International Panel of Experts

Safety of Nenskra
Hydropower Project - Georgia

STAGE Il REPORT - Part 2 & Final

Prepared by: Roger Gill (Chair)
Ljiljana Spasic-Gril
Georg Schaeren
Frederic Giovannetti
Tomoyuki Tsukada

Date: 27 February 2017



EXECUTIVE SUMMARY 1
1. INTRODUCTION
1.1. SCOPE OSTAGEII 3
1.2. PROCESS 4
2. SUMMARY OF FINDINGS 6
3. GENERAL DISCUSSION 12
3.1. PRrREVIOUSPOEFINDINGS ANDJPDATEDDESIGNCONSIDERATIONS 12
3.2. NATURALHAZARDS 13
3.3. FLOODASSESSMENT 14
3.3.1. PMFASDESIGNFLOOD 14
3.3.2. IMPACT OFCLIMATE CHANGE 15
3.4. SEISMICASSESSMENT 16
3.5. ASPHALTFACEDROCKFILLDAM 16
3.5.1. DAMAXIS 16
3.5.2. FOUNDATION SEEPAGE ANIEROSIONRISK 16
3.5.3. SOFTLACUSTRINEDEPOSITS IN THEOUNDATIONS 22
3.5.4. EMBANKMENT 22
3.5.5. ASPHALTFACING 24
3.5.6. SPILLWAY 37
3.6. NAKRAWEIR 39
3.7. TUNNELS 39
3.7.1. TRANSFERTUNNEL 39
3.7.2. HEADRACH UNNEL 40
3.7.3. BOTTOMOUTLET ANDIUNNELSPILLWAY 42
3.8. PENSTOCK ANPOWERHOUSE 44
3.9. PROJECRISKASSESSMENT 44
3.10. EMERGENCYREPAREDNESBLAN 45
4. SOCIAL REVIEW 46
4.1. ESIAPROCESS ANDOCUMENTATION 46
4.2. LABOUR 47
4.3. COMMUNITYSAFETY ANCSECURITY 47
4.4. LANDACQUISITION ANIRESETTLEMENT 47
4.5. POTENTIALAPPLICABILITY OFNDIGENOUSEOPLESPOLICY 48
4.6. CQULTURALHERITAGE 48
5. LIST OF DETAILED RECMMENDATIONS 49
Appendix A List of Abbreviations 52



Executive Summary

An International Panel of Expertd®OE) in the fields of hydropower and dahes been tasked with
assessing tHeenskahydropower project against "Good International Practice" rgjatimll matters

of dam safety and the safe design and construction and efficient operation and maintenance of the
project components The review over the past 12 months has been extensive ardklvas
independently intall the critical issues assocéat with the project to be satisfied that gqdctice

has been utilised.

The IPOE has reviewed several iterations ofEhgineering, Procurement and Construction (EPC)
Co nt r BasicDesighpoposals with a focus on all the Damd ProjecEafety aspcts Particular
contributon has been made to thembankment; asphaltic concrete face; foundation seepage
treatment; spillway; tunnels and natural hagaigsk assessment.

The EPCContractor completed its fin&asic Design submission in December 2016l &inis report
cont ai ns finahviews orti@Edésgn.

The IPOE supports échoice of Dam locatioprinciples othe Asphalt Faced Rockfill DarAFRD)
type design, including design features to ensure safety against extreme floods and extreme
eartlguakes; and valley flodoundation treatment withne85m deeput-off wall to limit seepage

The proposed Tunnel Spillway approastsupported in preference towaface Spillway. The IPOE
recommends further consideration be given to the alignméme &pillway tunnel to establish further
separation between the downstream sections of the Spillway and Bottom Outlet tunnels. Such
separation increases the independence of these two critical safety striictdgion,thelog boom

requires further detailed design consideration to ensyniéway blockage risk is safelmanaged

The Natural Hazard risk posed byaspectedandslide zone on the right bank above the reservoir

has received particular attention from the EPC team. The IPOEtatbemnalysis that this is not a

major landslide risk and agrees that this zone does not pose a safety risk to the PhejdBIOE
recognises that design measures are proposed to adequately deal with the risks posed by avalanches
and debris flows.

Somekey Dam Safety issues remdmbe addressed by the EPC teamthe detailed design stage
They involve:

1 further consideration of ground treatment for the soft lacustrine deposits encountered in the
foundations at the upstream toe of the embankment whereutoff is located Such
treatment must ensure safety against Dastability and excessive deformation;

1 necessary trial grouting in the abutments above the valley floor to demonstrate that the
material is groutable and that the target low permeaslitan be achieved to limit seepage;
if this is not the case, the foundation-cdit wall is likely to be extended into the abutments
as well;

91 furtherimprovements téthe AsphaltFace desigand inspection gallery arrangemebtsed
on recommendations frothe IPOE

The revised Nakra Weir layout, which includes gates to control the flow through the Transfer Tunnel,
provides safe control of floods and an appropriate arrangement to manage sediment, environmental
flows and fish passage.

From an operatingerspectivethe IPOE haalsostressedhe importance dEmergency Preparedness
Planning and Bottom Outlet operating rules tewer public safety is assuted
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The IPOE has a social specialist on the panel BeadROE supports public disclosure of the ASI
package subject to addresskay IPOE recommendations inclag:

T JSC Nenskr a and ESI A Consultants t o i ncl u
measures;

9 JSC Nenskra and ESIA Consultants to include community safety amongst top subjects on the
consultaion agenda;

1 EBRD to ensure consistency between compensation measures in the Nenskra LALRP and
those in the Nenskra Khudoni transmission line currently being considered by EBRD,
which is an Associated Facility to the Nenskra project;

9 JSC Nenskra to supgdocal culture within the framework of the Community Investment
Plan that is currently under preparation.

In conclusim, the IPOE considers that thedl BasicDesign submitted by the EPC Contractor in

December 2016 meets international good practiatirigénto the detailed design phase of the project
into which the IPOE has contributed a number of recommendations.
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1. Introduction

JSC Nenskra Hydro, the company developing the Nenskra Hydropower REtiRiRYin Georgia,
has established dnternational Panel of Experts (IPOE) to:

1 Review the documentation for the development of the project against "Good
International Practice" relating to all matters of Dam safety and the safe design and
construction and efficient operation and maintenance of the project components.

A first report was prepared by the IPOE dated 21 May 2016.

For the first stage of the review the IPOE comprised the following experts:
Roger @l (Chair)
Norihisa Matsumoto
Georg Schaeren

UnfortunatelyMr Matsumotowas not availabléo continue with the IPOE after June 2Cri&dMrs

Ljiljlana SpasieGril joined thePanel as a general dam and seismic specialiSeptembe2016
Subsegently the Panel 6s dam expertise has been el
Tomoyuki Tsukada who has specifisphalt Faced Rockfill DamAFRD) expertise.

To link the technical work of the Panel with tReojectis environment and sociassessments the
Panel 6s expertise was bNowmbdra0itk ada socialtspecidlistvie i nc | |
Frederic Giovanetti.

1.1.  Scope of Stage Il
There are three tasks being addressed by the IPOE in Stage Il
Task 1: Document review of the Basi©esign- Dam structural and Seismology

The EPC Contractoand Designesubmitted thenitial Basic Design documenta July 2016. An
aternativesolution, to consider thenatters raised by theview of the Owner's Engineer (OE) and
thelPOES May 2016recommendationsvasprepared by the Designer and submitted in the middle
of September 2016nd further updated in December 20@6he final Basic DesignThe IPOE is
tasked with commenting on tfi@al BasicDesign.

Task 2: Update of the previous IPOEecommendations

The IPOE issued its first Report May 2016. This report includd®OE recommendations for the

safe design and implementation of the Nenskra Project. These recommendations have been
summarized in a list of actions ahdve been responded by the EPC Contractor/Designéng

Client and the Owner's Engineer. The task of the IPOE is to review this lifinahBasic Design

and provide opinions on the adequacy of the EPC Contfastesponse to address the IPOE
recommendations regardingafety, design and construction risks and efficient operation and
maintenance of the Project. The IPOE is requested to update its recommendations relaBasto the
Design stage and, as appropriate, provide recommendations etdiledDesign stage.
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Task 3: Review of the Alternative Design and Natural Hazard Assessment
Under Task 3, the IPOE will in particulaubut not limited to- review and comment on the relevance
and appropriateness with regards to the Project safety and risk of the:
() assessients carried out by the EPC Contractor to date or planned to be carried out,
(ii) proposed risk mitigation measures,

(iii) Natural Hazard Assessment includisgspectedieepseated landslide and rock mass
collapse,

(iv) the risk of internal erosion of the dam foundattogether with an optimal seepage value
for the dam safety,

(v) the safety of the dam, and
(vi) any other matter in the following fields:

1 Geology and Tunnelling:

1 Operational Safety:

9 Dam structural and Seismology:
9 Floods and Public Safety.

1.2. Process

The | POE has reviewed relevant documents prep
subsequent to the IPOE May 2016 reporting process. In addition Mrs-&pdsitsited the Nenskra
and Nakra sites on 22/23 September 2016.

Mr Gill and Mrs SpasidGril participated iratechnicalworkshop in Thilisin 25" and 268' September
2016

The IPOE received feedback from a design review workshop héldusannan November 2016
thatincludedt he EPC t e am, Lenders and Lenders advisor
are listed aBection3.1.1

The IPOE prepared a short status update in December 2016 pending the completion by the EPC
design team of the fin&asic Design documentation.

Mr Tsukadatogether with Mrs SpasiGril participated in a briefing by the EFA@=signerin Milan
on 258" January 2017.

Part 1 Report

The | POE 6 fomlks Stageilln Bast 1 report dated 6 October 201@re summarised in
Section3.1 of this report.

Part 2 Report

The | POEG6s Findi ngs areupdatedn¢hd Stage |l - Pat B inallrepore & 3
based on a review of the finBlasic Designdocuments submitted by the EPC Contractor in late
December 201and further clarifications obtained during the Milan meeting dhZuary 2017.

The findings noted in this report represent the latest position of the IPOE and therefore supersede
previous positions of the IPOE.
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Documents Reviewed for thisStage |l - Part 2 Report

Updated material was made available to the IPAEeicembeP016 and over the period of the review
the best possible use was made of the available information. In general this included:

1 Updated Drawings of the Nenskra Hffal Basic Degjn, Salini/Lombardi;

9 Slide Presentation by LombartiausanneSeptembeR016;

1 Updated Lombardi Technical Reports submitted forRimal Basic Desigr{December 2016)

T Updated Owner 6s Engineer Reports submitted foc
91 Slide Presentation bydmbardi,Milan, January 2017

Specificreportsarereferenceds necessaiy thisfinal IPOE report

1.3.  Status of IPOES Kay 2016 Recommendations

The IPOE made extensive recommendations regarding the Safety and Operation of theHN&Rskra

in its first report in May 2016. The EPC t eami
assessment by the IPOE of the Ef@l Basic Design have resulted in an updated stance by the

IPOE on the matters of Safety and Project Operatioresd matters are discussed in detail in Section

3 of this reporand new recommendations are listed at Sectiomé& récommendations in this report

update the earlier views of the IPOE.

STAGE IIT Part 2 & Final Report 27 February 2017 5



2. Summary of Findings

1. ThelPODE has r evi e we thal BakieDeskfp@posakoa Debemberf 2016 for the
development of the Nenskra HBRd reviewed all the Dam Safety aspectse IPOE haalready
endorsed many of the elements of the engineering ddargmgy thedesigndevelopment process
over the past 12 morgtand contributed comments in particular to the embankment; asphaltic
concrete face; foundation seepage treatment; spillway; tunnels and natural hazard risk
assessment.

2. The IPOE supportthe:
a. choice ofDam location;

b. principles of AFRD type design, includg design features to ensure safety against
extreme floods and extreme earthquakes;

c. valley floorfoundation treatment withre85m deegut-off wall to limit seepage

3. The proposed Tunnel Spillway approach is supported in preference to a Surface Spithway.
IPOE recommends further consideration be given to the:

a. alignment of the Spillway tunnel to establish further separation between the downstream
sections of the Spway and Bottom Outlet tunnels. Such separation increases the
independence of these two critical safety structures

b. logboomdetailed desigto ensure spillway blockage risk is dgfeontained

4. The Natural Hazard risk posed bgaspectednajorlandslidezone on the right bank above the
reservoirhas received particular attention from the EPC team. The IPOE accepts the analysis that
this is not anajorlandslide risk and agrees that this zone does not pose a safety risRrigebe

5. The IPOE recognisethat design measures are proposed to adequately deal with the risks posed
by avalanches and rock debris flows.

6. Somekey Dam Safety issues remain in the process of being addressed by the ERCtleam
detailed design stag@&hey involve:

a. furtherconsideation of ground treatment for the soft lacustrine deposits encountered in
the foundations at the upstream toe of the embankment where-ibi isubcated Such
treatment must ensure safety against Dastability and excessive deformation;

b. necessary ial grouting in the abutments above the valley floor to demonstrate that the
material is groutable and that the tasgkibw permeabilities can be achieved to limit
seepage; if this is not the case, the foundatioroffuwall is likely to beextended into
the abutments as well;

c. furtherimprovements tdhe AsphaltFace desigrand inspection gallery arrangements
based ometailedrecommendations from the IPOE

7. The revised Nakra Weir layout, which includes gates to control the flow througfrahefer
Tunnel, provides safe control of floods and an appropriate arrangement to manage sediment,
environmental flows and fish passage.

8. From an operating perspective the IPOE &la® commented othe importance oEmergency
Preparedness Planning and t®at Outlet operating rules to gure public safety is assured.

STAGE IIT Part 2 & Final Report 27 February 2017 6



9. The IPOE supports public disclosure of the ESIA package subject to addressing
recommendations by the IPOE that include measures related to public engagemetad at
summary finding 8 below.

10. In conclusion, the IPOE considers that the final Basic Design submitted by the EPC Contractor
in December 2016 meets international good practice leading into the detailed design phase of the
project into which the IPOE has contributed a number of recmdations.

The following comments summarise the IPOE findings more specifically:

NATURAL HAZARD S

11. The EPC team have undertakemymplementaryletailed site assessments of the natural hazard
risks in the Nenskra and Naksalleys. This includes review of rock avalanches, potential
landslides, debris flosland snow avalanche zones, instabilities of colluvial/alluvial fans within
the reservoir and glacial lake burst riskbe IPOE accepts the analysis thatzbee on theight
bank above the reservag not a major landslide risk and agrees that this zone does not pose a
safety risk to the project.

12. Arisk register has been prepared to identify where preventative design measures will be required
to mitigate potentiahaturd hazardimpacts on the Nenskra HPP structures. The IPOE endorses
the need for such design measures and recoghn
detailed design phase.

13. Once all natural hazard risk mitigation actions are developed a ReRidkaegister should be
produced to go into the Emergency Preparedness Plan (EPP) and Operatiblasnaecance
(O&M) Plan.

GEOLOGICAL ASSESSMENT

14. The IPOE considers that sufficieggologicalinvestigation work has been carried tatenable
sound conalsions to be made for the development of the final Basic Design. However, further
investigation will be necessary to enable the Detailed Design to be completed. The IPOE has
provided comment on the need in some cases for such additional investigation

FLOOD ASSESSEMENT

15. The IPOEendorses th&lenskraProbable Maximum FloodPMF) value set afl,101ni/s and
notes tis is a significant increase from tkarlierNenskra PMF value of 456¥s.

16. The IPOE note thahe relationship between the Nenskra PMF ldadskra 1:10,000 year flood
is a factor of 3.67, which seems unusually lagld might indicate that the floods for lower return
periods are underestimate@he IPOE had recommended in its Part 1 report that further reviews
be undertaken of theeak dischagesfor thelower return periodloods. The 1 in 25 ga flood is
particularly important as it sets the parameters for diversion flood management and flood
management during the early generation pHas@eBasic Design documents there has been no
chang to the statistically obtained flopgak dischargesAs a result,lhe IPOE recommends that
the EPC team undertakes a sensitivity analysis on the level of flood protection provided during
diversion and early generation.
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17. Thepossibleclimate changanpactsonthe Nenskra HPRave beensuitablyclarified by the EPC
team.The IPOE notes that conservative design PMF value, with a freeboard on the associated
maximum reservoir levelhel ps t o ensure the Projectds re
hydrologicalevents.

SEISMIC ASSESSMENT

18. Safety of theDamin seismic conditions has been checked for an Operating Basis Earthquake
(OBE), with a return period of 1 in 14%ears and 1 in 475 years, and a Maximum Credible
Earthquake (MCE), with a return period of 11id,000years Selection of the design earthquakes
is in line with recommended practice.

Performance of thBamto the design earthquakes has been checked agisgudestatic and
2D and 3D dynamic modellingeven horizontal and vertical time historiesé been applied in
the dynamic analysemnd is found to be satisfactory

NENSKRA DAM SAFETY

19. TheDamaxisof t he AFRD i s now fisaBasidDesignarrangembeagd E P C t
is accepted by the IPOHhe IPOEreiterates its commetihat the poposeddamis (1) a very
high AFRD and (2) has very deep alluvivio-glacialand glacial deposits in the river floor on
an international scal@ hesekeyaspectofthe ® oj ect have been at the f
considerations.

Foundation Seepage and Erosion Risk

20. The ground investigation confirmed that the maximum thickness of the soil deposits over the
bedrock in the valley floor igp to160m.In the Stage I} Part 1 report the IPOE recommended
that the EPC Contractor drill complementary investigation boreholes in the foundations of the
right abutment to confirm a conservative geological model has been used in the analysis. We
understand thaa borehole BH-R-150-2) is being drilled in the right abutment to confirm the
depth to the bedrock.

21. The Damdesign includes a diaphragm -aff wall below the upstream toe of the m&iambody
in the valley floor and a grout curtain in the abutments togaregxcessive foundation seepage
and the risk of internal foundation erosion Based on the | POEG6s reco
Designer has undertakarseepage sensitivity analysiss a result theliaphragm walhas been
extendedromaninitial 60mdepthto now becom@&5mdeep reaching the elevation of 1225masl
and going a minimum 5m into the glacial deposits. The deepenedf evall limitsthe seepages
to <200I/s, which complies with thHeroject requirements and minimisthe risk of progressive
suffusim.

222Based on t he | POEOJ &nal Basic@esgnaowdrneltidescandsinaget ldyer
over the footprint of the embankmettie drainagdayeris 5mthick in the valley floor and 0.8m
thick in the abutments; this drainage layer eilsuretha s sumpt i on about the i
fillod can, be supported

23. The IPOE recommends underitadsa trial grouting in the abutments above the valley floor to
demonstrate that the material is groutable and that theddtget permeabilities can be achieved
to limit seepage; if this is not the case, the foundatioroffutvall is likely to be extended into
the abutments as well;
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Soft Lacustrine deposits in the foundations belowone 3A of the upstream embankment
shoulder

24. Soft lacustrine depositsip to 10m thickhave been encountered in the valley floor below Zone
3A of the upstream embankment shoulder. The artesian ground water table encountered in the
deposits is +0.5m tblm below the ground level. These soft deposits were originally envisaged
to be either excavated and replaced or treatasitun Since the ground water level is high, it is
most likely that the deposits will not be excavated but treatsdunFinal design of the ground
treatment is yet to be developed to ensure that théettesoft lacustrine deposits have similar
stiffness and strength properties as the surrounding alluvial deposits.

Embankment

25. The proposed Nenskra Dam will be the highest AFRD developed to date. Careful attention to the
details of the design and constroctiof the asphalt face, as well as the connected structures and
the foundation, will be critical to ensure the safety of the structure over its operating life. The
IPOE is comfortable that a suitable asphalt face design can be developed and implemented at
Nenskra.The IPOE has provided detailed recommendationguide the face design as the
Project moves from the Basic Design stage into the Detailed Design phase.

26. The IPOE previously expressed its preference for an upstream slope of 1:1.7 to facilitate the
construction of ahigh quality asphalt facing to increase confidence of the-teng effective
performance of th@am The final Basic Design incorporates a slope of 1:1.Ghe IPOE
emphasies the importance of the use of highly specialized equipmentskiied and
experienced resources to produce a high quality face and accepts the 1:1.6 slope only on this basis.
As well, to facilitate any remedial works on the face over the life of the project the HBOE
previously recommended thdte crest should ot include a large upstream crest wall, which
would inhibit ready access to the facEhe crest arrangement proposed inthe EP€a més f i n a
Basic Design with a 1m high removable upstream crestisvafidorsedubject to detailed design
considerations rted in this report

27. Thefinal Basic Design now includes a 6m high wadhstructed at the downstreaside of the
crest.Stability analysis of this wall has been preseritethefinal BasicDesign report, as a part
of the 2D and 3D stability analysis of tbamunderseismic loadingsee point 2 below)and is
found to be satisfactory

28. Safety against extreme floods the IPOE noté inits Part 1 reporthat theDamd downstream
slope stabily should bechecked for the Design Flood at 1438s! It wasrecommended thait
alsobe checked for thérobable Maximum FloodPMF) at 143®asl This has now been done
and factors of safety obtained are satisfactory.

The IPOE reviewed théam freeboardrequirements and recommeastthat a minimum
freeboard of 0.9m be allowed for in the case of the PMEmM high parapet wall has now been
incorporated at the upstream slope of Brem crest. The road level at the crest can remain at
1435masl.

29. Safety against earthquakesi assessmemas undertaken for OBE and MCE earthquakes, as
definad in point 18 above.

During an OBE earthquakwith 1 in 145year return period (PGA of 0.1Q@) factor of safety
against slidinggreater than unity has been obtainghich is satisfactory.

3D dynamic analyses performed for the MCE, with a PGA of 0.65¢g, generated maximum
horizontal and vertical displacements of the crest of approximately 1m and 0.44m respectively.
It is consideredhat these displacements are acceptabtase on an MCE earthquake, when the
water level in the reservoir is expected toabdeasttm below theDamcrest. Nevertheless, the
displacements obtained in the 2D and 3D dynamic analyses indicate a strong effect of the narrow
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valley shape on theesmic behaviour of thBam

Spillway

30. The IPOE supports the Tunnel Spillway concept, but suggests further consideration of the
alignment of the tunnel to maintain independence of the Spillway from the Bottom Outlet at the
downstream zone.

31. The design ofthe log boom must address the risk of passing selmnerged log debris.
Furthermore, the IPOE suggests consideration lendiv installing a second, baak log boom
as a contingency measure.

32. Log debris retrieval and removal capability must be provigetbihgterm operations.

NAKRA WEIR

33.The | POE endor ses t amangdnentor theNakradVeeirtd enlpance itlse d
functionality regardingstilling apron maintainability, sediment management, fish pasaade
environmentaflow control

34. In particular, the IPOE notes thatovision has been mader Transfer Tunnel flow contrdb

assist in reducing inflows tthe Nenskra valleyin scenarios where the Nenskra reservoir is
spilling.

TUNNELLING

35. The Transfer Tunnel now discharges into theher end of the Nenskra Reservaiihe IPOEs
recommendtionshave been taken into accowaincerning thalignment of the Transfer Tunnel
between the northwardsifed Nakra intake and Nenskraittet in terms ofrisks linked to the
tectorized Alibeck-fault zone and mountain overburddre final alignmenallows for almost
unchangedverburden conditions compared te thitial alignment.

36. The Headrace tunnel passes orthogonally through complex geological conditient?OE
reiterates its previousecommendation that preliminary hydrogeological observation and
eventually monitoring (including natural springs) is undertaBenehole investigation being still
outstanding, the IPOE recommengisying great attention to the section close to Hrental
Thrustwhere overburden and distancdhe slope are minimal.

PENSTOCK AND POWER HOUSE

37. The IPOE notes that the Power House has been moved downétosarts initial locationto
avoid the risk of debris flow from the large catchment area above.ldbieeaognisedhat where
the Penstock crosses from the ridge to the Power House it will be underground and not exposed
to debris flow impact risk.

OPERATIONAL SAFETY

38. The IPOE endorses the proposal from the EPC Contractor that an Emergency PrepBtadness
(EPP) will be in place at least 1 year prior to impoundment for early generation

39. The IPOE again notes the importance of undertaking a dam break analysis that must feed into the
EPP The IPOE recommends that the dam break analysisitdkeaccountainyimpact on Enguri
Damas well as considering potential impact on the dams downstream of Enguri.

40. The IPOE notes that a project risameworkis beingdeveloped by the Contractor to assess the
Projectds residual ri sks once all the mitigat
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this approach and again reiterates the importance &frtject Owner reviewing the completed
risk assessment closelguring the detailed design and constron stages angrior to
commissioning to ensure full compliance with the mitigation actions has been achieved.

41. The IPOE recommends that particular attention be paid to establishing Bottom Outlet operating
rules and security arrangements to ensure tlepotential for very high dischargesedmot
impact on the safety of downstream settlements and infrastructures. A response for inadvertent
Bottom Outlet operation should be included in the Emergency Preparedness Plan

42. Monitoring of theDam is essentiabnd is part of the EPP ar@perations and Maintenance
(O&M) plan An Instrumentation Plan should be prepared as a pénedfetailed Design and
should provide proposed instrumatibn layous, sections, details and specifications. The plan
should also pvide frequency of reading and trigger values and should link to the EPP and O&M
plan

SOCIAL ASPECTS REVIEW

43. The IPOE supports public disclosure of the ESIA package subject to addressing some comments
that have been communicated directly to the ESIA dtarsis. Key IPOE recommendations
include:

a. JSC Nenskra and ESI A Consultants to incl |
measures to be conducted shortly on the ESIA, as these are more conducive, in the
Georgian cultural context, to meaningful consultation

b. JSC Nenskra and ESIA Consultants to include community safety amongst top subjects
on the consultation agenda as this has been a repeated community concern;

c. EBRD to ensure consistency between compensation measures in the Nenskra LALRP
and those in the Nskrai Khudoni transmission line currently being considered by
EBRD, which is an Assaociated Facility to the Nenskra project;

D. JSC Nenskra to support local culture within the framework of the Community Investment
Plan that is currently under preparation.

DETAILED RECOMMENDATIONS

44. The detailed recommendations from this Stagi Rart 2 report are listed at Section Bhe
actions and changes in the Basireconmemnsldtigim t hat
its May 2106 report have now been aceepby the IPOE or new recommendations have been
made in this Stage Il Part 2 report.
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3. General Discussion

3.1. Previous IPOEFindings and Updated Design Considerations

In the Stage Il Part 1 report the IPOE recognised good progress on many of theraiatdris its
first May 2016 reportMany issues were accepted and closed out including significantly that the:

1 Proposed Dam alignment has been endorsed;
1 Upstream slope of 1:1.6 is agresith a 6m high wall on the downstream side of the grest
1 Updated PMFof 1,101 ni/s is endorsed.

However several key Dam Safety issugsre recognised as needing further consideration, including

a) further analysis of the risk of progressive suffusiawaund and downstream of the cut
off wall that could lead to high pore pressures at the downstream toelddite

b) seepagsensitivity assessment of the range of valuea foundation seepage envelope;

C) protection against overtopping of the embankment during a PMF by provision of 1m high
parapet wall on the upstream side of the crest;

d) checking of displacements of the crest for earthquake conditions;
e) review of the Nenskra spillway optians
The | POE also noted it was waiting to review

following further detailed site inspection work carried out by the EPC team. These matters and others
are discussed in the following sections.

3.1.1. Updated Design Considerations

On 10 & 11 November 2016 a design review meeting was held between the EPC Coatrdctor
Designerthe Ovner 6 s ,Bmgli ndheer Lender 6s advisors togeth
IPOE was not at the meeting to retain its independence from the desigionmakingprocess.

Key outcomes from the meeting included:

a) Alignment of the Transfer Tunnel (TT) is to be optimised in order to keep it as far as possible
from the Alibeck fault. It will be excavated using a double shield TBM,;

b) Alignment and construction of the Head Race TufH&T) is to be subject to further ks
assessment by the EPC Contractor;

¢) Additional work was proposed to more accurately determine the instability risk of a potential
landslide area on the right bank above the reservoir. The key concern being the generation of
waves that could overtop tiam

d) Further improvements were noted on the Nakra Weir design;
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e) EPC Contractor agreed that an Emergency Preparedness Plan will be ready one year before
the first impounding;

f) Agreement that Nenskra Dam aff wall will reach elevation 1225masl and grouting of
both banks will reach bedrock.

g) Adoption of a tunnel spillway, with the EPC Contractor to assess the log debris blockage risk
for the tunnel spillway and develop appropriate mitigation.

3.2. Natural Hazards

The comments of this section are basedhenNatual Hazards Risk Assessment Report ddtéd
December 2016HPC Report.-6768B-GL-GE-GE-TR-005_003). They also take into account the
former versions of this report (version 808.07.16, revisions 0604.10.16, 00280.11.16) as well
as the presentation fohe 11.11.16 Workshop in Lausanne and the discussion held.tft.16
betweerthe EPC and IPOE geologsst

It is noted that importanhvestigatiorwork has been undertakasimce thdPOE workshop in April
2016 This included ahelicopter survey of theipper parts of the slopedetailed analysisind
reinterpretationof field observation analysis and interpretation of Radar Interferometry Data,
especially in correlation with theight Bank Potential Landslide (RBPLx majorpotential issuéor

the prgectthatwill be discussed further beloWhile thepotentialRBPL threat has been temporarily
considered agvery relevantoncernthe complementary information gathered since November 2016
and the rénterpretation of the local geology turn out to fagourableand the RBPL is no longer
considered Aighrisk to the project

After several updates of the technical refiappears that the various discussed natural hazards have
beenthoroughlyaddressed (avalanches, debris flows, rockfall, landsliglasjal lake outbursts).
According to thevhole documentation established by EPC and analysed by thettiéeds no high

risk identified, and furthermore the ones qualified as moderate can be reduced by design measures.
IPOE notes that attention is dravio 5 r
zone#types of natural hazardsithin the skt o :
extension from th®amto the upper end of]| 3 f P15
the reservoir, namely a "channelized roc J#= " S84
avalanché (A) which points to the alluvial ‘.13;.‘-
fan immediately downstream of tBeamfor § :;;- 7
which it is most likely responsiblethe ' j‘f'-"
already mentionecRight Bank "Potential 8 /3¢
Landslid® (B) in the upper half of the! = = " 7%~
reservoir,'Debrisflow/avalanche channels = s X X

(C), "Submerged colluvialluvial fan® ’3\!\

(D) and "Glacial Lakes"H). R ) e b5 .
Concerning "RockAvalanche A)o, the C)

IPOE agres with the EPC t ea mc ¢
conclusiorthat it islow risk.

The latest update of the repphbiased orhelicopter surveyre-interpretation of geological datnd
the Radar Interferometry Data, provides a detailed analysis &igjirt Bank"Potential Landslide"
(B). As a result, this potential landslide nolonger considered as high risk for the Project. The
IPOE notes that EPC's arguments are convincing and meet the IPOE's prelviemamgn this
subject: no prexisting unfawurable structureexists hypothetical unfavourable jointing
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discontinuous and steeper than slope (Fig. 23 of technical report dated 16d®ilf@yvourable
geomechanical characteristics

The IPOE also notes zone@ where mention is made of "periodically downhill transported mixed
moraine and slope debris". Considering the morphology of these materials the question of rock
glaciersis raisedwith consideration of the consequences of climate change with upslopdionigra

of the permafrost limithe eventual increase of debris flofsequencycan be postulatedrhe
infrastructure protection measures proposed by the EPC team, particularly for the Spillway intake
zone, are therefore critically important.

Concerning "suberged colluvial and alluvial fangD) the drawdown instability risk appears to be
limited by thehigh permeability of this material that should easily support ddawn velocities up
to say 10 m/day.

With respect to "Glacial Lakes'E] and the connectedotential GLOF (Glacial Lakes Outburst
Floods),the IPOE draws attention to the fact that such floods would probably be accompanied by
material transport (debris flows). The potential risk, however, is not highefahthe debris flows
discussed earlier

Recommendation Summary

a. The Natural Hazard risk posed bgaspectednajorlandslide zone on the right bank above the
reservoirhas received particular attention from the EPC team. The IPOE accepts the analysis that
this is not anajorlandslide riskand agrees that this zone does not pose a safety risk to the project.

b. The IPOE considerghat the various discussed natural hazards havethessughlyaddressed
(avalanches, debris flows, rockfall, landslides, glakiké outburstsandthere is no highrisk
identified, and furthermore the ones qualified as moderate can be reduced by design measures

3.3. Flood Assessment

The IPOE has reviewed tleimmaryassessment of tier oj ect 6 s f |l ood pr oj ecti
AHydr ol o gi Teehhical RepotdBEPC Reportl-6768B-HY-GE-GE-TR-001_0@ dated
15.12.201%

3.3.1. PMF as Design Flood

As per tebarkerrdcdm@é&ndasion, a review has been undertaken of the PMF assessment; the
NenskraPMF has been increased to 1,10%¥snifrom previously estimated 456%s). This is in line

with the expectations of the IPOE. The IPOE maintains that the PMF should be used as the design
flood for the project, namely the spillway should be designed to evacuate the PMF and the
embankment should have a minimum requireddoard against the PMF.

The IPOE notes thahe EPCDesigner has provided an upstream crest wall to ensure there is
sufficient freeboard for the PMF, which is accepted by the IPOE.
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1,000y and 10,000y floods

The EPCDesignerhas assessed the other statistically obtained values for floods at Nenskra as listed
in Table 1below,

Peak discharge [m/s]
Tr [years] Dam Site Makra Intake PH
233 99 87 122
5 121 106 145
10 138 121 170
25 160 140 197
100 193 169 237
200 209 183 257
500 230 202 283
1000 246 216 303
10000 300 263 369

Table 1. Flood Peak Discharges

The IPOE notethat the relationship between the Nenskra PMF and Nenskra 1:10,000 year flood is

a factor of 367, which seems unusually high and might indicate that the floods for lower return
periods are underestimated. The | POE had reco
Engineer further reviews the other flood peak discharges. The 1 ier@25lgod is particularly

important as it sets the parameters for diversion flood management and flood management during the
early generation phase. In tfimal Basic Design documents there has been no change to the
statistically obtained floods As a result, he IPOErecommends thahe EPC team undertaka

sensitivity analysis on the level of floodopection provided during diversion and early generation

taking into consideratiothe as planned progress@démconstruction.

3.3.2. Impact of Climate Change

The EPC teamhave included a commentary on the possible impact of climate change on the
hydrology and flood management for thmject. The findingare summarised in the Hydrological
Study.While there are large uncertainties the assessment suggests thatltupegod 2012050

a fivery slight increase of total runoff of app
half of the 2% century the situation could progressively head towards a reduction in available annual
runoff of -9% by the year 210 While there is increasing annual precipitation postulated for the
period 20212050 this does not translate necessarily into a greater intensity of single storm events.

Since the IPOE is tasked with addressing project safety, it is noteal ¢baserative design PMF

value, with a freeboard on the associated maximum reservoir thelps to ensurthe R oj ect 6 s
resilience to cope with maximum hydrological events.
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Recommendations

a. The IPOErecommends that the EPC team undertakes a sensitivity analysis on the level of flood
protection provided during diversion and early generati&img into consideratiotine as planned
progress oDamconstruction.

b. The climate changenpactsonthe NenskrddPPhavebeensuitablyclarified by the EPC team.
The IPOE notes tha conservative design PMF value, with a freeboard on the associated
maximum reservoir levelhel ps t o ensure the Projectds re
hydrological events.

3.4. Seismic Assessment

Safety of thddamin seismic conditions has been checked for an Operating Basis Earthquake (OBE),
with a return period of 1 in 14%ears and 1 in 475 years, and a Maximum Credible Earthquake
(MCE), with a return period of 1 in 10,0§@ars Sekction of the design earthquakes is in line with
recommended practice stated in ICOLD bulletin 148.

Performance of thBamto the design earthquakes has been checked using a {statid@and 2D

and 3D dynamic modelling. Seven horizontal and vertical tistories have been applied in the
dynamic analyses. Results are discussed in Section 3.6 below.

3.5. Asphalt Faced Rockfill Dam

3.5.1. Dam Axis

TheupstreanDamaxishasn ow s et t | ed ifinal BagiceDesky® &irangeenaahtiise
IPOE agrees with theecommendation bearing in miggological conditions at the right abutment.
3.5.2. Foundation : Seepage and Erosion Risk

The Damdesign includes a cuff wall below the mairDambody in the valley floor and grout
curtain in the abutments to address foundasieepage and the risk of internal foundation erosion.

Section3.5.2.1 below addresses comments on skepage modelling and teet-off wall design,
while Section 3.2.2 comments on the grout curtain proposed for the abutments.

3.5.2.1 Valley Floor

Geological model for thevalley floor seepage analysis

A geological model adopted by the EPC Contractor for the seepage analyssvalley flooris
shown in Figurél. below.
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RIGHT BANK

Alluvial Fan
Bedrock

Dam Body
Fluvio Glacial
Glacial

. Gravel Alluvial
Recent Alluvial

Figure 1 Soil Strata Cross section at the valley floc

In the Stage IlI- Part 1 report the IPOE recommended that the EPC Contractor drill complementary
investigation boreholes in the foundations of the right abutment to confirm a conservative geological
model has been used in the analysis. We understand th& B39-2 is being drilled in the right
abutment; it has reached about 80m depth and is yet to confirm the depth to the bedrock.

A model of the embankment in the valley section, used in the seepage dnalysm&EPC teamis
shown orFigure 2 below.

bedock
M1_fuvio_glecia
M1_shuvial
M1_recert_ sl
Cuntfall
Recifil

I M2_dam_core

125m

ET1ESSFLS20 5 OOV ] 81 1 S S IOEN (O o 4 N S 8 71 £ A £ 60 (TEREUERY | [FEER1 100 EOEE1 ) FOSETN AN 1

Figure 2 Dam Section

TheDamdesign includes a diaphragm -aff wall below the upstream toe of the m&iambody in

the valley floor and a grout curtain in the abutments to prevent excessive foundation seepage and the
risk of internal foundation erosno. Based on the | RheEBGDesigeet ltmsnme n d .
undertakera seepage sensitivitgnalysisthat resulted in an extension thie cut-off wall from its

initial depthof 60mdownto 85mreachingthe elevation of 1225mas| aigding a minimumof 5m

into the glacial deposits.

The embankment fill has been modelled as dry, which will be achieved by provisadmnothick
drainage layer in the valley floor.
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Permeabilities adopted in the model

Permeabilitieadoptedare as shown in TabRbelow.

Location Matesial Thickness (m) Kai {mis) Ky {Fs)
Alluwvial | Recent L
sl kT B0 KiyS
Fluvioglacial 45 110 K46
Wallay floor Glacial il 5"0* Moy
Waeatherad bednock 21 10" 10"
Cout-off wall @il 10* 1*10*
Allindal tan ¢ colluvium 40 11 IZI" Kyya
Abutments Waathered bedrock 20 210" 210"
Grout curtain - 107 1*107

Table 2 Permeabilities

The above permeabilities have been adopted by thel¥g3{gnemased on the following, measured
data(Figure 3)
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Figure 3 Permeality Data
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Due to high variability in permeability in the alluvial and flingtacial deposits, ie IPOE
recommendd inits October 2016 repotthat the EPC Contractor undertake a sensitivity seepage
analysis, i.evary the cubff wall depth,permeability and ratio of KKy in the alluvial and fluvie

glacial deposits and their interface order to produce a seepage envelope that shows likely seepages
vs cutoff wall depth for various scenarios.

This sensitivity analsis has been undertaken in theaf BasicDesign for the following scenarios:

Parameter Reference valuss Sensitivity range
Cut-off wall depth from average
_ 60 m (1310-1250 m 5/ 50, 60 70: B0 &nel 85m
ground level elev. of 1310 m asl
Recent ~ ~ o
B.DE-5 mfs §.0E-5 and 1.0E-5 m/s
Bermeability alluwial' Alluvial
coefficiant of )
: Eluyia-
the foundation 1.0E-4 m's EB.DE-5, 4.0E-1 and B.0E-4 mis
Glazal Callyyium
|eyers
Glacial 5.0E mf3 1.0E-5 and 2.0E-G m/s
Elevation of the interface between
tha Fluvio-Glacial and Glacal 1235 m asl 1225 mas| and 1245 m asl
strata
kn'ky ratio 5 2 and 10

Results of the seepage sensitivity lsiss are presented in Figudebelow. It can be seen that fona
85m deep cudff wall aseepage of 175 is expected, which is acceptable and is withirspexified

requirements.
3500 =0 3] 70

80 Cutatt lengih from elev. 1210 mas!

3000

0 T 1 1 T T T T T 1 1

1280 1270 1260 1250 1240 1230 1220 1210 1200 1180 1180
Bewvation (masl)
B Basic design solution —#— Basic design parameters @ k al=1E-5m's
® k_al=8E-Smis @ k_fg=0E-5m'=z ®  K_fg=4E-4m's
8§ K_fp=iE4mi= 0 k g=2FE-Bms 0 k g=1E-5m's
® glacial 1225 ® glacial_1245 o khikw=2
0 khe=10

Figure 4 Seepage Sensitivity Results
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The analysis haslsoshown that the maximum water table rise in the embankment would be 4m,
which justifies a 5m thick drainage layer within the footprint of the embankment in the valley
sections.

The IPOE recommendbatthe EPC Contractor demonstrate that the seepage gisdieross the
cut-off wall are acceptabjehis should be included in the detailed desitrye

Internal Erosion

The EPC Contractor examined four possible types of internal erosion, as recommended by ICOLD
Bulletin 164 orfilnternal Erosion:

1) Concentragd leak, which could lead to development of a pipe;
2) Backward erosion, which could also lead to a pipe;
3) Contact erosion of finer soils into the coarseits which may develop a pipe;

4) Suffusion, whee some finer fraction is erodddaving the coarse matrigf soil.
Typically, no pipe is formedut the permeability of the soil may increase.

Uponthe POE recommenmation inits Stage IF Part 1report,the EPC Contractdrasundertaka an
analysis to check the risk of progressive suffusion around and downstream of-tiieveait that
could lead to high pore pressures at the downstream toe Dathe

The analysis has shown thaethigh gradientslentifiedat the bottom of the cudff wall are unlikely

to lead to suffusion, due to confinement of the particles. Some local migration of particles might
occur, but a presence of a thiiker layer, that would be placed between the foundation soil and the
3A embankment fill, over 80m letty should mitigate the risk that might be calisem the upwards
movement of soil particle3.he IPOE agrees with the analysis and conclusions.

FLA C3D 5. 01 6768 0 Nensio s HPP - Hydraulic Gradient - Full supply level (FSL) 1430 masl - Cut-off depth al 1225 masl

©2016 Ikasca Consulting Group, Inc.
Step 4117530
07.12.2016 16:47:16

Gradient [-]
3.0000E+00
2.8000E+00
2 6000E+00
2.4000E+00
2.2000E+00 L m0m
2 0000E+00
1.8000E+00
1.6000E+00
1.4000E+00
1.2000E+00
1.0000E+00
8.0000E-01

6.0000E-01
I 4 0000E-01

2.0000E-01
0.0000E+00

Figure 5 Hydraulic Gradient at the valley floor (@ff wall depth at 1225masl)
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3.5.2.2 Abutments

Geological model for the abutment seepage analysis

A geological model adopted for the seepage anailysiee abutments shown in Figuré below.

1'430.00 m.a.s.l 1435.00 m.a.s.l
- A -
z
1 E Asphaltic
3 face
| Yehw
Drainage (3A)

/ | i 13
TwZ \ Bed rock —" E | twz
§ 8
“~— Grout curtain
200.00 = 400 200.00

- # o ’ s

Figure 6 Seepage Model

Permeability in thelluvial fan layer of 1¢ m/s has been adopted in the abutment seepage analysis;
a 40m deep grout curtain has been envisaged which will have a permeabilityrofs10

The IPOE recommends the EPC Contraatatertake a trial grouting in the abutments to demonstrate
that the foundation material is groutable, and the tacggérmeabilities can be achievdfithis is
not the case, the coff wall is likely to extend into the abutments as well.

Recommendation Summary

a. The IPOE understands that drilling of borehole-BRH50-2, located on the alignment of the cut
off wall and which is still in progress, is planned to be driven into the bedrock, thus meeting the
IPOE's recommendation froits Stage Il Part 1lreport.

b. With regards to the depth of the diaphragm affitwall, the seepage gradients aty potental
for progressive suffusionhe EPC Consultant has undertakeseepage sensitivity analysis and
based on that extended the diaphragm wall to 85mhire;che elevation of 1225masl. The
deeperdcutoff wall would be in the glacial deposits for a few meters; this will limit the seepages
to <200l/s and minimize the risk of progressive suffusion. The IPOE is in agreement with the
proposed deepeutoff wall.

c. The EPC Consultant has, in fisal Basic Design dcumentof December 201,§roposeda 3A
drainagdayer over the footprint of the embankment; the drainage layer ihisknin the valley
floor and 0.8nthick in the abutments. The dnaige layer will ensure thany water table rise is
contained witin the drain and the embankment fill remaimg. dhis is in line with the IP@ 6 s
previous recommendations.

d. The EPC Contractomustundertake a trial grouting in the abutments to demonstinatethe
foundation materidah the abutmentis groutable and the targetpermeabilities can be achieved.
If this is not the case, the eaff wall is likely to extendnto the abutments as well.
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3.5.3. Soft Lacustrine Deposits in the Foundations

The design documents submitted in December 2016 show that soft lacustrine deposits, up to 10m
thick, have recentlypeenencountered in the valley floor, below the Zone 3A of the upstream
embankment shoulder (see Figutdelow). The artesian ground water table encoudténethe
deposits is +0.5m tblm below the ground level.

Thickness of conductive layers (m)

i ] | i R ]
0 1 > 3 1 5 & 7 ] 9 10
Detailed map ’, =77
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3 ‘ S \ 33
WA <
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\ _ ’%, deposit thickness: from 2m up to 8m

but on a limited extension.

Depth mainly between elev. 1309 and
1304 masl.

Deposit almost absent in the left side of
the valley floor.

Figure 7 Location of Lacustrine Deposits

These soft deposits were originally envisaged to be either excavated and replaced or ts#ated in
Since the ground water level is high, it is most likely that the deposits will not be exgawated
treated imsitu.

The IPOE notes that thanél design of the ground treatment is yet to be developed to ensure that the

treated soft lacustrine depbgonehassimilar stiffness and strength propertieghe surrounding
alluvial deposits.

3.5.4. Embankment

Upstream slopeand crest arrangement

The IPOE previously expressed its preference for an upstream slope of 1:1.7 to facilitate the
construction of digh quality asphalt facing to increase confideimcthe longterm performance of
theDam Thefinal Basic Design incorporates a slope of 1:1TGe IPOE emphasés the importance

of the use of highly speciaéid equipment and skilled and experiencedueses to produce a high
guality face and accepts the 1:1.6 slope only on this basis. As well, to facilitate any remedial works
on the face over the life of the project the IPOE requires that the crest should not include a large
upstream crest wall, whiclrould inhibit ready access to the facEhe crest arrangement proposed

in the EPCfinal Basic Desigrshown in the Figure below is endorsgiglen itsadjustment to the
freeboard ad seismic assessment matters noted below.

As shown on Figur8 below, he final Basic Design now includes a 6m high wall constructed at the
downstream side of the crestd a 1m high upstream parapet wall

STAGE IIT Part 2 & Final Report 27 February 2017 22



Figure8 Crest Detail

Slope Sability Static (aseismic)Analysis

Stability of the upstream and downstreslmpes in static (aseismic) conditions has been checked in
accordance with the USBR Guidelines for dams, namely:

9 Usual Condition, the reservoir water level at FSL and no seismic loading,

1 Unusual Condition, rapid draw down from FSL to Minimum Water Level ao seismic
loading, or increased pore pressures in the foundations and no seismic loading;

1 Extreme Condition, maximum water level with no seismic loading.
The IPOE noted iits Part 1 report thatfor the Extreme Conditigrtheslope stability was checked
for themaximum water leveat 1433masl. It was recommended that the stability of the downstream

slopebealso checked for therobable Maximum FloodPMF) at 1435masl. This has now been done
and factors of safety obtained aaisfactory

Seismic Analysis

This was undertaken for OBE and MCE earthquakes, as definBection 3.4 above. As per the
USBR guidelines and ICOLD bulletin 148, the seismic condition is an ExtteagingCondition
whenthe seismic loading is combinedtiva reservoir water level at FSL; it is required that:

1 for an OBE there should be no or insignificant damage tolthm and the appurtenant
structures;

1 for an MCE damage can be acceptbdt there will be no uncontrolled release of water from
the reservi.

During an OBE earthquakeith 1 in 145year return period (PGA of 0.1Q@) factor of safetpgainst
sliding greater than unity has been obtained, which is satisfaatatyneets the safety requirements
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2D and 3D dynamic analyses were performedtierMCE, with a PGA of 0.65d.aboratory tests
for reconstituted specimemgeremade at ISMGE@nd @ntrifuge testsverealso performed.

The 2D analysis gve permanent deformationf 045m and 025m horizontally andvertically,
respectively The 3Danalysis generated maximum horizontal and vertical displacements of the crest
of approximately 1m and 0.44m, respectivéllys consideredhat these displacements are acceptable

for an MCE earthquake when the water level in the reservoir is expecteattehsbm below the
Damcrest. Nevertheless, the displacements obtained in the 2D and 3D dynamic analyses indicate a
strong effect of the narrow valley shape on the seismic behaviour bathe

It is also noted thahe input acceleratioresponsepectrum (0.10.2 sec) for the seismic analysis is
different fromthe predominant periof®.7-0.9 seg of the Nenskra DaniThe IPOE recommends
studyof theacceleration response spectif earthquake recordsoundthe Damsite to confirm the
validity of the period characteristicof theinput acceleration response spectusad for the analysis.
This could be performed duririgetailed Design stagas the currently generated displacements are
consideredo be on the conservative side.

Freeboard allowance

The IPOE reviewed thBamfreeboard requirements and recommetithat a minimum freeboard of

0.9m be allowed for in the case of the PMFLm high parapet wall has now been incorporated at
the upstream slope of tligam crest. Thewall could be removableni case repairs to the face are
necessarythe need for it to be removed could be decided depending on the equipment and the
accessibility needed at that tim&he road level at the crest can remain at 1435masl

With the parapetvall added to th®amcreg, the freeboard added to the FSL is 6m and to the design
flood at 1433masl is 3m. The freeboard will be sufficient to accommodate cahiliod inflows
andwind wave action as well as potentiahves triggered bgebris flows.

3.5.5. Asphalt Facing

The proposed Nenskra Dam will be the highest AFRD developed toGiaesful attention to the

details ofthe design and construction of the asphalt,fasevell as the connected structures and the
foundation will be critical to ensure the safety of thieusture over its operating lif.he IPOE is
comfortable that a suitable asphalt face design can be developed and implemented at Nenskra. The
following comments are provided to guide the face design as the project moves from the completion
of the Basic Dsign stage into the Detailed Design phase.

Thickness of the asphalt face

As previously noted by the IPOBenskraDamis a very high AFRD, it will be subjected to large
hydrostaticpressureandfurther consideratiomeed to be given to theppropriatehickness of the
face.From past records of dam constructibiean be noted thahe thickness of the asphalt face
increased as the height of the dam as well as the maximum water prelssueger the thickness of
the proposedasic Design is uniformly 3lcm. Figure9 below shows the thickness of the asphalt
face vs the height of the current AFRDs.
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Figure 9 Height of AFRD and Thickness of Asphalt Face

The IPOE recommends that further considerabi@given to the appropriate thickness of the asphalt
face, which shall be determined by taking into consideration properties obtained from laboratory and
field tests and the required performance.

As for therequired thickness of thdrainage layerfor exanple, it can be estimated as follows:

Under the assumption afpermeability coefficient ofx 10*°m/secfor theimpermeable layeand

1x 10* m/secfor the drainage layerabout 30cm of thickness of thermediatedrainage layer is
required at the bottowf the asphalt face in order to secure sufficient drainage capacity to safely drain
all water seepagdf the asphalt face is designad currently proposethe permeability coefficient

of the intermediate drainage laydrould be designed and constradtebeabout 3.8x 10 m/sec

or more.

(m*sec/m/m) g: flow per unit length per unit depth length
2+(1.6%) Q: flow per unit length
¥sec/m) K ‘f;m“:;b?fl;s:rfﬂc'e”t of 1.0E-10m/sec
=1.89*1/2*ki*h? ti: thickness ofupper impermeable layer =8cm
1.84E-05m’/sec 2+(1.6% 1.89
0.018 I/sec L: slope length(m)

h: water depth from base of the gallery
velocity in the drainage layer
kd:permeable coefficient of

. N 1.0E-04m/sec
drainage layer=

6.25E-05m/sec td: thickness of drainage layer =8cm
neccesary thickness of drainage layer i: hydraulic gradient=gradient of slope 1:1.6
td'=Q/vd
0.29 m

Wherethere is aconcern aboutrackingof the upper impermeable laydue toearthquaks leakage
waterflows from potentialcracksshouldalsobetaken into account

Seismicperformance

The anount of water leakage duefacecrackingunder earthquake loadistpould be estimated and
the adequacyf thepermeability and thickness of the intermediate drainage sharld be checked
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As for zoneswith large water deptlsuch as the inspectionligay andparticularly its block joints, it

will be necessary to carefullvaluatehe analyical value of the strain.

The safety of the cwaff wall in case of earthquake hast been checked at thigage In case ofa
breakdown of the ceff wall, leakage may rapidly increase and cause hydro fracturing and large
strain oftheasphalt face at the connecting part with the inspection gallery dasg®displacement

of its foundation. It imnticipatedhat theEPCDesignerwill carty outsuch ssafety assessment during
the DetailedDesign stage. After deciding the composition of the material for theftwuall, it is
necessary toaptureits physical propertiesuch as the elastic modulus and strength of the material,
and reanalyse to confirm its safety.

In the current analysis conducted by the EP€signer,the hydrodynamic effectaused byan
earthquakés not consideredrhere is howevera probability oflarger strain of the asphalt fageder
the water affectetly the hydrodynamic pressurEhus, the IPOEecommend checkng this effect
by usingadded mass abe hydrodynamic pressyrié possible.The added mass can balculated
for examplebyZ a n g e r 6 sas shownmiriglire10below.
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Figure 10Zanger 6 s

Maximum allowable strain of asphalt concrete

When designing asphalt concretasinecessary toonsider conditions démperature and strain rate,
sincethe mechanical characteristics the asphalt mixturevary in accordancevith temperature and
strain rate Also, the failure strain of the material of the impermeable laybich is made witHine-
grained asphalt concreteshould be checkednder each condition. The lower the temperature
decreases anithe higherthe strain ratdboecomesthe lower the failure strain of asphalt concrete
becomes

100 Test temperature
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Figure 11 Relationship between Bending Yield Strain and Strain Rate of Yashio Dam
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The EPCDesigner conducteanevaluation of the safety dfieasphalt face of Nenski@am In the
evaluation, maximum allowable tensile stravas set a2 % for FSLat the condition oD degree
Celsius(©), and1% for minimum operating levelMOL) at the condition of5 ©, during the
earthquakenalysis.

On the other hand, maximum allowalensile strains for similar dams in Japan were set based on
bending tests and/or indirect tests as follows:

9 Yashio Dam (1994): 0.2% at56, 1.0% at 2©

1 OoseuchDam(2007):0.033 to 0.0426 at-10©

1 Kyogoku Upper Reservoir (2014): 0.037%20© , 0.09% at ®

All cases were under the conditionsifain rateof 102 1/sec In comparison with similar dams in
Japan, the current allowable maximum tensile strain oskle Danfaceseems too large.

Failure tensile strain of the Kyogoku upper reserand OoseuchbDamis smaller than the one of
YashioDam. Theasphalt content dine-grainedasphalt concrete of KyogoKRupperReservoir and
OoseuchDam were 7.4 %, and 7.7,%hose weresmaller than 8.5% of YashiDamas shown in
Table3 below.

composition of fine grained asphalt concrete (kg/ton)

maximum Aggregate Crushedsand | Finesand | Filler

aggregate

size(mm) | asphalt iti

P 135mm | 5-2.5mm | 2.50mm 2.50mm stone additiv
powder e

Yashio 13 85 166 267 276 83 115 8
Ooseuchi | 13 77 842 79 2
Kyogoku 74 792 132 2

Table 3Asphalt Contenbf Japanese AFRDs

Since the slope gradient dfe upstream face of Nenskf@aam is relatively steep afl:1.6, it is
conceivable to reduce the asphalt content foffitteegrainedasphalt concrete fahe impermeable
layer in order to suppresssphaltflowing on the slope As a result theailure strain value may
decrease.

According to theePCDesigneés presentationn Milan on 25 Jarmuary 2017 the mixture design of
fine grained asphalt concrete of NerssKamwas tentatively set a&3% of asphalt contentwhich
is asmaller asphalt contetttanfor similar dams in Japan.

In consideration of the conditions mentioned abadveseems difficult to ensure the allowable
maximum strain of 1% ab© and 2% a0 © while using the same material as these darnerefore,

it may benecessary to use special matesiath as polymer modified asphtilatwas developed for
the purpose of improving deformation performance under low tempesalinis material also &
sufficient resistance against flow under high temperaturke slope flow value of fingrained
asphalt concrete using this material was about one third of straight asfisat this materiahad

1Nakamura,Y., Ohne,Y., Narita,K., Okumura, T., Nomura, K., Shimazaki, M. and Mizuno, T., Earthquake
damages and remedial works for an earth dam with asphalt facing, ICOLD 75th. Annual meeting symposium,
2008
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about three times larger failure strain thatof fine grained asphalt concretgng straight asphalt
as showrin Figure 12 below: Follow-up surveys were conductatbundfive years after the repair
works of anasphalt faced eartiamdamaged by crackinigp EastYamanashi earthquake (M5.8)
Japa. The reults revealed that repaired asphalt concreter@adinedin a satisfactory condition
without any sign of deterioration by @ng.?
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Shimazaki, M., Tsunoo, T., Kasahara, A., Application of low temperature properties
improvement asphalt to repairwork of rock fill dam with asphalt facing, Journal of Japan
Society of Civil Engineers, Ser. E1{Pavement Engineering), Vol. 67 (2011} No. 1 P, (in
Japanese}

Figure 12 Polymer modifieasphalt

Durability of Asphalt Face

An investigation of the asphdhce of YashioDamwas carried out in 2011. The resultdofing and
samplingin the investigation show that there is no deteriordtianyfacelayers evein the surface
impermeable layer. It indicates thadterioration of th@sphalt face by agingaynot occur eve 20
years afterconstruction as long ake protedbn layer is healthyIn fact, the protection layer of
Yashio Dam has not been fgainted.

It is alsoimportant totake into account theesistance of thasphaltface against fatigue failure. The

IPOE recommends the ERI&signer confirmsafety against fague failure fromearthquakéoading
throughcyclic loading test

Concentration of strain at the joints betweenthe asphalt face and concrete structurg

Yashio Dam vasdamaged by the extrem@foku Earthquake in Japan in 20$frain concentration
at the crest concrete block joints was obser@edcks occurred along the block jointsthe asphalt
facein a direction at right angles to the dam axitws alleviaibn of the strain concentraticat the
joints should be taken into accountthe Detailed Design stagat Nenskra.

2Mizuno, T. & Shimazaki, M., Nakamura,Y., Ohne,Y., Narita,K., Okumura, T., and, Performance of Highly
Ductile Modified Asphalt for Use in Impervisu~acing Zone, ICOLD 80th. Annual meeting symposium,
2012
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Inspection galleries of not only Yashiam but alsoof most other existindAFRDs in Japarhave
beeninstalled orthebedrock Thereforegallery blockdisplacementswill have beenelatively small
and no significant straican be assumeatthe block jointsof theinspection gallery concrete

On the other handhe inspection gallery of Nenskf@am will be installed oranalluvial deposit.

Thus, the IPOEecommendthe EP(Mesignetevaluate the strain at the block jointgludinspection

gallery concrete. Foestimation of the strain concentration, it is normally assumedhbafallery
concrete is a rigid body, and axial displacement of a concrete Edckerpretedasaj oi nt 6 s
displacement

The strain concentratiom the crest concrete is estimated in the samamner Onceearthquake
inducedcracksoccurin the crest concrete alongetdirection of the block jointhe cracks magxtend
downward along the slop# the face It may cause leakage andesult inrepair workthat is more
difficult thanfor leakscaused by cracka adam axial direction.

In the case thaanalysis results show tlstrain exceeslthe failure straifmaximum allowable strain

of the face materia), countermeasures should be takiéris necessary to make the structure of the
joint of the upstream crest concrete #imgl asphalt face less straioncentratedt should beassessed

in the detailed design stagewn largea strain is acceptablén the case of Yashio Dang detailed
studywas conductedn reinforcement work fathe asphalt facé As a result of the studypolymer
modified asphalt, developedimprovedeformation performance under low temperattneas used
for the reinforcement work.

The design concept of reinforcement work for the YaBlamis as follows The reinforcement work

was designed by usingiaterial thathas an excellent elongation so that the strain would not be
transferred from th@int opening to the asphalt facing. The asphalt mastic wesdOcm in width

for overall facing thickness. The property of the asphalt mastic was confirmed by bending tests. The
failure tensile strain of the asphalt mastic is more than 30fte elemenhanalysis was conducted
which confirmed the tensile strain of the asphalt facing due to the assumed joint opening is small in
comparison with the failure strain. A copper plate was set beneath the asphalnoiasticansfer

the stress and the strairoi the concrete block joinEurthermore, the facing in the surrounding
areasnear concrete block jointwere repaved with the asphalt concrete agl composition was
modified to have larger elasticity using polymer modified asphalt.

Sand mastic (origamal) - Eoncrene block Asphalt mastic (remforcement)
8 BT L / . —
Aspalt mastic B_ ) AANEE fJQ_m! Modified asphalt concrete Coticree ) \:L
(remforcement]) e - A (reinfoscement) W l. 2 é;
Asphalt faciag N X ‘ - ]

(oryganal) =

3 Copper plate (remforcement)
"Asfalt facing (Oniginal)
(A-A section)

Modified » .pb:!ll‘vccnnuﬁgc.
(remforcement)

Aspbalt sastic (reinfoscement)

>] Modafied asphalt concrete (resnforcement)

- Upper uspermeadle layer

= Intermsdiate drain layer

T Lowewr spermeable layer

(B-B secticn) N\ Level:ag laver
Coecrete block %[ Copper plase <,|ex':.-.l'q1:menxx “Macadam layer

Figure 13 Reinforcement at the dam crest afééashio Dam

3Tsukada, T., Yamamoto, H., Shimada, Y., Uchita, Y. and Takasawa, K., Study on behavior of AFRD during
earthquake and conducted reinforcement, Proceedings ICOLD 2013 International Symposium, 2013
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Method for the asphalt face construction

Differential settlemendisplacemenbf the asphaltface is a crucial issue for AFRDs. The IPOE
recommends that the baee the foundation of the asghéace be well compactdubrizontally during
embankmentonstructiorand compacted in the slope direction vétioller pulled from the cregtist
beforepavingin order to avoidiifferential settlement. The foundatioftheinspection gallery should
als be consolidated to avoid any deformatiaich causes large strain exceedthg allowable
maximum strain ofheasphalt face.

According to the reports amttawings of Nenskr@am atack coatbonding layeis appiedbetween
layers According taJapanese Civil Engineering Socigiypwever, suchdnding layeror tack coais
not required because closennectiorcan be attained withoitt When the upper layer is pavelde
lower existing layer is automatically heated by the upper paving.layease the amount of heat
insufficient, a gas burner or other devices for heating can be useda@litbnalheat can attain the
necessarglose connectiobetween théayers.

On the other hand; isa concerrihatthetack coat may cause weaknessaeen layers, such as gip

or sliding, andalsocause blistering which sphenomenon of swelling by steam pressure of trapped
gass Thus, the IPOE recommends tlthe useof a tack coat be rassessebly testingthe shear
strength othe contactbetwea thelayers with and withouta tack coat.

If the upper impermeable layés tobe pavedwith athickness of 8 cma powerful asphalt finisher
should be usedn Japana thick pavementayerwas adopted in the construction of Ooseuzam
and Kyogokuupper reservojrhowever,it waslimited to the flat bottom area in each construction
The thicknesswas10cm for OoseuchDamand &m for Kyogokuupper reservoirln addition, the
thick layer may leatb increasng risk of asphalflowing ontheslope, ® the impermeable layer must
haveboth large flexibility and small flowability.

The EPCContractorhasdesigneda curved shape fahe connection part dheasphalt face between

the inspection gallery and the asphalt facecakding to the EP®esigner thatdesign is necessary

to construct the cubff wall work and embankment work in parallel so that construction schedule can
be shortened.

Even though the IPOE understatde EPCDe s i gner 6s i ntention, the | PC
bedifficult to construct the paving of the curved asphalt face as desigmeglanasphalt finisher.

Thus, the IPOE recommends that the HRESigner studyhe possibility of application of the shape

of the connection paas shown in igure 15 below.

Regarding design of the joint part of the asphalt face and inspection gallery concrete, it seems difficult
to pave the layers with asphalt finishers, sitliethickness of each layer of the asphalt face is
changing from plee to place as shown Fgure 14. Therefore, the IPOE recommends that the
connection part of the asphalt face with thdayy be designed as shown iiglire 15. The top of the

gallery concrete should keestepped shapdike stairs so that the thickness of each layer can be
uniform and straight. Paving worWill be easier with asphalt finishesiad achieve a higher quality
result The red lines in Figure 14 indicate an example dhe modified shape of the top of the
inspection gallery concrete and each layer of asphalt face.
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Figure 14 Basic Design Galleryi Asphalt Face Connection Detail
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Figurel5 Alternative Gallery AsphaltFace Connection &ail

FaceStructure at the Dam crest

It seems difficult to pave the intermediate drainage layer near thesinest itis gradually thinning
as shown irFigure 16 below. The IPOErecommend that the shape of this part bmodifiedin
consideration ofhe construction stage.
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Connection with Wal Crest
1

Figure 16 Asphalt Face at the Dam Crest

While an example of théace structureconstructionis shown below, it should be considenesty
carefuly in order to alleviate the concentration of strdihe red lines indicata potentiaimodified
shape of each layer of asphalt face and filler.

Figure 17 (Stepl) Paving Each layer ofsphalt face is paved with a shape that reuhd crest
shoulders

Figure 18(Step 2) Removing The part surrounded by the broken line is cut and removed
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Figure 19(Step 3) Refilling: Filler, such as asphalt mastic, is put into the removed part

ThelPOEthereforerecommends modifying the design of faeestructurenear the crest concrete in
order toprovide darger flexibility against the displacement of the crest concrete daniegrthquake

Air vent holes near the crest

Air vent pipes should be installed above FSL at regular intervals over the full length of the dam crest
for smooth drainage of leakage water. The position and direction of the air vent pipes is recommended
asshown in Figure 19.

Drain hole on the downstream side of inspection gallery

In addition leakaganayoccurfromthe asphalt faceracks and joints of thgallery concretas well

as penetration water from the foundation. In oreavoidback pressudr on the asphalt facéhe

IPOE recommends that drainage holes be installfteatownstream side of the inspection gallery

as shown in Figur&5. In case there is a problem at the boundary between the gallery and dfie cut
wall, leakage watecould significantlyincrease and leat® high pressure on the back of the asphalt
face. If there is no dra@igehole at the inspection gallery, all water pressure may act on the back of
the asphalt face. When the reservoir level is lowered for repair whmekasphalt face may be
destroyedby the back pressure. For this reason, a drain on the downstream side of the inspection
gallery is necessary.

A concernmay bethat having drains from the formation into the gallery could lead to an increased
risk of internal erosion by locally establishing very high hydraulic gradients in the event of damage
to the top of the cutoff wall. As a countermeasure to the riskiciinternal erosion, installation of

a valve for each drainage hole is one of the solutionsniibeessary, water can be drained through
the valves observing turbidity of water.

To asseswhether or not back pressure acts on the asphalt face, observation of pore water pressure in
the dam body is useful. In order to observe pore water pressura ngrgauges and meters should

be installed athe valves of the drainage holemnd atseveral placef the drainage layer on the
footprint of the dam from inspection gallery to the downstream toe of the dam. In case of emergency,
it is thenpossible to afely drawdown the reservoir water level while observing and confirming the
water level in the dam body withe pore pressure gauges and meters.

The IPOE also recommends that leakage filoeasphalt facecracksor joints and penetration water
from thefoundation be measured separately.
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In the case of Yashio Dam, leakage water has been measured separately as follows:

1) Facilities for leakage water measuremniantude

a.

b.

C.

d.

e.

Drainage channels obothsides of upstream and downstream in the gallery are installed
as shown in Figure 20.

Drainagepipes are installed ahe upstream side from the intermediate layer to the
gallery. The pipes are connected to the center part of the upstraaage channels
Drainagepipes are also installedthie downstream side from tigamto the downstream
drainage channela the gallery.

Triangularnotch weirs are installed for automatic water measurement at both sides of
left and right banks in the upstreairainagechannels

Triangularnotch weirs are also installed in the downstremainage channels

2) Measurement of water from the impermeable asphalt face:

a.

b.

C.

The water from the impermeable asphalt face is lead from the intermediate layer to the
gallery.

The water from eactirainagepipe is collectedh the center part of the upstreanainage
channebwith the connected pipe.

The water frombothleft and right banks is separately measured at the triangotah

weirs installed in the upstreatinainage cannel

3) Measurement of water from cracks and joints of the gallery concrete as well as the foundation

a.

The water from cracks and joints of the gallery concrete upstream is collected and lead
to the downstreamdrainagechannet through the upstreamirainage channelsthe
separate wall and croskannels

The water from cracks and joints of the gallery concrete downstream is also collected
through downstreardrainage channels

The water from the foundation is collected throdghinagepipes installed dwnstream

of the gallery and lead to the downstredmainage channels

Leakage water from cracks and joints together with water from the foundation is
measured at the trianguaotch weirs installed in the downstreairainage channels
separately for fronkeft and right banks.

4) Measurement of water for eadtainagepipe of upstream and downstream can be done manually.
At Yashio Dam, 23 upstream drainage pipes in total were installed at about 10m regulasiimerval
the inspection gallerylhis enabledeasyidentification of cracking positions gieasphalt face when

the Tohoku Earthquakeappenedn 2011. Actually, the asphalt face of the Yashio Dam was cracked
by the earthquake. Increase of leakage water was confirmed at three drainage pipes vehich we
located just below the cracks of the asphalt face on both right and left bank

5) All collected water is drained to the downstream toe oDéuathrough the drain duct.
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Figure. 20 Leakage measurement equipment in the inspection gallery

Asphalt FaceRecommendation Summary

The following recommendations are provided to guide face design in the Detailed Design stage:

a. To determinethe appropriate thickness of the asphalt face taking into consideration properties
obtained from laboratory and fieldsts and the required performance.

b. To estimatdherequired thickness dhe drainage layer frora view point of drainage capacity
taking into account the permeability of each layer of the asphalt face.

c. The IPOE noted that the input acceleration resporsgrgn (0.10.2 sec) used for the seismic
analysis is different from the predominant period of the Nenskra Dar®(®.5ec). The IPOE
notes that thishould be reviewed in th®etailedDesignstage however, the present analysis is
believed to give conseative deformations values

d. To carefully evaluate the strain at the block joints of the inspection gallery cqriocteling
the effect of earthquake loadinign the case thaanalysis results show ttsrain exceeds the
failure strain(lmaximum allowablestrain of the face materjatountermeasures should be taken.

e. To conducta safety assessment tife cutoff wall during theDetailedDesign stageAfter
deciding the composition of the material for the-cfitwall, it is necessary tassesghe physical
propertiessuch as the elastic modulus and the strength of the material -andlyse to confirm
its safety.

f. To checkiheeffectof thehydrodynamic pressuren the seismic analysis/ using added mass,
if possible
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g. To examindemperaturestrain rateandfailure strain of asphalt concret@nce it seems difficult
to ensure the allowable maximum strairpagposedy the EPMesigner.Therefore, i may be
necessary to use special matesiath as polymer modified asphalt

h. To confirmsafey against fatigue failuref the asphalt facduringanearthquake through cyclic
loading tests

i. Toadequatelycompact the base layer or the foundation of the asphalt face horizontally during
embankmentonstructiorand compact in the slope direction witholler pulled from the crest
just bebre paving in order to avoidifferential settlemest The foundation ofhe inspection
gallery shoulde consolidatedo avoid excessivdeformation.

j-  Toreassesshe necessity of face layetack coatby testingthe shear strength of the contact
layers with and withouh tack coat.

k. To ensure thathe impermeable layesf the asphalt fackasboth large flexibility and small
flowability of fine grained asphalt concretincea thick layer may leado increasingrisk of
asphaltflowing onthe slope

I.  Tostudythepossibility ofusinga simpler shapefor the connection part of the asphalt faa¢he
galleryallowing easier constructiowith a resultanincrease inface quality in that zone

m. To modify the shape of th intermediate drainage layeear theDamcrestin consideration of
theconstruction stage

n. To modify the design of thiacestructure at the connection paith the crest wall.

0. To install air vent pipes above FSL at regular intervals over théefgdlth of the dam crest for
smooth drainage of leakage water. The position and direction of the air vent pipes is
recommended as shown in Figure 19.

p. Toinstall drainage holes at the downstream side of the inspection gallery in order to avoid back
pressuren the asphalt face. To attach valves with these drainage holes and install pore pressure
gauges at the drainage holes and pore pressure meters on the footprint of theedabie
monitoring of water levels in the dam body

g. To separatelyneasurdeakagewaterfrom asphalt face, cracks @ints of the gallery concrete
and penetration water from the foundation.
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3.5.6. Spillway
The EPC Contractor has assessed the comparative risks of two spillway alte(ERi@dReport. -
6768B-SA-SRGE-RA-001_000 Spillway ptions risk assessmgnt

a) a surface spillway on the left bank with an ungated overflow weir and stepped chute;

b) an unerground spillwayncluding an inclined shaft and a miydslopng tunnel ending with
a ski jump adjacent to the bottom outlet

The risk @sessment concluded th@Both alternatives are considered technically feasible and might
be adopted for the present projéct

At the Lausannalesignmeeting in November 2016 it was decided to adopt the tunnel spillway
alternative. However, it wagcognised that issues of intake clogging by log debris and construction
of the outlet section of the tunnel in loose material will remjoareful assessment and design.

The IPOE has now reviewed the SpillwBasic Design elaborated in:

9 fAHydraulic Structuresi Technical Repott (EPC ReportL-6768B-HY-GE-GE-TR-
002_004 dated December 2016)

1 fRisk Assessment for Spillway blockiiigTechnicalRepord (EPC ReportL-6768B-SA-
SPRWE-RA-001_000 dated December 2016);

1 Drawings of the constructi@upport arrangement at the downstream section of the Spillway
Tunnel and Bottom Outlet;

1 Geological profile along the tunnel alignment.

The IPOE supports the use of a Tunnel Spillway subject to the comments below.

Log Debris Protection

The EPC team hagscognised the importance mfovidingadequate measures to prevent clogging at
the intake of the tunnel spillway with the useadbg boom device While the log boom ia matter

for detailed desigit warrants comment from the IPOE sinoethis caset is acritical dam safety
protection device. Log debrismay arrive at the spillwayin both floating and semi submerged
condition. At the design flood level (1433 masl) there will be a 3m water surcharge above the spillway
crest (1430masl). A floating Idgpom must therefore be capable of preventing seumhimerged logs

from passing over the spillwalyog boom examples exigi deal with such sersubmerged material
particularly inthe Amazon region oSouth Americawhere use is made afteel frameshanging
vertically and suspended by floafBhe critical role of the log boonwarrants consideration of
providing twoparallelbooms where one acts as a contingency measure.

There will also need to be provision for floating log debris retrieval and r@nfavthe longterm
safe operation of the project.

The IPOE notes the assessment by the EPC team of a scenario where 50% spillway capacity reduction
takes place due to clogginbhe importance of an independent Bottom Outlet is recognised as in that
s@nario the Bottom Outlet can provide an emergency discharge capability to assist in passing
extreme floods
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Downstream Tunnel Section

As noted above the value of having a Bottom Outlet tunnel independent from the Spillway tunnel is
a critical safety reasure at Nenskra. It is important therefore for the two tunnels to be as independent
from one another as practicable. The IPOE is concerned that the current arrangement of the two
tunnels coming in close proximity at the downstream secfigigsire 21)limits this independence.

Since the downstream sections are to be constructed in loose materiallsbaluttbve ment arise

due to earthquake or settlement then both trene likely to besimultaneoushaffected. If the

outlets of the two tunnels areparated this risks reduced.Therefore thdPOE suggests further
consideration of the alignment of the Spillway tunfglis is discussed further at section 3.6.3

Section A-A Typical scheme of back anchored micropile wall

Figure21 Downstream zone of the Bottom Outlet and Spillway Tunnel

Recommendations

a. The IPOE supports the Tunnel Spillway conceptit suggests further consideration of the
alignment of the tunnel tmaintain independendeetweernthe Spillwayandthe Bottom Outlet
tunnelsat the downstream zone.

b. The design of the log boom must addrdss tisk of passing semsubmerged log debris.
Furthermore, the IPOE suggests consideratiagivan to installing a second, back lag boom
as a contingency measure.

c. Log debris retrieval and removal capability must be providetbngterm operations
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3.6. Nakra Weir

The EPC team has reviewed the Nakra Weir arrangement to improve its functionality regarding
stilling apron maintainability, sediment management, fish passagdow contrt, The IPOE has
reviewed theéi Idkra Weiri Descriptionand oper at i on é&676BBRENANHGENINRe f X X
001_000 Description ardperatiof

From a project safety and operational flexibility perspective the addition of two planar gates to stop
the diversion of water towards theéek r a r e s e r fwnarassitywhidn it is alreadydull and
spilling through the spillwayo is an i mportant

As well sediment flushing has been more effectively considered.

Theprovisionof alocal diesel generator and a UPS for the operation of hydrchanicaéquipment
plus wireless communication system significantly enhatiteoperability of the facility.

3.7. Tunnels

3.7.1. Transfer Tunnel

Alignment

The alignment issues have been discussed initbeIPOE reportof May 2016. The IPOE
recommended shifting the tunnel to increase the distance to the probably highly tectonized Alibeck
Fault which adversely runs more or less parallel to the tunnel, dipping NE. The major Alibeck Fault
thus runs closer to the tunnel (or even cragdinthan it appears on theap where it is shown on
thesurface.

Considering the general layoah the geologicamap (L-6768B-GS TT-GE-DW-001_000 dated
15.12.2016and Figire 2) the IPOE notes that both Nakra intake and Nenskibet have been
shifted towards upstreanvhile the central &tex has been shifted Northoth to increase the distance
to the faultandto minimize the maximum overburden

From the geological point of view, the present alignment may be qualifiedtiazabgkeeping in

mind that the sufparallelism of the alignment ande main geological pattern means that deficient
rock mass zones, if touched by the tunnel, may still affect it over long distances. But this
inconverencecannot be avoided.

Nakra ansfer el
(Finsdl Basic Design
Revision Decsmber 20161

Figure 2 Alignment of TT on geological maph{6768B-GSTT-GE-DW-001 000, dated
15.12.16)

STAGE IIT Part 2 & Final Report 27 February 2017 39



Another comment concerns borehole BH203
(Figure &) planned to investigata fault crossing
the tunnel onthe side of the Nakra Portallhe
opinion of the IPOE is that taking account of t
depth of the tunnel such a borehekss it is drawn
on the profile- may well give some usefu
information on the dult zone. However, tdepth
extrapolation of this information over sever
hundreds of meters is extremely challenging | ::
terms of position, as well as fabric and width, not w

talk about hydrogeology. Since it will hardly b Figure B Section of the geological profile on
possible to drill it to thedepth of the tunnel, anc former Transfer Tunnel alignment

even less to be sure to touch the fault close to tur
elevation Such type of boreholes will natlleviatethe need foinvestigationsluring excavation by
means of drilling ahead of the TBM when approaching an expected or sddpo#t zone.

i 6 FEaEERETND

Construction | ssues

The IPOE notes that after having changed from desbield TBM with segmental lining to open
TBM, the project switched back to doutdhield TBM. The IPOE supports the choice of daaibl
shield TBM with segmental lining dtsprovides increased tunnel security over the longer.t8imae

now both tunnels (TransfeandHeadrace) will be excavated the same way it is suggested to refer to
the sectior8.7.2 dedicated to the Headrace Tunfwelfurther comments

The main constretive recommendatiqreven if less critical than for an open TBiMiJl be, for both
tunnels, that the TBMby means of a primstalled drill rig, allows for sufficiently long borehole
investigation ahead of the machine (minimaauld be aone dayshift pragress) This will prevent
unexpecteghenetrabn into a geologically strongly disturbed zone (fault zone, strongly aquifer zone,
etc), andporovide themeansof preventively and adequately triggtsuch a zone (grouting, drainage,
etc).

3.7.2. Headrace Tunnel
The Risk Assessment report concerning the Headrace Tunnel hagdassdchnd is dated 14.12.16.

Before going into detailed discussion it is noted that exahe intake arean depthinvestigation
(boreholeshave not yebeen madéo datealong the alignment of this tunnel. The comments will
thus remain on a general levebwever noting that the planned investigations are not on the critical
path

A general remark, especially by comparison with Trensfer Tunnel, is that the Headraaeniel

will cross a much more changing geology ahndltits alignment is practically perpendicular to the
main structuresGiven thechallenginggeology, his is a basically favourable situation since it means
that deficient zones, which are generally patab the main structure, will be crosseder the
shortespossibledistance.

As for any tunnel, one significant risk is to penetrate unexpectedty angeologically or
hydrogeologically disturbed zone. As for the Transfer Tunnel, or even more bettusehanging
geology ad the crossing of several fault zones, it is imporfanthe Headrace Tunnel todertake
pilot-boreholes ahead of tiHdBM, especially when tectonized zones are expected to be approached.
And, again as for the Transfer Tunrtee TBM will have to allow for ground improvement measures
ahead of the TBM, especially drainage and groutBurh boreholes are also to be planned when
longer standgtills of the TBM are necessary (maintenance) in order to avoid thosesstentb be
located in particularly unfavourable zones.
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By-passinghe TBMis mentioned byhe EPCteamasan ultimate measure, for example in case the
machine isjammed by an unexpected squeezing zone. Such@Eads; however, ia very time
consuming, technicallyifficult, and thus expensive option (especially for doetiéeld TBMs with
segmental lining) The bypassitself needsheavy constructive measures to be applied close to the
jammed TBM headAvoiding the necessity of such a-pgssis one more reason torgreed to
borehole investigation ahead of the machine, quasi systematicatifical zones

Concerning water losses in pressul
tunnels, onerule ofthunb" (e.g.Talobre
Rule in France) is that no special measur
will have to be taken as long as th
overburden is equal to the interne
pressure expressed in meteyk water
head, and that the lateral distance to tl
slope is greater than 2.5 times thi
pressure On the major part of the
Headrace Tunnel alignment, these
conditions areomfortablyrespected. The
IPOE however draws attention tihe
section around chainage 09+56@yure
24) where the overburdems well as the
lateral distance to the slgpare bothclose to that "limit! Furthermorethat section iglose toa
potentially permeable structure called "Frontal Thrust" on the geologicaltnimptrongly suggested

to consider this zone for future borehole investigatidihg results ouchinvestigaion could lead

to a slight realignment, either by shifting the point where the tunnel changes direction further
downstream or, if it then gets too close to the fault zone, by slightly changing the azimuth of the
tunnel upstream of that point.

Figure 2 Section of the geological profile
(L-6768B-GL-HR-GE-DW-002_002, 15.12.16)

: : . 2000%> ; g
Regardingthe future borehole investigatias) ] ' /
as for theTransfer Tunnementioned above, 1%00= /
the IPOE draws attention to the very limite
information that can be obtained from "shor
boreholes like thosdrawn on the geological 1700
section (even if they are 20800 m dee]p
crossingafault zone hundreds of meters aboy
the tunnel. As already mentioned,-depth
extrapolation of that type of information i
extremely challenging especially where an
expected fault zone is supposed to subdiwide
depth(Figure 5).
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Figure & Section of the geological profile
(L-6768B-GL-HR-GE-DW-002_002, 15.12.16)

Furthermore such "superficial” investigation will hardly give any usefhldrogeological
information. It is thus recommended tetke account ofhat aspect fothe location, direction and
depth of the planned boreholes along the alignment of the Headrace Tunnel.

The IPOE also notes thbaseline monitoring of the hydrogeagly is accepted by the EPC team and
we reiteratghat monitoring of natural springs should begt least 1 year before excavation
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Recommendations

a. The IPOE supports the choice of doubléeld TBM with segmental lining as it provides
increased tunnel security during construction and over the longer term.

b. The IPOE recommends that investigation aomstructon installations(for grouting and/or
drainagé areprovidedon the TBM equipment.

c. The IPOE notes the limited useful information that may be gathered from boreholes drilled from
surface when the results have to be extrapolated over great daythsboreholes will neither
exempt the necessity of investigation ahead of the TBM, nor allow to precisely predict when the
latter will have to be done.

3.7.3. Bottom Outlet and Tunnel Spillway

Being very close to each other, these turmelswill be discuissedogether from the geological point
of view. The comments will concern the outlet zone of both tunnels. This does not mespulhat
portals or excavation in bedrock do not raise some constraints or difficultiebelaiter are judged
as not beingxceptional.

Tunnel Alignment

The alignment ofboth tunnels in their downstream paris very oblique to the slopaNhile this
facilitates therestitution of the flowssafelyto the rivervia ski jump structureghe consequense
from aconstructiorpoint of viewwill be that

1 both tunnels will have to be excavated in soft conaterial, possiblyncluding blockgaccording
to present knowledge of the geological conditipns)

1 excavation will bein soft groundover aconsiderable lengtlf250maccording to the provided
profiles but it could be longer as the geological profiles aoe yet supported by detailed
investigations

1 penetration from soft ground into bedrock will presumably be very obligusgtinthe vertical
andthe horizontal plags, with the consequence that there will probably be long sedtmssibly
50m) of the tunnels to be excavated in both soft ground on one part (excavator) and hard rock on
the other (mixed face), not to talk about construction measures like jet grauiciy will also
have to adapt to very changing conditions

The results of boreholes may well be extrapolated in terms of geological structures, but such
extrapolations becomeazardousvhen the bedrock surface is concerrloe shape of the bedrock

surfae is driven by erosion, and may be subject to strong and unexpected variations over short
distances. As the IPOE understands, some geophysical investigations have been performed. Such
investigations are certainly wise, but need to be "calibrated" by Heréfmestigations, since
geophysicgs unable togpreciselydetect abrupt changes.

In addition the "outlet zong' of both tunnels are located in the foot zone of tliannels thateem
prone to debris flows.

As noted previously it is important that these tunnels are independent of each other with the
Bottom Oultlet acting as backup for the Spillway under extreme circumstanceEseseelements
considered from the geologiaahdsafetyperspectivesuggest thahe alignment of these two tunnels
shouldbe further optimized, based on complementary investigatid¢inis. recognised that for ideal
hydraulic performance dhe Spillway tunnel i should be straight in plan. The IPOE suggests that
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the Spillway tunnelalignmentbe reviewed to obtaia practical independence dfie two tunnels as

shown on kgure 26 below.
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US-DS reversed profile to match plan view above

Figure 26 Possible alternative for the Spillway tunnel
(Profile: Bottom Outlet only)

Construction Methods
Concerningconstruction methodsne consideration is that jgrouting isan efficient but heavy
method, which is well adapted to that type of soft adth poor cohesionlt is however very time
consuming and expensive.

The IPOEfurthernotes that no special treatment is foreseen underneath the tunnel floor, also founded
on poor material, which could eventually need verticat@timns at least on both sides of the floor.

Based on these considerations, the IRGIs if vertical jetgrouting of the tunnel zone from the
ground surface has been considered as an alternative that could be entirely realized before excavation.

Recommendations
a. The IPOE suggestsaensideation ofthe alignmentof the spillway tunneln conjunction with
furtherand detailedjeological investigatian
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