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1 Introduction

The current report on dissemination seminar presents the overview of the final activity (project
results dissemination workshop) of the project “Assessment of Suitable Flood Mitigation Measures in
Thilisi, Georgia, based on Tsavkisistskali River Extreme Flood Analysis” that is implemented by
HYDROC, in collaboration with Environment and Development (ED). The project is financially
supported by Climate Technology Centre and Network (CTCN) and United Nations Industrial
Development Organization (UNIDO). The main objective of the project was to improve the flood risk
management in the Tsavkisistskali River basin.

2 Project results dissemination meeting

The dissemination seminar was held on 12th of July, 2018 at Rooms Hotel, Thilisi. The main objective
of the meeting was to present and explain the project results to the stakeholders. During the seminar
the following presentations were made by the project implementers Hydroc and Environment and
Development, particularly about:

e Activity 1: Initial Analysis - data acquisition and methodology selection

e Activity 2: Modelling of flooding scenarios - hydrology, climate change and hydrodynamics

e  Activity 3: Adaptation measures - mapping and mitigation

e Activity 4: Technology and knowledge transfer - upscaling and further application (see the
meeting Agenda in Annex 1).

The meeting was attended by the project team members and representatives of the following
government institutions

- Ministry of Environment Protection and Agriculture
- National Environmental Agency

- Georgian Amelioration

- Emergency Management Agency

- Thilisi City Hall

- National Botanic Garden of Georgia

- Parliament of Georgia

Further, non-government-, scientific- and private organizations as well as the media attended (see
the list of participants in the Table 1 /Annex 3 and meeting photos in Annex 2). The opening of the
meeting was made by the representatives of the key project stakeholders, the head of National
Environment Agency — Nino Tandilashvili and the deputy head of Municipal Department of
Environment Protection — Tamar Sharashidze.

Table 1: List of participants of the meeting

No Name Organization/position Contact information
1 | Juan Fernandez HYDROC, hydraulic modeller jfernandez@hydroc.de
2 | Georg Petersen HYDROC, team leader gpetersen@hydroc.de
3 | Giorgi Korashvili Emergency Management Agency, head of g.korashvili@gmail.com

unit




4 | Archil Chargeishvili Deputy head of Krtsanisi district mayor archilevs73@gmail.com

5 | Zurab Ekmetishvili Head of Mtatsminda-Krtsanisi fire- 577538165
emergency unit

6 | MaiaJolokhava Thilisi City Hall maiajolokhava@gmail.com

7 | Nana Tsikvadze Sustainable Caucasus ntsikvadze@sd-caucasus.com

8 | Ramaz Tchitanava National Environmental Agency - NEA ramazchitanava@gmail.com

9 | Giorgi Kordzakhia National Environmental Agency - NEA giakordzahia@gmail.com

10 | Giorgi Unapkoshvili National Environmental Agency - NEA giauapkoshvili@gmail.com

11 | Tinatin Barblishvili National Botanic Garden of Georgia tinabar7@yahoo.com

12 | Tamaz Darchidze National Botanic Garden of Georgia tazodarchidze@gmail.com

13 | Nikoloz Chkhetiani Cartu Fund nicoloz@gmail.com

14 | Giorgi Gogaladze Emergency Management Agency gogaladze@gmail.com

15 | Mariam Bakhtadze GA4G Project mbakhtadze@g4g.ge

16 | Lasha Sukhishvili Institute of Earth Sciences & NSMC, llia lasha.sukhishvili@iliauni.edu.ge
State University

17 | Tea Topuria Radio Liberty theatopuria@gmail.com

18 | Zviad Ghadua National Environmental Agency ghadua@gmail.com

19 | Mamuka Gvilava “Geographic” mgvilava@geographic.ge

20 | Giorgi Ministry of Environment Protection and machavariani.geo@gmail.com

Machavariani Agriculture

21 | Marina Kordzakhia National Environmental Agency marinakordzakhia@gmail.com

22 | Ketevan Tsiklauri National Environmental Agency tsiklaurigetevan@gmail.com

23 | lulia Bobrova Institute of Earth Sciences & NSMC, llia iulia.bobrova@iliauni.edu.ge,
State University

24 | Eliso Shanava Parliament of Georgia eshanava@parliament.ge

25 | Nino Kheladze Environment and Development nino.kheladze@envdevelopme

nt.org
26 | Kakha Bakhtadze Environment and Development kakha.bahtadze@

envdevelopment.org

The major issues noted during the meeting were:

The Deputy Minister of the Ministry of Environment Protection and Agriculture and the Head
of NEA expressed the importance of this technical assistance, especially considering the
recent flood event that occurred in western Georgia;

The Head of the Ecological Department of the Thilisi City Hall mentioned the necessity to
include the results from this project in the new Master Plan of Thilisi. The need to undertake
similar studies, replicating the approach, in all the relevant catchments in Thilisi was also
noted;

The representative of National Environmental Agency, Mr. Giorgi Kordzakhia, expressed his
gratitude to the project donor Climate Technology Centre and Network and implementers
(HYDROC and Environment and Development) for the support and hard work;

The special thank was given to llia State University who supported the project in facilitation
during the trainings implemented within the project (see the news regarding training
published at Ilia State Universuty web site:

https://ies.iliauni.edu.ge/?lang=en



https://ies.iliauni.edu.ge/?lang=en

e The representative of National Environmental Agency, Mr. Giorgi Kordzakhia, asked for a
follow-up to this project. He requested for Thilisi City Hall and other relevant stakeholders to
take note of the results of this project and implement the recommendations regarding
mitigation (both structural and non-structural).

e The quality of the provided training was mention, highlitghing the relevance of the topics
covered.

e Mr. Ramaz Tchitanava, head of the hydro-meteorological department of NEA asked for
advice regarding the impact of landslides in flood events. Georg Petersen and Juan
Fernandez noted the different impact that a landslide can have in a flood (and vice-versa),
and how to address this from a modelling-forecasting point of view.

e  Mr. Nikoloz Chkhetiani (Cartu Fund) requested more collaboration from NEA regarding data
sharing activities. Mr. Giorgi Kordzakhia explained that this data is shared with relevant
organisations periodically. He also explained that other organisations

The Media (Radio Liberty) attended the meeting and made the reportage that was published on
there webite and facebook page (see the links below):
e https://www.radiotavisupleba.ge/a/29388258.html

e https://www.facebook.com/radiotavisupleba/videos/10156644838987360/

3 Materials

HYDROC prepared a leaflet describing the project activities and main results in Georgian and English
language. This was distributed to all the participants in the seminar. Also, a flood map of the
catchment (size AO) was made available to the participants for discussion.

During the seminar, Nino Kheladze, Kakha Bakhtadze, Georg Petersen and Juan Fernandez presented
the activities undertaken within the framework of this project and the main results. Several
presentations were used in order to convey this information. The English and Georgian versions of
these presentations can be found in Annexes 3 and 4 respectively.

4  Conclusions

A dissemination seminar was held in Thilisi in order to discuss among relevant stakeholders the
activities and results of the “Assessment of Suitable Flood Mitigation Measures in Thilisi, Georgia”
technical assistance. The importance of this technical assistance and the relevance of the results
were highlighted during the seminar.


https://www.radiotavisupleba.ge/a/29388258.html
https://www.facebook.com/radiotavisupleba/videos/10156644838987360/

Annexes
1. Meeting Agenda
Workshop Agenda

Assessment of Suitable Flood Mitigation Measures (based on Tsavkisistskali River Extreme
Flood Analysis) in Thilisi, Georgia

Funded by Climate Technology Centre and Network

Implemented by HYDROC GmbH and
Environment and Development (ED)

12. July 2018

Rooms Hotel, Thilisi

Time  Topics

09:30 Arrival and registration

10:00 Opening and welcome remarks

10:10 Introduction and background to the project

10:20  Activity 1: Initial Analysis - data acquisition and methodology selection

10:50  Activity 2: Modelling of flooding scenarios - hydrology, climate change and
hydrodynamics

11:20  Coffee break

11:50  Activity 3: Adaptation measures - mapping and mitigation

12:20  Activity 4: Technology and knowledge transfer - upscaling and further application
12:50 Conclusions

13:00 Lunch

* Time for questions and answers will be available at the end of each activity presentation



2. Leaflet



HYDROC

Assessment of Suitable Flood Mitigation Measures in Thilisi, Georgia

Financed by Climate Technology Centre and Network

Activities:

Activity 1 - Initial analyses and support

Activity 2 - Modelling of flooding scenarios
Activity 3 - Adaptation measures

Activity 4 - Technology and knowledge transfer

Integrated assessment



Project overview and goals

The Assessment of Suitable Flood Mitigation Measures in Thilisi makes use of state of the art
approaches and intensive analysis for understanding the flood behaviour of Dukniskhevi River with
the purpose to improve flood risk management and provide a best practice example for flood
analysis in Georgia.

River characteristics: Permanent right bank tributary of Mtkvari River; Elevation range from 1200m to
385m; River length 9km; Basin area 21.3 km?% Water sources: rain, snow, groundwater; Average
annual discharge 2,5 m3/s; Diverse catchment conditions ranging from a hilly upper catchment to an
incised downstream gorge; Reported floods in 1903 and 1955; Flood discharge in 1955 >100 m?/s.

Data

Existing and historic hydrometeorological gauging station network, water demand and water use,
aerial/satellite images, hydraulic structures, digital elevation data, geology, soil, and land cover data.
Further, information about flood history including events, flood damages and existing mitigation
works and defences, critical infrastructure and socioeconomic data as well as non-structural
measures. Projections of resources and demands under climate change as well as anthropogenic
developments to understand future developments.

Relevant data in Georgia is held by

¢ Hydrometeorology and Climate Changes division of
Ministry of Environment Protection and Agriculture
(MoEPA)

¢ National Environment Agency (NEA) of MoEPA

¢ Emergency Management Agency (EMA)

¢ Department of Environment and Green Spaces and
Municipal Services Development Agency — MSDA of
Thilisi City Hall

On-ground surveys to collect cross section- and hydraulic
structure data

Climate change
Future annual rainfall in Georgia is projected to decrease under all climate scenarios. The daily

intensity of rainfall is, however, projected to increase. The net effect of these changes is a reduction
in the return period for large rainfall events. The uncertainties on the rainfall thresholds are large and
stem primarily from the difficulty of estimating the magnitude of rare events from short time series.

* Other names: Leghvtakhevi Tsavkisistskali, Dabakhana, Tsavkisiskhevi, Samarkhikhevi



Hydrological modelling

HEC-HMS and HEC-GeoHMS, developed by the U.S. Army Corps of Engineers, were chosen for
hydrological modelling after careful evaluation of options and close coordination with NEA. HEC
is freely available, sophisticated and well-tested software for runoff and flood analysis.

To drive the model, long-term, sub-hourly rainfall data for the Leghvtakhevi catchment is not
readily available. In addition, no discharge observations took place in the Leghvtakhevi
catchment. Therefore, a regionalized paired

catchment approach was used to

extrapolate observed storms causing the

May 2012 and June 2015 flooding events in

the adjacent Vere river basin and using these

in the hydrologic model for calibration. The

model was driven by available high resolution

spatiotemporal rainfall radar data. Other

possibilities would have been TRMM and

GPM satellite observations, or the MPE

product from EUMETSAT to temporally

downscale daily gauge-readings from the

stations Vashlijivari, Kojori or Thilisi Airport.

The calibrated model was then forced with design storms, generated using two options,
Intensity-Duration-Frequency (IDF) curves and Monte-Carlo simulations. In addition climate
change impacts were considered.

Results show discharge hydrographs
ranging from 189 m3/s for the 5-year to
601 m3/s for the 500-year return period.
The hydrographs under the RCP8.5 2070
climate change scenario show a strong
increase compared to the baseline.



Hydraulic modelling

Approaches using 1D, 2D, coupled 1D-2D hydraulic
modelling have been tested for Leghvtakhevi
catchment. HEC-RAS software was used for the
modelling.

While in principle a coupled 1D-2D approach
seemed suitable, results showed that this
approach was unstable: ‘There a full | 2D
approach was taken, showing plausible results,
and reacti_r;grééfisfactorily to the- sensitivity e

- - F o

Flood management and-adaptation measures, upscaling

Flooding is treated in a risk management context for flood risk management, in which the flood itself
is a natural hazard and risk results from the exposure of the community to the hazard and its ability
to deal with the occurrence of the hazard.

The aim of flood risk management is to reduce the vulnerability of the community to flooding by a combination
of reducing their exposure and reducing the consequences of a flood event. This considers both structural and
non-structural interventions, including upstream-downstream relations.

Areas of flood risk / flood hotspots in Leghvtakhevi
catchment, caused by limited culvert capacity or
limited channel capacity.

Increasing culvert size and implementing Flood
Forecasting and Early Warning System s

recommended.

P170526
Environment and Development HYDROC GmbH
www.envdevelopment.org www.hydroc.de

info@envdevelopment.org info@hydroc.de
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3. Photos of the Seminar



4. Participants registration form






5. Presentations in English



Flood Methodology

Assessment of Suitable Flood Mitigation Measures in Tbilisi, Georgia
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Flood Mapping and Mitigation



Flood Modelling Methodology

Hydrological Modelling & Climate Change Modelling
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Data Collection and Site Visits

Several site visits have been undertaken
e Team leader

* Hydraulic Modelling Expert

e Data Collection Expert

e Hydrological Modelling Expert

* Flood Mitigation Expert

e Local Experts

e Stakeholder experts



Site Visits



Site Visits



Data Collection

* Information outlined in the data collection presentation
* Additionally, river survey instructions were created

e Cross section and structure survey recommendations



Data Collection

e Survey
recommended
in solid lines



Data Collection

e Catalogue of all Structures
e Terrestrial Survey

Cross section Bridge



Data Collection

e Catalogue of all Structures
e Terrestrial Survey

Culvert Confluence



Data Collection



Climate Change Modelling

 Anthropogenic climate change is already
evident at a global scale. The 5t [PCC
assessment states: “Warming of the
climate system is unequivocal, and since
the 1950s, many of the observed
changes are unprecedented over
decades to millennia.”

Comparison of observed continental scale
precipitation time series against modelled
precipitation, with and without

anthropogenic forcings
IPCC 5th assessment, working group 1 Figure 10.21




Climate Change Modelling

* There are, however, large uncertainties about the magnitude of
projected climate change at the regional scales of relevance to
decision makers

* Projected changes in precipitation are less well constrained than
changes in temperature



Climate Change Modelling
Methodological approach

Accounting for uncertainty
e Scenario uncertainty arises from lack of knowledge of future greenhouse gas

emissions
e Model uncertainty arises from limitations in climate model ability to represent

key processes

In this study, we account for these sources of uncertainty by considering three
representative concentration pathways (RCPs) and the 29 of the climate models
that contributed to the IPCC assessment.



Climate Change Modelling
Methodological approach

Time scales

Two time slices are analysed for the return periods: 2030-2050 and 2070-2090.
2030-2050 is the time scale of greatest relevance for decision making; 2070-2090
provides insight into the effect of large perturbations to the climate system.



Climate Change Modelling
Methodological approach

Analysis of extremes

e Changes in standard metrics of extremes (as used in the IPCC process) are
surveyed for 2070-2090 compared to 1970-1990

e Return periods for extreme rainfall are derived using extreme value statistics



Hydrological Modelling Methodological
Approach

e Hydrological models can depict the full land phase of the hydrological cycle
(general models)...

e ...or only parts of the hydrological cycle (e.g. flooding process)
(specialized models)

= Focus on important and
ignore negligible parts of the
cycle depending on the task
at hand

= Efficient modelling

17



Hydrological Modelling cannot...

e provide a 100% exact solution to a problem
= it will always remain a simplification of reality

* provide universal approaches to all types of hydrological problems

m) a specialized tool will always perform better than a general tool

e be a substitute for experience, knowledge and education of the hydrologist

= (human) decisions are an integral part of any modelling process

18



Types of Flooding

Coastal flooding

Pluvial floods

Creative
Commons
(2018)

River / flash floods Dam breaks 19



Causes of river floods and flash floods

e Occurrence of exceptional discharge in river channels with
breaching of river banks

e Caused by excessive rain or snowmelt upstream (dam break not considered here)

e Depends on interaction between
- soil moisture
- soil infiltration capacity
- urbanization (impervious areas)
- river channel properties
- rainfall/snowmelt intensity

e Hydrate Project with data on Flash Floods
http://www.hydrate.tesaf.unipd.it/index.asp?sezione=FFDCPresentation
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Model requirements: River-, flash floods

Modelling task in the Leghtvakhevi Required model properties

Simulation of representative flood flows Event-based simulation

Possible integration into early warning system  Continuous simulation, batch-runs

Small catchments with rapid response times Sub-hourly time step simulation
Linkage to a hydraulic model Spatially distributed or semi-distributed
Possibly depict impact of dams Reservoir simulation algorithms

Suitable to teach and long-term usage at NEA User-friendly interface
standard Operation Systems
wide application range
well maintained and constant development
good documentation and help manuals

low maintenance costs




Model Selection: HEC-HMS

* Freely available from the USACE-HEC

e Flexible software (multiple algorithms, continuous
and event-based)

e Widely used due to constant development,
GIS interface (HEC-GeoHMS), user groups and
excellent documentation

e Linkage to other HEC models, e.g. HEC-RAS
via the HEC-Data Storage System (DSS)

30 years of unprecedented experience in model development

strong focus on flood modelling and engineering design

US Army Corps
~_d of Engineers
N~ Hydrologic Engineering Center




Challenges and how to deal with them

 Observed precipitation data in Leghtvakhevi is only available at daily time
steps, but should be smaller Time of Concentration (ToC) (app. 10 minutes)

= Use Radar precipitation data to disaggregate the daily design events

 No discharge observations at Leghtvakhevi (ungauged basin)

m Use regionalization approaches and carry out sensitivity analyses

e Daily discharge observations at Vere

= Calibrate the model to flow volumes (loss parameters) and transfer model
parameters to Leghtvakhevi

23



HEC-HMS model methodology

Canopy storage Simple Canopy Simple Canopy

Surface depression storage Simple Surface Simple Surface
Infiltration (loss) method Initial Constant Loss Initial Constant Loss
Transformation method Modified Clark None

Baseflow Constant Monthly Constant Monthly
River Routing Kinematic Wave None

Channel losses/gain None None

Precipitation Specified Hyetograph Specified Hyetograph
Evapotranspiration None None

None None

24



Hydraulic Modelling Methodological
Approach

e Hydraulic Modelling

e Selection of Software

e Open-source Vs commercial
e 1D, 2D, 1D-2D

* Options

HEC-RAS

MIKE FLOOD
ISIS-TUFLOW
INFOWORKS
FLOOD MODELLER
SOBEK

e TELEMAC



Hydraulic Modelling Methodological
Approach

Hydraulic Modelling

e Both MIKE and HEC-RAS 5, appear to be suitable for hydraulic 1D and 2D
modelling for the purpose of flood mapping. None of the models lacks the
features needed for successful completion of the job

e The results of both models are comparatively accurate and efficient and
can relatively easily be integrated within GIS database such as Arc-GIS or
the like.

e Use of HEC-RAS, which is in a free public domain, does not require licensing
for the modeller or final user, while MIKE (which is a commercial software)
is tied tough and rather expensive licensing arrangements potentially
preventing (some of the) end users to actively view and/or edit files.



Hydraulic Modelling Methodological
Approach

Hydraulic Modelling
e Rating 1-5 (5 rating is better)

Evaluation Aspects MIKE FLOOD HEC-RAS 5.0

Price 1
Licensing

Capabilities

Simplicity

Accuracy

Available Information and Support

Speed

o W b~ B~ b b =
N W W B B W Ul U,

Local Experience



Hydraulic Modelling Methodological
Approach

Hydraulic Modelling Approach
* Floodplain Topography
 Modelling Implementation

e Calibration and Validation

 Sensitivity Analyses (roughness, hydrological parameters,
morphodynamics)



Hydraulic Modelling Methodological
Approach

Hydraulic Performance:
e Full analysis of the flooding mechanism.

* Analysed in closer detail in urban areas, due to the increase risk in
those areas (capacity of culverts)

* The influence of any other structure present in the study area will be
also

e Additionally, critical locations will be identified using both historical
and the flood modelling results.



Flood Mapping Methodological
Approach

* Maps to be produced using the modelling outputs from Activity 2 in
combination with different GIS layers, such as different base-maps,
aerial photographs or available socio-economic information.

e The results from the 1D and the coupled 1D-2D model will be
combined in order to produce flood hazard maps for the study area.

 Ground truth survey will be undertaken in order to ensure that every
area that has been flagged as susceptible to flood it is truly at risk of
flooding after a field and historical verification.



Flood Mitigation Methodological
Approach

* The flood mitigation and adaptation options to be developed as part
of the project will be modelled in the hydraulic model where
necessary.

e Structural measures.
e Non-structural measures.
* Close collaboration



Flood Mitigation Methodological
Approach

The options will then be short listed and designed as follows.

* Develop short list of options: The long list of options will be
examined and qualitatively assessed in terms of the socio-economic,
environmental, engineering and hydrological impacts of the options

* Options assessment: The hydraulic impacts of the short-listed
structural options could be simulated using the flood models
developed for this study. An initial appraisal of the short-listed
options will be carried out to determine technical performance in
terms of flood hazard reduction in the basin.



Technology Transfer Methodological
Approach

All the products implemented and developed within the framework of
this project will be delivered to NEA. All the numerical models used
during the implementation will be installed at NEA. Also, the delivery of
the final products (data and modelling files) will be undertaken in a
‘friendly’ manner with respective training elements, ensuring that
NEA’s modellers are capable or utilising all the different tools.




Training

* River Survey

* Hydrological Modelling

e Climate Change Allowances

 Radar Data Processing

e Hydraulic Modelling

* Flood Forecasting Early Warning Systems



Flood Modelling

Assessment of Suitable Flood Mitigation Measures in Tbilisi, Georgia
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Flood Modelling Methodology

e Climate Change Modelling
* Hydrological Modelling
e Hydraulic Modelling



Climate Change Modelling



Survey of changes in rainfall and
extremes in the Tbilisi region

e Selected metrics of extreme precipitation
were mapped over the region of interest
(see table)

e At all points, the projected changes are
compared against the year to year
variability

 Multi-model means are shown, to highlight
changes that are consistent across the
CMIP5 models



Survey of changes in rainfall and
extremes in the Tbilisi region

Total annual rainfall when the daily rainfall [lgEE]e]
exceeds the 95t percentile

Simple precipitation intensity index SDII

Maximum dry spell length CDD

Maximum wet spell length CWD

Long name CMIP5/Climdex Description
name

Maximum one-day cumulative precipitation rx1lday

Let RR,; be the precipitation amount for the 1-day interval ending |, period j. Then
maximum 1-day values for period j are:

Rx1day; = max (RRy)

Let RR,,; be the daily precipitation amount on a wet day w (RR > 1.0mm) in period i
and let RR,,,95 be the 95t percentile of precipitation on wet days in the 1961-1990
period. If W represents the number of wet days in the period, then:

Let RR,; be the daily precipitation amount on wet days, w (RR 2 1mm) in period j. If
W represents number of wet days in j, then:

Let RR; be the daily precipitation amount on day i in period j. Count the largest
number of consecutive days where:

RR; < 1mm

Let RR; be the daily precipitation amount on day i in period j. Count the largest
number of consecutive days where:

RR; 2 Imm

"
R95p; = RR.; where RR.; > RR..95

w=]




Projected changes in annual
preepdtation totas CPe.S

e There are projected to be fairly small
reductions in annual precipitation in
Georgia

e These are only significant in the RCP8.5
scenario



Projected changes in rainfall intensity

RCP2.6 RCP4.5 RCP8.5

* There are projected to be significant
increases in rainfall intensity in Georgia

* These increases are significant in all three
scenarios



Projected changes in annual maximum
rainkald RCP4.5 RCPS.5

* There are projected to be significant
increases in annual maximum rainfall on
one day in Georgia

* These increases are significant in all three
scenarios
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Rainfall for a given return period is projected to increase significantly by 2030 under all scenarios, but there
is huge uncertainty because of the short time series available to analyse



Conclusions

e Annual rainfall in Georgia is projected to decrease over the 21st centuries
under all three RCP scenarios. The daily intensity of rainfall is, however,
projected to increase. These findings are generally consistent with
previously published work on mid-latitude climate change.

* The net effect of these changes is an increase in rainfall for a given return
period - in other words, a reduction in the return period for large rainfall

events.

 The uncertainties on the rainfall thresholds are large and stem primarily
from the difficulty of estimating the magnitude of rare events from short
time series - even using a large multi-model ensemble.



Hydrological Modelling




Vere and Legthvakhevi catchment

e 175km?
24km?

e Steep gradients
e Western Thilisi

e Discharge into Kura (Mtkvari)

14



Spatial data preparation

15



HEC-HMS model of Vere and
_eghtvakhevi

 Spatial discretization (0.2km? initiates a stream)

e Hydraulic model input points in Leghtvakheuvi

16



Temporal data preparation

e Rainbow© data format
readable with WRADLIB
Python library

e Selecting 2016 rain events

* Inclination selection,
reflectivity to rainfall,
attenuation correction,
clutter removal...

e Georeferencing and
calculation of average
rainfall intensity in the
catchment in 3min time step

17



HEC-HMS Vere calibration
Observed W1 def. W2 def. W3 def. W4 def. WS5 def. WS5 calib.
rvent Volume [Mill m3]
Aug-63 14.73 16.07 18.96 20.75 19.07 22.37 24.43
May-76 12.29 11.94 14.19 15.93 14.70 16.64 19.43
Apr-94 15.43 9.11 10.91 13.48 15.16

100

80

60

Flow [m3/s]

40

20

1994

— W5

e \\/5 Cal

= Selected the most

Reduction of soil infiltration
capacity (ksat) by 50% in
both Vere and
Legthvakhevi

conservative options: event
1994 and radar option W5




_eghtvakhevi sensitivity analysis:
Different radar disaggregation options

Peak Flow [m¥/s]

e Discharge (100yr RP)
is very sensitive to
the different
distributions

= Use the most
conservative option
(W5)

19



Leghtvakhevi sensitivity analysis:
Transformation parameters

e Clark Transform
method uses Time of
Concentration

* Not extremely sensitive
in reasonable ranges

| teoors | wenons TC0.5

Peak flow change [%] 0.4% -0.5% 8.9% -11.9% >0



_eghtvakhevi sensitivity analysis:
Routing parameters

Width Side Slope |Side Slope |Mannings Mannings
tlmesOS =1 =4 n=0.03 n =0.05

Peak flow change [%] -0.1% 0.0% +0.3% 1.0% +0.7% 0.4%

* Not sensitive on peak flow magnitude

21



Precipitation design events baseline
and climate change

e Extrapolation of long-term
Return . daily precipitation data
Period >cenario using probability
Baseline RCP8.5 - 2070 distributions

_ 66.95 167.86 * Climate change impacts

m 105.96 199.91 from all available climate
models

_ 145.02 208.95 e Strong projected increase
in the lower RPs

22



Calculated discharges of design events

Baseline Climate Change

Peak flows [m?¥/s] mmm RP100 | RP500

RCP8.5 2070 502 601 617 629 642

23



How does this compare to available

]
ash flood data?

Peakflows[m¥s] | RPS | RP25 | RPS0 | RP100 | RPS500 |

502 601 617 629 642

The simulations are realistic
when being compared to
observed data from regions
in Europe prone to flash-
flooding

Gaume et al. (2009)
Journal of Hydrology

http://www.hydrate.tesaf.unipd.it/WareHouse/
EuropeanDataCenter/

24
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Summary

Modelling efforts were severely hindered by the temporal data availability

Extensive work was done to obtain sub-daily, recent precipitation time series

A second HEC-HMS model was built in the Vere to carry out basic calibration

Careful evaluation of model parameters and sensitivity checks was carried out

First estimation of design discharges in the Leghtvakhevi are subject to a wide spread

Increasing discharges are projected under climate change especially for lower RPs

25



Limitations and their implications
for decision-making

Model building is always a spatial and temporal simplification process which introduces
uncertainties in the results - these can be reduced if proper calibration of parameters is
possible

Highest uncertainties in the simulations arise from

1. unknown distribution of sub-daily rainfall distribution
2. unknown typical antecedent moisture conditions

3. future climate change projections

Conservative selections were made, indicating that the results are more likely to
overestimate ‘true’ discharges than to underestimate

Results are in realistic ranges when being compared to other flash flood data

26



Recommendations

Long-term observation of sub-daily rainfall to:

1. obtain the likely sub-daily distribution of extreme storm events, calibrate radar data
3. obtain information on typical antecedent moisture conditions of these storms
Long-term observation of sub-daily discharge time series

Record water levels and damages to infrastructure in the gorge

Update the model once more reliable data are available

For establishing an early warning system, reliable weather forecast and real-time radar
data processing is most important

27



Hydraulic Modelling




Hydraulic Modelling

* Hydraulic model required for flood
mapping and mitigation

e HEC-RAS 5.0.5 selected as the
numerical model

e Initial hydraulic modelling
methodology - 1D-2D



Hydraulic Modelling — Overall Hydraulic
Modelling Approach

e 1D-2D Modelling Approach
e River channel to be modelled in 1D

* Floodplains and urban area in 2D
* Approach decided due to adequacy and computational resources



Hydraulic Modelling - Numerical Model
technical description

e HEC-RAS 5.0.5
 Open software
e Comparable to any other commercial hydraulic modelling software

e Approved by FEMA and by the Environment Agency in England and
Wales for flood studies

e 1D, 2D and 1D-2D approved



Hydraulic Modelling - Numerical Model
technical description

* The 1D computational scheme of HEC-RAS is based on:
e The principle of conservation of mass (continuity), and
e The principle of conservation of momentum.

* These laws are expressed mathematically in the form of partial
differential equations.



Hydraulic Modelling - Numerical Model
technical description

* The 2D numerical equations are based on an Shallow Water
Equations.

* An approximation to the Navier-Stokes equations assuming that the
flow is:
* Incompressible
e Uniform density
e Hydrostatic pressure



Hydraulic Modelling - Numerical Model
technical description

e The 1D and the 2D models can be linked:

e Direct link
e Lateral link



Hydraulic Modelling — Implementation

Steps

The general steps in any hydraulic modelling implementation with HEC-
RAS are:

* Project creation

* Projection definition

e Geometry information

* Boundary condition information

e Simulation parameters

e Result analysis.



Hydraulic Modelling — Data

The data requirement for a hydraulic modelling implementation are:

- Geometry data

- Cross section data
River centre line
Structures
- DEM
Land cover information

- Boundary conditions
- Hydrological input
- Historical information



Hydraulic Modelling — Data

e A full cross section
survey of the river was
undertaken (119)



Hydraulic Modelling — Data

e Structure survey (18)




Hydraulic Modelling — Data

* DEM. 1m LiDAR



Hydraulic Modelling — Data

e Several site visits were undertaken to the catchment

* No significant historical information is available for calibration
purposes.



Hydraulic Modelling - Model
mplementation

e 1D-2D implementations
require that the two
different models are
working independently

e 1D implementation was
undertaken for the surveyed
watercourses



Hydraulic Modelling — 1D Model
mplementation

Legvtakneni 1

* Model domain including these
watercourses

e Geometry including all the
surveyed information




Hydraulic Modelling — 1D Model
mplementation

e Additional cross
sections included for
stability

e All structures
included




Hydraulic Modelling — 1D Model
mplementation

* Roughness information was
obtained from the GlobCover
database

* 300m global land-cover
information

e Directly imported into HEC-RAS



Hydraulic Modelling — 1D Model
mplementation

Boundary conditions

* Hydrological inputs obtained
from the hydrological study

e Upstream conditions and
lateral inflows

e Downstream boundary
condition was a constant
water stage



Hydraulic Modelling — 1D model results
analysis

e Initial results from the 1D
model indicated a high
model instability

e High gradient
e Several waterfalls
* Long culvert

* Drastic changes




Hydraulic Modelling — 1D Model results

analysis

e A significant modelling effort was undertaken in order to increase the
stability of the model

* Interpolated cross sections

* Inline structures

* Hydraulic table calculations

* Increased tolerances
* Time-step reduction



Hydraulic Modelling -1D model results
analysis

e The stability was reduced when 1D-2D linked undertaken

* The 1D model was not fit for purpose even after all these
modifications

e 2D approach for the whole catchment was followed



Hydraulic Modelling — 2D Modelling
mplementation

* Model domain covering
the whole catchment
(10m)

e All structures included in
the model

 Boundary conditions as
defined by the
hydrological modelling



Hydraulic Modelling — 2D Modelling
Results

e 2D model results indicated
were analysed with sensitivity
tests of:

* Time-step

e Downstream Boundary
Condition

e Roughness

e Satisfactory results



Hydraulic Modelling — 2D Modelling
Results

 The 2D results showed a much higher stability.

 The 2D model implemented can be considered to be fit for the
purpose.

 The 2D model responded satisfactorily to the different sensitivity
tests.

* The resulting 2D model was used to produce results for all the return
period events (baseline and climate change scenarios).

* The use of a 2D modelling approach limits the reduction in accuracy
that occurs in the linking process between 1D and 2D models.



Hydraulic Modelling — Conclusions

e A significant hydraulic modelling exercise was undertaken

A 1D-2D approach was deemed unfit for flood mapping and
mitigation purposes

A 2D model for the whole catchment was implemented

e Results from the 2D model were satisfactory and performed correctly
in the sensitivity tests



Hydraulic Modelling — Next Steps

* This hydraulic model will be used for
* Flood mapping

* Flood mitigation purposes

A modified version of this model can be used for flood forecasting
purposes.



Flood Mapping and
Mitigation

Assessment of Suitable Flood Mitigation Measures in Tbilisi, Georgia
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1. Flood Mapping Methodology

e Based on 2D Hydraulic Modelling results
e A site visit was undertaken in order to corroborate results

* Flood maps developed for:
e Water Depth
e Water Surface Elevation
e Velocity
e Arrival Time
e Duration
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1. Flood Mapping Methodology

* Flood maps developed for the following return periods
e 1:500 years
* 1:100 years
* 1:50 years
e 1:25 years
* 1.5 vyears



2. Flood Mapping Results

* Flood Mapping Results Submitted in the Flood Mapping Deliverable

e Results are available in digital format for all the mentioned variables
and design events



2. Flood Mapping Results



3. Analysis of Structures

* Relevant structures have been analysed
e Special attention has paid to the culvert downstream
 Different blockage depths have been used in some structures



3. Analysis of Structures



3. Analysis of Structures - 1



3. Analysis of Structures - 1

 The area is reduced significantly after the entrance

* Major constraint for flow

e The structure is not coping with 100yr flows or 5yr flows

* An analysis of 25%, 50%, and 75% blockage reveals further issues



3. Analysis of Structures - 1

e Because of this, for
the 100yr event, the
flooding is significant,
overtopping the banks



3. Analysis of Structures - 1

4007

e The impact is
higher with the
blockage
scenarios o

358




3. Analysis of Structures - 2

* Another key massicbi 11100
structure is the
dam located in the
botanical gardens

mar jvend

e This structure is
being overtopped
for the 100yr and

S5yr return period
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3. Analysis of Structures - 2

* Flow over the weir and

through the culverts for :
these events /
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3. Analysis of Structures - 2

e This structure was also -
assessed for 25%, 50% .
and 75% blockage
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3. Analysis of Structures - 3

e This structure is not
being overtopped for
any event. Backwater
impact is significant.

* The blockage of this
structure increase the
flood impact
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3. Analysis of Structures - 4

e This structure in one of the
tributaries was also analysed. mill (Wrili 99)

masStabi 1:100

* The hydraulic capacity is not
sufficient for any of the event

mar jvend

* The blockage of this structure
increase the flood impact




4. Analysis of Lead Time — Time to Peak

* The arrival time of the flood wave was investigated
e Difference in time to peak for key locations is short
* The duration of the flood was also assessed



4. Analysis of Lead Time



4. Analysis of Lead Time



5. Flood Mitigation Methodology

e Structural measures.

* Non-structural measures.

* Develop short list of options
* Options assessment



6. ldentification of Hotspots

Hotspots were identified in areas where flooding affected:
e Urban areas

* Properties and gardens

e Roads

e Critical infrastructure

The 5yr and the 100yr event were taken as the baseline for the
assessment



6. ldentification of Hotspots



6. ldentification of Hotspots

Flood Prone Area No
1

u B~ WN

10
11

Reach
Main river
Main river
Main river
Main river

1st left bank tributary
2nd left bank tributary

4th left bank tributary
1st right bank tributary

1st right bank tributary

1st right bank tributary

1st right bank tributary

Issue
Flooding in Downstream Urban Area
Flooding on road and on property in house upstream Botanical Gardens
Flooding at large New Building
road flooding - insufficient culvert capacity

road flooding - insufficient culvert capacity

road flooding - insufficient culvert capacity - resulting in breakout flow to
the north

road flooding - insufficient culvert capacity

road flooding - insufficient culvert capacity

road flooding - insufficient culvert capacity and flow out of catchment to
adjacent river

road flooding - insufficient culvert capacity - resulting in breakout flow to
the north

minor breakout in 100yr could be fixed with a levee



/. Proposed Flood Interventions

Structural and
non-structural

e Prevention
e Protection
* Preparedness

measures




/. Proposed Flood Interventions.

Reduction in peak flows
Structural Measures: Non-structural measures:
* Flood control dams e Re-afforestation

(detention basins » No/low till agriculture

—can be wet or dr
2 e Contour farming/terracing

e Catchment management
e erosion control (gullies)
e Sediment control



/. Proposed Flood Interventions.
Reduce exposure to flood flow

Structural Measures: Non-structural measures:
e Land use planning/development
e Levees (dykes) controls
° En|argement of channels and  No increase in runoff from new
developments (on-site storage)
culverts
* Floor level controls

e Channel straightening (not e House raising

recommended)

e Flood proofing/resilient materials

* Diversion (bypass) channels e Removal of buildings from worst
areas



/. Proposed Flood Interventions.
Reduce flood impacts

Structural Measures: Non-structural measures
* Flood Mapping

e Raising community awareness
e Education/awareness campaigns

e How to understand and make use of
flood warning information

* Flood forecasting and warning
e Difficult in flash floodinﬁ situation due

short lead times — usually rainfall
based

 Meaningful timely, dissemination of
information

e Disaster Management Planning
* Emergency services response



/. Proposed Flood Interventions. List of
Options

e Seven different structural options

e Aim to mitigate flooding when possible in population, key
infrastructure

e Combination of increasing size of culverts and storage



/. Proposed Flood Interventions.
List of Options — structural measures only

. . e L. . . Peak Flow Peak Flow
Option Flood Prone Area No Possible Mitigation Old Culvert size New Culvert Size Through Culvert | Through Weir
0 1 re-open 2nd culvert Using the Second
One Culvert Culvert

1 2 Upstream storage
2 > increase culvert capacity Box 1.68x1.26 4 Box 2x1 2 20
3 4 increase culvert capacity Circular 1.2m 3 Box 3x3m 0.5 23.63

6 increase culvert capacity plus levee to

prevent breakout

4 Circular 2.4m 4 Box 3x3m 1.1 0
5 7 increase culvert capacity 2 circular 1.0m culverts | 3 Box 2.1x0.9m 3.3 0
6 8 increase culvert capacity Circular 1.2m 3 Box 3x3m 2 11.3
6 2 increase culvert capacity Circular 1.0m 3 Box 3x3m 0.95 18.5

10 increase culvert capacity
6 Circular 1.0m 3 Box 3x3m 4.5 0




/. Proposed Flood Interventions.
Option O.

* Re-open second culvert in

the downstream area.

* The existing culvert does
not have enough capacity

* The resulting impact is
reduced water levels
upstream of the culvert
significantly for the 100yr
event (no overtopping)

Station (m)




/. Proposed Flood Interventions.
Option 1.

e Storage provided upstream of the existing hydrological station
e Dam 10m high, with a 20m spillway and a 2.4m culvert



/. Proposed Flood Interventions.
Option 1.

 Hydrographs through
the dam for the
baseline and option 1

scenarios (5yr and
100yr)



/. Proposed Flood Interventions.
Option 1.

 Maximum impact of
0.6m reduction in
water level
downstream



/. Proposed Flood Interventions. Option 2.

Flooding at road crossing
at hotspot 5

Existing culvert: 1.68m x 1.2m
rectangular (box) culvert

Total flow (100yr) 22m3/s
Culvert flow: 2m?3/s

Over road flow 20m3/s

Over road depth 0.8m

Road not trafficable for 6 hours



/. Proposed Flood Interventions. Option 3.

Flooding at road crossing
at hotspot 4

Existing culvert: 1.2m diameter
pipe

Total flow (100yr) 24m3/s
Culvert flow: 0.5m3/s

Over road flow 23.5m3/s

Over road depth 1.5m

Road not trafficable for 3 hours



/. Proposed Flood Interventions. Option 4.

Flooding at road crossing
at hotspot 6

Existing culvert: 2.4m diameter
pipe

Total flow (100yr) ??m3/s
Culvert flow: ??m3/s
Over road flow 15m3/s
Over road depth 0.2m
Road not trafficable for 1.5 hours 2 ' Lack of capacity
at road crossing
causing overflow
and widespread
flooding




/. Proposed Flood Interventions. Option 5.

Flooding at road crossing
at hotspot 7

Existing culvert: 2 1.0m diameter
pipes

Total flow (100yr) ??m3/s
Culvert flow: 2.4m3/s

Over road flow 10m3/s

Over road depth 0.9m

Road not trafficable for 1.1 hours



/. Proposed Flood Interventions. Option 6.

Flooding at road crossing
at hotspot 8

Existing culvert: 1.2m dia,

Total flow (100yr) 38m3/s
Culvert flow: 3m3/s

Over road flow 35m3/s

Over road depth 1m

Road not trafficable for 2 hours



Road Crossing Results

 New culvert sizes modelled eliminates the overtopping of the road
embankments and the backwater impact is reduced.

* No more flooding is predicted over the roads



/. Proposed Flood Interventions.
Non-structural flood mitigation measures
The following are practical measures which could be implemented now

in respect of new buildings —these measures will reduce flood
problems in the longer term

 Introduce land use planning/development controls

* Floor level controls — require all new buildings to have floor levels above 100
year flood level plus an allowance for freeboard (e.g. 500mm)

e Require all new sub-divisions to result in no increase in peak runoff
(generally met by on-site storage)



/. Proposed Flood Interventions.
Non-structural flood mitigation measures

The following are practical measures which could be implemented now
— in respect of existing buildings which flood

e For light construction i.e. timber houses — consider raising above
flood level

* Where flooding has occurred — consider requiring re-building with
water resilient materials and flood proofing exterior

* Consider removal of buildings from worst affected areas



/. Proposed Flood Interventions. Flood
Forecasting Early Warning System

e It is suggested that a FFEWS is implemented

* Due to the short lead time available, inclusion of meteorological
forecasting is recommended, with an increased resolution

e |tis also advisable that weather radar sources are also used

* The deployment of weather stations in the catchment is
recommended to increase the accuracy of the models and also for
forecasting purposes



Ecological Status




Water Framework Directive

The main environmental objectives according to WFD:

e No deterioration of status for surface and groundwater and the protection, enhancement
and restoration of all water bodies;

e Achievement of good status by 2015 and the following years;

e Progressive reduction of pollution of priority substances and phase-out of priority
hazardous substances in surface waters and prevention and limitation of input of pollutants
in groundwaters;

e Reversal of any significant, upward trend of pollutants in groundwater;

e Achievement of Standards and objectives set for protected areas in Community legislation.
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Water Quality

 Water quality can be described in terms of biological, hydromorphological and
physical-chemical characteristics

e Artificial (and in some cases natural) changes in the physical and chemical nature
of freshwaters can produce diverse biological effects.

 There are different procedures to check the water quality:

Comparing historical data with new data
Field work

Laboratory results

Bibliography and Expert knowledge
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What to do?

Defining the main steps to do

1. Interviews with different stakeholders and institutions for collecting information

2. Bibliography review

3. Field visit to check the possible impacts and pressure and status of the river

4. Planning future needs for the monitoring (frequency, locations, parameters) for
increasing the knowledge of the evolution of water quality

5. Proposing measures to ensure reaching the environmental objectives
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Ecological Status...How to evaluate the
rivers?

Do the estimated values Y o the physico- v Do the hydro- Y Classify
. or- the biologica €35 chemical conditions es morphoelogical conditions £S5
e Hydromorphological processes are —— e igh stats? e igh stus? Foe L
. reference conditions?
a key component of fluvial R o
a No
ecology, as they create the i { |
hydrodynamic ~ and  habitat " e oenqmiy YLl ionaton yemnne || Yes ) G
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condition values? specific pollutants?

* Pressure on hydromorphology is 1: .

Classify on the basiz of = A 4

one of the most common causes e bosicaldeviaton. gl It devation e stus

from reference moderate?

for water bodies to fail the WFD e |

environmental objectives e seinion |5
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Elements according to WFD

e Sampling methods and devices based on the European Standards will be used in the monitoring
programmes.

e The biological quality elements incorporate for this river: Macroinvertebrates (abundance and
composition)

* The physico-chemical quality elements include for rivers :

. General conditions

. Specific both synthetic and non synthetic pollutants

 EN, ISO and other international standards will be applied for the analysis of the water samples

 The hydromorphological quality elements will incorporate the following elements:

. Hydrological regime

. River continuity

. Morphological conditions
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Quality elements as waterbody indicators

Quality elements
Physico-chemical

Transparency,
temperature, conductivity,
Oxigen, nutrients

Hydromorphology

Flow » |
// //// // //////// " '

e




Importance of quality elements

In the field of implementation of the WFD, benthic invertebrates are considered useful
for the detection and monitoring of the following types of pressures:

e Physico-chemical pressures related to: =
e thermal pollution o Q

e changes in water mineralization

e organic pollution

e eutrophication

e contamination by metals or other contaminants




WATERBODY INDICATORS: HABITATS

Sampler address

5 @ Individual sub-sample location
| ; Qof
- - Ay
Site observations should " g
be conducted over a 20- N \wl N
50m section of the stream (") 4 Ay m

Current \ﬁf ' ° .1




Importance of habitats

e Every theoretical and empirical construct related to the dynamics of freshwater
ecosystems identifies hydrology and sediment movement as being fundamental
to physical habitat creation and maintenance (Ritcher et al., 2006).

e Physical habitat characteristics constitute an important factor that controlls the
structure and composition of fluvial biological communities and they may also
play an important role in determining fluvial ecosystem functioning (Dent et al.,
2002; Murray et al., 2008).

e Physical habitat characteristics are among the most common targets in many
restoration programs (Palmer et al., 2010).
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(Micro-)habitat types

With high current speed and hard substrate.

Lentic with hard substrates.

Woody debris.

Among the submerged portion of emergent vegetation of the river edges.
Among submerged macrophytes or macroalgae.

With sand, gravel or mud.




(Micro-)habitat types desirable for good
quality




| Parameter

Physico-chemical Quality Elements

General conditions

Temperature — in situ °C
Dissolved Oxygen — in situ mg 02/
pH —in situ pH units
Conductivity — in situ pS/cm
Hardness mg/l CaCO3
Colour —in situ visual
o-Phosphate mg P/l
Nitrate mg N/I
Ammonium mg N/I
Chloride mg/|
Sulphate mg/|
Total suspended solids mg/|
Biochemical oxygen demand [BODS) mg 02/1
Chemical oxygen demand (COD - dichromide) mg 02/1
0il substances — in situ visual

Priority Substances and Certain Other Pollutants

All *Priority substances and certain other pollutants’ that can be analysed with the

existing laboratory capacity

Biological Quality Elements
|Macr0invertebrates | Metricsl

Hydromorphological Quality Elements

|River flow
1

| Daily Mean Flow (m3/s)} 0

J

!

_ist of proposed parameters and
‘requency

Physico-chemical parameters: each 3
months
Macroinvertebrates: 1 sample per year, in

spring at the same time as the physico-
chemical sampling

Hydromorphological elements: 1

measurement in spring with

Macroinvertebrates and Physico-Chemical
\/

\ ¥,




-ield visit to the Leghvtakhevi river
0asin

e During 315 of January it took place a field visit of the members of the team in
order to review:

The location of the river

The water quality and the riparian vegetation in all the basin

The possible sites to be defined as monitoring sites for future samplings
The main pressures and impacts in the basin
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SITE 1 Upstream Tsavkisi

ream
ARl




SITE 2 Tsavkisi (middle part of the
stream)

, river watershed altered wi
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SITE 3 Tsavkisi (middle part of the river)

~ Garbage in the basin, some pipelines crossing the ri
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SITE 4 Shindisi (below the settlement)

- Garbage in basin and in the river; hydro-morphological alterations in th
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SITE 5 Shindisi (downstream the bridge)

bedded in the basin in rock, some natural riparian vegetati
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SITE 6 Botanical Garden (upstream)

interesting woody det



Site 6 Botanical Garden (upstream)

:mbedded in the basin in rock as in the previous section, na‘t.:,'_ al riparian vegetation
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SITE 6 Botanical Garden (downstream)

The r|ver is embedded in the basin in rock as in the previous sectlons, natural rlparlan




SITE 7 Downstream-confluence Kura

mbedded in rock in the low part of the old Tb||SI close to the: ‘
ocated, 50 m upstre.,am fr;o.l( ' R
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Conclusions about the status of the
river

During the field visits some interesting sites for monitoring where visited and could
be suggested as official sites: SITES 1-7

In general, there are different impacts in the river basin, mostly caused by human
activities from the settlements (pipelines, garbage in the river and in the , and
organic pollution form the untreated wastewater that comes from the old and new
settlements )

Some works in the riverbed are need in order to remove the garbage and some old
infrastructure

It has been presented a possible list of parameters and frequency for future
monitoring in order to evaluate the Ecological Status and with the results a package
of more measures to do in order to reach a good status of the river
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Next steps

dConfirm the sites for the monitoring, frequency and the list of parameters for ecological
evaluation: proposal sites 1-7 in the river

A Define who is in charge of monitoring for supplementing and validating risk assessment

Collect results from the field + laboratory and prepare the ecological status evaluation

(dOrganize the field works to remove the diffuse source pollution (garbage of the riverbed)
and the old infrastructure in there, allowing the connectivity in the river and better visual
aspect of the area

include the river in the River Basin Plan Management for coordinate other activities in
the area (works in the basin, public use, settlement development,...) according to the
environmental objectives defined for the basin
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Proposed mitigation measures: Sediment
Management

e Good Practice Sediment Management : Sediment forms a variety of habitats, which
directly and indirectly support a broad range of flora and fauna. This solution is proposed
for middle parts of the river (Site 4, 5 and 6)




Proposed mitigation measures: Good Practice
Vegetation Management

e Good Practice Vegetation
Management: Vegetation is a
natural part of river ecosystems
providing shade and cover;
promoting bank stability;
enhancing physical in-channel
features; providing an input of

woody debris; filtering sediment

and serving as a source of nutrients
to support fauna and flora.




Proposed mitigation measures: Improve Fish
Passage

* Improve Fish Passage: It is worth noting that where structures can be removed, other
measures to improve habitat upstream and downstream should be undertaken after the
flow and sediment regime have had time to adjust.

° o Fish passes in river systems: Fish passes in river systems

° o Mitigation for pumping station intakes

e This solution is proposed for middle parts of the river (Site 4, 5, 6 and 7)

_c\v“ ¥ ali
T




Proposed mitigation measures: Culverts

Modification

Improve Culverts in the river: Implementation of this measure can help deliver the
requirements of the Water Framework Directive, by:

. Re-creating a more natural, self-sustaining river system, within which
hydromorphological and ecological processes can be re-established.

. Assisting with improving or restoring fish passage; offering benefits to other mobile
species (e.g. invertebrates).

. Providing access to valuable habitat that may be otherwise isolated from migratory
species.

. Culverts can also be a barrier to the longitudinal movement of other species, such
as mammals (e.g. water voles).

This solution is proposed for

middle parts of the river (Site 3 and 4)




Upscaling and further
application

Assessment of Suitable Flood Mitigation Measures in Tbilisi, Georgia



Index

1. Upscaling and further application
2. Further recommendations



Upscaling and further application

e Utilization of approach/methodology in similar catchments

* Implementation in larger catchments



Upscaling and further application

e Utilization of approach/methodology in similar catchments

e Individual consideration of conditions
e Available data
e Topographic conditions
e Damage potential and required accuracy

e Selection of approach Prioritization
e 1D/2D/combined
e Data collection



Upscaling and further application

* Implementation in larger catchments
e Catchment size matters
e Available data
e Required accuracy
 Computation power
e Selection of approach

e Possibly combined approach with focus on hotspots (Catchment wide
hydrological model with nested flood models at hotspots)



Further recommendations

e Catchment management

e Catchment maintenance

* Flood Early Warning System (dynamic)
* Flood zoning and planning (static)



Further recommendations

e Catchment management
e Regulations for catchment use
e Avoiding catchment deterioration

e Agriculture who and how
* Private construction regulations to reduce runoff
* Drainage

Public infrastructure construction
Maintenance



Further recommendations

e Catchment maintenance

e Culverts and streambeds
e Ensure free drainage

e Reservoirs and floodplains
e Ensure capacity for retention

e Both private and public include in regulations — followup necessary



Further recommendations

* Flood Early Warning System
e Consider reaction potential
* what can be saved in case of alarms (human life / mobile assets)
e Consider monitoring needs
e Real time analysis needs

e Predefined trigger scenarios
e Real time modelling

e Alerting mechanisms
* Training



Further recommendations

* Flood zoning and planning
e Definition of hazard zones for different events, current and future
e Utilization regulations
e Building codes



Technology and Knowledge
Transfer

Assessment of Suitable Flood Mitigation Measures in Tbilisi, Georgia




Index

1. Technology Transfer
2. Training
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Technological Transfer

e All the data, models and results yielded by the project to be deliver to
stakeholders
e All the results thoroughly explained in reports and through training
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Training

e Hydrological training
* From the 13% to the 28t of May

e 8 people from NEA, EMA, Delta and llia State University attended the
training successfully.
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Training

e Hydraulic Modelling
* From the 2" to the 11" of July

e 8 people from NEA, EMA and llia State University attended the
training successfully.
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Training

e During the training the modelling process was explained
e All the issues faced by the modellers were addressed

e Information and training provided would allow the replication of this
in similar studies
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Training

e Topics covered

e Hydrological Modelling

e Hydraulic Modelling

e Climate change allowance
 Weather Radar data processing
e Flood Forecasting
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6. Presentations in Georgian
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Let RR,; be the precipitation amount for the 1-day interval ending |, period j. Then
maximum 1-day values for period j are:

Rx1day; = max (RRy)

Let RR,; be the daily precipitation amount on a wet day w (RR 2 1.0mm) in period i
and let RR,,,95 be the 95t percentile of precipitation on wet days in the 1961-1990
period. If W represents the number of wet days in the period, then:

Let RR,,; be the daily precipitation amount on wet days, w (RR 2 1mm) in period j. If
W represents number of wet days in j, then:

Let RR;; be the daily precipitation amount on day i in period j. Count the largest
number of consecutive days where:

RR; < 1mm

Let RR; be the daily precipitation amount on day i in period j. Count the largest
number of consecutive days where:

RR; 2 1mm

"
R95p; = RR.; where RR.; > RR..95

w=]
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