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Infrastructure safety - common points

» Human design

> Stored potential energy

> Potential damage
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Large dams in Switzerland
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Contra (220 m)
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We learn from accidents and incidents

Exploratory gallery
Rawyl tunnel
1978
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Figure 6.2.2-2. Zeuzier— Situation du barrage de Zeuzier et de la digue de
Proz-Riond.

Figure 6.2.2-2. Plan of Zeuzier arch dam and Proz-Riond earth dam.
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1978: movement measured
by the pendulum
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Figure 8, a gauche. Déformations
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Causes of dam failures I

Statistics issued from ICOLD Congress 2018 o
Question 105 — Incidents and Accidents concerning Dam

ICOLD Bulletin 99, updated 2021

Causes of dam failure:

v Dam overtopping ~40 %
v" Internal erosion ~ 40 %
v" Other cause ~20 %

(structural, human factor, earthquake, etc)
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Number of failures
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Failure context versus age at failure

» The 5 years after construction are the most critical
in the timelife of a dam

» The flood failure rate is not very sensitive to the
age of the dam.

normale ™ Qfue (inhabituelle et extréme) m Séisme (inhabituel et extréme) ® Autre aléa naturel (inhabituel et extréme) Action humaine hostile

40
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Swiss Dam Safety Concept I

Dimensioning and
construction based on
status of science and
technology

Structural safety

Surveillance and
maintenance in line
with objectives

Surveillance &
maintenance

Preparations for
emergencies

Emergency
concept

< -4 m T > wm

Minimisation
of risk

Mastering of
residual risk
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Palagnedra: arch-weight dam H=72 m dam

7th August 1978:

- Heavy rain — flood

- 25,000 tree trunks swept away

- flood spillway blocked

- the bypass gallery remained closed
- spillage and shoreline erosion
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Historical accidents

Vajont (Italy) 1963
Malpasset (France) 1959
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World Declaration on Dam Safety

= ICOLD Mission statement says R
. . % World declaration on .

“ICOLD leads the profession in i ot ﬁ
setting standards and establishing |
guidelines to ensure that
dams are built and operated safely,
efficiently, economically, and are
environmentally sustainable and
socially equitable.”

= Core value of ICOLD since its
foundation in 1928

= ICOLD issued in 2019 a World
Declaration on Dam Safety
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N
\: “ “Better Dams for a Better World”
A
dl oved on Orisber 18% 2019, in Parto.
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World Declaration on Dam Safety
Pillars of Dam Safety

 Structural safety

» Normal operation and extreme
conditions

> |ICOLD bulletin

 Surveillance and monitoring

» Understanding the performance
of the dam

» Check the design conditions still
prevail

« Emergency planning e
» Minimize the residual risk Nurek dam in Tadjikistan (h= 300m)
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Swiss Dam Safety Concept I

Dimensioning and
construction based on
status of science and
technology

Structural safety

Surveillance and
maintenance in line
with objectives

Surveillance &
maintenance

Preparations for
emergencies

Emergency
concept

< -4 m T > wm

Minimisation
of risk

Mastering of
residual risk
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World Declaration on Dam Safety
Main principles and issues

» Safety criteria of Existing Dams — Same as New Dams

» Safety of Systems — cascades, transboundary
jurisdiction's, etc.

» Reservoir Sedimentation Impact
» Climate Change Impact
» Performant Operation and Maintenance

21
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N
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Correct design of the dam
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Correct design of the dam

A. At initial design

B. Periodic verification of safety conditions

Must be considered :
O Alteration of material properties
O Alteration of foundation conditions
dChanges in design loads
QO Evolution of standards and norms
d Changes in the acceptability of societal risk
Q Changes in the assessment of environmental impact
O Adapting to changing business needs

23
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Reassessment of flood conditions

Montsalvens dam
Arch dam. 52 m, 1920, raised in 1926
New spillway in 1999

24
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Chemical alteration

AAR - Alkali-
aggregate
reaction

Lago Bianco
dam
Waterproofing
measures using a
synthetic
membrane to
prevent water
penetrating the
concrete
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TOKWE MUKOSI - Zimbabwe, 2014

90 m high CFRD
C =1.75 billion m3

Reservoir filled up
without upstream
facing

Cause:
Diversion tunnel
undersized

No failure...

Failure/incident at a
young age

Laboratory of Hydraulic Construction

EPFL:
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young age

ITUANGO dam - Colombia

Central Clay Core
Rockfill Dam

227 m high

C = 2,7 billions m3

* The diversion tunnel
was blocked by a
landslide and fontis
near the end of
construction.

« Uncontrolled raising of
the reservoir level.

Discharge by the power plant cavern
~1000 m3/s under 200 m head!!!

27
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ITUANGO dam - Colombia, May 2018

Speed race
between the rise of
reservoir (100 m in
a few days) and
the rise of an
emergency
upstream
emergency
cofferdam

Finally, the dam
was saved

28
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Xe Pian - Xe Namnoy - Laos, July 2018 Failure/incident at a
young age

Failure of saddle dam
of a large
hydroelectric scheme
during first filling

« Homogeneous

dike - H=16m
* On 16 m deep v' Abnormal settlements recorded before
lateritic foundation failure

: v i
» no foundation No overtopping . .
— Cause of failure : regressive erosion

treatment in the pervious and erodible lateritic
foundation

29
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Xe Pian - Xe Namnoy - Laos, July 2018 Failure/incident at a
R R S young age
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v' Total volume of the Xe Namnoy reservoir : 1 billion
v" Volume released : 0,5 billion m3

v" 140 casualties

v" More than 12 000 affected people
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SARDOBA dam — Ouzbekistan, May 2020 Failure/incident at a
young age

Dam

Embankment dam
Commissioning : 2017

Height : 29 m

Volume reservoir : = 922 Mm3
Failure during flood

Consequences :
Transboundary issues
Few casualties
Inundation and damages

Emergency plan
70 000 p evacuated in Ouzbekistan
20 000 p evacuated in Kazakhstan

31
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Swiss Dam Safety Concept

Dimensioning and
construction based on
status of science and

technology

Surveillance and
maintenance in line
with objectives

- Surveillance &
maintenance

Preparations for
emergencies

- Structural safety r
S
A
F
E
T
Y

- Emergency
concept

Minimisation
of risk

Mastering of
residual risk
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Design criteria for the "flood" case

Minimum Freeboard
Concrete dams: 1to 2 m
Embankmant dams: 2 to

4 m

Laboratory of Hydraulic Construction

ME_Z ( niveau supérieur )
CRITERE 1 ( niveau inférieur ) pour | HQ max
pour | HQ4000
plan d'eau < cote de danger
plan d'eau < couronnement couronnement | « [cote de danger| < [ couronnement
_freeboard_ E—— <Oy [ I
1 operating_—~_
level -
barrage
en observant en observant en béton digue
régle (n-1) regle (n-1) .
en considérant opérationnels en observant
tous les organes de vidange regle (n-1)

EPFL:
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Design criteria for the "flood" case

— Avoid uncontrolled
water release and

Concrete dams

Embankment Dams

overtopping Design Safety Design Safety
flood flood flood flood
Q 1000 Q 1000 PMF
Gates / Valves 1 blocked all 1 blocked | 1 blocked
operational
Turbine flow none (yes) none none
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Derna & Mansur dams - Libya, September 2023

Mansur Dam

Embankment dam with clay core
Commissioning : 1977

Height : 75 m

Volume reservoir : = 25 Mm3
Failure during flood

Consequences :

Failure of Derna dam downstream
4 500 casualties

8,500 missing

Emergency plan
42'000 p evacuated
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Difficulties in formulating design criteria for natural hazard load cases

Sy
e
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Research areas for dams in Switzerland

1 Safety of concrete dams in case of earthquake

1 Safety of embankment dams in case of earthquake

4 Evaluation of the PMF and the design flood

d Long-term behaviour and mechanical properties of dam concrete

[ Static and dynamic behaviour of rock foundation

38
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Swiss Dam Safety Concept

Dimensioning and
construction based on
status of science and
technology

- Structural safety

Surveillance and
maintenance in line
with objectives

- Surveillance &
maintenance

Preparations for
emergencies

< 4 m 7 > w

‘ Emergency
concept

Minimisation
of risk

Mastering of
residual risk
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Objects of Dam sypy,
SURVEILLANCE ,E> survelnce
DES BangpgsllaNce
< Visual Checking & 2,
Monitoring inspection Testing foundation,
]. I resennir,
e e T = I
:---.EEEE@----; :-----ﬁ?i_ _.i_-_-.' structures
{spilhvays,
outlets, etc.)
Manual Automated
i Structural
Acquisition Acquisition monitoring
Transmission Transmission system,
Processing Processing . R security
Preliminary Preliminary Preliminary Preliminary monsoring
Analysis Analysis Analysis Analysis e
{access &
anti-intrusion
; 11_1- J.__.L J....L ‘LJ' monitonng),
\ OVERALL ASSESSMENT OF DAM SAFETY ::> —

The purpose of dam surveillance is to detect as quickly as possible
e any damage
 any structural safety deficiency

40
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According to the safety concept, surveillance is based on 3
components:

1. Visual inspection of all parts of the dam, according to a pre-
established programme;

2. Monitoring the dam to check its behaviour;

3. Checking and testing valves and other hydraulic safety devices
(with full-open test if possible).

41
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Operational levels of surveillance

Dam Warden

I (operating staff)
1 Qualified Engineer
(civil engineer)
Only for
large dams Experts
111 (civil engineer and
geologist)
Supervisory
v Authority

Visual inspections
Measurements and
surveys

Testing (valves)

Ongoing assessment of
inspection results.
Detailed annual inspection
Analysis of behaviour
Annual report

Five-year safety assessment report

Verification of compliance

Validation of reports

Inspections

Technical and operational measures

42
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Level 1: The Dam Warden

Visits and inspections
= Measurements and visual inspections following the surveillance plan;

= Validation of electronically transmitted measurement data by carrying
out manual measurements on-site.

Checking and testing gates and valves
= Annual inspection;

= Each inspection must be carried out with a high water level in the
reservoir and must include a discharge test (wet function test) if
technically feasible;

= The way the inspection is performed and the findings must be
recorded in a report.

43
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Dam Surveillance - Visual Inspection

State of embankments,
settlements, landslides,
wetlands

Bank instability

Condition of hydromechanical
— Leakage equlpment ﬁ 2

Laboratory of Hydra. %&
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Uberwachung auf vier
2 verschiedenen Stufen

1 Betreiber der Stauanlage

Fiihrt die regelmissigen visusllen Kontrollen,
die i und die durch.
W Erfahrener Ingenieur

Fuhrt jahrlich eine visuelle Kontrodle durch,
beurteilt laufend die Messergebnisse und
schreibt einen Jahresbericht.
m Experten

Fizhren alla funf Jahre sine umfassande Priifung
des Zustandes und des Verhaltens der Sperre

Breita von Fugen und
Rissen (es gibt ksine
Staurnauer ohne Risse)

und ihrer Umgebung durch,
IV Aufsichtsbehrde
die Ul ion d
Theodolit
(Winkelmesser)

und beurteilt di

Berichte.

Der Bund ist Aufsichtsbehérde der 227 grossen
3 5 - . Die kieineren Talsp
vy 4 : den Standortkantonen.
zum geodatischen ' e e €
Vermessen der

Verformung der
Staurmauer

zur Messung der
Wassar- und der
Batortemparatur

of ol i e

7

~ zum Maessan des y . - ; gt i
- Wasserpegels ; :
0 des Stausees

zum Messen der
Sickerwassermenge

Mivelliergerat
zum geoditischen Pendeliot

| Vermessen von Hihen- zum Messen der
unterschieden und Verformung
damit der Verformung der Staumauer
der Staumauer
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Valve operation tests

©  initial EE
@ IEER (EEE

@ WII 10 -20 cm
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Level 2: The Qualified Engineer

Annual inspection
= Visual inspection once a year;

= Preparation of annual report, which includes

1. Report on operation tests of the gates;
2. Monitoring reports;
3. Visual inspection report;

with, in particular
» Representation and synthetic explanation of the tests, measurements
and inspections performed;

» Analysis of the results and findings concerning the condition and
behavior of the dam (including auxiliary safety-relevant structures and
slopes around the reservoir);

» Assessment if operation is still safe;

» Recommendations about necessary maintenance,
construction measures, monitoring.

47
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Level 3: the Experts

Five-yearly inspections
= Comprehensive safety review;

= Conducted by experienced experts in the fields of civil engineering and geology;
= Main tasks:

= Comprehensive analysis of condition and behaviour of all components of the facility,
including possible links between condition and behaviour as well as possible
occurrence of long-term trends;

= Assessment about the state of the art in science and technology;
= Assessment if operation is still safe;

= Recommendations in particular about necessary maintenance, construction
measures, monitoring or further studies.

48
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Level 4: The Supervisory Authority

Elaborates guidelines
Approves projects (new projects and rehabilitation)

Inspections by the supervisory authority

= Supervisory authority participates in five-yearly inspections and
additionally inspects the facilities concerned once every 5 years;

Also:
= Formal review and validation of safety reports;
= Order technical or operational measures for dam safety;

= Order draw-down of the reservoir or other precautionary measures if
necessary.

49
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Swiss Dam Safety Concept

Dimensioning and
construction based on
status of science and
technology

- Structural safety

Surveillance and
maintenance in line
with objectives

- Surveillance &
maintenance

Preparations for
emergencies

< 4 m 7 > w

‘ Emergency
concept

Minimisation
of risk

Mastering of
residual risk

50
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SURVEILLANCE

Monitori Visual Checking &
ehnenng inspection Testing
........... b e B
Reports Reports
Manual Automated
Acquisition Acquisition
Transmission Transmission
Processing Processing \ k
Prelirminary Preliminary Preliminary Preliminary
Analysis Analysis Analysis Analysis
4L 3% 5 L 4L

\ OVERALL ASSESSMENT OF DAM SAFETY

L,

In case of abnormal behaviour :
 Enhanced surveillance

* |nvestigations

* Precautionary measures

Laboratory of Hydraulic Construction

Objects of
survelllance :

Dam,
foundation,
reSenvoir,

appurtenant
siructures
{spillways,
outlets, etc.)

Structural
manitoring
system,

Security
monitonng
system
{access &
anti-intrusion
monitoring),

alert system

EPFL
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Concept of auscultation

Ordinary surveillance

Enhanced surveillance

Deformations

pendules

extensometres

Seepage U
rive droite " S—7 rive gauche

~

+ sources aval total

Pore pressure Uplift

Deformations
réseau de triangulation o
nivellements
I\ pendules
I % V) polygonales
extensometres

Seepage
@ sectoriellement
rive droite S rive gauche

(o)
+ sources aval total

Pore pressure Uplift

— \
= \
i
~
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Concept of monitoring

Failure mode

Behaviour indicators

Sollicitations, loads
Parameter to be measured

Response
Instrumentation ~ Accuracy
Redundancy

53
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Concept of monitoring

Deformations

Seepage and pore pressures

=

=

along vertical lines

(extension underground)
Plumblines and inverted plumblines
geodetic survey (angle and distance
measurements)

along horizontal lines

(extension in abutments)
wire alignment, levelling, optical alignment, angle
and distance measurements, polygons

Rock deformation

variation in length and deformation along lines in
boreholes (extensometer, sliding micrometer,
sliding clinometer)

in cracks and joints
accessible reference points (micrometer,
dilatometer, clinometer),

stress '|auges

= Seepage flow in galleries

¢ volumetric measurement with container and
chronometer

¢ calibrated weir, measuring channel

= Pore pressure
¢ open boreholes / wells (piezometer)
¢ closed boreholes (manometers)
¢ pressure cells
v pneumatic,
v" hydraulic or
v' Electric cells

54
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Monitoring system — Plumblines / inverted plumblines '

Aeterence number 2. 1000(1). above Typical example of a modern arrangemant of plump lines.
1 Crest of gam. 2 Plumb line, 3 Point of suspension of plumb line, 4 inveried plumb line, § Anchorage
of invered plumb kne.

Reference number 2.100(2) at right. Schemalic representaton of plumb lines. 1 Crest of dam,
2 Plumb line. 3 Point of suspension of plumb line, 4 Inverted plumb line, 5 Anchorage of inverted
plumbs line, 8 Cement grout. 7 Measuring poind, 8 Float/float tank, § Damping tank.
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[image: image1.png]Reterence number 2.1000(1). above Typical example of a modern arrangement of plump lines.
1 Crest ot Gam, 2 Plumb line, 3 Point of suspension of plumb line, 4 inverted plumb line, § Anchorage
of invenied plumb kne.

Reterence number 2.100(2) a1 right. Schematic representaton of plumb lines. 1 Crest of dam,
2 Plumb line. 3 Point of suspension of plumb line, 4 Inverted plumb line, 5 Anchorage of inverted
plumb line, 6 Cement grout. 7 Measuring point, 8 Float/float tank, § Damping tank.








Dam Engineering
Dam Safety and Surveillance

Monitoring system — Plumblines
Optical measurement

Laboratory of Hydraulic Construction
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Monitoring system - Measuring angles and distances

Reference number 2.101(1). Simple measurement of angles used for determining horizental dis-
placements. The measurement system uses observations with a theadolite from a pillar {reference
point A) to the control points on the dam (targets 42, 44, and 46) using reference point {B) as orien-
tation. As a check analogical measurements can be made from the cpposite reference point(B).

Reference number 2,101(2). Simple measurement
of vertical angles used for determining the up-
stream/downstream deplacements of targets lo-
cated on the downstream face of the dam. (P) Ref-
Reference number 2.101(3). Simple measurement of distances between control targets on the dam  erence point, usually an observation pillar, (H)
and fixed reference points downstream deplacements of the dam using an electro-optical distance  Horizon, (L) Inverted plumb line, 11 to 16 Control
meter. (M) Reference point, (D) Measured distance, 20 to 50 Control targets, targets.
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Reference number 2.101(1). Simple measurement of angles used for determining horizontal dis-
placements. The measurement system uses observations with a theadolite from a pillar (reference
point A) to the control points on the dam (targets 42, 44, and 46) using reference point (B) as orien-
tation. As a check analogical measurements can be made from the opposite reference point (B).

Reference number 2.101(3). Simple measurement o distances between control targets on the dam
and fixed reference points downstream deplacements of the dam using an electro-optical distance
meter. (M) Reference point, (D) Measured distance, 20 to 50 Control targets.

Reference number 2.101(2). Simple measurement
of vertical angles used for determining the up-
stream/downstream deplacements of targets lo-
cated on the downstream face of the dam. (P) Ref-

erence point, usually an observation pillar, (H)
Horizon, (L) Inverted plumb line, 11 to 16 Control
targets.
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Monitoring system — Geodetic survey

58
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Crack opening measurement: Micrometer
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Auscultation system - Rod extensometer (rockmeter)

Reterence numbar 2 120-1(3), lef. Rod exten-
someter for concrete dams. Typical layout of
the measuring system. 1 Measuring head with
dial depth gauge, 2 Anchorsges of different
rods, 3 Cemeant grout, (L1, L2, LI) Measuremen

iengths

AR T Reterence number 2 120-1(4), above. Possible
Y I—’_..._ 2 arrangemant ol exiensométers in the lounda-

tion of an arch cam showsng flour Dorngs
equiped with thrée axtensomelars anchorad at
difterent depths

61
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Monitoring system - Vertical settlement marker
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Example: Mauvoisin dam - plumblines

i400 e

o oTz===
| [gres2.50 -y . @ s 6 - 8 g Q 12 3y 4 @b 7 | 18 .
. | 1 ! = g Y =B &
1

\ | | { ' ' ‘ ! ‘ ' ! 135700 |
| &
1922.60 -
v Kb X
1886.20 1885 00
Xy _ :'@ Ty —
1838.60 1837 00
Y 3 | —
{
1790.90 |
ITE9 00 o
. 1 I ™
-
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BARRAGE DE MAUVOISIN

Dam Engineering — PENDULE 15 STATIONS
i Dep! t radial en foncti au d'eau
Dam Safety and Surveillance placement reckel en fonction dh sle

Niveau de la retenue

Example: Mauvoisin - AR
" I Niveau max. d'operation actuel 1961.50
<
1950 e
MAX  1961.50 _r_i_4_00
v T g 962,50
1930
1922.60
¥y .
A-A 1910
1886.20
X
1890
& 8
1838.60 )
Y "
o~
1870
MIN  1800.00
4 — 1790.90
1850
/ e
1830 \W
i
1810
30 40 50 60 70 80 90 100
Deplacement en mm

HH / 5591
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Example: Mauvoisin dam

Figure 4.1.1-5. Mauvoisin— Déformation horizontale au niveau 1885 (me-

sures géodeésiques).

= Mesure No Date
Measurement No.

Niveau du lac
Reservoir level

0 V/1958 1816
1 IX/1958 1961
2 IV/1962 1825
3 IX/1974 1960
B'TSC - g 4 VI/1975 1863
J N |/ 7/l 5 IX/1979 1958
:'74150 123 e c 8 : 6 VI/1981 1867
x e > i‘i s ev & H 7
z y \ i I!: ‘U / I i _‘/ &//
E i “SE (ff 5 \ t | : /
- -‘f /-? : :_ /;{:\ o 10 “5\'3&“;1:::- 50 60 7TOm
; g 4/ \ DEFORMATIONS . i
» -
]
e ] ) . 66
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Monitoring system - Leakage

=» Volumetric measurements
-=» Calibrated weir

=» Turbidity measurement
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Monitoring system — Uplift pressures

Rederence number 2. 301-1(2) Typ+ Reference number 2 301.1(8) Posmsbie layou! of uphfl measurements of
cal layoul of uplift Mmeasurements of types (C) and (d) in the foundation of a cam 1 Groul, 2 Clay peliets. 3
type (a) Quartz sand (grain size 1.5 1o 2 mm), 4 Pezometer, & Grout Curtain

68
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Monitoring system — Uplift pressures

f/ \ = —
\ [
" 1 4 &) (%) (&)

———
-~
|

AR

W

L

Wy ""\ 'y
| L A

] ] -‘ [

Reterence number 2 301-1(3) Connections Ol Dipes 10 Manometers
Floor wall, 2 Grout, 3 Concrete, 4 Rock-concrete interface, 5 Tubed length
of borehole, 6 Non-tubed borehcse, | Ditch, B Metal cover, 9 T-peece (e g
Z7 10 2.57) acting as pipe closure and connection o pressure lube, 10
Flexible pressure tube 11 Manometer
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Example: Chatelot dam

SOCIETE DES FORCES MOTRICES DU CHATELOT

Barrage du Chatelot

Expertise quinquennale 2018

Mémoire et annexes

LM/WG/CHO9/R01 Lausanne, le 13 février 2020

. o 71
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PLAN DE SITUATION
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ELEVATION DU PAREMENT AVAL 1 : 500

VUE AVAL DEVELOPPEE
(Coupe A-A au droit du joint entre le chenal collecteur et le barrage)

Numeérotation conventionelle des joints
udaplée pour la visite compléle (80) (‘70) (60) (50) (100) (30) (20)
de septembre 1983 . " t
Anciennes fissures visibles sur le parement amont
\( Bofte de_connexion R (relevées iec 7 et 14.4.1986)
\ (cibles dee "] 3/4, 475 5/6 3|2 /6/7 7/8 8/9 9/22 22123
3\ thermometres) g
720 | %l5 S
LiZ = Retenue max. normale 716.00 <8 FISSURES SOUS LE BEC DEVERSANT = S SR
] /A
|| Y —n i3 A G 7 3 N
! a I } b | < H d_Jelfi&a b { iy k _jUt mm'njo Jpo | A
70 i § OO TRV X =
f T = EEL : =R S| ll\\\\ p}(@\,
% {Toest - 4J(TT nos 2-3-4 )[r TTne1] N . -
[} h t
FISSURES % 3.1{4_/;“ {{Ihermomstres AR o
100 ~ 3 sl 00
NG S o — - — -
\ \ 3 & . Am/ﬁnuves sur le parement aval
F*—” 95 7 2 relevées en novembre 1993
3 592 A
690 R\ gg 3 —— : 690
I AL ‘l 686
A s - A+—— ,
NN VUE DE L'AMONT 1 : 500
680 W feYA 1}
W \'\\ - | i Belvédére Frangais
FISSURE (N° R q& \ == Ny Bloc 23 Bloc22 T~ Bloc 9
670 § RN I FH ]\ . - - .i._,a,%. 1
0 S B L el -5l & ) 11
Fissure sur paroi aval N i 71800 g i } . g A]k -~ \l - ! F=
de la chambre des vannes W ‘5& " A L g8m §jﬁ =
éré t P ] H X
666 epérée en septembre 1991 )n\ : ) Y 3,
SUISSE FRANCE e e
RIVE DROITE RIVE GAUCHE 100 =
650
Fissure N°8 repérée § "
jusqu'a la fondation en 2001 \'___‘
[
DETAIL B e :
Ligne probable actuelle \h
ELEVATION VUE DE L'AMONT du terrain
VUE EN PLAN Rive francaise Ty~ 4.50 T
COUPE A-A 1:500 ~ & 716.40 Rive SunTse
NE } =
0.10 i
I 2= — LEGENDE
I J~100 J ® Fissures relevées sous le bec dé t dés 1979 LN
Anciennes fissures _ ‘LTQ.:.;.;.O_‘? " 7 \_Fin de Varrondi du déversoir

relevées les 7et 14.4.86
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Barrage du Chételot
Expertise quinquennale 2018

DISPOSITIFS DE MESURES
( Section centrale du barrage )
- Modernisation et installation de nouveaux appareils de mesure : mai 1987
- Installation de 12 nouveaux capteurs de pression : automne 1995

Déplacements

P AMONT AVAL

 719.0 Yy Couronnement —\
Wheversor (71640 Y _|
716.00 K g
711.0 Suspension du pendule
8
7100 Thermometres électriques (alt.709.9) G
T4 T3 T2
700.0 amont centre  aval
698.0 Centrage du pendule o N )
630.0 B
| 684.0 Centrage du pendule .
680.0
676.5
PENDULE NORMAL Table de lecture du pendule
inverse, altitude 662.50
665.9
662.9 Nouvelle table de lecture ¥ 663.0 Repére géodésique
supérieure du pendule normal N° 118
649.0_ Ancienne table de__ ROI \.'
lecture inférieure N Xt 6.20 Point d'ancrage

du pendule inverse

LEGENDE

Voir Annexe 19

¥ Point de suspension
»«  Centrage du pendule Anci ises install truction :
- 9 prises de pression entre le béton et le rocher,
< Post lecture Y y '
oste de lecture réparties de part et d'autre de la section centrale.
T Cuve duflotteur
&  Poids tendeur Nouve & ression instaliés en 1
. - 6 capteurs au niveau du contact rocher - béton
A Ancrage du pendule inverse - 6 capteurs dans le rocher

Ci  Clinomatre - poste de lecture
Remarque : Mesure des débits d'infiltration : Vidange périodique du puits, mesure par compteur.

CHO9/R01
Annexe 2

- 3 capteurs au niveau du contact rocher - béton
- 3 capteurs dans le rocher

INSTALLATION D'UN PENDULE INVERSE
( Culée Rive Gauche / Bloc22)
Mesure origine : 22.03.1996 / Niveau du lac 708.39
Coupe Transversale
CUVE DU FLOTTEUR
720
COURONNEMENT 71900 7718.40_ POSTE DE LECTURE
SUPERIEUR
RETENUE MAX.Y
' Voir Annexe 25
i Nouveaux capteurs de pression installés en 1995 :

(}650,00 POINT D'ANCRAGE
DU PENDULE INVERSE

Laboratory of Hydraulic Construction
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DEPLACEMENTS MESURES AMONT - AVAL DU POINT ALTITUDE 711.00 M.S.M.

(Pendule normal de la section centrale du barrage)

Mesure d'origine : 15.01.1953 / Niveau du lac : 657.00 m.s.m.

Poste de lecture 711
14 l

e
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o »® AV o N A O ®
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e
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.M N i \ N “ I | A M P J i
ST f \ /1] | A | \ |
AR \ ] \ \ \ ] | I i | | \ ] [ |
S \ | | | | | [ 1 1, \ /N 1 11
1 VA A L A/ A1 A i VAR A Vo
; y Y \V 1\ \
y | V v [ TW W A [ v |y \ \ /
o . J 14 v \U 1/
. \
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-10
o 8 S S 8 S 8 8 S 8 3 2 = o e I o e = e 2
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DEFORMATIONS AMONT - AVAL MESUREES AU MOYEN DES PENDULES
(Section centrale du barrage)

JANVIER FEVRIER MARS
m.s.m.
YL Couronnement
719.00 AEEALVIR ] ) T
Iy |8 |‘| | W, r'
\y
(YR} \\
1y AN |
\ i
711.00 LA A\
710.00 T \\T
700.00 A § _|
698.00 - )i l——
690.00 4+— | -
684.00
680.00
676.50
665.90 —
662.90 —
646.20
0 2 4 6 8 10 12 14 16 0 2 4 6 8 1012 14 16 0 2 4 6 8 101214 16
- vers l'amont ,L vers l'aval +
Enveloppe 1984-2003
NIV. TEMP. °C NIV. TEMP. °C NIV. TEMP. °C
LAC | AR | EAU LAC | AR | EAU LAC | AR | EAU
MAX. | 716.02| +2.50 | +5.00 MAX. | 71579 | +3.50 | +6.00 MAX. | 714.82| +6.50 | +8.00
MIN. | 70466 | -3.00 | +1.00 MIN. | 70088 | -5.00 | gelée MIN. | 70720 | +1.00 | +6.00
MAX. | 71277 | +4.50 | +9.00 MAX. | 714.08 | +4.50 | +6.00 MAX. | 71629 | +7.00 | +7.00
MIN. | 70550 | -5.00 | +0.50 MIN. | 70865 | -8.00 | +2.00 MIN. | 708.12 | +0.50 | +3.50
PERIODE | MAX. | 71542 +3.50 | +5.00 MAX. | 71044 | +5.00 | +5.00 MAX. | 70782 | +9.00 | +8.00
2009-2013 | miN. | 701.13 | -4.50 | +1.00 MIN. | 699.04 | -1.95 | +1.00 MIN. | 70447 | +1.00 | +6.00
PERIODE | MAX. | 711.81 | +3.50 | +8.00 MAX. | 71567 | +6.50 | +5.30 MAX. | 71023 | +5.00 | +7.00
2014-2018 | MIN. | 69651 | -9.50 | +4.00 MIN. | 709.25 | -2.00 | +3.70 MIN. | 70289 | -2.00 | +5.00
JANVIER FEVRIER MARS
S —

Mesure d'origine : 15.01.1953 / Niveau du lac : 657.00 m.s.m.

AVRIL

-4 -2 0 2 4 6 8 1012 14 16

Enveloppe 2004-2008

— Enveloppe 2009-2013

\

MAI JUIN

AN T \\ N
\\ T\ \ ‘ !\\
NI A N, \
N\ \\ L 5

v/ A8V
/S A

AV A

6-4-202 46 81012

e Enveloppe 2014-2018

NIV. TEMP.°C NIV. TEMP.°C

LAC AR EAU LAC AR EAU
MAX. | 715.94 | +8.00 | +11.00 MAX. | 715.93 [ +13.00 | +18.00
MIN. | 706.93 | +2.00 | +2.00 MIN. | 70274 | +6.50 | +9.00
MAX. | 716.40 | +12.50 | +14.00 MAX. | 714.14  +11.00 | +13.00
MIN. | 705.39 | +3.00 | +9.00 MIN. | 70555 | +4.50 | +10.00
MAX. | 709.32 | +11.50 | +12.00 MAX. | 706.48 [ +13.50 | +17.00
MIN. | 70049 | +6.00 | +6.00 MIN. | 696.39 ( +7.00 | +9.00
MAX. | 711.47 | +10.00 | +13.10 MAX. | 712.84 | +18.00 | +16.00
MIN. | 69750 | +2.00 | +8.50 MIN. | 706.83 | +9.00 | +12.00

AVRIL MAI
Lavuidivly Vi 1Liydiauliv vulisuuuvuuvll

-12-10 -8 -6 -4 2 0 2 4 6 8 10

mm
NIV, TEMP. °C
LAC AR EAU
MAX. | 71279 [ +16.50 | +21.00
MIN. | 69889 | +8.25 | +14.00
MAX. | 715.96 [ +18.00 | +21.00
MIN. | 69533 | +10.50 | +13.00
MAX. | 71433 [ +22.50 | +24.00
MIN. | 703.25| +9.50 | +12.00
MAX. | 713.68 [ +21.50 | +19.40
MIN. | 709.29 | +12.00 | +14.00
JUIN m m
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Poste de lecture 711 Poste de lecture 698

msm msm

DEPLACEMENTS AMONT - AVAL MESURES AUX POSTES DE LECTURE DES e ‘ 8

PENDULES EN FONCTION DU NIVEAU DU LAC 715 ~ 715
(Section centrale du barrage)
Mesure d'origine : 15.01.1953 / Niveau du lac : 657.00 m.s.m. 710 A y 710
705 4 ol 8 705
700 Q Mly/ V ¥ 700
695 695
690 ! 690
-10 -5 0 5 10 15 20 -10 -5 0 5 10 15 20
mm mm
Poste de lecture 684 Poste de lecture 662.50
msm msm
718 719
715 715 m
710 710 H
705 — 705 u
700 ! 700
695 695
690 ' 690
-10 -5 0 5 10 15 20 -10 -5 0 5 10 15 20
mm mm

- vers |'amont J\ vers l'aval + - vers 'amont J‘ vers l'aval +

: 0 :

?
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DEPLACEMENTS AMONT - AVAL MESURES AUX POSTES DE LECTURE DES PENDULES

EN FONCTION DE LA TEMPERATURE DU BETON AU NIVEAU 711.00 M.S.M.
(Section centrale du barrage)
Mesure d'origine : 15.01.1953 / Niveau du lac : 657.00 m.s.m.

Poste de lecture 711 °c Poste de lecture 698
25

20

15

10

mm mm

°c Poste de lecture 684 °C Poste de lecture 662.50
25

25

20

20

15

10

- vers I'amont vers l'aval + - vers I'amont vers l'aval +
. ____________________________________________________|
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Stochastic predictive approach to travel

Le déplacement calculé d; résulte de la superposition des déformations dues a quatre cas
de charge :

a=li+Wi+GC+T,
li. Effet des déformations irréversibles (fluage, plasticité, endommagement, etc.)
Sa,tat
W, : Effet du niveau du lac

Zas;-wHa, W
ou w est le niveau du lac

C; . Effet du climat (ou période saisonniére)
Zas-Sins+tag-coss+a;-sSins-coss+ag: sin®s

ou s est le jour trigonométrique en radians : 1 année = 2r

T;: Effet de I'état thermique du barrage
Zag T1+as0 T2
OU Ty = (Tho+Ths+Tng)/3 €t To=(Ths+Ths+(That ThatTre)/3)/3
et T, sont les cing thermomeétres n° 1 a 5 placés dans le barrage.

Laboratory of Hydraulic Construction E P F L
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E)
E

vers l'aval

Déplacement

vers I'amont

58]
o

.
(o]

16 1

14

12

10

10

DEPLACEMENT AMONT - AVAL CALCULE AU NIVEAU 711.00 M.S.M - METHODE 2003

810z 9leuuanbuinb ssiadxg
10121840 Np abelieg

1995

1996 1997 1998 1999 2000 2001

—O—mesure

—a—calcul

eau

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

climat

écart

irréversibilité: -0.030 [mm/an]

Période de calage Période de contréle Période de contréle Période d'analyse
1995 - 2003 2004 - 2008 2009 - 2013 2014 - 2018
Coefficient de détermination: 0.994 0.994 0.989 0.991
Ecart-type [mm]: 0.418 0.429 0.548 0.509

Laboratory of Hydraulic Construction

2012 2013 2014 2015 2016 2017 2018 2019

Ajustement 2010-18: -0.083 [mm/an]
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[mm] DEPLACEMENT AMONT - AVAL CALCULE AU NIVEAU 698.00 M.S.M - METHODE 2003
20

vers l'aval

18

16

14 4 9

2 $3 /ol | (KA ] RS

10_ | ‘v“n L t.
A

10T a|euushbuinb ssipadxg
10/918UD Np abelleg

Deplacement

vers ['amont
&

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

—O==MESUre == calcul

Période de calage

2012 2013 2014 2015 2016 2017 2018 2019

écart  =—=irréversibilité: -0.0005 [mm/an]

Période de contréle Période de controle

Période d'analyse

1995 - 2003 2004 - 2008 2009 - 2013 2014 - 2018
Coefficient de détermination: 0.991 0.977 0.987
Ecart-type [mm]: 0.358 0.508 0.478

Laboratory of Hydraulic Construction
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[mm]

20

18

vers |'aval

16

14

12

10

Déplacement

vers |'amont

DEPLACEMENT AMONT - AVAL CALCULE AU NIVEAU 684.00 M.S.M - METHODE 2003

101818YyD NP sBelieg

8102 oreuusnbuink esipledxg

1995

1996

1807

1988 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
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Barrage du Chatelot

Expertise quinquennale 2018

Déplacements horizontaux
Rapport 17-07  Annexe A7

Coupe horizontale, cote 710 m
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704 m (mai 1984) | 10°
Vecteurs de déplacement
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Barrage du Chatelot CHO09/RO1
Expertise quinquennale 2018 Annexe 15
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Barrage du Chatelot
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Rapport 17-07 Annexe A8
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Swiss Dam Safety Concept

Dimensioning and
construction based on
status of science and
technology

- Structural safety

Surveillance and
maintenance in line
with objectives

Preparations for
emergencies

S
A
- Surveillance & F
maintenance
E
T
- Emergency Y
concept

Minimisation
of risk

Mastering of
residual risk
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Emergency concept

a) Structural safety is verified
Periodic review

b) Surveillance is performant
Monitoring
Inspections
Test of HM equipment

c) Periodic safety assessment

!

Minimisation of risk

Risk

—_

residual risk

Effort
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Correspondence between
ordinary surveillance and
enhanced surveillance

sécurité

sécurité
structurale
surveillance
Conceptin
case of
emergency

+

contréles
adaptés

préparatifs
cas d'urgence

surveillance surveillance
ordinaire renforcée

v <+

appréciation de ~analyse
I'état et du permanente de
comportement la situation

objectif

mise en évidence agir a temps

a temps
d’'une menace adéquatement

afin de rétablir
la sécurité requise
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Concept of auscultation

Ordinary surveillance

Enhanced surveillance
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Emergency strategy

Extraordinary event / real threat

Enhanced
surveillance |

h 4

Permanent
Studies H analysis of

the situation

Danger level 1
The event is under
control

Danger level 2

The control of the
event is uncertain
(or military threat)

Technical or
operational
mitigation
measures

Preventive
draw-down

[ Preventive <
;' Alarm

! Partial q__
evacuation

Danger level 3
Failure is probable or
effective

(even partial)

Driving

Prepared
Actions
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Flood maps — Failure mode

» Instantaneous failure
» Breach developmen

" - it e A
ey i
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Flood maps - analysis of the rupture wave

For further information:

0 Water depth and velocity
0 Arrival time

[77] 3.00m

|- 250m

| 200m

lberflutungszone \

1.50m

Flood maps
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Evacuation plans
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Evacuation plans
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Alarm system
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Alarm organisation

Cantonal police

alarm centre

Special
institutions

[ |

stations
= SFOE

* FOCP

National alarm ,| Activating
1:entre l the alarm
Federal National and ( ‘)
| Administration private radio T
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Conclusions

— -y

« The Swiss dam safety concept developed in
Switzerland is a success:

* To date, there have been no major
accidents;

* No significant and lasting interruption to
hydroelectric operations.

e © The Swiss concept serves as a reference
g ;‘%:_'_-"- . . '
== and working basis for several of ICOLD's

international technical committees.

* |t sets an example in many countries for the
development of dam safety regulations.
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Further information

Laurent Mouvet
Civil engineer EPFL-SIA, INSEAD-IEP

WWW. SWISSda mS_Ch Vice-President ICOLD

Laurent.mouvet@hydropartners.ch
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