Tpyael MexayHapoaHON KOH(pEpEHIINU

CEAEBBIE ITIOTOKHU:

KaTacTpodbl, pHCK,
IIPOTrHO3, 3alHTA

[Taruropck, Poccus, 22-29 centsops 2008 r.

OTBEeTCTBEHHBIN PEJAKTOP
C.C. Yepnomoperg

NuctutyT « CEBKaBrUIpoBOAX03»
[Taturopck 2008



Proceedings of the International Conference

DEBRIS FLOWS:

Disasters, Risk,
Forecast, Protection

Pyatigorsk, Russia, 22-29 September 2008

Edited by
S.S. Chernomorets

Sevkavgiprovodkhoz Institute
Pyatigorsk 2008



YAK 551.311.8
BBK 26.823

CeneBble OTOKH: KaTacTpodbl, PUCK, MPOTHO3, 3amuTa. Tpyasl MexnyHapoaHoH
koHpepenuun. [laturopck, Poccus, 22-29 centsadpsa 2008 r. — Ots. pea. C.C. Uepromoper.
— IIaturopck: MHCTHTYT «CeBKaBrunpoBoaxo3», 2008, 396 c.

Debris Flows: Disasters, Risk, Forecast, Protection. Proceedings of the International
Conference. Pyatigorsk, Russia, 22-29 September 2008. — Ed. by S.S. Chernomorets. —
Pyatigorsk: Sevkavgiprovodkhoz Institute, 2008, 396 p.

OtserctBenHbIl penakrop: C.C. UepHomopery
Edited by S.S. Chernomorets

Penakuus anrnuiickux anHotauuii: K. Marrap u O. TyrybOanuna
English versions of abstracts edited by K. Mattar and O. Tutubalina

[Tpu co3nanum J0OroTUNA KOHPEPESHIIMU HCII0JIb30BaH pUCYHOK u3 kauru C.M. dnelimmana
«Cenesbie motokm» (Mockga: ['eorpadrus, 1951, c. 51).

Conference logo is based on a figure from S.M. Fleishman’s book on Debris Flows (Moscow:
Geografgiz, 1951, p. 51).

ISBN 978-5-91266-010-8 © Cenesast acconyanus
© UncTuTyT «CEeBKaBTUMIPOBOIX03)

© Debris Flow Association
© Sevkavgiprovodkhoz Institute



CerneBble MOTOKHU: KaTacTpO(bl, PUCK, MPOTHO3, 3aIlUTa Debris Flows: Disasters, Risk, Forecast, Protection

The theory of the Chain of Functions in debris flow control

G. Fiebiger

Consultant in Erosion, Torrent and Avalanche Control & Forestry; IUFRO Research
Group 8.03 Natural Disasters, Salzburg, Austria

KonTpoJs cesieid ¢ noMomibio uenu GyHKUUi: Teopus

K. Ouedurep

Koncynomanm no koumponto sposuu, ceieti u 1a8uH 1 1eCHOMY XO3AUCMEY;
Meowcoynapoousiii o3 opeanusayull no UCCied08aHusaMm iecos, 3anvybype, Ascmpus

In debris flow control you have two principles, active and passive countermeasures. The
passive measures are mainly land-use planning i.e. keeping the endangered areas free of
settlements and infrastructure to prevent economic damages. Active countermeasures
start at the debris flow source area and are continued through the debris flow course
down to the apex and the debris flow fan. These countermeasures cover various functions
and their associated structures. From top to bottom, from the debris flow source to the
debris flow fan, the functions are chained. That means that each part and respective area
of influence of a debris flow can be dealt with by a specific control function and there-
fore by a specific structure. The first functions to prevent the development of debris flow
are afforestation and revegetation to fix the debris source and discharge. In the debris
flow middle course we have to deal with stabilising the soil and influencing the energy
balance of debris flows. This is done by debris flow breaking either at the debris flow
middle course or the apex. The functional chain ends at the debris flow fan with trapping
the debris flow mass and their sedimentation. This is the final levelling down of the en-
ergy line of the debris flow. All these functions are covered with specific functional types
of structures, the chain of functional debris flow control countermeasures.

B koHTpone cenell UMEIOTCS [1Ba MPUHIIMIA: aKTUBHBIE U MAaCCUBHBIE KOHTpMepsI. Ilac-
CHBHBIE MEpHI - TJIaBHBIM 00pa30M IUIAaHMPOBAHUE HCIIOJIB30BAHUS 3€MIIH, JepiKaliee
MOJIBEPTHYTHIE OIACHOCTH 00JIacTH, CBOOOIHBIE OT YPEryJUpOBaHUNA W MH(PACTPYKTY-
PBI, YTOOBI MTPEAOTBPATUTH IKOHOMHYECKUE YOBITKH. AKTUBHBIE KOHTPMEPH! HAaUMHAIOT-
Csl B CENIEBOM ouare U jajee CIeyloT BJOJb pycia JI0 celeBoro KoHyca. Bee ¢yHkiun
B3aMMOYBSI3aHbl. DTO 03HAYaeT, YTO B KaKIOH 30HE JOCATaeMOCTHU Celll MOXHO UMETh
JIeTIO ¢ orpesiesIeHHOH (GyHKIMel KouTpois. [lepBas ¢pyHKIMs, KOTOpast MpeaoTBpallaeT
pas3BUTHE cellsl B ouare — JIECOHACaXIEHHEe I CTa0MIM3alMy odyara M COKpAleHUs
TBEPJIOrO CTOKA U3 Hero. B cpenneil yacTu ceneBoro 0acceiiHa OCYILIECTBIACTCS yKpeI-
nenyue OeperoB U BO3JEHCTBHE Ha 0alaHC YHEPIUU CEIEBBIX MOTOKOB. DTO IPOBOIUTCH
IyTeM TallleHusl ceNieBoro notoka. Llenb GyHKIMI 3akaHUYMBAETCsl HAa CEIEBOM KOHYyCE
YCTPOMCTBOM JIOBYLIEK ISl aKKyMYJISIIIMU CEJNEeBOW Macchl. D10 — (uHaIbHAs 30Ha, Te
MIPOMCXOJUT TallleHUe YHEPTHH CENIEBOT0 MOTOKa. Bece 3T (YHKIMM MOKPHITHI ONpe/e-
JICHHBIMH (D)YHKIMOHAJIbHBIMU THUIIAMHU CTPYKTYp — LENbI0 (DYHKIHMOHAJIBHBIX KOHTPMED
10 KOHTPOJIIO CEJIEBOTO MOTOKA.

1 Introduction

In the last decenniums of the past century the Austrian Service for Torrent and Ava-
lanche Control Engineering developed new techniques in Torrent — Debris Flow — Landslide
— and Flood Control. All these techniques are based on an Environmental Analysis of the be-
longing watershed. Depending on the state of the catchments and the conditions of the water-
shed you have to develop the aim of the control system respectively management and as the
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next step the basic idea of systematic control and management. In debris flow control we dis-
tinguish active control and passive control. Debris flow management can be subdivided into
debris flow prevention and debris flow control. Active controls are measures like Structural
(Technical) Measures. Passive controls are Landscape Management, Forest Management and
Hazard & Risk Mapping.

The master planning of structural countermeasures against debris flow is developed on
the basis of debris flow management. Runoff Control, Discharge Control and last but not least
Watershed Management are corresponding debris flow prevention. The master planning pro-
cedure should always be in a systematical way. The master planning of structures of debris
flow countermeasures is the same step to step development like the planning procedure in
torrent control (Fiebiger, 1992). Step 1 the Environmental Analysis of the debris flowing wa-
tershed ecosystem leads to step 2 Debris Flow Management. At step 3 our decision will be
Debris Flow Control. Step 4 let us develop the countermeasures as the basic idea of the sys-
tem. The master planning of structures of debris flow countermeasures are in general the
planning of energy dissipater (structures of energy reduction), dam systems (debris flow train-
ing) and single training structures for local control. Energy dissipaters are debris flow breaker,
debris flow screens rakes grids and grills, debris flow traps, woody debris traps, woody debris
filters, deposit settling and sedimentation basins and structures with a combination of func-
tions. Dam Systems are known as systems of debris flow structures, functional dams (reten-
tion and other functions), steel-grid dams and stabilizing systems. Training systems are dykes
and channels and alignment dykes.

2 The Chain of Functions in Systematic Debris Flow Control

The functions we will discuss as structures of the chain of functions and base for the
deduced control measures are shortly shown on the principles of bedload management (Fie-
biger 1988). If we follow them from top to bottom we are talking of the chain of functions,
which is necessary to equalize the natural processes and if we put these functions in a system-
atic control to reach the desired effects we are speaking of the chain of effects or stronger of
the chain of impacts.

These functions are:

STABILIZING: Fixation of debris flow channels in a wanted level to stop and/or prevent
depth erosion. The main goal of debris flow control is stabilization of the
debris flow bed to prevent further hazards and damages.

CONSOLIDATING: Elevating of debris flow bed to support and/or prevent
debris sources and gliding/creeping slopes and therefore lateral erosion.
Bank Stabilisation.

RETAINING: Storage and deposition of bedload transport or a debris flow until it’s aggra-
dations up to the retention capacity.

SORTING & Filtrations and/or storage of undesirable bedload components during a debris

SIZING: flow or a hazardous bedload transport.

Bedload Sizing: Filtration and storage the large pieces of bedload during
bedload transport or a debris flow.

Wood Grading Filtration of undesirable wood during woody debris transport or a debris

(Filtering) flow.

BREAKING OF Decrease the high energy level of a debris flow to a lower level under par-

DEBRIS FLOW: ticular energy exchange.

DOSING: Parting of a large mass of bedload transport or of a debris flow in small
amounts (Kettl, 1984)

Bedload Dosing: Quantitatively dosing and discharging of intermediate stored
debris flow and bedload by declining floods and mean waters (Ueblagger,
1972)

Flood (Water) Quantitative change of the water discharge by qualitative change of the

dosing flood hydrograph at a specific site (Kettl, 1972)

The dosing of bedload disasters and debris flows depends on the water bedload ratio of
debris flow and related disasters and their grading. Therefore needs the constructions of debris
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flow-dosing dams and of bedload-dosing dams a well founded planning and research and if
possible model experiments.

Water dosing dams allow us to control the medium of origin and transport of debris
flow. Therefore the requirement is the existence of enough voluminous reservoirs in front of
the erosion track. These types of construction are the quintessence of debris flow manage-
ment, because by making the medium of transport and it’s dosing to a harmless bulk the
transport medium (debris flow and bedload) goes secondary importance.

3 Functions and their related measures (Huebl & Fiebiger 2005)

The usual functional dam-types like sills, bed-sills, consolidation-, retention-dams and
deposit-dams, which are defined also as bedload-strengthening structures as well as bedload
storages structures (Leys, 1973) will be not be discussed. These dams are not new develop-
ments and the state of the art can be granted. Only some new types of functional dams will be
discussed without demand for completeness (Fiebiger, 1984).

DOSING-DAMS: the function (dosing) described previously can be filled only under
following prerequisites. The bed-forming mean discharge must be able to flow through the
dam as unhindered as possible.

Bedload Dosing-Dam: During a flood the bedload mass must be reduced and an inter-
mediate storage must be possible. Theoretically, the entire grain-distribution is handed over
again by mean discharge and small floods into the lower course after temporary bedload stor-
age and temporary deposition.

Flood Dosing-Dam: The main condition for this structure is the exist of enough storage
capacity to store the difference between incoming flood and reduced outgoing discharge. This
demand is the reason that flood doing-dams cannot be planned and constructed very often.
The existing storage capacities are usually too small and are not able to store the necessary
flood charge.

SORTING (SIZING) — DAMS: The desirable sorting effect will be only reached under
the condition of enough storage capacity and enough amount of discharge for spilling after the
disaster event, flood or debris flow or bedload disaster (Stauder, 1972a; Stauder, 1972b).

Bedload Sizing (Sorting)-Dam: The large destructive components of the bedload must
be sedimented in the backwater of the storage basins root and the sorting—openings should not
be locked by woody debris. The storage capacity of the sorting (sizing)-dam should be equal
to the torrents disaster potency.

WOODY DEBRIS RAKES (Gratings, Grills, Filter): These dams have to fulfil the
function of grading the woody debris out of the discharge. The bedload transport should con-
tinue however preferably unhindered. In function-combined dams in torrents with a large
amount of woody debris to prevent the locking of the opening a woody debris grill must be
constructed to protect the function of the openings. As appears from the experience, inclined
gratings and grills are preferred to the vertical beam-fields. Newer developments showed that
crestfallen grills promote the rolling up of woody debris during the starting event.

DEBRIS FLOW BREAKERS: The desirable function, energy dissipation during a de-
bris flow, can be reached on two ways. The first is to carry out a massive construction. The
second is the combination with a sorting-dam considering decreasing the impact-energy at the
structure. The regular structure used for a debris flow breaker is the second way.

COMBINED BI (MULTI) FUNCTIONAL DAMS: In accordance with the possibilities
of the combinations of functions, bifunctional or multifunctional structures are developed.
The most frequent types are the combination of consolidation and sizing-dam, consolidation
& dosing-dam, sizing-dam with woody debris filter, sizing-dam and debris flow breaker. The
constructions of bi(multi)functional dams are in future certainly increasing. The increase is
promoted by high economic value.

4 Debris Flow Control by the Chain of Functions

Debris flow Control stands in the chain of functions of torrent control on the top of the
systematic control together with landslide control afforestation reforestation and runoff con-
trol. On the other side there is landslide control for itself independent (Marui, 1988) and not
influenced by torrent or streams. Such landslides can influence debris flows and torrents seri-
ously. In systematic debris flow control (SDBC) you have two principles, active and passive
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measures. The passive measures are mainly land-use planning keeping the endangered areas
free of settlements and infrastructure to prevent economic damages. Active measures start at
the debris flow origin and source and are continued through the reaches of debris flow devel-
opment down to the middle course at the end to the debris flow cone the zone of deposition.
The measures cover various functions and their belonging structures. The functions are like in
systematic torrent and/or avalanche control chained.

Preventive works partially or completely stops debris flow origin using structures. The
first functional countermeasures to prevent the origin of a debris flow are afforestation and
revegetation to fix the debris flow source and drainage the areas around the main debris
source and control the displacing and displaced debris, to check and to take away the trans-
porting medium (water) from and out of the debris flow source.

The Chain of Functions carries out the sequence of functions to influence the energy
balance of debris flow and leads to the Chain of Functional Structures and the Systematic De-
bris Flow Control (SDFC).

In principal, if the debris flow occurs frequently, preventive measures are not effective
and their installations are difficult. Control measures such as drainage and the stabilization of
debris sources should be implemented beforehand. After the systematic control of the debris
flow and the levelling down of energy and frequency, preventive measures and implementa-
tions could start.
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