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Introduction

Growing number of extreme weather conditions
Connected to the hydrological cycle

Huge amount of rainfall in a
short time period

Meaning longer periods .
without any measurable rain

Fast floods, karstic floods
Urban floods

In Hungary these can cause several problems



Introduction

Fastfloods of Miskolc 2006, 2010, 2013

In Hungary inland water and drought
can be at the same place

These extremities affect the agriculture,
food industry and energy usage through
irrigation

With the proposed mathematical methods the
variability of the rainfall eventanbe reduced

Conceptual changes in groundwater management

Not to let the water surplusggo floods throughfast, but to store
the largeamountof water



Introduction

On Earth %Pproximately 4000 kn¥volume of water is being
transported annually in the water cycle

Whichis affected b%/_the changing climate and the meteorological
extremities present in recent years

These changes in the behaviour of precipitation have an impact @ |
on the groundwater resources through the recharge S

In Hungary most dhe drinkingwateris producedfrom GW
resourceg96%)



PERCIPITATION, DEPOSITION / DESUBLIMATION
ACCUMULATION, SNOWMELT, MELTWATER, SUBLIMATION,
Water droplets fall from clouds — DESUBLIMATION/DEPOSITION

as drizzle, rain, snow, orice. Snow and ice accumulate, later melting back
ADVECTION into liquid water, or turning into vapor.

Winds move clouds through

the atmosphere. s

CONDENSATION, CLOUDS, FOG
Water vapor rises and
condenses as clouds.

SURFACE RUNOFF, CHANNEL RUNOFF,
RESERVOIRS

Water flows above ground as
, S runoff, forming streams, rivers,
- = SN - swamps, ponds, and lakes.

EVAPORATION
Heat from the sun causes S . @1 PLANT UPTAKE, INTERCEPTION,
water to evaporate. o , WHV ey 2, = TRANSPIRATION
: [ ; @ Plants take up water from the
4 : = i ‘ . ground, and later transpire it
HYDROSPHERE, OCEANS . y e 2 back into the air.
The oceans contain
97% of Earth's water.

/INFILTRATION. PERCOLATION, SUBSURFACE \
FLOW, AQUIFER, WATER TABLE, SEEPAGE,
SPRING, WELL

Water is soaked into the ground,

The Water Cyc[e / A flows below it, and seeps back out

enriched in minerals.
\ /)

Water moves around our planet by ,
the processes shown here. The water - : VOLCANIC STEAM, GEYSERS, SUBDUCTION

cycle shapes landscapes, transports . Water penetrates the earth’s crust, and

minerals, and is essential to most life comes back out as geysers or volcanic steam
and ecosystems on the planet.




Statisticaanalysi®f time series
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Spectrabnalysi®f time series

Hungarian Meteorological Service Online Datahadgcial measurements
Cyclic properties of 110 year long data of annual, monthly and dalily rainfall

Forecasting

Waveletanalysis




Spectrahnalysi®f time series

2m 2m

1

cos(t) = cos (Z_t) = cos (F t) = cos (27: Ft) = cos (2nft)

T

1
r=(z)
Where, f :frequency,
T = 2 @eriod length

A= cos (2rft + ¢@)

Where, A :amplitude,
u: phase angle

RelF(f)] = f () cos(anf) dt

mlF(F)] = f " (0 sin(2nfo) dt

The real and
imaginary spectrum
gives the weights of
the sin-cos
components.

Acos(2nf(t+A1)),
At > 0.

Acos(2nf(t+At)),
At < 0.

cos(2xft)

Acos(2nft)

F(f) = A()e*?

Fourier-spectrums based on the
\ cos ( 2and ¢ i) n ( 2udctions)
Search for periodic components in
precipitation functions.

y(t)




Spectrabnalysi®f time seriesc annual

precipitation
The annual dataset:
Time period: 1902010
110 year

Number of samples: 110
Sampling rate: ¢r

Debrecen
16 cycles
10 major, Gadditional
Mostdominant 3,6yearlong
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Spectrabnalysi®f time seriesc

monthlypreC|p|tat|on

The monthly dataset:
Time period: Jan 1904 Dec 2010.
1320 months
Sampling rate: 1 month

Most dominant
1 yearlong, 6 monthslong

Debrecen
43 cycles
Dominant 59, 14.7, 378 month
long
t SOa
65 cycles

Dominant 5.5, 54, 12.2, 60 month
long
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Spectrahnalysi®f time seriesg daily
precipitation

Debrecen| Budapest t SO&| Szombathely
(relative | (relative (EEWNYE (EEWNYE
The table shows that the 1 year, 0.5 years, 0.7 years, and e T I

0.3-0.4 years can be detected in the rainfall data series of 1. lyear O5year  1year 1 year
(99.1%)  (91.2%) (90.1%) (99.7%)

all four cities,

- 05year 1.0lyear 0.5year 0.5 year
(60.8%)  (71%) (69.7%) (26.0%)
The 1.23 year long cycle is in_the series of three cities 122year 07lyear 07year  1.15year
(Debrecen, Budapest and $ X) a - (40.3%)  (49.6%)  (39.9%) (24.2%)
“ 0.73 year 5.03year 4.84 year 0.71 year

The registration interval for each city divided into four S | @ | EEe) | e
equal perIOdS 0.3 year 1.1 year 0.46 year 1.05 year
(32.7%)  (46.6%)  (39.3%) (20.9%)

. . . : 422 year 1l.15year 0.4 year 0.37 year

To deéermlne how spectral information changes in each - GLa%) | @) | @7a%) | (209%)
perioda. 1.67 year 0.3year 1.23year 3.32 year
29.8% 43.7% 35.7% 20.4%

Tofind the climate change relation as to whether the 6(_09 ye;r 1(,37 ye;r 0(_29 ye;r 0(_87 ye;r
length of the precipitation cycles is actually shortened. - (29.6%)  (434%)  (355%)  (20.2%)
3.56 year 1.23year 3.43year 0.64 year

(26.6%)  (40.3%)  (31.9%) (20.1%)

10. 14.2 year 0.54 year 1.51 year 23 year

(25.8%) (40%) (31.2%) (18.7%)



Spectrabnalysi®f time seriesc Across
the CarpathiarBasin

Fromannaul | 4¢7ylek Frommonthly ATk,
precipitation m precipitation m
[yr] [month]
5 A0l G L 9416 % 7 cycles from annual
3,53,6 71,25 % 0,5 61,97 %
118135 | 6611%| 492500 | 2861% 13 cycles from monthly
2,83,1 57,27% 1,131,15 23,14%
611-613 52136 % 1,2‘1,21 23,08%
4,54,6 47,36 % 3,42-3,67 22,83 %
7.57.8 38,79 % 0,4-0,43 22,76 %
2,362,39 21,85 %
4,17-4,50 20,88 %
11,7513,67 19,34 %
2,83,17 17,35 %
6,086,25 15,21 % o
. seemoreatt f € Saz /alol T ¢dzN» A 9YRNBT {
7,581,67 10,56 % the cyclic properties of 110yearc long precipitation time series

ACTA MONTANISTICA SLOVACA 22 -11pp.11 p. (2017)



Spectrabnalysi®f time seriesc
forecasting

With the A(f)amplitude spectra and the  With the major and minor cycles, and
U 0 fFhase spectra, the original measuredtheir period of time, amplitude and phase

data can be recalculated spectra values, the deterministic
precipitation time series can be
calculated
ot 2 - 2n
y(t) =Y + f A()ellEmft+@ (Nl g f y(t)det =7 + - ZAL- cos [?(t —1901) + @(T))
0 reg i l



Spectrabnalysi®f time seriesc
forecastlnq

AlO majorcycles 000 tmh;o,z;c;ﬂated mlij::,ﬂﬁ? ‘ 000 ‘ rtmh;ﬂ,::::ated 5 18_ C.yciez,ﬂw
A R=0,6893
AI\/Iedlum | I
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(I il { IBE in : ‘ ‘“
A All18cycles iy 1N A ",",h w J 12 'h'l' l’l“lit né i l,,]'r ”ll i
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Spectrabnalysi®f time seriesc
forecasting

Annual precipitation | mm |

Date  Registered 18
tvalid, 10cyele = 0-6567 cycles cycles
2010 845 748.9 776.7
? S i 2011 442 632.2 690.8
2012 427 4947 534.0
2013 545 576.3 532.3
2014 456 526.4 507.6
2015 432 537.4 486.8
2016 744 567.6 520.2



Spectrabnalysiof time seriesg wavelets

Wavelet time series analysis is a walbwn o e e
method to investigate the timdependence of T EEEtEEE
cycle within a time series. :

|
I I I I
I I I
, ,
E—— |
|
I

The periodic components from the previous "rmw e o e
examinations were used for this analysis

The wave packet used for the calculation was a 1
year long period of time sine wave




Spectrahnalysi®f time seriesg wavelets

Debrecen
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Effectsof climaticoscillationn
precipitation

AMO: Atlantic Multidecadal Oscillation
NAO: North Atlantic Oscillation
AQ: Arctic Oscillation

Jan. 195k Dec. 2010 time frame

Cross-amplitude

Period of time (month)
521 395

I I I

146.00 14.60 768 265 228 2.00]

Frequency

.—.—. Budapest
® @ @ debrecen
.— ‘ - . Pécs

@ @ @ szeged

@ @ - @ szombathely

I T

month

:
o
o

Climatic phenomeng ___Timelag | Direction | Majorcycles
1.

positive

4 years
negative 0.5; 0.6
1; 3 years
negative 1; 3years;
8.3; 4.9 month

clear linear connection not detected
clear linear connection not detected



Examininghe . N Mbuntaingaquifer

1. Before 201€2012:
Periods in karst water level in monitoring well Nv-17 between 1992-2021 A The karSt Water Ievel mlnlmum Showed a
B o o etement e | decreasing, the karst water level maximum peaks
: showed an increasing tendency. Since that period,
this tendency turned.
A This means, that the thickness of the karst zone, in
which active water level movement happens, is
constantlydecreasg.

—1992-1994 a

verage
== == 19952010 average
2011-2021 average

verage

—1992-2021

546

o
=
=

o
G
o

wn
12
-

Karst water level [maBsl]

2. Since 2011
A The average of karst water level in thé\ 1 {
Mountains is lower, than average of period 1992
A Additional, but important information, that the
, , ) amount of annual rainfall has not decreased, only
D2 NDOND tSGNT (1 40az tSieny vinaG st 6enm npaDERLIPUGHENASNAROed v L 6 £ Cwi cai b e

Mountains, northeast Hungary: an assessment from a regional hydrogeological perspective
HYDROGEOLOGY JOURNAL 28 : 6 pf212259 14 p. (2020)
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Groundwaterecharge

Groundwatemrechargeor deeppercolationis a hydrologicprocess
wherewater movesdownwardfrom surfacewaterto groundwater
This process usually occurs in the vadose zone below
plant roots and is often expressedas a flux to the water
tablesurface

Rechargeoccurs both naturally (through the water cycle) and
through anthropogenic processes (e.g. artificial groundwater

recharge)




Themospreferredmethodsfor estimatingthe

nhaturalgroundwatemrecharge

o Fileldtests(directinfiltration measurements
o Water balance methods

o Groundwaterndsoilwaterflow modeling
0 Isotopeandsoluteprofiletechniques

o0 Environmentalracers



Environmentaisotopes AFNEE @
isotopesin time

Natural or anthropogeniccompoundsor s '”m
isotopes that are widely distributed in a s
the nearsurface environment of the N I» = || e
pmabiS sl bt
Earth, such that variations in their A N
*HiPHe
abundancescan be used to determine ety
pathways and timescales of environ S e
mentalprocesses - He, Kr
>

10" 102 10° 104 10° 10¢ years




Typesnf environmentalsotopes

Stableisotopes Radioactivésotopes

Donot decay Decayduringhalf-time
Todetermineorigin Todetermineage
1H,%H (D) 3H (T)
SHe, “He, 1C,
12C ’ 13C , 36C| :
14N 15N 39Ar’

160’ (17’0)’1’80’ 85Kr’

328 ’338 ’348 ’358’ 129| ’
35C|’37C|’ 222Rn’
°Br,%1Br, >’Ra,
86Sr,87Sr 230Th,

234 | : 238 J



Estimation of the natural groundwater
recharge

DanubeTisza Interfluves :
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Estimation of the natural groundwater

recharge |
- s
Tritium peak method v
The tritium content of the precipitation in Wien \\ hg3
(January 1961 - December 2009) E:m —
£ [N
10000 - 3 7 &
] ’-’
i 'A_____________ 52
1000 | i
— &
2
t -25
g 100 - 0 10 20 30 40 50 60
c ]
S ] tritium content [TU]
5 I
£
10 -
e L I S e B o o e e e e L B e e e e e e e
January-61 January-71 January-81 January-91 January-01
Date [Month-Year]




Triti u mpeakm eth Od TRITIUMCONCENTRATIAONS

GROUNDWATER
The tritium content of the precipitation in Wien
(January 2000 - December 2009) 0 <0.8 TUndicatessubmodern
i: | water (priorto 1950s)
16 - | | “F o 0.8to4 TUndicates a mix of

14 U\ / i - i - submodernandmodern water
] | | | o 5 to 15 TUndicates modern
10 | | | |

g | | \[ \ J | water <5to 10year9

0 15to 30TU indicates some

Tritium content [TU]

, bomb tritium
2 ]

| o 30 TUndicatesecharge
January-00 January-02 January-04 January-06 January-08 January-10

occurred in the 1960s to 19709

Date [Month-Year]




Group ofwellsina Sy
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fine sand
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Estimation of the natural groundwater

recharge

Applicationof the
3H-peakmethodin

aSVIkSt S

Depth [m]

3H-concentration [TU]

=9 =|\éntelek 1998 measured

40

—\éntelek 1998

simulate

50

60




Estimation of the natural groundwater
recharge—

Applicationof the
3H-peakmethodin

aSVIkSt S

Depth [m]
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The d®O value was -1i: - -14: in the

precipitation in the Carpathian Basin (including
Hungary)Xuringthe lastglacialperiod

Nowadayghis annualvalueis-9,5 + .

6180 values in precipitation
(IAEA-WISER database, 1960-2010)

A——
” "ﬁ.

880 [%o]smow

-10

-12

=8 =Seasides in Western and Southern Europe =8 =Continentals in Western Europe Continentals in Central Europe




Annual monthly air temperature and 20 in the precipitation
in Debrecen, Hungary (2001-2009)
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-@-Méntelek, 31.10.2014. measured
O winter season

= -Méntelek, 31.10.2014. simulated

Osummer season

seemoreatt £ Qadzz [+ &T 5T Y2YLI NE [+talfsT 5SSt {1 WsTaSTT
techniques in Hungary, GEOCHEMICAL JOURNAL 51 : 5448. 439 p. (2017)
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Results; Rechargeatesin 1Sy ik S £ S

Therechargerate basedon the 48 mmpyr
3H-peakmethodwith numericalmodeling (9%)

Therechargerate basedonthe 48 mmir
3H/3He method (9%)

Longterm precipitation
541 mmpr
(19852014)

Therechargerate basedonthe 47 mmhyr
soilmoisture (7%)

Recentfprecipitation
(11.2013¢ 10.2014)

672 mmpyr




Developingomplexmethodfor estimatingthe

groundwaterrechargec Stepby-step

o Engineering geological soundings in the uppe22én soil layefh & gelécBon
0 Constructioragroupof wellsfrom 5-10 mikrowells(d < 50 mm).

o0 Waterleveldetection slugtestsandwater sampling

0 Analyzethe water sampledor °H,3He,*C andstablewaterisotopes

o Flow andransportmodelingfor simulatethe verticalflow.

o Verifythe transportmodelwith the measuredvalues



Constructiornof the wells

0 The site selection based on previous
geologicaandhydrogeologicattudies

o The screening depths based on
engineeringgeophysicsoundings

o During the soundings important to

penetrating measure natural gamma,

gammagamma and neutron-neutron

values




Constructiommf the wells

Steel drilbipe

11

KPE liner
Filter tube
Well screen
Steel drillpipe
Bonamidcone
Screw
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Constructiornof the wells

1. 2. 3. 4,

171271 3. simultaneous vibration of the drill pipe and the liner

47 5. recovery of the drill pipe

6. the complete monitoring well




