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1. INTRODUCTION

1.1. LEGAL BASIS FOR THE METHODOLOGY

In order to properly assess flood risk and develop ways of managing it, as well as to limit the
negative effects of flooding in the European Union, the Directive 2007/60/EC of the European
Parliament and the Council of October 23, 2007 on the assessmefibad risk and its
management, hereinafter referred to as th#loods Directive was concluded. The directive
introduced the obligation for member countries to develop planning documents, which constitute
the basis for undertakingneasures aimed at linting the negative consequences of floods for
human health and life, economic activity, the environment and cultural heritage.

The provisions of the Floods Directive have been implemented into the Polish legal system by the
Act amending the Water Law Actéisome other acts of January 5, 2Q@dburnal of Laws of 2011
No. 32, item 159), which entered into force on March 18, 2011.

According to article 11, paragraph 1, point 1 of the abovementioned of the Act, the Floods
Directive was implemented in thfst planning cycle (in 2018015) by drawing up:
e preliminary floodriskassessmentPHRA) by December 22, 2011,
e flood hazard maps (FHM) and flood risk maps (FRM) by December 22, 2013 (publication and
submission of maps to administrative bodies tqguéce on April 15, 2015),
e flood risk management plangFRMP)for river basindistricts by December 22, 2015
(Regulatioron flood risk management plans of October 18, 2016).

The Act of 20 Ju/2017¢ Water Law (Journal of Laws of 2020, item 310), her&naéferred to
as thedwater Act, which entered into force on January 1, 2018, retains the validity of the above
mentioned planning documents (article 555, paragraph 2, points 4, 5, 7 and 9) and orders them to
be reviewed every six years and updatedhatessary. The deadlines for performing reviews and
updates are as follows:

e preliminary flood risk assessment B¢ December, 2018,

e flood hazard maps and flood risk maps by 22 DeceniHr9,

e flood risk management plans for river basireasby 22 Decembe2021

Based on article 17Yaragraph9 of the Water Law Act, flood hazard maps and flood risk maps
may be reviewed and, if necessary, updated more often than every 6 years, except tleit #msu
update is made, it should be repeated in accordance with the principle set out in paragraph 8, i.e.
on the dates resulting from the Floods Directive.

The Water Law Act (in articles 2891) also defines the general scope and method of drawing up
flood hazard maps and flood risk maps, as well as the procedure for their opinions and agreeing.

Detailed requirements for the development of maps are contained in the Regulation of the
Minister of the Environment, the Minister of Transpa@onstruction and Maritime Economy, the
Minister of Administration and Digitization and the Minister of Internal Affairs of 21 December
2012 on the development of flood hazard maps and flood risk maps (Journal of Laws of 2013, item
104).
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This regulation wa replaced by the regulation of the Minister of Maritime Economy and Inland
Navigation of October 4, 2018 on the development of flood hazard maps and flood risk maps
(Journal of Laws of 2018, item 2031), hereinafter referred to asfegulatios.

The abrementioned legal provisions (Floods Directive, Water Law Act and Regulation) are the
basis for the preparation of a methodology which presents the method of developing flood
hazard maps and flood risk maps, including reviewing and updating them.

Based a article 171, section 1 and article 240, paragraph 2, point 6 of the Water Law Act, draft
flood hazard maps and flood risk maps shall be prepared by Polish Waters in consultation with the
relevant voivodes. Whereas, under article 171, paragraph 2 daaitlthazard maps and flood risk
maps from the seawater, including inland marine waters shall be prepared by directors of
maritime offices. Projects of flood hazard maps and flood risk maps from thevates including

inland marine waters, are an integnaéurt of the draft of flood hazard maps and flood risk maps.

In accordance with the requirements of the Floods Directive, flood hazard maps and flood risk
maps are prepared for areas and types of floods indicated in the preliminary flood risk
assessment. \a result of the review and update BFRA in 2018, areas exposed to the risk of
flooding were identified, i.e. areas where significant risk of flooding exists or is likely to occur,
including the following types of floods:

1) fluvial flood ¢ related tothe flooding of land by waters originating fronvers streams,
mountain streams, canals, lakesn two scenarios:

a) a naturalexceedance
b) destruction of flood embankments;

2) flood from the seawater ¢ related to flooding of the area by sea waters, including estuary
river sections and coastal lake# two scenarios:

a) a naturalexceedance
b) destruction of stormembankment

3) flooding fromartificial water bearing infrastructure related to flooding of theareain the
eventof damfailures

This methodology concerns the development of flood hazard maps and flood risk mdiositair
floods.

Flood hazard maps and flood risk maps forwater floods are drawn up by directors of maritime
offices based on a separate methodology.

The methodologyfor the development of flood hazard maps and flood risk maps faotificial
water bearing infrastructure including the scenario of damage or destruction of damming
structures, is a separate document.
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1.2. SCOPE OF THE METHODOLOGY

The methodology for the development of flood hazard maps and flood risk maps in the second
planning cycle determines the scope and implementation of works at different stages of the
review, followed by updating and developing new FHM and FRMufadeal floods. However, due

to the need of integrating maps in the scope of other types of floods, the methodology also
includes how they are taken into account.

The methodology therefore provides guidance for tasks related to, inter alia, the following:

- preparatin of data for the review and update of the FHM and FRM (including inventory of
investments affecting the extent of flood hazard areas, development of hydrological and
meteorological data and geodetic measurements),

- review of FHM and FRM developed in thstfplanning cycle,

- development of FHM (including hydraulic modelling),

- development of FRM (including data preparation),

- preparing a spatial database,

- preparing a cartographic version of maps.

Due to the considerable size of the parts related to hydrolegytography of maps and attribute
structure of the prepared vector layers, they are included as annexes to this methodology.

1.3. PRODUCT QUALITY CONTROL

Product control is carried out in accordance with #i&rocedure and criteria for product quality
controlé adopted in the projectéReview and update of flood hazard maps and flood risk gaps
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2. FHM AND FRM CONTENT

Hood hazard maps and flood risk maps shall be prepévedreasof potential significant flood
risk identified in the preliminary flood risk assessment, i.e. areas where a significant flood risk
exists or is likely to occur.
According to the Water Law Act, the flood hazard maps are presented as follows in particular:
1) areas with a lowprobability of flooding of 0.2%;
2) special flood hazardreas:
a) areaswith amediumprobability of floodingpf 1%,
b) areas with a high probability of flooding of 10%,
c) areas between the shoreline and tlembankmentor natural highbank with builtin
flood embankment as well as islands amadluvials whichconstitute cadastral parcels
d) technicalbelt (only applicable on magsom the seawater);
3) areasexposed tdlooding in case alamage or destruction of a flood embankment;
4) areasexposed tdflooding in cae ofdamage or destruction othe storm embankment
(only applicable on maps from the seater);
5) areasexposedio flooding in case of damage or destruction of dams (this methodology
does not apply to this scenario)

According to the Regulation, the flood hazard maps show, among others, the following elements:

1) flood hazard areas;

2) water depths;

3) the maximum ordinate®f waterlevel corresponding to flows with a certain probability
of exceedance;

4) flow velocityand direction of water flow (in case of tadimensional modelling);

5) flood embankments;

6) top of flood embankments ordinatesin crosssections that have been used for hydraulic
modelling.

Theflow velocityand directions of water flow are taken into account only on flood hazard maps
from rivers¢ in towns with the seat of the voivodeship sglfvernment authorities or voivode,
towns with district rights and other towns with more than 100,000 inhabitants.

On flood hazard maps for other types of floods, i.e. from theveai@r, from damming structures,

as well as in case of damage or destruction of@h@ankment flow velocityand directionsare
not shown

Flood hazard maps show the deptbiswater and flow velocitiesin the intervals determining the
degree of dangeto people and the way they affect the constructiobjects according to the
Regulation:

1) water depth:
e K XX gldwhazirdio people and buildings;
e ndp f K¢ mediumldazmardtd people due to the possibility of evacuation to
the higher floors obuildings,but high due to materiatlamages
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e Hodn f K highhazatdto pedple, butvery high dugo materialdamagesnot
only the ground floors but also the upper floors of buildings majidmed;
e h >4 mg very highhazardto people and very highazardof total materialdamages

2) flow velocity.

e @ K nclqw veyoeity water hasa smalimpact on buildings

e ndp Yka gmediumkelocityWated has moderaténpact on buildingsind
is able to move objects of small size and weighg hazardusto people;

e M Yka f c@ighxelosity, Wakedhas strongmpact onbuildingsand is able
to move objects of relatively large size and weight, it is a serious threat to people;

e v > 2 m/sq very highvelocity, the water has very stronignpact on buildingand is
able to move objects of very large size and weightwell agisturb the structure
of static objectsit is a veryserious threat to people.

For flood hazard areas, for which flood hazards maps were made, the flood risk maps are
prepared, in accordance with article 170 of the Water Law Act.

Flood risk iglefined in Article 16point48 of the Water Law Act and means a combination of the
probability of flooding and its potential adverse effects on human life and health, the
environment, cultural heritage and economic activity.

Flood risk mapspecifythe vdues of potential flooddamagesand show objectexposed to
flooding with a certain probability of occurrence. These are objects that will allow the assessment
of flood risk to human health and life, the environment, cultural heritage and economic agctivity
i.e. groups for which the adverse effects of floods shouldlitmited in accordance with the
objectives of the Floods Directive.

For this purposeflood risk mapshow
1) the estimated number of inhabitants likely to be affected by the flood;

2) types of ecmomic activities carried out in floddazardareas;
3) installations which may, in the event of flooding, cause significant pollution of individual
natural elements or the environment as a whole;
4) the occurrencef:
a) water abstractions water abstractionprotection zones or protected areas of inland
water reservoirs
b) bathingwaters
c) Natura 2000 areas, national parks and nature reserves;
5) injustified cases:
a) areas where floodsnay occur, accompanied by the transport lairge quantities
of sediment and debris,
b) potentialsourcesof water pollution.

The detailed scope and requirements for the development of flood hazard maps and flood risk
maps, as well as the scale of the maps, are set out in the Regulation. A detaiteiptien of the
map contents is also provided later in this methodology.
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3. DESCRIPTION OF FLOOD SCENARIOS

3.1. SCENARIOS THHELSt PLANNING CYCLE

In the first planning cycleunderthe Water Law Acbf 18 July 200{Journal of Laws of 2012, item
145, as amended, and Journal of Laws of 2014, item 850)fotlmving flood scenarios were
developed
1) Scenario ¢ low probability of floodingonce every 500 years (0.2%);
2) Scenario I mediumprobability of flooding once everdQ0 years (1%);
3) Scenario lit high probability of flooding once in 10 years (0%
4) Scenario I\¢ destructionor damage othe flood embankment in two variants:
a) destruction or damage oémbankmenton a selected sectioffor a flow with a 1%
probability of occurrencg
b) total destruction of the flood embankment(for flow with 1% probability of
occurrence);
5) Scenario \ destructionor damageof the storm embankment(protective structures of
the technical belt)

The flood embankmentdamagelocationswere selected on the basis of ttmverflow locations
above theembankmenttop with a probability of exceeding.2%and 1%

The scenario afotal destruction of theflood embankmentdetermines the flood hazard resulting
from the possibility of failure of any section of the embankment. The scenario was performed for
allriver embankments indicated in the preliminary flood risk assessment.

3.2. SCENARIOS THHE2"Y PLANNING CYCLE

In the second planning cycle, according to the Water Law Act, the folldieod scenariosare
performed:
1) Scenario ¢ areas withalow probability of floodingof 0.2% @dnce every 500 yea)s
2) Scenario I¢ areas with anediumprobability of floodingof 1% énce every 100 yea)s
3) Scenaridll ¢ areas with ahighprobability of floodingof 10% @nce every 10 yea)s
4) Scenario IV:
¢ areas exposed toflooding in case of damage or destruction of teenbankment
(determined for a flow with a 1% probability of occurrengescenario of total destruction
of the embankment
G areasexposed tdflooding in case of damag® destructionof the stormembankmentg
scenario of total destruction of the storembankment(only applies to maps from the sea
water);
5) Scenario \{ areasexposed tofloodingin the event ofdam failure (this methodology is
not applicable to this scenario)

Scenario oflood embankmentdamage in a selected sectiodeveloped withirthe first planning
cycle did not allow @omprehensive presentation of the rigslssociated wittembankmentfailure
¢ as itis not possibleto analyseall potentialembankmentdestructionsites In additionto this
scenario, a scenario of total destruction of tleenbankmentwas created in the first cycle.
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Therefore, in thesecond cyclepnly the scenario of total destru@n of the embankmentwas
taken into accountwhich allows to determine the flood hazaim any locationThe scope of work
necessary to develop this scenario is described in subsection 3.3 below.

3.3. DEVELOPINGHESCENARIO A TAIDESTRUCTION OF BMBANKMENT

Floodhazardmapsfor areasexposed tdflooding due to destruction or damagd embankmens
result from the possibility oeEmbankmentfailure at any locationwhich has been repeatedly
confirmed by the facts during floodirgyg.in 1997 and 2010.

Areasexposed toflooding in caseof total destruction ofthe embankmentshall be developeds
follows:
1) The scenario is performed for all embanked riviedicated in the preliminary flood risk
assessment.
2) Floodhazardareas should be determined forraedium flood probability of 1% (once
every 100 years).
3) The scenario of total destruction of treenbankmentshall be developed using one of the
two methods desribed below. The choice of the method depends on the specific
topographical, hydrographic and hydrological conditions of the river valleys.

METHOD

The firstmethod isto use the modelling results for scenario Il. For this purpose nbgmum
water level ordinatesresulting from the modelling undescenario llare usedto designate flood
hazardareas. The ordinates of the watkvelcalculated for theiverbedzoneare transferredto

a parallelareabehind the flood embankmentor this purpose, sets of extendederbedcross
sections are prepared to match the shape of the river vgllegure 1) The further processing of
the resultsisin accordance with the methodological description for the other flood scenahins.
exampleof the result is shown in Figure Zhe result ofthis method is similar to the results
developed using hydraulic modelling in the first planning cycle. The fteahrd areas for
scenariodl andlV do not show significant discrepancies.
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P

Figl. Example of &et of crossections to transfer the results from the Vistula rivertethe areabehind the flood
embankment

Obszary wynikajace
z przeniesienia rzednych
zwierciadta wody

na zawale

Obszary wyznaczone /x‘ }
w | cyklu planistycznym B atally

Fig.2 Results of scenario IV development according to the first method

In case the waterlevel ordinates calculated irscenario Il significantly exceed thep of
embankmentordinates (> 0,2 m), the reduction of the watlevel ordinate transferred to the
floodplain to thetop of embankmentordinate should be considered. This is to prevent possible
excessive depths and ranges of water in floodplains, which participate inucting flooding
waters, not being only a retention area, which occurs e.g. in valleys often crossed by

communication routes in embankments.
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Flood hazardareas designated in accordance with the above approach reflecteffects of
embankmentfailures at any location.

METHOD Il

In case offlaté and extensiveiver valleys or rivers, whose arbahindthe flood embankment is
significantlybelow the embankment, esecond methodnay be necessayy.e. additionalhydraulic
modelling The choice ofhis method is made by the hydraulic modelling specialist. idlame of

the wave and theduration of its culmination iglsoan important indication for such a decision.
Their highvaluesare apremise for usinghe first method. However,an unambiguous criterion for
determining the applicability of both methods is difficult to determine due to the diversity of river
valleys.

An example ofising the second method is the area of thedzO | ¢ & (Fid. B &ntl #)IBthis
case, it is possible to shosignificant discrepancies between the flood hazard areas determined
by first method and those determined using hydraulic modelling within the first planning cycle.

I NBF 2F w? 52 ¢+Aaidgl wWAASNISOYy G(KS GAOAYAGE 2

Fig.4 Results of scenario IV development according to the first method
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The application of the second method is basedthe following principles

1) The mathematical modelling of the flow with a 1% probability of exceeding is carried out
using hydrodynamic models built undscenario 1l, which should be adapted to the
assumptions of the totadmbankmentdestruction scenario.

2) The floodhazardarea is déermined by removing unilateral embankments (separately for
each bank). This process is carried out in two stages: in the first stage, tHeamheft
embankment must be removed and hydraulic modelling must be carried out, and then the
calculations for theemoved righthand embankment must be repeated.

3) Mathematical modelling shoulde performed forunsteady flow.

4) Forunsteady flowconditions, the simultaneous removal of the embankment over a long
sectionis excluded. Several models should be made, in whitiseqjuent parts of the
embankments will be removed. The sections of the embankment to be removed (example
shown in Figb) should be selected based on the topography of the terrain (beginning and
end of the sectiodinkedto naturally or artificially occuing hills).

j K
/ 4
= o
4%7
Lg_genda ]
wu:l_hu:_:z_::xzw :-z
:+::-n _02_NMPW. V
r\#\‘ wale_03_NMPW.tif
=
ﬁh“:-u-num::r
wil.-h‘"h-ﬂl-mlfw M
wé:h::uiulinurw it
=
=
e i
Fig.5. Lower Vistula sections oEmbankmens to be removeavhen modelling irscenario IV
5) If the shape of the vallegf the analysed sectiorequires it, theriver network of models

will be extendedaccordingly.
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6) In justified casesther solutionsthan thosedescribedabove may baised Anydeviations
will be described in thelocumentation with the indication of their spatial exteand
justification

The stepgo identify flood hazardareasin an embankmentprotectedareaare as follows
1) Actual state¢ markingall embankmentsin black(Fg. 6 on the example of the Vistula
river).

Fig.6. Existingstate of embankments

2) Determiring the flood hazard arean the left embankment Fig. 7; thedashed redine
marks the embankments removed fromthe mode| the black line marks the
embankments left

Qin=1%

Figure 7Removed lefhand embankment for the main river

3) Determiringthe flood hazard arean the righthand embankmen{Hg. 8;line coloursas
above.
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Qin=1%

Figure8: Removed righhand embankment for the main river
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4. METHODANDSCOPBF REVIEW AND UPIEAODHFFHMANDFRM

4.1. INTRODUCTION

The purpose of this chapter is todicate a uniform methodology for the review of flood hazard

maps and flood risk maps drawn up in the first planning cycle and to indicate the rivers or river

sections for which the maps should be updated.

The aim of the methodology is also to define tbencept ofésignificantchanges, which will
guide the updating of flood hazard and risk maps and to find criteria to assesalidagy and
correctness of th&RMand theFRM

4.2. PURPOSE ANMCOPE OF THE REVIEW

The purpose of théHM and theFRMreviewis to identify significant changes in flobdzardand
riskand todeterminethe scope for th&FRMand theFRMupdate

The review ofFHMand FRMcarried outin the first planning cycle concerns 255 rivers or river
sections with aotal length of abait 14.4 thousand km.

The reviewanalyses theflood scenarios of thdfHM and the FRMand identifies significant
changes in floodhazard(to the FHM) and flood risk (to thé=RM. The followingscenarios are
reviewed
1) Scenarid ¢ areas with a low probability of flooding of 0.Z&nce every 500 years)
2) Scenaridl ¢ areas with anediumprobability of flooding of 1%once every 100 years)
3) Scenaridll ¢ areaswith highprobability of floodingof 10%(once every 10 years)
4) ScenariolV ¢ areas exposed toflooding in case ofdamage or destruction of the
embankment(determined for flow with 1% probability of occurrente scenario of total
destruction ofthe embankment

The process of reviewing theHM and FRMis schematically presented in FB. The need for
review for particular rivers may result from the necessity to take into account the completed or
planned investments, data indicating e.g. change of hydrological regime, theal te
improve/adjust the hydaulic model, but also from consultations and comments made so far by
institutional recipients (at the voivodeship, possilligtric and communeas well asociallevels.
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Review of
FHM and FRM

Review and preparing datg

and methodology Consultations

Figure9: Diagramof FHMand FRMreview

4.3. DEFINNGTHE ASSUMPTIONS AND SCOPE GFHMHEVIEW

Flood hazard mapdevelopal in the first planning cyclshall beupdated for areas where there
significant changem the flood hazard have occurredncluding significant changes of input data,
taking into accountheir availability,as well asn casesvhere there is gustified need to change
the methodological assumptioreloptedin the first planning cycle.

The following factors/criterishould ke takeninto account when identifyingignificant changes
in flood hazard and risk
1) changes inopography, as well as floogrotection investments and other investments
that change thdlood hazard
2) verification of the inputlatato the FHMused in the first planning cycle;
3) changes in the methodological assumptions for the development oFtigand FRM
4) comments from administratie authoritiesto the FHM submitted in the first planning
cycle.

Changes inopography, as well as floodprotection investments and other investmentghat
affect the change of the flood hazard

The reviewshould include an analysis tfpographical changes and their impact on changes in
the level offlood hazardand risk
1) checkingthe availability ofnewerdigitalterrain modelsin order todetermineits changes
with respect to thedigital terrain model used for the first planning cygcland to
determine the impact of these changes on the level of flood haaaddrisk
2) inventory of food protection and other investments that magptentially affect the extent
of flood hazard areas including the impact of mining activities on changes in the
topographyand the course of riverbeds
3) impact of felling of trees and shrubs @pecial flood hazardreasc implementation of
programmes or similar activities, about which informat&houldbe obtainedwhich may
affect thecapacity of riversand thus the watetevelordinates of the variouscenarios of
probablewaters and flooglains However, this impact can be temporary, depending on
the future maintenance of the riverbeds. The assessment should provide an answer as to
whether and to what extent an update should be made.
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In order tocarry out the stocktaking of the investmesgtinformation on the implementation of
the investmens obtained from the following institutions and administrative bodisbould be
used

e Regional Water Management Authoriti€RZGW);

e Regional Boards of Laf@cilities and Water Manageme{@MiUW)

e Maritime Offices (UM)

e ProvinciaRoadAuthorities(PRA;

e District Road Authorities(DRA;

e General Directorate for National Roads and Motorw@yBDKIA);

e RailwayAuthorities.

The source of dataninvestmentsaffecting thechangein the level offlood hazardand riskis also
the information collected during theurvey conducted undehe projectéReview and update of
the preliminary flood risk assessménE | & infgr@dtidn obitadned from the administratorsf
water courses and water facilities

Thestocktakingof investmentsshould takeinto accountinvestmentsarisingsince obtaining input
data for maps developed in the first planning cycle and investments planned for implementation
by 2019. Thanalysesshould alsoincludethe investments that have beetaken into account in

the development oflood risk management plans in the first planning cycle (in theadled zero
variant WO).

For investments which have be@ne-qualifiedas having a potential impact on the change in the
level of floodhazard their impact on the change in the level ##6od hazardand riskshould be
determined

Verification of the inputdatato the FHM used in thefirst planning cycle

Asa part of the verication of the input data for thé-HVl used in the first planning cycle, analyses
of hydrological data andverbedgeometry (iverbedcrosssectiong should be carried out

In the case of hydrological daté,should be verified for correctness and timeline€hanges in
hydrological datamay result from the extension of hydrological databases/information and
changes in methodological assumptions for calculation of hydrological data. For water gauges
located onthe rivers covered by modelling in the first planning cytie,maximum annual flow

with a defined probability of exce@ty shallbe calculatedtaking into account the data until 2016

and then analyse thehanges of these datacompared to those caldated during the first
planning cycle.

Verification of the input data also includes an analysis of rilierbed crosssectionsfor their
timeliness The analysigcludes
e verificationin some case®f the use ofriverbed crosssections from flood protection
studies in the first planning cycle
e checking forthe occurrence of natural factorg.g.flood waveswhich cause changes in
the shape of riverbeds
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Changes in methodological assumptions of hydraulic modelling

Where FHM is indicated for updating, the methodology for developiRblM and FRMin the
secondplanning cycle shall be used, whereby changes to the methodological assumptions for
hydraulic modelling (compared to those used in firet planning cycleshallonly be taken into
account if they change the level idod hazard

The analysis of changés methodological assumptions of hydraulic modellsiguld be carried
out on the basis of verification of their impact on the change of flbedard andisklevel The
assessment of the impact of changes in methodological assumptions of hydraulic ingpadell
the change of floochazardlevel should be carried out according tbe scale of significance of
changesaccording to the procedurbkelow.

Important elements of methodological changegtie field ofhydraulic modellinghat are subject
to verificaion include:

1) The use ofunsteady flowsolutions. The adoption of such solutions is in some cases
necessary and leads to adjustmentsfiood hazardareas The decision to updatés
preceded byan assessment of the need and effectiveness of this solutaking into
account topographical conditions (valley retention size) and hydrological data (in
particular themaximumflow rate and duration of thelood wave, as well ashe potential
effecton theextent of the floodhazardarea.

2) Removing the limitation of the active cressectional area to the width of the
embankmentspacing and including the area of teenbankmentas acalculativecross
section in sections where necessary. This methodological chemgeernsin particular
those river sections where the level of theater levelon the FHM in the first cycle
exceeded the ordinate of thembankmenttop and the modelling was performedising
the conditions of limiting the active crosection to the width of theembankment
spacing.

3) The influence of retentiomeservois on the hydrological regime of the rivefor this
purpose,a verification offlows with a certain probability of occurrenégcarried outfor
the sections below the reservoirs, taking into account the transformation and reduction
of the wave by the reservoiAn assessment shall be made asvteether it is necessary to
simulate he flood wave transformation for the reservoirs. The criterion @sticates the
reservoirs (river sectionwithin the area offlood protectionreservoirg for which flood
hazardareas shall be removed.

4) Change ofmodelling type in order to obtain the higkst quality product. It is
recommended toupdate the FHM for those flood hazard areas at that have been
determined in accordance with the methodology of tH&st cycle,while the current
analysidgndicates theneed for a new or alternative solution that guarantees the expected
higher quality of results, especially for areas with a complex topography and significant
flood risk potential.
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Comments of the institutions and administratiobodiesto the FHM

An anaysis ofthe commentsregardingthe level of floodhazardidentified in theFHM,submitted
by the authorities in the first planning cyclas well as during the survey conducted by the
éReview and update of the preliminary flood risk assessinentLINE @8 l62 carr@d<onit

A tabularsummary(in an xIsx filepf all submittedcommentsshould beprepared as well agheir
impacton the change in the floodazardleveland their relevance, together with justification and
information whether the comment will be taken into account in the map update

Determiningthe impact of theabovefactors/criteria on the change in the flodaazardlevel is

based on thesignificancesale (Table 1). Significant changes in floochazard should be
understood as changes resulting from the impact of one (major) or combined impact of several
(less important) factors on the flodehazardlevel in a given area. These changes are expressed as
significant changes in the level of the watevel and/or the extent of floodhazardareas.They

involve a specific change in hydrological data (relative or expressed in absolute values), a change
in the methodological assumptions of hydraulic modelling, natural changes in the morphology of
the riverbed andvalley, as well agesulting from the implementation of investments and other
human activities Apart from significanthangesand their absence Jessimportant ¢ moderate
andsmall¢ changeshouldalsobe assumed.

Tablel. Significancescale ofthanges irflood hazard and risk

Significanceof changes Description

Significant Major orimportant changes that have a significant impact on trezardand risk of flooding; these
changedorm the basis for updating the maps

Moderate Less important changes having a moderate impact onh#eardand risk of flooding; these changes
may form the basis for updating the maps

A small Smallchanges wittsmallimpact on thehazardand risk of flooding; these changes do ndorm the
basisfor updating the maps

None No impact on flood hazard and risk

The assessment of theignificance oindividual factors/criteriais basedon an analysis of the
impact of individual criteridindicated in Tabl®) on the floodhazardlevel:
1) based on an expert evaluatipn
2) in specific cases, for selected moderate sonall changes the significanceof which is
difficult to determine in the first stage of the reviewn the basis of a detailed, usable
analysis:
a) GIS analysis,
b) the results oimodellingfrom the first planning cycle,
¢) hydraulic calculations,
d) other analyses.
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Table2. Criteria for assessing the impact of changes to the level of ilapardwithin the review of théHM and theFRM

STAGE C:lt:éfn Description of the criterion Evaluation parameters SignificancéMeasurement
Implementation ofinvestment, topographical changes in the river valley, changes in riverbed esestions
Hyfjrauh(.: engineering |nvestn_1entsr(1bankmens, The impact of investment on the change in the level of flbadard Evaluation based oexpert | Impact: significant/moderate/
11 weirs, bridges, polderseservois) and other .
. analysis smallnone
investments
12 Changes in route amilverbedcrosssection (natural| The impact of investment on the change in the level of flbedard Evaluation based cexpert | Impact: significant/moderate/
and regulatory) analysis smallnone
13 Changes in the river valley as a result of The impact of investment on the change in the level of flbadard Evaluation based oexpert | Impact: significant/moderate
constructiondevelopmet and changesf use analysis smallnone
Hydrology
0,
Change in the value of probable flows with a Efef:ﬁn ;?gr?iﬁcch;:giz(g) ()**>15)
specifiedprobability of exceeding Q10%, Q1%, The impact of a change in the value of probable flows calculated for water gauges on the ¢ ' g. -
H1 . . moderate: 1620 (**10-15)
Q0.2% between the values calculated in the | and| in flood hazardlevel .
lanning cycle smalt 5-10 (*0-10)
P none:0-5 (*0)
Change of watelevelordinates and water levels Ab solute.va!u.e (cm)
. o . . . Impact significant: >40
corresponding to the probability of exceedance fo| The impact of a change in water level values at water gauges corresponding to probable fld °
| H2 . . . . moderate: 2040
water gauges estimated in accordance with the change irflood hazardlevel small: 1620
effectivemethodology in the first planning cycle none 0-10
Change of methodological assumptions
M1 Use ofunsteady flow Influence of the application afnsteady flowconditions in models where theteady flow Impact: significant/moderate/
y conditions established in the first planning cyalere appliedto the change of flood hazard leve, smallnone
Changes in the level of flodthzardresulting from a change in the approach to modelling in | Absolute value (cm)
. L . . embanked river sections (rejection of the active crsesstion up to the width of the Effect: significant: >30 cm
Removing the limitation of the active cressction - - g
M2 to the width of theembankmenispacin embankmentspacing). In the case of overflow of water through émebankment with moderate: 2630 cm
P 9 simultaneous cutting off thddod hazard area on thembankment the relevant sections were | small: 1620 cm
qualified for updating. none: <10 cm
Thechange in the level of floodazardresulting from the implementation of water managemet
Impact of the operation of retentioneservois rules in models for river sections with retention (flood protection) reservoirs, for which Impact: significant/moderate/
M3 . e .
(flood protection) simplified water management rules were applied. Removal of fleahrdareas fromthe zones | smallnone
around reservoirs
M4 Modelling change The dange ofthe approach to modelling a given rive&ection,in order toobtain a top quality Impact: significant/moderate/
product smallnone
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STAGE Crcltoedrg)n Description of the criterion Evaluation parameters SignificancéMeasurement
Comments fromthe administration bodiesto the FHM
U1 Comments of the institutions and administration| Analysis of the commentoncerninghe level of floochazardsubmittedby institutions and Impact: significant/moderate/

bodies administrationbodiesin the first planning cycle smallnone

Detailed analysis (optional)

Absolutevalue(cm)

Effect: significant: >30 cm
ZP1 Chang ofthe position of thewater level Chang ofthe ordinate of thewater levelor chang ofthe depth of floodhazardareas moderate: 2030 cm
small: 1620 cm

I none: <10 cm

Absolute value (m)
Effect: significant: >10 m,
none: <10 m

Change of the width of thevater level(in crosssections of the river section to be changed) an

ZP2 Chang ofthe width of thewater level the flood hazardarea

The flow criterion measure (H1) is the change expressed as a percentage (relative méastine)position of the waterevel (H2) the absolute measutis expressed in centimetres. Thresholds determining the
significance of changake into accounthe specificity (river sections) of the rivers in a given water region: * the water region of the O@dtg the water region of the Upper Oder, the water region of the Little
Vistulg ** the water region of the Upper Vistula

Due to the predominantly mountainous nature of watercourses in the Upper Vistula water region, the water regiorCehth@ Ode the water region of the Upper Odandthe water region of the Little Vistula
manifested by narrower, indented valleys, and thus by larger changes in the water ordinates with smaller changes ireffoadifitd percentage limits of the ranges of alges in probable flows classifying the
impact of changes on the update of tRéiMwere adopted.
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Based orthe criteria, acomprehensive assessment of changes in individual scenarpyepared
and thenthe need for updatings indicated

For each river or section of a river, the impact of the above factors/criteria on the change in flood
hazardlevel shall be determined.he range of influencés givenusinga chainage

On the basis of the assessment of individual factors/criteria ustigye | orstage ll(cf. Table 2), a
comprehensiveassessment of their impact on the level of flobdzardin individual scenarioss
determinedin a given river/river sectian

A comprehensive assessment resulting in the need for updating on a given river or river section
occursfor at least onémportant or several less importar{e.g. moderate) factors/critéa. However,

each case of updatshall beconsideredindividually,taking into account the specificities of the river

or river section concerned.

A comprehensive assessment of changes applies to all flood scenarios. If a river or river section is
indicated for updating the updateincludesall flood scenarios.

Theupdaterangefor a given river should be adapted to thype of change. For local changes, e.g.
investments with a local impact, the update applies only to a short river section. In the case of
several investments (or other changes) on the same rinatifferent locationsit will be reasonable

to update the maps for a longer river section due to the possible overlapping impattesé
investmentsand to maintain the continuity of thdigitalwater surfacemodel.

In the case of changes fibod hazard a decision to update thedHM is also influenced by the
vulnerability of the areato these changesin the case of areas with higheudlnerability (built-up
areas), updating the maps is more advisable than in the case of extensively used areasgsland
or wasteland).

As a result bthe review, a list of the rivers indicated for updating is presented, for which, as a result
of a comprehensive assessment, significant changes in factors influencing chafigesl imazard
and risk have been identified.

The indication to update thEHMshould becarried outin two steps.

Inthe first step,indications for updating th&HMare presentedin three categories:
1) update required YWA)¢ for significant changeimdicated ina comprehensive assessment
2) updaterecommendedZA)¢ for moderate changesdicated ina comprehensive assessment
3) no need to updateBA)¢g for smallchanges and no impact on the flobdzardlevel.

The results of the analyses with indications to be updated in three categories are presented in PGW
WP to decide which sections of the recommended updaie finally included for map updates.
These decisionshall take into accounthe results of consultations of the draft review of tieiM

and theFRMwith the competent authorities.

The final indications fanpdating theFHMare presentedin two categories:
1) update required (WA for changes that are significant as a result of their comprehensive
evaluation;
2) no need to update (BA)for irrelevant changes and no impact on the flduakzardlevel.
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given river or sction of river, as described irTable 3. Each case of indicated updashall be
consideredndividually taking into account localpecificities.

Table3 How the factors/criterianalysed in the revision of th&IM are taken into account in the update of tRéiM

Criterion - L The approach takes into account the criterion when updating thelMand
Description of the criterion
code FRM
Implementation of investments, topographical changes in the river valley, changes in riverbed -sedfons
Hydraulic engineering |r_1vestments Implementation into the hydraulic model for the investment identified in th
11 (embankmentsweirs, bridges, polders, -
. ] review as necessary for the update of thelM
reservois) and other investments
12 Changes in route amiverbed crosssection | Implementation into a hydraulic model for an investment/change of a river|
(natural andregulabry) section of a river identified in the review as necessary to updaté-ttikl
Changes_m the river valley as a result Pf Implementation into the hydraulic model for an investment/ topographical
13 constructiondevelopmentand changes in . - .
use changes identified in the review as necessary to update-tHim
Hydrology
Char_nge in the vqlpe of probab!e flows with Implementation into the hydraulic model for the hydrological changes
specified probability of exceeding Q10%, | . PR - P . : .
H1 identified in the review as significant and/or moderate in the river or river
Q1%, Q0.2%etween the values calculated . ) o
. . section to be updated, with continuity of devgiment
in the | and Il planning cycle
Change of watelevelordinates and water
levels corresponding to the probability of | Implementation into a hydraulic model for a givewer or river section
H2 exceedance for water gaugesstimated identified in the review as significant and/or moderate hydrological changg
according to the project methodology in thq for the update, while maintaining the methodological correctness of the st
first planning cycle
Change of methodological assumptions
Implementation into the hydraulic model for a river ver section identified
M1 Use ofunsteady flow in the review as having a significant and/or moderate impact on the chang
flood hazardlevel where justified
Re”?°"'”9 the I_|m|tat|on of the active cress Implementation into the hydraulic model for the changes in the active sect
M2 section to thewidth of theembankment L - . :
. limitation indicated for the update of a river or river section
spacing
. . Implementation into the hydraulic model for the river or river section
Impact of the operation of retention . PR )
M3 . . identified in the survey as necessary for the update of the retention (flood
reservois (flood protection)
control rules
Implementation of the required modelling changes identified in the review
M4 Modelling chande affecting significantly and/or moderately the level of floazard while
g 9 maintaining the methodological correctness of the study into the hydraulic|
model for the river or rivesection to be updated
Comments from administratiorbodiesto the FHM
Implementation into the hydraulic model for the river or section of the rive
U1 Comments of the institutions and indicated for the update of the river aiver section changes indicated in the
administrationbodies remarks identified in the review as significantly changing the level of flood
hazard while maintaning the methodological correctness of the study
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4.4, DEFINNGTHE ASSUMPTIONS AND SCOFRNDREVIEW

All FRMdeveloped in the first planning cyckee subject toupdating. This is not only due to specific
changes in floothazardareas to theFHM, for whichthe FRMshouldalways bechanged but alsodue
to changes in other input data determining flood risk. Therefore, in addition to the changes of flood
hazarddescribed abwe, in the review of th&RMthe accountshall beparticularlytakenof:
1) updating the dataon the values of potential floodamagestaking into account the depth of
flooding;
2) updating the data on the estimated number of inhabitants likely taffected by the flood:;
3) verification and updating:
a) land use classes (based on BDOT10k data),
b) residential buildings anfuildingsof social importance (hospitals, schodtédergartens,
nurseries hotels, shopping and service centres, police and fire ptaie units, Border
Guard units, nursing homes, hospicessocial care centre, educational care facjlity
penitentiary, correctional or custodial faciljijpased on BDOT10k data, using data from
NFZMS CZSWoivodeship offices
¢) zoos(based on BDOT10k td,
d) surfacewater abstractionsgroundwaterabstractions protection zonedor abstractions
based orlPGW WFRand PIGPIB data,
e) bathingwatersbased on PI&IS data,
f) Natura 2000 areas, national parks and nature reserves bas&dihdata,
g) historicreal estate areas and objectsased orNIDdata,
h) other cultural heritage sitedhased onVIKiDNdata,
)) industrial plantsbasedora | ¥ DLh| X 2 Ldatyh, YR YD t {t
j) potential water pollutionsources i.e. wastewatertreatment plants(based on data from

2 Lh| I Yy R ,twilstewatertpumping stations(based on data from BDOT10k)
landfills (based oR I G FNRY . 5h ¢ mnl Zandcérfeteriestbasedyp®R 2 L h | ¢
data fromBDOT10k)

k) cities(based on BDOT10k data).
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5. PREPARATION ONPUTDATAFORFHMANDFRM

5.1. PERFORMANG@G®D DEVELOPMENT OF GEODETIC MEASUREMENTS

5.1.1 Execution and development ofiver valley crosssections

5.1.1.1. Determiningthe location and surveying of valley crosections fransversg

Valleycrosssections should cover the entire river vallég. the riverbediverbedcrosssection) and
both floodplain terraces (left and right)the section through terraces. The parttthe measurement
concerning the riverbed should bearried outdirectly in the field (typicativerbed crosssection)
while the part of the valley crossection including floodplain terracesbased on thdatest available
digitalterrain model DTM).

Valley crosssections should be developed with the following cumulative assumptions in mind:

a) Valleycrosssections (iverbedcrosssection with terraces) should be located in characteristic
and representative locations, in such wtat ensuresproper repraluction ofthe valley.

b) For the location ofiverbed crosssections, characteristic locations should be selected, i.e.
representative of theriverbed sectionbelow and above thecrosssection (varidility in
riverbed shape, slope and bottom material should be taken into account). The location of
crosssections should be avoided in places of sudden changes in the direction of water flow
(sharp curves, meanderings, etc.)in suchsituation it is recommended tearry ou two
crosssectionsg above and below such place.

c) In the case of vallegrosssections on a watercourse where measurements have already
been carried out in other studies, the measurements should be located in the same
locations taking into account all th principles contained in the methodolagy

d) Riverbedcrosssections should be located perpendicularly to the axis of the watercourse and
the part of the valleycrosssection related to flood terraces should be located
perpendiculaly to the course of the ey, and then height information based oBTM
should be generatedin the case of embanked watercourséise crosssections through
flood terraces should be lengthened to the base of the vent sldipis not allowed to cross
the adjacent valleyransver® crosssections

e) Bothriverbedand valleycrosssections should be located at distanagsnot more than500
m, counting along the length of the watercourse, and in the case of measurements for valley
crosssections for 2D modelling (for voiveship cities, towns with district rights and other
towns with more than 10@00 inhabitants) atlistancesof not more than250 m.

f)  Distances between valley cressctions are determined by the course of watercourses from
the Map of Hydrographic Division of Polaaidthe 1:10,000 scale(MPHP10k)verified on the
basis oDTM(LIDAR) and orthophotomap

g) Ifthere is an active water gauge station on the measured watercourse, a cadlggsection
shouldalso beat this point

h) The location of vallegrosssections (iverbedand floodplain terraces) is first determined by
a hydraulic modellingspecialist, whib is anecessary condition to proceedith geodetic
measurements
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i) For valleycrosssections, the forms of land cover shall be identified and the values of the
Manning roughness coefficients shiaél assignedin accordance witlthe codingdiagramin
Table 4, and the codes for points/pickets in therosssections shall be specifiedn
accordance with the codingiagramin Tableb.

i) The source of dat@oncerningforms of land cover fowalley crosssectionson the flood
terrace isthe Topographic Objects Database, hereinafter referred to as BDOdéwoped
in accordance with the Regulation on the Topographic Objects Database and General
Geographic Objects Database, as well as standard cartographic studies (MSWIA, 17.11.2011).
Information for BDOT10koncerning theland cover was provided by registers kept by the
Ministry of Agriculture, Environment aridand and Housinlylanagement as well as other
state registers and data obtaineas a result of the field interviesv Ths data is a reliable
source for identifying forms of land cover.

k) Theforms of land cover identifiedn the basis of BDOT1@ke assigned the initial Manning
roughness values.

[) In justified cases, the above mentioned initial values of roughness coeffiséotdd be
corrected based orinformation obtained from orthophotomaps or topographic maps.

5.1.1.2. Geodetic measurementsf riverbed crosssections

Riverbedmeasurementsare carried out with the use ajeodetic instruments, usinguchmethods
as
e measurement by 8SS (RTK or RTN kinematics) with reference to reference stations of the
ASGEUPOS or other reference systems, if the location data of these stationbeles
included inthe National Geodetic and Cartographic Datab@eGiK);
e measurement usingelectronic total stations with automatic recording of measurement
results.

In special casesther methods of measurement may be used.

Geodetic measurements afiverbed crosssections should be made according to the following
assumptions:

a) Riverbedcrosssections should be measured perpendicularly to the axis of the river and
should include not only the part concerning thizerbed itself, but also abelt of land
approximately 20 m wide on each side of the riRiverbedsections will be measured the
location of the previouslindicated valley section.

b) Riverbed crossections located in a line above the uppermost position of the bridge facilities
should bemeasured at alistance of approximatelthe width of the bridge light, in a place
representativefor the riverbed in this sectian

c) Riverbedcrosssections should also be measured on flownegervois and flowing lakes
perpendiculaly to the river axis. In this case, it is also necessary te tato account the
measurement of the crossections on the stream befortne flow to the lake and after the
outflow from the lake. The crossection measurement should include, in addition to the
reservoiror lake itself, elt of land approximately 20 wide, counting right and left of the
bank In the case of lakes or embankmegtervois, theriverbed crosssection should end
about 10 mbeyond the embankment or side daning structure
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d) The riverbed crosssections should faithfully reflect the shape tiie riverbed. It is
unacceptable to map theiverbed with three points bank bottom, edge), as well as to
simplify itsgeometry to the trapezoidal section

e) For eachriverbed crosssection, thewater levelordinate should be measuredoting the
date and time of measurement in the measurement logs plaohs(it also applies to bridge
and hydrotechnical structures sections)

f)  Geodetic measurements faiverbed crosssections should bearried outfrom left to right,
looking in the direction of the flow. The measured points are numbered during the
measurement according tihe order of measurement

g) For typicalriverbed crosssections, as well as farosssections for engineering works, the
forms of land covertsall be identified and the value of the Manning roughness coefficients
shallbe assigned in accordance witle codingdiagramin Tablest and 4a, while the codes
for points/pickets in thecrosssections shall be specified in accordance with the coding
diagramin Tableb.

h) The BDOT10k database should be used to determine the forms of land cover.

i) The coding sequence for individual pointsgafodetic measurementgpickets) must follow
the direction of thecrosssection, i.e. from left to right (looking in accordanegéth the
direction of water flow in the watercourse), with the code value at a given measuring point
being assigned to the section preceding it (according to the diagram below). It should be
noted tha for one section between successive measuring points only one code of the form of
land cover can be defined (Fif).

i)  When taking measurementsijte plansshould be madeand at least one photo per section
should be takenon which the field situation, pot identifiers and the direction from which
the photo was taken will be marked

Table4 Summary ofand cover codes together with the initial values
of Manning roughness coefficients and assigned land cover information from BDOT10k

The value of the
ole}2 roughness Description ofland cover IOl Object name in BDOT10k
(land coveage) - code
coefficient n
Riverbedpart
K01 0.035 earth, sludge - -
K02 0.032 sand - -
K03 0.035 fine gravel 2 cm - -
K04 0.038 thick gravel 24 cm - -
K05 0.040 stones (up to 20 cm) - -
K06 0.020 concrete - -
K07 0.050 boulders (over 20cm) - -
K09 0.070 riverbedwith underwater vegetation - -
K10 0.100 nverbeo_lwn_h aquatic(emerging ) )
vegetation i.e. reeds
Flood terraces
PTPLO1 | square
PTKMO1 | area under theoad
TO1 0.025 concrete,asphalt
PTKMO3 | area under the road and the traskle
PTKMO4 | area under the airport road
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The value of the

clool= roughness Description ofland cover IO Object name in BDOT10k
(land coveage) .- code
coefficient n
PTLZO1 | forest
TO3 0.120 forest
PTLZ02 | grove
PTLZ03 | woodland
TO4 0.080 woodland
PTUTOS | orchard
PTRKO1 | mountainpine
PTRKO2 | shrubs
TO6 0.12 bushes
PTUTO4 | nursery
PTUTOS | ornamental plant nursery
TO7 0.045 grass PTTROL1 | grassy vegetation
TO8 0.090 wastelands PTGNO4 | residual unused land
T09 0.200 allotment gardens PTUTOL | allotment garden
PTGNO3 | sandy or gravel ground
T10 0.035 sandfgravel PTWZO1 | excavation

PTWZO2 | heap

singlefamily buildingsenclosed

T11 0.200 areas PTZBO02 | detached houses
PTUTO2 | plantation
T12 0.050 tillage on arable land
PTTRO?2 | tillage onarable land
PTWPOL | seawater
T14 0.020 water PTWPO02 | flowing water
PTWPO03 | still water
PTKMO?2 | trackside
T15 0.090 stones PTGNOL | scree, landfill or rock rubble
PTGNO2 | stonyarea
PTS001 | municipal waste disposal site
T16 0.100 landfills PTS002 | industrial waste disposal site
PTNZO1 I(i)nndstunr]gﬁgrt]echnical equipment or
PTZBO1 | multi-family buildings
PTZBO03 | industrial and storage buildings
T17 0.300 largesize buildings, mulamily PTZB04 | commercial and service buildings

buildings, blocks of flats

PTZBOS | other build-up

PTNZO2 | industrial and storage site

PL_FHRM_Annex 1 Metodology FHRMs for fluvial floods 20200617 v7.00 EN pub.docx
31



IR Paristwowe f : ER
Etllll-"odu;.zsekie o] Golspodarstwo Wodne Unia EuropeJSka & pt
pej V Wody Polskie Fundusz Spéjnosci P

Infrastruktura i Srodowisko

Project: Review and update of flood hazard maps and flood risk maps
ProjectNo. POIS.02.01.600-0013/16

Tableda. Table with the classification of objedtem BDOT10k andssigned land cover codes

Name of the CODE (land
Code| category of Code Object class name Code | Object name in BDOT10k cover)
object classes
PTWPOL1| seawater T14
PTWP | surface water PTWPO?2 | flowing water T14
PTWPO3 | still water T14
PTZBO01 | multi-family buildings T17
PTZB02 | detached houses Ti1
PTZB | buildings PTZBO03 | industrial and storage buildings T17
PTZB04 | commercial and service buildings T17
PTZBOS| residual buildup T17
PTLZO1 | forest TO3
PTLZ | woodland and wooded arej PTLZ02 | grove TO3
PTLZ03 | woodland TO4
) PTRKO1 | mountain pine TO6
PTRK | shrubby vegetation
PTRKO2 | shrubs TO6
PTUTOL1 | allotmentgarden T09
PTUTO2 | plantation T12
PTUT | permanent crop PTUTO3 | orchard TO4
PTUTO4 | nursery TO6
PT land cover PTUTOS | ornamental plant nursery TO6
PTTR grassland and arable PTTRO1 | grassy vegetation T07
farming PTTRO?2| tillage on arable land T12
PTKMO1 | roadside TO1
PTKM the area underoads PTKMO2 | trackside T15
railways and airfields PTKMO3 | area under the road and the traskle TO1
PTKMO04 | area under the airport road TO1
PTGNOL1| scree, landfill or rock rubble T15
PTGNO?2| stony T15
PTGN | unused land
PTGNO3| sandy or gravel ground T10
PTGNO4 | otherunused land TO8
PTPL | square PTPLO1 | square TO1
PTS001 | municipal waste disposal site T16
PISO | dump
PTSO002 | industrial waste disposal site T16
PTWZO1| excavation T10
PTWZ | pit andheap
PTWZO2| heap T10
PTNZOL land und(_er technical equipment or T16
PTNZ | other unbuilt up land construction
PTNZO2 | industrial and storage site T17
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Point code Description of point location Point type
1 upper edge of the slope left floodplain riverbedsection
7 bottom of theriverbed riverbedsection
12 upper edge of the sloperight floodplain riverbedsection
30 field pointg dry embankments, dams, walls
31 bottom edgeg left side embankments, dams, walls
32 top edgeg left side embankments, dams, wallg|
33 top g centre embankments, dams, walls
34 top edgegq right side embankments, dams, walls|
35 bottom edgeq right side embankments, dams, walls
36 upper edge of the mobile (movable) protective device embankments, dams, walls
40 bottom edge of theconstruction profile of construction
41 top edge of theconstruction profile of construction
42 upper edge of the railing (including protective railings, etc.) profile of construction
43 specific points of the building (e.g. roofing of the footbridge passag profile of construction
50 lower edge of the hydrotechnical structutep single points of construction
51 upper edge of the hydrotechnical structutep single points of construction
52 bottom of pipe,canal single points of construction
53 upperedge of the channel cover single points of construction
54 canal bottom single points of construction
ZWW water level specific points
e 1.00 — | No code value
Order )
o 102 Code correspondmg to the form of land cove
of between pointsl.01and1.02
performances
e 1.03 —— | Code corresponding to the form of land cove
v between pointsl.02and1.03

Fig.10.Coding method fothe forms ofland coverin the samplecrosssection
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5.1.1.3. Development of ageodetic survey for valleycrosssections (iverbed crosssections and
crosssections through floodplain terraces)

Thegeodeticsurveyfor valley crossections should include:
a) table ofriverbedcrosssection measurementaccording to the formula presented irable6;
b) tabular summary of valley crosectionspoints (i.e. connectediverbed crosssections with
crosssections through floodplain terracesiccording to the formula presented in Taft
¢) diagramof valley crossection,according toFgure 11

Valley section no. 1
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438,0 '\\\‘M y /
436,0 -

434,0 \\ /

432,0 \ g

430:0 \
\

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

h [m asl]

428,0

426,0

Distance [m]

Fig.11 An example of a valleyrosssection graph in a spreadsheet

The crosssections should be numbered according to the numbering ofriberbed crosssections.
The list must also take into account the val@psssections located in the measurement points of
bridge and hydrotechnical structures

d) site plansof riverbed crosssections with picket numbers and the direction from which the
photograph was takeraccording tdHgure 12 PDHiles)
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Fig. 12.The way of marking the direction of photography
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Table6 Tabular overview afiverbedcrosssection measurements

Number of Terrain
Name of the | crosssection 47 w & Distance | Point cover WS Date of Photograph
and coordinate coordinate ordinate ordinate Comments
watercourse [m] code form measurement number
measurement [m] [m] [m.asl] code [m.a.s.l]
point
. oRiver
River name 1.101 187843.27 642904.02 434.35 0.00 2017.11.07 .
name_1.JPG
1.102 187837.38 642902.96 433.50 5.98 TO7
1.103 187832.79 642902.14 430.22 10.65 TO7
1.104 187829.20 642901.49 429.83 14.30 1 TO7
1.105 187826.08 642900.93 427.19 17.47 zZww TO7 427,19
1.106 187824.48 642900.64 427.17 19.09 K04
1.107 187823.88 642900.54 427.08 19.70 7 K04
1.108 187823.10 642900.39 427.08 20.49 K04
1.109 187822.53 642900.29 427.19 21.07 zZww K04 427,19
1.110 187817.75 642899.43 430.01 25.93 12 TO7
1.101 187816.91 642899.28 430.06 26.78 TO1
1.112 187814.05 642898.77 430.04 29.69 T11
1.113 187799.37 642896.13 432.28 44.60 TO7
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Table7 Tabular overview of vallegrosssection points

Number of .
crosssection . . Z- . . Terrain Water
Name of the X-coordinate | Y-coordinate - Distance Point cover - Date of
Walercourse and [m [m] coordinate ] code form ordinate measurement Photograph number | Comments
measurement [m.asl] [m.a.s.l]
point code
River name 1.10000 187854.14 642895.8 438.59 0.00
1.10001 187851.75 642897.61 436.84 3.00
1.10002 187849.35 642899.42 436.19 6.00
1.10003 187846.96 642901.23 436 9.00
1.10004 187844.57 642903.04 435.06 12.00
1.101 187843.27 642904.02 434.35 13.63 2017.11.07 oRivernamet_3.JPG
1.102 187837.38 642902.96 433.5 19.61 TO7
1.103 187832.79 642902.14 430.22 24.28 TO7
1.104 187829.2 642901.49 429.83 27.92 1 TO7
1.105 187826.08 642900.93 427.19 31.09 zZww TO7 42719
1.106 187824.48 642900.64 427.17 32.72 K04
1.107 187823.88 642900.54 427.08 33.33 7 K04
1.108 187823.1 642900.39 427.08 34.12 K04
1.109 187822.53 642900.29 427.19 34.70 zZww K04 42719
1.110 187817.75 642899.43 430.01 39.56 12 TO7
1.111 187816.91 642899.28 430.06 40.41 TO1
1.112 187814.05 642898.77 430.04 43.32 T11
1.113 187799.37 642896.13 432.28 58.23 TO7
1.20000 187796.53 642895.17 433.68 61.23
1.20001 187793.68 642894.22 435.3 64.23
1.20002 187790.84 642893.26 435.52 67.23
1.20003 187787.99 642892.31 437.36 70.24
1.20004 187787.04 642891.99 438.25 71.24
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e) photographs ofriverbed crosssections (minimum one photo fazach crossection)¢ in
jpg format. The photo number should correspond to tlresssection number (in case of
more than one photo foreach crosssection ¢ numbering: River_1A name, River_1B
name, etc.);

f) drawings ofriverbed crosssections in the scale 1:100/500 (if it is necessary to ensure the
legibility of the drawingit is permissible to change the scajét must be unambiguously
described for eaclerosssection) prepared in the CAD environmgesaved in dxf format
and exported tcPDHormat (according to Figur#&3).

Thereport must bepreparedin an electronic version.
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Figurel3: Example drawingf crosssection
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5.1.1.4. Development of spatial layers afverbedand valley crossections

The followingspatial layers should be drawn up for geyingriverbedcrosssections:

a) WLz9wuyb! adgicnQNIBS 3B FoRElayer containing the location of individual
measurement points together with assigned information about the name of the rivess
section number, height ordinates, roughness coefficieag well axodes of terrain cover
forms and pickets;

b) RIVERNAMEécrosssections_terraces ¢ a point layer containing location of individual
points of crosssections through floodplain terraces generated on the basidTtogether
with assigned information about the name of the river, cresstion humber, elew#on
ordinates, codes of land cover forms, roughness coefficient;

c) RIVER_NAMEcut-off lines ¢ a linear layer containing the generatdides ofvalley cross
secfons i.e. the lines ofiverbedcrosssections and linesf crosssectionsthrough floodplain
terraces

These layers should bprepared in the rectangular flat coordinate system -P292 (National
Geodetic Coordinat8ystem1992),in shp file format.

All altitudegeodeticmeasurements should be carried out in tHeonstadt86 geodetic measurement
system (PLKRONS8E\NH). All horizontal geodetic measurements should be made in the rectangular
flat coordinate system P1992. Accuracy of geodetic measurememtsn accordance with the
standards and guidelines farce in Poland.

5.1.2. Inventory and geodetic development of engineering objects

The measurement of engineering objects should be performed directly in the field with the use of
geodetic instruments:
e measurement by GNS&ethod (RTK or RTN kinematicajth respect toreference stations ©
the ASEGEUPOS system or other reference station systems, if the location data of these
stations habeen included in théational Geodetic and Cartographic Datab@R2GikK)
®  measurement using electronic total stations with automatic recording of measemém
results.

5.1.2.1. Inventory of engineering objects

Asa part of geodetic works, a detailed inventory of engineering objects lociatéloe watercourses
covered by the study, i.e

e pridge structures (including bridges and footbridges);

e hydrotechnical facilities (including dams, weirs d@mesholds.

The engineering inventory is to identify the actual locations of the facilities in the field anthosky
facilities that are to be used for the intended purpose of the hydraulic modelthose thatare
located on the sections of watercourses to be modelled ameet at least one of the following
criteria:
a) for bridge structures:
e have pillars with a width (or diameter) of at leasb®n,
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e have ordinates of the bottom of the structure lowtran the level determined by adding
2 m to the ordinates of the upper edges of the edge slopes, with the thickness of their
main horizontal structure exceedirfigd m,

e have abutments that are wholly or partly in thieerbedcrosssection

b) in the case of hgrotechnical facilities:

e are antiflooding dams

e are single objects with an overflow threshold of at least 0.8 m (except for theldbaeles
and ramps)

e are the initial and final objects of a systematic or segmented threshold or step correction
andhave an overflow threshold height of at least 0.8 m

e are large hydrotechnical objects, such as steps and weirs with variable, controlled piling
by lifting the closures.

As a part of the preparatory works, the spatial strata (shp) with locationbdéige and hydre
technical structures for which measurements are planned to be made shajprégared and
associated attributes shall include in particular: objectmber, administrator, object type (road
bridge, rail bridgefootbridge, anti-debris dam, sngle water stage, initial or final step correction,
weir, etc.). In case of bridge objects, the angle of crossing of the main axis of the bridge with the river
axis should be additionalspecified and for hydrotechnical objectthe height of overflow lireshold
(damming).

5.1.2.2. Geodetic measurements dfiverbed crosssections at the location of bridge objects and
measurements of object structures

The geodeticsurvey for bridge objects is tperform geodetic measuremerih the line of the top
position of objecs of all elements of the objedstructure atcharacteristigpoints and the points of
the riverbed such as

e places where the geometry of the structure changes, as well as abutments and pillars
(structure shape breaks)

e contact points of abutments angillars with the horizontal part of the bridge structure
(bottom of the superstructure)

e top (roadway or railway traction) rows of the bridge (with a minimum of 3 poinis the
centre of the structure and at abutment height) and the width of the bridgeop d&B¢
(measuredberpendicular to the main axis of the bridge);

e points of the watercourse between the elements of the structure of the object.

Notwithstanding the above, the lowest ordinate of the bottom of the watercourse under the bridge
should be mesaured with a single measuring point (picket) below the object. The @®sson below

the bridge required in the hydraulic model in the riverbed will be mapped by interpolation with
reference to the measured ordinate, the valley part will be developetherbasis of DMT.

A site plan forgeodetic measuremenibcationsin the location of the bridge object is presented in
Fig. 13a.
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NAJNIZSZA RZEDNA DNA KORYTA CIEKU PONIZEJ OBIEKTU
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o pikiety w ramach przekréju korytowego powyZej gdmego stanowiska obiektu
o pikiety dla punktow koryta i elementow konstrukcji obiektu w linii gérnego stanowiska obiektu

¢ pikieta dla najnizszej rzednej dna koryta cieku ponizej obiektu
B - szeroko$¢ obiektu

[A—

Fig. 13aSketch of the location afieasuremenpointsin the vicinity of the bridge object

For arched bridges, a minimum of 5 points at the bottom of the structure shall be measured, i.e. the
starting point of the arc, the middle point of the arc (higheste end point and at least 2
intermediate points othe arc.

Where the bridge has a suspended, unbuilt part of thisework(truss type) through which water
can flow, both its lower and upper edges must be removed.

If there is a sequence of consecutive bridge structufestifridges culverts) at distanceof less than
100 m, the first and last of the structuretallbe measured. Notwithstanding the abavier each of
the objects, a picket at the lowest point of theverbed culvert shall be measured and the light
sizekulvert diameter determined. In thigase it should be remembered that theserbed cross
sections should be located according to the rulestapter 5.1.1.1 at distances ngteater than500

m or 250 m in case of 2D modelling. Tdresssections required in the hydraulic model between
structures in theriverbed area are mapped byinterpolation with reference to the measured
ordinates, the valley sectios developed on the basis &fTM

Moreover, whenmeasuringthe riverbedin the line of the upper bridge position, all characteristic
points of the structure and points of contact between the bridge structure anditrerbed (pillars,
abutments) must be taken into account. An example of location of measurement points for the
riverbedcrosssection in the line above the upper position of the object is shown in Fig Ex@mple

of location of measurement points in the line of the upper stand is shiovAg. 13c
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NAJNIZSZA RZEDNA DNA KORYTA CIEKU PONIZEJ OBIEKTU
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°  pikiety dla punktow koryta i elementow konstrukcji obiektu w linii gornego stanowiska obiektu
* pikieta dla najnizszej rzednej dna koryta cieku ponizej obiektu

Fig. 13bHorizontal and vertical projection of measurement points location
for ariverbedsection irtheline above thetopofthe 6 2500 Q& L2 aA A2y
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NAJNIZSZA RZEDNA DNA KORYTA CIEKU PONIZEJ OBIEKTU
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2.001 numer pikiety w linii gérnego stanowiska obiektu
e pikiety w ramach przekroju korytowego powyZej gérnego stanowiska obiekiu
o pikiety dla punktéw koryta i elementéw konstrukcji obiektu w linii gérnego stanowiska obiektu
* pikieta dla najnizszej rzednej dna koryta cieku ponizej obiektu

2.003"
2.004

5,006 %007

Fig. 13cHorizontal and vertical projection afeasuremenpointsin the line of the upper position

For objectswvhose angle of intersection of the main axis of the structure (longitudinal axis) with the

FEAA 2F GKS

g | 4 S ND 2 ,dieHi@rbedl &rossBektioris andBngasuremen® bf

structural elements for the upper position of the object shall be maul the line of their actual
location in relation to the axis of the watercourse. In such casertherbed crosssection together
with the crosssectionthroughthe structure of the object is subject to transformation to the system
perpendicular to thestream axis. The transformation consists in calculativgreduced distances
between points in such way that the sum of these distances corresponds to the total length of the
section situated in the line perpendicular to the axis of the watercourse. On the other hand, due to
the condition of obtaining a proper coection of the extreme points (common contact point) of the
riverbedcrosssection with the extreme points of the left and right vallapsssectiong the location

of the crosssection line and its extreme points must remain in the actual location.

Theriverbed crossections and vallegrosssections (resulting from the combination oWverbed
sections withDTM-generated flood terracegrosssections) carried out aa part of the geodetic
survey of bridge structures shall meet all requirements as fiypicak crosssections, i.e. in

accordance with sectiob.1.1
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5.1.2.3. Development of a geodetic survey for measurements rdoferbed crosssections at the
location of bridge facilities and measurements of structuoé objects

The geodeticreport of the measuremerg of riverbed crosssections at the location of bridge
structures and the measuremesibf 2 6 2 Sstiugtdrédshould contain analogous elements as in the
case of theeport for ctypicak riverbedcrosssections, i.e

a) a tabular list of measements forriverbed crosssections containing the measurement of
the objectstructure, according to the formularesented in Tabl&;

b) site plansof crosssections with plot numbers and the direction from which the photograph was
taken (according to the dwing as fottypicak crosssections ofig.12) ¢ in apdffile;

c) photographsof crosssections(at least one photo foeachcrosssection)¢ in jpg format.The
photo number should correspond to therosssection number (in case of more photos for
onecrosssectiong numbering: River_1A, River_1B, etc.);

d) crosssectiondiagramwith the representation of the object geometry (in the view from the
top water side).The numbers of all measurement points (pickesbpuld be writtenon the
diagram The pattern of theriverbed crosssectiondiagramin the place of theengineering
object is shown irFig.13;

e) drawings ofriverbed crosssections together with a reproduction of the object geometry in
the scalel:100/500 (or other agreed with the customer), prepared in CAD environment
saved in dxf formaand exported taAPDRormat (Fig 14).

Thegeodetic reportmustbe preparedin an electronic version.

Information on the location and height ordinates of measuent points forriverbedcrosssections

at the location of bridge structures (including the measurement pointsi ¢ S 2 &t&Gude)i a Q
as well as the course of linesrdferbedcrosssections and crossections through floodplain terraces
should be included in the spatial layers fbypicak crosssections.

If pipelines with a diameter of more than 300 mm are crosa&t the mediaover theriverbed the
measurements should be takem the same way as for bridges.
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Table8: Model of the geodetic measurement table for bridge structures and hydrotechnical structures

Project: Review and update of flood hazard maps and flood risk maps
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River road . Dist_ric_:t Rqad
name 1 bridge 3.101 188010.3 643525.32 414.54 0.00 2017.11.07, River name_3.JPQF 12.00 100 Admlri\:]stratlon

3.102 188004.94 643526.4 414.25 5.47 TO1

3.103 188000.39 643527.33 414.19 10.11 TO9

3.104 187996.62 643528.08 414.21 13.96 1 TO1

3.105 187994.35 643528.55 411.81 16.27 T02

3.106 187990.52 643529.32 410.99 20.18 TO2

3.107 187990.32 643529.37 410.39 20.39 T16

3.108 187987.27 643529.99 410.00 23.50 ZWW T16 410.00

3.109 187986.59 643530.12 409.94 24.19 K04

3.110 187986.11 643530.22 409.88 24.68 7 K04

3.111 187985.6 643530.32 409.92 25.20 K04

3.112 187985.14 643530.41 410.00 25.67 ZWW K04 410.00

3.113 187976.78 643532.11 410.71 34.20 TO2

3.114 187975.9 643532.29 411.31 35.10 12 TO1

3.115 187948.8 643537.78 413.23 62.75 TO1

3.201 187990.29 643529.37 411.09 20.42 40

3.202 187988.87 643529.65 412.44 21.86 40

5.203 187987.5 643529.94 412.83 23.26 40

5.204 187985.07 643530.43 413.21 25.74 40

3.205 187983.37 643530.78 413.22 27.48 40
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Figurel4: Example of arosssectiondiagramwith a bridge objecentered
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5.1.2.4. Geodetic measurement®f riverbed crosssections at the location of hydrotechnical
objects and measurements of structuref objects

In the case of hydrotechnical objects, such as-dabris dams, weirs and watebarrages

geoddic measurements should be carried out according to a similar methodology as in the case

of bridges.

Forbarraged YR 6SANE GAGK | O2yadlyd | OO0dzydzZ | GA2Y

1.5 m, ariverbed crosssection in the line of the upper olgé position should becarried out
taking into account the geometry of the object structure in the overflow line. In addition, the
height of the threshold at the lowest point of the bottom of the bottom station must be
measured with one picket. The hydratenical object integrated into theiverbed section,
together with the marking and numbering of the measurement picksit®uld be shown in the
diagram. The location of the measurement pickets should laésshown on thesite plan

For the stepsand weis A G K | O2yadlyd F OOdzydz I GA2Y | yR
and for all the antflood barriers, in addition to the aboyé is also necessary to makeigerbed
sectionfor the lower site, just below the overflow. The arrangement of picketshim ¢ross
section of the lower site of the facility should also be illustrated onsiteplan

Fig.15 shows an example of site planand adiagramof geodeticmeasurements for the above
mentioned objects.

PL_FHRM_Annex 1 Metodology FHRMs for fluvial floods 20200617 v7.00 EN pub.docx
47

Iy

208



Fundusze B Panstwowe . . AL
Europejskie N Gospodarstwo Wodne Unia EUrOpejSka *

) i Fundusz Spéjnosci *
Infrastruktura i Srodowisko Wody Polskle poJ * e %

Project: Review and update of flood hazard maps and flood risk maps
ProjectNo. POIS.02.01.600-0013/16

1.20

przekrdj korytowy przez gorme stanowisko

przekraj korytowy przez dolne stanowisko (opcjonalnie, gdyH=1,5m)
—— przekrdj przez terasy zalewowe — gorne stanowisko
TTLLLLT przekrdj przez terasy zalewowe — dolne stanowisko

(opcjonalnie, gdy H=15m)

L] punkty pomiarowe konstrukcji ohiekiu
=] punkty pomiarowe przekroju konvtowego dla gérnego stanowiska
L] punkty pomiarowe dla zdjecia wysokosci progu na dolnym stanowisku

(dla ohigktowo 08 <H=15m)

Fig.15. Site planand picket arrangement diagram for hydrotechnical objects
such as damsweirs and water levels

Steps or weirs with variable (controlled ising the closures) accumulatishould be measured
without taking into account the design of the closures themss] i.e. so as to reproduce the
water flow conditions assuming they are completely absent (raising the closures, opening the
sliders, position of the overflow flaps, etc.). Method and scope of geodetic measurements for
structures and sectionsas abovei(e. depending on the height of overflow threshalek).

Riverbedsections and valley sections (created after connecting riherbed sections with the
sections for flood terraces generated on the basiDdM carried out as part of the surveying
study of hydrotechnical objects should meet all requirements astfgicak crosssections
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5.1.2.5. Development of a geodetic survey for measuremntsrof riverbed crosssections at the
location of hydrotechnical objects and measurements of structwiobjects

Thesurveyingfor the measurements ofiverbed crosssections at the location of hydrotechnical
objects and measurements of object structurémsld contain analogous elements as in the case
of the report for ctypicak riverbedcrosssections and crossections for bridge objects, i:e
a) asummary table (in aBxcelffile) of measurements foriverbedcrosssections, containing
the measurement of the object structure (formutaTable8)T F2NJ 20250044 6AGK
the table should also contain the cressctions through the lower position of the object
b) site plansof crosssections with plot numbersand the direction from whichthe
photograph was taken (according . 12) ¢ in pdf files;
c) crosssectional photographs in jpg format (minimum one photo fazachcrosssectiong
from the bottom water side), the photo number should correspond to thenber of
crosssection (in case of more than one photo feach crosssection ¢ numbering:
WABSNYPmM! 3 wWABSNIPm. yIYSEI Si000d C2NJ 202S00a
large hydrotechnical objects, at least 2 photographs should be takene from the
bottom water sideand the other from the top water side
d) crosssection diagranwith the representation of the object geometry (in the view from
the top water side). Theiagramshould include the numbers of all measurement points
(pickets).Crosssection diagramsvith the mapping of the hydrotechnical object geometry
in the scale 1:100/500 (or another one agreed with the customer), prepared in the CAD
environment saved in the gf format and exported to thedf format. A sample cross
section is showtin Fig.16.

Thereport mustbe preparedin an electronic version.

Information on the location and height ordinates of measurement pointgif@rbedsections at

the location of hydotechnical objects (including the measurement points of object structures), as
well as the course of the line afverbedsections and sections through floodplain terraces should
be included in the spatial layers faypicak crosssections.
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Fig.16. Example of a crossection withobject geometry mapping

5.1.2.6. Development of spatial layers of engineering objects

Spatial layers shall be drawn wyth the location of individual engineering survey points with
assigned informationsuch asriver name, objecnumber, elevation ordinatesind land cover
form codes as well apickets,objecttype and administratarLayers should be created separately
for:
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e bridge objectsRIVER_NAMEbridge objects);
e hydrotechnical objectsRIVER_NAMEhydrotechnical object.

The above mentioned layers should peeparedin the rectangular flat coordinate system-PL
1992, in shp file format.

5.1.3. Geodetic inventory of flood embankments

5.1.3.1. Geodetic measurementsf flood embankments

Flood embankments should be asured directly in the field usirgeodeticinstruments:

e measurement by GNSS (RTK or RTN kinematics) with reference to reference stations of
the ASGEUPOS system or other reference station systems, if the location data of these
stations have been included in tidational Geodetic and Cartograplatabas€PZGiK);

e measurement using electronic total stations with automatic recording of measurement
results.

As a part of the geodeticworks in addition to the activities listed in the previous part thie
methodology the geodeticinventory of flood erbankments located on the watercourses covered

by the study should also bdrawn up The inventory is to identify the actual locations of
embankments in the field and geodetic measurement of the ordinates in the place of the base of
the drainage as well avent slope and theéop of the embankments in the line of all the executed
valley crosssections. These measurements should be made for all vattesssections (i.e. for

both dtypicak crosssections andcrosssections for engineering structures) in tla@eas where
embankmentsare located.

In addition to the above, this inventory must also be carried out on the sections of embankments
between thecrosssections so that the distances between successive measuring points (base of
the slope, vent anémbanknent top) do not exceed 50 m, counting along tembankment with
particular attention paid to places where the loaddpressions of thembankmenttop ordinate
occur.

Asa part of the inventory, the locations of aimbankmentiocks (one picket foeachlock) must
additionally be removed by means of individual measuring points. These points are to be located
in the axis of theembankmenttoptop at a height corresponding tche actuallocation of the
sluice.

The results of the inventorghould be compiled in a table of d&xcelfile and included in the
geodeticreport. The table should include, among other thinggse numbers of measurement
pickets for thetop and the base othe embankmens on the drainage and vent side, as well as
their X, Y coordinates and height ordinates.

On the basis of the inventory results, a longitudinal profile oféh@ankmenttop and the base
of the embankmen@ drainage and vent slope should bewn up for eaclanalysedsection. The
profile must be in an Excel sheet with tabular data.
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5.1.3.2. Development of spatial layers for flood embankment measurements

For inventory measurements of flood embankments, spatial layers should be prepared:

a) RIVERNAME flood _embankmentsordinates ¢ a point layer containing information on
the position and height ordinates (in the attribute table) of individual measurement
points (pickets) for the base of the drainage slope, #tabankmentvent and the
embankmenttop;

b) wL+9wuyb! a9wé SYo!l ¢ Y8y (ayea contsind$ mfbrmation on the
position ofembankment sluices

c) RIVER_NAMEfloody SY 06 | v | ¥ &liidarladyer containing the geometry of the axis
of the measured floo@mbankments.

PL_FHRM_Annex 1 Metodology FHRMs for fluvial floods 20200617 v7.00 EN pub.docx
52



Wody Polskie Fundusz Spojnosci L

Fundusze R Paistwowe . . e
Eu ropejskie N Gospodarstwo Wodne Unia EUTOpEjSka * x
Infrastruktura i Srodowisko

Project: Review and update of flood hazard maps and flood risk maps
ProjectNo. POIS.02.01.600-0013/16

5.2. DEVELOPMENT AND PREPARATIGNDROLOGICAND METEOROLOGICAL
DATA

Hydrological and meteorological data for the review and updating of flood hazard magmadd
risk maps shall be developed in hydrologically controlled catchments from the first planning cycle
and in the catchments indicated for implementation in the second plancyate

The development of hydrological and meteorological data for the pwemdshydraulic modelling
is carried out with & uniform approach for the whole area of Poland for the controlled and
uncontrolled catchments.

The basis for the development afydrological and meteorological data for the purpose of map
review and updateis. Update of the methodology for calculaginmaximum flows and
precipitation with a specific probability of exceedance for controlled and uncontrolled catchments
as well addentification of precipitation to outflow transformation moddlassociation oPolish
Hydrologists 2017 developedfor KZGW (agreement no. KZGW/DPi@p¥/3/2017 of 6.03.2017)

¢ hereinafter referred to astUpdated methodology €. (Annexl).

The hydrological data necessary to review and update the flood hazard maps and floodpgsk ma
for the Polish area are developestcording to a uniform methodology for threescenarios
related to theprobability of flooding:

e lowgQ(0.2%),

e mediumc Q (1%),

e highq Q(10%).

The hydrological calculations shall be carried out on the basis of the igia obtained
from IMGWPIB, which include:
e daily sums ofrecipitation from the last 30yearsat stations located in the area of the
analysed catchment;
e hyetograpts of historical precipitation, which have caused the two lardlesids in the
last 30 years with the availablene step (hour, day);
e maximum annual flows with a minimum of 30 years for the water gauge stations on
watercoursedor whichFHMand FRMwill be developed
e hydrographs of flows and water levelsas well adlow rate curves for at least 2 of the
largest floods that have occurred in the last 30 yesag for model calibration and
verification.

The hydrological data necessary for flow modellingiverbeds and floodplains for all types of
hydraulic modellings includedfor controlled catchments:
e hydrological characteristics of water gauges (river name, name of water gelugieage
catchment areagauge zero ordinabe
e values of flows with a giverrgbability of exceedance for the adopted flood scenarios (for
flows with the probability of exceedance p = 10%, p = 1%, p = 0.2%) calculated for water
gaugestations;
e update of thecoincidence of maximum flows on the main river and its tributaries;
e Q/H flow curves for the two largefibodsin the last 30 years;
e hydrogrghs of flows for selected two historical largdktods
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e hydrogaphs of hypotheticalvaveflows.

In the case of mcontrolled catchments, hydrological data include
e maximum flows for given probabilities of exceeding p = 10%, 1% and 0.2%;
e hypothetical waves for the given probabilities of exceeding p = 10%, 1% and 0.2%.

In specific cases derogations from the above methodology and the adoption of other calculation
methods are allowedprovide that these have gaingtie approval of thePGW WPIn such cases

a justificationshall be providedtogether with an indication of the alternative method and its
description.

5.3. DIGITAIELEVATIONATA
5.3.1. DIGITALTERRAINMODEL

One of the basic data necessary for the development of Rk is the digital terrain model
(DTM. It is a necessary element for the execution of valley esestions of onalimensional
models and raster (gridcalculative two-dimensional models according to the proposed
methodology. It is also a required input element for determining the floodtldeguring the
process of processing hydraulic modelling resultgligital terrain model can be expressed as
information in the form of a regular grigla fixed spatial grid (e.g. GRID).

The digital terrain model is an element of the stageodeticand catographicresource(PZGiK)
Collection and maintenance of the stageodeticand cartographic resource and making the data
available belongs to th&irveyor Generalof Poland DTMis recorded in the form of text files
containing coordinates (X, iM the PE1992 systemZin the Kronstadt 86 systeyrof points in a
regular grid with a spatial interval of 1 metras well as in the form of a raster with the same
spatial resolution. Thinformation about terrain ordinatesvere interpolated on the basis of the
point cloud obtained from the airborne scan (LIDAR). The maximum average height error is 0.2 m.
IndividualDTM data files correspond to the sheets in tli&99Z rectangular plane coordinate
system in the scale of 1:5000he accuracy of the product expressed by the mean height error,
which is the result of the standard in which the LAS was made (number of measurement points
per square metre), is presented in Fig. 17, while the actualifya¥l acquisition is presented in

Fig. 18.

For urban areas the averageeasuremendensity is 12 points/m2 (standard Il). The area range of
singleDTMfilesdeveloped on the basis of the point cloud fradDAR corresponds spatially to the
sheets in thePUWG 1992 rectanguldlat coordinatesystem on ascale of 11250 (area 0.320.5

km). For the remaining area, the average density is 4 or 6 points/m2 (standard 1), in the same
coordinate systembut on a scale of 1:250area for a single sheet approximatel\r1 km. The
spatial distributdon of LIDAR together with information about its height standard is showrigin

17. Whereas the timeliness of thavailableDTMis quite diverse and covers the period 2010
2018 and its graphic form isresented inFig.18.
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Figurel7: AverageDTMaltitude error(as of October 2017)
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Fig.18. DTMtopicalityin PZGiKas of October 2017)
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Due to the fact of constant changes in the area of the land, related to various types of
investments, the material obtaineflom PZGiknay contain outdated information. From the point

of view of flood protectionthe most importantare the changes irthe terrainwhich change the
hazardareasextend These include, among oththings the construction of embankments, their
modification, devation of the land associated with the implementation of houséstates road

and rail embankments limiting the floagktend

Two solutions are envisaged for such cases

1) The first one focuses on geodettnbankmentmeasurements for rivers for which an
update of the riverbed crossections is planned, as well as for watercourses indicated for
the development of map the secondplanning cycle.

2) The second solution concerns investments included in variant WO dfRMPfor rivers
for which nogeodeticmeasurement will be carried out and planned investments to be
implemented by en®019 In such cases, land modification vl taken into account on
the basis ofexecutivedesignsor asbuilt geodetic inventory. In th@bsence of available
documentation, dpending on the individual casdata on investment parameters will be
obtained by other methods.

5.3.2. DIGITAL SURFACE TERRAIN MODEL

The Digital SurfaceTerrain Model (DSM), like DTM is the result of processing a cloud of
measurement points acquired from airborne laser scanning. The average height error for data is
determined bythe standard in which the input material was made, with a maximemor value

of 0.2 m. IndividuaDSMfiles correspond to the range of sheets in thE9Z rectangularflat
coordinate systemn a scale of 1:5000. SelectéSMfragmentsare used in 2D modellintp
update theDTMto actual building heights.
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Table9 Summary of input data needed to develop Fi¢M

N. Data Name of institution/resource Format Update of data
Orthophotomaps HeadOffice of Geodesgnd *tif 20102018
(pixel field size: Cartography
0.5m0.25m, 0.1 m)

2 | Nationalregistry of lordersandareaof *shp 2018
nationalterritorial divisions(PRG)

3 | Nationalregisty of geographicahames *shp 2018
(PRNG)

4 | Topographical Object Database BDOT1( *shp 2018

5 | DigitalTerrainModel OTM andDigital *xyz, *asc, *tif, *las| 20102018
SurfaceTerrainModel OSTM) TIN *

6 | Map index 1:10 000 *shp 2013

7 | Hydrological andneteorologicaldata Institute of Meteorology and Water| *doc, *xls, *pdf, 19562016

Management; National Research | *pdf, *tif, *jpg and | (most stations)
Institute others*

8 | Flood hazard areas for rivers, water dept| Consortium *shp 20132019
water velocities, water flow directions, (IMGWPIB/ARCADIS/MGGP)
maximumwater levelordinates,
embankmentop ordinates in cross
sectionsembankmentdamage or
destruction sitesembankmentoverflow
sites

9 | Riverbedcrosssections: Brennica, Przemgq State Water Holding Polish Wategs| *jpg, 20002016
basin Regional Water Management Boar| *pdf 20152016

10 | Asbuilt sections acquired aspart of the *txt 2015
modernisation of theNroclawWater
System

11 | Bathymetric data for coastal waters (RZQ *grd 20112012
in Gdansk

12 | Execution/preimplementation projects, *xyz, *shp, *dwg, | 20102019
data on investments having a significant *dat, *pdf, *doc *
impact on the extent of floods

13 | Currentreservoirwater management *xyz, *shp, *dwg, | 19982017
instructionsteservoirdesign or postlesign *asc, *dat, *pdf,
documentation *doc

14 | Riverbedcrosssections obtained from AP *xns1l 20132015
development

15 | Riverbedcrosssections for theA dzO | & ¢ *shp 2012
acquired under SMORP 2012

16 | Data onembankmens and water facilities *xls, *doc, *jpg and| 20182019

others *

17 | Results of the QRG survey State Water Holding Polish Waters| *xls 20102019

18 | Results of the ZMiUW survey *xls 2009 (10/11)2019

19 [ Results ofhe survey of the General *xlIs 20092019
Directorate for National Roads and
Motorways (GDDKIiA)/PZD/WZD

20 | Results of the railwaguthorities survey *xls, *pdf, *jpg 20092019

21 | Results of the survey of Maritineffices *xls 2009/102019

22 | Wetriverbedcrosssections with photo *shp, *xls, *txt, 20122013
documentation and inventory of *ipg, *pdf
hydrotechnical and communication
structuresg developed within the ISOK
project

23 | Valleycrosssections, including weiverbed| *shp, *xls, *jpg, 20182019

crosssections together with photo
documentation and inventory of
hydrotechnical and communication

*pdf, *dxf
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Data

Name of institution/resource

Format

Update of data

structuresq developed within the
aFHMMRPproject

24

Analysis of the current flood protection
system for the development of flood risk
management plans faiver basinareasand
water regions

25

Project data: Identification of pressures ir
water regions andiver basinareasg Part I:
Creathga national databasen
hydromorphological changes

26

Map of Hydrographic Division Bbland
MPHP10k

*xls, *shp, *doc *

2013

geobase

2017

*shp

2017

27

Execution/postconstruction projects, data|
on investments having a significant impay
on the extent of floods

General Directorate for National
Roads and Motorways/PZD/WZD

*xyz, *shp, *dwg,
*dat, *pdf, *doc *

20092019

28

Execution/preimplementation projects,
data on investments having a significant
impact on the extent of floods

Railwayauthorities

*xyz, *shp, *dwg,
*dat, *pdf, *doc *

20092019

29

Riverbedand bridgecrosssections for the
Lower Vistulaiver sectiong project for the
Lower Vistul&Cascade

State Water Holding Polish Wateys
Regional Water Management Boar
in Gdansk

*ipg,
*pdf

20162017

30

Riverbedand water structure cross
sectionsdigitalterrain model,
orthophotomaps, Nysaudyckariver

Landof Saxony, Landf Brandenburg
Germanyyia theMKOOpZ

*shp, *xls, *txt,
*Jpg, *pdf

20092010

31

Bridgecrosssections and water structures
ofb & & | Yb&sthRrdfs tributaries

32

Ranges of operation of MaxP&servois

State Water Holding Polish Waters
Regional Water Management Boar

*xlIs

2018

in Wroclaw

*shp

2020

33

A model of the GdansRystem distribution
for flood protection of the Dead Vistuliver,
basin(A datly Gd 2kie and the city of
Gdansl; Hydrological analysis for the
catchment areas of the Raduniaer, the
Raduniack y' I £ = { Kriser,the@ (i O
az2dodraningg /TNy _ |
FyR YO2RFgFZ GF1AY
influence of water levels in the Gulf of
Gdanskdischarge of watefrom polders
and drainage channels and streams,
retention reservoirs, existing and planned
water metastases and taking into accoun
the degree of urbanisation of the catchmg
areg now and in the future.

IMGW-PIBMaritime Departmenin
Gdynia

2003

34

Analysis of the adaptation of the Vistula
river fromWiloclawekto the mouth of the
Gulf ofGdansKarge and small cascades
modelling

IMGW-PIB, DHV Hydroprojekt Sp. 3
0.0.

*pdf

20172018

35

Routing of the technical and proteeé belt,
portsand harbous boundaries chainageof
the coastline

36

Stormembankments

37

Bathymetric data for coastal waters

38

Execution/postconstruction projects, datal
on investments having a significant impay
on the extent of floods

Maritime Offices

*shp, *dwg, *txt,
*pdf

2019

*shp

2019

*xXyz, *shp, *dwg,
*asc, *dat, *pdf

*xyz, *shp, *dwg,
*dat, *pdf, *doc *

20182019
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Tablel0: Summary of data needed to devel6BM

N. Data Name ofinstitution/resource Format Update of data
1 |[Landuse GUGIKBDOT10kesource .shp 2018
GUSSystem of Address Identificati| .xIsx,.txt, 2018
of Streets, Real Estates, Buildings | .docx,.shp, pdf
2 | Population DwellingNOBC)
GUS/Local Database
XIsx 2018
3 | Address points GUGIK/Geoportal/Dictionary servic| .xml 2018
Housingbuildingsandbuildings of social | GUGIKBDOT10kesource .shp 2018
importance(hospitals, schools,
kindergartensnurseries hotels, shopping
4 and service centres, social welfare home|
nursing homes, hospicegenitentiaries
correctional facilitiesgetention wards
police units, fire protection units, border
guard units)
5 | Sociawelfare homes, 24our care facilitie] UW .shp, .xlIsx,docx 2018
6 | Hospicas NFZ Xlsx 2018
7 | Penitentiariescustodial facilities CZSW XIsx 2018
8 | Correctional facilities MS XIsx 2018
. PIG PIB Xlsx, .shp 2019
9 | Groundwaterabstractiors PGW WP (Presstigentification®) 2018
10 | Surface watembstractiors GUGiKBDOTlOk.e.SOl.Jrce -shp 2018
PGW WP (ldentification of pressurq .shp 2018
11 | Protection zones of watabstractiors PGW WP .shp 2018
12 | Swimming pools PISGIS .shp, 2018
Boundaries of Natura 200freas including| D5 h | .shp 2018
13 | areasof special bird protection and areas
speciahabitat protection
14 | National parkborders D5 h | .shp 2018
15 | Nature reservedorders D5 h | .shp 2018
16 | Fixed monuments NID .shp 2018
17 Objectsinscribed on the UNESCO World | NID .shp 2018
Heritage List
18 | Exterminationmonuments Act, regulations pf the Ministry of | .pdf 2019
Culture and National Heritage
19 Openair museums and museums listed if MKiDN Xlsx 2018
the National Register of Museums
20 | Libraries forming the national library stoc| MKiDNRegulation .pdf 2019
21 | Archives forming the national archive sto{ MKiDN .pdf 2018
22 | Zocs GUGIKBDOT10kesource .shp 2018
23 | Industrial plants GUGIK /BDOT.l.Ok . -shp 2018
PGW WHRIdentification of pressure)| .shp 2018
) L ) DL h | XlsX 2018
B | P o TS e L
KG PSP .pdf 2018
o5 IPPC installations (registeriabtallations | register of installations holding Xlsx 2018
with integrated permits) integrated permits
26 | Cemeteries GUGIKBDOT 10kesource .shp 2018
GUGIKBDOT10kesource .shp 2018
) PGW WP (ldentification of pressurq .sh 2018
27 | Landiills 2 Lh| ( P .shg,.xlsx, .mdb, | 2018
.docx, pdf
2 Lh| .shp, .xIsx,pdf 2018
28 | Wastewater treatment plants PGW WP (ldentification of pressurq .shp 2018
GUGIKBDOT 10kesource .shp 2018
29 | Wastewatempumping stations GUGIK/bDOT10lesource .shp 2018
Values of floodlamagescalculated on the | IMGW-PIB/ARCADIS/IMGGP .shp 2019
30 | basis of potential loss factors for individu{ consortium
land use classes in 2016.
31 | Cities GUGIKBDOT 10kesource .shp 2018

* |dentification of pressure in water regions aier basinareas,2018(work carried out for PGW WP)
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5.5. INVENTORY OF INVESTMENTS AFFECTIRGNGIOF FLOOBAZARAREAS

Inventory of investments affecting the extent of flodwhzard areas is one of the bases for
reviewing and updatinffHMand FRMdeveloped in the first planning cycle, as well as for making
new maps for the rivers or rivecrosssections indicated for the delopment of maps in the
second planning cycl@aking into accounsignificant investmentshat have been made in the
period between cycle | and Il or will be completed by the end of 204i@rminesthe preparation

of hydraulic models reflecting the cumestate of affairs and thus determining the correct flood
hazardareas

5.5.1. Input data

Input data for the investment stocktaking are the results of surveys of local government units and
institutions and spatial data for hydraulic modelling. Tmalysis should also include comments,
which were submitted to the maps developed in tirst planning cycle.

Spatial data for hydraulic modelling

As a result of various investments, the spatlata usedfor hydraulic modelling may change. In

the case ofnvestments related to earthworks, the land ordinates are subject to change, and thus
DTMand valleycrosssections are outdated. Changes in the dimensions of bridge structures and
hydrotechnical structures are also an important element of geometry inhyraulic modelg

both in case of change of parameters and introduction of new structures may affect the change of
water levelordinates both in the vicinity of the structureand in the section located below. For
these reasons it is important to check the timeliness of the spatial data for hydraulic modetling
both first and secondycleareas in relation t@ompletedinvestments.

The following spatial data types shall be usadhydraulic models:

e DTMandDSMLIDAR available in PZGIK for the area coverinfirfi@nd secondplanning
cycle;

e riverbedcrosssections together with parameters of bridge and hydrotechnical structures,
obtained for the rivers for whickRHMwere devebped in the first planning cycle;

e geodetic surveying ofiver basincrosssections together with parameters of bridge and
hydrotechnical structures anémbankmens, obtained asa part of flood protection
studies and analyses of investment programmes ferilater region of the Upper Vistula,
including rivers indicated fdFHMand FRMin the secondplanning cycle.

Survey results
The data on investments which may have a significant impact on the change in flood risk are the
result of a survey of locglovernment institutions and unitcommunes, poviat starosties).

The questionnaires sent to the institutions alltavoollect data on investments made by them:
e RegionalWater ManagemenBoards (RZGW),
e Regional Boards of Land Facilities and Water Manage@&htyW),
e Maritime Offices (UM),
e ProvincialRoad Authorities (PRA),
e District Road Authorities (DRA)
e General Directorate for National Roads and Motorways (GDDKIA),
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e RailwayAuthorities

In the questionnaires, the criterion for selecting amvestment is the time of the project
implementation. The institutions indicate the completed, ongoing and planned investments to be
completed by the end of 2019. However, #eeshould not be older than the spatial data for
hydraulic modelling, i.e.digital terrain model, riverbed crosssection measurements and
parameters of bridge and hydrotechnical structures. The list of dates of the period of data
collection on investments that may affect the change in the level of flood hazard is presented in
Tablell.

The survey contains questions about basic information about the investment. name, short
description, realization status, start and end date and location.

The surveys contain data as of November 200ffe inventory of investments should also take
into accaint the investments reported during the implementation of tM#ORPreview and
update. Within the framework of this project, the questionnaires were addressed to:

e municipalities: including municipal offices, town halls, town and commune offices;

®  poviat stapsties

e drainage and water equipment management bogrds

e provincial fire brigades and the National Fire Service Headquarters;

e water supply andvastewaterplants;

e crisis management cerds.

Tablel1l: Summary of dates of thavestment datecollectionperiod

Institutions surveyed o co!lection TR
about investments
RZGW 20102019
City Hall in Gdynia 20092019
/I AGe 1ttt Ay {0Odzadal = 20102019
ZMiUW/WZD/PZDower Silesia voivodeship 20112019
ilj\:l\i/LoJc\:\éls\/r\]/iiD/PZ[KuyaviaPomerania 2011-2019
ZMUW/WZD/PZD Lublin Province 20092019
ZMUW/WZD/PZD Lubmsoivodeship 20112019
Yha Al 2 k2 %5 k\voiveBeships R 1 20112019
ZMiUW/WZD/PZhesser Polandoivodeship 20092019
ZMiUW/WZD/PZMasovia voivodeship 20112019
ZMiUW/WZD/PZD, Opmioivodeship 2011-2019
ZMiUW/WZD/PZ3ubcarpathia voivodeship 20092019
ZMiUW/WZD/PZPodlaskievoivodeship 20112019
ZMiUW/WZD/PZPomerania voivodeship 20102019
ZMiUW/WZD/PZ3ilesia voivodeship 2011-2019
ZMiUW/WZD/PZDBioly Cross voivodeship 20092019
5(!)\?\;[;(\1/\(;/3\1\$D/PZIWarmlaMasurla 20102019
ZMiUW/WZD/PZGBreater Polandoivodeship 2011-2019
52?\;léc\:\élglr\lliiD/PZNVest Pomerania 20112019
GDDKIA 20092019
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Data collection period

Institutions surveyed about investments

Railwayauthorities 20092019

The units are asked questions about flood protection investments (weirs, relief canals,
embankmens, mobile flood protection systems, floagservois, dryreservois, polders and
other flood protection) and other investments that may affect the level of flood risk
(communication investments on embankmentdetached and multi-family houses, public
buildings, etc.), housing estates, cubature facilities built on anagdevarea, other facilities that
may affect the extent of flooding) implemented or planned to be implemented in the period from
2010 to 2019.

For the investments indicated in the questions, general information about the investment is also
obtained, such akcation, status of the investment and dates of start and completion. Units also
have the possibility of spatitdcation of individual investments.

Comments from municipalities, institutions anslociety

In the process of stocktaking of investments affiegtthe extent of floochazardareas, comments

to FHMand FRMmade in the first planning cycle by municipalities, institutions aadietyare

also taken into account. The comments may concern both substantive errors and lack of
acceptance for the designed flood hazardareas,as well as investments made or planned. As
part of the stocktaking, those concerning investments should be selected from the comments
submitted. Other comments should be analyseaaart of thereview ofthe FHMand FRM

5.5.2. Criteriaof investmentinventory

Not all investments have an impact on changing the extent of flathrdareas, so it is crucial to
adopt criteria that allow a prselection of those that have a potential impact on flobazard
areas.For this purposgea two-stage analysis of the investments should be carried out in terms of
preliminarycompatibility and sultaintive criteria Figurel9). The surveys are a huge data. $eir

this reason, in the first stage investments should be selentadlation tothe criteria concerning
e.g. the date of investment completion, the status of investment implementation otdbation

of the investment. Theninvestments selected in the first stage are assessed in terms of
substantive criteria. The result of this analysis is the selection of investments which may
potentially have a significant impact on the extent of flowalzad areas and will be analysed in
detail as part othe review of theFHMand FRM according to the adopted methodology and as
part of the development of th&HMand FRMsecondplanning cycle.
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Analiza | = wstepne kryteria zgodnosci:
termindw, finansowania, lokalizacji

INWESTYCIE ZAAKCEPTOWANE | INWESTYCJE NIESPELNIAJACE
KRYTERIOW ETAPU |

Analiza |l = wstepne kryteria merytoryczne:
wptyw/brak wptywu na zasieg obszaru
zagrozenia powodziowego

INWESTYCJE ZAAKCEPTOWANE 11

INWESTYCIE NIEMAJACE
WPLYWU NA ZASIEG OBSZARU
ZAGROZENIA POWODZIOWEGO

Fig.19. Diagramof carrying out an inventory of investments having a potential
impact on the extent diood hazardareas(own study)

Preliminary comgiancecriteria
These criteria relate to the investmentmeeting requirements such as:completion of the
investment, its location cimplementationstatus. Theeinclude:

la. Gompletion date of commenced/planned investmentsthe investment shoulde completed
by the end of 2019.

Ib. Completion date of completed investmertshe end date of the investment isater than the
date of validity of the spatial data for hydraulic modelling (e.g. in the caBa bfc raid date).

Ic. Location of the investmenmtthe investment is carried out in an areedter coursewhich was
developed in the first planning cycle or is developed in the second planning cycle.

Id. Implementation statug the investment has been completed or is planned, @adinancing is
ensured.

le. Fullinformation on the investment the investmen has completed information on its status
and completion date. In case of lack of such information, it is necessary to ask the relevant
authority tocomplete the missing data.

If criteria la, Ib and Ic are not met, the investment should be excluded fratmefuanalysis. If an
investment is assigned to criterion Idimplementation statu§, a list of flood protection
investments should be drawn up and their status monitoredths end of 2018. If monitoring
results in informatiorthat the investment will becompleted by the end of 2019, the investment
should be includeéh the FHMupdate.

PL_FHRM_Annex 1 Metodology FHRMs for fluvial floods 20200617 v7.00 EN pub.docx
63



Fundusze R Paistwowe . . R
Europejskie N Gospodarstwo Wodne Unia EUTOpEjSka *

) i Fundusz Spéjnosci *
Infrastruktura i Srodowisko Wty Polstie pol e

Project: Review and update of flood hazard maps and flood risk maps
ProjectNo. POIS.02.01.600-0013/16

In addition, for criterion ledFull information concerning the investmentalist of investments for
which there is no detailed information should be prepared and thegrugsition should be carried
out in the following order: repeated questionnaire, urging correspondence, request for the
support of RZGWThe investment is excluded from the analysis only if it is impossible to obtain
data as a result of additional steps&n.

Criteria on substance

The substantive criteria allow the selection of investments which may have a significant impact on
the extent of the floodhazardarea. As mentioned earliethe surveys are a huge collection of
data and often have useless data. In the case of a surveysdbpe of the reported investments
(works)often does not influence the change of the range of the flood hazard area, such as e.g.
modernization ofwastewaterpumping stations, renovation dfankfortifications or dredging and
desilting works several year ago. Therefore, investments which will be analysed in detsil
accordance with the methodology &HMand FRMreview (Chapter 4. Method and scope of the
review

and updateof FHMandFRMN, should be selected according to tfdlowing criteria:

lla. Sinificant _change of parameters of bridge structures, hydrotechnical structures and
embankmens ¢ investment parameters may have a significant impact on the change of data for
hydraulic modelling.

IIb. Construction of new bridge structures, hydrotechnidalictures, embankmens or other
structures used for flood protection purpose&sinvestment parameters may have a significant
impact on the change of data for hydraulic modelling.

llc. Significant change offerbedcrosssections.

I1d. Significant change of terrain.

lle. Ability to obtain investment parameterg possibility of obtaining documentation containing
description ofbasic investment parameters.

If one of the lldId criteriais met, the investment may have a potential impacttba floodhazard

area. The assessment should be based on an expert analysis. However, for further analysis it is
necessary to fulfil criterion ll@Ability to obtain investment parametetslf detailed information is

not provided when the surveys are rdsuitted, these investments shoulek listed together with

the investments with criterion le and further data acquisition should be carriedThe.result of

the inventory is a list oéll inventoriedinvestments which may have a potential impact on the
extent of flood hazard areaswith the attribution of the result of the verification of the validity of

the inclusion of investments in the designation of current flood hazard afBasse investments
should then be analysed in detail when reviewing &M and FRMand developing newHM

and FRMfor river sections of the™ planning cycle.

5.5.3. Description of the resulting data

Data acquired during the inventory shall be presented in the form of Excel tables and .shp spatial
layers(Figure 20). Table listnd .shp layers should be prepared for both investmgasswell as
river sections.
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Analiza | = wstepne kryteria zgodnosci:
termindw, finansowania, lokalizacji

INWESTYCIE ZAAKCEPTOWANE | INWESTYCJE NIESPELNIAJACE

KRYTERIOW ETAPU |

Analiza Il - wstepne kryteria merytoryczne:
wptyw/brak wptywu na zasieg obszaru
zagroienia powodziowego

o

INWESTYCIE ZAAKCEPTOWANE I INWESTYCJE NIEMAJACE

\ WPLYWU NA ZASIEG OBSZARU

Dane rzeki, odcinki rzek: inwestycje: inwestycje:
wynikowe: shp, zestawienia Excel shp — poligony zestawienia Excel

ZAGROZENIA POWODZIOWEGO

Fig.20. Diagramof carrying out an inventory of investments with potential impact
on the extent of floodhazardareas, taking into account thesuling data (own study)

Listof investments

All the investments submitted in the survey and comments should be summarisad Excel
table, regardless of whethepr not any of them were rejected during the analysis. Each
investment should be givemandividualidentifier. For investments that have passed the first and
second stage of the inventory, this identifier will alltavassign the investments to river sections.
In order to maintain consistency, these identifiers should also be used duringtiew ofthe
FHMandFRM Then the investments should be assigned information on the indication for further
analysis, indicate the criterion for rejecting the investment (when the investment does not affect
the extent of the floodhazardarea) and give the final result of the Vfgation (whether the
investment has a potential impact on the extent of flobazardareas). The positive result of the
verification indicates the investments to be analysed in detail during the review dfitidand
FRM Investments for which it is ngdossible to assign the final result of the verification (criteria
Id, le and lle) should be assign@d progress, while the indication for further analysghould be
described asdmonitored investment or d¢in the process of obtaining documentati&n

For investments which have passed the first stage of investment stocktaking, it is necessary to
specify detailed information concerning the river, the RZGW, the current status of spatial data for
hydraulic modelling and recommendations for obtaining curreatad The topicality status of

spatial data for modelling is assigned on the basis of dates of investment completion and
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execution (topicality) of particular spatial dafBhusit was assessed wheth&TM riverbedcross
section measurements and parametetd bridge structures, hydrotechnical structures and
embankmens are upto-date. The table should also list the investments which were indicated in
the FRMRaction identifier from thdFRMP and were analysed in the WARMPvariant.

List of river sections

The river sections should be prepared to reflect the lengths of the model sections. For rithers in
secondcycle,it should beassumel that a section is the whole length of the river. Then, for each
section, investments which may have a potential impact on the extent of flood hazard areas, i.e.
those which have passed both stages of the investment inventory, should be assigned. This should
be done byassigninghe appropriate investment identifiers. General information on the current
status of theDTM available measurements of théverbed crosssections, parameters of bridge

and hydrotechnical structures, reasons for possible lactopicaity and recommendations for
obtaining current data should also be assigned to rivers

The river sections should be presented in the form of a linear spatial layer in thieicdourse of
the rivers will comply with MPHP10k.

5.5.4. Documentation of investments affeting the change in floodhazardlevel

Investmentswith a potential impact on the extent of flootiazardareas concern botlirst and
second cycleivers. In order to assess the potential impact of investments to change the extent of
flood hazardareas, itis necessary to obtain documentation with information on the parameters
of the investment for rivers in the first planning cycle. This information will be useddesshe
validity of spatial data for hydraulic modelling. In the case of rivers tl@secondcycle, where

field measurements have not yet been carried out, it is necessary to obtain documentation of
investments not yet completed and those which may have an impact oditital terrain model

(if the investment has been carried out after tdate of LIDAR raidsonditioning the validity of

the DTMand concerned changes in the terrain). This informatileterminesthe performance of

a full inventory of the investment andat a later stage, the review dfFHM and FRMand the
development of newrHMand FRM
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6. METHODOLOGYFDEVELOPINEHMIN THE2" PLANNING CYCLE

6.1. METHODOLOGY OF HYDRANIOOELLING

To determine the extent of floochazard areas, a onalimensional (1D) model should be
developed based on thdull one-dimensional equations of SaiMenantg the massconservation
equation and the energyonservationequation ¢ a two-dimensional (2D) or hybrid model
combining 1D and 2D modeModel calculations are performed foinsteady flowconditions.

Modelling is carried out iMIKEsoftware from DHI (version 2011 or earlier), owned by 8tate
Water Holding Polish Watersvhich is therecipient and downstream user ofthe models.
Hydraulic models in the first planning cycle walsodeveloped in the above software. Therefore,
aconsistency should be ensuregb that it is possible to develop models for entireer basirs for
both first and secondplanning cycle rivex. The following description of thmodellingwas done
using examples of functions found in theKEsoftware.

The hydraulic model must be built according to the following steps:

1) Model building:

a) 1D: schemasation of the river network, introduction of crassections, determination
of roughness coefficient values, introduction of engineering structunésgduction of
water reservoirs

b) 2D: preparation of aligital terrain model, determination ofhe roughness coefficient
value,

c) 1D/2D: schemasation of the river network, introduction of cross sections,
determination of the roughness coefficient value, introduction of engineering
structures, introduction ofvater reservoirs preparation of thedigital terrain model,
combinationof 1D and 2D mods|

2) Determinaton of boundary conditions;
3) Calibration and verification;
4) Performing model calculations dlood scenarios.

6.1.1. Methodology of 1D hydraulic modelling

6.1.1.1. Schematisatiorof ariver network

This stage includes the identification of the existing river network, the analysis of the impact of
individual tributaries on the size of the flood flows in the watercourses covered by the model, the
vectorisation of the watercourses selected for inclusionhe model. Verification of the course of
watercourses from the Map of Hydrographic Division of Poland in the scale 1:10,000 selected for
inclusion in the model should be carried out. In the process of verification, geodetic
measurements of theiverbedcrosssections digitalterrain model and orthophotomap should be
used. The watercourses should be givenhainage taking as a kilometre 0+000tapological
nodewith a receiver.

A chainageof the beginning and end of modelled sections of watercourses, nodal points, locations
of water gauge statiosisrounded to one mate (1 m).
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In the case of flood terraces, vectorisation should be carried actording to the shape of the
valley, so that the flav of floodwater is properly reflected throughout the width of the valley.
Flood terraces should be vectorised the basis ofDTMand an orthophotomapln river valleys
wherethe terraincauses the flow of floodwater to be separated, parallel floodwataw ftoutes
should be separated anlthks (connection channels) between them defin&gecial care should

be taken when determining the width of floodplains and the total number of connecting channels
belonging to a floodplain. The principle of one cresgion/connection channel should apply
unless the modeller find#hat in a given crossection the exchange of volumes between the main
channel and the floodplain is not possible.

Examples of river networks are shown in Figures 21 and 22.

Opatowka
336000 :
334000
332000
330000
328000
326000
324000
322000
320000 i f f i i f f f f
655000 660000 865000 670000 675000 680000 685000 690000 695000 700000 705000
Fig. 21 River network in graphical form
Definitions
Branch Name  Topo ID Upstr. Ch. DownstrCh.  Flow Direction ~ Maximum dx  Branch Type
OPATOWK 2314 ] 57600 Negatve ~ 500
Connections P
Branch Name  Chainage e s r R i
Upstream
Downstream
Overview
1 oP (A 23 ) 5 5 Regular
2 ZYCHAWA 23146 [ 7400 Negative 500 Regular Opatowka 27688
3 KANIA 23144 [ 5600 Negative 500 Regular Opatowka 41958
4 RZEKA_MARCINKOWSKA 231434 [ 9290 Negative 500 Regular Opatowka 43667
5 GRABOWKA 231432 a 6800 MNegative 500 Regular Opatowka 44477
6 DOPLYW_SPOD_WRZOSU 231414 0 5200 Negative 500 Regular Opatowka 49600
7 DOPLYW_SPOD_NIEMIENIC 231412 0 2400 Negative 500 Regular Opatowka 51360
8 DOPLYW_SPOD_SADOWIA 23142 0 3600 Negative 500 Regular Opatowka 47097
9 DOPLYW_SPOD_BRZEZIA 231454 Q 5650 MNegative 500 Regular Opatowka 34092
10 POTOK_DAROMINSKI 231482 [ 4000 Negative 500 Regular Potek_Lisowski | 1566
1 POTOK_LISOWSK 23148 [ 9600 Negative 500 Regular Opatowka 19250
12 L4357 L4357 [ 10 Positive 500 Link Channel Opatowka 23260 Potok_Lisowski 4358
13 13941 13941 0 10 Positive 500 Link Channel Opatowka 22780 Potok_Lisowski 3941
14 13535 13535 0 10 Positive 500 Link Channel Opatowka 22340 Potok_Lisowski 3535
15 13155 L3155 0 10 Positive 500 Link Channel Opatowka 22220 Potok_Lisowski 3155
16 L2826 L2826 0 10 Positive 500 Link Channel Opatowka 21990 Potok_Lisowski 2827
17 L1651 L1651 [ 10 Positive 500 Link Channel Opatowka 21040 Potok_Lisowski 1760
18 BRANCHDSBRZEZIA 2314541 250 800 Negative 500 Regular DOPLYW_SPOD | 245
19 L793 L793 [ 10 Positive 500 Link Channel DOPLYW_SPOD | 796 BRANCHDSBRZEZIA | 794
20 L509 L509 a 10 Positive 500 Link Channel DOPLYW_SPOD| 509 BRANCHDSBRZEZIA | 509

Figure 22River network in tabular form

Sidetributarieswhich in the outlet sections have a significant retention compared to the volume
of modelled waves, should be added to the modelled river network. In case of laygodetic
measurements it is allowed to useosssections prepared on the basis@TMand BDOT10k.
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The river network developed isuchway should be introduced into the hydraulic model, keeping
the chainageand names of the watercourses. Nodal points should be entered at the points of
connection of the watercourses.

The river network should be reviewed and possibly modified after asatfsimodelling results
and floodplains.

6.1.1.2. Introduction of crosssections and determination of roughness coefficient

This stage includes the preparation of the cresstions to a format that enables them to be
imported into the model, the import of datand the analysis of the roughness coefficients
between individual measuring points in each of the cresstions included in the modelhe
chainageof each crossection must be unambiguously determined by intersecting the eross
sectional line with the watexurse line developed under th@iver network diagrara point. The
assigned crossectional length must be rounded to the nearest 1 m.

For each of the crossections, based on the codes assigned to all sections of the-szotien,
which determine the natte of theriverbed(according to the code table B, paragraph 5.1.1)2
roughness coefficients shall be chosen. Orthophotomaps, BDOT10topographic mapshall
be used to determine roughness coefficients on flood terraces.

The determination of roughres coefficients in ondimensional modelling is to reflect the flow
resistance due to a specific land cover with a specific geometric representation of the modelled
reality. Two methods are allowed wefine thelateral variability of the roughnessoeffigent in
crosssections:
e medium roughness coefficiemhethod with division into mainriverbed and floodplain
(High/Low flow zonés
e the method ofvariableroughness coefficienh the crosssection Distributed.

The choice of the method afepresentation of roughness coefficients should depend on the
specificity of floodplains and variability of land use typ@tenusing theHigh/Low flow zones
method, the mainriverbed the left flood terraceand the right flood terrace should be
determinad in each crossection. Roughness coefficients should be determined separately for
each of the terraces (left, right). In each cr@sgtion, the roughness coefficient averaged over
the section of the terraces covering half the distance to the adjacemdésmections should be
taken. Its value should be determined as a weighted average of the different land uses and the
corresponding roughness coefficient values. For each of the -sext®ns, on the basis of the
codes assigned to all sections of the eresction, which define the landse character (according

to the code table in Chapter 6.1,1the roughnes<oefficients for the mairriverbed shall be
selected.

Where theDistributedmethod is used, the roughness coefficients corresponding to the cogerag
codes of the individual points @fosssection shall be taken. To determine the coverage codes in
the mainriverbed geodetic measurements should be used, whe@BR©OT10Kor flood terraces.
Where the coverage codes are not representative of the lantiveen the sectionsadditional
crosssections should be introduced, the shape and roughness coefficients of which for
floodplains result fromDTM and BDOT10k. Thiecation of additional crossections will be
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determined by an expert method by a modelling specialist on the baslsedBDOT10k analysis,
the digital terrain model and orthophotomaps. The decisive criterion in this case should be the
percentage difference of average roughness coefficient fi@aximun filling in the modelled
scenarios between the additional cressction and adjacent crosections included in the model.
Due to thelack of geodetic measurements, the additional cresstions in thaiverbed part will

be interpolated usingMIKE11 or equivalent proceduresand outside theriverbed part will be
determinedon the basis obTMand BDOT10k.

Examples of crossection are shown in Figures 23 and 24.
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Fig. 24 Example crosgctiong processed data

For crosssections describing flood terraces, the same procedure should be followed as for
riverbed valley crosssections, withchainageto be determined locally for each of the terraces
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table should be prepared in which each flood tare crosssection corresponds tthe name and
chainageof the watercoursgor watercourses) adjacent to titerracein question.

6.1.1.3. Introduction of engineering structures (bridges, culverts, hydrotechnitatilities)

In hydraulic models developed for thmirpose of updating hazard maps and flood risk maps, all
engineering structures relevant for flood water flow, such as bridges, culverts and hydrotechnical
structures should be inventoried and measured in the field and then incorporated into the
models. Bking into account the impact of engineering structures on floodwater flow conditions is
of key importance in the context of the correctness of the final product, i.e. the extent of flood
hazard areas, which is among others the basis for defining flocatthazeas.

The detailed scope of inventories and measurements in this area is desdénik@dapter 2.3
Inventory of investments affecting the extent of flobdzardareas This chapter also contains
indications on the selection of objects significantlyeafing the flood water flow conditions. The
indications in this respect should be treated gmneraland the decision whether a particular
object should be implemented into a hydraulic model should be made on albgasase basis by
a person responsible fdwydraulic modelling who has experience and knowledge in this field

In the case of bridge structures of compact constructignificantly narrowing the flood water

flow field, as well as culverts, it is recommended to use the method consisting in nappe
structure with two interlinked hydraulic elementdescribing the water flow over and inside the
bridge (through its light). This method can be used inNHEEL1 software, where it is possible to
simulate the flowthrough and over the bridgeusinga combination of culverts/weirs (module
ostructures ¢ culverts/weirg in the NWK11 river network file). This method is particularly
applicable in cases of typically mountainous river valleys, where the carriageway of the bridge is in
many cases stronglyfaped along the longitudinal axis, as well as in situations where the-cross
section through the light of an object is irregular in shape or consists of several culverts, for
example, and also in the case of arched bridges. This solution is particulartgrmended in
situations where the bridge crosgection significantly narrows the natural width of theater

level, causing the water to accumulate and overflow over a significant width of the \atheg
section. This method, in comparison witypical bridge procedures, is more sensitive to the
method of introducing geometrical data, which often makes corrections necessary. The
application and effectiveness of this method requires a control by the moddatgrarticular the
height of the obtaired floorsin structures

An example of a bridge implementation in the form of a combination of culvert and overflow is
shown in Figures 25 and 26.
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Fig. 26 Example hydrotechnical structuggart describing thélow over the bridge (overflow)

In other cases, it is recommended to use a dedicated module for bridges MIKiesoftware, by

selecting a method appropriate to the conditions. The preferred solution in this respect is to use

one of the methods enabling simulation of free flow at the same time (i.e. for situations where
the water levelis below the bottom of the brige structure), as well as under pressure (tegter
level between the bottom of the bridge structure and the roadway level), as well as under flow
conditions above the objecth{e water levelabovethe roadway level). It is recommended to use
one of the sandard methods used in hydraulic modelling tools (includitigEL1 software by
DHI):Energy EquatiariFederal Highway Administration Water Surface Pr@fildWA WSPRO) and
United States Bureau of Public RoOAdSBPR), witBnergy Equatiobeing the prefered method.

In the case of a situation where sevelaildge objects are located on a watercourse, for which the
condition of maintaining the distancbetween two adjacent objectgreater than half of the
width of individual objects is not methe following objectsshould beconsidered for extension

in the mode] in relation to each other or replace them with a single object with a similar impact.
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In this case, an object with the most unfavourable hydraulic parameters (the shortest light or the
ordinate ofthe bottom of the structure) should be introduced into the model and the impact of
the other objects should be taken into account by applying the total width of all objébese
changes serve to ensure numerical stability of the calculations.

Non-controlled hydroetechnical objects, such asteps, water thresholds and weirs should be
reproduced in the model by means of an overflowMHKE. 1 software by DHI a dedicated tool for
this purpose is théstructuresq weirsg module included inthe NWKZ11 river etwork file.

In case of objects with controlled accumulati@am appropriate algorithm ofiow control can be
used depending on the variable, which most often is the size of the inflow, the lewshtsr
levelat the upper or lower position, and sometimes also time (date). InMh€EL1 software the
module ostructures> control structureg or ostructures > regulatingcontained in the NWK11
river network fileis usedor this purpose.

Retaining walls and mobillood protection systems should be included in the model as devices
which may affect the extent of flood hazard areas. The parameters of the listed objects should be
obtained on the basis of administratéocumentation (e.g. RZGW, ZMiUW, JST).

6.1.1.4. Introduction of water reservoirs

The proper mapping of the impact ofveater reservoiron the flood water flow conditions is one

of the key elements that ensure the correct delineation of the fltaardareas and a reliable
assessment of the flootazardlevel inthe valley below. It is essential that tiveater reservoir
model is an integral part of the hydraulic model developed for the whole catchment area or river,
which is the basis for generating the extentflofod hazardareas Only such an approach allows
for a comprehensive assessment of the level of flnadardthroughout the whole analysed river
section and ensuresiethodologicaconsistency ohydraulic analyses.

The correct mapping of the transformation of flood flows through a water resereqgiires the
construction of a hydraulic model based on transient movement, i.e. based on flood waves with a
certain probability of maximum flow. Only such an approach allows for correct balancing of the
volume of water intercepted by the reservoir duritite passage of the flood wave and generating

a hydrogaphof anoutflow, taking into account the reduction of flows through the reservoir.

The implementation of the water reservoir into the hydraulic model for the river network requires
the following elemats:

a) description ofreservoirand dam geometry;

b) calibration of thereservoircapacity curve;

c) implementation of the principles akservoiroutlet control.

Re. a)

The geometry of theeservoirbowl in the hydraulic model should be mapped using actual eross
sections based on current bathymetric data. In case of lack of bathymetri¢ whteh would
allow to describe thdowl shape by means of real cressctions, it is acceptable to use artidici
crosssections (secalled virtual ones). Distances and distribution of the cisEsgions in the area

of the bowl depends on its shape and size and should be assessed individually each time.
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The geometry of theéront dam of the waterreservoir should banapped in the model as an
overflow with a widetop. The ordinate of the da@@top, its width and height above the valley
bottom should correspond to the actual valuesntained in the documentation for the object.

Re. b)

The basis for the mapping of theater reservoir volume is the current reservoir capacity curve,
developed on the basis of bathymetric measurement results and included in the faciigger
management manual. The capacity curve shall cover the full range of water accumirattien
resevoir, including the highest theoretically achievable level, corresponding to the order of the
damtop. Wherethe capacity curve ends at an ordinate lower than the dap the curve shall be
extrapolated to the ordinate corresponding to the daaop.

In order for the model to reproduce as precisely as possible the aaesdrvoir capacity
(described in the model structure by means of cresstions) it is necessary to carry out the so
calledacapacity curve calibratign The calibration is performed for predetermined, characteristic
levels of water accumulation in threservoir, resulting from the division of theeservoircapacity
and the way theobject works during flooding.

The calibration process shall take into asebmandatory accumulation levelsuch as minimum,
normal and maximum accumulation levelam top level and all intermediate levelsvhere the

drain control procedures are changed. In the casédof¢ (uncontrolled)reservoirs calibration is
sufficientfor the maximum accumulation levahd for the level of the dartop.

Calibration should be carried out on a hydraulic model with the introduced geometry of the front
dam closing the outflow from theeservoirand setting a constant series of inflows ofixetl size

and duration, allowing the&eservoirto be filled to thedeterminedordinate at the determined

time. In this way, the points on the capacity curve calculated by the model which correspond to
the assumed calculated accumulation levels must be meitged consecutively and the results
obtained must be compared with théoutputé curve from thereservoir manual. Acceptable
differences between thavater levellevel mapped by the model and the level resultingm the

curve in the water management manusthould not exceed a few centimetres for each of the
calculation points. In practice, the acceptable accuracy of results depends on the depth and
volume of thereservoirand should be determined individually for each objeotdoubtful cases,
KZGW and RXBshould be consulted.

The calibration calculations shall be carried out until the assumed consistency of the results for
each calculation level is achieved. In this case, the calibration parameter is the retention area built
up by thereservoircrosssecions between the individual calculation levels hKEL1 software

by DHI this parameter is call@ddditional retention areé). There are two ways to include in the
model additional retention built by therosssections:

e If the actual reservoir crosssections are available, it is recommended to carry out
calibration by iterative selection of the parametéadditional retention are& in each
reservoirsection¢ for each layer of water in theeservoirfor which the calibration is
carried out. In his respect it may be necessary to take into account the positive or
negative retention volume. The calculations should be carried out starting from the
lowest calculation level, and the assumed additional retention area in the layer for which
the calibraton is currently carried out should be distributed in crgsgtions
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proportionally to the share of crossections in building theeservoir capacity in the
analysed layer. After obtaining the compatibility referred to above, the next layer shall be
passed and the calculation process shall be repeated. The calculations should be
completed at a level corresponding to the water reservoir dam

If no bathymetric data or current cros®ctions are available for a giveaservoir it is
acceptable to use vidal crosssections in thereservoirbowl. Then, before starting the
calibration process, the retention built by eaodservoircrosssection should be limited

as much as possibléstorage widtlE parameter inMIKEL1 software by DHI), and then
distributed poportionally to the share of eachkrosssection in building thereservoir
capacity, calculated on the basis of the capacity curve, thealled cretention area
growth curve. As in the previous case, the adjustment of the calculated capacity curve to
the actual curve should be made by means of subsequent iteratjgaking into account

the assumed accuracy of the results.

Example results akservoircapacity curve calibration are shown in Fig. 27 and in Tighle
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Fig. 27 Calibration results of theeservoircapacitycurve(graphical form)

Tablel2 Results ofeservoircapacity curve calibratiottabular form)

. . Accumulation level Accumulation level

Reservoircapacity [m.as.] [m.as.]
liilhern "= curve model
0.18 370 37012

0.39 371 37107

0.69 372 37204

1.08 373 37301

1.55 374 374.00
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Reservoircapacity Accumulation level Accumulation level

[million ™3] [m.a.s.l] [m.a.s.l]
curve model

212 375 37501
2.18 MinPP¢ 37510 37510
2.78 376 37598
3.54 377 376.97
4.37 378 377.95
5.29 379 37893
6.29 380 37993
7.38 381 38094
8.54 382 38193
9.78 383 38293
111 384 38392
125 385 384.92
13.99 386 38594
15.58 387 386.96
17.28 388 387.98
19.11 389 38898
21.05 390 38997
231 391 39095
2528 392 39194
2759 393 39294
30.02 394 39394
3252 NPP(summer)g 394.99 39492
3255 395 39493
34.54 NPP(winter) ¢ 39576 39568
3518 396 39592
37.92 397 39691
40.77 398 397.90
4253 MaxPPg¢ 39860 39850

Re. c)

After completing the procedure to calibrate the capacity of tteservoir proceed with the
introduction of drain control ruleg according to the current facili§ water management manual.

In order to be able to carry out the above work, it is necessafyave a thorough knowledge of

the reservoir control proceduresboth during the passage of the flood waaad outside the
period of flood hazard, as well as of the maximum expenses of the discharge devices (bottom
venting, surface overflow). Water managent procedures in thénormak and dfloodé periods

are an integral part of the documentation for flowdlevant reservoirs. They are included in the
water management manual in the form of a text description or tables linking the size of the
reservoirdrain to the accumulation level, infloar other additional variables.

The recommended way to implement the rules for controlling the outflow from the water
reservoir in a hydraulic model is to map them by means of a system of logical conditions and
tables lirking individual variables. The module enabling this approach imiikdEL1 software by

DHI is thexontrol structureg module included in the NWK11 river network file.
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Prior to the implementation of the control rules, the drain and overflow curves shoeld b
developed for all characteristic levels of theter levelin the reservoir Calculated maximum
(total) expenses should be compared with the maximum outflow values for particular levels of
water accumulation in theeservoir¢ in order to eliminate posbie situationswhenthe outflow
disposition could exceed the actual flow capacity of the outflow and overflow.

If there is a variation in the outflow control procedures during the filling and restoration phase of
the flood reserve, this should be takendnaccount in the model under development by applying
appropriate logical conditions. Also in the situation when a certain control method depends on a
time variable (date), this fact should be adequately reflected

After the introduction of the drain contioprinciples in the model, it is necessary to check the
correctness of the individual procedures. After confirming the correct mapping of control
procedures by the model, the developed model can be used to calculate the transformation of
flood waves by theeservoirand to generate the range of flood hazard areas in the valley below
the object.

Any detailed problems, specific to the modelle@servois, should be solved in consultation with
the National Water Management AuthoriZGWhand therelevant regional water management
board

An example of implementation afeservoir control rules asd @trol structureg is presented
in Figure 28.
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Fig. 28 Example of implementation oéservoircontrol rulesasécontrol structures

6.1.1.5. Determination of boundary conditions

In the hydrodynamic model based on the Sailethant equations there anmaximum (upperand
minimum (lower)boundary conditionsas wellas optional internal boundary conditions. Upper
boundary conditions are defined ithe form of hydrograh flows or water levelswater level
ordinates). These conditions must be established forarbeds. The lower boundary conditions
closing the network system of river channels, depending on the modelling assummionbe a
water levelhydrograph (in estuary sectiong)r a flow intensity curvevhen defined in the closing
profile. For a river on which geservoirwith a flood protection function is located, thealues of
the inflow to thereservoircontainedin the current reservar water managementmanual (IGW)
are taken into account when determiningoundaryconditions.For rivers entering the sea, the
average sea state shall be taken as the lower boundary condition.
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Boundary conditions should be prepared for ttedibration and verification of the model and the
calculation of pssible water scenarios with probabilities of exceeding p = 10%, p = 1%,
p = 0.2%.

The basis for the construction 86od scenarios should be hypothetical waves, the peak of which
correspads to the value of flows with a certain probability of occurrence.

The boundary conditions for calibration and model verification for controlled watercourses should
be prepared on the basis of hydrogiss of selected historical nodes.

Where aprecipitation-drainage model has been developed for the mibel catchment area, the
results of the model for the relevant scenarios should be used to develop boundary conditions.

Scenarios are ta@over all modelledwatercourses. For these watercourses it is necessary
develop values of flows constituting upper boundary conditions (Q), distributed flowsté&ing

into account the increase of the catchment area size, introduce as concentrated inflows (Qs) the
watercourses not included in the modelling but which nv@juence the wave transformation and
introduce values of control flows in water level gauge cesstions (Qw)according toFigure29,

which showsa diagram of an exemplary river network

First, a summary of boundary conditions shouldbepared in accordance with Tald8.

Some boundary conditions can only be determined iteratively at the calibration, verification and
model calculation stages. The boundary conditions that can be determined on the basis of the
developed hydrological datshould be prepared as *.dfs0 files.
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Figure29: Diagram of a sample river network
Tablel3: Example of boundary conditions
i Chainage
Section e of.c_o EEhlint, Riverside Description of the condition
conditions top bottom
top top - 6+500 top
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i Chainage
Section 2 @ _c_oastllne Riverside Description of the condition
conditions top bottom
upper ¢ watercoursel (rl) distributed L/P 6+500 3+500 | upperg watercourse 1 (rl)
watercoursel concentrated L 3+500 watercoursel
watercoursel ¢ watercourse distributed Lp 34500 24000 watercourse 1 ¢ watercourse 2
2 (r2) (r2)
watercourse2 concentrated P 2+000 watercourse2
watercourse2 ¢ watercourse distributed Lp 24000 14100 watercourse 2 ¢ watercourse 3
3 (r3) (r3)
3 watercourse concentrated P 1+100 3 watercourse
watercourse3 ¢ lower (r4) distributed L/P 1+100 0+000 | watercourse3 ¢ lower (r4)
lower (ordinate) bottom - 0+000 bottom

6.1.1.6. Calibration and verification

Calibration should be performed by comparing the obsertgdrograph (from the historical
flood) with the calculationhydrograph(obtained from the model). The verification should be
carried out for a historicdlood other than theflood for which the calibration was performed.

Calibration and verification shall be carried out ussnggewaves from at least two of the largest
floodsthat have occurred in the last 30 years and have complete and reliable hydrological data. In
the case of similar size of thimods, neweronesshould be preferred, especially if flow conditions

in a rivebed or valley have changed significantly. Tlaadfor the niches older than 10 years
should be treated with caution or as an aid in the assessment of model performance.

Calibration and verification shall be carried out for controlled watercourses, i.e. those on which at
least one signpost is locateddditionally the conditiorthat the watergauges must be located on
the section covered by the hydraulic moaelstbe fulfilled.

At the calibration and verification stage, boundary conditions corresponding to uncontrolled
(concentrated and distributed) itsutaries should be iteratively prepared, taking into account the
hydrological realities of the shape, size dimde distribution of theindividual waves.

Parameters to be analysed during the calibration and verification of the hydraulic model:
e Correlationcoefficient (R)
e Special correlation coefficienRy;
e Total square error (CBK)
e Culminationerror (0 Imay);
e Peak flow erroryf vnay);
e Culmination shif(n fix);
e Flood wave volume errdn #ay).

The correlation coefficient should be determined &tates from the following formula, wherks
¢ observed statehc ¢ calculated state:
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N . N N
Na ho(i) O]c(i) - a ho(i) Ca hc(i)
i=1 i=1 i=1

R= s 2 ijj/z
N aN o % o}
f?Na hj(i) - aa ho(. oue Na hc(.) aa hc(. o uj
[e i= Gi=1 - i=1 Gi=1 - gg,

The correlation coefficient should be determined for flows from the following formula, wiigre:
¢ observed flowQ: ¢ calculated flow:

N y N g
N_a Qo(i) GDc(i) - a Qo(i) (B. Qc(i)

R= e = = = 12
Fe N g
‘l(?Na Qo) - aa Qo) 0 UeNa. Qc(|) 8@. Qi 0 Ui
[g = s JE Gi=1 BS'/

Criterion for determining the compliance measures for the correlation coefficient:
e 0.dp f .0&v X excellent
e 0yn f.9% > verygood
e 0Tn f.8Ww X good

e 0cn f .7 OK reasonable

e 0nn f.6v K unsatisfactory

A special correlation coefficient shall be determined for states from the following formula, where:
h, ¢ observed stateh. ¢ calculated state:

N g1/2
2
2a hO(I) c(i) a. hc(|) U
R =€ =
e u
¢oan

A special correlation coefficient should be determined for flows from the following formlg:
observed flowQ: ¢ calculated flow:

&N , B
ézaﬂ Qo(i) GDc(i) Q c(i) u
R=S 71, :
: 3 Q% \
g o H

Criterion for determining compliar® measures for a special correlation coefficient:
e 0dp f .00& IKexeellent

e Qyp f 9va Kverygood
e O0Trn f 8Fa OKgoaod
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e 0cn f A& >Kreasonable
e 0nn f BRa OKungatisfactory

The total square error should be determined for states fritwe following formula, whereh, ¢
observed statel. ¢ calculated state:

&N g
. 2
éd (ho(i) - hc(i)) U
€i=1 u

CBK = A0

N

6'1 ho(i)
i=1

The total square error should be determined for flows from the following form@a; observed
flow, Qc ¢ calculated flow:

&y g

e 2

éd (Qo(i) - Qc(i)) u

cBk=8"___ U_aome
q.lQo(i)

Criterion for determining the compliance measures for total square error:
e 0n X /.Y w:6 wexcellent
e 30 X /.Y w:8 werygood
e 6 X /. Y0 w:8 goodin
e 100 XX / . YO &’z 8 reasongble
e 250 K [/ .Y : 8 unsatisfactory

Theculminationerror shoull be determined for states as the difference of the ordindtesveen
the maximum value of the calculated and obsertwdrograpts.

Criterion for determining the compliance measures for culmination error
e 0 OYi hafi<bBcm excellent
e p OV lna<IDcm very good
e MA OWladt 16 cm good
e MpP  OWladt 20 cm reasonable
e HA OWla)X 0O unsatisfactory

The peak flow error should be determined for flows as the difference between the maximum
value of thehydrographcalculation and that observed.

Criterion for determining the compliance measuresgeakflow error:

B R Ko< 3% excellent
B0 )X 6% very good

e Cr o< 10% good

e MIJED: N W ©25% reasonable

B OH PR W) O unsatisfactory

Theculmination shiftshould be determined for states as the time shift of the maximum value of
the calculated and observdd/drograpts:
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Criterion for determining the compliance measures for the shift of culmination

e Knii<65h excellent

e 0p Knii<doh very good

e 1n Kni<dsh good

e 1p Ky ik<doh reasonable

e 20 Kn ol unsatisfactory

Theflood wave volume erroshould be determined for flows as the differencetl®e volume of

the calculated an@bservedwave

Criterion for detemining the compliance measures for tHheod wave volume errar

e R ey 3% excellent

e 0 ifa)< 6% very good

e Cilr )< 10% good

B M JEDE N H) 925% reasonable

e H pia(ihay unsatisfactory

During thecalibraton for each criterion, the model must be ratexcellent, dvery good or

OgOOCE.

For verification of each criterion, the model must be ratakcelleng, dvery good, dgooc or
GNBI a2yl o6f S¢

In justified cases (e.g. occurrence of ice phenomena, necessity to adapt the river network
geometry depending on thélood, embankmentsfailure, nonstationary dependence of traffic
resistance on filling, poor quality of hydrological data) it is possibkectept a model which does

not meet certain criteria after obtaining the consent of tl@ntractor. Justification for not
meeting the calibration criteria should be included in the modelling report.

Examples of calibration and verification results sinewn in Figures 383.

Fig. 30 Example ofvater levelcalibration results
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Fig. 33 Example of results dow rate verification
At the model calibration stage, the crossections (valley sectionsgghould be corrected, if

necessaryby elongating them so that the start and end ordinates are higher than the maximum
water levellevel obtained in the model.

6.1.1.7. Performing modelcalculations

With a calibrated hydraulic modemodel calculations should be made for hypothetical waves
with peaks corresponding to flows with a definpebbability of exceedance.

At the model calculation stage, thecessanpoundary conditions correspaiing to uncontrolled
(concentrated and distributed) inflows should be preparddking into account specific
hydrological characteristics (shape, size and time distribution of individual waveH).a
precipitationrdrainagemodel has been developed for avgn river, its results will be used as
boundary conditions in relevant model scenarios.

The (valley) crossections shall be reviewed anif,necessarylengthened so that the start and
endordinatesare higher than the maximunvater levellevel obtainedm the model.

Once the calculations have been carried out, the resultiager levellayout and flow distribution
in the longitudinal profile of the river shoulde analysed teensure that the results are correct
and consistent for all analysed scenarios.
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6.1.2. Methodology oftwo-dimensional2D modelling

According to the Regulation, twdimensional modelling (as a result of which, in addition to the
depth of water, water flow velocities and directions can also be obtained) is performed for
voivodeshipcities and cities with poviat rightsas well asother cities with population over
100,000. However, the Regulation does not exclude the development eflimvensional models

in other areas.

An analysis and selection of the appropriate type of modellinge@imensional, twe
dimensional, hybrid) should be carried out in areas other than those indicated above, with
particular regard to the applicability of twdimensional or hybrid modelling for
e the estuaries ofivers to the sea;
e depressive areasuch asA a@atdy Wilane, the area of seaside lakes and the vicinity of the
Szczecin Lagoon and tWestula Lgoon
e river sections, where theschematization of river network idD model would be too
complicated and labouintensive, and the results of the or#mensional modelling
would be subject to a large error (based on a detailed analysis of the river and valley
geometry, the layout of the main river network arits tributaries, as well aghe location
and layout of hydrotechnical and communicatistnuctures in relation to the riverbed) or
river sections where, due to the width of the flood valley, the assumptions of one
dimensional traffic are not met
e areas within the range of impact of miningtsidencgmining damage)

The concept of using the @dels on individual watercourses/sections of watercourses should be
presented toState Water Holding Polish Watdos agreement together with the justification.

The classical twdimensional model can be made for watercourses or sections of watercourses,
where riverbed morphology and topography of flood terrains allow appropriate mapping in the
calculativegrid. The size of thealculativecell should be selected accordingly. Due to limited
possibilities of implementation of hydrotechnical structures (evgirs, culverts), it is suggested

that classical twalimensional models should bearried outin areas where such hydrotechnical
structures are not present in significant numbers or do not significantly affect the level of flood
hazard Therefore tassicé two-dimensional models can be made in particular for estuarial
sections of rivers that flow into the sea (floodplains, bays), for larger rivers or specific cases of
smaller rivers, but with a higher grid resolution to ensure correct solutions.

The chosermmodel developed within the framework of this task is to enable the analysis of
unsteady flowand to be based on the Saikfenant equationsthe mass conservation equation
and the energy conservation equatiomhe hydraulic models will be developed andmiited in

the MIKE21 format by DHI (2011 or earlier), which is held by @matractorand by theregional
water management authorities of theecipient and downstream users of the models.

6.1.2.1. Development of a twedimensional model

In order to develop the twalimensional model accordingly, the necessary data for the calculation
must be implemented. This concerns mairdigital terrain model roughness coefficients, initial
conditions, boundary conditions and calculation parameters.
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6.1.2.1.1. Preparation ofa digital terrain model

The basic task during the development of a tdimmensional model is to preparedigital terrain

model, so that it correctly reflects the topographical variability of the entire area. When defining
the model@ rangei|t is necessary to determine the optimal size of the model and its resolution,
which usually represents some compromise between accuracy and efficiency (time consuming) of
calculations. It is necessary to ensure that the model range comprehensively makesccount
factors that may affect the level of flodthzard(shape of the valley, tributaries, buildings, coastal
conditions). The size of the model should always be determined in such way that its range allows
for the correct modellingf all adopted fbod scenarios

In two-dimensional models, it is possible to usdigitalterrain model of calculation rasters in the
form of regular or irregular calculation grids. For tdisnensional modelling dluvial floods it is
suggested to use regular (rast@mids with appropriately selected size of the calculation cell and
properly implemented structures, affecting the flood water flow conditions in river vallaythe
digital terrain model the structures inflencing the flood water flow conditions should be taken
into account. Care should be taken to select the appropriate resolution (in order to take into
account important topographic elements and structures: embankments, balikes, etc., which
may affect he range of floodplains). During the implementation of individual structures, their
impact on floodwater flow should be taken into account.

Two-dimensional hydraulic models, based on regular grids are sensitive to changes in grid
resolution, which may result in different resulidorritta in. 200§. On the other hand, grid size
optimization is a necessary process to eliminate model instabilitpng calculation time. Height
data reduction is also a useful procea$en reducing the volume of data sets without losing their
quality.

Y & . [2Q14z6 his doctoral dissertation analysed selected methods of quantitative reduction
of altitude dal from airborne laser scanning contained digital terrain models in the GRID
structure. The analysis was carried out in relation to the efficiency of processing and use in the
process of hydraulic modelling.

Threegroups of quantitative data reduction we applied:
1) changing the spatial resolution of the mogel
2) integration of ALS data with the addition of discontinuity lines onetrdankmenttop;
3) selection of important points (VIP algorithm, TPI algorithrgl&rance algorithm)

The research was conducteinder the conditions oMIKEFLOOD hybrid modelling in test areas
located mainly in the southern part of Poland, but representing significant topographical diversity
(Ja® city, Czarna Staszowskaer basin Nysa city, lowland areg a part of the Mazovian
Lowland, low mountains). The analyses used diverse spatial resolution: 3 m, 5 m, 10 m and 20 m.

The results of the study indicate that it is not possible to apply quantitative data reduction
through the selection of relevant points (point 3) fevd-dimensional or hybrid modelling, based

on regular calculation rasters. For this purpose, the best results were obtained by sampling the
altimetric data (point 1) and by adding discontinuity lines on émebankmenttop (point 2). A
similar procedure to reate 2D/Flood models was also usedthe first planning cyclelt can be
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carried out semautomatically, but needs to be controlled by a GIS specialist and a hydraulic
modelling specialist.

Therefore & the stage of preparing a 2D modelis extremelyimportant to convert thedigital
terrain model ¢eneralization to the resolution adopted in the given 2D model. In tBiEM
implementation it is important to remember about the possibility of loss or distortion of some
important data, such asmbankmenttop ordinates, which obviously affect the range of
floodplains.

Therefore, thedigital terrain model should be properly prepared and verified by (Big.35)
updating line structures (sometimes point structuiewater structures, bridges)
It is also neessary to includéuildingsin the 2D model Two solutions are possible
1) extracting buildings from the digital surface terrain model OSM) or BDOT10k and
implementingthem into the DTMdeveloped for modelling purposgs
2) recordingthe representation obuildings with BDOT10k the form ofappropriate values
of coefficientson theroughnesgradient(M=3.333 n¥® s?).

Fig.34. RawDTMimage as a rastefile

The next figure shows @igital model of the terrainwith entered information about the objects
(buildings, embankments).

Fig.35. Digital terrain modeWith entered information
about objects (buildings) and structures (embankments, etc.)
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Thedigital terrain modelprepared in this way should be prepared in the form of *.xyz or *.asc
files, where xcoordinate x in the PUWG 1992 systentoprdinate y in the PUWG 1992 system, z
ordinate above sea level (Kronstadt 86) (BR).

& Lister - [D:Warehouses\aaa. xyz]

Pl Edytuj Opcje Pomoc

C62338.520000 246902 _880000 247 312195
L62331.520000 246902 880080 247 3200899
C62332._.520008 246902 _880000 247 3314086
L62333.520000 246902 _880080 247 342697
E62334.520000 2469028800080 247 _35hAaL
C62335.520000 246902 _880000 247 365295
L62336.520000 246902 880080 247 3766082
C62337.520000 246902 _880000 247 387894
C62338.520000 246902 8800080 247 3992088
C62339.520000 246902 .8800080 247 4184088
C62340.520000 246902 880000 247 42108085
£62341.520000 246902 .8800080 247 412598
562342 520000 246902 880000 247 _a1am
£62343.520000 246902 880000 247 3804084

CADDLL CORARR DLAMRT OORRARNG Oh7T D3FTORD

Fig.36. Format of a sample .xyz filer a calculation raster

6.1.2.1.2. Determination of the roughness coefficient

The basic parameter describing the flow resistance is the roughness coefficient. This coefficient is
determined spatially (twalimensionally) for the modelled are#. is determined sepaately for
the specifiaiverbedand for floodplains, taking into account the variation in land cover.

The determination of roughness coefficients in tdionensional models shall be carried out in the
same way as for ondimensional modelling Based onthe Topographical Object Database
(BDOT10k)and DTM for the area to be modelled, zones/classes of land cover should be
determined and assignedcoefficient values In the first stage the polygons with different
roughness coefficient values should be sepada(Fig.37), and then a raster file of roughness
coefficients created (Fig8).

Fig.37. Image ofpolygors with different v

e 3\

G
alues of roughness coefficient
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' SO
Fig.38. Roughness factor raster file

The raster file should be saved in the format *.xyZ.asc, where xoordinate x in PUWG 1992,
y-coordinate y in PUWG 1992yalue of the roughness coefficient.

6.1.2.2. Determination of boundaryconditions

The boundary conditions itwo-dimensionalmodels should be determined according to the
procedures describef the construction obne-dimensional models.

Boundary conditions should be prepared for model calibration and verificatésnwell as
calculations ofpossible water scenarios with probabilities of exceeding p = 10%, p = 1%,
p = 0.2%. The basis for the construction of flood scenarios should be hypothetical waves, whose
culmination corresponds to the value of flows with a certain probability of occurrence. The
boundary conditions for the calibration and verification of the model for controlled watercourses
should be prepared on the basistofdrograpts of selected historical calls.

For modelled watercourses it is necessary to develop values of flows constitipieg boundary
conditions (Q), distributed flows (Qtaking into account the increase of the catchment area;size
introduce as concentrated inflows (Qs) the watercounsgsich arenot included in the modelling
but may influence the wave transformatipand introduce values of control flows in water gauge
crosssections (Qw)according toFigure 21 (Chapter 6.1.1.4h which a diagram of an exemplary
river network is presented

Before implementing boundary conditions, the boundaries of the model shouldidimed
accordingly. For closed model boundaries, i.e. boundaries where no transfer will| aquixel
value equal to thedland valué should be established. For open model limits, i.e. limits where
water transfer will occur (for upper and lower boundasgnditions), the pixel value should be
determined in accordance with the watercoursegervoirbathymetry and/or terrainshape(Hg.
39).
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ArcView Grid Data

\

‘Figw. 39 Définition examblel: A) o"pe'n border for uppérboundary condifidh", o
(B) open baderfor the lowerboundarycondition (C) closed bder

Upper boundary conditions (Q), distributed flows (@nd concentrated flows (Qs) should be
entered into the model usinghte options available in the 2D model. For this purpose, the flow
implementation option for predefined open limits of the moddtid. 40A) or the option to
implement the flow in the form of point inflow&source (Figure40B)should be usedThe lower
boundary condition closing the network ofhe riverbeds, depending on the modelling
assumptionsmay be ahydrographof water ordinates (in estuary sections) or a constant value of
the water ordinate e.g. for rivers that enter the sea an average sea level should be taken as the
lower boundary condition. For this purposehgdrographor a fixed water ordinate value for a
predefined open model limit should be adopted.

Boundary 1: (2529,1612) - (2531,1612)
Formulation: Flux e
Type 0 data file: dfs0 o[ i)
FAB type: 12
No titting oy [
No user defined flow direction e
A)
Source Sink T Magnitude | Velocity | Outlet Dir| File EETL TR L LT
urce Sin ype lagnitu ‘elocity | Ou ir. ile name Magnitude |  Velocity
1; (2585.210)>= From file 0.000000° | 0.000000 | 90.000000
2 (2585,211)-> From file 0.000000° | 0.000000 | 90.000000
30 (2585,212)-> From file 0.000000° | 0.000000 | 90.000000
B)

Fig. 40 Example of flomplementation: A) for previously defined open limits of the model,
B) in the form of pointributaries
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A summary ofboundary conditionsshall be prepared iraccordance withTable 13 (Chapter
6.1.1.5). Some boundary conditions can only be determined itelgtonly at the stage of
calibration, verification and model calculations. The boundary conditions that can be determined
on the basis of the developed hydrological data should be prepared as *.dfs0 files.

6.1.2.3. Calibration and verification

The calibration and verification of twdimensional models should be carried out according to the
criteria described for theonstruction of a on@limensional model.

6.1.2.4. Performing model calculations dfood scenarios

Calculations with théwo-dimensional model should be made for hypothetical waves with peaks
corresponding to flows with a definqgatobability of exceedance.

For the area of twalimensional calculations, the result will bed@ital model ofwater leveland
flow velocity raster(applies to models for voiv@ship cities and cities witpoviatrights, as well
asother cities with more than 10000 inhabitants). The results should be attached in raster files
in *.dfs2 format.

6.1.3. Methodology of1D/2D hybrid modelling

For areasindicated for twedimensional modellingaccording to the Regulation, hybrid models
(1D/2D) consisting of a ordimensional model for watercoursbeds and a twedimensional
model for floodplains from natural watercourses and canals can be made.

The selead model developed within the framework of the task in question is to enable the
analysis ofinsteady flowand to be based on the Saikenant equationg the mass preservation
equation and the energy preservation equation. The hydraulic models will belapead and
delivered in the format of thaMIKEFLOOD software (including the edinensional model in
MIKE11 and the twedimensional model itMIKE21) by DHI (2011 or earlier), which is owned by
the Contractorand the regional water management authoriti®gho are the recipients and
downstream users of the models.

6.1.3.1. Preparation of onedimensional 1D models for 1D/2D hybrid modelling

In order to develop a hybrid model, previously developed-dimensional hydraulic models can
be used, in particular for voivedhip cities and cities with poviat rightas well ather cities
with population over 1000.

The main assumption of preparing cdenensional models fathe needs ohybrid modelling is to
limit the scope of its calculations. In the edenensional parof the hybrid model, the range of
the calculation crossection should be limited to the watercourse (to the upper edge of edge
slopes) ox in the case described in chapter 6.1.8.® the top of flood embankments (Fig. 41).
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Fig. 41. Example of limiting the range of edimensional calculations to the upper edge of edge slopes

In onedimensional models the distances between crgsstions should not exceed 50 m (this
can beachieved by densities based on the interpolation algorithms included in the modelling
software) (Fig42). At the same time, on the basis of an analysis of the correctness of model
calculations, it is possible to locateosssections at a distance of motban 50 m at the stage of

écoy’ R Sy &hk gfa@ssections in the onglimensional model.
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() Single section at chainage 0
(@ Muttiple sections

With max. distance 50

From existing cross section | 0.000 hd

To existing cross section 71517.302 ~

Calculate processed data
[ Bxtract cross section informations from river editor
[ Include existing interpolated cross sections in interpolation

Fig. 42. Example ebndensing therosssections

6.1.3.2. Development of twedimensional models

The development of a twdimensional model being a component ohgbrid model should be
done in a similar way to the classical version of the-tiraensional model.

For a twedimensional model aa part of a hybrid model, it is necessary to take caréhefproper
definition of the model boundaries and exclusion frone ttalculation of the area to be mapped in
the onedimensional model (Fig. 43).

RV
: \

Fig. 43. Example of excluditige range of onalimensional calculationfsom calculations in a twaimensional model

6.1.3.3. Combination of onedimensionaland two-dimensional models

The twodimensional model as part of the hybrid model shall be combined with the ene
dimensional model. For this purpose, a parallel (lateral) connection should be used, which is
based on the use of connections parallel to tiveerbed operating on the principle okide-top

side overflows with an ordinate fixed at the height of the edges (possitip af embankmensg

or similar structures) (Fig4). The area between théverbededge and theembankmentis taken

into account in the twedimensional modelwhen it is possible to depict on a map at least few
symbols representing the directions of water flow in the width of this area (see 6.2.8.).

On thecalculativeraster of a twedimensional model, cellbhat will reflect the calculation area of
a onedimensional model should be eliminated from the calculation in order to avoid duplicate
calculations (both in the ondimensional model and the and twdimensional).
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In justified cases, including jparticular estuarial sections of rivers flowing into the sea (bays,
floodplains), standard connections based on the use of wide overflows located perpendicularly to
the river valley are also allowed with ordinates consistent with the valley @@d$on Fig 44).

Standard Link: Connecnng
Aa derailed M1 structure
S within e M21 gnd

AB
Figure 44: Connection diagram of edienensional and twalimensional models in hybrid software:
A¢ parallel connection (lateral), 8standard connectionIKE2011technicakupport)

6.1.3.4. Determination of boundary conditions

The boundary conditions in hybrid models for cdémensional models should be determined
according to the procedures described for the construction of-dimeensional models.

6.1.3.5. Calibration and verification

The calibration and verification of the hybrid modelsoshl be carried out according to the
criteria described for the construction of the owimensional and twalimensional models.
6.1.3.6. Performing model calculations of flood scenarios

Calculations with the hybrid model should be made for hypothetical waves auithinations
corresponding to flows with a certain probability of exceedance.

For hybrid models the calculation results (in the axis of the watercourses covered by the one
dimensional model) shall be presented in shp files containing states and flowshd-arda of
two-dimensional calculations, the result will bedagital model ofwater leveland flow velocity
raster (applies to models for voiveship cities and cities withoviatrights, as well a®ther cities

with population over 10@00). The resultshould be attached in raster files in *.dfs2 format.

6.1.3.7. List of model files

The hydraulic model should be submitted in a format that allows rtredelling process to be
started and repeated, thus containing all elements of the model in the form of appropriate files:

Model element/Data File type Model type

1D model design *.sim11 1D

2D model design *m21 1D; 1D/2D
Hybrid model design 1D/2D *.couple 1D/2D

River network *nwk11 1D; 1D/2D
Qrosssections *xnsll 1D; 1D/2D
Boundary conditions *bdnll 1D; 1D/2D
Time series of boundary conditions (flows, states) *.dfsO 1D; 2D; 1D/2D
Hydrodynamigarameters *.hd11 1D; 1D/2D
Bathymetry *.dfs2 2D; 1D/2D
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Roughness *.dfs2 2D; 1D/2D
DWSM(initial condition) *.dfs2 2D

oHotstart file (if applicable) *resll 1D; 1D/2D
Results oflDmodel *resll 1D; 1D/2D
Results 02D model *.dfs2 2D; 1D/2D

All files shall be compiled in an appropriate unified file structure and nomenclatufiées and
directories (separate for each file type), allowing &oreasy access and comprehensible overview
of models. The data making up the hydraulic models forheaeer section should cover all
modelled scenarios.

6.2. PROCESSING OF MODELLING RESULTSTARNRMDEA TN OF FLOOBAZARD
AREAS

The results of 1D and 2D hydraulic modelling in the forrwatkr levelordinates form the basis
for designding flood hazard areas and depth zones in the actual river valley formation. Flood
hazard areas and depth zones are determined using GIS software. A detailed description of the
procedure for their creation includes tHellowing steps:

1 Generating Digital Water Surface ModdDWSN) and water depth raster.

1 Verification of water depth raster.

1 Designation of floothazardareas and depth zones.

1 Arrangement of floodhazardareas at the interfaces of modelling areas.

1 Final werification of water depth zones and flodthzardareas.

According tothe Regulation in the case of cities which are the seat of the voivodeship self
government authorities or a voivode, cities with poviat rights and other cities with a population of
morethan 100,000 the additionaheasuresaretaken for scenariosilil:

1 Generating flow rate raster.

1 Determiningflow velocityzones.

1 Developngwater flow direction vectors.

6.2.1. Generating adigital water surfacemodel and water depth raster

Flood hazard areas and water depth zones are determined on the basis of the results of 1D and
2D hydraulic modelling, i.evater levelordinates.

In the case of 2D modelling, the results are in the fornD@SMraster, depth raster and flow
rate raster; in this form they can be further processed in GIS systems.

In case of 1D modelling, the result is tabular data presenting the ordinates afdlex levelin
the calculation crossections. Tis data is reduced b a format supported by GIS systems, i.e.
linear layers with an assignedater level ordinate value. Then, in order to obtain a two
dimensional plane with continuous information about the ordinate of weter level(i.e. DWSM
raster), an interpolation is performed. TIN interpolation is recommended. i$ controlled by
appropriatecrosssection densities and selection ofosssection lengths to determine its spatial
range. This allows to take into account, in the procesDW/SMgeneration, linear objects
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separating the mairriverbed from floodplains, which most often have differemtater level
ordinates.

In the next step, by subtracting thdigital terrain model(DTM from the DWSMand rejecting
values smaller than zero, a water depth grid is generatay 5).

DWSMrasterfrom a two-dimensional model has different resolutigrdepending on the adopted
resolution of the hydraulic model (from 2 to 10 or in special caseslower resolution i.e. up to

15 m). The standard resolution of tierMused is 1 m. If there is a big difference in the resolution

of DWSMandDTM the following procedure is used to obtain a depth raster with a resolution of 1

m and with preserved edge details: (i) befazutting, theDWSMraster shall be enlarged by two
pixels where the calculated values meet empty cells and new pixels shall be extrapolated from the
values of adjacent pixels; (ii) a rounded vector mask shall be created from the original raster to
limit the area where the cutting operation will be performed; (iii) the enlarpdSMraster shall

be cutby DTM(Fig 46).

Fig. 45. Water depthaster

a)
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Fig. 46. Process of generating the water depth raster from the result of-dimensional model;
a) rawZWraster, b) ranZWraster,ZWraster increased by 2 px, mask limiting the area of
subtraction operation (red line), ¢) water depth raster against the background of the mask

6.2.2. Verification of water depth raster

In case of depth raster obtained frothe results of 1D modelling it is necessary to analyse it on
the basis of orthophotomapDTM (shaded relief) or topographic map. The irregularities found
require correction.

Initially, the verification of water depth raster is carried out by analysing @imdinating the
identified errors in the form of: anomalies DITM(e.g. unremoved layer of vegetation), areas not
directly connected to the stream in the riverbe&de.g. in the case of backwater (e.g. in an old
riverbed), a constant ordinate ofiater lewel equal to the ordinate in the place where the old
riverbed connects with the main river is introduced (Fig. 47). It is also possible to correct the
model network schematization and to repeat hydraulic calculations.

In the next step, the water depth grid reclassified to four depth classes (Bi@), as indicated in

the Regulation (@.5 m; 0.52 m, 24 m; over 4 m). The result of the reclassification is
automatically generated in order to remove noise from the raster image using appropriate filters.
This allows the elimination of smaller, irrefnt (1:10,000) objects in each depth class. Thus, the
capacity of the data set is also reduced.

Fig. 47. xample of verification of floodplain areas for the case of backwater in an old riverbed

T !

Finally, a smoothing (two times) of the water depth raster is performed (generalisation in the
range of raster data), consisting in removing-catled noise from the raster images after
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classification by means of a majy filter (Fig. 49). A method is used to find single pixels with an
outlier value and then assign them the values of most of the adjacent pixels. This helps to get rid
of the socalled ¢salt and pepper effect characteristic for classified raster images, the
occurrence of single, dispersed pixels in the image.

!/'

Fig. 49: Depth of watemsterwith one (left) and two (right)
smooths with the ArcGIS Majority Filter

In the procedure of developing flodtazardareas, 4 neighbouring pixels are taken into account.
In this case (quadruplaeighbourhood only those pixels that are surrounded by three or four
pixels of equal value change the value (b®).

[T value = NoData

InRas1 QOutRas

Fig. 50. Example of smoothing using a majority filteitie quadruple neighbourhood option [source:
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//009z00000037000000.htm]

6.2.3. Determination of flood hazardareas and depth zones

By converting the water depth raster (at the external borders of the individual depth classes) into
a vector form, using the preliminary algorithm of edge smoothing, working depth fields are
obtained. Their outeenvelopeis the preiminary boundary of the flood hazard area. At this stage,
changing the coordinates of points on the line it deviates from the original external borders of the
raster by half the diagonal of the pixel of the input file, i.e. about 0.7 m (based on the iar@lys

the results obtained). The obtained water depth zones are characterized by sharp edges and a
large number of artifacts (e.g. triangles in single pixel locations) (Fig. 51).

Thesepolygors are subject to further topographical verification, consistiiggisual inspection of

the created flood zone and the process of rejection of areas that do not have a hydraulic
connection with the mairriverbed (Fig. 52). In case of ambiguous/problematic sites (e.g. large
floodplains resulting from a narrow/shallowes of overflow of water through some hollow in the
field), a decision is made to leave or reject them by means of verification of the result by
specialists. They will determine the most probable scenario u$didgy, orthophotomap,
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topographic map, hydrodymaic model analysjsas well aknowledge and experience. These
analyses may also result in a decision to change the model and recalculate the scenario.

Fig. 52 Working (at the top) and verified smoothed degitygons
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Similarly, thehazardareas resulting from water overflowing througimbankmens are analysed

(in the basic scenarios). An additional help in this case is the analysis in theaiwerk GIS
environment used in the 1D model, in particular the layer of hydraulic connections and additional
run-off routes. The analysis of the maximum flow values at individual hydraulic connections
allows to make a decision on whether or not a givexgfent of the zone should be classified as

an actual floodhazardarea. For example, areas which, as a result of GIS analyses, theoretically
indicatethe overflow may be rejected when both the width and depth of the potential overflow
and the flow value &this point are very small.

Further verification is aimed at the elimination of sm@dlygons(vector data generalization) from
water depth classes. Fields with an area of less than 4Gm aggregated to adjacent, larger
fields. In case of lack of a ighbour, the field which does not meet the surface criterion is
removed. A similar approach is used for small (less thany49Gholes and dislandg within the
depth classes.

In addition, the possibility of complementing flobdzardareas in planned pders is accepted.
These locations are reported by the respectRigGW

The next step is to simplify the geometry of the depth and flbedardareas.This waydteethé

and doop< structures are eliminated. The edge of thelygonis smoothed in order to eliminate

the effect of shargdine bends. Subsequently, the depth zones are generalised. The generalization
parameters are selected in such way as to limit the size of vectorvdaite maintaininghe data
quality, bearing in mind the purposes for which maps are used (e.g. planning and land use).

Generalization of depth polygons in order to reduce the size of files and the number of vertexes is
done using the ET GeowizagdGeneralze Polygons tool with a parameter of 0.5 or using the
Simplify Polygons tool. Thus, the following parameters are reduced for the depth polygons
compared to cycle I:

1 Shapefile file size: reduction of 78%;

1 Database file size: 74% reduction;

1 Vertex number 80% reduction.

The deptls of the polygonshall be maintained at a scale of 1:1000, and the maximum deviation
from the correspondindirst cycle fields shall not exceeds0metre. Next, the area of the riverbed

is cut out of the smoothed deptholygors with a mask representing the range of still and flowing
waters during normal hydrological conditions (surface water |fyen BDOT10Kk).

Finally, as the outeenvelopeof the depth zones in a given scenario, a flobdzardarea is
generated.

6.2.4. Connecting floochazardareas at the interfaces of modelling areas

Compatibility at the interfaces of the modelling areas is to be ensured primarily by hydrodynamic
modelling, through thecorrect and consistent adoption oivater level ordinates at model
boundaries as boundary conditions and the transfer of these ordinates between models. In
addition, the structure of the river network and the links of its elements should best reflect the
real continuity of thewater level
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At the stageof analysis of the results of 1D modelling in the GIS environment, wipant af the

zone separated from the maiiverbedis connected by a field obstacle, such as embankment or
dike, dmasksg determining the range of a separate area should be useten generating the
DWSMraster (Fig. 53). When combining 1D andr@@delling the interpolation in the 1D model
should be performed after adding points at the contact with the 2D model with an assigned value
of the water levelordinate from the 2D modein aderto ensure a smooth connection.

Fig. 53. Example of defining masleetmining the maximum range and zone of connecting BISNS;
the masks are connected in the area of road embankment, it separates zones with separate ordivates lefres

In the case ofeconciliationof flood hazard areas at thinction of 1D modelling areas for inflow
andreceiver it is recommended to develop first of @WSMrasters and depth for the receiver.
Next, theinterpolation ofwater levelordinates for themflow should bemade, including ordinates

of DWSMraster of the receiver froman accepted border (edge) of itgone (Fig. 54). When
interpolating the ordinates of thevater levelfor the inflow, its crossections within the range of
the receive® zone (blow the assumed limit) should be omitted. In each case, the determination
of this limit should be considered individually. In the absence of a cleamiasekor when the
ordinates of the inflowwater levelup to the outlet are higher than the ordinate$ the receiver
(which may occur in mountain areas), this limit should run parallel to the receieleits course
should be determined by a specialist as the most probable limit of the range of influence of the
receiver on the inflowHg. 55).

The metlod described above allows for a continuous combination ofDWMéSMraster and inlet
depth and receiver and allows for the same ordinate values ofsater leveland depth at their
contact. The agreed inflow angkcipient rasters will be finally divided aording to the flood
hazardareas assigned to each river (for inflow the area should also include the estuary section of
the river).
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Fig. 54. Top: depth arldWSMrasters of the receiver and the backward range forming the boundary of the receiver zone
(red line), to which the ordinates of the inflovater levelare interpolated; bottom: inflow crossections: included
in the interpolation (green lines) and notlinded in the interpolation (orange dashed lines); generated for the inflow
rastersby interpolation to the adopted boundary have the same values at the contact as tpiemérasters
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Fig. 55. Top: depth arWSMrasters of the receiver and tleeceped border of the receiver zone (red line), to which
the inflow water levelordinatesare interpolated; bottom: iflow crosssections: included in the interpolation (green
lines) and not included in the interpolation (orange dashed lines); generated fofltve of the raster by interpolation
to theadoptedborder have the same values at the contact as thereotrasters

In case the receiver developed in the first planning cycle will not be updated within the
framework of theaMZPiMRPproject, the following method will be used. The solution adopted
corresponds to a situation in which at the moment of hypothetical wadmmationat the mouth
of the tributary, in the main riverrécipien)) there are water states caused by the flow witie
same probability as thenodelled probability. The process associated with model calculations at
the tributary should be carried out taking into account the following aspects:

1) The river is modelled up to the mouth, i.e. up to kilometre O (not to thapahere the

modelled river flows into the floodplain of the rggent). The modelled river network
does not include the main river (rigeent);

2) The lower boundary condition is the ordinate of theater levelcalculated by modelling
the main river (on thebasis of calculations carried out in the first planning cycle for the
same probability, in the crossection corresponding to the location of the modelled
inflow outlet). If necessary, the value of the ordinate of thater levelis obtained from
the interpolation of the results from the adjacent sections;

3) On the section under the direct influence of the receiver (e.g.: in the interval of the
receiver; within the range of the recei@backwate), the model is built in a simplified
way, full schematizatio is not performed. The cros®ctions may not take into account
the full width of the valley, but the assumed cresection width should limit the
possibility of throttling the flow;

4) In the case when the ordinates obtained as a result of inflow modelixg larger than
the ordinates of the recycling water catchment area, the respective eessons should
be extended;

5) The compatibility of the developed floodplains with the existingipient floodplains
should be achieved with GIS tools, extending tbepient floodplains upstream with a
constant ordinate.

Due to the complexity of the problem and the possible complications resulting from, among other
things, different approaches tmodellingof embankments or the occurrence of hydrotechnical
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objects, 1 is possible to apply other solutions, taking into account the resultaardellingon the
river tributaries developed in the first planning cycle.

6.2.5. Final verification of water depth zones and flodiazardareas

The water depth zones and floddazard areas will ultimately be checked for topology and
consistency between the different scenarios (whether the more likely areas are not larger than
the less likely areas). Such a situation may result from the applicaiothe process of
smoothening the water depth zonedhe smoothing algorithm adjusts the smoothing curves
individually for each set opolygon without being able to take into account the relationship
between floodhazardareas. Figure 56 shows confliguations in red. The error is usually small,
ranging from a few centimetres to several metres. The error is corrected by eliminating the
erroneous parts of theolygon

Zasig wody o pp. 1%

- poza zasiegiem wody o pp 0,2%
Zasieg wody o pp. 1%

I:l Zasieg wody o pp. 0.2% )

Fig. 56. Example of an error in the range of a hypothetical flood caused by tkspodsmoothing out theolygon

6.2.6. Generating a flowvelocity raster

In accordance with the Regulation, in the case of cities which are the seat of the voivodeship self
government authorities or a voivode, cities with poviat righés well asother cities with a
population of more than 10000 people, a flood hazard map showing thleocityand directions

of water flow. Taking into account the above requirements, it is necessary to develop a raster of
flow velocity,flow velocityzones and dections of water flow (Chapter 6.2.66.2.8.).

As a result of 2D modelling in .dfs2 files, in addition to EM#SMraster, the maximum values of
flow current velocity are also obtained, allowing to generate the maximum flow velocity raster
(Fig. 57). Thkiraster has the same resolution as tB&WSMraster and undergoes a similar
procedure agshe DWSMraster (Chapter 6.2.1.). Ultimately, the maximdiow velocityraster is
used in the next stage of the work of delimitifigw velocityzones.
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Fig. 57 Example of a flovelocityraster

6.2.7. Determination ofvelocity zones

In the process of developirfipw velocitypolygonsa similar procedure is used as for depth raster
(Chapter6.2.3.). A properly prepareitbw velocityraster is subjected to the procedure of creating
flow velocity polygon By converting thelow velocity raster (at the external borders of the
individualflow velocityclasses) into a vector form, workifigw velocity polygonsare obtained.
Finally, the obtainedlow velocitypolygonsare cutby corresponding depth zones (Fig. 58).

Fig. 58. Example of a maximdlow velocitypolygon

6.2.8. Development of water flow direction vectors
On the basis of the maximum velocity raster data and the corresponding velocity components,

information on flow directions is developed. In order to ensumneuaiform distribution of symbols
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representing the wate flow directions (Fig59) and to ensure proper legibility of the maps, a
point layer prepared separately for each scenario is developed. This layer is then trimmed with
the range of theflow velocity polygon reduced by a neter buffer, in order to filer out the
points located near thepolygon boundary. In addition, it is necessary to remove those flow
direction symbols that are located in the main riverbed and those that go beyondidie
velocityzone.

Fig. 59. Example of a maximdlow velocitypolygonwith the directions of water flow
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7. METHODOLOXFFRMDEVELORENT

According to the Water Law Adrficle 170, paragraphl) flood risk maps are drawn up for flood
hazardareas.

According to the Regulation, the potential negative effects associated with a flood are presented
on the flood risk maps by identifying:

- negative effects on human life and health,

- economic activities

- protected areas,

- objects that pose a threat to the environment in the event of flooding, including those

that may adversely affect human health,
- cultural heritage areas and sites,
- the value of potential floodlamages

7.1. POTENTIAL NEGATIVE EFFECTS ON HUREAAND HEALTH

Negative effects on the population are identified fmgsentingon maps:
e the estimated number of inhabitants who may be affected by the flood;
e residential buildings andbuildings of social importan¢dogether with the water depth
determining the degree dfiazardto the population.

Estimated number of inhabitants
Flood risk maps show the estimated number of people living in buildings located in dnéleart
area in a givetocation

The number of peple inhabiting a given building is estimated on the basis of statistical data made
available by GUS, i.e. the average number of peopleapartmentin the municipalityand the
NOBC register, from which a tabular information on the humbepafrtment located at a given
address is obtained.

In order to give the table data a spatial dimension,share linked to address pointsy the
identifier with a following form

[TERRITE of the town]_[TERRITE of the streethljerof the building]

Address points arebtained from the dictionary service provided by GUGIK within the Geoportal:
http://mapy.geoportal.gov.pl/wss/service/ SLNOFF/guest/slowailfiine ?wsdl.

After the number of people living at a given address has been assigned to the address points, the
same information is passed on to the BDOT10k residential building sites by means of a spatial
connection.

In the case of residential buildings which, by the above method, do not receive the number of
inhabitants the estimate shall be made on the basis of an alternative method in which the
number ofapartmentsin a building is calculated on the basis of its area and number of floors.

A summary of data, source, timeliness and level of detail is presented in T4ble
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Table 14. Data for calculating the estimated number of inhabitants in builéxgssed tdlooding
[source of CSO data: https://bdl.stat.gov.pl/BDL/dane/podgrup/wymiary].

Data Source Unit News
Area of buildings (A) BDOT10k, PZGiK singlebuilding 2018
Number of floors (B) BDOT10k, PZGiK single building 2018
Average uablefloor area of one apartment (C) BDL GUS municipality 2016
Average number of people per apartment (D) BDL GUS municipality 2016

In order to estimate as reliably as possible the number of people living in buildings in the flood
hazardarea, the calculation groups shall be specified: sifeyhaily residential buildings, double
dwelling buildings and muiamily buildings. Both infenation on the nature of the object and its
geometry shall be determined on the basis of the BDOT10k fromiliédings, structures and
equipment  f (ac&@diny toBDOT10kodingc BUBD layer)n accordancewith the following
grouping (Table 15):

Tablel5 Calculation groups for residential buildings

Classification according
Calculation group to BDOT10k
Code function
singlefamily houses BUBDO1 1110.Dj
double-dwelling buildings BUBDO02 1121.Db
multi-family buildings BUBDO3 1122.Dw

The first stefs to calculate the number of households in individual municipalities (GD_gm). Based
on the buildings obtained from BDOT10k, each sifeyhaily building is assigned one household,
while buildings with two dwellings are assigned two households respectiVelyestimate the
number of households in mulfamily buildings, the following formula is used, from which, on the
basis of the area of the BDOT building outline, the number of storeys (BDOT) and the average
usable area of one dwelling ¥iuthe number ofapartment per one storey is calculated first, and
then, multiplying the result obtained by the number @dors in the building, the estimated
number of dwellings (GUS data for municipalities;

https://bdl.stat.gov.pl/BDL/metadane/cechy/2430?back=True#)

The formula for calculating the estimated number of households in #fartily buildings
(GD_BUBDQ3) is presented below:

GD_ BUBDO3 = ROUND (A/C)*B

where: ROUNI rounding to the nearest integer value;@area of buildings ity’ 4 B¢ number
of storeys; @ average uablearea of oneapartmentin Y u

According to the description of BDOT10k, midtily buildings are buildings with three or more
apartments (BUBDO3¥0 the expected result should not be less than 3. The result obtained is
subject to verification and where the value is less than 3, a value equal to 3 shall be assigned.

Then, based on the above data for municipalities, the buildings in the fi@adrdarea are
assigned the number of inhabitants (LMgcording to the formula below:

LM = ROUNIumber of households per building * L.0s)
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where: ROUNR rounding to the nearesintegervalue; LMc estimated number of occupants of
the building; L_og averagenumber of occupants per 1 dwelling in the municipality.

The average number of people per 1 flat imanicipalityis publishedat the GUS website in the
Local Data Banlat the address: https://bdl.stat.gov.pl/BDL/dane/podgrup/wymiary.

The result obtained, when rounded to the neardsteger gives an estimai number of
inhabitants in a given building.

Flood risk maps shall show the estimated number of people livingilditgs located in a flood
hazardarea in a given village arte part of it. For this purpose, the number of people living in
buildings located in a floodazardarea with a given probability of occurrence (10%, 1% and 0.2%)
is added together.

In case oflocalities, it is necessary to match the territorial division units from BDOT to the
attribute structure ofFRM according to the following division:

Ms ¢ city ADMSOX city

Wsc village ADMSO03; village

ADMSO0Z; part of the city
ADMSO04; part of the village
ADMSOX;, colony

ADMSOg; part of the colony
Inc part of a town, partofa | APMSOZX settlement
village or other separated part | ADMSO0g, part of a settlement
of alocality ADMSO0%; housingestate
ADMSI1@; hamlet

ADMS1X forester@ lodge
ADMS12Z; wilderness hut
ADMS13; other object

Facilities of particular social interest
Flood risk maps show objects of particular soicrgdortance whichmay be difficult or impossible

to operate due to the occurrence of floods, i.e.: hospitals, sanatoriums, schools, kindergartens,
nurseries police units, fire protection units, Border Guard units, social welfare homes, nursing
homes, hospges, shopping and service centres, market halls, hypermarlgssitentiaries

correctional facilities, detention centres, hotels, motels, inns, guest houses, holiday homes and

orphanageseducationalcarecentres halls of residencedorms,student housesg 2 NJ SN a K2 a i ¢

homesfor the homeless, monasteries, parish houses.

Also in this case, information about the nature of the object and its geometry is obtained from the
BDOT10k from the Buildingstructures andequipment layer (BUBD objeclass¢ building).
Information about the character of the building is derived from the detailed function of the
building, assigned in BDOT. If several detailed functions are assigned to one buildingcahedso
superior
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function is determined, i.e hie detailed function that is most relevant for flood risk. The following
hierarchy of functions is adopted:

N. Function Description of function Classification S?r?ert::nu;:n
1 1122.Dw | multi-family building m -

2 1121.Db | two-apartmentbuilding m -

3 1110.Dj |detached house m -

4 1130.Dd | orphanage m -

5 1130.In hall of residence m -

6 1130.Bs |dorms m -

7 1130.Ds | studenthouse m -

8 1130.Hr | workers' hatel m -

9 1130.Db | homeles house m -

10 1130.KI | monastery m -

11 1130.Dp | parishhouse m -

12 1130.Po | educational care centre S d. wych.
13 1264.Sz | hospital S szpit.
14 1264.Hs | hospice S d. op.
15 1130.0s | nursing home S d.op
16 1264.St | sanatorium S san.
17 1263.Sp | primaryschool S szk.
18 1263.Sd | high school S szk.
19 1263.Sw | college S szk.
20 1263.Ps | kindergarten S przedszk.
21 1264.Zb | nursery S 000
22 1274.Ace | penitentiary S Z. kar.
23 1130.Zk | penitentiary S Z. kar.
24 1130.Zp | correctional facility S Z. kar.
25 1274.Zp | penitentiaryor correctional facility S Z. kar.
26 1211.Ht | hotel S H

27 1211.Mt | motel S H

28 1211.zj |inn S H

29 1211.Pj |guest house S H

30 1212.Dw | leisurehouse S d. wyp.
31 1230.Ch | mall S c. han
32 1230.Ht | market hall S c. han
33 1230.Hm | hypermarket orsupermarket S c. han
34 1220.Pc | police S P

35 1220.Sp | fire service S rem.
36 1220.Sg | border guard S SG

m ¢ residential building

s¢ objects of particular social importance

For buildings of particular social importance, no population estimgbeogided.
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For each residential building and facility of particular social importance, the average flood depth is
determined separately for each flood scenario, then classified in two compartments:

- water depth less than or equal to 2 m,
- water depth greatethan 2 m.

The limit value of the water depth of 2 m is determined in relation to the adopted water depth
ranges and their influence on the degree of threat to the population and the buildings.

7.2. TYPE OECONOMIBCTIVITY

Determiningthe types of business activities referred toarticle 170, paragraph 2, poir of the
Water Law Act is carried out by determining the land use classes listed in the in the Regulation,
ie.

1) residential areas;

2)  industrial areas;

3) communication areas;

4)  woods;

5) recreation and leisure areas;

6) arable land and permanent crops;

7) grasslang;

8) other areas;

9) surface wates.

The class of surface watdue to its specificity, has been classified as a separate layer from land
use layers.

Landuse classes are developed on the basis of the BDOT10k database as described below. The
exact mapping of land use classes with object classes and attributes from BDOT10k is shown in
Table 16.

Table 16 Mapping of land use classes with object classes fromIBRO

Landuse class Object class BDOT10k Attribute

01 ¢ multi-family housing

02 ¢ singlefamily housing

Residential areas PTZB_A housing - - —
04 ¢ commercial and service buildings
05 ¢ other buildings
PTZB_A housing 03¢ industrial and storage buildings

Industrial areas — - - .
PTNZ_A remaining undeveloped area | 02¢ industrial and storage site

01¢area undetthe road

PTKM_A area under roads, railways an¢ 02¢ area under therackside
Communication areas airports 03¢ area under the road anthe trackdde

04 ¢ area under the airport road

PTPL_A square 01¢ square
01 forest
PTLZ_A forest and wooded area
Woods 02¢grove
PTUT_A permanent crop 04 ¢ forest nursery
Leisure and recreation PTUT_A permanent crop 01 ¢ allotment garden
areas PTTR_A grassy vegetation and arable | 01¢ grassy vegetation (selection of those located in
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farming

built-up areas or on the basis of KUSK_A usage
complexes)

PTLZ_A forest and wooded area

PTRK_A shrubby vegetation

03 ¢ wooding (selection of those which perform a
recreational function on the basis of KUSK_A
complexes)

02 ¢ shrubs (selection of those that serve a
recreational function)

Arable land anghermanent
crops

Grassland

PTTR_A grassy vegetation and arable
farming

02 ¢ cultivation on arable land

PTUT_A permanent crop

PTTR_A grassy vegetation and arable
farming

02 ¢ plantation
03¢ orchard

05 ¢ ornamental plant nursery

01 ¢ grassy vegetation (selection of those not in built
up areas)

01 ¢ scree,pile or rock rubble

02 ¢ stony ground
PTGN_A unused land

03¢ sandy or gravel ground

04 ¢ other unused land

PTWZ_A excavation and dumping 01¢ excavation

ground

02¢ heap

Other areas 01 ¢ municipal waste disposal site

PTSO_A landfill
02 ¢ industrial waste disposal site

01¢ land under technical equipment or construction
sites

01 ¢ mountainpine (selection of those which do not
have a recreational function)

02 ¢ shrubs (selection of those that do not have a
recreational function)

03 ¢ wooding (selection of those which do not have g
recreational function)

PTNZ_A remaining undeveloped area

PTRK_A shrubby vegetation

PTLZ_A forest and wooded area

Class 1c¢_residential areasc includes areas with residential, commercial and service and
agricultural buildings together with infrastructure functionally linked to the buildings, e.g.
playgroundsyards, car parks, small green areas, courtyarddtestse livestock buildings, etc.

Chss 2 industrial areas includes buildings and industrial and storage areas.

Class 3 communicationareasc includes areas occupied by roadways, tracks, paved squares and
airport roads together with traffic service equipment, e.g. pavements, sidirgfishs, ramps,
aircraft parking lots.

Class 4 forestsc includes both forests, as well geoves, coppicesand forest nurseries.

Class & recreation and leisure areasncludes mainly allotment gardemsdgreen areas in buit
up sites

Class G_arable land and permanent cropsincludes areas occupied by field crops, plantations
and orchards.

Class ¢ grassland; includes meadows and pastures.

Class & _other areasc includes unused land, excavation addmping grounds, landfills, other
undeveloped areas, wooded areas and shrubby vegetation outside parks or greenery serving as
recreation and leisure areas.
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In addition, the buildings shown in the flood risk maps have a specific function, from which the
type of economic activity also derives.

7.3. PROTECTED AREAS

Flood risk maps show the protected areas listed in the Water Law aktitke 170, paragraph2,
point 4) and theRegulation(including the areas indicated in Annex IV, point 1(i), (iii) and (v) of
Directive 2000/60/EC (WFD)),.i.e
- surface water and groundwateabstractiors ¢ including those for human consumption
(designated undeatrticle 7 of RDW),
- water abstractionprotection zones;
- bathingwatersincluded in the list referred to iarticle 44, paragraph? of the Water Law
Act;
- forms of nature protection: national parks, nature reserves, Natura 2000 areas divided
into special areas of habitat protection@S) and special birgrotection areasQSQ;
- Z00s.
These objects shall be retrieved from the BDOT10k or relevant institutions dealing with the issue,
as listed in Chapter 5.4.

In the case of wateabstractionprotection zones, it may be problematic to assign the type of
abstraction(surface water or groundwater) to which the zone appljésis necessary to analy

the zonearea (smal| regularshapedpolygonsusually apply to groundwateabstractiors) and tke
occurrence of zones containing cut out small zones (the types should be compatible). In addition,
the abstractiontype assigned in the watebstractionprotection zone layer should correspond to

the abstractiontype of the objects included in tHeERMwater abstractiondata set.

7.4. FACILITIES THAT POSE A THREAT TO THE ENVIRONMENT IN THE EVENT Ol
FLOODING, INCLUDING THOSE THAT MAY ADVERSELY AFFECT HUMAN HEALTH

According to the Water Law Act (Article 174faragraph2, point 3) flood risk maps present
installations which, in the event of flooding, may cause significant pollutigradfcular natural
elements or the environment as a whole.

These are installations for which it is required to obtain an integrated permit within the meaning
of Article 181, paragraphl, point 1 of the Act of 27 ApriRk001.¢ Environmental Protection Law
(in accordance withthe division from Annex 1 to Directive 2010/75/EU of the European
Parliament and of the Council of 24 Novem|#010 on industrial emissions (IEDYhe following
categories of industrial activities:
a) energy industry;
b) production and processing of metals;
c) mineral industry;
d) chemical industry;
e) waste management;
f)  other activities including
- production and processing of paper and wood,
- intensive rearingr breedingof poultry and pigs,
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- production and processing of plant and animal raw materials.

An integrated permit is required toun an installation the operation of which due to the type

and scale of its activity, may cause significpallution of particular natural elements or the
environment as a whole. The types of these installations are specified inethdation of the
Minister of Environment on the types of installations which may cause significant pollution of
particular natual elements or the environment as a whole of 27 Aug8i4. (Journal of Laws of
2014, item 1169).

Moreover, the risk maps present industrial plantise installationsof which do not require an
integrated permit, andwhich may pose ahreat, including gants posing a hazard of a serious
industrial accident within the meaning ofarticle 3, item 48a and 248section 1 of the Act of
April 27, 2001 Environmental protection law (in accordance with Directive 2012/18/EU of the
European Parliament and of th&uropeanCouncil of 4 July2012 on the control of majeaccident
hazards involving dangerous substances, also called the Seveso Ill Directive), i.e

a) facilitieswith a higher risk of a major industrial accident and

b) facilitieswith a high risk of a major industrial accident.

The above division takes into account the type and quantity of hazardous substances present in
the facilities, which pose #reat to the environment but also to human health. This is specified

in the Reglation of the Minister of Development on the types and quantities of dangerous
substances present i facility, determining the classification offacility as an establishment with
increasedor high risk of a major industrial accident of 29 Janu2dy6 (Journal of Laws of 2016,

item 138).

All available data obtained from thiadicatedsources must be used to locate the industrial plants
and the data must then be verified for ea@¥Pin order to obtain the full information on the
industrial plants loceed in the OZPrequired by theFRM This will result in a set of industrial
plants covering
- plants holding an integrated IPPC permit (i.e. according to the Reguiastailations
which may, in the event of flooding, cause significant pollution of particular natural
elements or of the environment as a whole, for the operation of which it is required to
obtain an integrated permit referred to article 181, paragraphl, point 1of the Act of 27
April, 2001 ¢ Environmental Protection Law
- plantslisted in the register ofacilitieswith a large/increased risk of a major accident (i.e.
according to the Regulatioestablishments posing threat of a major industrial agdent
within the meaning ofarticle 3 point 48a of the Act of 27 ApyiR001 ¢ Environmental
Protection Lay
- other facilitieswhich neither hold an IPPC permit nor are listed in the registéaaifities
with a high/increased risk of a major accideng (iaccording to the Regulatiomdustrial
establishmentswith installationsthat do not require an integrated permit referred to in
article 181, paragraphl, point 1 of the Act of 27 Apri001 ¢ EnvironmentaProtection
Law, and which may pose threat).
In the case of large industrial plaritsnay be problematic to present objects on maps when, for
example, integrated permits may cover several different industry categories. Then, if one plant is
represented by several poistof the same industry category (several installations with separate
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permits in the same industry category), only one point should be left. In the case when one plant
is represented by several points of different industry category, it is advisable todspmats in
space for their identification).
In addition, the flood risk maps show, in accordance withRiegulation the potentialsourcesof
water pollution, i.e:

1) wastewatertreatment plants;

2) wastewaterpumping stations;

3) landfills;

4) cemeteries.

All available data obtained from the indicated sources should be used to locate the above
mentioned objects and then for eac®ZPdata should be verified in order to obtain full
information on the above mentioned objects located in t®ZP required for FRM The above
work will be carried out for th®©Z ¢ in this way for each designat€dA verified information on

the objects concerning potential pollutisourceswill be obtained.

In the case of landfills, for example, the following procedure should be followadiew of the
quality of the source data (also with regard to national uniformity):

- The surface layer of landfills developed on the basis of BDOT should be verifieg for th
TYPE attribute of the landfilbased on the data from th&oivodeship Inspectorate for
Environmental Protectiord 2 L hahdOthe point layer of landfills from th&ressure
identification (2018),

- Data from the2? L h4nd the Pressure identification (2018) sbuld be verified and
submitted
in a polygonal formbased orthe orthophotomap.

7.5. CULTURAL HERITARREARND OBJECTS

According to theRegulation the following cultural heritage sites are presented on flood risk
maps:

1) immovable histori@areas andouildings, in particular covered by the forms of monument
protection, referred to inarticle 7, point 1 of the Act of 23 Jul2003 on the protection
and care of monuments (Journal of Laws of 2017, item 2187, as amended);

2) monuments included in the World IHeage Listreferred to inarticle 11, point 2 of the
Conventionon the Protection of the World Cultural and Natural Heritage, adopted in Paris
on 16 Novemberl972 by the United NationGeneral Conferenctr Education, Science
and Culture at it4 7"session (Journal of Laws of 19#®. 32, item 190);

3) extermination monumentsreferred to inarticle 2 of the Act of May 7, 1999 on the
protection of the sites of former Nazi death camps (Journal of Laws of 2015, item 2120, as
amended);

4) openair museums and museums entered in the National Register of Musenafiesred
to in article 13 of the Act of 21 Novembet996 on museums (Journal of Laws of 2018,
item 720, as amended);
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librarieswith collectionsthat constitute the national library resourceeferred to inarticle 6,
paragraphl of the Act of 27 Jund 997 on libraries (Journal of Laws of 2018, item 574, as
amended);

archiveswith collectionsthat constitute the national archival resourcgeferred to in aricle

2, paragrapHl of the Act of 14 July 1983 on the National Resource (Journal of Laws of 2018,
item 217, as amended).

The source material for identification of the above mentioned objects are mainly the resources of
the National Heritage Institute, including, among athtings immovable monuments. These
monuments can be in point, polygonal and linear fagrthe latter cannotbe directly used as an
FRMlayer, therefore linear objects should be presented in a point form (a point generated in the
middle of the line locaté on theOZR created after being cut t6HM).

The material is indicated as supplementary material:

1)
2)

3)
4)

5)

UNESCO World Cultural and Natural Heritage List;

list of libraries indicated in the Regulation of the Minister of Culture and National Heritage
of 4 July 2012 on the national library stock (Journal of Laws of 2017, item 1948, as
amended);

list of state archives;

list of extermination monuments indicated in the Act of May 7, 168%he protection of

the sites of former Nazi death cam@urnal of Laws of 2015, item 2120, as amended);
State Register of Museums.

Identified cultural heritage objects/areas that have several functions {i@ugovablemonument
and museum) are duplicated in the numerical versior-BM For the purpose of cergraphic
presentation the following hierarchy of functions is adopted in these cases:

1 P memorial

2 M museum, operair museum
3 A archive

4 B library

5 Y4

immovable museum
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7.6. METHODS OF CALCULATING AND PRESHNHBHNGBLUES @GEOTENTIAL FLOOD
DAMAGES

The calculation of potential floodamagess carried out for seven land use classes:
1) Class & residential areas;
2) Class 2 industrial areas;
3) Class & communication areas;
4) Class 4 forests;
5) Class & recreation and leisure areas;
6) Class & arable land and permanent crops;
7) Class % grassland.

For class & other areas and for surface water, potential floddmagesare not calculated due to
lack of use or insignificant management of these areas.

The BDT10k vector data are the basis for delimiting and calculating the area of individual classes
in a flood hazard area.

The methods of calculating the value of potential utmagesand the method of estimating
potentialdamagedor particular classes ofth@ use in a flood hazard area are presented below.

Class X residential areas

Depending on how the floods affect, potential floddmagesn class 1 can be divided into two
types:

- direct damagesq the most important are: damage to real estate, loss or damage to
property, destruction or damage to technical infrastructure around buildings (yards,
playgrounds, pavements, squares, livestock buildings);

- indirect damagesg the most important of them arghe expenses for cleaning up the
damage.

Potential flooddamagesn class 1 are the sum of direct and indirdatnages

The value of potential direct loss per unit RLN/n? is calculated on the basis of the value of
assets in housing estates and the value of the loss function, binding the depth of water with the
loss of value for class 1. Within the area of housing development, the following are separated:
private and munigal assets, as well as housing estate or functionally related infrastructure,
including playgrounds, courtyards, car parks, small green areas, courtyards, shelters, livestock
buildings.

Due to the lack of data and the lack of possibility of spatial sejgaraff areas including municipal
property and housing estate infrastructure, the private property value index defined for individual
voivodeship as a measure for class 1 was conventionally adopted.

To determine the value of potential direct unit loss fdass 1, the data of the National Bank of
Poland (NBP) from 2016 and the Central Statistical Office (GaS)sed. The calculation was
made using the method of determining property value indices in residential areas for provinces
(Fig. 60) proposed byD.2 R& Z wHAMC 8 ®
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Area of residential areas Populationm x Value of private Average number of
in the xvoivodeship voivodeship property people in household
(BDL GUS) (BDL GUS) (NBPreport) (BDL GUS)
[ha] [pers] [PLMhousehold] [pers./household

| | | |
v v

Population densityn Value of pivate GDPratio
the xvoivodeship property x voivodeshipGDP
[pers/m?] [PLN/pers.] (GUS)
I I
v

Value of property
in X voivodeship
[PLNpers]

y

Property value rab in x
voivodeship
[PLN/n?]

Fig. 60. Methodof deté¥ A Y Ay 3 G KS LINAGE GS LINRBLISNI & G fdzS AYRSE F2N
Data: BDL GUSCentral Statistical Office Local Data Bank. Data for 2016;r&&#t ¢ National Bank of Poland 2017b; C&Central
Statistical Office. GDPcurrent data for2015.

According to the statistical survey of househdMigalth, conducted within the Household
Finance and Consumption Network (HFCB) the National Bank of Poland in 2016, tangible
assets of households in Poland measured by the median amounted to 293 thoB&dN{for

further calculations the median valueas used due to the strong diagonality of the data
distribution). Tangible assets constitute the vast majority of total household assets. The value
structure of tangible assets is dominated by real estate being the main place of residence and
assets resuihg from conducting own business activity. Much smaller percentage is constituted by
valuables and vehicles. Calculating all the components of the diagram above, the following values
of property for particular voivodeships were obtained (Table 17).

Tablel?. Values of private property in residential areas

Value of private property in

Voivodeship residential areas in 2016
[PLN/n?]
Lower Silesia 69111
KuyaviaPomerania 42151
Lulbin 21743
Lubug 396.95
_5RI 39364
Lesser Poland 514.05

! The HFCN is coordinated by the European Central Bank and involves central banks and statistical offices
representingthe eurazonecountries as well as Poland and Hungary. The research is conducted on the basis
of an agreed methodology with a uniform scope of activities, the same definitions and similar data
processing methods, which ensure the comparability of resnoltdliEuropean countries participating in the
study.
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Masovia 68441
Opole 376.79
Subcarpathia 296.32
Podlaskie 23964
Pomerania 594.46
Silesia 74312
Holy Cross 25851
WarmiaMasuria 28161
Greater Poland 55317
West Porerania 55978

The loss of property value in areas of housing estatepending on water depth is shown in Fig.
61 and Table 18.

Fig. 61. Loss of property value in housing estategending on the depth of flooding
[source: Methodology of developing flood risk ma309]

Table 18. Loss of property value fmusing estates with regard to depth ranges
[source: Methodology of developing flood risk m&3i309]

Section Water depth (h) in metres Impairment of assets (h) in %
1 h<0,5 20
2 05<h<=2 35
3 2<h<=4 60
4 h>4 95

The indirect loss estimated according to J. Chojnacki [2000] as a percentage of the direct loss
value was added to the direct loss value calculated above. The division was made due to the
diversity of the value olamagesdepending on the density of regidtial buildings.

The following indirectlamagesare assumed for class 1:

- 80% direct losfor dense construction

- 40% direct losfor low-densityhousing
Finally the values of potential unit floodamagesn class 1 are calculated for individual surface
structures in this classccording to the formula below and assuming that dense development
consists of cocentrated and dense buildings (BDOT10Mhile loose development of loose
development (BDOT10k):

for dense construction: Spg=Sp+ 80%p
for low-densityhousing: Spi=Sp+ 40%p
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