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Background

¢ Erosion processes >>> damagdes:
- On site -

soil losses;
water |oss),
landscape; deterioration

- Off site -

terrentiairfiashifleeds: >>damages: on eUSES
andl infirastructure,

HINRG UpPrrESERVOINS,
mEechanicalrandrchemical polititionreifthe Water




s a concept that denotes a potential
negative impact to an asset or some
characteristic of value that may arise from some
present process or future event.

[N everyday usage, risk is often; used
synoenymously with the probability, of a known
less;. Usually;, the probability, off that event and

SOMeE assessment: of Its expected! harm must be
combined Intera believable scenario (@an
eutcome), Which combines the) set of risk; regret
and reward probabilitiIESHRteran EXPEctEd Valle
O that outcome.

Paradoexically, arpropbableNioss cant bE URCErtail
and relativennraptiinaividtairevenit wihlle naving a
CErtalNt N thEe aggregate o multipler events.




£ is the human
activity which integrates

& risk recognition,
¢ risk assessment,
¢ developing strategies to manage it,
& mitigation of risk using managerial

resources.

¢ [Ihe strategies include; transierring t
aNOLNER party, avelding the risk, rec

ne risk to
UEeing the

NEgatiVe elfiect ol the risk; andracce

o)Elple]

seme or allfeifthier CONSEqUERCES Off a

palrticular risks




¢ The GIS represents set of
tools which can make the
life easier to the user. GIS
modeling presents an
opportunity to automatise PR At
the process of production A g CUSiOmerS
of output with AGHD TRl
standardized input and
already set parameters.

¢ There have been several
developed software
PaCkages Which
Implement these
algortRmMS INte; thie Spatio-
digitall envireRmeEnt
related to erosion and
torrent risk assesment as:
(HEC-RAS, WIEPP, ARE-
Vareteels,, USILLE;
KINERG@S!.... )L

land usage

. :r;-ear world




AIms

¢ [he aim of this study is:

¢ |0 create GIS-model for assessment erosion and
torrential risk based on the methodologies of
Gavrilovic

¢ Erosion Risk was assessed as:
¢ Actuall risk (based on| present situation))

¢ Potential risk ((scenariorwas created fior a
AVpPoethetic sittuation i.e. te back to the peried
pefiore 50°)

¢ RISk OF COrrents Was assessed on the) siimilar way.
DU iR thils assessment the risk was estimated! for
the urban area




¢ [he objectives of this study are:

¢ [0 recognize erosion and torrent risk

¢ [0 create basic humerical and
graphical (GIS) dataset

¢ To assess the on site erosion risk
USingl GI'S

¢ To assess the torrential risk




Methodology

¢ [he issue of soil erosion and torrent control has very
crucial spatial extent. GIS systems encompass all
the important tools for this purpose.

¢ [he most used methodologies related to erosion and
torrents are by Gavrilovic

¢ In this case study twe main methods have been
tested for applied GIS use:
— Estimation of maximall water discharge - Q.. (by
Gavrilevic)
— Estimation of erosion coefficient — Z - and transported
sediment - G (Eresion Potentiall Modell by Gavirilovic)

— [Estimation e hvaratllic conaitionsi o the present diiainage
chiannel usingl Shaesy: moedelfior /.

EStimationrWere carrieal et Rt actuairand nVpPethetic situation




¢ Estimation of water discharge

® Qnax = A S; S, W (ZgDF)O’S
¢ Q... — maximal water discharge m 3/s
¢ A — catchment shape coefficient A=0.195* S/ L
S — catchment perimeter ; L — water course length
¢ S, — permeability coefficient of the area
¢ S, — vegetation cover coefficient

¢ W — retention of discharge in case of intensive rainfall or snow
meltdown W =h (15 -22h - 0.3 L9>)

¢ h — amount of intensive rainfall,

¢ (2gDF)%> — energetic potential of the waters during intensive
rainfall

* g — gravitational constant 9.81 (m/s?)
* D — average height difference D=N
& F — catchment area

average |\Imin




Estimation of sediment quantity

¢ G=TH,, wZ5 FRn

¢ G — mean annual quantity of transported material
[m3/s]
¢ T — temperature coefficient; T=(t/ 10 + 0.1);
t — annual average temperature;

¢ H_, — annual average sum of rainfall  [mm]

o1 =3.14
¢ Z - Average erosion coefficient in the catchment

¢ Rn - retention coefficient of the catchment
¢RN=(S*D)%/(0.25*(L+10))




Estimation of channel hydraulic
capacities

e Q=F*V

¢ F — cross profile area — m?
¢ V — mean water velocity m/s

o V= KC (RJ)A0S5

¢ K —torrential coefficient

¢ C — velocity coefficient by Basin
¢ R—hydraulicradius R=F/O
¢ J — bad slope




Dataset

The dataset was comprised of:

¢ 1:25,000 topoegraphic maps

¢ Land cover/use map, vector (1:50,000)
» Geology map), vector (1:100,000)

¢ SOl map),

¢ lorrentialimap

¢ Diainadgermalp

» DEMI(DigitalrElevationrMeaell), raster

¢ Climatic data, tapular data




¢ The Land cover/use extraction was based on
the CORINE land cover classification and it was
used for establishing the vegetation
parameters. The land cover classes were
extracted from Landsat ETM+ satellite imagery
using object oriented classification apﬁroach
and after it was updated with the method of

photo-interpretation using Ikonos imagery.

The DEM was with cell size of 80m. The
accuracy of the DEM was checked using
trigonometric points from the topographic
maps which are claimed to have accuracy of
0.5m by the producer. There were 198 points
taken for accuracy and it yielded quite good
results, the RMSE (Root Mean Square Error)
was 18.9m.




Study area

GORNOVODNJANSKI
POROJ




Why: this torrent ?

¢

¢ High intensity precipitation result in
catastrophic disaster - flash flood

¢ 1 guilty, large number of injured

¢ 25 000 m3 sedimented material around
“Stara rampa” (Old gate) ,

¢+ Damaged infrastructure and houses

¢ Flooded and covered with sediment
vards




Basic dataset
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The main hydrographical
characteristics are as follows:

¢ catchment area - F = 3.27 km?,

¢ Highest altitude - Niz = 1066 m. a.s.l.,
¢ Profile altitude — Nvl = 295 m.a.s.l.,

¢ Mean catchment altitude — Nsr = 604 masl.
¢ stream length - L = 3,137 km,

¢ catchment permeter - O (S) = 7.621km),
& Mean bed Inclination - Isi = 6.2%.




Climatic data

¢ Period 1951- 2000

¢ Average values

ot =12.10°C

¢ H(P) =488 mm

¢ [ransformed according to the mean catchment
altitude

¢ [For estimation water discharge; wWith diffierent
prepability: Were, Usedl previeusly: estimated
Vallues for extreme precipitation with different
duration and  prokapility for HMS SKepje —
zajceveRiaNBlinkev 199515

¢ Dlration: off EffiectiVe precipitation (ks = 0,661
Was estiimated by thertime offconcentration (Ic)
Dasedl Ol streamilengtinr ana Bed siepe:.




DitaltlC CIC 0 ALlIC Alld PDIOoPal
pojaval element 5 10° 20° 40 60" 90° 150 30Q° 72p° 144024 h
mm 23.04 39.14 53.21 65.04| 69.53 71.6 75.19 84.07 109.7 125.19 104.2
0,1% [ mm/min 461l 3.92 2.66 1.63 1.16 0.8 0.50 0.28 0.15 0.09 0.0
l/sec.ha| 767.90 652.63 443.39 270.99| 193.13 132.6 83.54 46.7) 25.41 1449 12.0
mm 17.2% 2894 39.49 48.27|| 51.71 | 53.4 56.70 63.40 81.63 93.30 82.9
1% | mm/min 3.45 2.89 1.97 1.21 0.86 0.5 0.38 0.21 0.11 0.06 0.0
l/sec.ha| 574.90 482.34 329.03 201.11j|143.63 | 99.0 63.00 35.22 18.90 10.80 9.5

——— —

mm 1550 25.8 35.33 43.19] 46.31] 48.0 51.1q 57.14 73.12 83.69 745
2% | mm/min 3.1 2.59 1.77 1.08 0.77 0.5 0.34 0.19 0.10 0.06 0.0
l/Isec.ha| 516.50 430.84 294.45 179.94q] 128.64 88.9 56.794 31.74 16.93 9.68 8.6
mm 13.73 2274 31.14 38.084 40.89 424 4547 50.84 6454 7393 66.1
4% | mm/min 2.7  2.27 1.56 0.95 0.68 0.4 0.30 0.17 0.09 0.05 0.0
I/Isec.ha| 457.63 378.94 259.59 158.64] 113.54 78.6 50.57 28.24 14.94 8.56 7.6
mm 11.3% 1854 2551 31.19) 33.54 35.0 37.87 4234 5298 60.83 54.8
10 % [ mm/min 2.2 1.85 1.28 0.78 0.56 0.3 0.25 0.14 0.07 0.04 0.0
I/Isec.ha| 378.33 308.94 212.6Q 129.94] 93.21] 64.8 42.04 2357 12.24 7.04 6.3
mm 9.41 1524 21.04 25.73| 27.74 29.1 31.84 35.64 43.83 50.44 45.8
20 % [ mm/min 1.8p 1.52 1.05 0.64 0.46 0.3 0.21 0.12 0.06 0.04 0.0
l/sec.ha 315.53 253.64 175.41 107.24 77.11 53.9 35.40 19.79 10.14 5.84 5.3
mm 6.64 10.20 14.31 17.49| 19.01 20.2 22.271 25.471 30.00 34.79 323
50 % | mm/min 1.3 1.02 0.72 0.44 0.32 0.2 0.15 0.08 0.04 0.02 0.0
I/Isec.ha| 220.73 169.99] 119.24 72.84| 52.79 37.4 24.79 14.15 6.95 4.03 3.7




Reclassification of basic dataset

Land cover/use
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Objekti vo koritoto

Hydraulic structures
Channels,

Cross constructions

Necessary for estimation

Of parameter - xa -

Legend

concrete objects
| catchment
stream_centralen

0 0,125,25 0,5 0,75
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gt Actual
situation

Hypothetic
situation

Vodno 1920




RESULT: Erosion risk analyses

Z — erosion coefficient by Gavrilovic

E - total annual erosion production

G - total annual transported sediment

Z — 4.5 times higher risk

/ Rn E w | Gsp G
m3/km?2.y m3/y m3/km?2.y m3/y
actual 0.21 0.47 167.07| 552.86 78.79 267.63
potential 0.94 0.47| 1601.15| 5235.75 746.13 2439.86

W, G — 9.5 times larger quantities of sediment



V - very low risk

IV - low risk

III — medium risk

II — high erosion risk

I — extreme erosion risk

Z erosion coefficient

Z erosion coefficient
Without forest cover

(curent situation)
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\Water discharge estimation

Situation
probability 2 10 5 4 2 1 0.5 0.1
return per ) 10 20 25 50 100 500 1000
h 0.052| 0.052| 0.052| 0.052| 0.052| 0.052| 0.052| 0.052
0.4 05| 0.67| 0.75| 0.85 1 1.5 1.7
hn 0.021| 0.026| 0.035| 0.039| 0.044| 0.052| 0.078| 0.088
W 0.291| 0.361| 0.477| 0.531| 0.597| 0.693| 0.995| 1.107
A 047| 047| 047 047 0.47| 047 047| 047
S1 064| 064, 064| 064 064 064 0.64| 0.64
2gDF 140 140 140 140 140 140 140 140
S2 0.66| 066| 066| 066 066 0.66| 0.66| 0.66
Q 8.10| 10.04| 13.27| 14.75| 16.58| 19.26| 27.65| 30.77
S2 — hyp. 094 094 094 094| 094 094 094| 0.9
Q — hyp. 11.54| 14.30| 18.90| 21.01| 23.61| 27.43| 39.38| 43.83




Current hydraulic structures

¢ Channel made off stone somewhere
concrete with check-dams,
thresholds, cascades
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Not morethen 18 m3

Not morethen 10 m3







Conclusions

Current erosion risk islow - Z2=0.21

Current estimated erosion intensity is W=552 m3, out of
them quantities of sediments are very low G =257 m?3

Potential erosion risk is high Z = 0.94

Estimated erosion intensity according to the scenario is W
= 5235 m3 and transported sediments G = 2439 m?3>

or 9.5 times higher.

Estimation of water discharge and estimated capacities of
the channels show that in normal situation channels can
accept even discharge with 1-29% probability by the
hypothetic scenario

Solid waste and legal and illegal construction could cause
flow resistance so the channels wouldn’t can accept
discharge with probability over 5-10% (current situation)
or 20% (hypothetic situation).




Do we Like t!




Bareland on southern side of Vodno
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o We are obliged to :

¢ Protect the forest
¢ Clean up the channels

¢ Extract illegal bans
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