieke 25 directly underneath. You see it is a diffieecof

Page 9 Page 11

1 nervous about it. 1 4 metres from here to here (indicating), aldoumetres.

2 MR ALAUDDIN: I understand. 2 So the sluicing is regularly carried out toigvany

3 Slide 6. 3 sediment deposition under this intake strectur

4 Now coming to the spillways. Spillwayciansidered 4 Through the intake structure, water goasour

5 another important structure of a headworkilv@y is 5 desander area. The design of the intake hasvhe

6 the principal structure by which water is asthrough 6 desander in Neelum-Jhelum Project seem taiite q

7 the dam, particularly in times of flood. laynalso 7 effective, and this is obvious from the coioditof the

8 have other application, like sediment manageme 8 reservoir, which we inspect [from] time to émAnd

9 Multiple spillways structures may be irdgd in the 9 even after running of five years, the conditid the
10 same dam. You usually include a structupragent 10 turbine is very good, exceptionally good. it3oeans
11 erosion in the riverbed and the foot of tamd 11 the effectiveness of our desander structuledasign.
12 Now, this photograph is the spillway affiela Dam 12 DR BLACKMORE: I'm just wondering -- | like theedign, by
13 project. Tarbela Dam is one of the biggesitifill 13 the way. | like the design --
14 dams, having a generation capacity of about 14 MR ALAUDDIN: Thank you.
15 4,800-4,900 MW and a storage capacity ofrddlibn 15 DR BLACKMORE: -- for passing sediment. I'm jugindering
16 cubic metres. 16 about the erosion of the concrete chutesenthergates
17 You see, as already mentioned, theraldmitwo or 17 are, because you've got different-level sipassing
18 three types of spillways in one intake sectio a dam. 18 different amounts of sediment. And I'm jushdering
19 Here is a crest-gated spillway. This isdtest-gated 19  whether there's any issue around erosioorafrete in
20 spillway. We have the crest-gated spillvikg this. 20 those chutes or whether there was any spsszinent
21 So spillway is considered an important conrepbnThere | 21 to strengthen the concrete in those areas.
22 will be further briefing on types of spillwagnd on 22 MR ALAUDDIN: That is a high-strength concretedave
23 the sedimentation storage in the presentaten5 23 [from] time to time monitor the chutes thatly
24 and 6. 24 mentioned. So far, they are found to beoirdg
25 [Slide] 7, please. 25  condition, except some issues on the oges obthe
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spillways. As you know that water [at] veigtn

Page 14

1 1 part of my life at an earlier age, and I'mlyeaot
2 velocity passes over the ogee, we faced soohtems, 2 that in love with them. So you're going toda
3 but those have been rectified. 3 inclinometers, you're going to have piezonsetés
4 MR MINEAR: What is the grouting and drainage ggi? What | 4 there anything -- have we got any seismic oreasent on
5 is the purpose of that, at the bottom of titke3 5 site, any --
6 MR ALAUDDIN: Yes. Grouting and drainage gallésythat 6 MR ALAUDDIN: Accelerograph.
7 drainage gallery has been first made -- thidhg 7 DR BLACKMORE: Yes. Do you have one in the gajfer
8 drainage galleries, the grouting underneattdttm had 8 MR ALAUDDIN: Yes. And there's a pendulum alsdlie
9 been carried out. Through this gallery, d baen 9 gallery.
10 carried out. Not in the bottom, but all ardii. 10 DR BLACKMORE: Yes, okay. So you have pendulwming all
11 And also there are drainage holes iif there 11 the way through?
12 is some excessive pressure on the upstreamgtteam 12 MR ALAUDDIN: Yes.
13 side, so it can relieve that pressure also. 13 DR BLACKMORE: In an oil bath at the bottom?! mtoanswer
14 So first is any -- in the drainage gglleve have 14 it. That was my favourite thing, to go aneasure
15 different instruments also there. So fumctibthe 15 whether the dam was moving downstream.
16 drainage gallery is very important for thepection 16 MR ALAUDDIN: So I think I've explained about teintakes
17 purposes and monitoring purposes. 17 and there's a good discussion with you mesnifgo
18 Thank you. 18 please, slide number 8.
19 THE CHAIRMAN: So before the water goes to thale gate, 19 Now coming to the reservoir. Not parthef
20 | see that there's a trashrack on the leftHsade. 20 headworks per se, but an important comparfehe HEP.
21 That's keeping out debris -- 21 A run-of-river HEP can function without aeewoir, but
22 MR ALAUDDIN: Exactly. 22 its power-generation potential would be ledit
23 THE CHAIRMAN: -- from going in. And we saw sorogthis 23 A run-of-river HEP tends to have small reses/for
24 debris yesterday when we were walking aroeneln saw 24 the purpose of developing head and impropower
25 it being taken up by a crane, or whatevdrdauaice 25 production in the dry season.
Page 13 Page 15
1 is. So that's the purpose of that trashrack? 1 So you see we have small reservoirs:dpadity of
2 MR ALAUDDIN: Yes, yes. 2 live storage of it is 3.8 million cubic metregou
3 THE CHAIRMAN: Okay. 3 see, run-of-river project, it is found to keeful for
4 And then down below the intake gate bowatwhat 4 giving the project peaking capability. Sohwitis we
5 Mr Minear was pointing to, we have the undecs! 5 can have peaking capability during the lowvfkeasons.
6 flushing duct. And we saw the water coming ou 6 This is a view -- we have already shown this
7 yesterday on the side. 7 is basically the reservoir, just 4.5 kilomsti®m
8 MR ALAUDDIN: Yes. 8 here. And this is the Lower Jhelum which gan see
9 THE CHAIRMAN: It looks like | too get to point dthings 9 here.
10 here. This undersluice flushing duct is whatsaw 10 Next slide, please, slide number 9.
11 water coming out of on the side. 11 With that overview concluded, | will ndwand over
12 MR ALAUDDIN: Yes, exactly. 12 to Mr Farooq to address how the reservaisé in
13 THE CHAIRMAN: Could you just explain again whahought | 13 a run-of-river HEP. Before | do, howeverymask if
14 | heard yesterday during the walkaround: tthiatis 14 the members of the Court have any questiease.
15 an additional way of regulating the reseriroast much 15 DR BLACKMORE: | just have one. It may be cowkmder
16 more precise manner? |s that correct? 16 live and dead storage. But I'm just wondgvihether
17 MR ALAUDDIN: Sure. You are absolutely right.ubing the 17 the sediment profile in the river, do we gelelta
18 low-flow season, we operate these understjates for 18 forming at the top, where your full supplydé
19 removing the sediments, and also inflowss atleased 19 eventually reaches, 3, 4, 5 kilometres upfiabine
20 from this. And you are very right that thésedgates 20 the velocity is high enough not to form aeital or any
21 are bigger in size, so minor adjustment @made from 21 accumulation of material?
22 it. 22 MR ALAUDDIN: The thematic survey which we hawriged out
23 DR BLACKMORE: Sorry, I'm just interested in ydiitle 23 is not reflecting any serious concern regaythe
24 tunnel down the bottom down there. Theynaydeast 24 delta which we have mentioned, because epstiope
25 favourite place, because that's where | spmtg 25 and small reservoir.
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DR BLACKMORE: Just one other thing, sorry. Myncern

1 1 producing baseload power. By this, we mearddiivery
2 was -- | didn't think we'd have one that wagananent 2 of power on a constant basis over a 24-hainge
3 delta. My concern was that we would get, utalg-flow 3 Second, here, at the other end of therspecwe
4 sequences, the build-up of a delta and arased 4 have a run-of-river HEP with no storage, whgch
5 supply of sediment material that, once we Wweotthe 5 effectively a turbine placed in the river or
6 high-flow period, we'd have to deal with & tam 6 an adjoining canal. As noted, such HEP wiiirely be
7 because it would be moved in. Has that baéssae 7 dependent on the natural flow of water, arfifbssi
8 at all? 8 somewhat in the dry season as a consequence.
9 MR ALAUDDIN: We are further monitoring it. Reciy) 9 These plants tend to be on the smaller, siath as
10 bathymetric survey is going on. So we asichdly -- 10 13.5 MW Shadiwal hydroelectric project, & thil of
11 so far, we haven't realised any formatioaryf delta. 11 Upper Jhelum Canal in Punjab, or 84 MW NewdBscape
12 But the bathymetric survey is being carrietiad site 12 project, downstream of Mangla Dam. Suchtplare also
13 to have a clear picture of that. 13 used for baseload power, running constantly.
14 PROFESSOR BUYTAERT: I've got a question -- gesty. 14 Third, here, we have the category of MER which
15 MR ALAUDDIN: Sorry, sorry. I'm sorry. 15 we are concerned: the run-of-river HEP wiitinegye.
16 PROFESSOR BUYTAERT: So you explained that the,dhat | 16 This HEP has capacity to store water, arid 8@ dry
17 this is a crest-gated spillway for this desigVould 17 season can be peaked, storing water fooptre day
18 you, in these conditions here, consider a&m gpillway 18 and then releasing it during periods of giskand in
19 a feasible infrastructure for this site, orydu think 19 a given 24-hour period. During the wet seagten
20 this needs a gated spillway? 20 water is plentiful, the HEP can provide baadlpower.
21 MR ALAUDDIN: I think that would be covered ingmext 21 There are other ways of defining categgooi HEPS.
22 presentation. 22 Another dividing line is the difference beamean HEP
23 PROFESSOR BUYTAERT: Okay, perfect. I'm happwéit. 23 that creates generating head with a highataira short
24 Thank you. 24 tunnel, and an HEP that creates generateug) \with
25 MR ALAUDDIN: Thank you very much. 25 a low dam and a long tunnel.
Page 17 Page 19
1 THE CHAIRMAN: Whenever you're ready, Mr Farooq. 1 Slide 11. On this slide we see a diagshaowing
2 MR FAROOQ: Mr Chairman and members of the Cauwill be 2 how storage in a run-of-river HEP reservoirkgo | am
3 addressing you on storage issues arising from 3 going to use it to introduce some key gerstdrage
4 a run-of-river HEP's reservoir. 4 concepts: most importantly, the notion oféliand
5 Slide number 10. The starting point isxplain 5 "dead" storage. | note that there are some
6 the role that storage plays in an HEP in tmaathyas. 6 circumstances where these ideas are givescibp
7 Where an HEP is reliant solely on the ratilow 7 meaning. | use them here only in the gersemise.
8 of the river, there will typically be a sigicént drop 8 On the diagram is a concrete gravity daiin w
9 in power production during the dry season,mthe lack 9 a crest-gated spillway, here (indicating), #red
10 of snow and glacial melt causes the watdrdp 10 reservoir to the right, with water levelswho
11 significantly. If an HEP includes a waterage 11 The two most important water levels fiarsent
12 component, however, this will be able to sement the 12 purposes are the full pond level and thenmin
13 flow of the river in order to maintain or irase power 13 operating level. The space in the resebativeen
14 production. 14 these two levels here is known as "opergtow.
15 We can therefore divide HEPs into categdrased 15 The operating pool is used for storagaooidage,
16 on how much storage they have. 16 being the water that can be used to imprds@'sipower
17 First, here, there are HEPs attachetbtage 17 generation in times of low flow. As sucte thperating
18 reservoirs capable of storing months or geans' 18 pool forms HEP's live storage.
19 worth of water. 19 Above the operating pool is HEP's flootkarge,
20 The guaranteed availability of massieoeagie means 20 as you can see between the solid blue lideten
21 that these HEPs can have a very large iedtall 21 dotted blue line, which is used for the terapo
22 capacity, such as Tarbela hydroelectric ptpjehich 22 storage of floodwater that exceeds the futidage
23 is currently 4,888 MW and projected to inseeto 23 level.
24 6,418 MW when the plant Tarbela 5 Extensimmes 24 The type of storage that is in the resiehelow
25 online. They can also be run for long pesjod 25 the operating pool is defined by the invéthe
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lowest outlet, which in this case is the sl crest,

Page 22

1 1 level -- for example, intakes, the desandessd if

2 as you can see here. Any water below that i 2 we go down below the -- or near to the bedneex

3 beyond the control of HEP operator, as it cabe 3 a lot more excavation for the placement of¢ho

4 released from the reservoir through intakefinays 4 structures as well. And we also [need] tovjol® some

5 or any other outlet. It is trapped in pland aannot 5 allowance for settling of the sediment. Sa th why

6 be used, and so is referred to as "dead stbrag 6 we cannot draw down the level to its minimumear to

7 Anything above the level of the dead geria 7 the bed, in view of these considerations.

8 capable of being manipulated by the operdtothis 8 THE CHAIRMAN: No, | understand that it technigei

9 sense, it can be released from the resenrairso 9 difficult and expensive to go further downutBnaybe
10 forms part of what is called the HEP's "oolidble 10 | just didn't understand the answer: whytdhe'

11 storage". 11 minimum operating level be lower than whésdacated
12 Depending on the location of intakes EPH 12 here? Why can't you use the pondage al#yedown to
13 controllable storage could also be potegtisied for 13 the point where you can no longer control it?

14 power generation, and so may also form pated's 14 MR FAROOQ: Okay, I'll try again to explain.

15 live storage. All depends on the configoratf 15 THE CHAIRMAN: I'm sorry | didn't follow.

16 a particular reservoir. 16 MR FAROOQ: No, it's okay. As you go down, yancee
17 Slide 12. We can see an example oftitilse 17 here, your minimum operating level at the reohis here
18 image on the slide, which is the longitudiviav or 18  (indicating). And you go all the way dowaysat this
19 "L-section" of NJHEP's reservoir. The sdsle 19 level, yes?

20 distorted, with the true length of the reserlseing 20 THE CHAIRMAN: Well, | understand why you coultldo that,
21 much greater than its depth. The dam wall is 21 because you can't operate below the bottgheof
22 represented by Y-axis here (indicating), whth X-axis | 22  spillway. But why is it you can't go at ledswn to
23 representing the distance from the dam veaé.h 23 the bottom of the spillway?
24 As can be seen from the Y-axis, the detands from| 24 MR FAROOQ: Because as you go down, you havéat®your
25 just over the 972 metres above the mainesehto the | 25 intake below the minimum drawdown level, baye

Page 21 Page 23

1 1,019 metres here. So 47 metres is the heighe 1 (indicating). Or if you go down below thdiet you

2 dam. The reservoir [runs] through the vallpy 2 have to place your intakes more low.

3 4.8 kilometres from the dam wall. 3 THE CHAIRMAN: | see, okay.

4 The solid red line, this one (indicatinmicks 4 MR FAROOQ: So in view of these considerations} wdl be

5 the level of the riverbed throughout the resier 5 requiring more excavation and placement of the

6 sloping progressively upward, with the threttet 6 desanders, that it will include more costdlacing

7 lines reflecting various levels of the res@rvdhe 7 those structures in terms of excavation. h8ed are

8 blue dotted line, at 1,018 metres, is the HAigbd 8 the considerations.

9 level, which reflects the uppermost limit loé tflood 9 THE CHAIRMAN: So is another way to understandtline
10 surcharge. 10 intakes are going to be at the level betvileeminimum
11 The green dotted line is at 1,015 methés one 11 operating level and the spillway crest, ieorto have
12 (indicating). It is the full pondage levadflecting 12 the -- or lower, in order to go into the k&@

13 the top of the operating pool. And the retied line, 13 MR FAROOQ: Maybe. But in all the cases, it Wil below
14 this one (indicating), at 1,008 metres, ésrtfinimum 14 the minimum operating level.

15 operating level, reflecting the level jusbab the 15 THE CHAIRMAN: Yes, okay, | understand. Thankiyo

16 intakes. 16 DR BLACKMORE: Just so that I'm clear now, | ursfeod the
17 THE CHAIRMAN: Can | ask a question on this? Andybe it 17 answer to all of that, but wouldn't one @ th

18 helps to go back to the prior slide (11)jést 18 controlling issues be the amount of moneyrgayoing

19 a moment. But the minimum operating leveldsall 19 to make by generating power? So if you ieop the

20 the way down at the spillway crest, the bottd the 20 minimum operating level by 20 metres, say,5ometres,
21 spillway. And so my question is: what is teason why 21 you would reduce your potential power by gehamount,
22 you can't have a minimum operating levelradlway 22 and at huge cost.

23 down at the bottom of the spillway? 23 MR FAROOQ: Yes.

24 MR FAROOQ: Yes. Mr Chairman, as we have sometsires to| 24 DR BLACKMORE: So it's a combination of the laoatof the
25 be placed and designed below the minimum divew 25 power station, and height and depth. | thinkn
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just trying to -- that was my reading of it.

Page 26

1 1 free of sediment will incur some operatiomal aapital

2 MR FAROOQ: Yes, yes, it is one of the factors.ye 2 cost.

3 DR BLACKMORE: Yes, okay. 3 Put simply, a large operating pool, whikdlows

4 MR FAROOQ: As you go down, you lose your head. 4 for more flexibility in power production, majso be

5 PROFESSOR BUYTAERT: Just a quick follow-up questor 5 more expensive to create and maintain. Aneyen

6 a reformulation perhaps. | guess it's tectiyic 6 more simply, the bigger the reservoir, thgéighe

7 feasible that the minimum operating levela®ty the 7 dam; the bigger the dam, the more money redjfir its

8 spillway crest, isn't it? 8 construction. There has to be a balance betiirs

9 MR FAROOQ: Sorry? 9 expense and income anticipated from the dglivie
10 PROFESSOR BUYTAERT: ltis technically possilddave 10 power in peak hours, where energy pricehigter.
11 a minimum operating level below the spillveagst? 11 As to the specific language of the Cesujtiestion,
12 MR FAROOQ: Yes, itis technically possible, yes. 12 pondage is not normally intended to havéagioaship
13 PROFESSOR BUYTAERT: Yes. So that perhaps @anfour | 13 to the minimum mean discharge. That ism®térm
14 question as well. Thank you. 14 that you usually employ for a hydropower giesi

15 MR MINEAR: My question relates to the next slidehe 15 As for the discharge to the turbines tidpends

16 space between the green dotted line andubelbtted 16 on the reason for such discharge. The #iicios may
17 line, is that the surplus storage portiothef 17 be caused by variations in the natural fldthe

18 reservoir? Would you call that "surplus age"? 18 water, or they may be caused by peaking ptardsed by
19 MR FAROOQ: ltis, sir, basically the surchargeage, 19 HEP's operator. Both may be valid reasans fo
20 which is only filled in case we have a dedigad 20 calculation of pondage.
21 situation at our dam site. 21 In terms of factors that may influencetsu
22 MR MINEAR: Sure. I'm just trying to make suh kclear on 22 a calculation, three may be mentioned.
23 the terminology. Elsewhere I've seen tHatmed to 23 First, site constraints such as topograpid the
24 as "surplus storage”, and it sounds like: it i 24 cost necessary to [adapt] to those site @it
25 MR FAROOQ: No, it is only surcharge storage anlgase 25 This is a question of civil engineering.

Page 25 Page 27

1 the design flood is happening. 1 Secondly, variability in flow of the wateurse;

2 PROFESSOR BUYTAERT: Okay, thank you. 2 for example, due to upstream regulation oscea

3 THE CHAIRMAN: Good. Thank you. Continue, please 3 variations.

4 MR FAROOQ: From this, it follows that the spaeiveen the| 4 And third, the assigned target, duratiat #fow

5 red and the green dotted line is NJHEP's tipgrpool, 5 rate when the plant is taking out daily pegkin

6 constituting pondage. Given its height in the 6 operations. Both of these depend on thevinflo

7 reservoir, the operating pool stretches batwee 7 hydrology and the financial model of the aptited

8 3.8 kilometres to 4.4 kilometres from the ress, 8 market.

9 a considerable quantity of water. Were theimmim 9 As | said before, it will be hard to shsttthere
10 operating level to be reduced even fractlgpat be 10 exists a single, universally accepted custpmathod
11 raised above full pond level, it would result 11 for pondage calculation. But as an illugtratfrom
12 a considerable increase in the amount of gmd 12 a practical standpoint | would like to ref@NJHEP.
13 available to the NJHEP operator. 13 As you have noted in previous sessitiesNOHEP
14 This is an opportune time to answer thert 14 incorporates pondage of 3.8 million cubicregetn its
15 guestion no. 4, which is as follows: whattaee 15 operating pool, which is believed to catedftiours
16 different methods that might be employedifeiermining 16 peaking in a typical winter day. In otherrds) the
17 the optimal pondage at a run-of-river HElRhsas 17 pondage volume of 3.8 million cubic metreSIH#EP is
18 pondage intended to be of a magnitude to meet 18 considered optimal to run its all four tudsrat full
19 fluctuation in the discharge of the turbirergpondage 19 capacity by supplying required discharge of
20 intended to be in a relationship to the mimmmean 20 280 cubic metres per second for 4 hours rmoodsly in
21 discharge at a site of a plant? How are such 21 a given winter day.
22 calculations performed? 22 It is intriguing to learn that, how aitygd winter
23 The short point is this: there is no dixeethod 23 day flow is comparable with the 280 cubicreet
24 for calculating pondage. The provision afigege, and 24 per second -- maximum discharge requiredriaH four
25 as you will see in presentation 6, ensutingmains 25 turbines of NJHEP at full capacity and getirega
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969 MW.

Page 30

1 1 you need to release 20, obviously that ontyaias 33
2 In this regard, Mr Chairman and memberthef 2 to --
3 Court, the stream flow records suggest tratrtbnths 3 MR FAROOQ: Yes, then we will be recording 33.
4 from November to February define winter or sieason 4 PROFESSOR BUYTAERT: Okay. Yes, thank you.
5 for Neelum River. During these months, treeldarge in 5 DR BLACKMORE: Sorry, and that 33, you are onlyrgpto use
6 the river averages around 53 cubic metresgmnd. 6 for peaking flow?
7 For ease of reference, | may refer the 53caulgitres 7 MR FAROOQ: Yes.
8 per second discharge of Neelum River at NJB&R site 8 DR BLACKMORE: For peak-peak?
9 as prevalent winter season river flow. [tig 19% 9 MR FAROOQ: Yes.
10 of the 280 cubic metres per second -- theérmar 10 DR BLACKMORE: Not just ...
11 discharge required to run all four turbinesl3HEP at 11 MR FAROOQ: Yes. Soin that case, the peaking maabe
12 full capacity. 12 for the 4 hours: it may be for less durattman the
13 DR BLACKMORE: So in the low flow period that weetalking | 13 4 hours, yes.
14 about, you would just use the dam for peakimger? So 14 In order to increase the prevalent wisgzson
15 when you've got 53 cubic metres per secordiften 15 flow of 53 cumecs, or 53 cubic metres peosédcto
16 you've got an amount you need to pass dokn fo 16 280 cubic metres per second in a given widgr it is
17 compensation flow or whatever -- I'm not dure/ much 17 essential to store the water for a certambar of
18 that is -- how much water are you requiréd .. 18 hours and release it in the remaining. Traten of
19 MR FAROOQ: 20 cumecs. 19 storage can thus be simply calculated asmlof the
20 DR BLACKMORE: So you've got 337 20 53 cubic metres per second flows stored X8t 8f the
21 MR FAROOQ: No. I mean, itis -- 21 time in a 24-hour period, to release it | tbmaining
22 DR BLACKMORE: Net. 53 net? 22 19% of the same 24-hour period, to supply
23 MR FAROOQ: 53, | am quoting in view of the pogdaolume. | 23 280 cubic metres per second to the turbines.
24 DR BLACKMORE: Yes. 24 Putting it in simple words, the time tors
25 MR FAROOQ: But the preference is to releaseufiecs of 25 becomes about 20 hours, leaving behind tiaiss in
Page 29 Page 31
1 water downstream of the dam in terms of eflows 1 which the 53 cubic metres per second rivev flan be
2 [environmental flows]. The first preferensdar the 2 supplied at a rate of 280 cubic metres pesrgkc
3 eflows. 3 In case of providing the pondage more than
4 DR BLACKMORE: Yes. 4 volume of 24 hours prevalent winter season,ftbe
5 MR FAROOQ: So you can refer to that. For examde can 5 same could not be filled in a 24-hour perat] hence
6 increase this 53 to 73 in a case when weeapgired to 6 would render part of the operating pool asimednt,
7 meet the 20 cumecs of eflow first. 7 which would cost in several other ways.
8 DR BLACKMORE: So under what conditions don't yeave to 8 As | mentioned, it is reiterated that tmsthod of
9 meet the environmental flow? When would yolbglow 9 pondage calculation may be considered asustrdtion
10 20 cubic metres per second -- 10 specific to NJHEP, and should not be consitlas
11 MR FAROOQ: If we go below 20 cubic metres peose, 11 a universally adopted customary practiceéordage
12 whatever we are getting we will be releasiagnstream 12 calculation.
13 of the dam. 13 Slide 13. The next issue to be addressealv HEP
14 DR BLACKMORE: Okay. 14 storage is actually used. And we have twplycs on
15 PROFESSOR BUYTAERT: Just as a quick clarifigatigou 15 the slide -- this one and this one (indiggtin that
16 mentioned that 53 cubic metres a secongiie\alent 16 illustrates this. The bottom image -- tme o
17 winter season flow. Is that inflow in theeevoir? 17 (indicating) -- is what is called a "hydrogfng,
18 MR FAROOQ: Yes. 18 showing yearly inflow into HEP's reservolhe red
19 PROFESSOR BUYTAERT: Okay. 19 dotted line -- this one (indicating) -- jatove
20 MR FAROOQ: So in terms of eflow consideratiomxan take 20 250 cubic metres per second, shows the titsvthat
21  this53to 73. For example, if you have, 38y 21 will meet HEP's installed capacity. Wheretker
22 20 cumecs you are releasing for eflows, hed t 22 flows at this level or above, and that flevdelivered
23 53 cumecs is the net discharge that youedtig in 23 into HEP's turbines, the HEP will be ablptoduce, at
24 the reservoir. 24 its installed capacity, continuously, withthe need
25 PROFESSOR BUYTAERT: Okay. But if you have SfBoiw, and | 25 for assistance from storage.
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1 The blue line shows inflow; this one (oating). 1 you would keep the reservoir at minimum opegsevel,
2 In the wet season, in summer, it rapidly cirabove 2 you'd lose out on power. Is that the caseporou
3 250 cubic metres per second for months ate ti 3 raise it higher in order to accommodate thpes@ds
4 During this time, the HEP can produce congianter at 4 that the flow drops below the plant's cap&city
5 its installed capacity. 5 MR FAROOQ: You see, it is one year out of the daty it
6 In the dry season, in winter, conversiblg,flow 6 may be a dry year, but as it is in the serf&s.if
7 will drop below the level you can see hereg land 7 you provide some -- | would say a facility aniyou
8 here (indicating). The flow will drop belotet level 8 provide -- the probability of which is verysgefor
9 necessary to maintain HEP's installed capa€ityring 9 use -- for example, in this case it is oneaut

10 this time constant power at the installecaciy will 10 four -- so that may not be economical. | méen
11 not be possible. The plant will need toesteater for 11 saying this in a general sense. And bedauske
12 part of the day in its operating pool, ant¢o 12 three years, you have a good period of tiimervihe
13 released into the turbines when needed tis¢, sy at 13 plant is running at full capacity withoutl mean, at
14 the times of peak electric demand. 14 least for three to four months in a year.it8o
15 If we look now at the image above, we s@what 15 a typical dry year, and normally ... yes? sir
16 that looks like; this one (indicating). Tiblae dashed 16 PROFESSOR BUYTAERT: So here, for example, ferdse of
17 line -- here (indicating) -- shows the lesEHEP's 17 NJHEP, if such a dry year occurs, and you ktiee level
18 operating pool. In the wet season, the igadlawn 18 at minimum operating level, and the flow éases
19 down to the minimum operating level; thighis minimum | 19 beyond the plant's capacity, do you thercgffely
20 operating level (indicating). The naturalof river 20 reduce the power output, or do you try aritigate
21 is sufficiently plentiful that the plant cke run at 21 that and, for example, raise -- keep thel leigher
22 its installed capacity without assistance, smno 22 such that you can, to some extent, bridggeth@moments
23 operating pool is required. As will be mbrity 23 of lower flow? Is there any policy or praethere?
24 investigated in the presentations followimg bne, 24 MR FAROOQ: Yes. You see, it is on the operaind it is
25 this may also assist with sediment management 25 from the system how much demand we are geitid how
Page 33 Page 35
1 In the dry season, however, the operati is 1 operator wants to operate the plant, whetbevdnts to
2 filled to its full level, say here (indicati@nd 2 operate it with a reduced capacity or maybeesuvater
3 then discharged to the turbines so that #et gbn be 3 for part of the day and release for part efdhy.
4 run at higher capacity for a shorter periotiné in 4 | mean, operator can do as --
5 a given day. Once the pool is empty, sakitol¢vel 5 PROFESSOR BUYTAERT: Yes. So that means thahdutie wet
6 (indicating), the minimum operating level, thebines 6 season it is possible that the water levéién
7 must be shut off or run at a reduced capaoityrat 7 reservoir is higher than the minimum operalivg!
8 the pool can be refilled, creating the flutihgapower 8 that's shown on the upper graph?
9 peaking pattern you can see here; this odecéiting). 9 MR FAROOQ: Yes, yes.
10 Slide 14. 10 PROFESSOR BUYTAERT: Okay, yes, thank you.
11 PROFESSOR BUYTAERT: Can | ask a question befovemove 11 MR FAROOQ: Slide 14. Previously we saw a hyptidal
12 on? 12 example. This is the full range of operafimm
13 MR FAROOQ: Yes, sir. 13 NJHEP -- this one (indicating) -- using wisatalled
14 PROFESSOR BUYTAERT: Thank you. The dischame tgeries | 14 12.00 am daily data from 2018 to 2023. Téiis us
15 you show at the bottom, is that here from\teelum 15 what the water level in NJHEP reservoir imatnight
16 River? 16 every day. Because itis a daily snapshetlevnot
17 MR FAROOQ: Sorry? 17 see the daily variations within the operapingl. But
18 PROFESSOR BUYTAERT: The discharge time seritisedbottom | 18 we see the broad pattern of a full pond leviie wet
19 graph, is that here for the Neelum? 19 season and depleted pool in the dry seaSuar the
20 MR FAROOQ: Yes. 20 course of that time, the full range of ogatppool is
21 PROFESSOR BUYTAERT: Because you mentioned tiaketed, 21 used.
22 mostly in the wet season, flow is plentifBlut of 22 That concludes this section of the priegiem of
23 course if you look at the last wet seasoR220D23, 23 HEP storage and reservoir use. Subjectytaja@stion
24 there you can see that not always the flawufificient 24 that you may have, | will now hand over toAbibas to
25 to maintain the plant at full capacity. %wiously if 25 address you on spillways and freeboard.
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1 Questions from THE COURT 1 dam above this flood surcharge level.
2 PROFESSOR BUYTAERT: | would be interested knowimge 2 We see there that an area of flood sugehiaas
3 generally how the capacity of this plant 0® 86W has 3 been accommodated within the design. Buiteatdp of
4 been determined. | don't know if that's sdingtyou 4 flood surcharge, the dam wall continues terct here
5 can shed some light on here now, or latesionply 5 (indicating), until it terminates. That agfadam
6 what factors were taken into account to detexrthat 6 wall is known as "freeboard".
7 here a plant will be build of that specifipaaity of 7 Flood surcharge exists in order to enthae
8 969 MW. 8 reservoir never overflows. Between the spijhand the
9 MR FAROOQ: Sir, as a general practice that | ustded is: 9 flood surcharge, the dam will always be ableviacuate
10 the capacity of a plant is generally deteediby the 10 floodwater from the reservoir before thenodtie
11 site hydrology first. And then you develofinancial 11 capacity of the reservoir is exceeded od#me gets
12 model saying that: if | install this muchtoé 12 damaged.
13 capacity, this would be the cost | need ¢oiion the 13 Now, how are designers able to ensus€ thi the
14 project, and this would be benefit, in teohs 14 process of designing the hydroelectric ptpjbey
15 finances, that I'm going to get out of itnddat 15 take account of various flood conditions thay occur,
16 a point when your cost-to-benefit gets tlatre you 16 generally known as the "design flood". Fdan, it
17 fix your megawatts or the generation capatfitpe 17 must be capable of discharging the desigmlflwithout
18 plant. 18 damaging the dam structure.
19 PROFESSOR BUYTAERT: Yes. So | agree that ted'sed the| 19 What exactly is considered for the defimd will
20 way it's done. | wonder whether it's posstblgive 20 depend on the conditions at the dam siterims of
21 some more information about how specifictibt 21 the river flow and precipitation, as wellths
22 procedure was implemented here for this pfant 22 consequences if the dam were to collapstheln
23 example, what hydrological data were used verat 23 Himalayas, dams are designed with a 1-in@By@ar
24 demand estimates are being used. | rehkgs t 24 flood in mind.
25 a broad question that encompasses more thenyau've 25 Aside from these statistical-based flotials dam
Page 37 Page 39
1 prepared now. 1 is also checked to confirm it is safe for ale
2 MR FAROOQ: It's okay, sir, but | need it get baakhe 2 maximum flood, or we say it like "PMF". Th®P is the
3 project authorities for this information. 3 flood that can be expected from the most sever
4 PROFESSOR BUYTAERT: Thank you. 4 combinations of critical meteorological andlfofogical
5 THE CHAIRMAN: Okay, Mr Faroog, | don't think weabe any 5 conditions that are reasonably possible ggon. As
6 more questions right now for you. But | wolile to 6 such, it is generally considered as the ulopérof
7 ask: will you be here throughout the day isecare do 7 spillway design.
8 have a follow-up question? 8 DR BLACKMORE: So 1in 10,000 is an arbitrary nienb
9 MR FAROOQ: Sir, I'm at your disposal. 9 We've made a decision to use 1 in 10,000iak a
10 THE CHAIRMAN: Excellent. Thank you so much. aftk you for | 10 profile. What is the difference between
11 your presentation. 11 a 1-in-10,000-year flood and a PMF for tiitiss So
12 DR ABBAS: Well, Mr Chairman and the membershef Court, 12 what's the difference between them? Is a Bitle the
13 I am Dr Yasir Abbas and | am leading the team 13 volume, or only 5% more?
14 hydrologists and sediment modellers at waatelr 14 DR ABBAS: Sir, what | understand is that 1 in0DD is
15 agriculture division in NESPAK. 15 a statistical parameter that relates withesertreme
16 (Slide 15) In this last part of this pesation, 16 conditions of the flood. And the PMF is teth
17 1 will be discussing various aspects of ggifs and 17 generally with the possible maximum flood in
18 freeboard in general, and for Neelum-JheluojeBt 18 a catchment --
19 specifically. 19 DR BLACKMORE: Yes.
20 Slide 16. We have seen this figure direadly 20 DR ABBAS: -- under a given combination of exteem
21 colleague Umar has demonstrated very clézely 21 meteorological and hydrological conditions.
22 different levels related with minimum openmgtievel, 22 DR BLACKMORE: Yes, thank you.
23 full pondage level, and different aspectthefdam 23 | was just wondering though: you've madkecision
24  spillway. But now | will be discussing in readetail 24 to design at 1 in 10,000 years, and | unaiedsivhy
25  about this part of the dam: | mean the porvibthe 25 you've done that -- like, in my world, witty miams,
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1 they're all PMF, which is 1-in-300,00-yeaoith 1 The amount of flood surcharge dependéen t
2 about-- because the consequences are muw ffig 2 spillway design and the size of the gates ifaie
3 you lose something and drown people. 3 gates are large enough, it may be reduceeirto z
4 But just to try and understand the hydyp|d was 4 An increase in flood surcharge may be avaed if
5  justtrying to work out whether, [if] a 1-ir3,D00-year 5 the dam site is constrained by the site geyrnfer
6 flood is a certain number, 20,000 cumecs Ad& flood 6 example, a very narrow canal, which requirbigher
7 30,000 oris it 21,000 cumecs? I'm just woindewhat 7 surcharge to compensate for having a limitesitc
8  therisk profile is. 8 length on the dam for the placement of thivegy.
9 DR ABBAS: You see, when they come up with the RéEmate, 9 The second factor, on the right sidehen t
10 that is basically a phenomenon-based estimeate 10 bullets: the wave action.
11 statistical-based. Whatsoever the figuregahieve 11 Wave action produced is generally by higtds.
12 with the phenomenon-based estimates of tHe, Mt is 12 A higher freeboard will be required in resgry with
13 again checked with the frequency. And it ibay 13 a larger water surface. This increasesittarte --
14 possible that the PMF may come around 1-j@@Dreturn 14 we say it like the "fetch" -- along which tivind can
15 period. 15 act on the water. A higher freeboard wibabe
16 DR BLACKMORE: It could come next year though? 16 warranted in a region which is subject tdhignds.
17 DR ABBAS: Yes, yes. 17 Third factor: type of dam. An embankndstn has
18 DR BLACKMORE: That's what worries all of us. 18 a high risk of damage or failure due to ayging as
19 THE CHAIRMAN: Well, let's hope at least not tgtia 19 compared to a concrete dam. For this reason,
20 DRABBAS: Yes, let's hope! 20 an embankment dam warrants a higher freeloand
21 THE CHAIRMAN: Continue, Dr Abbas. 21 a concrete dam, keeping all other thingsgbefual.
22 DR ABBAS: Well, having discussed on the PMFslebme 22 And finally, the last one: operationdiadaility.
23 backon the freeboard. 23 In areas where there are uncertainties atioel to
24 The freeboard, on the other hand, senatightly 24 the reliability of gate or other operatiotheg
25  different purpose. It also exists to enshat the 25 designers may feel that this warrants adwitio
Page 41 Page 43
1 reservoir does not overflow, considering aygptng 1 freeboard.
2 aspects. Overtopping will occur when windiofag 2 It should be noted that freeboard is sotlly
3 across the surface of the reservoir causessiav 3 constructed simply for the sake of freeboadlam is
4 form, which could then spill over the dam weadusing 4 expensive to construct, and so designersaill
5 erosion at its base, and in time, causing it t 5 normally provide for more freeboard than isessary in
6 collapse. 6 a given case. If more freeboard were provitad
7 Slide 16(a). 7 necessary, it would not be economically rati@md
8 Mr Chairman, the Court asked a questiauab 8 would need to have some other motivation.
9 freeboard height as its question no. 5, whiak: what 9 As far as the second part of the Counstion is
10 are the range of circumstances at a damvihatl 10 concerned, the short answer is: yes. A-gasd
11 warrant an increase in freeboard heightngpkito 11 spillway is designed such that there is aagdbe top
12 account the need to prevent overtopping @adldw for | 12 of the gate to allow for water to overflove ate if
13 the dam safety? Does keeping the crestgmt full 13 the water level rises too high. If the tdthe gate
14 pond level prevent raising the water levidicially? 14 is at the full pond level, this will prevehe
15 Well, answering the first part of thisegtion, 15  deliberate raising of the operating pool &hitns
16 we can see the bullets on the right sidaisfdlide. 16 level.
17 It indicates various circumstances, likedloo 17 Slide 17.
18 surcharge, wave action, type of dam andpleeational | 18 PROFESSOR BUYTAERT: Sorry, can | ask a quesiiothis
19 reliability. | will be discussing one by oimedetail. 19 slide (16(a)), if you don't mind.
20 First, flood surcharge. As Umar hasaalye 20 The figure you show here on the left-hside, you
21 explained earlier, this is the uncontrolladitaage 21 say rising water level will overflow the gateBut in
22 above the operating pool, which is used wherpool 22 this particular figure, given that it's aeght
23 level must be raised above the maximum dpgrvel | 23 spillway, one would assume that the wateglldvesn't
24 to achieve the design flood discharge. iBhis 24 overflow, but that gate is operated suchttietvater
25 an essential first component of the freeboard 25 level is low enough to account for the flsodcharge,
Page 42 Page 44
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because the reason to have a gated spillwazs able
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1 1 So yesterday we walked along the top@fim
2 to control the water and keep the flood sugdnéo 2 here, and if it had been wet on the top ofita,
3 a minimum, or ideally zero. Am | correct? 3 | could imagine that it would be a little lessfe. So
4 DR ABBAS: Yes. The gates are operated in a wagihimise 4 my question is: is safety one of the factbes bne
5 the surcharge that may be possible in theagass 5 would take into account in setting the freetpto
6 high flood. 6 avoid water being on the top of the dam, eryau
7 PROFESSOR BUYTAERT: Yes. Soin this case, thdiqular | 7 placing that under operational reliabilittsdunded
8 case of the figure, one would expect the fleadharge 8 like that wasn't really what you were talkaigput.
9 to be minimal, or even zero, given that yau reggulate 9 So my question is whether safety is afsoaj the
10 the water? 10 factors.
11 DR ABBAS: Exactly. Exactly. 11 DR ABBAS: Mr Chairman, yes. Safety is the uttiogortant
12 PROFESSOR BUYTAERT: Okay, thank you. 12 aspect for any dam in the world.
13 DR BLACKMORE: I'm not sure this is the right #no ask 13 THE CHAIRMAN: So the safety of the individual®mking at
14 this question, because | think it was omptiesious 14 the dam, needing to cross the top of theidasome
15 slide, but I'm not sure what's coming next. 15 situations, you might set the freeboard tchthe
16 So | want to go back to the 1-in-10,0@@xflood 16 water --
17 and climate change, and what account is taRenause 17 DR ABBAS: Exactly.
18 the 1-in-10,000 flood is historically: stamglhere, 18 THE CHAIRMAN: -- to be sure everyone is safe?
19 looking backwards with the records and ptojgahem 19 DR ABBAS: Exactly. Further, you see at theabthe dam,
20 out and coming to a number. But we're naingesome 20 when we talk about the particular aspectareu
21 climate change influence. I'm just wonderagy 21 talking, we have some minor slopes theredmaut
22 a hydrologist and somebody working in thiscep are we 22 the water that is coming from the rain.
23 starting to see changes in the number thatoukd 23 THE CHAIRMAN: In addition to just that desighgt
24 start designing for, based on climate change? 24 freeboard itself is helpful in ensuring sgfet
25 DR ABBAS: Well, sir, this is a very pertinentegtion 25 DR ABBAS: Yes.
Page 45 Page 47
1 related with the hardcore hydrology. | wolikd to 1 THE CHAIRMAN: Okay.
2 explain in more detail. 2 MR MINEAR: If we could go back to slide 16, pleas
3 Sir, as you said very rightly, when wetsta 3 DR ABBAS: Please.
4 projecting some flood, we have to take acctarthe 4 MR MINEAR: 1just have a question on terminology.
5 historic events we have, okay? And the histrents 5 Is freeboard always measured from thetdpe dam
6 we have, if you talk about the last 50 yeaesdon't 6 to the full pondage level? Because I've seepme
7 have any impact of climate change. It meaasit we 7 other publications where it's measured tdltuel
8 are taking care of the recent events in apjeptions 8 surcharge level. So we could be talking absatvery
9 that have some incorporation or, you cansaye 9 different measurements.
10 impact of the climate change in them, someesamehow | 10 What should | understand to be the cbrrec
11 incorporating the impact of climate changte 11 terminology?
12 projected estimates. 12 DR ABBAS: Sir, | would like to refer here [to]3ACE
13 DR BLACKMORE: That's true for the climate charigat's | 13 understanding of this particular aspect.
14 already happened as we're moving down thiaggu 14 It is generally, you can say, consideieave the
15 | won't take the question any furtheraose it's 15 full pond level, okay? And it incorporatesious
16 a difficult subject. But it does affect wiet it's 16 factors, as I've explained earlier. It ipmoates the
17 11in 10,000 or 1 in 5,000 if climate charge i 17 surcharge required for passing of the extriémoe; and
18 a significant issue, that's all. 18 above that surcharge is the wave-relatedysthfgt we
19 DR ABBAS: Yes, sir. | do agree that a flood thas been 19 require at the freeboard to avoid its ovenitap. So
20 estimated earlier has some magnitude, gradiijust 20 it comes out to be two or three things tlegiohto be
21 incorporate the new events that have sonfegdagks, 21 there above the full pondage level.
22 that magnitude may get updated. 22 MR MINEAR: The Corps of Engineers' documentapaovides
23 THE CHAIRMAN: | had a question on slide 16(a). 23 a specific definition?
24 DR ABBAS: 16(a). 24 DR ABBAS: Yes.
25 THE CHAIRMAN: Yes. 25 MR MINEAR: Thank you.
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1 DR BLACKMORE: This is just an observation, sir. 1 DR ABBAS: Perhaps you have rightly pointed oig giide.
2 A 1-in-10,000-year flood -- there is adbt 2 The spillways are designed for the 10,000-flead --
3 mechanical and electrical infrastructure rightop of 3 PROFESSOR BUYTAERT: Yes, which is around, s@$po0 --
4 the dam, at ground zero. So I'm assumingayegoing 4 DR ABBAS: But this is basically a safety check.
5 to get all the people off the dam. I'd befitst one 5 PROFESSOR BUYTAERT: Okay. So the design floa@ hié
6 to leave, so | just let you know that! Butw@ got 6 | read the graph correctly, is just below
7 a huge amount of infrastructure: power cafples)ps and | 7 10,000 cumecs --
8 so on. So if we were to top the damin 8 DR ABBAS: Yes.
9 a 1-in-10,000-year event, we'd be certairgyricted 9 PROFESSOR BUYTAERT: -- while the PMF is aboveD0D;?
10 in what we could do to recover as the floetivaway. 10 DR ABBAS: Yes.
11 Just an observation that ... 11 PROFESSOR BUYTAERT: Okay, yes. Thank you.
12 THE CHAIRMAN: | don't think that was a questio8o, 12 DR ABBAS: Thank you.
13 please, Dr Abbas continue. 13 Slide 18.
14 DR ABBAS: |think | was at 16(a). Slide 17. 14 The most important tool for managemerthefdesign
15 Now, sir, | will be discussing the desiigrod at 15  flood is the spillway. Another familiar exés on the
16 the Neelum-Jhelum Project. 16 slide showing the different configurationou have
17 The most important aspect for dam sagetshether 17 seen it before.
18 the dam is able to pass the design floodbr The 18 After discussing various spillway configtions,
19 design flood is calculated by reference ¢éohydrology 19 now | will take this opportunity to answee tBourt's
20 of the river basin on which the project taated. 20  question 1, which is as follows: what arertrgge of
21 We can see on this slide the final resafithe 21 circumstances where a gated spillway migahde
22 analysis related with the different returrigus of 22 beneficial or required for run-of-the-rivéampt on the
23 the flood. The hydrology of the Neelum-Jhehasin 23 Western Rivers of the Indus Basin?
24 shows that once every ten years, flood comdiof 24 Before we answer this question, we modetstand
25 just under 2,000 cubic metres per secondadlr. 25 what we are comparing a gated spillway te:uhgated
Page 49 Page 51
1 This is again a statistical-based estimategutsie 1 or the surface spillway.
2 available datasets at the particular site. 2 As you can see on this slide, on theslef of
3 In the next data point to the right, oagery 3 the slide, this is the most basic spillwayigtes This
4 100 years, flood conditions of just under 8,60bic 4 design is actually recommended as the ddfguttany
5 metres per second inflow will occur. And hat 5 engineering standards, despite its relaticle dd
6 continuing to the right, once every 1,000 gefiood 6 complexity. Why? Precisely because of thei of
7 conditions of just under 8,000 cubic metresseeond 7 complexity.
8 inflow will occur. And finally, once every 8 A gated spillway has to be open in order t
9 10,000 years, flood conditions of just under 9 function. As such, it may suffer from human o
10 10,000 cubic metres per second inflow withwc 10 mechanical error and be stuck in the clossiipn
11 Where you are seeing this red line,ithike 11 during a flood: a very serious situation. uhgated
12 probable maximum flood at the Neelum-Jheluajeet: 12 spillway has none of these issues. Likelg#cts
13 that is 12,500 cubic metres per second. rAdglais PMF 13 without moving parts, it is difficult to brea
14 has been estimated based on phenomenondiadets. 14 Slide 18(a).
15 PROFESSOR BUYTAERT: Sorry, can | ask you a qoestbout | 15 PROFESSOR BUYTAERT: | wonder whether now is adgtime to
16 this. 16 ask again my previous question.
17 So you have the bright red line as tiobable 17 So you rightly pointed out that the scefapillway
18 maximum flood. But if I'm correct, didn'tyaentify 18 is the default option, but clearly that optieasn't
19 or define the design flood as the 1-in-10,988r 19 chosen here for the NJHEP. And | wondereat wtiteria
20 event, in which case it should be the righstnpoint on 20 were used to determine whether, in this fipeci
21 the dark red curve, isn'tit? While in tagdnd 21 context, an open surface spillway was nobtst
22 you've got "PMF" and in between brackets 22 option.
23 "(Design Flood)". 23 DR ABBAS: Well, | would like to, | think, addreshis
24 So the red line is not the design flood; 24 question in a sequence.
25 am | correct? 25 First of all, you have seen yesterdafediht
Page 50 Page 52
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components of the dam at site. You must hatieed

Page 54

1 1 The big issue with an ungated spillwathé its
2 some rockfill dam portion, and you have alsticed the| 2 discharge capacity is fixed by the lengthhef t
3 area for the desander. So one thing is dieatryou 3 spillway, which is fixed by the width of thalley
4 are not going to have a spillway in these two 4 itself in which the dam is located. We cam thés
5 embankments, because of the requirement @ifircer 5 represented on the slide.
6 features of the dam. So what shall be ldfiés 6 If the valley is insufficiently wide fohé ungated
7 centre of the dam. And | think during theigephase 7 spillway to pass the design flood, the desitjas two
8 it must have been evaluated that: if the sarfa 8 options. First, the valley might be widengd b
9 spillway is there, can it pass the designdionder 9 excavation or tunnelling, to allow for an utegh
10 the given circumstances? 10 spillway of the required length to be bultyou can
11 So | believe that for Neelum-Jhelum Ripjell 11 say to accommodate that surface spillwayireapent
12 these exercises have been concluded, and basee 12 within that valley. Second, if the geolodye
13 optimal solution, what you are seeing right/ris 13 valley does not allow the valley to be widirafely,
14 there. 14 or the cost of the widening is prohibitiveyaded
15 PROFESSOR BUYTAERT: Thank you. 15 spillway would be introduced in the design.
16 MR MINEAR: One more question. | just wanttokma | 16 With the gates close, located at thet afghe
17 an observation. This slide shows my confugiith 17 spillway, this may be considered the next bes
18 regards to the terminology. 18 alternative to an ungated spillway in sonsesa
19 The freeboard on the first slide is meato the 19 especially when it is considered that a gspétivay
20 design flood surcharge; in the other twoesljdt's 20 may play a role in sediment management. €Tiger
21 measured to the full pondage level. But ymie above| 21 usually no need for large amount of flooatkarge to
22 explains that the design flood surcharge beagero if 22 be accounted for in a crest-gated spillweyvided the
23 the gates are large enough. 23 gates are large enough. This is what we discgissing
24 So | think that is what resolves my caidn | had 24 earlier.
25 earlier about the terminology. 25 At the same time, if the top of the gateot at
Page 53 Page 55
1 DR ABBAS: Sir, in principle, it's above the fpibnd 1 the full pond level, any flood surcharge betwéhe
2 level, okay? Here in this case, this is tiefsarge. 2 full pond level at the top of the gate carcteverted
3 And above the surcharge is the requiremerith®owave 3 into controllable storage, and the pond oNerfi
4 accommodation. 4 deliberately. This will allow the maximum ogtng
5 MR MINEAR: Great, thanks. 5 level to be raised, increasing the pressusd hgainst
6 DR ABBAS: Thank you. 6 the turbine and increasing power production.
7 DR BLACKMORE: So just back to your explanation. 7 And finally, we have this orifice spillwayhis is
8 | understood the explanation very clearlythemk you 8 also a gated spillway, but with the gates geves
9 for that. But an observation or a question. 9 located deep in the reservoir, potentiallyhethe
10 So if we went for a free overflow surfapdiway 10 minimum operating level.
11 here, just assuming we had the space, welvhare to 11 The benefit of this, when compared teeategated
12 allow an elevation drop. So the dam woulttta be 12 spillway, is that the additional pressurenwitiich the
13 bigger, taller, to do that, otherwise we'sklo 13 water is discharged from the orifice meaas ttie
14 available head to get into the spillway? 14 discharge capacity of a high spillway cawolbained in
15 DR ABBAS: Exactly. 15 certain conditions, but with a smaller o#fic
16 DR BLACKMORE: So | was wondering whether thasveamore | 16 If there are geometric conditions that loait the
17 important characteristic: that we didn't wiantbuild 17 spillway width, this can be useful, this opti
18 the dam higher, so we had a surface spillwayyanted 18 Another benefit of an orifice spillwaytieat it
19  to have the dam at this level, so all theroth 19 allows the designer to situate the spillwathe
20  mechanical and hydraulic bits fitted together 20 middle of the dam, as opposed to its cresgnpially
21 DR ABBAS: Perhaps this is what | am going tolaixpin 21 reducing construction costs.
22 detail in my coming slides. 22 Of course, this comes at a cost: theeasad
23 Slide 18(a). So what you have seendrptivious 23 velocity and the density of the resultingevget
24 slide, you are seeing again the elevatighasfe three 24 exiting from the orifice spillway tends twde the
25  types of spillways. 25 riverbed at the foot of the dam to a greaxéent than
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other spillway designs. Moreover, the gatesiselves

Page 58

1 1 possible, in certain conditions, that you wqubt
2 need to be designed to deal with greater vpaémsure 2 have the orifice spillways?
3 compared to these two spillways. 3 DR ABBAS: Mr Chairman, | would like to addresssth
4 Mr Chairman, let me summarise the circamsts in 4 particular query in my coming slide. But @gsence of
5 which gated spillway might be beneficial ajuied, as 5 priority, this should be the priority.
6 follows. 6 THE CHAIRMAN: Yes, okay.
7 First, the lack of valley width at the daite we 7 DR BLACKMORE: | am justinterested in the eleatiechanical
8 elaborated earlier. 8 support needed for the gated spillway anditiiee
9 Second, limitation in dam height due te si 9 spillway. So you need infrastructure, youchpewer.
10 constraints, as we discussed, like geologhance of 10 And we want these things to be effective flo@d of
11 upstream population submergence. 11 some sort, let's say a one in 2,000 yead flabere
12 Third, augmenting the flood-passing céapad 12 all the indigenous power is gone, the poineslwill
13 ungated spillways, as we will discuss shortly 13 be gone -- well, they certainly are in Ausdra
14 To this, | should also add that a gajsithay of 14 So I'm wondering how much of the contimge
15 any kind may play a role in sediment managemenat we 15 planning is in place to operate these gatiivay
16 will be discussing in detail in presentatimn 6. 16 structures, either orifice or gated, in therg of
17 Slide 19. 17 regional power being out. Do we have bagager? Are
18 THE CHAIRMAN: Can I just ask one question befpoel move | 18 we able to get access to the backup povds it?
19 past this slide? And if you are already essing this 19 DR ABBAS: Sir, this is what we were discussiagier as
20 in the future, that's fine. 20 the operational reliability, and that is vemych
21 But on the orifice spillway, it's a higlmessure 21 highlighted with the spillways like orificpibways.
22 pushing of the water through the orificeleil, 22 Here, at Neelum-Jhelum, we have a propatingency
23 because it's lower down and you have thespreof the 23 plan available. As per the operational dirids,
24 reservoir essentially pushing the watehas t 24 there [is] always a backup there in the fofm
25 correct? 25 generators that can operate the spillwagase of
Page 57 Page 59
1 And further, however, there's a disadvgeteere 1 power failures.
2 because it can only push through as much \&attrat 2 THE CHAIRMAN: If | recall correctly, the first ep on our
3 orifice will allow, which means that if all ydhave is 3 walk-around yesterday was a series of generagt
4 the orifice spillway, you may not be able leeac the 4 next to this building that you would use teigte your
5 amount of volume of water that you would likgand 5 gates if there is a power outage.
6 that would be an advantage of the first twitvegys; 6 DR ABBAS: Yes. May | proceed to next slide?
7 is that correct? 7 THE CHAIRMAN: Yes, please.
8 DR ABBAS: Sir, absolutely right interpretatiohwould 8 DR ABBAS: Thank you. Slide 19.
9 explain it further. 9 In many situations, however, the optinpélsay
10 THE CHAIRMAN: Please. 10 solution for a particular dam is to includeltiple
11 DR ABBAS: You see, in case of ungated surfadbvey, 11 spillways, in the design of different circuarses.
12 more discharge can be passed by just inoet® head 12 The risks of gate failure in an orifice spély may be
13 over the spillway. But in this case, orifgggliway, 13 eased by including an ungated spillway foictvigate
14 we have a fixed flow area, so it means tiat t 14 failure is not an issue.
15 particular type of spillway has some limitatin 15 Conversely, the lack of a valley wideagiofor
16 passing certain range of discharge. 16 an ungated spillway that can pass the désigth may
17 And another important aspect that relatésthe 17 be eased by including a supplementary gaitay in
18 hydraulic engineering is basically how toldeith the 18 the design, as we were discussing earlier.
19 higher velocities with these orifice spilvgaySo 19 In some cases, all three basic spillywpgg may be
20 there are certain, you can say, upper liavigslable 20 included in the same design. An exampléisf t
21 for design velocities in such type of spiywato 21 methodology is from Karun-3 Dam in Iran.
22 avoid damage to the concrete structure. 22 This combination was selected for seveasons.
23 THE CHAIRMAN: And in your experience, would yoypically | 23 Let me discuss here.
24 not have just an orifice spillway? Would ymmbine it 24 The ungated surface spillway was seldctpdovide
25 with a gated spillway or an ungated spillwa®PRis it 25 security in case of gate failures, and toigdeo
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an outlet for landslide-generated waves, aral@art

Page 62

1 1 we have a gated spillway. And this is therideb
2 of the total PMF discharge; whereas the gauefdce 2 channel or flat gate spillway. And on théntigide we
3 spillway was to deal with most of the desigod 3 have rockfill dam.
4 discharge, but the space available was limildese 4 THE CHAIRMAN: Can | just confirm that -- the gdte
5 were designed to 300 cubic metres per sedaadeoof 5 spillways are here, and then there's orifitmegn here
6 flow, so could not discharge more. 6 (indicating)?
7 The orifice spillway -- in the centre bigt 7 DR ABBAS: The orifices are here (indicating).
8 slide -- was used to make up the total PMEhdigge, 8 THE CHAIRMAN: Okay.
9 but also functioned to vent the suspendedrseds 9 DR ABBAS: Slide 23.
10 during the flood. 10 Sir, having some discussion on the uastre
11 So this is what, sir, you were askingt tiow 11 elevation, now | am showing you the downsiretevation
12 different types of spillways can be integiate 12 at the time of construction of this project.
13 a single scheme of a dam. 13 So you can see here different aspeaginAin
14 Slide 20. Sir, many of the points jusitie can be 14 the middle of this snap, you can see thrdigigual
15 found in summary on this slide, which introeti the 15 gates of the spillway. You can see hereghis is
16 combination spillways at the Neelum-Jhelunjdet as 16 fully open, while two others are partiallyeop And
17 well. 17 here, these are the walls of the sedimenthtsin
18 Spillways can be combined in different 18 that is being constructed. And this pastiisto be
19 configurations to meet different challengetba 19 constructed there.
20 project sites; for example, flood or sediment 20 Slide 24. This is, sir, what you sethmrecord
21 management. If one design is not possible, 21 drawing: again, all those features that ehgivown you
22 a work-around may be developed. For exaraplerifice | 22 earlier. In the middle of the slide, theegit
23 spillway may be included as the main spillywaigh 23 spillway. The floodgate, which was understarction;
24 a surface spillway incorporated for useef discharge 24 and this was also under construction in theipus
25 capacity of the main spillway is exceeded. 25 snap. And here, these are the walls you $eer in
Page 61 Page 63
1 The Neelum-Jhelum Project is one suclgdesi 1 the previous picture.
2 incorporating orifice and surface gated spaiifs; 2 Slide 25. Sir, you spent a reasonable tim
3 together with undersluices built into the keta 3 yesterday on this orifice spillway, so you htigave
4 structure for sediment management. 4 noticed something | will be explaining here.
5 Slide 21. You can see how this lookse# fife 5 This photograph was taken at the topefitck
6 on this slide. So you have seen this yesfdrden the 6 unit where the gates for the orifice spillveag
7 viewpoint as well. So what's different irsthlide 7 housed, looking upstream. The radial gathisf
8 is: those parts of the structure that ardhadiere 8 spillway is in the fully closed position argholding
9 were not visible yesterday because they weymerged 9 the river back. It's basically resting on ¢hest
10 in the water. 10 right now. We are looking upstream.
11 You can see here the intake structupeintakes 11 Radial gates of this kind are often usethrger
12 are there, and here we have undersluiced.tsis 12 spillways. They are the easiest and masbtelgates
13 the central part of the dam, having gateltivsgy or 13 to operate.
14 orifice spillway. And this is the debris ohal or the 14 Slide 26. Now | come to some more detail/e can
15 flat bed spillway. 15 see the close detail of this in the recoadvirg of
16 MR MINEAR: On this slide, can you show with yqeinter | 16 the orifice spillway. Shown here is the lituigjnal
17 where the full pondage level would be? heowords, 17 elevation. The flow direction is from ledtrtight.
18 if there was water in the reservoir, wherellddohe 18 So this is the radial gate | explained eardied this
19 full pondage level be? If you can pointtto i 19 is the opening here. So water, when it flivas here,
20 DR ABBAS: | think here (indicating). 20 goes ultimately to the downstream, wheréesgipates
21 MR MINEAR: Okay, thank you. 21 energy there and goes to the natural rivéndu
22 DR ABBAS: Somewhere here. Again, this is aimege. 22 Slide 27. This is the surface gatedvsajl.
23 Slide 22. Sir, what you have seen ireteeation, 23 Yesterday you have seen that the water wasniy) over
24 this is what you see in the record drawiAgain, on 24 it. What you are seeing right now is baliatis
25 the left you have six intakes. In the midaflithe dam 25 holding the water upstream.
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As with the equivalent for the orificelspay,

Page 66

1 1 the three persons in the presentation ncstHjpw.
2 this is taken downstream of the spillway atttbp of 2 And beside that we have the floodgate thisd
3 the gateway. The gate is holding back the bthe 3 floodgate -- both are open now just to mamtae
4 top of the reservoir. It is designed so timatiood 4 level over there. So these are the posifamnthe
5 conditions, the reservoir can flow freely otlex gate, 5 regulation of the water from this point, for
6 without damaging it or its mechanism. 6 Neelum-Jhelum Hydropower Project.
7 Slide 28. The close detail of the spiivdesign 7 THE CHAIRMAN: Okay, very good. Any question?
8 is again visible on this slide. So what yanédiseen 8 MR MIANA: So we move to the other installationephere.
9 in the last slide is shown here. So the basiration 9 As explained, these are the feeder beaabsve use
10 is like this: if this is the crest, the flagsically 10 to put in under our stoplog outside, justytoid the
11 operates like this (indicating). Unlike theged spill 11 accumulation of sand and sediments in tlatse 5o
12 way, if this is the crest, the gated spilloagrates 12 this is very helpful because, if it is not puthat
13 like this (indicating). 13 place, then the sediment can accumulate. tisd
14 Slide 29. Sir, this ends this portiorthef 14 sediment then will restrict the complete icigof the
15 run-of-the-river HEP basic presentation. $&eond 15 lowest part of the stoplog. So that is helpAll
16 portion, on sediment management, will stera 16 the sediments are then accommodated inrtkis 0
17 a short break. | think I am right on time! 17 (indicating) and then taken out, and theraveesafe to
18 For now, on behalf of Mr Alauddin, my leaigue 18 place our -- these stoplogs in there.
19 Umar Farooq, | thank you for your time. diyhave any 19 So all these six lots, for all three gatee
20 guestions, | am pleased to address. 20 placed now, even now at the bottom of that on
21 THE CHAIRMAN: Thank you, Dr Abbas, let me loaksee if | 21 THE CHAIRMAN: There is one down there right now?
22 there are any questions at this time. No. 22 MR MIANA: Two.
23 That was a very helpful presentationapereciate 23 THE CHAIRMAN: Two, collecting sediments.
24 it very much, and you are to be commendediftng 24 MR MIANA: Sometimes two, sometimes three.
25 your time mark almost perfectly! 25 THE CHAIRMAN: Okay.
Page 65 Page 67
1 MR FAROOQ: Thank you. 1 MR MIANA: But we have the provision we can puttogthis
2 THE CHAIRMAN: So thank you. | will end then this 2 level. But that is not required because sedtmare
3 presentation now, and we'll look forward te #econd 3 not coming too high.
4 presentation in the afternoon. And perhapswe'll do 4 THE CHAIRMAN: One guestion.
5 our little walkabout, if that's possible. Tkaou. 5 PROFESSOR BUYTAERT: How do you take them ouhéfytare in
6 Presentation 7: Dam Walkaround and Reservoir ttispe(l1) 6 there now?
7 THE CHAIRMAN: So, Mr Alauddin, as we lost the audn our | 7 MR MIANA: With this crane (indicating).
8 walkaround yesterday, perhaps we could staet figain 8 PROFESSOR BUYTAERT: Okay. You kind of fish theot?
9 today and have you just explain to us wherangeat 9 MR MIANA: Yes. We have a device for lifting theoat.
10 this point on the dam. 10 PROFESSOR BUYTAERT: Okay, yes, thank you.
11 MR MIANA: Sure. We are on the pier of the dalihe 11 THE CHAIRMAN: Mr Miana, is this also out on theis this
12 elevation at this level is about 1,019 mediEs/e sea 12 the same one that was out on the desander?
13 level. On our left, we can see the rivarasiing from 13 MR MIANA: No, I think there is a second one.
14 this side. This is the upstream side ofitres, and 14 MR ALAUDDIN: That's a different one.
15 this is the reservoir. And on the left sidehave the 15 THE CHAIRMAN: It's a different one.
16 left embankment over there. There we hawdntlake 16 MR ALAUDDIN: These are being used for taking eratamples.
17 gates and the undersluice gate, and alsadied 17 THE CHAIRMAN: Okay. And the one that was outthe
18 gates. So the radial is on the right sitled beside 18 desander that we saw yesterday, perhapsoyidi ¢
19 the radial gate we have the cascade, thédaie over 19 explain again the function of it in the dedem
20 there. (Pause) 20 MR ALAUDDIN: We are using -- that is being udied taking
21 And now we can see from here the maxirewel of 21 water sample also. But sometimes we havihentask:
22 1,015 that was questioned in the meetingedis 8o 22 to measure the velocity within the desandehat
23 you can see this is the maximum level forchithe 23 those are as per the design parameters.
24 reservoir is supposed to be at the maximusi.leAnd 24 THE CHAIRMAN: Okay. So when we saw a similaean the
25 above that is a freeboard available, as wglsieed by 25 desander yesterday, you explained this weestdhe
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velocity within the desander.
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1 1 we have electrical motors and hydraulic ufitsthe
2 MR ALAUDDIN: Yes, through the same equipment. tihaving 2 operation of both. And this is our systemtfar
3 some additional equipment, we can also ... 3 operation of the equipment.
4 THE CHAIRMAN: Very good, thank you. 4 We have also the facility to operate hibtse
5 MR MIANA: So the stoplogs for the ogees cleaibde want 5 gates, floodgates 1 and 2, from the contrirolt's
6 to have there in the downstream of the ragdigds, we 6 usually in our control building, but most béttime we
7 just stop these -- we place these stoplogeein 7 come here just to see the physical operafitmeayate
8 slots. There are seven (indistinct) leavetoplete 8 as well. But we have facility in both.
9 one clear of the radial gate opening. 9 THE CHAIRMAN: I think | asked you yesterday justbe sure
10 This is the gantry again, to handle tigeges as 10 that you can operate the gates either fram drefrom
11 the last filler beams. The capacity of tastry 11 the control room.
12 crane is about 80 tonne. 12 MR MIANA: Yes, we have the facility for that.
13 To our left now, we will proceed to ttheodgates. 13 DR BLACKMORE: So is this motor the critical pbifiyou
14 MR ALAUDDIN: We can see that this other floodgét fully 14 had overtopping? These motors would be é@datlyou
15 open. And maybe that is partially open, jastlease 15 overtopped through the (inaudible) here?
16 the water level. (Inaudible) in the morning, 16 MR MIANA: Normally we have motors on the toptbém. All
17 (inaudible) minor increase, but it remairesshme. 17 the elevations are below that one. So $hise top
18 The level increases up to 1,012.3. Butagain 18 one, to avoid this one to be in contact withwater.
19 (inaudible) now. 19 DR BLACKMORE: So this is for a 1-in-10,000-ydkmod, this
20 MR MINEAR: What is the flow rate today compated 20 one here?
21 yesterday? 21 MR MIANA: Exactly.
22 MR MIANA: Almost similar. 22 So we will also see and Dr Hayat will laikpabout
23 THE CHAIRMAN: And did you say you pass debrisotigh this 23 this. You want to explain something aboatMBT and
24 as well? 24 this one? Please take the mic.
25 MR MIANA: All the floating debris passes -- 25 DR HAYAT: We are now standing on top of the enimaent dam.
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1 THE CHAIRMAN: Through here. 1 So that is the hybrid portion of the dam. ™i&T
2 MR MIANA: This is a section to other inflow (indible). 2 actually runs approximately in this directias,we saw
3 THE CHAIRMAN: Yes. 3 in some of the photographs that were shownd y®u can
4 MR MIANA: So once the water is coming to thisesid 4 see the different colour of the formationsboth
5 (inaudible). 5 sites. You can see the graphitic schist lsemage
6 Would you like to see the second one? 6 limestone and a whole lot of things. And this
7 PROFESSOR BUYTAERT: Are the gates fully open now? 7 a different formation. This is Panjal fornoati that
8 MR MIANA: Yes, this one is fully open. 8 is the Murree formation.
9 This is partially, you can see. Thisastially, 9 In this dam, as you can might have notitieete
10 as of yesterday. (Inaudible). 10 were some questions from one of the honcairakimbers
11 THE CHAIRMAN: So this gate is partially openetbther one | 11 of the Court about the movement of the MBhd what
12 is fully open. 12 happens is: what we design for is there shioeiino
13 MR MIANA: Is fully open. We can recognise thawes of the | 13 damage to the dam in an OBE earthquakeisthat
14 hydraulic (inaudible). 14 operating basis earthquake.
15 DR BLACKMORE: You don't have a fish ladder oy#ning on | 15 However, in a safety evaluation earthguak what
16 here for environmental purposes? 16 was previously called the "MCE", maximum dpésd
17 MR MIANA: Fish ladder? No, there is no fish dizal. 17 earthquake, some damages are expected, garidhe
18 DR BLACKMORE: Are there no fish? 18 repairable. So in that case, if we calculate
19 MR MIANA: There should be! 19 expected fault movement in case of an MCH veandesign
20 Can we move to the -- 20 the downstream filters to be taken off, thay are
21 THE CHAIRMAN: Should we take a look at the -- 21 not short circuited. So if there is a movetgou
22 MR MIANA: -- inside the -- 22 will still have a portion of the downstreaittef which
23 THE CHAIRMAN: Yes. (Pause) 23 will protect any downstream seepage.
24 MR MIANA: So this is the control for both thed@dgates. 24 Same goes for the grout curtain, becthisés
25 We have the electrical panel outside. Anth@nside 25 solid rock, so we are not that much conceifrbe
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1 grout curtain is sheared. Then you can gadteer 1 the dam site?
2 on, after the event, and come back and regrdbt 2 MR ALAUDDIN: Sir, yesterday was questions abd t
3 area. 3 sedimentation or the desander structure. Séeuthe
4 DR BLACKMORE: What thickness is the filter? 4 rate of coming the sediments into this depepds: in
5 DR HAYAT: There are two filters. One is the fifikeer 5 high flow, more sediments come; in low floasd
6 and one is the coarse filter. Both are 4 @setr 6 sediments come.
7 DR BLACKMORE: 4 metres? Wow! 7 So as far as the cleaning is concernatl, th
8 DR HAYAT: Normally it would be like a metre orr@etres. 8 depends. We have to make more frequent oigakiring
9 DR BLACKMORE: Yes, it's high. 9 the high-flow season, and naturally less dyuttie
10 DR HAYAT: Soit's to cater for that. 10 low-flow season. So it depends upon theadperhe
11 DR BLACKMORE: Okay. 11 has to decide when to carry out, based olaykee of
12 THE CHAIRMAN: Any other questions? 12 the sediments at the bottom, here, here emg &and
13 MR MIANA: So we'll go to the desanders. And Haene route| 13 the rate of the concentration which are pgssn
14 | would like to -- 14 through the intake into this. So --
15 DR HAYAT: One other question was about the gooutain 15 Yes. Regarding the sizes, you see we hav
16 and the drainage curtain. So the grouticuvauld be 16 recently -- before coming, we basically egtout some
17 at the centre line of the dam, and it wilsbghtly 17 tests of the water sample for the sizess désander
18 inclined upstream. The drainage curtain logll 18 has been designed to trap grain sizes, sedsizes,
19 straight, so that is to catch any seepagdelia 19 more than 0.15 millimetres, 0.15 millimetva
20 still pass the grout curtain. And it wiletihdrain 20 settle, and they may go -- they might go th&d. But
21 into the drainage gallery that you saw ordiiasvings. 21 that also depends upon ...
22 And there, there are measurements also ¢batnke, 22 So, so far we have seen that the design
23 and you want on see, over a period of tiroe, the 23 consideration which we made, this structsitgehaving
24 seepages are happening. 24 far better. And this structure is quite efife
25 And the main purpose of the drainageaguis to 25 because of the reason that | have alreadtianed in
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1 ensure that there are no undue uplift pressamehe 1 my briefing: that five years have passed,t@whuse of
2 dam, because that would make it unstableuédco 2 the effectiveness of this structure, we aténge
3 potentially make it unstable. 3 little wear and tear, or we should say théteve
4 DR BLACKMORE: Do you have any drainage monitorduyvn 4 getting fair wear and tear, even after fivarge And
5 here, through -- 5 they're operational. They haven't carriedaoyt major
6 MR FAROOQ: Yes, between the drainage gallery-and 6 repair to the dam.
7 DR BLACKMORE: So the gallery goes under here afav 7 (Pause)
8 MR FAROOQ: It goes under here, but - 8 MR MIANA: There's a surface monitor here. Thdate
9 DR BLACKMORE: Yes. Oh, so it goes back that wapRay. 9 monitor, the second one on this one. Thatavejust
10 MR ALAUDDIN: ltis up to that line (indicating). 10 now, the second one, on this side.
11 MR FAROOQ: But here we have the piezometersafintdose 11 (Pause)
12 things. So we know the (indistinct) linewhihie water 12 So first, again, we will see that divensiunnel,
13 line actually is developing in the dam. 13 just to speak about -- something about thatd
14 THE CHAIRMAN: Very good. Off to the desandegfipaps. 14 looking at the gates from the downstream shleo
15 Okay. 15 looking at the discharge for the flushinghef
16 (Pause) 16 desanders whilst we are there.
17 MR MIANA: Yes, surface monitor. So this thatuias 17 Four gates each, connecting the desavitiiethe
18 talking about: that we have further monitgyiwe check 18 collecting tunnel. And beneath this one haee the
19 these regularly. 19 gate for the flushing of the desanders. #nd
20 THE CHAIRMAN: Just hang on. 20 flushing, we just close the intakes for #rad just
21 MR MIANA: Okay. 21 flush it for that. And normally this is hydidic
22 THE CHAIRMAN: Wouter and Don, he was about tg sa 22 flushing. If we need the mechanical, yestgis
23 something. 23 | explained, then we can use these pipes, the
24 MR MIANA: So these are the surface monitors therte just 24 pressurised water, for that one.
25 for monitoring purpose, at different locaian all of 25 (Pause)
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So here is the diversion tunnel that veeslduring
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1 1 sediment issues.
2 the construction. This is the outlet of tiiersion 2 Slide 3. Mr Chairman, starting from tieeof the
3 tunnel. It is coming from the upstream of diaen side. 3 sediments.
4 And from upstream of the dam side, we aredjre 4 As you know, sediment is generated wheksrbreak
5 flushing. Now, however, it is from this sitle open. 5 down into smaller and smaller particles byiradt
6 And with this, we can also see the outlettier 6 weathering process. These patrticles areegletivinto
7 flushing of the desanders from there, andameatso 7 rivers through rainfall erosion, landslide aladbris
8 see now that two are in operation: the undeesis 8 flows.
9 also in operation for the fine-tuning. 9 Sediment sizes vary greatly. They aremonty
10 MR MINEAR: And we are doing the sluicing agama(idible). | 10 measured according to the Wentworth scalishwh
11 MR MIANA: Yes, yes, undersluice again. Becaimsy just 11 classifies them by grain size.
12 try to fine-tune about the regulation andvtiager 12 The largest sediments we deal with irHimealayas
13 level. 13 are boulders, which are 10 million timesdartpan the
14 THE CHAIRMAN: So | think that our audio from yesday 14 smallest sediment. These are the bouldsost a
15 resumed at this point. 15 1.6 metres in height. And you can see thideeos can
16 MR MIANA: Okay. 16 be as long as up to 4 metres and beyontngtéom
17 THE CHAIRMAN: And therefore, unless there's payticular | 17 a foot of length to 4 metres.
18 guestions from here on, | think we're balicidne and 18 Our rivers carry a sediment load thduithes fine
19 can just walk back to the -- 19 sediments, mostly silt and clay, and coaederent,
20 MR MIANA: The normal room. 20 sand and gravels, along with the cobblesanttlers.
21 THE CHAIRMAN: Yes. Is that okay? 21 Mr Chairman, now | would like to show ydiferent
22 MR MIANA: Okay, let's go. 22 sizes of the sediments. The samples weoamg tp
23 THE CHAIRMAN: Okay, let's go. 23 describe you have been extracted from theipsisleam
24 (End of walkaround) 24 of this reservoir.
25 25 These two (indicating) are basically espnting
Page 77 Page 79
1 Presentation 6: Run-of-river HEP basibs (I 1 the silt. You can see the fineness in itd fom
2 DR ABBAS: Mr Chairman, members of the honourabdert of | 2 here onward, up to this tissue-paper box,istadi
3 Arbitration, it is a pleasure to address ygaia 3 sand. And they have been placed in increasihegy.
4 Along with me, my colleague Umar Farooq wél b 4 So this is the coarsest sand, up to 2-milliensize.
5 presenting on sediment management, a crigpakcaof 5 And from here onwards, it's gravel.
6 hydroelectric power plant design, operatioth an 6 THE CHAIRMAN: On the far side of the tissue?
7 maintenance. 7 DR ABBAS: Yes.
8 In this presentation, we will proceedhree 8 THE CHAIRMAN: The tissue is not part of the ...!
9 parts. 9 DR ABBAS: Yes, definitely. (Pause)
10 In the first part, | will provide you it 10 These are gravels.
11 an overview of sediment aspects, includingdacepts 11 Mr Chairman, just focus on those two etoithey
12 and features of sediments in the Himalayas. 12 are cobbles.
13 In the second part, my colleague Umandeauvill 13 THE CHAIRMAN: In the bag?
14 address you on the first purpose of sedimamiagement: 14 DR ABBAS: These ones (indicating).
15 | mean to say the maintenance of live stocage 15 THE CHAIRMAN: Oh, all the way over there?
16 operational storage. This is generally agdey 16 DR ABBAS: Yes.
17 preventing sediment accumulation in the veseto 17 THE CHAIRMAN: Okay.
18 preserve the plant's live storage. 18 We have one question.
19 And in the last part of this presentatiomill 19 MR MINEAR: Doctor, what is the composition oéte
20 return back to take you through the secompgse of 20 materials? Is it sandstone or schist ondumd?
21  the sediment management: | mean to say nsimgihe 21 DR ABBAS: Well, | think at the feasibility stageamples
22 sediment entering the plant's turbines, wbatkses 22 were collected from the bed and they weréysed for,
23 damages to the turbines' plates. 23 you can say, mineralogical aspects. Sorasfa
24 Please do not hesitate to ask any questio 24 composition is concerned, they are mostlypmsad of
25 Slide 2. 1 will be discussing here difiet 25 quartz and some hard material. And if ytluahout
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the percentage, so the harder material ire ts@siples
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1 1 bed material is visible in the foreground.
2 are around 70%. 2 The snap on the right shows the Kali Geindaver
3 Slide 4. Now, sir, | will be explainingfdrent 3 in Nepal, again in dry season. A similargrattonce
4 modes of transport of the sediment withirre@ash. 4 again, the larger bed material is seen in the
5 In the Himalayas, almost all sedimentéled and 5 foreground, and the sand is deposited atlbighs by
6 transported during the wet season. Springsarig 6 the receding waters of the monsoon. You earhsre
7 summer flows are mostly from snow melt. Lsteamer| 7 the sand deposits.
8 flows are mostly from mountain range and glacielts. | 8 Mr Chairman, | will request you to, whyleu are
9 Fine sediments, including the sands, rardeel from 9 going down to Muzaffarabad, just focus onriher: you
10 hillsides and are easily transported dowastrey 10 will also notice the sand deposits theregimur way.
11 rivers. The large material on the rivertsed i 11 Slide 6. This snap is a close-up of $sord
12 transported by hydraulic forces on the rigdrb 12 Marsyangdi River in Nepal on the palm oftthed.
13 generated by large or extreme floods. 13 Here, Mr Chairman, | would like to invite yattention
14 As you can see in this slide, [there twe]basic 14 towards how it looks when you magnify itstliocus on
15 modes of the sediment transport in a stream. 15 two things: (1) the angularity or roundness] (2) the
16 The great majority of sediment in rivisrs 16 material that is sparkling or shining.
17 transported in suspension. And the amousgdiiment | 17 As you can see, Himalayan sand is doetiiay
18 being passed in suspension, when it comes itoterms| 18 quartz. Again, what you have seen right isow
19 of magnitude, we determine it as the "sediroanl”, or | 19 basically extracted from the middle jar, ckay
20 you can say "suspended load". 20 Himalayan sand is dominated by quartz. 7086tz is
21 You can see rivers turns a muddy coloungd 21 rather typical. This is highly abrasive angular.
22 floods due to the sediment they are carryigspended| 22 You have seen a similar texture through nigigigi.
23 sediments do not have significant interactiih the 23 It is harder than steel used in hydropowdsities,
24 riverbed; they are generally in suspensitimey 24 a point that | will come back [to] in therthpart of
25 usually enter into river due to erosion & fdgnd 25 this presentation.
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1 surface, especially due to heavy rainfall. 1 Slide 7. This graph shows the seasoraiitlye
2 Now coming towards the bed load. Bed isad 2 daily flows of water in the period 2019 uRiR3. As
3 movement of the bed material, the sedimentdan the 3 you can see, most of the precipitation thatiscin
4 riverbed. It moves by rolling and bouncingre) the 4 the high mountain in the winter is discharged
5 river. As you look in the river, you can see 5 meltwater in the summer, supplemented bynfeesoon
6 material in the riverbed is quite large. 6 summers.
7 Now if | talk about sand. Sand can bedparted 7 Yesterday, sir, there was a question ibdtere
8 as either suspended load or bed load, depgndithe 8 a relation between the sediment that is cosmegially
9 flow velocity, the strength of the turbuleriice¢he 9 from the snow melt? So we came up with tha, dend it
10 water. In steep mountain rivers, sand isnadly 10 indicates that about 30% of the total sediratthis
11 transported as suspended load. 11 location is attributed to the sediment inghew melt
12 Mr Chairman, the samples between thesdisaue 12 periods.
13 boxes are the sand. And these particlesiclgrcome 13 Nearly all sediment is eroded and trarisdo
14 in suspension in high flows and they alsoeraiong the 14 downstream during the high flows of the summe
15 bed. 15 wet season.
16 Slide 5. Here are two snaps of Himalayzer beds 16 Slide 8. Sir, after discussing not dhky size of
17 during the winter dry season. This is th& bme to 17 the sediments, the mode of the transporitand
18 visualise what's on the bank. 18 characteristics, now | will be discussing hibw
19 On the left, we have the Indus River abov 19 interacts with the water body when thereperzd.
20 Tarbela Dam in Pakistan. This photo wasrta@té3esham | 20 This slide shows the pattern of reservoir
21 Qila gauge station in dry season. You cahgompare 21 sedimentation. All reservoirs will eventydlll with
22 the scale of this material with the man'glhigi 22 sediments. But this problem is particuladyte in
23 You can see the sand in suspension &t w 23 run-of-the-river reservoirs because of thgiically
24 deposited high up the riverbank as the izl 24 small storage capacity.
25 dropped. Just look at these sand depoHits.large 25 Looking at the top image, you can sees¢uiment
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deposits in different zones. The coarsemseulis here

Page 86

1 1 intervals taking bathymetric surveys. The las
2 (indicating) settle to create a delta at tpetn@am 2 bathymetric survey was in 2021. And nowkiégg
3 end of the reservoir. Fine sediments, siltclay, 3 carried out: | think you may see some teamggon the
4 settle downstream of the delta. The delthgaw 4 boat in the reservoir taking measurementsl Hepe
5 downstream over time, eventually reachingidma. This 5 the recent bathymetry will be completed byahe of
6 part (indicating) gradually moves towardsdaen. 6 May, | think so.
7 Now, looking at the bottom image, resasuiill 7 PROFESSOR BUYTAERT: Okay, yes. Thank you.
8 fill until they can hold no more sediment.dBeent 8 DR BLACKMORE: So for a dam like Tarbela, whichstgot
9 balance is achieved when multi-year sedimélavw and 9 a lot of sediment in it now, have you done stoyglies
10 outflow are matched. Sediment may accumslatee years| 10 on liquefaction when you have an earthque&e?ve have
11 and get scoured when gates are opened darjey 11 a7 ora7.5:is liquefaction likely to bprablem in
12 floods. My colleague Umar Farooq will beatésng 12 the sediments?
13 this respect in more detail. A long-ternbktgrofile 13 DR ABBAS: Sir, what | remember, or you can saper my
14 is controlled by water level at the dam dyitime 14 knowledge, | have seen some reports of laptieh
15 floods that are responsible for most sedirsentir and 15 potential at Mangla. As far as Tarbela isceoned,
16 transport. 16 I will like Dr Tahir to respond on this.
17 Slide 9. These two photos are examflesservoir 17 DR HAYAT: Studies have been carried out. Beeassyou
18 deltas. 18 said, you know, you very rightly pointed that if you
19 On the left, you see a sandy delta aPtree I 19 have a seismic area and you have sand &rtiesse
20 hydropower reservoir in Colombia. The flowedtion is 20 are all -- they have a potential to liquetfhese are
21 from left to right, and the dam is aroundldrketres 21 recent sediments, they are saturated, ahd wit
22 from here. It is advancing downstream towaing dam. 22 an earthquake there is always a chancehaintill
23 The second photo, on the right, is tpeofcthe 23 liquefy.
24 delta advancing towards the Tarbela Dam enritius 24 So, yes, a lot of studies are done. pgewple are
25 River in Pakistan. This dam is about 100rkétres 25 very aware of the potential dangers, espgeidien the
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1 west of the Neelum-Jhelum Project. The Tarbelta is 1 delta moves close to the dam, that in anjqaake it
2 composed of about 50% silt and 50% of finelsan 2 may then flow into the turbines and block ¢hoSo
3 Mr Chairman, unless we have any questiares 3 they are mindful of that. As a precautiorgase of
4 switch to my colleague Mr Umar Farooq for $keeond 4 any earthquakes, when we have the greenyyafid red
5 part of this presentation. 5 drills, they shut off the turbines, at least jto see
6 THE CHAIRMAN: Questions? 6 that, you know, something is not happening.
7 No, | don't think we do have any -- oh,dechave 7 THE CHAIRMAN: | have one question. There wagiamp
8 a question. 8 slide, | don't know if it's 7 or 6, that h&w tstable
9 PROFESSOR BUYTAERT: Sorry. 9 situation for the sediment. Yes, this ong ¢8)the
10 So you didn't show us clay, if I'm nostaken. 10 bottom of the slide, "Long-term (stable) pedf
11 Does that mean there is no clay in the sediimere in 11 So is it the case that above this bofiary we've
12 the river? 12 got a sluice located there, and all eitharsmor
13 DR ABBAS: For clay, you need to have some hydtoicitests | 13 fine sediment is supposed to be flowing actios top
14 to distinguish between the finer particlésy and 14 of that delta sediment and into the sluiod, @earing
15 silt. For now, although there are some phagicles, 15 through so that it doesn't build up? Is thatidea?
16 if you come about the overall composition or 16 DR ABBAS: In case of some sluice here? Aretatking
17 distribution of the total sediment at Neeldinelum 17 about somewhere here?
18 site, so it's around 20% of the sand and &0%fe silt 18 THE CHAIRMAN: Well, maybe you want to explainaag this
19 and 20% of the clay. 19 particular part of the slide. But my undamsling was
20 PROFESSOR BUYTAERT: 20% is clay. Okay, thank.yo 20 that there's a radial gate there that isqfart
21 And perhaps a follow-up question: do glolany 21 a sluice, basically, that's allowing --
22 bathymetry measurements here in the reseo/ege how 22 DR ABBAS: Sir, can you use your highlighter?
23 quickly -- if any -- sediment accumulates? 23 THE CHAIRMAN: Sorry.
24 DR ABBAS: Yes. As per part of their routine ehgtion 24 So this is a lower part of the dam, lzlsic
25 plan, the operator is, you can say, at thelae 25 right? And this is a radial gate. And teason why
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this is a stable profile is we've got a filadottom

Page 90

1 1 reservoir, has lost 40% over 50 years. Itrash
2 sediment, we've got this delta sediment,ishis 2 a typical run-of-river plant may lose the saam®unt of
3 creating a sort of a single bed of sedimemnd; a 3 storage in 5 years or less without sedimemagement.
4 whatever else is coming down the river, wheithe 4 We therefore need sustainable long-term sedime
5 coarse or whether it's fine, it's basicalty know, 5 management solutions during the design anctpe
6 flowing across the top of this and throughdtuice, 6 phases of a plant.
7 and therefore it's not building up any mora imay 7 | now turn to solutions to the accumulaiid
8 that would affect your intakes. Is that cot?e 8 sediment: slide 12.
9 DR ABBAS: Yes. 9 Sediment management seeks to balanceerdiows
10 THE CHAIRMAN: Okay. 10 entering and leaving the reservoir whileansig
11 DR ABBAS: You see, when there is a sedimentizalgafter | 11 project functions, while minimising environmtel
12 some time, so whatever is coming in in anahtuay is 12 consequences.
13 going down in the same natural way. It meetmestsoever 13 On the left here, this one (indicating) can see
14 is the deviation in the summer and in thetavin 14 that before a dam is built, sediment floveskalanced:
15 whatsoever is the variation between the eoansd the 15 there is nothing obstructing the flows anasaasgy
16 finer sediment, all going down in the same&mea. Or 16 accumulation.
17 you can say it's just a riverine conditiostoesd. 17 The centre image, this one (indicatisgpws that
18 THE CHAIRMAN: And so if you did not have thatial gate, | 18 when the dam is in place, it causes a sedimen
19 it would keep building up and up -- 19 imbalance, trapping sediment in the reservoir
20 DR ABBAS: Exactly. 20 On the right, these two images (indiggtigou can
21 THE CHAIRMAN: -- and eventually cover your intxkand 21 see that this situation calls for a managéunfeeision.
22 whatever else is up there. Okay. Great. 22 Here at the top, this one (indicating): ashie
23 All good? Okay, Dr Abbas, thank you sacinfor 23 a sediment balance while maintaining liveagje; or at
24 your presentation. | think we are on to Mrdeq 24 the bottom, this one (indicating), do nothémgl render
25 again. 25 the plant inoperable in due course.
Page 89 Page 91
1 MR FAROOQ: Mr Chairman and members of the Colurt o 1 Effective sediment management often ir®hrsing
2 Arbitration, | am pleased to be able to adslyes 2 multiple techniques that increase financial an
3 again. 3 operation cost. For sediment managementhé'price
4 As you have heard, the sediment management 4 we pay for attaining long-term sustainablerafen.
5 a crucial part of HEPs' design and operation. 5 Slide 13. This slide shows that sedimegmthagement
6 Slide 11. My colleague showed you thetghof the 6 can be built into the design of an HEP, initigd
7 delta at Tarbela Dam a moment ago. Thes@taghs 7 through the outlet placement.
8 depict the impact of sedimentation at the &arbam. 8 | will take this opportunity to answer eurt's
9 It started operating around five decadges a 9 guestion 2, which is as follows: what arerdmege of
10 Himalayan sediment yields are high. For etanihe 10 circumstances where an outlet below deadgtdevel
11 sediment yield for per unit area above thdédla Dam 11 might be either beneficial or required for
12 is 1,195 tonnes per square kilometre per. yEhis 12 a run-of-river hydroelectric project on thestérn
13 places it in the top 8% of 862 river gaugstations 13 Rivers of the Indus Basin, in particulartfoe purpose
14 worldwide, as reported in the United Nati®GUASTAT 14 of sediment control?
15 database. Tarbela reservoir has lost al8atef its 15 | mention two main circumstances.
16 usable capacity due to sedimentation. 16 First, to release flow with the waterdieat the
17 On the left, this one (indicating), yaes 17 minimum operating level requires the creshefoutlet
18 progression of delta in this direction, frim 18 to be set below the minimum operating level.
19 original bed's location until 2013. On thght here, 19 Second, sediment management to mairgsérvoir
20 this one (indicating), there is a clear datien 20 storage capacity requires establishing arivanbed
21 between the delta's advancement towardsatheadd loss | 21 profile through the reservoir, as seen irtdpedmage
22 of usable capacity in the reservoir. 22 of the slide. The new profile will be defihey the
23 In run-of-river HEPs, there is little o capacity 23 water level at the dam during flood flowsp@ssible
24 available for sedimentation storage, so alvkl 24 for most sediment scour and transport.
25 storage can quickly fill up. Tarbela, asonagye 25 However, as seen in the lower image loareg the
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1 outlet has been set at the location needpbthice 1 Slide 16.
2 the target water level, further lowering of thutlet 2 Erosion control can be achieved through th
3 will produce no beneficial change in the peofither 3 restoration of vegetation to protect the sotis is
4 than to create a highly localised cone --asgan see 4 relatively economical and also self-renewing.
5 here (indicating) -- highly localised conesobur at 5 This photo, and this one, show the Delaieo¥
6 the upstream face of the outlet. 6 watershed in the Ethiopian Highlands. Ori¢ftehere,
7 Slide number 14. There are a varietyediraent 7 this one (indicating), you see severe erasion
8 strategies. This figure classifies the apgea into 8 January 2012. And just three years lateypascan
9 four categories: reduce sediment yield; reet#iments; | 9 see here (indicating), in February 2015, duzetter
10 remove deposited sediments; or the adaptategies. | 10 management of livestock grazing, the vegetdias
11 While talking about the first one, redsediment 11 recovered and erosion has been significaedyced.
12 yield, two basic strategies may be useddoae 12 Slide 17. | now turn to the strategyaafting
13 sediment yield and entering the reservoinftioe 13 sediments; that is, flood sluicing.
14 upstream watershed: (1) control soil and oblaerosion | 14 A large section of sediment load is assed with
15 at its source; or (2) trap eroded sedimestream of 15 floods. The top image, this one (indicatistjows
16 the reservoir. 16 sediment trapping, which is what we wantuich
17 Now talking about route sediments. Thesbniques| 17 Sediment trapping is maximised when the destpr
18 take advantage of the seasonal variabiligedfment. 18 results in low flow velocity, resulting inarge
19 The idea is to manage flows during the perafd 19 percentage of the inflowing sediment loadd&iapped
20 highest sediment yield to minimise sedimeagging. 20 in the reservoir during a flood.
21 The two approaches are: (1) sediment bypagegies; | 21 The bottom image, this one (indicatisgpws
22 and (2) sediment pass-through strategies. 22 sluicing being used to pass the sedimentiléides
23 Talking about number 3, remove depositetiments.| 23 through the reservoir at the highest possitliecity
24 The main techniques used to remove sedineguisits | 24 to minimise amount of trapped sediments.inSents are
25 are: (1) mechanical removal through the doaeation | 25 routed through the reservoir and exit doveastr through
Page 93 Page 95
1 or dredging; (2) hydraulic scour through flingh 1 the high-capacity gates that are open totpadtood
2 events. 2 at the lowest water level consistent withdttesr
3 Now about number 4, the adaptive strasegiese 3 operational parameters.
4 aim to mitigate the impacts of sedimentationdm not 4 The strategy is to convert the reservio i
5 involve handling reservoir sediments. 5 fast-flowing river during the sediment-ladéofis.
6 At Neelum-Jhelum Hydroelectric Project, ave using 6 The high velocity is used to minimise depositf
7 a combination of option 3 and option 4 to nggthis 7 sediments and also to scour existing sediment
8 sediment, which involves desanders, turbirdings and 8 a manner similar to the reservoir flushing,without
9 hydraulic scouring of sediments from the resier 9 emptying the reservoir. This also avoidsvémy high
10 Slide 15. 10 sediment concentrations normally associatttdempty
11 There is no "one size fits all" appro#mh 11 flushing.
12 sediment management at a particular sit@icaly, 12 Slide 18.
13 more than one strategy is used, either cogaily or 13 Sluicing can be performed during a msjorm or
14 sequentially. Selection of the strategigsires 14 for a significant portion of a monsoon season
15 a case-by-case approach. 15 Image A, this one (indicating), you caa s
16 This slide sets out the variety of fastmrbe 16 operation of a reservoir at full pond levatidg the
17 considered: for example, economics, the go@no 17 monsoon. The operating pool acts like ansexli trap.
18 imperative of maintaining HEP storage; thesital 18 As water flows into the operating pool, itrzs with
19 conditions, which relates to the hydrologdisent 19 it sediment, which becomes trapped.
20 characteristics at the site, reservoir gegnagtd dam 20 In contrast, image B here shows the vegdneld
21 configuration; and social and legal constsawnhich 21 at a minimum operating level during the mamsevhich
22 involve the community and legal imperativest will 22 maintains the operating pool empty and thingnmises
23 influence sediment management options. Affwwo now | 23 its capacity to trap the sediment. Simply sediment
24 develop some of these strategies in afitdes detail 24 will not be trapped in the operating pool et is
25 and with examples. 25 empty.
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1 The bottom frame here, this one (indicgtishows 1 to an existing project. They may be consauifbr
2 the variation in operational levels over tharse of 2 supercritical flow, with maximum velocitiesoand
3 the year under this management approach.n@the dry | 3 10 metres per second.
4 season, the pondage pool level will fluctuiate to 4 This is an environmentally friendly stgtdecause
5 power peaking. In the wet season, howevempdmd is 5 the river stays reasonably close to its nbsitade.
6 held at the minimum level to prevent sedinfiewh being | 6 However, if combined with flushing, the adwers
7 deposited. And please note that this "MDDBithie 7 consequences of flushing will need to be daed and
8 minimum drawdown level or minimum operatingdie 8 mitigated.
9 Seasonal sluicing is one of the technigsesl to 9 Slide 21. This photo shows the sedimgpabs
10 control sediment at the Three Gorges hydrepadam in | 10 tunnel in Asahi Dam in Japan. We are looking
11 China, which is the world's largest hydropoplant. 11 downstream: the water flows from this sidéis side
12 The reservoir is operated at a low water leueng 12 (indicating), in this direction. The metalsture is
13 the wet season to control sediment. 13 the flow diverting structure, this one (irating).
14 Slide 19. 14 And to the right of it, you see the tunnedtamce here
15 Sediment concentrations and load vadasiderably 15 (indicating).
16 over time. Bypass strategies focus on eiaiud 16 Basically, the concept is that water 8awthis
17 sediment in floods, and diverting to storagly the 17 direction (indicating), and this weir actsadzarrier
18 water with lower sediment concentrationse Jtiategy 18 and the sediment -- and especially the bdidsat --
19 can be summarised as: store clean wateetrate 19 is diverted to the river downstream of tleisarvoir
20 muddy flows. 20 through this tunnel inlet. And the waterrwes this
21 On the left, this one (indicating), yaes 21 crust over here, and clear water is providtdthe
22 a diagram of a flood bypass. As you carhseg, this 22 storage here (indicating).
23 one: this is the flood bypass. A bypasssydtas 23 Slide 22.
24 an inlet upstream of the storage volume, here 24 Here we have a diagram of two off-streaservoirs
25 (indicating), and diverts large sediment-tefiews to 25 in Colombia, the San Francisco Reservoirthed
Page 97 Page 99
1 a point below the dam, here (indicating). 1 Cameguadua Reservoir. They have been cotestruc
2 Bypass systems typically use a sedimgrdds/ 2 outside of the natural river channel. Offruiel
3 tunnel. A bypass system can be designedéotdioth 3 reservoirs minimise, but do not entirely praye
4 suspended and bed load or suspended load only. 4 sediment accumulation. Because of the lowrsad rate
5 In the middle, here (indicating), we have 5 at this project that was built in 1969, dredgivas
6 an off-stream reservoir, which can be createside of 6 only required after more than 30 years of aijn.
7 the natural river channel by either impoundirside 7 This reduced sediment load makes infrequegiing
8 tributary or constructing the impoundment nrupland 8 much more economical as compared to a pribjatts
9 area. Clear water is diverted into the afam 9 completely dependent on dredging.
10 reservoir by a river intake, but large sedittaden 10 Slide 23. This is photo of a differefftsiream
11 floods are passed beyond intake and aravestet 11 reservoir. Itisin Chile. And | beg youwrgon if
12 into the storage. 12 | pronounce its name incorrectly. Its name i
13 On the right here, this one (indicatiriggre is 13 Tinguiririca. Yes, | think | have pronoundbiés name
14 a compartmented reservoir. The reservauliglivided 14 correctly.
15 by an internal barrier. The basic operatinategy is 15 This off-stream reservoir is fed by aale and
16 to direct sediment-laden floods directiytte t 16 a desander. The river flows in this dirattio
17 spillway, to maximise sediment release dowast, while | 17 (indicating), from top to the bottom. Hesdhe
18 minimising the entrance of sediment-ladeodlfiows 18 desander structure, which collects the sediaed
19 into the main storage zone. 19 removes into this river channel again, andparatively
20 Slide 20. 20 sediment-free water is diverted here indai.
21 A bypass tunnel can be used to diveryhsediment 21 Only water with low sediment concentnati®passed
22 loads around the storage area that is beatggted 22 into the reservoir. Large sediment-ladeadtorun
23 against sedimentation. The constructiontnfpmss 23 downstream, in this direction (indicatindprey the
24 tunnel requires certain site characteriséind, may be 24 river channel, but are not diverted intorgservoir.
25 installed during original construction oraaetrofit 25 Off-stream reservoirs can be highly eiffedn the
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Himalayan environment, leaving the off-strggondage
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1 1 The flow is towards the left, from this sidethis
2 empty during the monsoon and operating thelgagmonly | 2 (indicating). Notice that the water is tudmt]
3 during the dry season, using water that gelsufree 3 scouring the bottom. And also notice the lsigtiment
4 of sediment. It does not alter the naturtiepa of 4 concentrations, which are visible as darkuot the
5 sediment transport along the river. The rhaiitation 5 water.
6 is that most hydro sites do not offer the ireqgu 6 Slide number 28.
7 topography. 7 Another method for removing deposit seditsiés
8 Slide 24. 8 mechanical removal, such as dredging. Thigsgpbhows
9 One of the strategies for removing depdsit 9 the Bajo Anchicaya hydropower reservoir indbabia,
10 sediment is pressure flushing. 10 which has been dredged continuously sinc2.196
11 In the left frame, (a), this one (indiegj, you 11 Even though dredging is costly, the athgmis
12 see a plan view, looking down from the tdghen 12 that it does not interfere with the hydropowe
13 a low-level outlet is opened but the resemarnains 13 operations, unlike flushing. That requires/er
14 at a high level, a scour cone will develoly am 14 production to be stopped.
15 immediate vicinity of the outlet. In thehighere 15 Environmental impacts depend on how sedlishare
16 (indicating), image (b) or section A-A, showihe side 16 delivered to the river below the dam. In Bliayan
17 view of the outlet and scour cone. 17 environments, the disposal of dredged sedsen
18 This process is termed "pressure flustbrgause 18 an upland area is not possible in the longawing to
19 it does not depend on reservoir drawdowis used to 19 the massive volumes of sediments involvedaaidof
20 keep immediate vicinity of an intake freesefliment, 20 disposal sites.
21 but cannot remove sediment accumulationyatistance | 21 This presentation has given you a bagksview of
22 from the outlet. 22 the wide variety of strategies that can legl i
23 This is a photo of the scour cone, ascgousee 23 management sediment. It will depend onitkeasd
24 here -- this is the scour cone (indicatirgjt the 24 other factors.
25 outlet of sedimented reservoir on Rio SaroAiatin 25 My colleague Dr Abbas will address yourgakes
Page 101 Page 103
1 Brazil. You can see the limit of the con¢he 1 and turbines, and if you have any questioftx®¢hat.
2 semicircle outline of the water, this one igating). 2 PROFESSOR BUYTAERT: Thank you very much.
3 Slide number 26. 3 | don't think you mentioned density cutren
4 Empty flushing or drawdown flushing is whe 4 flushing. Is that operated at all here inigtak?
5 low-level outlets -- this one (indicating)are used 5 MR FAROOQ: Density current flushing?
6 to empty the reservoir such that river flowgs the 6 PROFESSOR BUYTAERT: Yes.
7 exposed sediment bed and carries the erodedess 7 MR FAROOQ: Atthe moment, density current flughis not
8 through the outlet and downstream of the d&or.this 8 implemented at any site, but it is under staicihe
9 to work, the low-level outlet would normallg bocated [ 9 Bhasha Dam site for sediment management.
10 near the bottom of the dam, near the origittebm 10 PROFESSOR BUYTAERT: Okay, thank you.
11 bed. 11 A follow-up question. You did mentiorf-efream
12 The full sequence requires days or wbekseen 12 storage. Are there any off-stream storages@al know
13 drawdown, flushing and refilling of the resasr, 13 you mentioned that you need very specifigogghical
14 depending upon the reservoir size, type wf, diae 14 conditions. But are there any examples fetoéam
15 sediment volume and downstream environmental 15 storage here in Pakistan?
16 limitations. 16 MR FAROOQ: In Pakistan, there is an off-streéonage that
17 Empty flushing often has significant detveam 17 is at the planning stage at the moment.| Buiibk
18 impacts, due to extremely high sediment auinagons | 18 it's -- if | could correctly recall its namé#.is
19 which can injure aquatic life, impair watematity for 19 maybe Akhori Dam. So it is a kind of an siffeam
20 downstream users, and increase sedimeniatiba 20 storage, but it is at the planning stageentoment.
21 downstream river and irrigation intakes azclats. 21 PROFESSOR BUYTAERT: Okay, yes. Thank you.
22 Typically, it is not the only available folmhsediment | 22 THE CHAIRMAN: So | had just a question aboujuess,
23 management. 23 pressure flushing. And | don't know if we ¢ back
24 Slide 27. This photo shows the emptstiing in 24 to the slide that showed the pressure flgs{2d).
25 the Middle Marsyangdi hydropower reservoiNepal. | 25 But it's just a question as to the worst sas@ario
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1 for a dam operator. 1 outlet is mainly governed by the water lenethe
2 Are there situations where the sedimetuizdly 2 reservoir for sediment management. If yowetalarge
3 blocks the orifice below, boulders came thioag 3 outlet at the bottom, but you keep your wieeel
4 something happened that that actually fillshep 4 high, it may not be that effective in a ca$emwyou
5 orifice? What's the worst case scenario? 5 have a comparatively small outlet and you yawyr
6 MR FAROOQ: Yes, | mean, sir, it's common, | thinkth the 6 water level for the sediment management.
7 orifice outlet, that it gets blocked due te th 7 But as far as | understand, | mean,ribisthat
8 sedimentation. And if you don't operate @k 8 simple for me to have an idea about what shioailthe
9 closed for a longer period of time, the sedimends 9 outlet size and what should be the resergwél] what
10 to come near the mouth of the orifice, andmwyou need 10 should be the optimum reservoir level folirset
11 to operate the gate, so you need some mairterbefore 11 management. | think it is a combination thegiends
12 that. | mean, itis quite normal. 12 upon the hydrology of the area, sedimentatiah
13 THE CHAIRMAN: Does -- 13 operational criteria, and that it may be $atad
14 MR FAROOQ: And yes, it is also an implicatiorhafving 14 through the model to check what is the affeness
15 an orifice as well. 15 over the period of time or duration of opierat
16 THE CHAIRMAN: And to deal with that, in terms of 16 So in that case, it may be you can geioal idea
17 maintenance, is it a matter of trying to deedut that 17 whether a large outlet at the bottom wouléffective
18 material with the orifice closed, to unbldglor do 18 or | need to squeeze its size or reducézits ar
19 you have to drop the reservoir down entirelget at 19 where | should keep the water level in tisemneoir.
20 the orifice? How do you deal with that pesh? 20 DR BLACKMORE: So you model it?
21 MR FAROOQ: I think Mr Arfan Miana has come agasich 21 MR FAROOQ: Yes.
22 a situation at some dam location. I'm noy veell 22 THE CHAIRMAN: Okay. Thank you so much Mr Farooq
23 aware of that. He may be in a good postticenswer 23 Do I understand that Dr Abbas is backoaphe
24 this question. 24 next segment? Very good.
25 THE CHAIRMAN: That's fine. We can ask him wHemcomes | 25 DR ABBAS: Mr Chairman, members of the Court obifcation,
Page 105 Page 107
1 back. That's fine. 1 I will now address the second challenge oinsenit
2 Any other questions? 2 management: | mean to say high sediment ctratiens
3 DR BLACKMORE: I'm wondering -- if you go back ¢tide 12, | 3 specially sands, which cause abrasion daradgss in
4 please. I'm not sure it's slide 12, it migitl3, 4 efficiency, which requires frequent repairs.
5 but ... Just go back to the one before tifas. Now 5 Slide 30.
6 go to 13, please. 6 Coarse sediment can cause catastrophagdato all
7 So when you've got that orifice spillwaytee 7 types of hydromechanical equipment, includifgt you
8 bottom, I'm just wondering whether there is 8 see in this magnified image. In order to usided the
9 a relationship between the size of the orsigiiway, 9 scale of this image, the width of this imagalout
10 here (indicating), the gradient of the ddma,dize of 10 one fifth, okay? And in this one fifth yoarncsee the
11 the orifice spillway obviously for the amowritflow 11 impact of abrasion on the turbine runner.
12 you can get through it, for how far you aaffuience 12 The rate of abrasion on a turbine androth
13 this sedimentation. 13 hydraulic equipment increases as the heagdses.
14 So | understand for relatively smalliogs, 14 The larger the head, the higher the abrasien For
15 this is what you're going to get. But youalen 15 example, the rate of abrasion on a turbireating at
16 a decision on this dam to have, you knowy lage 16 800 metres of head will be much faster thamkane
17 gates going down close to bed level, whididh't see 17 operating at only 50 metres of head.
18 in the presentation, but ... 18 The rate of turbine abrasion also in@eagth the
19 So my question is: isn't it a functiorhofv big 19 grain size. Sand particles are much momsala than
20 the orifice is, down here (indicating), afiously 20 smaller silt particles because sand has moreentum
21 that's the amount of flow, and that will carthis bed 21 and strikes the runner blades with greateefoSand
22 profile back to something other than thatAa¥\do you 22 particles larger than approximately 0.2 to
23 think? 23 0.4 millimetres are specially damaging.
24 MR FAROOQ: Sir, with the little knowledge thatave, 24 As | mentioned in my overview, Himalayarers
25 | can tell you that this placement or opemihthe 25 carry a high content of sand compared to othstr
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rivers. This contains silica, a mineral tisanuch
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1 1 intake for the turbines of a run-of-river hyellectric
2 harder than steel. It will abrade turbinésd if the 2 project on the Western Rivers of the Indudri@as
3 sand grains are angular, as you have seargththe 3 In the context of a run-of-river headwotkt's
4 magnifier, they are approximately twice asalve. 4 discuss the requirement for, or benefit afeaper
5 Turbine abrasion increases costs. Eamtckr 5 intake. We can list out four circumstances.
6 turbine runner [costs] between US$3-4 million 6 A lower-level intake can be beneficiahimimise
7 purchase a large runner. It can take sewareks to 7 the entry of floating debris.
8 change out. Power generation efficiency désdines 8 The second circumstance is: for sedimentrral,
9 due to abrasion. 9 placing the intake at a lower level will nat b
10 However, in some cases, repairs and totepof 10 beneficial or required; in fact, it will batmful, as
11 efficiency loss may be the most cost-effectipproach 11 it will increase coarse sediment ingress.
12 as compared to other options. This is s|hetiae 12 Number 3: beyond the minimum depth rexglio
13 for the areas of monsoon climate, where tisezgcess 13 control vortex formation, additional loweriofithe
14 water available during summer months to bffse 14 intake will not be beneficial.
15 efficiency loss of the turbine due to defaomabf 15 Number 4: as far as cleaning and maintmnasues
16 abrasion. 16 are concerned, the deeper intake will ndidresficial
17 Slide 31. 17 or required, due to the increased difficoltyemoving
18 My colleague Mr Ayub Malik has shown ysmme intake| 18 debris trapped against the deeper intakiertrelss, as
19 designs in his presentation. In this snaphave 19 you have seen here at Warsak in Pakistan.
20 an example of a problematic design at Pakista 20 Slide 33.
21 Warsak Dam. This dam is on the Kabul Riweniag out 21 Mr Chairman, now | turn to adaptive igigs for
22 of Afghanistan. The dam was built in 1966 provided 22 dealings with sediments.
23 a deep intake with no effective way to marsegément. 23 One strategy involves covering the twebiimner
24 This snap shows the 14-metre-deep iritaltas 24 with a thin layer of abrasion-resistant matesuch
25 right now submerged under the sediment. tAisd 25 as tungsten carbide, an extremely hard ceraltninay
Page 109 Page 111
1 intake, you can see here that this is the pera, or 1 be renewed every few years. These coatings ca
2 you can see the flood line in which this dqrerates, 2 significantly retard, but not eliminate, alioas
3 and right now you are seeing the situationnithe 3 damage.
4 reservoir is drawn down. So this is what leggpvhen 4 In this photo, this has been taken atgiogect,
5 you keep your intakes quite deep. 5 Neelum-Jhelum Project, after four years' dj@raf
6 Slide 32. What you have seen in my lidt fias 6 the runner. You can see the situation h¥mi can
7 been shown in detail here, in terms of elewatand 7 compare the difference between the coatedptre
8 depths. 8 wicket gate on the left -- you can see thioasted
9 The watermark | was showing you was this 9 part, which remains smooth -- with the partten
10 (indicating), and you were seeing in the $éide the 10 right, where the coating has been removesktyment
11 top of this intake. And you have observexd tip to 11 abrasion and cavitation damage. Excessiesiain can
12 this level, or you can say up to the spillwesst, all 12 also cause the turbine to vibrate. Operatitim
13 intake has been buried in the sediment. 13 a heavily damaged turbine runner can poséetysisk
14 At this plant, despite this abrasion ot it has 14 as well.
15 been possible to sustain planned power ptioduay 15 In general, where an uncoated runnerragjliire
16 passing more water through the turbines duha 16 repair after one year, a coated runner menexhe
17 monsoon, when most power is produced, teoffe loss | 17 repair cycle to around four years. Coatig c
18 in turbine efficiency due to abrasion. Wigular 18 therefore be an economical, long-lastingedfettive
19 repair circles of the turbine, this is ano#seample 19 strategy against abrasion.
20 showing that even with difficult sediment lgisams, 20 Coatings will need to be reapplied evewy years,
21 there are solutions that make economic sense. 21 at a cost of around US$0.5 million. It's that ideal
22 Mr Chairman, this is a good time to arrsive 22 solution for all the projects.
23 Court's question no. 3, which is: what aeerémge of 23 Slide 34.
24 circumstances where it might be either beraéfor 24 Now | come to my last point of this prasdion:
25 required to locate at a relatively low leted power 25 the sediment load on the turbines can alsoibienised
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by using a settling basin or a desander. e&a # the

Page 114

1 1 0.1 millimetre, the Neelum-Jhelum Project ddga is

2 conceptual sketch, it consists of a tank cootsd 2 designed to trap 89% of particles.

3 between the intake and the turbine, and degigm 3 You can see here the sand patrticles véreteing

4 settle out and remove heavier particles fioentater. 4 removed from the desander. From here onwardsu

5 So the flow direction is from left to righThe 5 can say from this jar (indicating) onwardbttz

6 heavier particles tend to settle at the sfdtiis 6 sediment particles are being excluded. Sgetfirer

7 basin, along this way to the outlet, and therf 7 fractions are going there.

8 particles settle here (indicating). 8 Slide 37.

9 This is the strategy that is employed abyrplants 9 Mr Chairman, on behalf of Mr Farooq, Inkagou,
10 worldwide, and we have used it also in Neellnglum | 10 members of the Court, for your kind attentidinyou
11 Project. It ensures the turbine intake wiates free 11 have any questions.

12 from sand as possible. 12 DR BLACKMORE: Thank you for that. This is atiield

13 You can see on the slide, run-of-rivanfs 13 question.

14 without storage for sediment trapping wiplically 14 So you are now recovering this sand radies

15 divert water from the river into sedimentatimasin to 15 a high-quality product. You've dropped it.oli's

16 trap larger sediment particles that are kigbtasive, 16 coarse, like it's granular. Do you sebitdo you

17 and which also settle more rapidly. 17 dump it in the river?

18 Sedimentation basins can be constru(t®dn the 18 Just a question, because | know how ritwtists to

19 surface, as you have seen at the Neelumnititgloject; | 19 buy if you're in Australia.

20 or (2) as large underground tanks, when ceidpace is| 20 MR ALAUDDIN: (Inaudible) ... downstream.

21 not available. 21 DR BLACKMORE: Okay.

22 Slide 35. Mr Chairman, you have seendilisander | 22 THE CHAIRMAN: So it's placed back in the river?

23 while walking around along this direction. 23 DR BLACKMORE: It's a mining operation.

24 So here in Neelum-Jhelum we have thrambbrs. 24 PROFESSOR BUYTAERT: Would you be able to go hac

25 The length of the desander is around 275eseffhe 25 slide 31, the dam with the sediment problehzdn't
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1 width, or you can say the top surface, is@dou 1 get which dam is this. What's the location?

2 25 metres. And the depth of these desandeies\from 2 DR ABBAS: It's the Warsak Dam.

3 20 metres to 23 metres. It has a slope ochlbtfg its 3 PROFESSOR BUYTAERT: Okay.

4 length. So higher depths are there, as cadpar 4 DR ABBAS: It's just close to the border with Aglistan,

5 lower depths here (indicating). A typicaltpat of, 5 coming from the western side.

6 you can say, a reservoir in which the cograeticles 6 PROFESSOR BUYTAERT: Okay, thank you.

7 settle at upstream part and the finer pastigtedown. 7 | take it that this dam design doesn'ehavy deep
8 THE CHAIRMAN: Can | ask -- | can understand wiguywould | 8 orifices for drawdown flushing; is that right?

9 want two desanders, so that you can use oite ydu're 9 DR ABBAS: No.

10 flushing out the second one, but I'm not simg you 10 PROFESSOR BUYTAERT: Would that, in this partioutase,
11 have three desanders. What's the advartégeing 11 solve the problem of the sedimentation? h@wther

12 that third desander? 12 way --

13 DR ABBAS: lt's basically -- you can say the desis 13 DR ABBAS: We are dealing with the sediment peabkthere.
14 usually take care of redundancy in theirgtesiSo at 14 PROFESSOR BUYTAERT: Do you know why they did imatude
15 one time, only one chamber will be evacuaféalthe 15 deep orifices or drawdown flushing in thisticalar

16 design is in a way that two of the chambelidoe 16 design?

17 continuously supplying 280 cumecs of the ftequired 17 DR ABBAS: It's a typical design issue, | canegafly say.

18 at the tunnel. 18 PROFESSOR BUYTAERT: Okay. Yes.

19 Slide 36. 19 DR ABBAS: It's a design problem.

20 As you can see from this graph, propgelsigned 20 PROFESSOR BUYTAERT: Okay, thank you.

21 desanders can be very efficient at trappadingents. 21 THE CHAIRMAN: If | recall correctly, that one wauilt in

22 The Neelum-Jhelum Project desander has ke=sggned to 22 19607

23 trap essentially all sediments larger than 23 DR ABBAS: Yes.

24 0.14 millimetres, which is the most problemédr 24 THE CHAIRMAN: And therefore at an earlier staged

25 turbine abrasion. Even the grain as small as 25 perhaps you've gotten better at designing gams.
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1 So | had a leftover question that | thive&kdecided 1 raised that 1,225 feet above sea level, andtritas

2 Mr Miana might be able to answer it. So ifeealld go 2 been raised to, if | remember, 1,300-sometbhirgy

3 back to slide 13 here. 3 there, at the level of this one. So all efititakes

4 My question, Mr Miana, which we weren'tikgty 4 has been raised, just to avoid the ingretisabfone.

5 comfortable answering earlier without yourertise, my 5 DR BLACKMORE: But eventually you've got a damttdull

6 guestion was: when you have an orifice thatye 6 of sediment that's going to continue to bséddiment

7 using to try to flush the sediment, are tsieations 7 up, so at some stage you've got to be algad®it or

8 where something happens, a large boulder di@pa into 8 manage it. Because | think that sort of sedingoing

9 that area of the orifice or maybe even thitade 9 through the tunnel at Tarbela and the turbivedd be
10 collapses in some way, and you actually bigckhe 10 potentially very bad.

11 orifice? Does that happen? I'm asking attw@utvorst 11 MR MIANA: | think they are just managing withdreasing
12 case scenario here. 12 the minimum operating level just to avoidtha

13 MR MIANA: For the last two years | am here ardid not 13 DR BLACKMORE: To buy time?

14 observe that phenomenon. And we have bematong 14 MR MIANA: For the time being.

15 these orifices for passing the flood in tfensoon 15 THE CHAIRMAN: Very good. Okay, | think that'sfor ...
16 season. | think before that it never hapgene 16 (Pause)

17 MR ALAUDDIN: After T4 project? 17 MR MINEAR: First of all, I'd like to thank alhe

18 MR MIANA: T4 project? Not this one, no. 18 presenters for the very informative informatyou've
19 THE CHAIRMAN: | was really just asking generalig your | 19 conveyed. It's all been very helpful.
20 knowledge of dams. 20 I'd like to revisit an issue that | thikk Farooq
21 MR ALAUDDIN: (Inaudible, no microphone) has refd to | 21 raised, and that was the discussion of optiredage
22 this, that he had experience. 22 and how to calculate that. And I'd just likéhave
23 MR MIANA: T4 project ... 23 some additional clarification on that, ifoutd.
24 MR ALAUDDIN: (Inaudible, no microphone) 24 Let's assume a situation where we dami any
25 MR MIANA: No, no, no, that was not inlet, thahsvoutlet. 25 legal or regulatory limits on the determioatof
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1 MR ALAUDDIN: That was outlet? Okay. 1 pondage. | understand from your presentatianthe

2 MR MIANA: Yes, that was the outlet gate, and giage stuck 2 determination of pondage is just one variabtee

3 in the silt only. And we have to then, | mdaquefy 3 overall design, and it's a function of the pogdemand,

4 that silt and then take away the outside. hateno 4 the height of the dam, the discharge intaglservoir.

5 issue of the boulder, only sticking of theegaith the 5 And it is calculated in the course of thet{east in

6 silt and the clay, that we have seen in thesgie 6 the engineering study and perhaps before then.

7 clay or whatever. 7 Is that all basically correct?

8 THE CHAIRMAN: So just generally speaking, youxa aware | 8 MR FAROOQ: Will you please repeat your question?

9 of situations where there's some sort of trajatsic 9 MR MINEAR: Sure. I'd just like to have a disciasswith
10 collapse where the sediment ends up bloekitigely 10 you about determining optimal pondage irtisaton
11 the orifice? 11 where it's determined primarily as a mattehe
12 MR MIANA: No, never. The Tarbela, we never fieabout 12 efficiency or the economic viability of thard.
13 this. 1 am working at Tarbela since 1992y fivkt 13 | understood -- | just want to make sure
14 posting was at Tarbela, and at differentdiofamny 14 | understood what you said -- that that deittion is
15 professional life | have been posted th&@we never 15 made on the basis of your power demand,iticbalge
16 heard about the blockage of any of the trfnem 16 into the reservoir, the height of the resieryperhaps
17 intake side. 17 the head as well, and so it is just a depenaggiable
18 THE CHAIRMAN: Do you have a sense, over timeatwhill 18 of these other factors. Is that basicallyemt?
19 happen at Tarbela if that delta keeps appiogithe 19 MR FAROOQ: Yes, it could be. | mean, it depemd®ne or
20 dam, what might be expected, or how you wtwyltb 20 more factors. But the most important fatdor
21 avoid the sediment build-up from preventimg t 21 determine of the pondage is the flows innhrer.
22 operation of the dam? 22 MR MINEAR: Yes. So the minimum mean flow, rolyglin the
23 MR MIANA: Actually, at present, with the project 23 winter.
24 Tarbela 4, we have already raised the intakes 24 MR FAROOQ: | mean at least you have some flow dtay that
25 Tarbela 3 and Tarbela 4. Tarbela 1 andeadyr have 25 you can fill the storage at part of the dag ase it
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for remaining part of the day.

Page 122

1 1 | know, or on the basis of knowledge thatuehdirst
2 MR MINEAR: Okay, so let's take a concrete sitmtiand 2 the hydropower potential at a site is detesahiny the
3 | think NJHEP might be a good example. 3 overall hydrology at the dam site. For exampbu
4 | believe you said you require 283 cubetnes per 4 don't pick or choose one month and ignorether
5 second of flow to optimise the design of tmbine, to 5 months; you try to base on the hydrology ter
6 get maximum power from the turbines. Is tmatect? 6 365 days in a year. And based on the lomg-ter
7 MR FAROOQ: | wouldn't like -- | may ask if yougeat this 7 hydrology, first you determine that: yes, thithe
8 guestion once again, please. 8 hydropower potential at site which I can usénaally
9 MR MINEAR: Yes. We talked about the design fithat was 9 where my cost is comparatively less and mefitsrare
10 necessary for the maximum discharge fronuttenes, 10 relatively high.
11 and | think you said that was 283 cubic nsepier 11 Once you have determined the hydropoatengal at
12 second; is that right? 12 a site, then on the basis of -- now, for gptamn the
13 MR FAROOQ: 280. 13 case of Neelum-Jhelum Hydroelectric Prog® MW is
14 MR MINEAR: 280, okay. And I think you said thtae inflow | 14 the optimum installed capacity at my plafd in view
15 in the winter into the reservoir was 53 cubgtres per 15 of the -- now, here comes second part: yleat,| am
16 second? 16 going to make a 969 MW [plant] at this looati But
17 MR FAROOQ: Sir, 53 is, you can say, the prevdlemws for 17 | have winter flows, because it is a runieér
18 the winter season, which | am referring fidavember to 18 hydroelectric project.
19 February. 19 And then you see: what are my winter ipar the
20 MR MINEAR: Yes. 20 prevalent winter flows. And based on the/alent
21 MR FAROOQ: Yes. 21 winter flows, then -- | mean, if | can, foaenple,
22 MR MINEAR: Okay. So then to determine the paeavhat | 22 20 hours of the day, | can store only 4 omilli
23 you want to do is determine the amount oflage that's 23 cubic metre of water, there is no sensedaighe
24 necessary to provide that maximum turbinegsne 24 6 million cubic metres, or maybe 8 or maybeliecause
25 production over a period of time, realisigi'ye going 25 | am not going to use that, and this woulddaieindant
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1 to have to shut down the turbines, let thedpge build 1 for me. And to create that high storage, lilddoe
2 up, and that would be the level of the opegaiool 2 putting in more money with no additional bénef
3 that you're basically trying to build. Isthight? 3 MR MINEAR: Yes, okay. This is all very helpfudif me.
4 MR FAROOQ: Yes. For Neelum-Jhelum Hydroeled®ioject, | 4 Can | ask: when in the design process avihd
5 it is the case, for example, you have theglest flow 5 determination of the pondage be determined?
6 of 53 cumecs for the winter season. And it you 6 MR FAROOQ: Sir, as far as | know, it is basically
7 store water for part of the day, say for 20repand 7 a collective process, when you put in multipieeria,
8 then with the 20 hours of storage, you wogldble to 8 into it the decision metrics, and then you @ame up
9 generate 4 hours of peak energy at the Neghetum 9 with: yes, these are the numbers which ave the
10 Hydroelectric Project by operating it at thecharge 10 basis of this criteria, this criteria andsttiiteria,
11 of 280 cubic metres per second. 11 this is the overall optimal picture or optimpeoject
12 MR MINEAR: Yes. Butin making that determinatitihen, 12 features that | can put into implementation.
13 you'll have to, in the design phase of bogdhe 13 MR MINEAR: | see.
14 project, you need to know what the power atLypu are 14 Now, in presentation no. 2 by Dr Hayatdescribed
15 seeking to have, right? 15 the various steps from concept and feasilaitid
16 MR FAROOQ: Yes. 16 engineering. Where in that cascade do yiold londage
17 MR MINEAR: You need to know what the flow isarthe 17 would be determined?
18 reservoir? 18 MR FAROOQ: I think it should be determined at th
19 MR FAROOQ: Yes. 19 pre-feasibility or feasibility stage.
20 THE CHAIRMAN: Are there other factors that com® play 20 MR MINEAR: Okay.
21 here? Like the possible height of the resgrdoes 21 MR FAROOQ: Yes.
22 that make any difference? Is that a limifeagjor? 22 MR MINEAR: Okay. And this of course is assumihig is
23 MR FAROOQ: Sir, for determination of pondagedan, it is 23 all just being done on an economic basisedls w
24 basically a combination of all. 24 MR FAROOQ: Yes.
25 You can say that first you determines-faa as 25 MR MINEAR: There's no other constraints thatmigpme-
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into play.

Page 126

1 1 to finish up.

2 MR FAROOQ: Yes. Because at feasibility stage, th 2 (A short break)

3 economics of the project is established aad flou 3 THE CHAIRMAN: Okay. So we have met among ourssland

4 move ahead. So at least by the feasibildgest 4 decided we have no additional questions fartgday,

5 | think the operational pool volume should be 5 because we asked many questions over thesooiutise

6 determined. 6 day and your group was very responsive. itectting

7 MR MINEAR: Okay. Thank you very much. This Iswery 7 my comments to Mr Miana just because he s¢eivs the

8 helpful for me. 8 boss at the dam.

9 MR FAROOQ: Thank you, sir. 9 So we don't have any follow-on questiondo want
10 PROFESSOR BUYTAERT: Can | ask a quick followeugstion. | 10 to say a few things though before we finigtiar the
11 So during the dry season, when theré¢'smaugh 11 day.

12 water to operate the turbines at full power f 12 First of all, | want to thank you deep¥r, Miana,

13 24 hours, you said that you reduce the tioeoperate 13 for hosting us here at the dam these pastéy.

14 them. But do you always operate them at mauxi 14 | envisage this as your home, and you'veamade us
15 capacity and reduce the time, or does itlzdgpen 15 into your home and done a wonderful job dihg us
16 that you reduce the power outputs for lomgeiods? 16 understand how the dam works and aspectsibelye dam,
17 Can you, for example, run them 4 hours achapacity 17 the way dams, generally speaking, in thioregork.

18 or, say, 8 hours at 50%7? Do you vary bd?s it 18 The Court knows you're very busy, others aifgohere
19 always full power for whatever period of tig@ can 19 today are very busy, and we appreciate Ithe you've
20 afford, given the inflows? 20 taken to be with us and help us work our thagugh
21 MR FAROOQ: Sir, | would say that it is basicatlyoice of 21 these issues.

22 the operator. For example, if | have noughdlow in 22 We appreciate the excellent hand-on ratgehat

23 my operating pool, then | may decide whethesuld 23 we had, whether it be the sediments or tblesrol'm

24 like to operate the four turbines for, sakiplir, or 24 glad you didn't bring a boulder into the rboBut it

25 maybe | would like to operate two turbinestfe 25 helped bring alive the issues that we'reasted in,
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1 2 hours, or maybe 1.5 hour, or maybe some tiroee 1 so thank you for that.

2 Soitis, | mean, choice of the operator. 2 Particularly thank you for answering thestions

3 PROFESSOR BUYTAERT: Okay, thank you. 3 that the Court asked in advance of this $#i& WVe

4 MR MINEAR: As a follow-up to our engineer's questhere, 4 did have some issues that we weren't sui@lifyere

5 does the factor of peak demand enter into that 5 going to address them in the course of the

6 determination; in other words, the electricigmand at 6 presentations, and we just wanted to be kateybu

7 any given time, when the turbine is at fulhaif 7 thought about them and reflected on them addtne

8 speed? 8 opportunity to give us some of your guidancethat.

9 MR FAROOQ: Sir, yes, | would say that the opesate 9 So thank you for all of that. Thank yeweell for
10 | mean, the operation is controlled hereakigtan, 10 the tea, the coffee, the food. You took gearé of us
11 I think, through NPCC, basically, which iswtolling 11 while we were here. You not just walked nsiad the
12 what and where is being produced and hoswieing 12 site once, but a second time as well, anctwety
13 transported in other part of the country. 13 grateful for that.

14 MR MINEAR: Thank you very much. 14 One point just to be noted, and this beaynore for
15 THE CHAIRMAN: So thank you very much, Dr AbbaBhank you | 15 the external counsel team. Several presendet

16 very much, Mr Faroog. | don't think we havy other 16 numbers they were saying in the course af the

17 questions on this presentation. 17 presentations, which may not have been caaghpletely
18 What | would propose is that we perhajs & break 18 at the audio, we don't know. But at the poimen

19  now and allow the Court to just check in viigelf to 19 you're checking the transcript, we'd be ggageful if

20 see if we have any further general questibasn't 20 we could be sure that we have accuracy didbie

21 know if now is a good time to have tea ofembs 21 numbers and other details of that sort theiew

22 well 22 provided to us.

23 MR MIANA: It is ready. 23 Beyond that, | take it we will see mafiyau

24 THE CHAIRMAN: Perfect. Then why don't we havbraak of, 24 tomorrow at the power station. We're lookiegy much
25 say, about 15 minutes or so, and then vaetlechback in 25 forward to that visit. If there are any thet aren't
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going to be seeing there tomorrow, let megagt
thanks on behalf of the Court now for you.t ®a look
forward to that visit, and expect a few mavegiions
tomorrow from us.
Okay? Very good. Thank you so much.
(The day concluded)

Boo~vwoonhrwNnrk
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