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Crest Overtopping

a) Overtopping leading to washout:
less cohesive silts, sands etc. at
greatest short-term risk.

b) Internal erosion and piping with
ntemal cavity forms migration of fines from core etc.
(note regression of “pipe” and
formation of internal cavities:
may initiate by formation of internal
crack or by seepage along culvert
perimeter etc.)

Foundation Erosion <¢— Piping Regression

Crest Settlement

c) Embankment and foundation
settlement (defromation and internal
cracking) : note also cross-valley
deformation modes:




D/S Sliding

d) Instability (1): downstream slope
too high and/or too steep in relation
to shear strength of the shoulder
material.

U/S Sliding
drawdown

e) Instability (2): upstream slope
slips following rapid drawdown
of water level.

f) Instability (3): failure of
downstream foundation due to
overstress of soft horizons.

.

Rambow Dam Mlchlgan 1986
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bservatlon well

Piezometer

Seepage Flow meter (V-Notch Weir)
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Observation

B or measurement |
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Recommendations for Antomation

oy

1: mandatory 2:r

ded 3:p

rch | Gravity Earth-/ Degree
| Dam | Dam’ | Rockfil Dam of Automati J
Reservoir level | 1 1 1 Full AMS
Tailrace water level | 1 1 1 Full AMS
Secpage and leakage |
— overall 1 1 1 Full AMS
B — I | S— SR |
- local sections 2 2 1-2 Partial AMS possible
Uplift, pore-
pressure 2 12 1-3 Partial AMS possible
Characteristic VA/PG full AMS
deformation 1 1-3 3 combined with nos. 1,7
Strains 3 3 - Partial AMS possible
Temperatures TE/ER: Partial AMS
- air 1-2 2 3 possible
— internal water 3
— dam and foundation 1-2 2 3
I - -
- concrete 23 23 | - Partial AMS possible
Precipitation 3 3 i. 23 Partial AMS possible
Reservoir in-/ {
outflow 1-3 1-3 1-3 Partial AMS possible
7 Position 77
of pates,
outlets 1-3 1-3 1-3 Partial AMS possible
Seismiec acceleration According to seismicity of
dam area
Security (access) J- Automation possible
TV camera |13 1-3 | 1-3 Remote camera control
} possible
Seepage turbidity 1-3 1-3 1-3 More important for
| embankment dams

AMS : Automated Monitoring System

VAt Arch dam
PG :Gravity dam
TE  :FEarthfill dam
ER  :Rockfill dam

What sensor should be automated?
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Irregular valley shape
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Seismic deformation

1/3 Dam height

Differential movement between embankment and adjacent structure

Dam crest ]

Splllway
Embankment
Category of Monitoring
Pre-operation Short-term | Long-term
Knowledge of “ Quick ™ Comprehensive
overall behavior assessment of assessment of
during safety and safety

construction and | operability
first impounding

Large | Small o Large
High High Low
| Complex | Simple (statié-fi.r':s, —Sinrhnple to complex

limit values, etc.)

"High | High Small (partly)




Data Flow

_ Automatic Manual Reading
Calibration

sheets are l, l report

From Dams required _

Database

Presentation and Report Implementation
. (User ‘s requirement) esnesn (Warning and
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(Reports and
drawing)

Documents ]
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Seepage Quantity
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Estimated Final Settlement of Rockfill
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Fell et al (2005) “Geotechnical Engineering of Dams”,
Note: this event tree was developed since 1999.
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Pre-dicision
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Figure 20.5 Example of a fault tree applied to the problem of dam failure (Parr and Cullen 1988).




Pre-decision for Embankment Dams
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Preliminary Geologic Map
Explanation

Taum Sauk Rhyolte

B Fnyokte-Granite contect zone
Wunger Cronte
saptolic
Cambrar conglomarate
Carmbnan dolomite

Dhvision of Geology and Land Survey







