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Summary: This paper presents a basic water budget model for the Pali¢ Ludas$ lake
system. The model’s domain includes Lake Pali¢, Lake Ludas, Lake Omladinsko, the
Palié-Ludas channel, and all the relevant hydraulic structures on the system. All the
main water budget elements were taken into account, namely, the discharge from the
sewage treatment plant into Lake Pali¢, precipitation, evaporation and ground water
interflow with the lakes. A one year simulation was conducted for 2017. The results were
analyzed in order to asses the importance for each component of the water budget, and
to predict possible alternative scenarios.

Keywords: Numerical model, water budget, Pali¢ Ludas lake system

1. INTRODUCTION

The Pali¢ Luda$ lake system is located in northern Backa, near the town of Subotica in
Serbia. The system is composed of three lakes: Lake Pali¢ (total surface area of cca.
590ha), Lake Omladinsko (total surface area of cca. 13ha) and Lake Ludas$ (total surface
area of cca. 358ha). Lake Pali¢ consists of four Sectors (Fig. 1), while the first Sector
itself is divided into three Lagoons.
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Figure 1. The schematic representation of the modeled system

Culverts of various dimensions and cross-sections are connecting Lagoon 1 (L1) with
Lagoon 2 (L2), Lagoon 2 (L2) with both Lagoon 3 (L3) and Sector 2, Sector 2 with
Sector 3 and Sector 4 with Lake Omladinsko. A gate and weir allows the water to flow
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from Sector 3 to Sector 4. The water leaves the whole system over a weir at Lake Ludas.
Lake Omladinsko and Lake Luda$ are connected with a 4.5km long channel of
trapezoidal cross-section. On this channel the most important hydraulic structure is a
broad crested weir preceding a 1.41m drop in bed elevation. At some areas this channel
has a considerable amount of reed in it’s bed.

The main source of surface water inflow in the system would be the sewage treatment
plant, which releases the treated water into Lagoon 1. Other significant water budget
elements are the precipitation and evaporation and the inflow of groundwater.

2. NUMERICAL MODEL

The numerical model is based on a series of storage areas that represent a particular
Lagoon, Sector or a Lake of the system. The model computes the change in water
elevation in these storage areas by balancing the continuity equation for each of them.
These storage areas are connected either by hydraulic structures with defined rating
curves or with a channel. In case of channels the St. Venant equations are solved. The
precipitation and evaporation is taken into account only for the storage areas, while the
groundwater interflow is computed for both the storage areas and channels.

The performed computations are for unsteady flow, due to the varying inflow from the
sewage treatment plant and the varying precipitation and evaporation during the year. A
stabilization period of three months was adopted (October, November and December of
2016), thus the whole simulation lasted from 1% of October 2016 to 31% of December
2017.

3. INPUT PARAMETERS

The input parameters consisted of a hydrograf that represents the outflow of water from
the sewage treatment plant into Lagoon 1 (Fig. 2). Although with some variation during
the simulation period, it can be stated that the sewage treatment plant releases the
discharge around 0.4m%s into Lagoon 1 of Lake Pali¢. The peaks account for high
precipitation on the catchment drained by the sewage system that ultimately brings the
water to the sewage treatment plant.
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Figure 2. Hydrograph from the sewage treatment plant
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The precipitation input data is based on measured values for the simulation period, while
the evaporation was computed using measured temperatures and wind speeds in the
modeled area. Since the evaporation is not directly measured, one should keep in mind
that these computed values can deviate from real ones.

Input data for groundwater was taken as a representative (average) value from historical
records. Although, this means that the groundwater elevations are constant during the
simulated time period, they represent real (measured) values in the modeled area.

4. RESULTS

Three sets of numerical simulations were produced. The first is based on real data with
all the major water budget elements aiming to reproduce field observations, the second
endeavors to asses the importance of groundwater interflow by eliminating it from the
computation, and the third introduces a hypothetical situation when the water from the
sewage treatment plant would bypass the whole lake system.
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Figure 3. Water surface elevation and net inflow for Sector 3
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Figure 4. Water surface elevation and net inflow for Sector 4
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The first simulation attempts to compute hydraulic parameters of the system during the
modeled period, i.e. to reproduce field observations. On Fig. 3 the water surface and net
inflow of Sector 3 are depicted. As it can be seen, the water level did not change
significantly, and stayed between the values of 102.75 m and 102.85 m. The levels in
Sector 2 and Sector 1 are very similar to those of Sector 3, since the hydraulic structures
(culverts) between these parts of the system generate only minor losses in hydraulic
head.

Figure 4. presents the water surface elevation and net inflow for Sector 4. Similarly, the
water level did not change significantly, and stayed between the values of 101.5m and
101.65m. The significant difference in water levels between sectors 3 (cca. 102.8m) and
4 (101.55m) are due to a weir between these two sectors.
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Figure 5. Water surface elevation in the Pali¢-Ludas channel

The profile of the Pali¢-Luda$ channel for 26" of February 2017 is given on Fig. 5. The
downstream of the channel (from RKM 0+000 to 1+650) is under the influence of the
water surface of Lake Luda3 (backwater effect), while the upstream part (from RKM
1+700 to 4+500) is governed by the broad crested weir and subsequent drop in bed
elevation at RKM 1+670. Figure 6. gives the discharge into Lake Ludas from the Pali¢-
Luda3 channel. Although the inflow into the system (from the sewage treatment plant
and groundwater interflow) is approximately uniform during the year, the discharge into
Lake Luda$ shows a significant drop in the months of June, July and August. This can be
accounted to greater values of evaporation during the summer months in Lake Pali¢ and
Lake Omladinsko.
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Figure 6. Flow into Lake Luda$

Finally, Fig. 7. depicts the water surface elevation and net inflow for Lake Ludas. Unlike
Lake Pali¢ and Lake Omladinsko, the simulation shows a noticeable drop of water
surface elevation (cca. 10cm) during the summer months. This tendency is yet to be
confirmed by field observations.
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Figure 7. Water surface elevation and net inflow for Lake Luda$

The second set of numerical simulations aims to asses the influence of groundwater
interflow with the modeled system. This was achieved by eliminating the groundwater
element from the model and running the simulation with the remaining items of the
water budget. The most striking result is shown on Fig. 8. If there would be no flow to
the modeled lake system from groundwater, the Pali¢-Luda$ channel would dry up in the
summer months. Since, this phenomena doesn’t occur in reality, one can state that the
groundwater flow into the system is a significant part of the water budget, and a
significant factor in supplying the lakes with water.
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Figure 8. Water surface elevation in the Pali¢-Luda$ channel with no groundwater
interflow with the system

Finally, the third set of computed results depicts a hypothetical situation when the water
from the sewage treatment plant is rerouted, and bypasses the modeled lake system
completely. Figures 9. and 10. show the water surface elevations and net inflows for
both Sector 4 and Lake Luda$. Without the inflow of water from the sewage treatment
plant, there would be a drop of water elevation of cca. 0.2m in Sector 4 and 0.45m in
Lake Luda$. This would respectively mean a drop of cca. 10% and 25% in these
locations.
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Figure 9. Water surface elevation and net inflow for Sector 4 without inflow from the

sewage treatment plant into the system
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Figure 10. Water surface elevation and net inflow for Lake Luda$ without inflow from
the sewage treatment plant into the system
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Figure 11. Flow into Lake Luda$ without inflow from the sewage treatment plant into the
system

The impact of this hypothetical scenario would be most damaging on Lake Ludas$, since
the flow of water in the Pali¢-Luda$ channel would completely seas in the summer
months, as shown on Fig. 11.

5. CONCLUSION

The presented basic water budget model for the Pali¢ Luda$ lake system revealed that
the water surface elevations in the modeled lakes do not vary significantly during the
year under the current flow regime. Lake Luda$ can face a slight decrease in water
surface elevation during the summer months.

Simulations accounting for hypothetical scenarios revealed that the groundwater
interflow is a significant element in the water budget of the modeled lake systems. It was
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also concluded that the compleat bypass of the sewage treatment plant’s discharge would
result in significant drops in water surface elevations in Sector 4, and especially in Lake
Ludas.
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OCHOBHM MOJEJI BUWIAHCA BOJE 3A CUCTEM
JE3EPA ITAJINh JIY JALI

Pezume: Osaj pao npedcmasnma ocHosHU Modell bunanca 600e 3a cucmem jezepa Ilanuh
Jlyoaw. [omen moodena obyxeama jesepo Ilanuh, Jlyoaw, Omraouncko jesepo, Kauai
Hanuh-Jlyoaw u cee penesanmue xuopomexruuke oojekme Ha cucmemy. Ceu
penesanmuy eiemMenmu 600H02 bunamca ¢y ysemu y ob3up, Kao wimo je 6o0a Koja ce
ucnywma y Ilanh ca Ilocmpojera 3a npeuuwhasarwe omnaonu eoda Cybomuya,
naoasune, ucnapaearbe u unmepaxyuja noosemue 6ooe ca jezepuma. Cnposedena je
cumyrayuja koja obyxeama epemencku nepuoo moxkom 2017. zooune. [lobujenu
pesyimamu ¢y aHATU3UPAHU y Yumy npoyeHe Ymuyajd nojeOuHux eremeHama 600HO2
bunanca, Kao u NPoyeHe HeKUx AIMEPHAMUSHUX CYEHAPU]A.

Kuyune peuu: nymepuuku mooen, 800Hu bunanc, cucmem jezepa Ianuh JIyoaw
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