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Grollaz (Northern Alps ©Archives of ONF-RTM)

> Early XIXt century
End of the Little Ice Age, widespread deforestation

Hydraulic engineering managed by the "Corps des
Ponts et Chaussées" (Bridge and road engineers)

* Flood protection techniques defined according to the vision

of the civil engineers in charge of the large lowlands rivers
- rely on dikes

Investments to protect strategic transportation axis (roads
and railways), e.g. connection with the Italian border

Pioneering works (Fabre 1797, Surell 1841, Gras 1848, 1850)
paying attention to sediment transport and stressing its importance
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Gras (1850) reports aggradation of 8cm/yr of the Romanche River channel bed since the dikes
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> Pioneer studies of torrent control and the use of check dams in France

Surell (1813-1887) provides  Gras (1806-1873)
the first monography on advocates for

Breton (1811-1892) pushed forward the ideas
regarding retention check dams (1867) as

1841 explaining why simultaneous use of check complementary with reforestation

torrents behaves differently = dams and reforestation
from rivers and thus dikes > To create sediment

- Would be more readily effective, though
only until filling, then build new structures

won’t work traps (1850) = Anticipate the downstream incision by
—~ We must fight erosion in = To buttress sediment hungry water effect, can be used to
the headwater, let’s plant at cliff toe and regulate increase channel capacity, but should be
millions of trees! sediment transport stabilized at some point
(1857) X
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Similar ideas emerged in the central and eastern Alps (e.g. von Zallinger 1779, von Aretin 1808 & Duile 1826)



> Mid XIXt century: flood crisis

In a context of an authoritarian political power )

"Forester lobby" promoted reforestation of Y |

mountain areas (e.g. Surel 1847) A - Bloschl et al, 2020 Nature
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Flood crisis at the same time (2"9 strongest in
Europe on 1500 — 2020, Blsschl et al. 2020 Nature)

United Kingdom

France

- Ambitious reforestation law on 1860
e Targets 11 000 — 12 500 km? of reforestation

* Main official objective is hydrological: reduce floods in
large rivers

Portugal :-___‘ : -

~ R Sobirans

 ]segura
E L.eg re
{8a F?gra

— 4 R. Barcelona
4 Mervion

4 Llobregat

4 Jucar

1 Guadalquivir

4 Guadalmedina

Spain [~

—> Trigger strong contestation and even riots, adjust
the ambition with a new law on 1882
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> Forester golden age until WWI: 1st generation of engineers
Demontzey (1831-1898) and Thiery (1841-1918): pioneers in implemanting reforestation masterplans

Source : Eaux et Foréts (1911)

; . X & 8 :
de Faucon. 70. Périmétre du Bastan (Hautes-Pyréndes). Série de Retpouey

2. Périmétre du Var Supéricur (Alpes-Maritipes)s Série d'Entraunes. — Seuils en pierre séche avec fascines. ] g1 :

sils en pierre ten 1887. Torrent du Riculet en 1894

Publishes in 1882 a comprehensive treatise on torrent control where check dams are key
measures to stabilize banks and hillslope the time it takes to reforest them

In due time some of those structures can be abandonned

—>Focus check dam use on stabilization, no mention to other functions
INRAZ ()
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Source : http://ubaye-en-cartes.e-
monsite.com/pages/hommes-
celebres/prosper-demontzey.html




> Forester golden age until WWI: 2nd generation of engineers
Paul Mougin (1866—1939), Charles Kuss (1857-1940), and Claude Bernard (1872-1927)

Source : Eaux et Foréts (1911)

70, Périmétre du Bastan (Hautes-Pyrénées). Série de Betpouey T1. Périmetre du Bastan (HamelPyréntes}, Série de Berpovey.

Implement torrent control works in 1000* torrents and 100* landslides in the Alps
Build complementary measures: diversion tunnels with subterranean check dams, canals, etc.
Improved design and construction techniques, start studying landslides, avalanches, archives

INRAZ ()
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> Measure functions

Objective Hydrology G Geomorphology .\ o
WATER STORAGE SEDIMENT RETENTION
FUNCTIONS GROUNDWATER RECHARGE CHANNEL STABILIZATION

RUNOFF CONTROL

HILLSLOPE CONSOLIDATION

Fully defined in Bernard (1926)

Function

Effect on the processes

Soil
conservation

Channel
stabilization

Hillslope
buttressing

Diversion

Debris
buffering

Debris
deposition

Conveyance

©00060e®

Prevent erosion on hillslopes using
vegetation protective capacity

Prevent long term incision (temporal) and
extented channel erosion events (spatial)

Decrease sediment supply by decreasing
landslide or rock avalanche movements

Divert runoff and channel flows from
erosion-prone areas toward stabler areas

Transiently store solid transport to reduce
solid peak discharge

Trap a certain volume of sediment

Convey flows along a chosen path

INRAG (o
Torrent Control With Check Dams: Historical Evolution in France
9-10 Oct. 2023 / G. Piton / Trento - Italy

DEBRIS FLOW REGULATION

Ecology ’/.

VEGETATION RESTORATION
LAND RECLAMATION

Sediment retention near

Forest restoration

Debris flow regulation

near sources 000

2

stabilization to

'/‘. prevent incision

Landslide consolidation

| y channel level

elevation
Sediment retention

in gorges \‘
NS

@@

Gully
stabilisation
and vegetation

restoration § ‘a
Fan channel plannar and @ \\ @‘ @ @

\x\
vertical stabilization ,’

Debris flow / debris flood
regulation with open
check dam near assets

‘

N

Land reclamation for

Main channel

b

sources

agriculture ./.

_

Runoff control by
infiltration and
flow slowing down

000

Water harvesting 000

® Groundwater recharge %0

Piton et al. 2017 ESPL, Lucas-Borja et al. 2021 CATENA

p. 1




> Achievementin 1909 and 1964

Cost of public works 1860 - 1909

others

auxiliary

FRANCE

0 50 100 150 200 km
| e s

-
Total cost of public works 1860-1909 (Francs) Cost repartition according to

Jo

[J 0to 1,000,000

[ 1,000,000 to 2,500,000
3 2,500,000 to 5,000,000
[ 5,000,000 to 7,500,000
@ 7,500,000 to 10,000,000
B 10,000,000 to 12,500,000
Il 12,500,000 to 15,000,000

INRAG ~({&'
Torrent Control With Check Dams: Historical Evolution in France
9-10 Oct. 2023 / G. Piton / Trento - Italy

orestry

correction

type of works
orestry

others

auxiliary correction

Simon Carladous — IRSTEA UR ETNA - 2015
Quantitative data source: Direction générale
des eau et foréts, 1911
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Years Simon Carladous — IRSTEA UR ETNA - 2015
Data sources: Direction générale des eaux et

naturall réts 1911; Mougin 1931; Messi :
to refores Al
forested

no forestable
FRANCE

Number of check dams in 1964 LA |
Total > 100 000

reforested

FRANCE

SOUTHERN-ALPS

“ o |

»' Reforestation rates in acquired

0 areas in 1964

L] <1,000 to refores naturally
[71 1,000 to 5,000 forested
[ 5,000 to 10,000 o '
" 4 orestable
B 10,000 to 20,000 reforested
Simon Carladous — IRSTEA UR ETNA - 2015

I 20,000 to 40,000
Quantitative data source: Messines, 1964

I 40,000 to 60,000
B - cn non Backgrounds map data source: GEOFLA® - IGN

Number of check-dams

kind of check
[ 0to 2,500 [ 10,000to0 12,500 dams rate - 1928
[ 2,500 to 5,000 HE 12,500 to 15,000

usual‘ )
[ 5,000 to 7,500 HE 15,000 to 17,500 rustic R
3 7500 to 10,000 I 17,500 to 20,000 —

Surface publically acquired in 1964
Total > 3 800 km? p-8

and also 28 km of channels and tunnels,
663 km of landslide drains, etc.



> WWII to nowdays: time of maintenance and new technology

Changes in the administration organisation

Reorganisation in 1964 where the Water and Forestry
administration disappeared, protection forest and torrent control
works were transferred to the newly created Forest National
Office, with a dedicated Torrent Control Service (ONF-RTM)

1860 1964 1971 1981 1986 1989 2002 2007

2015

departmental/regional infrastructure departmen’

DDE

Public Roads Administration
territories

967 - implementation of land-use plans department
with natural hazards DDT
departmental/regional agricultural department land-use
DDA plans

- RTM perimeters: declaration of public interest, area acquisition

-Mandatory/Facultative works: funds
- Facultative pastoral improvements works: funds, technical support

- RTM perimeters: study, declaration of public interest, area acquisition
- Mandatory forestry and civil engineering works: funds, study and implementation
- Facultative forestry and civil engineering works: funds, study and implementation
- Facultative pastoral improvements works: funds, technical support

- Forestry maintenance including in RTM perimeters
- Control of natural hazard in RTM perimeters (15 departments)

- RTM perimeters: study, control of natural hazard
- Mandatory works: study and implementation
- Facultative works: study and implementation

INRAZ @ ) Carladous et al. 2016 Floodrisk Conf. Proc.
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Graph legend M----TOTAL
R -Technical support for natural hazards in land-use plans
general technical o Development of - Private
manager ------ "" specialists private engineering | engineering
7 T I

general g administrative 1 30
technical officers  support ;15 95

100 T et S B 85 90 %

--------------------------- speaahsts
5:0 -------------- geo/og/sts
5 i

New technologies enabling
new structures and management

Earth moving
machinery

Reinforced concrete
- Make possible to

build higher dams > Make possible to
and dams with
orifices

dredge deposits

Source: Wikipedia

Emergence of open check dams
used as sediment traps



FRANCE

. . . . 1964
> Current organization and maintenance policy 100 000
Torrent control services only in the Alps and Pyrénées check dams

Managing State-owned structures mostly located in headwaters

Number of check-dams kind of check
[Joto2500 B 10,000t0 12,500 dams rate - 1928

[ 2,500 to 5,000 HE 12,500 to 15,000  ysual, .
rustic

[ 5,000 to 7,500 HM 15,000 to 17,500

BI 2014 e RTM database [ 7500 to 10,000 HE 17,50m<>zo,oouI

All structures (including check dams) [ Check dams |
NORTHERN-ALPS

FRANCE

FRANCE

Number of all structures”
[] 0to500 [ 2,000 to 2,500

[J 500to 1,000 [ 2,500 to 3,000
3 1,000 to 1,500 @ 3,000 to 3,500

Number of check-dams

1,500 to 2,000 @@ 3,500 to 4,000 [ 0to500 [ 2,000 to 2,500
0 50 100 150 200 km Massif distribution 0 50 100 150 200 km Massif distribution [J 500to 1,000 [N 2,500 to 3,000
e by phenomena | by structure location e by check dams’ height [ 1,000 to 1,500 3,000 to 3,500

[ 1,500 to 2,000 3,500 to 4,000

Simon Carladous - IRSTEA UR ETNA - 2015
L 2<h<5 Quantitative data source: A/ Mougin, 1931;

4 Messines, 1964; B/ RTM Database
downstream 5<h< 10 Backgrounds map data source: GEOFLA® - IGN

_avalanche auxiliary headwaters

Carladous et al. 2016 Interpraevent Conf. Proc.
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> Open check dam inventory

[
Office National des Foréts

o
=)=
—,
———
) m—
e

restauration des terrains en montagn

Carladous et al. 2022 Chap. 13 of Check Dam Construction for Sustainable Watershed Management and Planning

Inventory of open check dams

e 330 structures found (many small
structures missing)

* 50%:V ention< 1000 m?
*  22%: 1000 m3 <V . tion< 5000 m?
*  26%: 5000 m3 <V . ion< 50000 M3
¢ 2% :V, ention> 50 000 Mm? 500 4000k

. Building date e 1981-1990
—> 115 Interviews of managers e <1950 o 1991-2000
regarding location, type of structure, © 1951-1960 o 2001-2010|
processes at work, protected assets, ¢ 1961-1970 o 2010

e 1971-1980

maintenance / dredging and failures /

Vs

malfunctioning

INRAG (o
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> Open check dam inventory

Carladous et al. 2022 Chap. 13 of Check Dam Construction for Sustainable Watershed Management and Planning

Malfunctions Causes Consequences | freq
Downstream
. L ion 4
exct/lslzsﬂt-(l;rapizmgf Opening too (IeT(CI:I:s?ve
>+ STOPPING OT | oIl and/or xP 33%
materials and filling _ maintenance +
: basin too flat .
for routine event lower retention
capacity
MF#2 . . .
Outflanking of the III-deﬁlgn Trapping fall.ure 18%
. barrier (full or partial)
barrier
MF#3 Location | Complicated
Same than for
too far upstream land 7%
. . MF#1
of element at risks | acquisition
MF#4 Structural Impact of .
L I
damage on the | boulders and Oﬁfi&iﬁ? 'ty 6%
open check dam | debris flows Y
MF#5 Insufficient Insufﬁqent
storage capacit Many! protection 5%
g Pacity efficacy
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Office National des Foréts

> Event and structure databases 2 rtm

restauration des terrains en montagne

Online databases freely accessible for practionners: https://carmen.carmencarto.fr/105/ONF _BDRTM.map#

Events

* 17 000" torrential floods ,4000* river s=Srtmaggs.. =~ ¥
floods, 900 hillslope gullying, 5000* N I
landslides

* Old (XIXt" century) and very old (XVIIth —
century) major events taken from historical
archives i =

4 Comenu de la carte

+ “4 K Office National des Foréts

o Eeaa s nies £ oM

D Evénements

* Most events of the XXt century with -
information of date, triggering event,

® P - Chutes de blocs

location, extension, damage, fatalities : 7Gtoreni

F¥ Evénements : victimes

Protection structures ”
*  Only those managed by the ONF-RTM t

3% Quvrages RTM

e 21000 structures in 2000* basins K e =0

W Dispositifs

e 14 000*check dams T

D - Retrait/tassement
E - Ravinement
F - Affaissement

IGE" G - Glissement de terrain .
I N RA@ k ) I - Inondation de plaine =
- P - Chutes de blocs RGF93 / Lambert 93 v Position : 374115.71, 6112437.37
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https://carmen.carmencarto.fr/105/ONF_BDRTM.map

Saint antoine in
Modane © RTM73

> Protection structure database

Online databases freely accessible for practionners:
https://carmen.carmencarto.fr/105/ONF _BDRTM.map#

Online content

 Location, type, owner, construction date
 Material, main geometrical features

*  Function, importance

Private content

e  Structural and functional status, pictures

*  Efficacy of protection systems

From regular inspections at frequency: 1|3|10 year

In case of large event or worrying changes, detailed
inspections are organized

12/10/2010 (irstea/IMT) 12/08/2013 (RTM 73) 12/08/2014 (RTM 73)
R 7 7z R =T & 5 e v, - g
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https://carmen.carmencarto.fr/105/ONF_BDRTM.map

> Legal organisation of structure ownership

Owned by The State Communities
Real estate Acqwred. b.y the.central Local public terrains
administration
Location Mostly in the headwaters Mostly on fans and river banks
Management By the ONF-RTM By basin agencies (GEMAPI law)
. . . By local tax
B .
Funding y the Agriculture Ministry + Up to 50% funding by the State
Upgrading of dikes and bank
Investment Very few new structures protection, creation of a few flood or
debris basins
In 2022, 4.2M€ made internally + Not enough,... but dredging basins,
Maintenance | 6.8M&€ subcontracted to private | reparation of dikes and bank protection
INRAZ (& companies after events
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Piton et al. 2017 ESPL

> Organisation of structure maintenance and investment

General , Typical Effect on
o Function Structure type
objective owner hazard*
Prevent Soil conservation Aforestation, bio-engineering No
sediment Channel stabilization cont Check dams No
ate
supply Hillslope buttressing Check dams, retaining walls No
Diversion Drainage systems, canal, tunnel No
ch Transformation Open check dam Difficult
ange
certain @ Wood filtration Open check dam Yes
features Debris buffering State & Open check dam, check dam Difficult
ate
of the © Debris deposition Com Check dam, open check dam Yes
rocesses
P @ Water retention Flood basin Yes
Dikes, bank protection, check dams,
. Conveyance , Yes
Guide flows bridge, apron
Deflection Com |Berm, open check dam Yes

INRAG (&
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*Feasability to assess in detail the effects of the

structures on the hazard intensity at the asset locations

functional

— Comprehensive
torrent control
study for each

basin (EBR:
study of risk
basin) by the
ONF-RTM +
Multi-year work
program at
national scale

Cost-benefit
analysis of
avoided damage
by consulting
companies at river

basin scale .6




> Studies of risk basins

Currently the standard way to plan torrent control works

e Launched in 2012 with funding by the Ecology Ministry (in charge of natural
hazards)

e >250 basins already studied

* Comprehensive appraisal of :
 Geomorphology of the basin
* Description of the active processes (landslides, gullying, debris flows, bedload)
Archive analysis (past events, location of damages)
Protection measure (type, date of works, function, status, maintenance)
Hydrology, hydraulics and sediment transport computations
Risk analysis and protection efficacy
* Assessment of past maintenance and construction policy and proposal for the future

* Proof that protection structures are useful and efficiently managed
-2 increase of funding for maintenance and investment by several M€
INRAG (o
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> Concluding remarks

* Check dams can be used to interfere with natural processes to
achieve many different functions.

* The understanding of check dam effects emerged along with
the understanding of the specificities of torrential processes.

* |In France, about 100 000 check dams were built to reforest
the mountain, 14 000 are still regularly maintained.

e Studying the distant and long term protection effects of check
dams remains complicated.

* Open check dams are interesting alternative, that are
however ineffective in controlling some key processes (e.g.
landslides).

* Maintenance must be done on regular basis by skilled
managers and builders.

Thanks for your attention!

Wt 32&:\_ :‘-' .> % o ) N 3 >
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Saint Antoine — Modane (Savoie)



