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B Natural hazards
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Definition /@l Hazards’ Human Costs

" Every year natural disasters leave...
4,000,000 homeless
46,000 injured

* Natural hazards are naturally occurring i 5520 dead
physical phenomena having atmosphe
. : . i1 " These figures do not include the recent
geologic or hydrologic origin. -1 3 tsunami in Asia (273,000) and Hurricane
* Natural hazards are not entirely natural/fc Katrina (2000)

Source: The International Red Cross



" Types of natural hazards
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o Earthquake
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Earthquake

s An earthquake is a shaking of
the ground caused by sudden
slippage of rock masses below
or at the surface of the earth.

¢ It is a wave-like movement of sk
the earth’s surface. S IRENE

Ne o o w ”
????????

o

In 2017, a total of 11,976 earthquakes were registered in Kyrgyzstan.
308 earth shocks reached 2-3 points or higher. There were no 6- and 7-point earthquakes.




i Landslide
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Landslide

** Alandslide is a massive outward and
downward movement of slope-forming
materials.

** The term landslide is restricted to
movements of rocks and soil masses.

These masses may range in sized from card
to entire mountainsides.

» Their movements may vary in velocities.

** Landslide as a geological hazard is caused

by earthquake or volcanic eruption.

¢ This initiated when a section of a hill slope In 2017 a massive torrent of mud came down on the
or sloping section of a mountain is village of Ayu in Kyrgyzstan. It caused that 24 people were
rendered weak to support its own weight. buried after 11 houses were hit by the landslide.




a) Rotational slides move along b) Translational slides occurs c) Rotational slides free falling of d) Rotational slides occurs when

a surface of rupture that is when the failure surface is detached bodies of bedrock one or more rock units rotate
curved and concave approximately flat or slightly (boulders) from a cliff or steep about their base and collapse
undulated slope




3 Common types of landslides
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Firm clay

Mitigation strategies

Soft clay with
water-bearing silt
Bedrock and sand layers

e

*%

Hazard mapping

Land use

Retaining walls

Surface drainage control works
Engineered structures
Increasing vegetation cover
Insurance

e

*

e) Lateral spreading occurs
when the soil mass spreads
laterally and this spreading
comes with tensional cracks in
the soil mass

L/ / /
0’0 0‘0 0‘0

e

*

e

*

f) Debris flow down slope
movement of collapsed,
unconsolidated material
typically along a stream channel




a) Earthquake-Induced Landslide Models



2 Scoops3D

ochschule
Magdeburg * Stendal

Scoops3D evaluates slope stability throughout a digital landscape represented by a digital elevation model (DEM).
It provides the least-stable potential landslide for each DEM cell, as well the associated volumes and (or) areas.

Table 1 — Recommended Horizontal Seismic Coefficients

Horizontal Seismic Description
Coefficient, k,
0.05-0.15 In the United States
0.12-0.25 In Japan
0.1 “severe” earthquakes
0.2 “violent, destructive” earthquakes Terzaghi [4]
0.5 “catastrophic” earthquakes
01-02 Seed [2], FOS = 1.15
0.10 Major Earthquake, FOS > 1.0
Corps of Engineers [5]
0.15 Great Earthquake, FOS > 1.0
1% to Va of PHA Marcuson [6], FOS =1.0
Relative stability, ~ e
- O O O O ) . eckitia Hinp Ol [4], o8 = 4.0

1.0 €—— L bl M ble —»
et i Eqg. 0.8 refers to extreme earthquake



i Input parameters
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- Topography Material P "
DEM file name:
3 : : s S x
Horizontal resolution: 27.5270607393 Layer# Cohesion (kPa) Angle of internal friction Unit weight (kN/m*3) Ru
Minimum elevation: 565.0 1 (1768 3026 197 014
Browse
Maximum elevation: 4449.0
Length units: m
Material properties: Layer p Cohesion (kPa friction (° g Ru coefficient
4.0 116 36.0 19.2 0.13
@ Homogeneous ( Layerfiles (" 3D material properties file o5 D 113 323 153 0.10
Numberof layers [ 4.0 8.8 31.0 200 0.12
ettt 2.0 40.0 23.0 19.1 0.26
LOS 2.5 - - 21.0 0.19
" MNone  Ru (" Piezometricsurfacefile ¢ 3D groundwaterfile ¢ 3D variably saturated file 43 16.7 29.0 19.6 0.12
Method for water content: ki [ Mean [EREW 17.7 30.3 19.7 0.15
Earthquake loading:
Horizontal pseudo-acceleration coefficient (fraction of g) 0.5 Subsurface Parameters I R _ u
u=—
. Yz
- Stability Analysis
Limit-equilibrium method:
( Bishop's simplified " Ordinary (Fellenius) u }S tlllle pore-wzfltehr Pffesﬁme .(110 kPa);
18 the unit weight ot the soil;
Search method: ¥ . >
z is the depth below ground
C Box  Singlesuface ( File Search Configuration I




omplete, 1
g fine ; - s 4 ompleted,

completed,
ompleted,
ompleted,
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mpleted,
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completed,

_output
_output
_output
_output
_output
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i Maps of landslide susceptibility index
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(a) Baseline

O TP7

< 0.25 (very unstable)
0.25 - 0.5 (unstable)

0.5 - 0.75 (quasi-unstable)
0.75 — 1.0 (medium)

1.0 — 1.25 (quasi-stable)
1.25 - 1.5 (stable)

> 1.5 (very stable)

ERECOCNEN



b) Transport Models



a Overview map
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o0 B Water area
Elevation (m)
( - -120
'| 1278
A . RS 2676
a7 P00 14074
e W 5472
°s. 300 600 900 1200 km
[' Basin: Mailuu-Suu \
* Town: 23.000 population
U L bodof of  Distance: 25 km to Kyrgyz-Uzbek border
Map produced by ZO[ Environment Network, November 2012 QR 0 " f
B Major uranium taiings @ Electronic waste o~ K. Radiation: 100 — 300 nSv/h (cosmic 50 — 150 nSv/h) /
L]
& Uranium rock waste dumps {_y Vulnerability to natural

disasters
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» 14 out of 23 tailings ponds were included;

Tailings ponds » 6 ponds were remediated or classified into rock wastes;

» 3 ponds are not in the reach of river.

Legend
Uranium waste

Landuse
Town area
" Uranium process site
(1 Buildings
Water
— Tributary
= Main river

Elevation

[ 1885

[0 1663

0 1 2 km

]
1:70000

Neighbouring

Tailings ponds reach Volume (m®)

1 T3000 84000

2 T2000 65000

4 T3000 115000

5 $32500 111000

6 S33500 150000

7 S$33000 600000

8 $31000 90000

9 $31000 115000
10 S$31000 50000

12 $24000 2000

13 T2000 40000

14 T4000 99000

19 $31000 2000
23 T3000 25000

3 S$31000 Remediation
17 $31000 Destroyed
18 $31000 Remediation
20 S30500 No tailings
21 S30500 No tailings
22 S30500 No tailings
11 Remote location 70000
15 Remote location 47000

Remote location

303000
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44000

Original reaches

Exit Edit Options Plot Help

Hec-Ras and geometric data

= Cross Section Data - geom

- a X

River:  [Mailuusuu - ML\QJI:EI PlotOptions [~ KeepPrevXSPlots ClearPrev | ¥ Plot Terrain (f avail
Reach: |Upstream ] rover sta. RN -] 4| t| tssmhg  Plan Plan 01 3/6/2020
p=ealll | i 2 38000
== | Elevation, width and roughness Sl
wsm::ws \‘z‘e 35000.0
o x were measured based on google «M*34000
- s\ | earth for 13 (mainstream) and 5 Bt
- . . 31500.0
g cross sections (tributary). More 0200 O
§ . s
: cross sections were then - 28500.0
. . 28500.0"
= interpolated at a distance of 500 m #3000 e
i 7 26000.0"
25000.0*
A ) S0 100 150 200 250
i i
== 38000
. Width Roughness 370000
Reach Elevation Slope Depth
P P Water Channel | Left bank Water | Right bank 351?:2'.0'
km m m/m m m m s*m™? s*m™? s*m™? 35200, 22“"”
Mainstream momu e i-’;"ﬂ-‘;%‘;
38km 1108.3 0.0172 03 12,5 5.5 0.100 0.033 0.050 \Qm ar
34km 1039.4 0.0172 05 204 495 0.063 0.033 0.062 00 27000
32km 10049 00134 06 24.4 48.0 0.045 0.033 0.068 B \100,0_} ki
28km 951.5 0.0121 06 27.4 56.1 0.048 0.033 0.071 ’ _rdse
24km 903.2 0.0121 0.7 28.8 67.9 0.064 0.033 0.071 e e
2km | 8790 00101 07 295 73.8 0071 0033 0071 16000.0° Pl :
18km 8387 00101 1.0 352 975 0.067 0.033 0.071 Sona 0t Cross section data
14km 798.4 0.0101 13 40.9 121.1 0.063 0.033 0.071 jj‘;‘;oﬂ‘
12km 778.3 0.0101 14 338 132.9 0.061 0.033 0.071 P ot
8km 738.0 0.0101 17 495 156.5 0.056 0.033 0.071 P ocsonor
6km 717.9 0.0101 18 52.3 168.4 0.054 0.033 0.071 Codlle
4km 697.7 0.0106 20 552 180.2 0.052 0.033 0.071
Border 655.3 0.0000 22 102.2 204.4 0.071 0.033 0.071
Tributary
4km 1074.4 0.0478 03 16 6.4 0.100 0.033 0.100
3km 1026.6 0.0491 03 2.7 8.1 0.100 0.033 0.100 0
2km 977.5 0.0280 06 7.4 14.8 0.100 0.033 0.100
1km 949.5 0.0463 11 12.7 27.8 0.100 0.033 0.100 |nter olated reaches
Junction | 903.2 0.0000 0.9 221 37.8 0.100 0.033 0.100 p




a Discharge & dispersion coefficient
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4km
(tributary b ndary)

% 38 km (upper boundary)

© Abflusshauptzahlen fir
eine Pegelstation

Schema
hichster Gberhaupt
bekannter Abfluss HHQ

m3/s

hochster Abfluss m Bmam

1965 251 354 836 108 418 325 3.16
1969 269 266 173 348 601 475 239 112 6.36
Border 1980 247 251 476 247 247 167 8.03 446 3.57
1985 29 3.8 7 311 315 213 107 51 4.1
1986 25 25 2.8 92 142 117 8 4.9 3.6
1987 3.9 47 122 342 42 321 225 138 75
1988 6.2 5 81 247 472 375 175 74 53
1989 33 22 51 115 189 143 92 4.9 B
2009 376 30 165 9.2 6.4
2010 3.7 4.7 16 388 372 437 22 117 72
2011 34 3.5 6 17 219 125 64 4.4 3.8
2012 42 4.8 10 375 355 415 155 83 4.8
2013 46 54 185 25 29.7 26 8 38 6.2
2014 32 3.9 [ 125 | 315 | 332 | 16 8.5 32 2.9
2015 5 8 165 385 441 23 112 56 5
Mean 3.6 40 100 262 326 253 128 6.7 4.9

5.03
8.91
3.24
4
4.6
8.2
4.8
34
4.8
49
4.5
4.4
5.3
3.6
7.2
Sl

10.9
8.35
331
3.8
3.6
9.6
4.5
3
4.9
43
8.6
4.3
4.5
4.5
9.3
5.8

53
4.26
3.41
3.7
4.3
59
33
3

29

4.3
4.4
BAl)
7.7
4.7

19.0
8.5

10.7
6.0

16.4
143
6.8

14.2
16.5
8.3

14.6
11.8
10.7
15.1
11.9

Py Mailuu- Upper Tributary Beobachtungszeitraum, HQ
Suu city boundary | boundary
(38 km) \+ Km) Mittel der hochsten Abflusswerta
. gleicharfiger Unterabschnitie
Monat, Halbiafr, Jahr] i
Hightest discharge 108,0 65,6 0,95 f %naaéba:hﬁwészgiégu;imnmhy?(]
=HQ (m?¥s), in 1969 Mittehwent der
Abflusswerte im
River network Multi-year average 11,9 7,2 0,10 EE:;?:{.:TJQ;
- discharge = MQ (m3/s) < 119m Ma
Ta lllngs ponds Mittal der niedrigsten "q

109
60.1
24.7
L5
14.2
420
47.2
18.9
37.6
43.7
21.9
415
29.7
33.2
44.1
334

Abflusswerte gleichartiger t-,
Unterabschnitta (Monat, ]
Halbjahr, Jahr) im %
Beobachtungszeitraum \'1,
MNQ
e
niedrigster Ab-
fluss in einem
Beobachiungs- NQ
zaitraum

i
I
[}
i

niedrigster NNQ
iberhaupt

Abfluss

— tatsdchlicher Exiremwert

T Zaitraum
- =~ statistischer Wert

i einem

Entsprect gl tir die Abfl an NiNg, N usw.

& @ Ingtitut fir Landerkunda, Leipzig 2002

» The transport model bases on the advection-
dispersion equation (ADE).

dc

v _ wce
ax

ax2  h

» The dispersion coefficient of the suspended
sediment is mathematically described by
Fick’s law.

The equation for model computed dispersion coefficients is:

D=m 0011 (19-1)
yu
m = user assigned multiplier (unitless)
u = face velocity (m/s)
w = average channel width (m)
y = average channel depth (m)
u* = shear velocity (m/s)
and shear velocity is computed as: (19-2)
u' =4/ gdS
g = gravitational constant (9.81 m/s?)
d = average channel depth (m)
s = friction slope (unitless)




o Example: Geometric profile
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B HeC-RAS 5.0.7
File Edit

(8] s

Run  View Options

B0 i P o [

i

“ Geometric Data - geom]1

= ]

X

File Edit Options View Tables Tools GISTools Help
st 20Flew | SA2DAREE SAIRDF 20 20 ion :
Took T | S| e RN ”§ el el @ Descrtion S e
o= &b | B D e | Fagons | (P 1299 | 2 Jl(ﬂme}
Jumet. 0
L J

BEE
e
=

H: TRANSPOND Modeling\20200513HecRas 11EQD

gy Tl
5 o/

B \TRANSPOMD Modelling|20200513HecRas 11EQD

2 Inline

‘Structure,

Project: fts=.mhg
Plan: Plan 01
Geometry: lgeom1

H: TRANSPOND Wodelling\20200513HecRas 1 11EQD

P o

Lateral

Steady Flow: |

tructure

Unsteady Flow: Unstl

H:\TRANSPOND Wodelling\20200513HecRas 1 11EQ0

Storage
2

Water Quality:

H:TRANSPOND Modelling|20200513HecRas 11\EQD

27—

Description |

== Cross Section Data - geom|

Exit Edit Options Plot Help

] X

Apply Data 3;_! — i I™ KeepPrevXSPlots Clear Prev | . Plot Terrain (f availaf

x| River 5t=.:{ 38000

e | (s T -]
Reach: [Upstream
sAr0ArEa
Comn
BiE T
;‘;mn c ordinates
i Station Elevation |~
HTah
Param
ey
Picture
(i)

=14

1
2

EEEEEEEHEE NN AN

L

3

Elevation {m)

1112.0

1115

1111.0

1110.5

1110.0

1108.5

1109.0

1108.5

1108.0
o

tss.mhg Plan: Plan 01 3/6/2020

‘i‘\;’l".ﬂﬁi"l‘iﬂﬁ

Legend

EG Max WS

WS Max WS

—
Ground

*
Bank Sta

Station (m)

[Select river for cross section editing

3000.00%
2500.00%

1500 .00%
1000.00*
500.00¢

0




i Example: Flow simulation
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Flow Hydrograph

r: MailuuSuu Reach: Upstream R

" Read from DSS before simulation Select DS file and Path l

A Unsteady Flow Data - unst1 o O *

File Options Help = I

Path: I
Description : I J apply Daka
% Enter Table Data time interval: IlHour vl

Boundary Condition Types —Select/Enter the Data's Starting Time Reference
- i . : ElSEPZﬁUS : 000
Skage Hydrograph | Flovs Hydrograph | SkageFlow Hydr, | Rating Curwe # Use Simulation Time: = = o
- " Fixed Start Time: Date: I s |T|me: I
Marmal Depth | Lateral Inflow Hydr., | Iniform Lateral Inflow | Groundwater Interflow
T.5. Gate Openings | Elev Controlled Gates | Mavigation Dams | 1B Stage)Flow Ma. Ordinates | Interpolate Missing Values | Del Row | Ins Row |
Rules | Precipitation | @ E Hydrograph Data
Date Simulation Time Flow
Add Boundary Condition Location (hours) (m3/s)
AddRS ... | | addsajzD Flow aves ... | | Add sa connection ... | | Add Pump Station ... | 1 31Aug2008 2400 00:00 65.59
2 015ep2008 0100 01:00 65.59
Select Location in table then select Boundary Condition Type 3 015ep2008 0200 02:00 £5.59
River Reach RS Boundary Condition 4 015ep2008 0300 03:00 65,59
1| MailuuSuu Upstream 33000 Flow Hydrograph 5 015ep2008 0400 0400 65,59
2| MailuuSuu Upstream 1] Normal Depth [ 015ep2008 0500 05:00 65,59
7 015ep2008 0600 05:00 65.59
3 015ep2008 0700 07:00 £55.59
9 015ep2008 0800 03:00 £55.59
10 015ep2008 0500 09:00 £55.59
M | Depth D st Bound

IR SR TINTGR N LOUncany. 11 015ep2008 1000 10:00 £5.59
River: MailuuSuu Reach: Upstream RS: 0 12 015ep2008 1100 11:00 55.59
13 015ep2008 1200 12:00 £55.59
Friction Slope: |b-01192 14 015ep2008 1300 13:00 £5.59

15

015ep2008 1400

14:00 65.59 =
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‘Water Quality Data
File View Help

Tss.mhg.water1

Meteorology Datasets
@5 New Met Station
Nutrient Parameters
Total Dissolved Gas Parameters

[ gy TSS.MHQ (TS5.MHG)
1= Reference values

i~ Initial Conditions
Initial Constituent Value Distribution Method
i Use aRestart File: I

Example: Transport simulation

@ Enter initial values or concentrations

=

Show cell Interpolated values ... | Add RS location(s) to the Table .. |£| Updatz Plat |
River Reach RS T55.MHQ{ma/L) \ \Water Temperature

1| Mailuusuu Upstream 38000 1

2| MailuuSuu Upstream 37500.0%

3| MailuuSuu Upstream 37000.0%

4| MailuuSuu Upstream 36500.0%

5| MailuuSuu Upstream 36000.0%

6| MailuuSuu Upstream 35500.0%

Mass Injec

Initial Conditions for Constituent: TSS.MHQ

Legend

408

River

Reach

RS | constituent

Date (DDOMMMYYYY) |

Time{HHMM)

Mass (g) |

Duration {hrs D=instantaneous)

Label

1| MailuuSuu

| Upstream

|33000.0%

| T55.MHQ

| 015EP2008 | 0600

439955




hz Example: Results of single river section and time
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2. Water Cuality Tirme Series -
File  Options  Help

""" ~~- 33000.0% to 32500.0% A “ariables ... | v Plot Observed Data _lvl & tl
----- - 32500.0% to 32000.0%
..... e 32000.0% to 31500.0% Plot ITBHE |

----- " 31500.0% to 31000 dATRANSPONDWW odeling\20200513HecRas1 NEQOATPMalran HO. Pit
----- ~ 31000 to 30500.0%
----- ~ 30500.0% to 30000.0% 107
----- ~ 30000.0% to 29500.0% p
----- ~ 29500.0% to 29000.0% TS
----- ~~ 29000.0% to 28500.0% 21
----- ~ 28500.0% to 28000.0%
----- - 28000.0% to 27500.0%
L, = 27500.0% to 27000.0%
----- ~~ 27000,0% to 26500.0%
----- " 26500.0% to 26000.0%
----- " 26000,0% to 25500.0%
----- - 25500,0% to 25000.0%
----- = 25000,0% to 24500.0%

TSS.MHS (mail)
=

TS5 MHD (mal)

----- - 24000.0% to 23500.0%
----- - 23500.0% to 23000.0%
----- - 23000.0% to 22500.0%
..... = 1] T T T T T 1

oL O tnn 2400 0600 1200 1800 2400 0800 1200
: ke - 22000 to 21500.0% | 015ep2008 | 0252p2008

0 1 2 3 €4 i - 21500.0% to 21000.0% e
Wain Channel Distance (km)
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L Water Quality Data

2] Tss.mhg.waterl
C Boundary Conditions
~BC TS5.MHQ (T55.MHQ)

Dispersion Coeffidents

Shading

* Meteorology Datasets

@5 New Met Station

. Nutrient Parameters

. Total Dissolved Gas Parameters
Mass Injection

4" Observed Data

L e TS5.MHQ (TS5.MHQ)

: 1= Reference Values

Example: Release of multiple ponds

r~ Initial Conditions.
Initial Constituent Value Distribution Method

i Use aRestart File: I
@ Enter initial values or concentrations

=

Show cell Interpolated values ... | Add RS location(s) to the Table ... |£| Updatz Plat |
River Reach RS T55.MHQ{ma/L) \ \Water Temperature

1| Mailuusuu Upstream 38000

2| Mailuusuu Upstream 37500.0%

3| MailuuSuu Upstream 37000.0%

4| MailuuSuu Upstream 36500.0%

5| MailuuSuu Upstream 36000.0%

6| MailuuSuu Upstream 35500.0%

Mass Injections of Arbitrary Constituents

Initial Conditions for Constituent: TSS.MHQ

Legend

405

408

River Reach RS | Constituent Date (DDMMMYYYY) | Time{HHMM) | Mass (a) | Duration {hrs D=instantaneous) | Label
1| MailuuSuu | Upstream |33500.0% | TSS.MHQ |D15EP2008 10600 | ] o
2| MailuuSuu | Upstream |33000.0% Q | 015EP2008 10600 | 5.579736E+05 o
3| MailuuSuu | Upstream 132500.0% | TS5.MHQ | 015EP2008 10600 | 0 o
3| MailuuSuu | Upstream |31000 | TS5.MHQ | 015EP2008 10600 | 5.399986E+08| o
5| MailuuSuu |Upstream | 24000.0% | T55.MHQ | 0D15EP2008 0500 5.8??046E+0?:’ 0




e Example: Results of multiple ponds

1200001
1000007

~— 30000

(mgtL

9 600001

TS5 MH
%

-
e

=
MR B

oeto 1200
| 015ep2008

20 a0 i



Thank you for your attention
Time for questions



Thank you for your attention
Time for questions

To be continued: Part 2 - A Case Study



