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Technical-biological bank protection
on waterways with high traffic frequency —
first experience gained from a test stretch

on the river Rhine
with regard to bank stability

Petra Fleischer, Renald Soyeaux
BAW Karlsruhe

Maastricht (NL) & Liege (BE), 23-27 September 2013

Inland navigable waterways
in Germany: ~ 6,600 km

41% impounded rivers
35% free-flowing rivers
24% artificial waterways (canals)
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Today: Technical bank protection

geotextile or
granular filter

60-80 cm

Bank stability!

First priority:
Ensure
safe navigation!
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European Water Framework Directive (WFD) - 2000

—3 New req

uirements for
’}.' . S ’

Goal: Conservation and
enhancement of habitats
for animals and plants

Bank stability and ecology!
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,»Green®, technical-biological
bank protections
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Technical-biological bank protection measures

Plants and technical

Plants components

2 Spéc:al chailénge:
- Living building material

- Experience
- Regulations
- Dimension standards
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Hydraulic loads

- Return flow
- | - Stern wave
- Slope supply flow
- (Natural flow)
| Surface erosion

geotextile or
granular filter  go.go cm “SMART RIVERS 2013”

Hydraulic loads

Water level
drawdown

(Excess pore
water pressure
in the soil)

" Hydrodynamic
soil displacement
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geotextile or Calculated weight per unit area
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Bank protection with plants?

Surface erosion/ Sliding/ Hydrodynamic soil displacement ‘
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Soil cohesion
Soil nailing

_ et Roots =

Shoots (cover the slope) >> protect against erosion
Roots (improve the soil properties)
ot @ >> protect against sliding, soil displacement
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Living plants continuously changing!
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Joint research project of BAW and BfG

(Federal Waterways Engineering and Research Institute and Federal Institute of Hydrology)
Hydraulic load-bearing capacity and ecological effectiveness
of technical-biological bank protection measures

Literature/ Existing experiences Theory/ Tests
Literature research ‘ ‘ WSV-survey Model tests
In-depth analyses of Theoretical
selected test stretches considerations

A

Application | TV~

N

) New test stretches
Applied for :
Installation/
WSV-contracts Monitoring
N //
~_—

m] o Goal : Dimension Standards for waterways




Test stretch:
¥ Rhine-km 440.6 to km 441.6
right bank

BAW ] Bundesanstalt fiir Wasserbau
L : “SMART RIVERS 2013~

Boundary conditions i

Rhine-km 441.250, right bank
(Measurement 2009)
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- - Large fluctuations of water level

- Loads due to flooding periods
] - High impacts due to navigation
80 1 (120 cargo vessels per day)

height [mNN]
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9 different bank protection measures

5 sections: Riprap was removed, new measures with plants were installed
4 sections: Existing riprap was improved with plants or structural elements

Rhine-km 441.250, right bank
(Measurement 2009)
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£ 8] Alternative bank protection
o ] with plants
] Armour stones were above mean water level (MW)
80— remained below MW
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5 Sections: 4 Sections:

Rip rap was removed, new measures  Rip rap was improved (remained)

2 | 440.820to | Willow brush  mattresses,
440.860 installed diagonally to the
direction of flow (after

J 1.) Willow brush mattresses

1 440.630 to | Riprap with willow branch
440.800 cutting, living fascines, brush
and hedge layers, stone wall
with shallow water zone, dead
wood trunks with roots

441.200 blend, hydroseeding and
individual plants

440.950 installed transversally (after
removal of riprap) 4 | 440.950 to | Riprap with gravel fill, groups
441.000 of individual stones, dead
I wood fascines
j 2 ) Pre'cultlvated reed gablons \ 6 | 441.125 to | Riprap with top soil alginate

‘ ‘ (after removal of riprap)

7 ‘ 441. 200 to

9 | 441.475to | Limited free erosion and
441.600 succession, wooden groyne
(tree trunks arranged in the |
form of a Spanish fan and
buried in the slope), stakes on
edge of slope (after removal
of riprap)
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Pre cultivated plant mats on
ilter _mats (sheen

8 | 441.375to | Riprap and pavement with
441.475 reeds, elevation of existing
stone wall

hydroseeding (after removal
of riprap)
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Sections 2 and 3: Removal of riprap 1.) Willow brush mattresses

~Toe support (embedded to€)

.

Installed trans'versél/lly (SectiBn 3)
(diagonally#in Section 2) »

. Installing of willow branches (11/2011)
(without gaps to avoid erosion of soil)
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Willow branches were fixed to the
soil with stakes, cross-bars and
bracing wire, covered with soll

D Soil contact — essential
condition for root growth

During first flooding periods
some stakes were pulled out and
had to be renewed; also cover
layer had to be renewed
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First green plant shoots
along the cross bars
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 mall Successful development!

After the first year:

Bank protection can be ensured!

Length of the willow &
branches: morethan 2 m &
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Good growth of roos A
determined!

Increase of soil
shear strength!
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First excavation of willow
roots in November 2012

Section 5: Removal of rip rap 2.) Pre-cultivated reed gabions

Filled with stones, soil and reed plants,
coated with woven coir fabric and wire netting

),I

Dimensions:
2mx1mx0,3m

Do
ToARE NESS
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Reed gabions
after installation

More stability due to
weight per unit area!

Adventage:

No fixing required!

October 2011
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Reed plants - sensitive to
flooding for a long time
(without interruption)

2

Reed gabions before
flooding period Flooding (~ 6 weeks)

July 2012

Plants were able to recover, bank protection can be ensured!
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Section 7: Removal of riprap  3.) Plant mat with different kind
of filter mats underneath

Fixed to the soil with stakes,

— cross-bars and bracing wire

Soil contact — essential condition for
root growth — here difficult to ensure

¥ State after high water level

- without interruption
about 6 weeks

i 3 ?Ll'
-

.- Stabilisation ‘of the affected areas

- Stakes and cross-bars

were pulled out . -
- Inundated mats and plants Bank protection in this lower

were locally destroyed part could not be ensured!

- Filter mat (sheep wool) .
was decomposed Reconstruction necessary!
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MONITORING Initially until 2016

- Bank stability/ Condition of bank protection measures

- Hydraulic loads on the banks

- Water level fluctuation

- Weather

- Fauna/ vegetation/ ecology — Presentation Katja Schilling
Results of modell tests and other investigations

Recommendations for further applications on waterways
Development of design rules
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~"Katja Schilling (BfG) .
*: Dr..Meike*Kleinwéachter (BfG),
_Habert Liebenstein (BIGF %
““Dr. Andreas Sun_dermeie‘r;‘;(BfG)'
Marc Hannig {WSA) : '
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