Victoria Dam
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Diagrammatic Section Across Sri Lanka Showing
Victoria Dam

Piduruthalagala

Kirigalpoththa  peak MSL 2525 m
Mountain MSL 2395 m
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What is HAO&M...?

Headwork
Administration
Operation

&
Maintenance



Safety of Dam depends

Reliability <>

Stability
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VICTORIA DAM
(Double Curvature Arch Concrete Dam)
(27 years old)

1st construction 23 March 1980
Impounding start 07 April 1984
Commissioning Power 1 2 April 1985

~ Consultants 7
« Alexander Gibb & CECB
8 Contractor

Sp'“ Way gateS -8 np -_-j' Balfour Beatty Nattall UK
2 §  Mechanical Boving UK
'* _ ﬂ Electrical  Balfour Klipatric UK
- 9 ' = Cost 9.8 billion Rs. (1980-1984)

> Height - 122 m Length — 520 m
B’?ttom Ou |
? [,r Catchment Area 1891 km?
".

500 Gwh /year — 6% of the total power Gross Stfae 722 MCM
¥ requirement B% Power Generation 3X70 MW




Victoria dam Ruwanweli Seya Jethawanarama Giza pyramid

1985 140 BC 276 -303 A.D. 2000 BC 475 ft.
350 ft.

12

Heights of ancient and modern structures
compared
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View from Left bank
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Dam Under Construction
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Maximum flood reservoir level 441.2 m

Sectional View at the Centre
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Low Level Outlet
" Valve House

_Left Bank
/ Training \Wall
/

\_Right Bank
Training Wall

Plan View
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Dam Concrete

e Concrete volume :480,000 m?

e |_ow Heat Low Alkali Cement

Na,O equivalent 0.65 %
Alkali content per m3 ~ 1.15 kg

 Cement content of the dam concrete
230 = 10 kg/m?
*150 mm (max) graded aggregate

e Upstream face
chemically impregnated

. Concrete temperature controlled at 22 °C



Reservoir Level Fluctuations in Victoria Reservoir for last 27 years

(Since April-1984)
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LEFT BANK RIGHT BANK

UPSTREAM _ELEVATION OF DAM SHOWING DRAINAGE CURTAIN HOLES
SCRE B

Upstream View

Numbering of Blocks & Drainage Curtain




Auto Operation Sequence

Step 1/438.04/0.7m/156 m3/s

A, Step 3/438.12/0.7m/480 M3/s

§3
i == 7 ’

Downstream View
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Looking the whole dam as an eagle eye




Mistake ?






Dam Instrumentation



Observant Eye linked to an
Intelligent Brain



Dam Instruments

Survey Targets

Plezometers
Extensometers

Drain holes

Strain gauges

Pendulum Levelling studs



Interpretation

ong term trends
Identifying the patterns
Accuracy

Calibrations

Precision

_east count

»Observer reliability
»Commitment
»\Working Principle of Instruments



Settlement at centre

Post

construction Un noticed !
crest Level ﬂ

Water Level

Overtopping due to Settlement of
Long Embankment Dam




Settlements
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Instruments In Victoria
...topics to be discussed

Pendulums

Clinometers
Extensometers
Piezometers / Drain holes
Survey Targets

Strain Gauges



Dam Instrumentation

= Setting-out line of Dam

Dam Deflections

24 Crest Precise Levelling 0.1mm (annually)

7 Normal Pendulums , 1mm( 2 week) %f

-——Splitter aeration

48 Survey Face Targets , 0.5 sec(annually) Gallery 'B gallery

Foundation Deflections
Gallery 'C'

7 Inverted Pendulums (0.01mm)

10 VW Clinometers (5) (2 week) i 10 /[ﬁ Pendulum shaft
allery -

3-Point Extensometer ( 2 week ) {

Concrete Strains Gallery 'E' a:n
269 VW Strain meters (50) (2 week) Gallery 'F' [;]: <7
66 VW Thermometers (19) (2 week) i

Foundation Hydrogeology

Gallery 'G'
21 Piezometers 1water m (4) (weekly) E bl

Drainage Flows 5 ml, 0.01s (weekly)

Inverted pendulum

*out of order



Instruments 1n Victoria

Pendulums



Setting-out line of Dam

__————Splitter aeration
gallery

Normal
Pendulum

Gallery 'G'

varies

_Inverted
" Pendulum




Pendulum locations
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SCALE D
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TR Low bevel outiel

valve  house
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Normal Pendulums




Inverted Pendulums




Instruments 1n Victoria

Clinometers



Maximum flood reservoir level 441.2 m
Stopbeam gantry

438 m ~=g——— Setting out line of dam

: ﬁ .
o 7 repeeny &
i

L 4
8 »zlum‘%ruznia::slII_~,|I controlled
m.lmtarbalanced radial gates

%

Pendulum
Shaft

[
>
g
e
g
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e
>
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#
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E
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Concrete lined stilling basi

__-— Foundation drainage




VW Clinometers



Instruments 1n Victoria

Extensometers



Extensometer:
Detail of Installation

EXTENSOMETER

" 60 m

LAYOUT OF EXTENSOMETER
IN BLOCK |

e In 76mm @ hole

DETAILS OF EXTENSOMETER HEAD

EXTENSOMETER ARRAY FIG. 6.1

drilled from gallery ‘G’




3-Point Extensometer



Instruments 1n Victoria

Piezometers / Drain holes



Drainage Holes

e:c@f;pﬁsé;@@@@w:@@@@:-'3}@@:9:@@@@:@ EPOOREBREORS

'_-1!1?

Jiazaszesy

136 haoles

LEFT BANK RIGHT BANK

UPSTREAM ELEVATION OF DAM SHOWING DRAINAGE CURTAIN HOLES

SCME B




De-choking of Drainage Holes

| Setting  out line of Dam

IGI

Limit of area of

' /- blonket grouting

Plone of grout curtoin Foundation droinage holes

Piezometer |

With drainage curtain

Without drainage curtafn Drainage curtain

SECTION B-B

SCALE A

Expected drainage efficiency is 60%



Drain Holes

lezometers

P




Instruments 1n Victoria

Survey Targets



Behaviour of Face Survey Targets

Level Studs l

g ????@@’ ?”f??‘? RARRPARASARARRRN

44150 Tﬁ: f moss concrele 43650

I
-
- g

;_.-_?"if':ace Targets

e Low level outiel

i vobve  house
T \\\_‘ Lefi bonk trodning  woll
¥
- S - t  Exiensomaier
Right Bank [ Three- pin Left Bank
DEVELOPED DOWNSTREAM ELEVATION
SCALE D 39,

L_ocations of Face Survey Target on the Dam face




Dam Monitoring Survey
Geodetic Survey

Cover for Adapter
A ST

Instrument Box




Theodolite (Kern AARAU —-DKM3)




- Survey Target Point
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Dam Monitoring Survey
Precise Leveling

< e Y
e 4 _“~-» ;.;:‘/*'-m

1 WL

Leveling Instrument |
(Kern GK 2A)

l”: ¥

}i\
i,

Centering







L_evel Stud on the Dam crest

Wrench




Face Survey Targets, 2000 Dec
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High Water [
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Instruments 1n Victoria

Strain Gauges



Vibrating Wire Strain Gauges




Strain Gauge Locations of the Victoria Dam

Left Bank

LEGEND

@ Single horizontal strainmeter with thermometer and corrector strainmeter

A Group of 4 strainmeter with thermometer and corrector strainmeter

<€ Group of 9 strainmeter with thermometer and corrector strainmeter




Vibrating Wire Strain Gauges




11kV Control Central Victoria Data
Room Instrumentation

Reading Chamber

Logger

1-419-U

Gallery B—
Gallery C—_

I-398-U

Gallery D -

1-378-U

Gallery E—

I-356-U

Gallery F ; . ST
Vibrating Wire instruments

230 | Strainmeters

Gallery G 66 | Corrector

Strainmeters
BLOCK |

66 | Thermometers
TYPICAL SECTION THROUGH DAM 10 | Clinometers




Victoria
Data
Logger

Data logger
system in the
Central
Instrumentation
Reading
Chamber

Manual Rack

Aotomatic
Logger
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Long term trend



Observation 1 of 6

Cracks in Dam



Crack Monitoring

Some minor cracks

1996 Cracks has appeared in

this region

Block 9 T

-
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Pier End Crack appeared on Block 9

441.5 m, msl

Depth in meters

Width in Meters



Increasing of main crack (Block 9) with time
(Identified in 1996 and monitored since 2002)

430

(Imm)

420

410

400

eservoir Level (m, mslh)

Cadt
pY=]
[—]

I

Increment of the crack

380

0.2 : : : : 370
2002 2004 2006 2008 2010 2012







Observation 2 of 6

Precise Leveling
Dam Crest






Precise leveling Survey Results

Crest movement




Crest displacement profile across the dam
(Precise leveling Survey Results)
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Observation 3 of 6

Crest Profile of the Dam in plan

(face survey targets)



Selected Face Survey Targets
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1_

Changing the Crest Profile of the Dam for High water levels

(Survey Targets close to dam crest)

lowns

treo

Profile High water Levels

1100
Left Bonk \

35-2

3-3

1984

Initial Profile
(1984)

Fo8-1

Right Bonk

13

1000

Praflle on 19-Haov—1984 (Level 433ﬂgs,rﬁ50

2010

Displacement=1000%4c tual Displacerent

Upstream

Frofile on Feb-2010 (Level 432.27m, msly ‘
900

Displocement of Targets near to crest

Initial Profile
Profile on 19-Nov-1984 (Water level 430.00 m, msl)

Profile on Feb-2010 (Water level 432.27 m, msl)



Initial Profile

3\1\-1 Townstreom
1100
I\ 35-2
Left Bank
3-3 Y
Fa
-3
=4
11 Qo-5
14 14
1000

FProflle on 23-Mar-1987 (Level 389,00m, msl)
FProfile on 23-Moy-2001 (Lewvel 3953Llm, msl)

200

Upstream

(1984)
= }RI ht Bank

N[ 2001
|

Displacement=1000xACtual Displacement




Observation 4 of 6

Pendulum Readings



Pendulum Behaviour — NP2

Pendulum at Block 2

0 @ 29 @9

63 @2
Y ©

Axis of Dam

00/9
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&n @9 @I 63 @GS

concrete 436—50
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VICTORIA DAM MONITORING VICTORIA DAM MONITORING
Profile of Dam at NP2 for Reservoir Level 438.0 Profile of Dam at NP2 for Reservoir Level 380

440 440

420

i

400
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e
= s
E E
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5 380 =
S T
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w Q@
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=#=3 Nov 1989 =19 Aug 1987
340 340 | ]
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320 ‘ , : : ‘ w 3260 \ ‘ ‘ !
0.0 10.0 200 300 400 500 | | -10.0 0.0 10.0 20.0 30.0 40.0
Ym Displacement (mm) Ym Displacement (mm)

Source: GIBB Report on Inspection of Victoria Dam and Hydropower Scheme Volume 1, Dam and Reservoir, December 2000



Normal Pendulum Hysteresis Plots
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Observation 5 of 6

Face Survey Targets
(around spillway section)



Face Survey Targets around spillway section

= =)

l
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LEFT BANK

\‘\_‘ Left bonk troining  woll

Right Bank

— Three - point  Exlensomaler LEft ank
DEVELOPED DOWNSTREAM ELEVATION

SCALE D 29,

LB — RB movements




Face Survey Targets around Spillway Section

Block 10 Block 09

Right Bank Left Bank

Downstream View




Historical Behaviour of Face Target 12-4 and 11-5

Horizontal Displacements in X direction

Horizontal Displacements of the Face Targets 12-4 and 11-5 - X Direction
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Movement of Selected targets

Horizontal Displacements in X direction

y=-0.00088x+ 19.47155 y=0.00142x - 39.66245
20mm 1n 2022 \ A ‘ 20mm 1n 2015
20mm in 2040 Auke of Dok 20mm in 2020
y=0.00131x-47.43922 RS I <€<—| y=-0.00210x+ 72.31910
& & —3 —3
| g
18820000090 0TRe
] L] l I ?
00/10 |18 Jar}nmlngLGatesl oy i
Y 1274 £ : : : 1
e | v | e J| gt 00 —PEEE*
é : i ; | : _]I ! ; } ' /4 wsz'
—e + T =) T oY - = iz ] | —Q'——?
Right Bank Left Bank

Downstream View




Observation 6 of 6

Strain Gauge
(long term trend)



Strain Gauge readings
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Vertical Strainmeter
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If E =26 GPa, e= 211*10-6, then Stress=5.5 N/mm2




Horizontal Strainmeter
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Conclusion

Dam Irreversible
Deformation



Pendulum readings at Block 2

Linear (IP2) —Poly. (NP2)

Average for high reservoir
levels: 436.06 m, msl

Trend 2.01 mm upstream
per year
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Reference: Poyry Energy AG, Comprehensive Surveillance Report-Victoria Dam,
Dam Safety and Water Resources Planning Project, October 2010




Maximum flood reservoir level 441.2 m
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Precise level readings
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Maximum flood reservoir level 441.2 m

438 m 2.12
F mm/year
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Irreversible deformations
(high water levels)

Irreversible
deformation

| 1.76 mm/yr
| 2008 \
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Irreversible deformations
(low water levels)

Irreversible
deformation

1.65 mml/yr
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Finally

Dam has shown

Trend of upstream movement
Trend of vertical rising

Need

Understanding the behavior with available data
Back analysis

Two approaches

Numerical Study-FEA

Experimental Investigations
Possibility of AAR (ASR)
Lab test /core samples
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Finite Element Studies of Victoria Dam

(University of Bristol, October 1980)
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Dams and Public Safety

Concepts and Hypotheses will often be
more Important than calculations which
may be worth little, if founded on the
wrong assumptions...

Designers should be encouraged to use
the most advance techniques but at the
same time they must be cautioned not to
forget Elementary Forces




Uncertainty

We cannot say, as a matter of

principle, the In all its
detalls....

Need large number of

measurements to predict the
end effects (FoS)



‘ Material Strength
FOS Load Conditions



Scholar Views

| have no special talents but | am
passionately curious

| know that | don’t know
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