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Summary

In this report, selected hydrological and
environmental features of possibdevelopment
of the E4Qnland WaterwayE40 IWWjvere
reviewed. In the report we managed to review
some elements of the Feasibility Study of E40
IWWdevelopment in 3 variants in the area of
Poland. These variants assume the need for
constructing canals available to conduct the
navigationthroughthe catdqyments of Vistula and
Bug.We reviewed assumptions of thedsibility
Sudy and drew some new conclusions. We
revealedthat the momentary water demand for
channels in variants 1, 2 and 3 equals 13,88,m
12,45 n¥/s and 10,96 rfis respectively.
Approximagly 97% of water demand is related tc
the sluicing (lockage) purposes. We also reveals
thatw G SNJ NB&a2dz2NOSa 27
Bystrzycaad Wilgaare insufficent for operation
of the channelsWe revealed that using water
from Bug in any dhe variants of channel
operation will result with average 17,5% reductic
of overbank flows and 172% increase in freque
of droughts. We estimated that the channels in &
variants analysed may have both
draining/infiltrating role with respecbtiocal
groundwater. In our opinion the impact of chann
design and operation on protected sitbapitats
and species should be considered in a much lar
area than just along the designated 10-kide
buffer strips along the channels. The hydrologic:
alterations may impact large areas of catchment
(including peatlands and other wetlands in the
region) and several Natu®00 sitesMoreover,
creation of E40 IWW in any variant may lead to
violation of Water Framework Directive.




1. Introduction

The idea of impnang navigation capability of Polish rivers has long been discussed under
different political and economic scenarios, in different societal circumstaDoesof the

vital issues in the contemporary discussarinland navigation development in Poland is

to enhance navigation along te!0 Inland WaterwafE40IWW) connecting Baltic Sea

and the Black Sea through the river systems of Vistula, Bug, Pina, Pripyat and Dnieper.
Along the majority of its course, the B¥@W goes through rivers anekistingchannels.

Plans of its development in Poland aim at construction of a channel between the river
systems of Vistula and Bug. So far, three variartseathannel have been proposed as
alternatives for regulation and modification of the Bug river (Fig.. Dhg of the variants

is expected to be selected as the best solutioertioance the navigation dd40IWW,
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Fig. 1.1 Overview of the research area: natural river network and variants of chanrsliagd as an
element of the E40 Inland sterway developmeh

The idea of makingn artificial dannel to be used for land navigation betwen water
bodies tends to have fewer negative environmental consequences than channelizing,
dredging and construction of multiple groynes within natural river chantelsever,

these artificial channels as new elements of the landscap®l intercatchment
hydrological cyclespose a number of environmental hazawish a potentially wide
range of influence. These environmental hazards may be related to changing tecal wa
levels (drainingnundating role of the channel against the adjacent laod}o the



changing flow regimes of rivetthie water of whichis used to supply the channahd

other hydrological alteration$he anounts of water required to be used to &fid¢ later

on ¢ to maintain the channel are expected to change distribution of low and medium

flows of riversthat are source of the watefThis alteration is expected to influence
environmental flows and may threaten other users of water in catchmesdgeld along

the courses of channel&dditionally, it is expected that the channel (in either of variants

planned) might haveotential impact on watedependent ecosystems, wigtparticular

stress on peatlands. Peatlands are the most spéfeetive cabon stocks of all terrestrial

ecosystems, storing in global average 1400 tons of carbon per hectare (Joosten 2015).
Peatlands are also essential parts of regional water cycling, regulators of local and regional

climates and hotspots of threatened biodisigy (Bonn et al. 2016yeatlanddegradation

causes largscale environmental problems both globally {@@issions from drained

peatland represent almost 5% of the total global anthropogegrieenhouse gasses

emissions; Joosten et al. 2016) and regionally (disruption of water cycling, nutrient loss to

ground and surface water, decline of biodiversity, peat fires; Limpens et al. 2008, Parish

et al. 2008, Bonn et al. 2016jinally,the channel to be construatein either of the

variants planned is likely to alter th@ique natural valugeof the Bug river valleylhe

f SyagkK 2F GKS .daAaA Aa 71TH YZXZ layhesthalkfS OF G OKY
which lies in Poland. Bug is onetltd veryfew unregulatedarge rivers in Europe. The

natural environment of the Bug river valley is characterized by an extremely high diversity

2F KFIoAdGlda FyR @FaolOdzZ I NJ LI IyGga aLlSOoOASa o! NJ
and contains over 100 species of butterfies’s 2 F &LISOAS&A Ay t2fl yROU
nn FTA&K aLISOASa 6pt20 o6. OFOKdzil SG |t ® Hnan
(Piotrowska et al. 2002), including many rare, protected species and species threatened

with extinction. The valley is alsoiarportant ecological corridoAt the same time, Bug

is the backbone of the cultural landscape of this part of the country providing multiple

cultural ecosystem services. All of the listed elements of the environment are expected to

be threatened by the ks of their quantity and quality in result of changes in water
management of the area.

In this report we intend to review the ideas and assumptistasnding behid the

Feasibility ®idy of E40rland Waterway developmenta(F NA G A YS Ly adAddzisS A
2015), emphasizing hydrological, geographical and environmental threats the channel

poses on the regional water management and environmental management iSg(es.

are aware of the fact that theort ofD R | AdtHprityrecently contractedHalcrow Group

Limited for a more detailedeasibility study, but we have no access to any information in

it.



2. Research questions

The following report attempts to answer the following research questions:

1) What is the amount of watefexpressed im?3/s) required for thechannel€
functionand maintenance?

2) What are the resources of surface water in Bug, Vistula and other rivers of the
area available to be used for supplying tharmelsn three variants?

3) Willand if soc how, thewater resources of Bug, Vistula and other riegralysed
be shortenedy the functioning of canals, according to certain assumptions used
in this study?

4) Howthe channelwill influence groundwater of adjacent areas?

5) How the construction of the channel carfluence peatlands and other wetlands
as well as how can it impact protected habitats aretgs?

Additionally, in the report we review the materials and assumptions presented in the

Final Feasibility Study Repartl NA G A YS Ly a A ( daieSpedtpthé@ Rl Za ] = +

accuracy and research protocol.

3. Materials and methods

3.1 Description and parameters of channatiants

Three channel variants are considered in this report. Their lengths varies from
approximately 16@&m to nearly 210 km (Tab. 3.1). All three variants of channels start in
Bug, upstream of the Krzyczew water gauge (Fig. 1.1).

Tab. 3.1 Dimensions of channels and calculated volume for 3 variants.

Variant Length Width Depth Volume
[km] [m] [m] [min ]
1 207,8 37,8 4 31,42
195,9 37,8 4 29,62
159,6 37,8 4 24,13

Two of the variants join Vistula through tineer channel of Wieprz (VariaB) and Wilga

(Variant 2). Variant 1 joins the lower course of the river Bug, just upstream from the
backwatea 2F GKS %SaANI &ez&a1AS [1Sd 't 2F (KS OK
navigation units which require the wid of nearly 40 m and depths of minimum 4 m

along the navigation trailAccording to the materials @ NA GAYS Ly adAaiddziS A
(2015), the longitudinal profiles of each of the channels are increasing elevations to the
approximately middle part of the channel and then decrease elevations to th@ead

differences in elevations along channel variants presented on the Figs@8Ha design

of the channels entails the need to supply water approximately to the middle reach of the



channels so it can flow in two antagonistic directions. This fact requires the water to be
pumped from certain sources (e.g., Bug, Vistula or other smakes of the area such as
Wiepzz 2 Af 3F 2NJ ¢81T YASYAOlI 0@
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Fig. 31  Overview of the research area: natural river network and variants of channels planned as an
element of the EAOWW development.

3.2 Analysis of water levels in channels and groundvewets in adjacent areas

As new elements dhe hydrological cycle in the area, the channels are likely to interact
with groundwaters. Analyses of this issue provided in the Feasibility $adtinfe
LyadAaddziS Ay DRI Zal1Z Al beidiltrating alday e whidd § G KS
course (water levels in channels are always higher than groundwater levels in areas
located around the chanr®l Analysinghe course of channels we find this assumption
highly unlikelyWhenanalysinghe impact of the potential construction of the BAOW

on the hydrological conditions of neighltmg rivers and wetlands, it is necessary to
identify the issues of the area related both to surface water and groundwater. The level
of the groundwater tal@ should be monitored at the stage of planning/desigtiney

canals using water level recordeesg; automatic pressure transducgra/hich form a
comprehensive groundwater monitoring network. For the purpose of this report, in order
to make a preliminarygeneral recognition of water levels from the Polish Geological
Institute-National Research Institytere obtained data from 18 wells located in the area
analysedFig 3.2. For thsanalysis, wells were selected for which measurement data



were avaihble and whichverelocated as close as possible to the cowfsthe channels

in each of thevariantanalysed A detailed analysis should include data from a larger
number of measurement points thavould bein the initial monitoringln the monitoring

wells analysed groundwater levelsvere recordedin the procedure of both standard
manual measurements&ind automatic measurementslepending on the available
method for a given well at different time periods (availability of measurement tiata).
order to veify this assumption, the profiles of channels wanalysedn GIS along with

the data on groundwater levels in wells located in the surroundings of the channels.
Locations of the monitoring weldgalysedare presented on Fig. 3.®/e alscanalysed

the longitudinal profiles of the channel versus ground elevations. We found that the
methodology provided in Feasibility Stfdyr NA G A YS Ly adAdGdziS Ay DRI Z
provide the quality materials for such an analysis: the approximation of gravadi@hs

they usedi.e. theDigital Elevation Model originating from the Shuttle Radar Topography
Mission (SRTMis highly uncertain and should not Bppliedin hydraulic calculations
(e.g., Gallant et al., 2012) due to the influence of noises anddrets final quality of

the model.

Channel course
Variant 1

@ \/ariant 2

= Variant 3

e main watercourses

@ el

1112681

&iF ae70.4

111509 1

Fig. 3.2 Location of wells used tanalysegroundwater levels with respect to the potential influence of
channels on groundwater.

For this reason we used topographic maps of Poland (scale 1:10000; PUWG1965) as a
better approximation of elevations within the study area. We assumed that in places,
where the designed elevation of water table is situated below the elevation of the terrain,



the channels will be draining (at least for the local overland flow). Along thehsse
where water table in the channel is above the contemporary ground elevation we
assumed the channel to be exfiltrating. Information about the role of the channel in
shaping groundwatesurface water interaction was later on used as a proxyhier
quantification of water gains and losses along the channel variants.

3.3 Calculation of wategains andossesf channelsn particular variants
3.3.1 Filling the chanels

The volume needed to fill the channel was calculated based on the dimensions of the

channel from the study. The length of segments, width and depth, and the calculated
volumeof water required to fill the channedse shown imab. 3.2The length means t

total length of the planned channel, both sections and sluices. Width is the awad#ge

on a straight section of the channel at a height of 4 meters above the hostoras

presented inFeasibility Studfa  NA G A YS Ly ad A ( Deptb igsHeiverRge | Z41 = H
depth of the channel from the horizontal bottom to the normal water level in the channel

on the straight section.

3.3.2 Current maintenance of the channel (sluicing)

The water needsf the current maintenance of the channel are considered tdhiee

water necessary for the functioning of shipping, the movement of ships by water,
along the channel and through the sluices. The water in this case will be used for the
sluicing angbossible generation of a directional flow from the upper sestibm calculate

the current amount of water necessary for sluicing, the following assumptions were
made:

- sluice length 420m; sluice width 42m ef.a F NAGAYS LyaidAddziS Ay DR

- water leves in the peak (max) and bottom (minl and 2) smt at both ends of the
channelsief.a NAGAYS LyadAddziS Ay DRIFZaA1ZI HAMPO

Variant 1: max 155 m asiminl 78,10 m asl, min2131,10 m asl;
Variant 2: max 162 mlasninl 93,41 m asl, mir2131,10 m asl;
Variant 3: max 140,5 m asl, minl 115,00 mnaisi2¢ 131,10 m asl;

- time of one sluicing 1 hour,

Laslc above the sea level



- the number of sluicing per day ¢ 24, which results from the assumption of
uninterrupted flow of vesselsef.a  NAGAYS LyadA(GdziS Ay DRFZ&1 =

- all water from one sluicing is used &mothersluicingin the sluices located downstream
from the particular sluice,

- there is noslope of water levels the sections of the channdi®tween sluices (ref.
al NAGAYS LyadAaiddziS Ay DRFZaA1XZ HAMPOX

- the water into the sluice operates both in gravity (teftafrom the upper section) and
goes gravitationally downstream (e.g., to the next sluice),

In order to calculate the amount of water necessary to sluice for each variant, how much
water is needed for the current operation, the largest of sluices itirmmef decline (each
channel has two lines of decligesloping up from one end to approximately middle of
the channel and then sloping back down to the other end of the chgimnehe channel

and the sum for two lines of decline was considered the amoeeded for the current
functioning of the entire channel, ensuring the water flow at a given level:

Suice width x3uice length x (the sum of the heights of the two largest sluices on two
lines of decline).

3.3.3 Evaporation

Water losses on the channeill occur through evaporation. Some assumptibase
been made to estimate these valuefo estimate the evaporation from the channel
surface, the average annual value of 2606 was assume@ossiblevalue occurring in
the literature when measurirttpe annualevaporatiorfrom open water irPolandOperat
G2RYZ2LINI gyeXs HammT w21 LRITYyFEYASXTI wnnp

3.3.4 Filtration

To estimate wategains andossesthat are likely to occur in the processes of water
exfiltration from the channel to adjacent porous aquiférsvas necessary to specify the
sections in which such filtrationayoccur and the size of this filtratiafiones of probable
exfiltration and infiltration to thechannel were delineated according to the procedure
presented in the chapter 3.2Tlhe amouh of water exchanged in the process of
exfiltration and infiltration was calculated on the basis of filtration coeffi¢l@ntThe
value ofKwas adopted for lowpermeable channel edges as for compact clays &Kmid

that represent very low permeabilitf the channel bedc{ose to be impermeableas
indicated in the Feasibility Study;; NA G AYS Ly adAl dhedrecfiof of DRI Z41 =
water exchange wadefined roughly on the basis tife defined exfiltrating/infiltrating

role of the channel, on thigasis of the results of the analysis described in the chapter 3.2.



3.4 Hydrological analyses of river discharge in the neighbourhood of the canals

Channelgo be designed in e&cof the variants will have to be continuously filled with

water. Analysing ater levels inthe channels andoughly designed elevations thfeir
bottoms presented in the Feasibility Studyl( NA G A Y S

LyadAddziS Ay DRI Z

hypothesize thathe water supply will have to be provided to the highelstvated point

at the channelongitudinal profile. This can be achieved either in a way of (1) redirecting
part of water from the rivers located near the highelvated point of the channel, (2)
pumping groundwater to the highestevated point of the channel, (3) natural water
supply to the highestlevated point of the channel (e.g., accumulation of rainwater;
locally occurring surface runoff) or (4) transfer of water from other sources through

pumping.

The method of water supply to the highedévated point of the channel shalbe

dependent on the amount of waterdges (including the number of sluicspgr day) that

2 OO0 dzNJ

Ft2y3

i KS

gK2ft S

WFNYQ 2F GKS

OKIF yy St d

channel of onalirectional slope. Thus, the channels in variants 1, 2 andrawéllat least

2 arms each. Profiles of therrain along the prospectivehannelsare provided in

Appendies1-3. Geographic location of the channels planned to be constructed allows to
hypothesize which rivers may be consideredaiential sources of war supply (Fig. 1.1;

Tab. 3.2)For the variant 1. there is only one rational potential source of water, which is
the river Bug. The other rivers located at the course of the planned channel are too small
to be responsibly considered a source of watertler channel. River Bug can also be

considered a rational source of water for all of the other variants. Howdénenvould
require translocation of water for the distances reaching roughly 100 kenemaining
2 variants may be potentially supplied byter originating fromVistula Wieprz,
2 ATthd potential Use of Waleti fidin & listed rivers as a
F2NJ 0KS OKIFIyyStao
rivers, with special focus on low discharges (e.g., §tl@ mean value ofhe lowest

¢l YASYAO!I =
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annual discharges from a mufear period), forming the values of environmental flows.

Tab. 3.2 Overview of the riverthat may serve as a potential source of water for the planned channels
in each of the variants considered.

Water gauge River Water withdrawal
. Remarks
for the variant

5t 0f Ay Vistula 2,3 ~60, 90km pumping uphill
Krzyczew Bug 1,2,3 ~65-75, 140, 6(km pumping uphill
[ dzo I NJi Wieprz 2,3 -
¢OKsNIi| ¢&T YAS 2,3 -

Wilga Wilga 2,3 -

Borki Bystrzyca 2,3 -




Selected discharge characteristics were considerddrespect to the losses of water in

the canal and new discharge characteristics (including durations of low flows) were
calculated showing the possible influence of the function of channels in particula
scenarios on flow regime of the rivers analysed.

3.5 Influence of channels on wetlands and riverscapes

The waterdependent ecosystems may be strongly impacted be the hydrological changes
in a region.We analysed distribution of peatlands in the catchments bimiBpica,
Bystrzyca, Wieprz and Wilgssing GI  a 2 1 NI R %), as Reéll &g dstribut®n and
conservation objectivesf Natura 2000 sitesSpecial Protection Areas under the Birds
Directive and Special Areas of Conservation under the Habitats [)rdctithe
catchments ofTysmienica, BystrzycW/ieprz and Wilga and in the Bug valley (using
database of th&eneral Directorate for Environmental Protectjon

4. Results and discussion

4.1 Analysis of water levels in channels and groundwater levels in adjacent areas

Groundwater levels (maximum, minimum aankerage) measured in different pergod
(depending on the availability of data for a given well) at observation gbwets o Fig.

3.2 are presented in Tal.1 and on Fig. 4:4.4. Depths to the water table (maximum,
minimum and average) for all wells are shanriig. 4.1. Depending on the locatioraof
well, there is a difference in terms of deviations from the average level of the groundwater
table (min, max). The smallest fluations in water levels over the years in which the
measurement data were available occur in the well 11/1482/1 located in the channel route
in variant 1, and the largest in the well 11/1504/1, which is near the beginning of the
planned channels course ianant 3.

2 http://www.qgis-mokradla.info
3 http://natura2000.gdos.gov.pand http://geoserwis.gdos.gov.pl
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Tab. 4.1 Medium, minimum and maximum levels of groundwater table. Data given in m asl. Source of

Fig. 4.1

Depth to the water table [m]

data: Polish Geological InstituteNational Research Institute.

Well's ID Max Min Average
11/120/1 151.85 | 148.37 | 149.49
11/509/1 135.20 | 133.96 | 134.42
11/562/1 17442 | 173.15 | 173.65
11/563/1 133.13 | 130.90 | 131.62
1/572/1 139.56 | 138.59 | 139.00
11/589/1 126.39 | 123.78 | 124.82
11/590/1 138.47 | 135.79 | 136.54
11/973/1 87.20 | 86.28 | 86.63
11/979/1 133.46 | 132.72 | 133.18
11/1269/1 75.90 75.33 75.52
11/1395/1 119.13 | 117.27 | 117.92
11/1470/1 142.03 | 141.17 | 141.74
11/1482/1 148.23 | 147.82 | 148.03
11/1504/1 114.64 | 110.55 | 111.49
11/1723/1 96.27 94.86 95.45
11/1729/1 164.95 | 163.67 | 164.21
11/1846/1 147.18 | 146.06 | 146.49
11/1847/1 148.22 | 146.95 | 147.54
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Fig. 4.2 Average, minimum and maximum depth to water table for every well along the channel in
variantl. Source of data: Polish Geological Institgtéational Research Institute.
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Fig. 4.3 Average, minimum and maximum depth to water table for every well along the channel in
variant 2. Source of data: Polish Geological Instituiational Research Irigite.



0,00

= E : : 1 1

-4,00
-5,00
-6,00
-7,00
-8,00
-9,00
-10,00
-11,00
-12,00
-13,00
-14,00
-15,00
-16,00
-17,00
-18,00
-19,00
-20,00 I
-21,00
-22,00

Depth to the water table [m]

11/1504/1 11/1395/1 11/509/1 11/1847/1 11/1846/1 11/590/1 11/563/1

‘
Well's ID —max —min #average

Fig. 4.4 Average, minimum and maximum depth to water table for every well along the channel in
variant 3. Source of data: Polish Geological Instiguiational Research Institute.

In the next stage of the analysis, an attempt was made to determine the role of particular
sections of the® K | y yoBréesinCparticular variants. This characteristic was made in
spatial information systems based on DEM generated on the basis ofappmgmaps

and Normal Damming Water Levels (NDWL; according to profiles from the study of

DRIZa]l alNAGAYS LyadAGdziSs wnmpOo® LG 41 a

elevation of the terrain is above the NDWL hawfaining effect ogroundwder. In the
opposite casethe stretch of the channel was defined as hawanigrigating role to
adjacentgroundwater. The above assumption has been confirmed on the longitudinal
profiles ofthe planned channel routes created in tparticular variantsHig. 4.54.7). On
longitudinal profiles ofhannels irthe 3 variantsanalysed, presented on the Fig. 4457,

the averagaggroundwater elevationg the nearest wells in the given asare marked
based on the data obtained. On this basiswés possible to indicate with some
approximation the places where a given section of the canal cantideagmoundvater.
Therefore, the results @fur analysis indicate thatespite the design of the channels, due
to the big differences between water leveisthe channels and in groundwater in some
areasthe role of the canalis variable in length in a given variant (draining or irrigating)
Recorded differences betwa groundwater levels in welldong the channel that may
reachmore than 10 meters in shiodistances from the channels in each of tagiants
analysed allow to hypothesize that the influencetbé channels on groundwater along
their course may be much higher than expected in the Feasiildy. For this reason
we find it compulsory to prade groundwater modelling study of this area.



Fig. 45 Longitudinal profiles of the channelwariant 1 with markers representing average groundwater elevations in wells located along the channel. Distances betwebs déinel channels are provided in km in the labels marking the wells.
Terrain elevations on the profile are derived from the DEbated on the basis of topographic maps of Poland in the scale of 1:10000.

Fig. 46 Longitudinal profiles of the channel in variant 2 with markers representing average groundwater elevations in wells locgt¢iaeachannel. Distances between the lselnd channels are provided in km in the labels marking the wells.
Terrain elevations on the profile are derived from the DEM created on the basis of topographic maps of Poland in théd S€08@&f

Fig. 47  Longitudinal profiles of the channigl variant 3 with markers representing average groundwater elevations in wells located along the channel. Distances betwed#ia &nd channels are provided in km in the labels marking the wells.
Terrain elevations on the profile are derived from theMD&reated on the basis of topographic maps of Poland in the scale of 1:10000.




















































































