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The main idea of this study was to analyze an énfae of altering water level, by the
barrage Bartoszowice — Opatowice, on the groundwatadjacent areas. In this paper
a physiographic characteristic of the Big Islandl arharacteristics of barrages are
presented. A simulation of the influence of a flogave passing in 1997 on water level
in the study area was presented. The simulatidaded: period before the flood, period
of flood wave passing through Wroctaw and periagrathe flood. To carry out model
testing previously collected physiographic data dath regarding water levels in 1997.
The test were carried out using mathematical mddgl that allows modeling of
groundwater flow. For hydrotechnical engineersuefice of structures altering water
level on groundwater is an important issue, becéuwsmn disturb foundations of existing
structures, adjacent buildings or other objectsciose proximity of groundwater
influence. It is worth to predict the influence af hydrotechnical structure on
groundwater.

Keywords: ground water, earth water, barrages, coenpnodelling, water level
increase, Big Island, Odra River

1. INTRODUCTION

Hydrographic conditions in the areas adjacent tdewaurses and water
reservoirs are formed depending on geology, surfacder level and

groundwater supply conditions. Location of the waddble is closely connected
with surface water. Groundwater can be rechargeduwjace water (losing
stream) or recharge surface water (gaining stredg)iodic changes from
gaining to losing stream are connected with fluidtunaof water level in the

stream. The Big Island was created by rivers amahioéls, separating it from the
rest of Wroctaw. These rivers and channels arendation Channel and

’ Corresponding author. E-majiistyna_malyszko@wp.pl




78 Justyna Matyszko, Justyna Kubicz

Shipping Channel from the Northeast, Odra riverfbeoh the south side and Old
Odra River from the west side. In the area of tHg Bland are weirs:
Bartoszowice, Szczytniki, Opatowice and Psie Pofe.task of these
hydrotechnical structures is to alter water levebrder to maintain a constant
water level in the river. The weirs are also pdrtthee flood control system
(Wroctaw Power Plant ). Significant fluctuationweater table can be observed
in vicinity of weirs. Particular situation can bbserved in the area of canalized
part of the Odra River in Wroctaw (WWW), includirte Big Island with
guarters: Zacisze, dbie, Biskupin, 8polno, Szczytniki and Bartoszowice.

2. AREA OF RESEARCH

The Big Island in Wroclaw is located in the eastern part of the city by Odra
River. It contains housing estates: Bartoszowiciskupin, Dabie, Zacisze,
Spolno and Zalesie, Szczytniki andp®Ino. The name: Big Island was given
in 1980 by professor Wanda Kononowicz. For a ldngetit was an unofficial
name, nowadays it is used also by Wroctaw City Cduihe lands belonging
to the Island except Zacisze were located on thddamk of Odra River (in the
area between Odra and Otawa) until the 16th centmrthe following years the
construction began, involving digging the riverb@tiese settlements lien now
on the opposite bank of the Orda river (which wegparated by oxbow lakes).
There is, however, a connection with the left bankl with the Wroctaw city
center — bridges: Szczytnicki and Zwierzyniecki.eTBig Island has an
individual protection — Natural —Landscape Comgdeing a part of Szczytnicki
Natural-Landscape Complex [1], [2], [3], [4], [5]-

Barrage Bartoszowice — Opatowice

Barrage Bartoszowice — Opatowice is situated at2idm + 035 of Odra River.
This barrage consists of: weir Bartoszowice, loclartBszowice, weir
Opatowice, Navigation Channel Opatowice, upper lamer outer harbors of
lock Bartoszowice, residential buildings, magazireesl outbuildings. It is
connected with Navigation Channel Bartoszowice eigZa — Rédanka, Flood
Control Channel, dykes, polders: Blizanowice, Tmesand Olawka and with
spillway to Widawa. That barrage has a great diggmice for the whole
Wroctaw Water Junction, especially with regard fimod control in the city.
The barrage intercepts water flowing to the citgl aontrols its flow.

* Weir Bartoszowice was built in 1913-1917. It is a weir with a segnatnt
closing. It was built to be a part of BartoszowRarrage. Weir Bartoszowice
alter water levels of Odra River in upper courses kituated 0,45 km from
the flood control channel. In is a three-span s$tmgc of dimensions: 2 x
30,00 [m], 1 x 40,00 [m]. The clear span of themigi 100,00 m and its
length is 108,40 m.
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Slope for NPP [m] equals 4,49. Threshold crown girvBartoszowice:
117,60 mamsl. Ordinate "0” of water gauge: 111,a88nsl.
The weir regulates water level together with thé patowice:
> level of upstream water for lock Bartoszowice amtklOpatowice,
» level of downstream water for lock Janowice.

Fig. 1. Weir Bartoszowice from Fig. 2. Weir Bartoszowice from
downstream side — view from left bank  upstream side — view from left bank

* Weir Opatowice was built in 1977-1985. It is a weir with a sectibalosing.
The weir consists of: abutment with control roomtlea right bank, abutment
with a fish ladder on the left bank, two piers,etfitold with sectional
chamber and a passage. The structure made of tensra casing for three
main steel sectors 2,70 m high and 32,00 m longir Wpatowice has a
hydraulic system to control these sectors, a défigpénstallation that allows
its exploitation during the whole year, and washisigining and ventilation
systems. Span lengths are: 3 x 32,00 [m]. The clean of the weir is 96,00
m and its length is 103,70 m.

Above the weir there is a footbridge that allowsogbrivileged cars to get
to the Opatowicka Island. The riverbed below thé patowice is an artificial
bump, protected by a riprap lying on a slab madtref thickness of 1,0 m.
Scarps of the riverbed are protected by concretesslsupported by a riprap
lying on a fascine mattress. The embankment orrigiit bank is protected by
steel sheet piling and on the left bank — by argroi
The weir regulates water level together with thé\Bartoszowice:
> level of upstream water for lock Opatowice and |Bektoszowice,

» level of downstream water for lock Janowice.
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Fig. 3. Weir Opatowice — view from  Fig. 4. Weir Opatowice — view from left
right bank bank

3. NUMERICAL MODEL AND BASIC HYPOTHESES

FIZ software — used in the engineering practice to determinkiénte of the

designed hydrotechnical structures on hydrograpbiwitions in the adjacent
area. FIZ software allows modeling of the grounaéwdow and contaminants
flow. Basic formula in FIZ software is Boussinesmation:

;—x-(Tx-Z—Z)+;—y-(Ty-a—z)+W=uZ—I: 1)

where:

X, y — spatial variable (x, ) Q, Q — filtration area, t — time,

n — coefficient of gravity drainage capacity, H -ezmetric height,

Ty — hydraulic diffusivity in direction of OX axis,«F k (H — a),

T, — hydraulic diffusivity in direction of OY axis,,F k, (H — a),

kx, k, — coefficient of hydraulic diffusivity on directio, respectively, OX and OY,
a — ordinate of the bottom of layer,

W — source function.

That is used to describe an unstable groundwaterifi saturated area. In
order to solve the equation for unstable filtratibis necessary to specify initial
conditions and boundary conditions. Initial coratis indicates distribution of
piezometric heights at the present moment (t P@zometric height values in
nodes for the initial moment can be determined loa basis of performed
measurements or calculations for steady state [15].
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Boundary conditions [16]:

» First-type condition (Dirichlet Boundary Conditior)by piezometric height,
it occurs when the values of the function h (},gre given on the filtration
area borders:

h=Fi(xy.t) 2

» Second-type condition (Neumann Boundary Conditiemy intensity of the
flow, it occurs when on the border the values afeaivative normal to the
border are given, which means that boundary canditdepend on the value
of the flow on the borders:

—f ds = kah d
Qn - qun S = C'f on S (3)

» Third-type condition (mixed) — it occurs when onetlborder a linear
combination of the values of the function h andlésivative is given:

oh
h+A —=

= By, )

4. RESULTS FROM MODEL TESTING

Model testing for the Big Island

In model testing an influence of surface water oougdwater in adjacent area
was determined. The influence of water level of @©River in 1997 on rise of

water level was tested. Mathematical model was tmesting the influence of

the flood in 1997 on groundwater level. The studilewed to determinate

changes of water levels when the flood wave wasmpnduring the flood wave

culmination and after the flood wave and estimatidrreach of reach of the

influence of altering water levels and duratioreldvated groundwater level.

Discretization of the selected area

On the study area a triangular finite element mesis generated. To each
element, which is located in the area covered bysthdy, coordinates of nodes
(x,y) were assigned. These nodes are linked togatitthey allow to solve the
assignment problems. Division of the area into fanalements allows to obtain
more accurate calculation results. In my studiesagpplied mesh is uniform, the
triangles are equilateral or similar to equilatérangles.
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Fig. 5. Discretization mesh Fig. 6. Part of the mesh

The mesh consists of 4686 nodes and 9091 triangles.triangles are
described with subsequent numbers of nodes. Thémmuax angle should not
exceed a value of 70 degrees. The mesh accurd@5s%, which means that
only 0.05% of triangles are obtuse triangles (manké&h red color), in which
calculation errors may occur. In the test thererie such triangle, located on
northwest.

Theoretical studies have shown that if the triapglee close to equilateral,
results of the model testing are more accuratee Biangles are similar to right
triangles, which angle exceed 80 degrees but mmezkthe maximum value of
90 degrees. In the test there are several qudgi{rigngles, located on the east
side of the study area. Other triangles are sindarquilateral, they are marked
with yellow color (angles smaller than 70 degreasyl green color (angles
between 70 and 80 degrees) — these triangleslygvadost accurate results.

Parameters preparation

To each node several values were assigned:

» filtration coefficient along x and y axis — for tlstudy area a mean value of
the coefficient k = 10 m/d was assumed (filtratmoefficient for medium
sand),

» coefficient of gravity drainage capacity u = 0,16 — calculated using the
Biecinski formula

u=0117 Vk (5)

where:
k — filtration coefficient [m/d]

[5]
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» altitudes of the top and the bottom and the groewndl, the top altitude is
118 mamsl and the bottom altitude is 112 mamsl|, [B§] [7], [17], [4].
In the model it was assumed that the average thiatjual to 600
mm/year is equal to evaporation on the study arkarefore it was assumed that
charging by rainwater is equal to 0 mm/day.

Determination of boundary conditions

In the studies the first-type boundary conditionri@let Boundary Condition)
was used, on the borders of the filtration arealaevof the function h(x,y,t) was
assumed:

h = Fl(X, y’ t) (6)

Groundwater level was determined on the bordeh@firea in accordance
with water altitudes in the watercourse. In thegragecond-type and third-type
conditions were not used.

Influence of the barrages on groundwater levels in997

The study of the influence of surface water on gowater in the Big Island in
1997 area was carried out. The research began teothsy before the
culmination of the flood wave — on May 18, 1997 egiimate a distribution of
water table rise for groundwater in the study arefore the flood, during the
flood and after the flood.

May 18, 1997

Simulation studies for period befor
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August 12, 1997
Simulation studies for period after the flood (AsguL997 - April 1998)
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5. MODEL TESTING RESULTS ANALYSIS

The simulation was carried out for the period fra8th May, 1997 to 12th

April, 1998. The largest area of the influence wfface water on groundwater is
located in the north and northeast part if the Blgnd, between the Old Odra
and the flood control channel, near the weir P& Plsoline of an increase
equal to 0.1 m was located along Jozefa Mianowski&freet, Jana

Glogowczyka Street on the east side and to Mor€kie on the west side.
Range of influence of surface water on water tablthe Big Island area was
about 150 metres from the Odra River toward thderenf the study area. The
largest rise of the groundwater level occurred r@dma River and it was about
1.5-1.8m.

After thirty days of observation a larger rangelaf water table rise of
0.1 m was observed, which reached a quarter Zaleshee northern part of the
area and it was distributed proportionally to theole area from Odra River
towards the city center at a distance of about3fbm watercourses. From the
side of a quarterépolno an isoline of level rise 0.1 m was locatedrni@iotra
Wysockiego Street. In the southern part of thentlase of water levels was
equal to 0.5 m and in other areas — between 1.3 d&wh [Fig. 9 — 10].

On the day of culmination of the flood wave (JuB; 1997) groundwater
level significantly increased. The maximum increase in the area of the Old
Odra and near the flood control channel. Isolinéewél rise 0.1 m was located
near Spoétdzielcza Street [Fig. 11 — 12].
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A month after the culmination of flood wave risdswater levels in the
vicinity of the Odra River were significantly redect The biggest values of the
rises were observed in the zone of 280 m from e @iver toward the Island
center (from Bartoszowice,¢folno, Zalesie and Szczytniki). However, the
range of isoline level rise 0.1 m was moved towtaalcenter of the Big Island,
about 800 m from the watercourses [Fig. 13 — 14].

In October in the vicinity of the Odra River watevel increase equaled
about 0.3 m and in the area situated about 300rtmefafrom the river toward
the center the increase equaled 0.5 m. The rangbeofirea of water level
increase was enlarged at 0.1 m. Isoline 0.1 mmahd proximity of Ludomira
Razyckiego Avenue, Walerego Stawika Avenue, Karolaz®lgskiego Avenue,
reaching Banacha Street and Zaleskiego Bridge g 16].

Nine months after the start of the study (12th ApE98) water levels
were back to normal levels — before the flood. Nedra increases from 0.1 to
0.2 m were observed. In the Big Island center ttea &@f groundwater level
increase covered also Adama Mickiewicza Streetc#&s be observed in the
following analyses, the flood of 1997 had a hudliéence on groundwater level
in the area of the Big Island. Even nine monthsréfie flood increased level of
groundwater could be observed.

6. SUMMARY AND CONCLUSIONS

In the paper the influence of altering water lewsighe barrage Bartoszowice —
Opatowice and cooperating weirs Szczytniki and Pgike on groundwater in
adjacent area during the flood of 1997 was analyzld study was carried out
using mathematical model FIZ, which allows modeliidghe groundwater flow.
For model testing previously obtained physiogralta for the Big Island area
were used together with data regarding water leivels997. After preparation
and elaboration all input data they were introduoéal the mathematical model.
A simulation of the influence of the flood wave 1897 on water table in the
area of the Big Island was carried out. The sinmtatovered the period before
the flood, period of flood duration in Wroctaw aperiod after the flood.

» Performed model test have showed the huge influehtlee flood wave on
groundwater level in the area of the Big IslandriBgithe Millennium Flood
many places in the area of the Big Island were dated. The cause of the
rise were two flood waves that occurred one afterdther in a very short
time period, caused by high intensity of rainfale rises remained constant
in the closest vicinity to the Odra River. The hegh surface water levels
(reaching a value of 120.00 mamsl) were observed tlom weirs
Bartoszowice, Opatowice and Ranka on 19 July, 1997. That level
remained constant for three days. After culminattmnflood wave started to
subside to 20 July when water level on the weir reached 118.50nsi. At
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>

the time when flood wave was subsiding, heavy alimiccurred and caused
the second flood wave with a water level of 1191@dmsl. The range of the
influence of surface water on groundwater signiftbaincreased. Isoline of
the water level rise equal to 0.1 m covered the afeAdama Mickiwicza
Street. Even four months after the culminationlobd wave an increase of
the range of influence of isoline 0.5 m in the eendf the Big Island was
observed. Only in April 1998 values of the grountiwasolines increase
came back to pre-flood conditions.

After the flood in 1997 most of the dikes have besluilt and modernized.
The dikes surrounding the Big Island have beenedeap. Hydrotechnical
structures and devices have been modernized aunitreb

Performed model tests have shown in which areathefBig Island the
largest increase of water table caused by highniettel during and after the
flood may occur. Obtained data allow to indicate #reas endangered by
flooding. In these areas appropriate damp insulasbould be applied to
building foundation.
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ODDZIALYWANIE STOPNIA WODNEGO BARTOSZOWICE — OPATOVZE NA
SATNY WOD PODZIEMNYCH TERENOW PRZYLEGLYCH W 1997 RQJ

Streszczenie

Gléwm ides pracy byta analiza wpltywu grzenia stopnia wodnego Bartoszowice —
Opatowice na wody podziemne terendw przylegtychnivejszej pracy przedstawiono
charakterystyk fizjograficzra Wielkiej Wyspy wraz z charakterystylstopni wodnych.
Zamieszczono symulagjoddziatywania przégia fali powodziowej w 1997r. na
ksztaltowanie s zwierciadta wody na terenie @bym badaniem. Symulacje
obejmowaly: okres przed wygtieniem powodzi, okres przeja fali przez Wroctaw
i okres po powodzi. Do wykonania badamodelowych postyly wczesniej
zgromadzone dane fizjograficzne oraz dane datezstanéw wody w latach 1997.
Badania wykonano przy zastosowaniu modelu matermaggo FIZ, ktory umdiwia
modelowanie przeptywu wéd podziemnych. Dlayinieréw hydrotechnikéw kwestia
wptywu budowli petrzacych na wody podziemne odgrywa istptiole, poniewa moze
zaburzy posadowienie istniegych konstrukcji, przylegtych budynkéw, jak i inryc
elementdw w bliskim otoczeniu oddziatywania wéd rgawych, dlatego warto
przewidywa, jaki wptyw bedzie miata budowla hydrotechniczna na wody podziemn

Stowa kluczowe:  wody podziemne, wody gruntowe, stepitrzace, modelowanie
komputerowe, przyrosty stanéw wod, Wielka WyspakezOdra



