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Introduction: Legal Basis

_ Water Retaining Facilities Act WRFA and Water Retaining Facilities Ordinance

WRFO regulate the safety of water retaining structures from construction phase
through to operating phase

_ Criteria:
_ Size (dam height > 10 m or dam height > 5 m and volume > 50’000 m3)

~High risk potential (danger to human lives and/or extensive property)

_ If subjected to WRFA and WRFO:

_Increased demands on dam stability and flood safety

_Increased demands on maintenance and monitoring
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Introduction: High Risk Potential
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Obligation to check the high risk potential for all small dams in Switzerland
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Introduction: Water Retaining Structures in Zurich

%j; Stauanla

gen (HRB u. Wasserrechtsanlagen)
: : 1 1. Baudirektion Stand Febr. 2014

Small in size AW st

Abfall, Wasser, Energie und Luft

— assess high
risk potential

\ J

High Risk
Potential

\\ J

( )
Measures
— are
necessary
\_ )

- chberg §2H) :
N I \ Kasmache (2
steNon [
A i ming Bt
N\ " o
. a
Ot nARSTEm Wi A argnau amR3Ta Mon Qriringen Dirmen
Agst aml Albis . Outwit am Se0
g Ustion am See Sutikan
. akden Mannodir! A
Hombeocrakan
— RIS k i T s
Ma
ciers Kappel um AL o

. o N A
Potential o .
\ J N
® stavs
@ StAV+ red Macchione 0 A 5km
BASEMENT User Meeting | 26.01.2023 | Franziska Siegenthaler : ::* 2 SUN i Selerg 1250000

AWEL, 2014 AWEL WB Kt ZH.20.2.2014, Kar




Introduction: Previous Studies

_ Poyry:

Use of empirical formula for breach discharge,
dependent on breach geometry (standard
breach, instant failure, volume is not
considered)

Empirical estimation of flood wave propagation
and intensity based on CTGREF (1D) or
BEFFA (2D)

~ Case Studies

~ Assessment of flood wave propagation and
Intensity with 2D-modeling
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Introduction: Case Studies

_ Commissioned by the canton of Zurich,
Amt fur Landschaft und Natur (ALN)
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Introduction: Brauiweiher

Reservoir Capacity V

110’000 m3

Dam Height H

Historical Use

Current Use

3.1m

ice production for a
brewery, reservoir

nature reserve
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Introduction: Stockweiher

Reservoir Capacity V 50'000m3
Dam Height H 55m
Historical Use hydropower

Current Use

nature reserve
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Method
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Automated Mesh Generation (1)

Goal: Efficient export of breaklines and points for mesh generation from
cadastral survey
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Automated Mesh Generation (2)

—_— —

Perimeter: :
—l Automatically
- Polygon (.shp) generated mesh
Land coverage: Automated If necessary: (2dm)
- Polygons (.sh _ o '
yo (:shp) generation of Adjustment of break
Elevation (DEM): relevant break lines lines and region points
- Raster (.tif) and region points - Generation of XL-Mesh

with BASEmesh

oeaddiglam\ -~
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Automated Mesh Generation (3)

FME-Tool:

1. Open FME Workbench

2. Attach Input data (Perimeter und Land Coverage)

_ 3. Define folder for Output data (Break Lines and Region Points)

_ 4.Run FME
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Automated Mesh Generation (4)

BASEmesh - Generate large meshes
INPUT
Compulsory layers

Model boundary | Perimeter

G IS - Optional layers
. Breaklines breakiines

[ dividing constraint area

~ 1. Adjust Input Data (Breaklines, Region —
Points) if necessary

TRIANGLE parame! ters

[] - (verbose): detailed statisti mesh genera tion
-D: Conforming Delaunay - i

_ Breaklines and Region Points contain the

Status messages Help

4 4 a4 4

Minimum triangle angle [degrees] |

attribute «Type», where the object category is = 0w sz zonss

|:| Expert options

re C O rd e d [[] Relative snapping tolerance

String Defintion
[] Breakines breakiines

Stringdeffield ~ |area 2

2. Generating mesh using XL-Mesh

Elevation layers (for interpolation)

(BASEmesh) T

Elements vector layer
(@) Digital elevation map
Raster layer Raster

Band 1

Mesh OUTPUT

Delete temporary files created by Triangle

|D:;‘Tutur\alJutumahsiErtE7Git‘bergeneriarung]OumuthutUria\‘ 2dm

|| Browse I
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BASEbreach

W7 BASEbreach - O *

File Edit Run Help

Overview Messages  Awel Macchione  Peter PeterCal

Project = Plot Variable breach discharge [m3/s] ~
Title |Brauiweiher nach Sanierung |

100 |
Author |FS| | —@— Standard Breach
Last saved 2022-12-2113:19:02 — A

e Macchione

Dam Geometry 80 - o Peter
Height [m] E PeterCal

Bottomn level [m] l:l |E| g
Crest width [m] 7] %\ e
Embankment slope [-1 |z| E
Reservoir E 20 ,_0
I Storage volume [m3] (110000 I|E| ‘g
Basin shape [-]1 1.4 m
[ Enable reservoir inflow 20F
Inflow rate [m*~3/5] |0
Browse...
1 1 I
Initial Conditions 0 1000 ame ] 2000 3000
Breach level [m] |E| I e
Reservoir level [m] |z| Erabled B ) Peak Current
Simulation Standard Breach N/A 43.654 N/A
Simulation fime sl B Awel 0 963416 7.19306¢-05
S v [ 0 e z e
PeterCal 0 65.3984 0.377108

| Import... || Export ... ‘

Done

I - | 1|

Breach Hydrograph = External Source

W BASEbreach — m] X

File Edit Run Help

Peter PeterCal

Model Parameters Breach Cross Section
Breach side angle [deg]
]
Characteristic velocity [m/s] E 4
T 2
I
5 0
2 L L L L L L L
15 10 5 0 5 10 15
breach width [m]
Variable Plot
E
R
= 60
54
5 20
= L .
E 1] 1000 2000 3000
a time [s]

Vertical axis |breach discharge [m3/s] V| 91.3728

Horizontal axis |time [s] V| 506

|E)(port Maodel Run...| | Run Model |

Done

I
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Use of BASEMENT Version 3.2

_ Computation on GPU
~ GPU:RTS =60
_ CPU:RTS =3

_ Computation on GPU is 20 times faster

_Implementation of culverts using
h-Q-relation

_ Modelling of log jams by adjusting
h-Q-relation
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£ BASEMENT - a *
About  Help
a Scenario Directory: |D:fFSIfBasement_.-'-\nu\'endert'effenfﬁasement‘u'3 |
Setup Define Simulation Run Console
Parameter Value Validation
Simulation [0] "water_depth"
[11 “water_surface"
Results [2] "flow_velocity"
[3] "spec_discharge”
[4] "ns_hyd_discharge”
v TIME
end 3600.0
out 60.0
start 0.0
v TIMESTEP
Standard Hardware High-performance Hardware Options
() single-threaded on CPU (O GPUonly Mumber of CPU cores: |1 =
(O Multi-threaded on CPU (recommended) ®) GPU, single-threaded on CPU {recommended) Predision: Double  ~
(O GPU, multi-threaded on CPU
BASEMENT .

51% | Configuration File: simulation.json

Results File: results.h5

Abort
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Results and Discussion of Case Studies

BASEMENT User Meeting | 26.01.2023 | Franziska Siegenthaler BaSlEl' HOtmann



2D model developed by Sebastian Ritsch on behalf of B&H

Animation --;\.;-»:' .

2D model developed by Davood Farshi on behalf of B&H
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1 time step = 1 min in real time
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Comparison of Hydrographs - Brauiweiher

BRAUIWEIHER HYDROGRAPHS

Peter = —@—Standard Breach

Macchione

Geometric Breach ==-=--AWEL

120

100
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TIME [S]
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Comparison of Hydrographs - Stockweiher

STOCKWEIHER HYDROGRAPH

Peter = —@—Standard Breach

Geometric Breach ==--=--AWEL Macchione

200
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50
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TIME [S]

BASEMENT User Meeting | 26.01.2023 | Franziska Siegenthaler BaSlel' HOfmann



Comparison of Hydrographs

» small volumes & large dam heights — smaller discharge than standard breach
» large volumes & small dam heights — larger discharge than standard breach

» In accordance with findings from VAW / L. Vonwiller
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Comparison of Results Brauiweiher

Max. water depth  Geometric Breach
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Comparison of Results Stockweiher

Geometric Breach Macchione Max. water depth

10.00m

B 0.00-0.01 m
[ 0.05-0.20 m
771 0.20-0.40 m
[10.40-0.60 m
1 0.60-0.80 m
71 0.80-1.00 m
[ ]1.00-1.20 m
[ 11.20-1.40 m
[ 11.40-1.60 m
[ 1.60-1.80 m
I 1.80-2.00 m
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Comparison of Results: Maximum Intensity

Max. intensity $=& Brauiweiher
[m?/s] Geometric Breach

. 10.0

Stockweiher ; Stéckweiher
Geometric Breach Macchione

Hofacher - \ % Hoféacher - 5\ s ,
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Measures taken

_ Brauiwelher:

_ Construction of new spillway as an 8 m wide free
overflow section

» No risk of log jams

» In case of dam breach, the relevant dam height is the
height of the spillway

» Reduced breach discharge

» New 2D model shows reduced intensity < 2.0 m?/s
» No high risk potential in Weisslingen

» No subjection to WRFO

\ e, & ~.‘7' i ¥ o b = .‘- \ N e
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Measures taken

_ Stockwelher:

_ No possibility to reduce intensity below required
threshold at building at the foot of the dam

_ Subjection to WRFO

» Development of Monitoring & Emergency Regulations

Amt filr Landschaft und Natur

Fachstelle Naturschutz

v
| Betriebspersonal FNS |

Begelm&ssige driliche
Uberwachung (visuelle
Kontrolle und

Messungen)

Funktionskontrolle der
beweglichen Organe

Riickmelderapporta

Protokolle,

Riickmelderapporte,
Berichte

*

—'-| Fachperson Uberwachung

Laufende technische
Uberwachung

1
Mess- und
Zustandsberichte

Kantonale
Aufsichtsbehdrde (AWEL)

Basler & Hofmann Stbckweiher (Baretswil, ZH) 1

Beilage 3 — Protokoll Gefahrenstufen / Lagebeurteilung

Wer | Identifikation

Fachperson..

Datum / Zeit.

Lagebeurteilung
O Gefahrenstufe DUE / ZWEI O Rickstufung auf DUE | ZWEI

O Gefahrenstufe TRE / DREI O Rickstufung auf TRE / DREI

O Gefahrenstufe CINQUE / FUNF

Ereignis / Lage, Zustand der Anlage und der Zufahriswege

Einleitung Massnahmen

Bestitigung

Gefahrenstufe und Zeitangabe durch den Operateur der Einsatzzentrale wiederholen lassen,
gegebenenfalls korrigieren.

Gefahrenstufe und Zeitangabe durch den Operateur der Einsatzzentrale wiederholen lassen,
gegebenenfalls korrigisren.
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Outlook
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Outlook

_ Free data and software

~ Land Coverage, Elevation (swissALTI3d), BASEbreach, BASEmesh with QGIS, BASEMENT,
Paraview)

_ Efficient mesh generation due to automation

_ Valuable and reliable information regarding flood wave propagation and risk
potential

_ Basis for the planning of mitigation measures for small dams regarding WRFO

~ Comparison of costs of measures vs. costs with WRFO

_In many cases, moderate measures can guarantee safety of retaining structures with minimal
expense while preserving the use as nature reserve
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Franziska Siegenthaler, Project Engineer, Basler & Hofmann
franziska.siegenthaler@baslernofmann.ch, +41 44 387 16 83

Daniel Ehrbar, Project Leader, Basler & Hofmann
daniel.ehrbar@baslerhofmann.ch, +41 44 387 18 28

Lukas Schmocker, Project Leader, Basler & Hofmann
lukas.schmocker@baslernofmann.ch, +41 44 387 16 24

Thank you!

Basler & Hofmann, Esslingen
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