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BGEODATA

Introduction

Hydroelectric Project Alto Maipo Co0.630/620A + 620B/610

Underground structures : Surface structures :
D&B tunnels (4x4 — 8x8 m) 22.543 m Muck Deposits :
TBM tunnels (dia.3.4, 4.5, 6.9m)  22.362 m MD5, 6, 7, 8,9, 11, 12, 13, 14
Caverns (D&B) Portals :
C-620 Alfalfall Il 34.230 m?3 VA1,VA2, VL7, VLS8, VL5, VL4, L1
C-630 Las Lajas 41.400 m3
Forebay + Inlet Maitenes
Raiseboring (2.0-5.0 m) 19.523 m3 Forebay Alfalfal I
(for vert.pressure and surge shaft of Las Lajas) Outlet L1
TUNEL/TUNNEL LAS LAJAS CUADRO DE UNION \ |
| nevrace el === | KEY PLAN @ Access roads to portal areas
TUNEL/ TUNNEL ALPALFAL /_cﬁ | Construction time : 4,5 years
| resomace e, = | S s /
| o PR/

TUNEL DE ACCESO
ADIT ACCESS TUNNEL




BGEODATA Civil Design : Design Scope

Location of MD and Portals

Forebay

MD8 \\VL8 "Desarenador; Los Maltenes
) ml] &

MD1?§MD11

\rg, o VLES
w4

MD 14




BGEODATA

Civil Design : Design Scope

Main structural parts

Permanent works Temporary works

Tunnels TBM and D&B 46,5 km Access roads ( some)

Shafts Portals (partly)

Caverns S ' __ . .
A B

Muck Deposits G Y B Aae 1 :,-f:"._é:)

Inlets, Forebay, Outlet > : TR S T %ffz

Access roads ( some )
Electric lines
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Civil Design : Design Status

PROYECTO HIDROELECTRICO ALTO MAIPO, CHILE
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BGEODATA

Civil Design : Design Status

Design Performance : WGEODATA | wormrsesanrroosssror | STRABAG
Planned time  : 16 mo, Sep13/Decl4 I
Performed time : 11 mo
Percentage . 68,75 % time used ——

Total dwgs 1075 rrt

Delivered 1 725 EIE
Percentage 167,44 % £
Planned perform. : 56,51 % e
Performed : 39,99 %

No.dwgs approved: 27 s

Perc.of delivered : 3,72 %
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Civil Design : Design Status
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Performance curves : planned and performed, status as of : July 31, 2014




BGEODATA

Civil Design : Site Investigations

LAS LAJAS Sector , Part 1

SO Location
Sector
Portal Area
L1
Portal Area

Muck Deposit 12

Scheduled explorations

- Horizontal drilling without core
recovery

- 30 degree drilling without core
recovery

2 pits

2 samples per pit (at 2 m depth and at

the bottom of the pit)

Performed explorations

- Granulometry

- Attenberg limits

- Modified Proctor

- 5 inclined drillings with core
recovery in rock formation:

in total 89,5 m

see above

- Granulometry
- Attenberg limits
- Modified Proctor

OE's Recommendation Remark
(additional investigations)

It's recomended that all
investigation drill holes

should be drilled incline
downwards since the <+
tunnel alignment is much

lower than the area where

it's possible to drill from.

- additional pit in the midle

of the Muck Deposit

- Granulometry, Atterberg

Limits, Proctor Test, Shear +
Test



B GEODATA Site Investigations

LAS LAJAS Sector , Part 2

Las . .
Lajas Location Scheduled explorations Performed explorations OE.s.Reco.mmen.dat}on Remarks
(additional investigations)
Sector
- Granulometry
- Attenberg limits
- Modified Proctor +
- Triaxial
- 1st drilling campaign: 3 holes
without core recovery (46,5 m)
- 2nd drilling campaign: 7 holes
without core recovery (117,32 m) campaign 2 to 4 was In
- 3rd drilling campaign: 6 holes instructed by the Owner work
without core recovery (81,4 m)
— 4th drilling campaign: 6 holes with
core recovery (in progress)

Portal Area

Portal VL4

VL4

3 pits
Muck Deposit 2 samples per pit (at 2 m depth and at
14A the bottom of the pit)

- Granulometry
- Attenberg limits +
- Modified Proctor

2 pits - Granulometry
Muck Deposit 2 samples per pit (at 2 m depth and at - Attenberg limits +
14B the bottom of the pit) - Modified Proctor

- Nuclear densitometer



B GEODATA Civil Design : Site Investigations

LAS LAJAS Sector , Part 3

OE's Recommendation

Las Laj
:sectagfs Location Scheduled explorations Performed explorations (additional Remarks
investigations)
2 pits - Granulometr
Muck Deposit 2 samples per pit (at 2 m depth and . y
10 at the bottom of the pit) B N open
P - Modified Proctor
- Granulometry
- Attenberg limits
Portal Area - Modified Proctor open
VL5 - Triaxial
2 vertical drillings with core recovery
over tunnel axis at each side of the Horizontal and incline
Portal VL5 road. (if vertical drillings are not drilling from the tunnel open
possilble, 3 horizontal drillings along portal is recommended .
tunnel axis without core recovery,
once acces road is built)
- Granulometry
- Attenberg limits
Muck Deposit 7 not ready now - Modified Proctor open
VL7 - 2 samples per pit (2m,
at bottom)
Portal VL7 4

No investigation required



B GEODATA Civil Design : Site Investigations

LAS LAJAS Sector , Part 4

OE's Recommendation

L:Se::':;?s Location Scheduled explorations Performed explorations (additional Remarks
investigations)
Portal VL8 No investigation required +
VL 8 _
Muck Deposit 8 - Nuclear densitometer
3 Exploratory drillings with core In
Forebay recovery and SPT every 3m, Lefranc work
. every 5m
Maitenes
- Granulometry
Forebay 6 pits - Attenberg limits <+
- Modified Proctor
- 2 pits
If is not rock
- Granulometry
Main Muck Deposit - Attenberg limits
workshop 11 - Modified Proctor open
- Sheartest
- 2 samples per pit (2m,
at bottom)

Camp Aucayes - Granulometry

Camp Baio - Attenberg limits <+
Aucayes J - Modified Proctor
Bajo

Camp Aucayes
Bajo

- Nuclear densitometer <+



B GEODATA Civil Design : Site Investigations

ALFALFAL Il Sector

Alfalfal Il Location Schedu!ed Performed explorations OF's Recornmen.dat!on FLLILTEL Remarks
explorations investigations)
Portal Area no requirements +
VA1 | '
Portal VA1 (5 Op.e protection no requirements +
required)
- Granulometry
Muck . (Keep safety distance - Attenberg limits _ .
Muck D - k
Deposit 9 uck Deposit 3 to existing slope crest - Modified Proctor S AVES AP +
- Triaxial
I
.(Curren_t yno . As constructed, if necessary
inspections possible .y o
- geophysical investigations - Granulometry
except manual . .
VAL-VA2 Road  digging) - manual digging of 5 exploratory - Attenberg limits +
B igpiti e pits and taking samples at a depth of - Modified Proctor
joint site visit on 22nd 2 m and at the bottom of the pit - Triaxial/shear test if possible
VA1 - VA2 of July)
- Granulometry
- Attenberg limits
First road stretch - Modified Proctor <+

- Triaxial
- Nuclear densitometer



BGLEODAIA  Antic.Ground & Grwater Conditions

EXAMPLE ON MD12

* Geological setting :

1. Basis is the “Basic geological
reference  model” + on-site
geological survey

2. Geotechnical verification

« Estimated geotechnical
parameters

« Verification using method of
limit equilibrium

« Ground water levels
estimated and included in

36-40

design on safe side (no 0-10
detailed basic data available‘ “



MGEODATA  civil Design :

Ground Ref.Conditions

GEOTECHNICAL BASELINE REPORT

« Borings and samples taken form the
site for laboratory investigations

* Report oin work for different sites

« So far work based on onaticipated
ground conditions

Samples and borings at L1 portal



BMGEODAIA iy Design : Rock Mass Properties

FLOWCHART FOR THE GEOTECHNICAL AND GEOMECHANICAL STUDY

REVIEW ACTIVITY ‘
ANALYSIS OF THE FEASIBILITY ANALYSIS OF THE GEOLOGICAL R O C K M A S S
PROJECT REFERENCE MODEL
BOREHOLES AND ANALYSIS OF DATA COMING LABORATORY AND IN SITU C H A R A CT E R I Z AT I O N
GEOSTRUCTURAL SURVEYS FROM GEOTECHINCAL TESTS [=--n
iy INVESTIGATION

Based on :
« Boreholes
« (Geophysiscs surveys

Laboratory and in situ
tests

GEOSTRUCTURAL
CHARACTERISTIC

HYDROGEOLOGICAL
FEATURES

GEOTECHNICAL
CHARACTERISATION OF THE
INTACT ROCK AND ROCK MASSES

INTACT ROCK
PROPERTIES

JOINT CONDITION

GSI (GEOMECHANICAL
STRENGTH INDEX)

RMR (ROCK MASS
RATING)

GEOMECHANICAL CLASIFICATION

| |

EQUIVALENT -CONTINUUM
- MODEL

DISCONTINUUM

GEOTECHNICAL REFERENCE MODEL }7 MODEL

CONTINUUM MODEL

Geological surveys in
period Sep.2013-Feb.2014

DEFINITION DESIGN GEOTECNICHAL PARAMETERS
STATISTIC AND PROBABILISTIC APPROACH

-
'
'
'

: i
3 HEARDRACE = [7°7° GEOTECHNICAL ZONATION |77~ INTAKE AND E
i TUNNEL, ADIT AND COMPENSATING i
! POWERHOUSE l BASIN H
3 ESCAVATION BEHAVIOUR ANALYSIS IN i
1 SITU STRESS HAZARD ASSESSMENT 1
MUCK DEPOSIT l ACCESS ROAD
] ROCK SLOPES STABILITY EXCAVABIL OF
MATERIAL




BGEODAIA iy Design : Rock Mass Properties

..
cstmaton . usig /////.,
guant.probabilistic /5//// .
approach using i
T e an
2007,20009) // 5! ///

Wi,

100 0,1

Jomt Condition Factor ]C

Rock mass structure
A (oot corpoten Example of GSI probab.
col uge, ey | GSI estimation by using
R - . R R Hoek-Marinos chart for
Bl T ig heterogenous rock
10 s masses.
0
0 0,2 0,4 0,6 0,8 1
Percentage of weaky rock Principles described in “Design

Manual’.
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Civil Design : Seismic Loading

SEISMIC DESIGN of SURFACE STRUCTURES

Based on international practice and local guidelines and conditions
application of seismic loading on surface structures :

Suggested improval of approach with reduced seismic loading bei SelExp

1. Surface structures (inlets, outlets RC, portals)
* Seismic coefficient Kh = 0.18 and Kv=0.12

2. Earthworks and Muck Deposits MD
* Seismic coefficient Kh = 0.18 only




BMGEODAIA iy Design : Role of Designer on Site

PROYECTO HIDROELECTRICO ALTO MAIPO, CHILE
. ( ; EO DA I A C630/620A - DEVELOPMENT OF DETAILED DESIGN
Project Manager
D. KOLIC
Quality Manager ( Experts/ Advisors
V. DellOrto kP. Grasso, V. Guglielmetti
( Design Coordi nator\
Pietro Di NICOLA
k Dep.DC C,CARTAJEN

ﬁ:oordination oprprovalﬂ

k C.GEN’OVESE J
|

| e r— | |
’ Design of Civil

Design of NATM Desstlrgur:::: TBM Design of Surface Works Design of Design of
Structures res Excavations & C.GENOVESE Electricity & Hydromechanic
Roads J. PINCHEIRA Instrumentation (Penstock)
G.Quaglio G.Quaglio L. ROCAFULL
A Lavagno ’I"_-'-a"agm A Conciato D.SANTANDER A. Padeneli G. FAVATA
L Repetto e E Proserpio A.TRONCOSO M Minunno B. Rocco
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BGEODATA  DRM : Risk Management Procedures

1. Flowchart illustrating the rationale of the excavation
EXAMPLE of LAS behavior forecast analysis

LAJAS CAVERN - .
ress analysis (1) -
Flowchart of the excavation (continuum-equivalent model) Geostructural analysis (2)
behaviour forecast analysis. v v

>> Self-supporting capacity

>> Deformations and plastic zone extension } : . .
eformations and plastic zone extensio (Gravity-driven instability)

(Stress-induced instability)

v v

Excavation behavior

0 Rock mass
I ~LAnaIysis N Geostructural —> Continuous € Discontinuous €< Equivalent C.
A
Sch f behavi I Tensional ¥ ! RMR
cneme o1 excav penaviour. e e e 8% Rotrmax/. Behavioral \ A Il I v Vv
response ¥ (%) Ro ezizmary B FERR N >
i a STABLE A
Elastic CAVING
negligible L i
(G4<Gm) b INSTABLE N ¢
WEDGES A
SPALLING/
I s = c ROCKBURST R I i
I Elastic - Plastic 0.5-1.0 2-4 d
I (0620 m) >1.0 >4 e SQUEEZING

| 0 S ]

15



BGEODATA  DRM : Risk Management Procedures

LAS LAJAS CAVERN

Simplified approach for the preliminary assessment of the excavation behaviour in rock
tunnelling by Russo (2008,2014)

Il - Rock mass strength (o, )+in situ stress (2*y*H)=Competency (IC) IV- Competency (IC)+self-supporting capacity (RMR)=Excavation behaviour
100 80 60 RMR 40 20 0

Simplified assumptions: Individuation of potential hazards ! limprobable]
] | | + [condition]

¥=0.025MN/m?, k=1

Stabl¢ (a)f or Instable V.’edges‘ (b)

[ PR U0 S 2 A R A S AR ] B G ORL R O ORI g
E lso-overbyrtje i - - Caving
= Spalling, i
o Reckburst () R :

IC

S S Y O O O = S 6
Iso-rock block volume Vb =

————— s ;;ll;— pEm
e S R g e S5 ] 1063
- St I JO ™ O P20 N . O S O SO SO
G = 10dm3 =
= o 0
(*)Susceprible 10 i 1dm3——_
- snallina/rockburst g» s i _T%’_—»?__\? Bl R =
region for brittle rocks 4l I 100cm: Sl
3 : = g é ;;zriu e
9 itk ——1
0.2 ot S Ve bemE T
3 3
..10.5 .......................... B
2] S
i i
T
] 5 7 3 3 )]
0.1 1 o, (MPa) 4o 100 ic
Il - Intact strength (c_)+rock mass fabric (GSI)=Rock mass strength () | - Rock block volume (Vb)+joints conditions (jC)=Rock mass fabric (GSI)

15



B GEODATA DRM : Design Risk Registers

LAS LAJAS Powerhouse
« application criteria for the support types

Application criteria of the support types

Geomechanical

. . Support
Prevalent Hazard classification Excavation behavior TI\DIFF;E
BC RMR
Stable rock mass, with only possibility of local rock
lock fall; rock f li ith
Leelhoede g | bloc _ all; rock mass of very gc?od quality wit i
elastic response upon excavation
_ - e Rock wedge instability; rock mass of good quality
Wedge instability b I with elastic response upon excavation

development of plastic zone Ca T

Mild brittle failure, even associated to minor rock
" I block ejection; overstressed hard, good rock mass
(=>Minor spalling/rockburst)

Sudden brittle failure, even associated to moderate
rock block ejection; overstressed hard, good rock

spalling/ Rockburst ”c” -1l mass (->Moderate spalling/rockburst). -

Sudden and violent brittle failure, even associated
to rock block ejection; highly overstressed hard,

”c” -1l good rock mass (->Severe spalling/ heavy -
rockburst)

Pronounced tendency to rockfall; rock mass of fair
uality, with possible occurrence of a moderate
Rockfall "a/b” -"c” Illa 9 ¥ P




B GEODATA DRM : Principal Loss Scenarios

LAS LAJAS Powerhouse _ _
Worsening of geostructural quality (RMR=IV)

>

| 1 .
Stable Instable wedges Caving
l.q e P

« Mitigation measures
linked to excavation
behaviour

(Russo, Grasso, 2006-2007).

1.5/(1.3),1.4, 2.2

-
L
.....
_____
‘‘‘‘‘
-

Rockburst Squeezing

+(1.1), (1.2), 1.2, 1.4,
2.2, (2.3), 2.5 (2.1), 2.2, (2.3), (2.4)

29) ones yibuanys/ssanys jo buisealrdu|

(e—q/e=

N
w



B GEODATA DRM : Principal Loss Scenarios

I
_ Design Action Example of Stabilization Measures

LAS LAJAS Powerhouse

Pre-confinement of instable wedges Inclined bolts, forepoling, ...
« Mitigation measures
linked to excavation
behaviour

Rock mass reinforcement Fully grouted rockbolts and dowels, ...

Forward stabilization of poor Sub-horizontal pressure grouting or jet-
ground grouting canopy

Shotcrete, steel bars, injected fibreglass

Supporting the tunnel face
PP g elements, ...

Forward reinforcement of poor

TG Umbrella arch

Allow for convergence Over-excavation

Support system differently composed by
steel ribs, lattice girder, shotcrete with
steel wire mesh, bolts, ...

Provision of a excavation support
pressure

Rock mass reinforcement Fully grouted rockbolts and dowels

Controlled de-confinement to allow Sliding steel-ribs, shotcrete with joints
high convergences and/or deformable elements, ...

Protection against rockfalls and

. Rock bolt and/or shotcrete, wire mesh, ...
spalling




BGEODATA  DRM : Design Check and Appr. Proc.

DETAILED DESIGN as PART OF DESIGN and BUILD PROCEDURE

* Involvement of Soil Mechanic And Seismic Design Experts in Design
Procedure

« Parallel analyses by different empirical and numerical methods

« Development of design and construction risk scenarios separately for each
part of the project and each structural part.

« Approval in compliance with checkers in headquarter office ( based on
analyses and experience.




B GEODATA Underground Construction

TUNNELS ( Conventional+TBM) and CAVERNS
« Dimensioning and structural verification for each support type

Support type Analysis methods
Primary support / Secondary support
NATM BASIC (GDE) /

Outer and Inner support

(without cast in concrete) Inner support

(cast in concrete)

1-2 (A-B) Empirical method (Grimstad & Barton)

I Limit equilibrium method
3 (C1) (Unwedg.e analysis or analytical
formulations)

Il Convergence-Confinement method
Convergence-Confinement method +

11-111 4 (C2) 4 (C3) ,
Numerical method (FEM analysis) Numerical method
-1l 3 (C4) 3’ (C5) Hybrid empl.rlcal/numerlcal method  (FEM-BBM analysis)
(FEM analysis)
H-1v 5 (D) Numerical method (FEM analysis)
Vv 5’ (E) Numerical method (FEM analysis)
Vi 57 (F) Numerical method (FEM-BBM

analysis)

15



B GEODATA UC : Tunnel Design

CONVENTIONAL TUNNELLING RS e LB
- foreseen generally 5 class ] N
types
 Class 1 : spot bolts g o
« Class 2 : systematic bolts +
wire mesh + shotcrete (SFRC) o ot o ot
« Class 3 : systematic bolts + o s
wire mesh + shotcrete 2 layers
(SFRC)
* Class 4a-b: systematic bolts +
wire mesh + shotcrete 2 layers
(SFRC) + lattice girders+
forepoling soromreTes sou soronETRos ou
« Class 5 : systematic bolts + | i
wire mesh + shotcrete 2 layers ~ :
(SFRC) + lattice girders+ e S
forepoling + face anchors I




BGEODATA

CONVENTIONAL TUNNELLING
Verification + improvements

« vertical side walls and sharp edges :
shape improves stress redistribution and
concentrations

theoretical excavation line definition
(no convergencies foreseen)

L
fﬁl_ : Hormigdn proyectado
2 | &2 con fibras y con juntas
| - /Shatcrete fibre—reinforced
R \ with_slot
\
L n | bl
H .
| o Y
*e a Q. I'wl iJJ I \
_e_ I N
I 1
-
I | ~
I I uy
L
Vi
Vo
i \ /)
Hormigdn proyectado
cada avance/
Shatcrete each
5,10 |

advancement

UC : Tunnel Design

Forepaling

Shotcrete
=holcrete

Lattice girder

Rock bolts
-‘ 3 bars
/ [

\ i RN
\C—line -

SECTION TYPE E
Pernos completamente

conectados/Fully
cohnected bolts

Sobre—excavacién/
Over—excavation

Elementos de fibra
de vidrio cementados
/Reinforced by
fibreglass elements

Drenajes donde se
requiera/Drainages
(if needed)

Marco de acero

deslizante/Sliding
type steel ribs

Relleno controb6veda provisiohal/
Invert temporary backfill




TBM Tunnelling

BGEODATA

foreseen generally 5 class types:

Class 1 : spot bolts + systematic
bolting + wire mesh+ SpB 50 mm

Class 2 : spot bolts + systematic
bolting + wire mesh+ SpB100mm

Class 3 : systematic bolting +
wire mesh + SpB150mm + steel
ribs UPN140

Class 4 : systematic bolting +
wire mesh— full ring+ SpB100mm
+ steel ribs UPN160

Class 5 : systematic bolting +
wiremesh-full ring + SpB100mm
full ring + arches TH25/28 full
ring

If required probe drillings +
drainage pipes ( 35m )+consol.
with grout pipes

UC : Tunnel Design




B GEODATA UC : TBM Specifications

TBM Tunnelling
* 6.90 m excavation diameter, open shield gripper TBM

* Herreknecht machine for 10.0 km of 12.9 km of Las Lajas tailrace tunnel
starting from L1 upwards

HATERALHANDUKE RAIE GREASEPUNP ANHIR DRIL RiG L2 SHOT CRETE MANPULA TR CENTER PASSAGE DENSTER VNTLANR  ( REFUGE CHMBR )
] [ f I f b '
RIGHT SICE I_; / | 6 H ;&*/
| /
| / |
<—— P !
i ! g
g N =
] oo = 1
7 i
AT TRAKSPIRT SISTEM ML NS | cosaEssee

« Another TBM tunnel of 4.53 m diameter open type expected for about 9.5 km of
14.5 km of Afalfal Il tunnel, starting form downstream upwards




B GEODATA UC : TBM Specifications

TBM Tunnelling

STRUCTURE AND MATERIAL

Shield Type Open type gripper TBM, new
GRIPPER SHIELD
Nominal Diameter 6.900 mm
ROOF SHIELD
Dimensions (bore x rod x stroke) 240mm x 200mm x 250mm
Nominal force 7.238 kN @400 bar
SIDE SHIELD
Nom. Working range +110mm/-120mm of nom. Bore diameter
Dimensions (bore x rod x stroke) 320mm x 220mm x 800mm
Nominal force 6.434 kKN@400 bar
Nominal force (pull force) 1.206 kN
WORKING PLATFORMS
Main beam Ring beam platforms
Main beam Roof drill platforms



BGEODATA

UC : TBM Specifications

TBM Tunnelling

HYDRAULIC SYSTEM

Power installed
System operating pressure
Max. System pressure
Reservoir capacity
Filtration system
OPERATORS CABIN

PLC system

TBM guidance system

COMUNICATION

Communication phones on TBM/BU

GAS MONITORING EQUIPMENT

Sensors and monitoring equipment

110 kW

350 bar

400 bar

~3.500 It

Continuous loop filter system

SIEMENS PLC control system of all TBM
functions from operators cab

TUnIS navigation gripper & TUnIS navigation
office

5pcs

1 set, sensor set consists of: methane, 3 pcs;
carbon monoxide, 1 pcs; nitrogen monoxide, 1
pcs; hydrogen sulfide, 1pcs



B GEODATA : TBM Specifications

TBM Tunnelling

TBM CONVEYOR

rain size Max. 300mm x 300 mm x 500 mm

Belt width 800 mm
Transport capacity 800 to/hr
Belt speed 0- 2.5 m/s, VFD controlled

Belt type EP 630/4, 10+4mm, UTS class A

Misting system 1 pcs @transfer point to BU conveyor
Metal detector 1 pcs




B GEODATA UC : TBM Specifications

TBM Tunnelling

l I i Detailed Design Workflow
Topographical Surveyor Geodata Coordinator Designer Engineering Team Client
Geodata Andina Strabag Sub-coordinator Geodata Engineering AES Gener

Provided Basicengineering

Study, review basic design up priorities, decide the design program

Topographic
surveying

Surveying Revision

Performing Design
Detailed Engineering
Calculations

tis not correct It is correct

2 days

Design
Revision

According with the delivery

schedule
Itis notcorrect 15 davs.
Itis correct 2 davs Client Design

Revision

Check comments & Itis not correct

observations

It is correct

M Perform updates &
: corrections

15 days

Approval

Engineering Ready B
for Construction :




B GEODATA UC : Cavern Design

LAS LAJAS Powerhouse
« 2 powerhouses with Las Lajas and Alfalfal Il with 267+264 MW capacity
« Las Lajas powerhouse in Colorado river valley, downstream 3 km

* Headrace tunnel collects water of Alfalfall I ,Alfalfall 1l, Maitenes plants toward
Las Lajas, 65 m3/sec, 483 m height = 267 MW

TUNEL/TUNNEL LAS LAJAS CUADRO DE UNION
TUNEL DE ADUCCION KEY PILAN

HEADRACE TUNNEL

TUNEL DE DESCARGA
TAILRACE TUNNEL E

TUNEL/TUNNEL ALFALFALII

CASA DE MAQUINAS

TUNEL DE ADUCCION E POWERHOUSE |
HEADRACE TUNNEL LAS LAJAS |
TUNEL DE DESCARGA
r 1l RACE TUNNEL CASA DE MAQUINAS ~ /
POWERHOUSE /
ACCESO/ACCESS ALFALFAL I /

TUNEL DE ACCESO
ADIT ACCESS TUNNEL E
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LAS LAJAS Powerhouse

located with about 500 m
overburden, left side of the
Colorado River

with tailrace tunnel stretching
downwards

Geological Setting

Rock masses of Abanico
occidental Formation, Unit A

rock masses at the depth ofthe
Las Lajas PH foreseen stratified,

With strata thicknesses from some
tens of centimeters to some meters
Expected : medium-high quality
rock mass ,RMR lI-llla

UC : Cavern Design

f Penstock shaft

I/
f Powerhouse cavern
)
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LAS LAJAS Powerhouse — Typical Cross Sections

= * e ; =
PRI 48 L o
L o PROVETTO S o *
HORMIGON PROYECTADO ¥ MALLA ELECTROSOLOADA. HORMIGON PROYECTADO X __LINEA DE EXCAVACION TEORICA HORMIGON PROYECTADO X LINEA DE EXCAVACION TEORICA
¥ MALLA ELECTROSOLDADA | SHOTCRETE WITH WIRE MESH ¥ MALLA ELECTROSOLDADA THEORETICAL EXCAVATION LINE Y MALLA ELECTROSOLDADA THEGRETICAL EXCAVATION LINE
'SHOTCRETE WITH WIRE MESH | 'SHOTCRETE WITH WIRE MESH | / 856,63 SHOTCRETE WTH WIRE MESH | / 85663

o LINEA DE EXCAVACION TEGRICA \
Ed THEORETICAL EXCAVATION LINE - B Vg

TUNEL DE ACK

CCESO
3 ACCESS TUNNBL

|
i | N
TUNEL DE ADUCCION | TUNEL DE ADUCCION

]
" . y 1
N b . w ADDUCTION TUNNE ADDUCTION TUNNE | 835.90 5
s Y i H u e L
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|_ i, e cowion \_CAVERNA DE TRANSFORMADOR 83415 |
"CONECTION TLAEL TRANSFRMER CAVERN + w23
82910 0
d 2 ' 2510
822.3 & | 44
i ig f 44
a | " . 0 "
1 2% 1
CAVERNA DE GENERADOR | = CAVERNA DE GENERADOR | =
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Section A-A Section B-B Section C-C

]

R S S I




B GEODATA UC : Cavern Design

LAS LAJAS Powerhouse
« application criteria for the support types

Application criteria of the support types

Geomechanical

e . . S t
Prevalent Hazard classification Excavation behavior l'JI'F\)/F;Zr
BC RMR
Stable rock mass, with only possibility of local rock
lock fall; rock f li ith
LowllEdE g | bloc _ all; rock mass of very gc?od quality wit i
elastic response upon excavation
_ - e Rock wedge instability; rock mass of good quality
Wedge instability b I with elastic response upon excavation
development of plastic zone Ca T

Mild brittle failure, even associated to minor rock
" I block ejection; overstressed hard, good rock mass
(=>Minor spalling/rockburst)

Sudden brittle failure, even associated to moderate
rock block ejection; overstressed hard, good rock

spalling/ Rockburst ”c” -1l mass (->Moderate spalling/rockburst). -

Sudden and violent brittle failure, even associated
to rock block ejection; highly overstressed hard,

”c” -1l good rock mass (->Severe spalling/ heavy -
rockburst)

Pronounced tendency to rockfall; rock mass of fair
uality, with possible occurrence of a moderate
Rockfall "a/b” -"c” Illa 9 ¥ P
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LAS LAJAS Powerhouse
»  Support type for the cavern | 1 Supporttypeofthecavern

- - Stabilization Measures Note
, g% ANCLAJE PERMANENTE

PERMANENT ANCHOR

v |

> |
& / PLACA ABOVEDADA
f DOMED PLATE

Radial drainages, L=12m, pattern 6.0x 6.0m (*)

Shotcrete H-40 with steel wire mesh,
Th=200mm at crown and Th=150mm at
sidewalls

Wire mesh ACMA C-188
150x150 Fémm

BARRA DE ROSCA
THREADBAR

LECHADA DE CEMENTO
CEMENT GROUT

Systematic rockbolt pattern 1.5x 1.5m
staggered, L=8-10m at crown and L=6m(min)-
9m(max) at sidewalls

"%

REVESTIMENTO DE CORRUGADO
CORRUGATED SHEATHING

-Suggested DCP bolt for
Powerhouse cavern

TAPALECHADA i o35

GROUT CAP

- MALLA ELECTROSOLDADA
— WIRE MESH

L 1

. 1° CAPA DE RECUBRIMIENTO DE LA ROCA S Y

L 1°IAYER ROCK COYER , s 2 . ; . r. 1

— =Tt = *————EB:,—F~ == ]

| . 2°CAPA 5 e |

: 2°LAYER § % ‘

=T
I —— / = =3 J

RECUBRIMIENTO




B GEODATA UC : Monitoring

LAS LAJAS Powerhouse
* Rock Support Measures

Rockbolts at crown,

Shotcrete at / L=8-10m 1.5x1.5
crown Th=20cm / staggered
y \ )

22.1m N i
Rockbolts at sidewalls,
34.8m Shotcrete at L=6m 1.5x1.5
sidewalls staggered
18.6m Th=15cm
9.8m
4




B GEODATA UC : Cavern Design

I
_ Design Action Example of Stabilization Measures

LAS LAJAS Powerhouse

Pre-confinement of instable wedges Inclined bolts, forepoling, ...
« Mitigation measures
linked to excavation
behaviour

Rock mass reinforcement Fully grouted rockbolts and dowels, ...

Forward stabilization of poor Sub-horizontal pressure grouting or jet-
ground grouting canopy

Shotcrete, steel bars, injected fibreglass

Supporting the tunnel face
PP g elements, ...

Forward reinforcement of poor

TG Umbrella arch

Allow for convergence Over-excavation

Support system differently composed by
steel ribs, lattice girder, shotcrete with
steel wire mesh, bolts, ...

Provision of a excavation support
pressure

Rock mass reinforcement Fully grouted rockbolts and dowels

Controlled de-confinement to allow Sliding steel-ribs, shotcrete with joints
high convergences and/or deformable elements, ...

Protection against rockfalls and

. Rock bolt and/or shotcrete, wire mesh, ...
spalling
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LAS LAJAS Powerhouse . UNWEDGE results — Minimum SF resulting from joints S2, S5 and S8 intersection

loor wedge [1] Scaled Upper Right wedge [4] Scaled Upper Left wedge [5] Scaled Roof wedge [8] Scaled
FS5: B.897 F5: 56328 FS: 2,009

« Support verification <
« wedge analysis

Weight: 5211 MN Weight: 1.549 MN Weight: 3.663 MM Weight: 10.159 MN

Mear End wedge [9] Scaled Far End wedge [10] Scaled
F3: 21632 FS: 41.815




B GEODATA UC : Monitoring

LAS LAJAS Powerhouse
Support verification

4 A
Numerical model for FEM \Ml/// M\UM
analysis and  sequential __\§\& r/*s?: ;}\: {/é
excavation analysis in 4 _ — =
| ] &
4 4
Nt i
: * . =
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LAS LAJAS Powerhouse
« Support verification
« Comparison of numerical FEM analyses

Analysis 1: Residual parameters according Analysis 2: Residual parameters according Analysis 3: Residual parameters according
to Hoek (2011) to empirical formulation to Cai et al. (2007)
.=GSI*((1+exp(-0.0134*GSl))/2
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LAS LAJAS Powerhouse

« Typical cavern monitoring sections including extensometers, strain gauges
and optical targets
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SC : Monitoring

OBSERVATION IMMEDIATE CONSEQUENTIAL
LAS LAJAS Powerhouse I LEVEL THRESHOLD ACTIONS ACTIONS
. . . | Inform Designer
° M0n|t0r|ng VS.aCt|On p an Increase frequency
of readings to 1 The rate of
Level 1. 80% of design per day displacement shall
— . Awareness  convergence Assess whether be observed and
Monitoring Section Level (25mm) additional readings actions taken
Monitoring instruments Type or more accordingly
Total of 3 stations instrumentation is
(CT) optical Targets for required
Convergence 11 Inform Designer
measurements Increase frequency
(EM) Multiple of readings
boreholes 5 100% of design ~ _°MPile Following ”
Level 2. information on investigation specific
Extensometer Alert Level convergence construction to counter measures
(SG) Strain Gauges on @ (] ascertain likely are to be devised
rockbolts causal conditions.
Install additional
support if required
Additional
instrumentation is to
be installed if
Construction work required to monitor
Frequency of Reading is to be stopped the performance of
Level 3. 120% of design and any temporary the
Daily Weekly Alarm level  COnvergence excavation countermeasures.
(35mm) secured. Construction work is
Weeks 1-10 Weeks 11 onward Countermeasures  only to recommence
are to be executed only once the effects
of the
countermeasures
have been realized




BGEODATA  Surface Construction : Slope Stability

MUCK DEPQOSIT 12

« Section 3-3 of MD 12 : Stability slope analysis —seiismic up conditions SF =
1,104

gl satety Factor
8




B GEODATA SC : Hydrology , draiage, flood RA

MUCK DEPOSIT 12
Rain fall intensity and design corresponding to it

70.00 -
60.00 -
250.00—
IS —e— TR10years
% 40.00 + —— TR25years
-‘é 30.00 TR50years
o TR100years
£ 20.00
10.00
o0 +—/—+—7"—7"7+—v++—7—+————"""""T""T"T T T TT—T T T
L T O T N
Duration (min)

DITCH TYPE 1

SCALE 1:25

300 , 300 , 300 , min
250

TOPSOIL
7 LAYER th=20 cm

Sy
TP

COMPACTED TOPSOIL / """""




B GEODATA SC : Monitoring

MUCK DEPOSIT 12

« The monitoring system shall face the following topics:

« assessing the efficacy of the design technical choices and solutions with
reference to the variability of the geological and geotechnical conditions and
parameters.

« assessing the possible deformations and ground displacements within the
geotechnical influence zone;

« comparing the design calculation and the detected behaviour of
geotechnical units.

« For controlling the stability of the deposit either in the construction and
operational phase the following monitoring instruments are recommended:

» optical targets (OT)
« linclinometer tube (IN)

15
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