A
> | p naﬂ-@’g

UNIVERSITY OFMISKOLC

MIKOVINY SAMUEL DOCTORAL SCHOOL OFEARTH SCIENCES

Head of the doctoral school:
Prof. Dr. Dobréka Mihaly
Professor

| NVESTIGATION OF INTERACTION BETWEEN RIVER AND SHALL
TER

THESES OAPHD DISSERTATION

AUTHOR:

Andrea Kolencsik Toth
MSc in environmental engineering

SUPERVISOR:

Prof. Dr. Péter Sks
Professor

CO-SUPERVISOR:

Dr. Baladzs Kovacs
associate professor

Institute of Environmental Management

OW GROUNDWA-

Department of Hydrogeology and Engineering Geology

Miskolc, 2017.



INTRODUCTION

Rivers can gain water from groundwater or can l@ater to groundwater, and depend on the
strength of connection they can determine the giteaiter flow system. Due to changes in
river stages the groundwater head is constantipgihg in a dynamic way. The hydraulic
impact of a river is complex, not only the narrogastal zone is influenced. The river affects
the groundwater flow velocity, the flow gradientdaftow direction even over long distances.
In Hungary the river beds partially penetrates shallow aquifers [Rézsa 2000], fully pene-
tration is rare [Léczfalvy 2004]. The hydraulic o@ction generally exists between the river
and groundwater. In natural state hungarian rigeesgaining rivers in most of the year, but
during wet periods they lose water to groundwater.

A detailed study of the hydraulic effects of rivetke effect distances and the relation to
groundwater based on field tests, data evaluaiind,numerical modeling can help the pro-
tection of bank-filtered water resources, and otreundwater resources too. In Hungary the
daily water demand of 40% of population is satwfley bank-filtered water. Most of the
bank-filtered water resources is located alongDhaube [Léczfalvy 2004]. As 75 % of the
potential water resources are bank-filtered watspurces, they play a big role in the future
water resource management. To know exactly the $igstem is also necessary for the better
understanding of mass transport processes in th&aozone of surface and groundwater.
The most part of industrial sites are located se@face water bodies, where potential or ex-
isting pollution of groundwater can contact theface water.

BACKGROUND OF THE RESEARCH

Most of the current research on the relationshtgvben rivers and groundwater in Hungary is
closely related to bank-filtered water resourcestiiyy these researches such problems were
analyzed that the proportion of river water andugidwater in the produced water, the quality
changes in the produced water, the suitabilityeyEpective bank-filtered water resources for
production, the depression and flow conditions. &wswering the questions, riverbed drilling
[Kontur 1988], seismic geophysical measuremengkage tests [R6zsa 2000], pumping tests
on pilot sites [Volgyesi 1992], tracer tests [Karmet al. 2013, Deak et al. 1992, Karman-
Deak, 2012] were carried out. In the subject alsmes small-scale studies were performed,
which have mostly used statistical tools to explbeeriver-groundwater relationship [Csoma
-Gélos 2009, Csoma et al. 2012, Fejes 2014, Melkijdu 2003]. In addition, hydrological
studies dealt with the questions of groundwater{é@ M. 2011].

Overall, the studies are typically valid only folimited time period. Rarely reflect changes in
the system over time. Small areas are investig@gpdtally at the riverbank. It doesn’t define
different hydraulic impacts and distances of eBedthere is no information on groundwater
flow velocity changes in space and time. In the etiod practice permanent approach is ac-
cepted and used, which do not take into accountlia@ges in groundwater flow system, or
just grab specific states of the system (average, dr high water level conditions).

THE GOALS OF MY RESEARCH

First objective of the research is to examine hbe dynamic changes in the interaction of
river and groundwater can influence the groundwier conditions. Defining the hydraulic
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impacts of the river is usually limited to determian approximate distance in which the river
influence the groundwater. Influence generally nseamy the changes in groundwater level.
It is not clearly defined what kind of effects gmesent, and how it may change in time. Dur-
ing my research | studied the hydraulic effectsiér for the groundwater flow conditions in
detail, trying to find answers to questions thaichtkind of effects can be defined, how the
distances of effects can be separated.

A further aim was the detailed investigation of thationship between river and groundwa-
ter level, as the results showed that the lindatiomship between two variables is not always
valid, the relationship changes over time. Durihg tesearch questions about the nature of
the relationship, its changes in time during rifleods were examined.

It was important to apply the gained skills frone ttopic of river-aquifer relationship in nu-
merical modeling of such systems, improving repnege/eness of the models. In particular,
| focused the problems of permanent modeling. herad the differences in catchments of
bank-filtered water resources resulting from theuagption of permanent and transient water
flow conditions. Applying initially smaller, andtier higher temporal resolution in the transi-
ent models | found further difficulties without sdfctory solutions. Thus, further research
examined the effect of time resolution for the aacy of the models and tested new tools in
model calibration.

A review of research methodology illustrated inufegy 1.
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INVESTIGATED SITES

The locations of pilot sites are shown in Figurd Re first area is located along the riverside
of Danube between Komarom and Neszmély, in soudtiibn 7 km distance from the river.
The other sites are along the Tisza River betwdsra@iob and Arokt, primarily located on
the right side of the river. Initially, the availabgeological and hydrogeological information
was collected and background research was perforitexdata used in the research are orig-
inated from web and project databases [K.Toth.e2@i5, K. Téth-Madarasz 2014].

I
50km 100km 150km 200km

Figure 2.: The location of pilot sites

My studies started with monitoring data analysisce the problem statement itself is derived
from water level observations of the research sies first | wanted to draw conclusions
from measured data. Data analysis means grapepedgentations of data, descriptive statis-
tics, kriging, and other interpolations, correlatiand regression calculations, and other data-
base management, filtering, etc.. Determination eraduation of river-groundwater relation-
ship, and river effects can be only as accuratdease the available monitoring network is in
space and time. Therefore, the data gaps werd fllth numerical calculations, which could
also show the spatial and temporal variation ofitydraulic changes.

Numerical calculations were used in two approacheshe first case "schematic” models
were built, which can not be linked to a specifite.sl examined the effects of river for
groundwater flow conditions with different paranrstescenarios, spatial and temporal resolu-
tion. In the other the calibrated numerical mod#lstudy sites were used, and targeted tests
were performed.



THESES

1. thesis

The effects of river for groundwater flow conditiand its distances were examined on meas-
ured and calculated datasets. Based on the effeee hydraulically effective distances
were defined:

» the distance in which the river influence the gmbwater flow velocity, and the
groundwater head; this is calldstance of flow gradient

* the distance in which the groundwater flow direatie reversed during rising river
stage, the flow is towards the aquifer from the@mhis is calledlistance of flow di-
rection,

* and finally the distance which the entering watartiples reach in the aquifer during
the rising river stage; this is calld@éstance of bank storage

| determined that the defined distances are increasg at all times in the following order:
the distance of bank storage, flow direction and éiw gradient.

# distance of flow direction
» distance of flow gradient
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Figure 3. a) calculated flow velocities during @oitl of Tisza river with indication of effective
distances, b) particles pathes during the flood



2. thesis

| studied the groundwater flow velocity vector spat time and space with numerical calcu-
lations. | concluded that the absolute valuesadbcitiesin various river stages and in differ-
ent distances from the river and also the defidieelction- and gradient distancesare in-
creasing logarithmically with increasing hydraulic conductivity of aquifer and riv-
erbed’s hydraulic conductance.For riverbed’s hydraulic conductance this dependettis-
appears when the flow velocity reaches the maximaine belongs to the resistance-free
state between the river and aquifer.

0.5 Y =0.06 * In(X) + 0.07 2200 1y - 11278~ inpx) + 1084.15
coefficient of determination, r2 = 0.99 coaticient of dalammination; F-=( 97
! ’ Y =120.81 * In(X) + 570.23
coefficient of determination, rZ = 0.89
1800 Y =89.78"In(X) + 332.44
coefficient of determination, r2 = 0.91
B £
3 3 1400
E &
> @ > a A < A A
© 5 A -
% [0] A
[ % 1000 a”
= S o
% 4
2 o | P ) o b
a & distance of gradient (at peak)
600 fitted function
@ distance of direction (at peak)
. » fitted function
¢ velocity A distance of direction (maximum)
0 fitted function 200 - fitted function
0 100 200 300 400 0 100 200 300 400
CRIV (m#day) CRIV (m?/day)
a) b)

Figure 4. a) flow velocities at the starting stafjeiver flood, b) the distance of flow gradient
and flow direction as a function of riverbed hydragonductance
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lic conductivity



3. thesis

| examined the nature of hysteresis formed in thealation between river and groundwa-
ter daily water levels on measured and calculatedada and concluded that:

(1) the slope of rising and falling curves decreases,hile the hysteresis width in-
creases with decreasing riverbed conductancét means that during a river flood

lower the groundwater level and higher the timeagetith decreasing riverbed con-
ductance.

(2) the changes of slope of rising and falling curvesnd the hysteresis width with hy-
draulic conductivity of aquifer is dependent on thedistance from the river and
riverbed conductance.Closer to the river the curve’s slopes decreasevadth in-
creases, while farther from the river the slopesdase and width decrease with in-
creasing hydraulic conductivity.

(3) the slope of the rising and falling part of the loping curve are not necessarily
identical, indicating that the discharge and rechage process in the aquifer take
place with not the same delay.

(4) for different floods the slopes of rising part of he looping curves are the same in-
dicating that the linear relationship between riverand groundwater levels is not
influenced by the flood wave properties.

| observed that during flood there is also hysteras between the river or groundwa-
ter level and the river recharge. It means that theiver stage and groundwater level
reach its maximum later, than the flow rate.
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4. thesis

| compared the permanent and transient numericalefaoof several river-influenced GW
flow systems and found th#te flow path lengths and directions of water paritles are
different in permanent and transient flow conditions, and this difference increases ap-
proaching the river and with increasing simulation time. Consequently, the capture
zones, the hydrodynamic dispersion and the directg spatial extent and concentrations
of dissolved contaminant plumes calculated with penanent and transient model are
also different. Permanent GW flow and transport moctl in the distance of flow direction
less able to accurately describe the system.
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Figure 8. the spatial extent of contaminant pluafésr 8 years simulation time in permanent
and transient flow conditions
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Figure 9. a) the flow path length and b) the disjmer in transient and permanent flow model
5. thesis

| studied the capture zones of theoretical barkréld water resources in permanent and tran-
sient flow conditions. My research showed titet transient capture zones don’t match the
permanent capture zones, its extent and shape aréférent. | proved that this difference
depends on the assumed GW flow conditions (assumesder stages) compared to the
average permanent flow condition in the simulated @ years. It also found that the dif-
ference between permanent and transient capture zes increases with increasing simu-
lation time and riverbed conductance.
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Figure 10. the capture zones for 5 and 50 yegoeiimanent and transient model

With other words, the shape and extent of transtapture zones depend on how the river
stages will change during the next 50 years. lhiggi river is assumed and GW flow gradient
is greater than the average gradient, then thenerfetransient capture zone is larger than
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permanent one. Whereas when losing river is assuoregaining river with the GW flow
gradient is less than the average gradient, thenerf transient capture zone becomes smaller
than in permanent case.

6. thesis

| examined the effect of the different temporalotaon with numerical calculations and it
was concluded thahe temporal resolution, and applied river stagesn the model’s peri-
ods significantly affect the model's ability to simulate the GW dynamics accurately In
rising river stages the reverse flow path lengthsvall as the lasting of reverse flow situation
are under- or overestimated.

The reason of under- and overestimation can bedfanrthe difference of river stages be-
tween reality and the model’s period. In case ohltantemporal resolution the few days pe-
riods of high river stages are neglected, which emult much longer periods of low river

stages than in reality. At the same time assunooghtgh river stages for longer period caus-
es the opposite effect.

04 3 0.4
\ == daily periods

=== 25 periods/year

=+ 10 periods/year - river stagel

=10 periods/year - river stage2

—¢— daily periods

=== 25 periods/year

=——f— 10 periods/year - river stage1
- 10 periods/year - river stage2

0.3

0.2

0.1

reverse path length / total path length
(=]
()
the ratio of days with losing river to a year (%)

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

distance (m) distance (m)
a) b)

Figure 11. the effect of temporal resolution fae flow paths a) the ratio of reverse flow path
length to the total length b) the simulation tinieeverse flow conditions

7. thesis

| examined the effectiveness of commonly used tootslibration process of permanent and
transient numerical models. | found timaihimizing the fitting error of measured and cal-
culated GW head is not acceptable calibration todf - within the simulated time period

- fitting is performed for only one time or more, kut with similar flow conditions. The
gained parameters don’t ensure the smallest eardhé entire simulation period.
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| proved that the transient models must be calibraéd adjusted to the river stages, the
time period used in calibration have to contain ateast a period when the river changes
from gaining to losing situation.

In losing river condition two new calibration tools are introduced, which can effectively
be used to find the appropriate model parameters(1) fitting of measured and calculated
maximum head difference during floods along a sectierpendicular to the river (2) fitting
of measured and calculated hysteresis curves.
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OPPORTUNITIES FOR APPLICATION

Within the PhD topic | tried to look for answers picactice-oriented questions. In addition,
many issues are generated from the practice. Duwractical applications of the results partic-
ularly come from numerical modeling part of theeagh topic.

The research has shown that a permanent flow andgort model is suitable only with limi-
tations to describe certain phenomena, becausestach GW flow direction and gradient is
assumed. In the dissertation | suggested sevemndhtions for the application of permanent
models.

| showed that the transient capture zones of ravatHiltered water resources are different
from the permanent capture zones in its shapespatial extent. The largest spatial extent
was delinated in case of the highest GW flow gnaidiewards the river. Therefore | suggest-
ed for the protection zones of bank-filtered watsmources to be delineated in flow condition
belongs to the lowest river stage.

| examined the calibration process and tools ofgient GW flow models. | suggested that the
time period of measurements used in the calibrgirocess would contain at least one period
with losing river conditions. In losing river cotidin the application of two new tools in cali-
bration is suggested. The fitting of measured aamdutated flood hysteresis curves can be
applied for estimating the riverbed hydraulic coctdnce.

The correlation calculations between the river &W levels and between GW-GW levels
can be used in the optimalization process of GWitaong systems.

SUMMARY

In my PhD thesis work river and groundwater inteoacand the hydraulic effects of river
flow on the connected aquifer were thorougly exadirMonitoring data analysis and numer-
ical calculations were performed in pilot sitesrgjahe Danube and Tisza rivers.

Based on the results of river and groundwater datdysis, and groundwater flow velocity
calculations | separated the river’'s hydraulic ef§eand its distances. | studied the temporal
and spatial variation of the flow velocities angl diependence on the aquifer’s hydraulic con-
ductivity and the riverbed’s conductivity. Becausek periodically changing river stages,
groundwater flow velocity continuously (dynamicalighanges in time within a certain dis-
tance from the river, and it depends on both patarmdéogarithmically. The daily groundwa-
ter level is delayed compared to river stages, whis constantly rising and falling stages. It
causes hysteresis (looping curves) in daily cotimabetween the two levels with shapes
dependent on the physical properties of the aqaifdrriver.

The results modify the earlier idea that the grauster flow can be simulated with a constant
flow gradient and flow direction in most of the ye riverside areas, because even though in
gaining stages of the river the groundwater floveclion and gradient constantly changing in
a certain distance. Based on the numerical calonkit is proved that the accuracy of per-
manent numerical simulations deteriorate in thatagice from the river where the groundwa-
ter flow direction is constantly changing. Partipiathlines, capture zones of wells, contami-
nant plume’s movement (direction and velocity) iffedent from reality in permanent simula-
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tion. | have shown that the shape and areal extenapture zones for bank-filtered water
resources depend on the river water level changesssume in the simulation time. The
largest spatial extent of capture zones is obtdioethe lowest river stage.

The difficulties of transient numerical modelingearot only the needed large datasets, but
also its temporal resolution and calibration. Timeet periods of the model must be fitted to
the river stages in a way that the hydraulic effexftthe river is simulated more precisely in
time and space. During the model calibration, iditah to the hydraulic conductivity and
specific yield of aquifer, the generally unknowrdhgulic conductance of riverbed must also
be changed. Meanwhile, the density of the meastiaéal in space and time - which we used
for calibration - is not enough. This leads to ghhilegree of uncertainty in calibration, which
can be reduced only with multi-step process. Treams the simultaneous execution of multi-
ple, non-traditional fitting procedures, using drnt stage periods and floods of the river.

The thesis work highlights the importance of cambns monitoring activity, since the re-
search results presented as evidence that fortigagens with all purposes is essential to
track the system’s changes in time. My researchkwaare carried out based on pilot sites,
but there are several general outcomes betweeresh#s, which can be applied in any simi-
lar river-groundwater interaction.

Potential applications of the results are auditbahk-filtered water resources, optimizing
groundwater monitoring systems, exploration, remgai and monitoring activities of exist-
ing or potential pollution of groundwater at indigt sites. The results provide a basis for a
later detailed development of new method by whicled hysteresis between the river and
groundwater levels can be used for the calculagfotiverbed hydraulic conductance without
pumping tests. Continuation of the research isitkelvement of other riverside areas, ex-
panding the database, comparing the new resultgetprevious ones, as well as expansion of
the quantitative impact assessment with qualitaivaysis.
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