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ADVERSE ENVIRONMENTAL IMPACTS OF THERMAL
WATER UTILISATION

INTRODUCTION

Phe exeellent peothermal conditions in ungas ¥, the peothermal water
reservinrs and their natural pressure canditions, the quality of thermal waters and
the need lor their medicinal efficts make 1t reasonable to product therma) WaleTs
i Hungary in high cxlent, They are used Tor at least seven kind of purposes and
the cnerpy production is gomg lo be a significant thermal water utilisation in the
future, Al the advantages ol using thermal waters must not lef us forget to
control s sustamabiliny cancerning the gualily and quantity ol our nataral
resourees mvolving the thernml water resvurces themselves and surfhee witers,
sty and the ceosystems. The endangening factors of the curren praciice of
henmal utilisation are introduced ae well s s aspect of regional range of
changes. As an answer 1o the erpectable adverse processes u few possibilities of
sulutions are also dralled in the article,

1. THE REASONS FOR THERMAL WATER
FRODUCTION AND UTILISATION IN HUNGARY

Walers commyg from wells and springs of higher than 30 ¢ wellhoad water are
thermal widers, Lhey are usually mimeral waters a1 the same time, conlining at
least 1Uhng of dissolved substances or certain companents above speeified
concentestions, Qualified  medicinal waters  are mostly  thermal  waters
RQuabification 15 based on medicing aspeets,

The excellent seothermal conditions in Hungary, (he geothermal waler
reservants and their natural pressure conditions, the quality of thermal waters and
the need for their medicingl effecrs make it reasonable 1o product thermal waters
e Hungary in high exteni.

The eueellent geothermal conditions means that the peothermal rradient
in Thingary is

5 CAM m oand the value of heal flux s 90,4 mwhn both valiues Lreing
one and a balf times as high as the worldwide average |
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The peothermal waler reservonrs provide watcrs ol higher than 30 " ¢
termperature can on 7 %oof the arca of the couniry. They cither come o Lhe
surface as a spong or we prodog them by wells operated hy pumps. Moear hal
ol the wells are of the tempernture helow 40 °C

The quality of thermal waters have o significant difference depending on
whother they derive from carbonaie racks or parous reservoirs, Karshe thermal
waters are usually of caluiom magnesivm character and contwine €0 | clay
rnerals, sulphate., sulphide, NaCl dissolved salis sty not are than 1yl

Parous geothermal waters sre ustally of sikali-hydrogen character and
contam dissabved sall {103 [ e be gven 10 e chlorides (ke seswaler),
clay minerals, lne, methane, ofl. phicnal.

The mewd For the utilisation 15 refleeted by the distribution o the wells
hased on their utilisation. Tn the year 2000, it was as [ollows:

243 wella (2227 % oftalal 09 operating wells) - baths, ar SRS Ay
cilled in Great Brian

232 wells { 21,27 % of tolal 109 operating wells) — deinking water
supplyinuxed with the water of arher wells) and dumestic hot water supply lur
example m Szeged, hke in leeland.

JHY wells (1925 % of ol 10w aperating wells) — agricoliural
wlihisatien theatinie of green houses)

AWhwells { 642 % of tam 109 eperaling wells) - dustrial utilisarion

B3 wells (7.8 Yool 1ada) 104 aperaitingg wells) - maltiporpose {compiex
ihilisation)

LA wwells are used also for Eeireetion,

shll there 15 no mention ol peothermal enerey prowduciion but it is evident
that in the foresecalile Tuture this will play u significant role in this chaprer of the
Isslie.

The simplest way 1o e tplont geathermal encepy w5 the direct yse of hat
springs (e in feeland ot water ¢ realates 1o Lhe heating systern ot houses),
Another possthility s the utilization of gevepressured syslems harnessing the
mternal pressure ol the crust, In this case hot water, which s lowated 1 a
sedimentary basin thal has desuended relatively quickly, can only be mined at o
bugh temperature and under high pressure. In eenernl, the lud 15 excavated rom
the reservorr through one drilling and re-injected into it throagh another. Level
ol ntilization of scathermm] energy in the world has been inereased in the st
fews vears. Geothermal energy was the leading producer widly 7007 among the
renewable encroy sonrees fwind, solar, geothermal aml Lidal) follmeed By v
cnergy with 2R% of the cletricivy production. In Hungary the geothcrmal
enerey has been utilized in direct use. 1hat 15 no eleetricity has been puenerated
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s0 far The proportion of seothermal energy utilization in the energy balance ol
Hungary, despite the significance proven has remained very [ow (1,255%).

Many benefits and ways o Cutilisatian exist, but besides the henefits o f
utilisation ol thermal waters 1t has g0t also several side effects, al least as ANy
45 benefits,

2. PRODUCTION AND UTILISATION OF THERMAL
WATERS IN HUNGARY AND MAINLY IN THE
LOWLAND

The county regional Plan contains detaticd data conecermng production and
ulilisation of thermal waters in Hajdi- Bihar Count ¥. 2000 000 m3 of thermal
water is brought to the surface from 81 wells, A part of this, about 12 000 m3 ¢
veal s dicharped ireetly into the rucipients which are matnly channels m the
Lowland. Nearly half of this amount is of temperature below 40 *C, and abot 30
ol s above 60 "C. In Debrocen the wiilised thermal water i driven into a
reservonr before discharzed inte the surface weater,

3. THE PRIMARY AND SECONDARY ADVERSE
EFFECTS OF THE PRODUCTION OF THERMAL
WATERS

3.1. Proved decrease in the pressure and water level of the
thermal waters

Their natural pressure conditions are changing with production, In the beginnmg
the wells were operated by their vwn pressure and their stahic level above the
ground surtace was 10 m. By today pressure has fllen § res HY an average
during the period 1982 21999, iy 1he Lowland according to the measyrenumts of
the National Geologicn| Survey but 30 me-s of decrense can alsa be experienced
il several places. Tuday less than half ol 1he wells are positive singe 1985,

3.2. Decrease in thermal water resources

Production in [Tunga; ¥ exceeds the extenl of recharge significantly, so the
quantity of thermal water that can be bromght to the surface level s tlecreasing
vontinuously— impact on other utilisations of the thermal waler resources in the
TEEion,
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3.3. Decline of shallow groundwater table

Decline of shallow proundwater table because of [he vertical hydrauhe
connection with the thermal water level und due to inveTexploitation

ican be a limit to the production of thermui waters, like in the region
between the rivers Danube and Tisza — impact on other ulilisations of the
shallow groundwater resources in the region — impact on natural terrestirial
coosystens

4. THE ROUTE OF THERMAL WATERS AFTER
UTILISATION AND THEIR PRIMARY AND
SECONDARY ADVERSE EFFECTS

Thermal waters are usually discharged indirectly nto surface waters after
uttlisation, effeeting them in various wa ¥s.
They can be discharpzed through
- public sewer svstems,
- SlOtage reservoirs or
drawnage channels,

Here are the adverse effects i shonl-

4.%. Public sewer systems

When they are discharged thivngh a public sewer system, the salt content Y
have adverse clTects on the built-in materials of the sewnge system ard on the
biological treatment process in the sews ge treatment plant. It will depend on the
level of salt coment. High concentrations of salt in wastewater typically result in
brolopical  treatment  processes achieving lower than usual removal of
Biochemical Oxygen Demand (BOD) due to e adverse elfvels of the sall on
microbiat flora. Above about T % (10 g1} of salt in the waslowater, plasmolysis
of the bacteris cells and loss of activity oevurs: In the ease of a small sollement
this effect can be significant as the rativ of the therrnal water discharge and the
comniunad tewage is smaller than in biwoer cifies,

This observation of effects on microbial Nora can be cxlended to nwlural
lreshwater ecosyslems as well.

Rapid changes i sall concentration cause more adverse effects than
eradual changes which may make 11 necessary to establish a balancing reservor
preceding the Ireatment planl. There are cortain differences m expecled effects
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of sall content i the cases of dilTerent brological methads used in the BCWaAgE
Treatment plant;

In eases of using aclivated sludpe progess, at salt c oncentrations abowve
about & &1 progressively reduced BOD remaval elMiciency amd Nocculation of
the bacteria is expecied. Nuriticalion is also inhibited. The possiblity to
mawntam a high bacleria population in the acration tank Dy re-cyeling sludge
Irom the clarifier may be also Hmited m case the salinity inhibited haclerial
activity | 4],

In cases ol using extended aeration (oxidation ditch) lemporary reductions
in BOD removal efficiency can be expecled with changes in salinily when the
organic o hyvdravlic loads are bigh | 8]

Nav stgnificant elTeets of salt concentratinns up to 2 % (20 &/ on the
fixed-lilm Rotating Riological Conluctor process can be expected [ 9.).

4.2. Storage reservoirs

Storape reservoirs serve to let the water getting cool before entering the living
water bodies. 'This is the most peneral method in Hungary currently.

=

4.3. Drainage channels

Drainage channels may provide some dilution hut we should not disregard the
qualily of these channels enher. Due to conlinuous saline water inflow the water
uf the channels beeome more and more sally.

On the one hand they recerve and carry large amount of communal
wastewaler deriving from sewage Ireatment planis of settlements on the Greal
Plan lacking enough watercourses. This means i BO! load the mmeralization of
which needs o xypen. The thermal woater 1 0let i nereases | he water temperature
that results i Tess oxygen diffunding uite the water body. Higher termperature at
the same time accelerates the biological activity and the metabolism of the living
beings. It may lead to the siltng of the channels due to the dead Bromass
gathering on the bottom,

On the other hand the waler of these channels are partly used for
ngation. Using salty water [or itigation causes salmily of soils causing
unproductiveness. The salinily of the water in the channels 1§ determined by the
amaunt ot inllows {and their salt content), runoff and the amount ol evaporation,
When there is a lot of inllow and overland runof?,  the salinity of the water
decreases, When there is less inflow or the evaporation rate is high, the waler
becomes sallier. [rripgation 15 usually needed when there is 1iltle precipilation,
runoll and mflow — so when the channels receive [ittle freshwater inflow — and,
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vn the contrary, the evaporation is instanificant, conseguenthy, when the sal
concentration must be high, Practically there 15 no regular measurement of salt
concentration in these channets .

These channels are also considerable as water budics providing halsitat fir
living beings. 50 they can have an e cologe role a s well, The global ¢ fimate
change should also make us precavtious as to improve or at least prateet he
quality of all of our exisling water bodies beenuse their role in the supply of
different water demands  including irrsgation water as well — possibly increases
sigmificantly in the future,

5. ENVIRONMENTAL ADVERSE IMPACTS OF
THERMAL WATER DISPOSAL INTO THE SURFACE
WATERS

5.1. Increasing the quantity and level of the surface waters,

i the case of Lowland channels it can cause probiems in the perods of big
runoffs when the capacity of the channels ol driving excess walers away from
the lands is already exhausted

3.2.Polluting the surface waters with sait

Polluting the shallow und deep ground waters with galt through mlilration fram
the surface walers. It causes damapes in the agriculiural prodduclion because 1
makes the soils saling as the sall deposits in the upper layer when the salt content
of the soil 15 so high that it does not all remove fowards the deeper layers with
inliliration,

It can be canscd also by the high sall content of the trriplion warer as
well m the process of increasing in the water table level and makes the salt
deposit there,

Total Salt content in the discharged waste water must be ynder 5 &'l from
medicmal atilisatzon and 2 «f from baths accordimg e Kab KoViM Ordinance
e, 972002 {111, 22y (5]

2.3. Destroying the existing ecosystems in the surface waters

Biodiversity conservation helps (o preserve the good quality of enviranmental
clements, Simphification of ecosystems may disrupt food chains and cause
declines in many specics. Toosysterms are eniangered by the sall-, phenol- and
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the anmonia conten Limut for phenol content in waste waters 15 0,1-3 mevl, (or
amrnoni il is 2-100 mag/ iccording to KEM-K&VIM Ordinance no. Q2002 (111,
220 [3] . these substances are toxic (o nearly all the specivs of the water
censysiem. There exist special flora and fauna that cunomljust oo saline
sonditioms,

2.4.Poliuting the surface waters with high temperature

Lass of 0. — loss of species neviding O and decrease in the pollunon
wssimilalion capacity of the surtace waters, According 1o the so-called van'i
Holt rale increase of 10°C in the [resh waters makes biochemical reactions twa

hees more rapid, Permitted lughest fempernlure 1s ool given genvrally in KaM-
KM Ordinance no. %2002, (111 L1 5.0, i ds defined each time by the local
Water Authoriy.

3.8. Polluting the soils with sait, particularly with irrigation

Slabmisation (sot! preservation s 4 stralegic 1ssue in susluinahle apriculture and
chvirenment manarement), Saline souls area mong e so-called less-favonred
arcas (LFA-s) which are areas al the L1 where natural physical conditions cayse
lowwer apriculiural productiy Uy [1], Some 56 % of the TU's agriculluval fand i
defined as LFA (data from 1998 A major aljeclive 6f thiy menswe is to
preserve scenio landscapes as well as cnvironmenially valuable habutats:

Dramage and drrigation can alse cause habitat degradation in arable lands
meself and wsie salie waler for irripgation 15 a apgraviting lactor,

[t 1s evident that we must oot let these sreas grow in the Tutwe due 1o bad
prachises:

6. IMPACTS ON THE METABOLISM OF THE REGION
OF THERMAL WATER UTILISATION

Waler supply of people dependentily from thermal waler utihsation as weil
venerates the higeest anthropogenic material Tux, Oy COVIPOMITIENT SeTves as o
regetor B Big-cf

winiedl changes o the waters, The Mux of waler masses 1=
mereased by us by ane (ifth of the natural rate. There are no significant stocks of
waler formed,

Mhe restdual irmes of substances in ihe elements of the environment Jiffer
by orders of masnilude [12.] In fresh water systems (rivers, lakes, pround
witerab the residence time of dissolved and particulate substances ranges from
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thaye o oyears iF they are no subject of any biological ur chemical
irnmsformation. Tn soils, thet 15, the surlace Wyer ol about 12 m. substinees may
stay from weeks o thousands of wears, That o why sotls and waters with Loy

ddence times lke fakes and sround wwaters within the repton can become man
sitks for anthroposenie residnal substonces, oilher Wwistas or nol. By changing

the chemies] compositon of the environmental elerments and their phyvsiunl

praperties he biocenoses may change edversely and rresersibly for all formy of
I

e m the vegion, The possibilitics of conEysiems o shape and senholb their

cwvirnnmnent for they prrmoses ace b

Vhe ambroposeie material Tuses change the nainral oires moe and more
1

ana we can not eosuceessful by contrelling the di=charges of polluiions or

wasles sodely by lhmls of discharee Avtivities, provesses and posdisels must be

cvatuated with respect 1o the resniling resicual Huxes into the eoviconment |12

In the ease of therma! waler ubilisation the rlural flux of neileriais are cha

i the biggest vate witl respeet 1o water and salts, e reeharying rote of
waltr 1s very jons

the

e, It ciuses decrense in available quamsties of resinrecs

i the explotted ones. The chanoe of salts fluxes casses preliotion by developmge
stocks of tlos substunces in the wwiors ard sotls. The changes zan nol be reversed
inothe same 1ae 5o we mist expeet thal ther adverse effeets will e lowg -
sl

e process can he made slower by extracting the sult contest of the
itiised thermal waters umd using 1
Ey

medicinuily valuable substance once mone,
Wi s L pnce more, the fAux of (s auhsinee would be docreased 1o balt of
the carrent rate, 1o technically realivable. I we use o meore times the (s il
tevremse more times but 3t s fechnivul v nor 1easonable

7. POSSIBLE SOLUTIONS FOR PREVENTION AND
MITIGATION OF ADVERSE IMPACTS OF THERMAL
WATER UTILISATION

7.1. Technological solutions

Removing e salt contenl of the utilised thermial walers and rewsmg this

i

aliy valuable substance 15 ¢ solution fi avolding surliee waier-,

andwater and sail poliutien, lar arotectung all forms of lives whick are

3 RS
eriiingered by high sall eontents, by phenel and ammoma, It i lechnically

renlieahle,
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For desalination the term for salt water s inroduced. The general term for
all water sver 131 total dissolved solids is salt water. n Tlungary thermal walers
are sall waters, They can be charactersed with g salr content of 1-3 /1 TS,

Within zalt waters we distinet the following kind of salt waters:

(resh water <] ]

brackish @ 153115

highly brackish . 5-153 THS

saling | 5-300 T4

sed waler | 30-4 TS

Brme o A0-300 aud rore TS

7.1.1. Reinjection of utilised thermal water

Retnmeetion of wilised thermal water 15 a considershie solulion for avoiding the
following wilverse effects;

= avonding surfiee water- grourdwater and sml pollution

- for protecting wll forms of lives which are endangered by high sali
vonlenly, oy phenol and amunats

- Tor the mereasimg the quantly and fevel of the surfuce waters

for the punamising of the sdverse ellects on the biologieal process m the

communa! sewape realment plands

- Tor the deerease in the pressure and water lovel of the thermal waters [t
only 1t utilised wiler i3 recharged o the same aquifer,

s technically realizable Tl lo protect the water quality anhe waters
deriving from closed enerpy production systems may be reinjecisd,

7. 1.2. Membrane-technology, or memmbrane distillation process

Membranes seem to be an optimal technology for thermal waler treatment, They
arc adequate lor water filvation. mikro- and nane filtration, ultra fltration of
biomolecules. There are many phenol remaval methods in the literature, amon i
them the membrane separalion is used to minimise or rather to remove the
phetol contain of thermal waters, In Szeged ultra Mimtion was applicd to rediey
the phenol contain ol the thermal water samples produced in Szentmhalytelek
below the admitted value. B was very sucsessil concerning phenol conlenl bt
the won concentration did nor change significantly[ 2).

7. 1.3. Reverse osmosis desalination method

Seawater may become a reliable source of drinking water, this technology
provides =uch o great efficiency in desalination, In the course of the
neasurements carried out in Secped on the samples deriving from  the
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Szentmihdlvielek thermal water rovorse WsMosis was alse made o remove
pienol from the water, It wes found that ne phenol remained 1n e samiples afte
the experiment The ton concentration was also deereased sucecssiully 2]
Satisfying resulls are shown in the beure 1, hetow,
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Frgre Lo Besults of ultra il ralion and reverse osmosis in thermal water
eatinent: BE206, ES2090 were used for ulie filtering and AR 'J‘J'f_-i.'
snembirane wias oseed o e verse camosi (7]

7.2, Neot technical solutions:

Iefluence of uhlisers by water resouree charges. pallution fecs Now 1) s
regulated by Gov. Decree no. 43/1999.0X11,26.)
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TERMALVIZ HASZNOSITAS KAROS KORNYEZETI
HATASAI

Magyarorszig kvald geotermalis adottsdgal valamin uz igény a gydpeyhatis
kihuszealdsire  tesa  indokolns a napyaranyl  kilcrmelést. A jelenlogi
felhasenalis kércn wl a Jiviben az cnergiatermelés celiabal is jelentds
termelésndveledes  valdszinsithers, Minden hasena ellencre serm seabad
meglilediern a kilermelés fenntarthatdsdgaral, even belil a kiimyezeti clemel
mennyiségi- &8 omindségi védelméndl, A cikk kitér a jelenlegi avakoriat
termiilvizkeszleieker, felssini vizekel, lalajokat cs az eldvilagot vesrélyeztetd
tenvezdire, o Iérségi anyagforgalom felborulasira & & redlisan varhatd kiros
haldsok néhdany lehetséges milszaki megeldasde,
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