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ABSTRACT

Rasource aorass,utility and environmental im-
pact are the nain economic ard legal aspects
which control geonthermal direct applications.
Risk,smaller ar low- opposed to high-tempera-
ture develgment ,is prcescnt mainly as "environ-
mental risk" related tortiie nature of the major
component. in gecthermal fluids,i.e. waler as a
composite dynamic system to be controlled phy-
gsico-ciiemically and as a rescurce to he defi-
ned 4f energetic or non-energetic priorities
economically and legally. Referance is made to

the Italian gecthermal karst system Abano and

Sciacca.with different environmental issues .

KEYWORUS
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systems,vulnerability, hazarc,element at risk

INTRODUCTION

The new energy philasophy,with environmantal
enpnasis on renewable rescurces,sktregsses the
impcrtance of direct geotherral uses thanks tgo
various ancillary benefits acd to the abundance
and ubiquity of low-temperature thermal waters.

The concern with the environment,a key preoc-
cupation in research ané legislation, affects
also the direct geothermal davelspment and ths
socioeconomic assessment of the environmental
impact remains a "must”to explain what is wrong
with the system that does not allow the geoheat
to go forward in some areas .

The review of the Italian case histories Aha-
no awd Scliaces suggest under- and overrating
of the environmental risk as well as uncomplete
matching of regulations and technologies, re-

ulting in zconomic and legal controversy .

FNVIRONMENTAL RISK IS GEOTHERMAL DIRECT USE
The concept 0f geolepical risk,wnrmenviron-
mentally extendec from natural. events to hu-
man activities, should stick to agreed rafa-
rences and this applies also to the cnviron-
mental riskiim gecthermal direct applications
because of the hazard-risk relationship in
heat extractiun associated with water recovery

Accarding to the UNESCO definition .risk is
assumed as possibility of a luss or damage for
human life and assets as well as for activity
aad production capacity,while hazard is the

probability foz @ ruinous event ta occur in a

"return Lime". Tn

given lapse ,the so called
the casc of fluid rccsvery or equivalent ex-
ploitation focgusssd at hest extraction,the
expected induced svenls ,like pollution,seisni-
city and subsidence, have no specific return
timec and this is conceivable only as a return
to primary conditions before the impact,
Thruovgh hazard and through valnarability(a
measure of the portion of value in danger be-
cause of the eventual ruinous event) the risk
is proportional toc the element at risk,i.c.its
value in the systewm which has to hear the ev-
ent,as suggested by the general egualion
R=ExHx¥V
where E is the element at risk,H is the hazard
and V is vuluerability,

While insurers and planners are interested
in risk,project makers and cngineers are tes-
ponsible for vulncrability and geoacientists
for hazard,possibly the most cifficult Iten
ziz be asgussed In the risk evaluation harause
of still lacking scientific and statistical
information about induced po_-lutieon,scismicity

and subsidence
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GEOTHERMAL SYSTEMS AWD GEOQLOGLCAL SEITLINCG

Both Abano and Sciacca geothermal system are
related tu carbonate wore or less karstilied
formarlons,thereby suppesting their dafinition
as geothermal karst systcms.

Limestones and dolomites of different age re-
present imparzant reservoir rocks for fluids
ol evonomic interest{(aydrocarbons, thermal wa-
ters but standard water above all) anc this
interest is stressed as case histories by the
coexistence aof geothermal and petroleum rese-
arch with related deep drilling (Ficarolo 1
and S.Angelo Pieve di Sacco [,depth about 2000
in a5 well as Legnaro depth 4989 m in the area
around Abano; Sciacca 1,cepth 2829 m in the
Sciacca area itself) to check the Mesozoic
carbonate basement

The infarmation fron deeo petrolewn drilliag,
so far rot exploited fully, may probably help
in a better geotnermal understanding of both
areas, in the framework of “ceep controlling
shallaw" conditions and situatians
Ths geothermal system,ideally an assuvciation
of bkyvdrs= ard thermedynamie conditrons and
processes enabling a non-static hcat accumula-
tion ,may be wviewod in fact as a4 convective
thermal cell,warmer than the surrounding rock
mass, whlch concentrates and accumulates heat
in a reserveir , provided an impervious cover

favours hart conservation ,

To assess the potential for lew-temperature
geothermal resoutrces in regional thermal envi-
romnents  , a knowledge of temperature gradients
to depths of about 2 km 1s normally required;
regional variatiors in temperature gradient
variatious in heat

reflect in fact reginnal

flow, thermal conductivity ,or both , and re-
sult in some uncertainties, whcre the deep gra-
dient data derived trcm nzar-surface data are
not checxed at depth . In hard fractured re-
servoirs more emphasis should also be attached
to zonation for a better formation evaluation.
for drain-

Al! this means to study base level

amount and type of recharge and above all

age,
the structure of the geothermal convactive
cell,without forgetting the thickness of the

host kirgificd carbonate rock , the impervious-
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ness cf tie cover and the eventual presence of
on heating sourcs

Tharks alsu Lo greferen:cial permeability
pathways (enhancing circulaetion but also pol-
lution}, the vertically devebpiag vaunveclive
cell, warmer than the surrounding rock mass
and apparently proportional in Lts dimensions
to the thickness of the ecarbonate sequence ,
represents ihc key for a sound assessment of
the gcathermal potential ; irn thie Abano basin
the 70-86° C waler Lemperatures decrease more
ar less gradually from centre to peoripaery but
are almost constant at depth inside the ther-
mal arecalaverage 78.9° € a: 780 m depth in the
Sissalunga well, the deepest in the basin ).
lhe only apparently anomalous “"temperaty rs
hook" ,resulting from active dydrothermoconvect-—
ion in thick carbonsle sequences, shows more
pronounced where inparviocus sedinentary cover
nr self sealing favour heat accumulation; tte
aventuallv associated ground or perched water
tables may produce intensive “"wind channel™or
“chimney" #zir circulation,ass in the case of

"stufe"di San Calogerc at 3ciacca, reported by

H

Sommarcyra (195433nd illustrated by Ligures -

arid L.
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ABASO
The Abano thermal basimn,between Padovs and
Ferrara in North Italy,has been fFamuous since
ancient times thanks tu curative hot springs.
Upper Jurassic to Lower Oligocene marine sa-
dirents outcrop in the Euganean Hills and pro-
bably Triassic dolomites have bz2en found by a
1814 m deep well near Arqua Petrarca;the volca-
riic rucks in the area belong to two magmatic
avante{Ecoene hasalts and Yligocensa rhyolites)
but the ncn-volcanic origir for the Abano ther-
mill waters has been established(Piccoli et al;.
1976) . The geothermal fluids, now being produ-
ced by increasingly deep wells in the Euganci
districtiave in fact a primary carbonate sour-
ce in the Prealpine vatershed and, by moving
at death over a mecre than 30 km distance.rcach
the Abanc-ilontegrotte-Galzignano area ,
In the Euganei thermal district,the most
important Italian and possibly Buropean spa
area willi uver 3 million-per-year attendances,
the creation of a control system,covering lic-
enee grantang,water level measurement and con-
sumption,resulted alse in an inveunry of wells
(230 aut of abuut 400 so far drilled),classi-
fied according to depth,head pressure losses,
productivity ana water t=mperaturs; the prev-
iously mentioned temperatmre decrease from cen-
tre tu periphery but constancy at depth mav be
inferred by the abundant information issued by
Comprensorio,the officiml coatrol body.or pu-
blished by its experts{ Dainese and Schiesaro)
The vriginally springing waters ,later pro-
duced from Quaternary thermal aguiferssxre now
being produced increasingiy trom the deeper
Biancone ,an Upper Jurassic to Lnwer Cretacic
lTimestone formationmore than 200 m thick.
Studies have been carried out(Ballestrazzi
et al,,1991)tc control subsidence by local re-
injection of effluents hilt remote reinjectivn/
raecharge should also be envisaged in the peri-
phery of the hydrothermal basin(Lesmo,19582),
No special watcr balance has apparently been
established for the global hydrothermal hasin.
haut

Tn the earlier times , iLhr from the spr-

inging cthermal water was extracted in the pit
where an array of coils or radiatocs was immer-—

ged in the circulating fluid for heating and
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domesti purposes; presently the heat pit is re
placed by metal plate or shell and tube heat
exchangers but a conven:tigonal boiler may by ex-
ceptionally present for back-up purposcs. A
further step in the environmentally focussed
production and conservation of the geathernal
resource has to be swen in tae suggested in-
slallation of the sp called inverte in tha
production well to balance production and con-
gumption exactly( Schiesaro , 1991).

The environmenlal voncern is illustrated at
best by the evolution of the expleitation tcch-
i.e.

nelogy, ponds and tunnels for water tap-

oing in the 19th century, Norton wells arid de-
eper percussion drilling later, restricted flow
for the sinale well,ahandonment of gas/air 1if-
ting in 1965 iafter a severe soil collapse in
a spa area , resulting from joint impact of air
arid aggressive waters on a poorly cemented ste-
el production column ),

More costly but cnvironmentally reliable well
completion [bigger diameter rasing in the allu-
vial sediaenls down tu the limestone basament)
in limastone, Instead of sands can preveat from
mixing of polluting shallow waters; well com-
pletion in the carbonate farmation Bilancone
and pollution preventing reverse circulation
(allowing drilling also whcn water is present
and preventing the fluid absorption induced by
direct circulation in the limeslones ) rapreg-
ent uther devalopment in the environment safe-
guard bur an equivalent ¢nvyirenmental attention
has so farnot be paid to the affluents

The renvironmental*remzins as vulumelry of
the exisling 130 hotels{equivalent to some tens
thousand standard flats), as requcstcd geother-
mal flow(about 3600 cu.m/hour in the peak sea-
son,temperature 65-87" 0, ,salinty 2.5=6 gr/l
fron about 220 wells averaging 300-400 m in
depth) but mainly as volurnc of the cffluents
{2000-3000 cu.m/hour ); these effluents are
released on the surface in an area of about 23
sq;km at a temporaturs around 35-45" C,without
any attention for a more integrated energy usc
and lor the unsaturated zonc ,a pollution was-
riear tn the underlying thermal aquifers inclu-

ding Biancone with its eventual convective cell
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SCIACCA BASTN

In the arcn of Sciacca,a Siciliun spa cantrs
on the South-western c¢oast,,surface thzrmal
shows(springs aiid vapours) are known from an-
cient times
The local cthermal basin,roughly 11-12 sq.¥m
at its bottom(Pratclli and Schiesaro,1987)cor-
responds to a structural "high" in the carbon-
ate platform, located at the crossing betwecen
the extension of the Graham Banks ~Pantellerdia
trend and a4 main negative structural axis in
the Tertiary seguence . The Sciacca sediment-~
ary sequence , as suggested by :he figuve 2,
includes Triassic to Cretaceous dolomites arid
limestones, lcetaceous to Eocenic calecsrenites
and "scaglia”,0ligucenic to Lower Hiocenic br-
eccias and calcarenites, middle Miccenic sarndy
calcareous

marls and shales, Plic-pleistocenic

marl1% " trubiysandy shales .Hydrogeolugically
this sequence results apparently in a multi-
aquifer 1t which the Meszoir,0ligo-tu luwer
Miocenic and Pliocenie aguifers are separated
by the Crelacenus-Focenic and middle Miccenic
aquitards(Preatalti and Schiesaro,l987)

Tne sulphurecus overflow!hat springs at the
50-506°  temperature) along the southern fault
of San Ca’ugpero Mount,as well as the contact
carbonate—-sulphate-salt hot springs{25-32° G}
downhill and the hot caves(25-41°¢ C} uphill,
raise interpretation problems .In Sommaruga's
conceplual model1(1954)a continuous suwction of
cool air occurs at the base of rthe mountain and
the cxhglation of warm humid air( 26-41° C
tenperature and 6C-10C % humidity)in the hot
caves uphi{ll is controclled bv the metereologi-
(stop in surtion-exhalation and

cal conditions

even reverse flow in summer , when Lhe cutside

temperature excecds the temperature inside caves
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The conceppual mudel of Figure 2 offers also
the interprectation key for the global thermal
busin by correlating dccp snd shallow data in
the Sciacca drea ,thanks to drilling
I'he AGIP Sciacca 1 well (1954-535] of interest

for both geothernal and peLralsm research,was
drilied down to a total 2827 mdepth(26Z7m b.s.)
always in the same monotonous Mesozuic{Irias)
dolomite formation. It. resulted a dry hole for
petroleum,as opposed to drilling in the Gels
aiid Raguse areas,and it failed in finding a
shale cover uf geothermal intarest(supggested
in electric survcev

by a gooa conductivity level

data] but it proved a huge information source
about an hydrothermal %asin and related gzoth-
ermal system. The ahsence of an impcrviocs co-
ver, replaced by ground or perched aquifers
{brackish waters according to the ENI informa-
tion frum SF and PG-GN logs ' 'n the interval 150
To 500 m at depth in the AGID Sciacca 1 well),
explains either the surface shaws{hot springs
and hot caves,so called "stufe"di San Calegero)
or the significant "temperature rook" at depth,

helow water Lalile and sea level, suggesting ai
heat supply from the bottnm .

The existence of a convective v2l’ (stressed
by the 63° top temperature at surface as oppo-
sad t3 the only 86° C hottom temperature not- ;
withstanding geothermal gradient ia the 2827
deep Siacca 1 well) emphasizes the importanca
of the geothermal karst systems,where the host
formation is ernough thick and notwithstancing
loa geothermal gradients(?-2.5" /180 m In the
Sciacce basin?.

Wnile neglected as for gecthermalpotential,
available for dinstaurce in hotel heating accor-
ding to the Abanc model, Lhe 3ciacca hydrother- !
mal bhasin has proved being of Zndustrial inte-
rest (production of artificid mineral vater,
1987 } as

suggested by Pratelli and Schiesaro,

stressed Dv an early tessarch(5.0.R.I.M,,Sccie~

-
ti Ricerche Minerarie, Palermo),mocrce recently

renewed (hy S.0.R.I.M. on account of &.I.T.4A.5,

3ocietd ltaliana Termale Abano Sciacce}.Infor-

mation suggests the existence of three main N

aquifers, a lover one{"accue madri™ at a 57-58°
with a 1000 1/s yeld) and the intermadiate and

shallow onzs{wilh lower temperaturcs and yelds)




APPLICATIONS3 AN} ENVIRONMENTAL ISSUES

As suggested by the review of the Abanu and
Sciacca case histories,asking for a bettar as-
sessrien! of the environmental risk in geother-
mal karst systems,decision makers arid planners
opercte in a world of uncertainty when faced
with tile appropriate,sometimes alternative,use
uf geothermal energy.

Evert in the low temperature vangas,where fig-
ro 3 suggests various direct thermal applica-
tions,6land use planning and resource conserva-
tion,subsidence and seismicity, chemical and
thermzal pliution may have neguallve,nob rasily
predictable effects resuiting in direct econo-
mic and indirect envirommental costs c¢special-
ly in the spa areas where the health hazard:

are loss meglipible.

FLUID TEMPERATURF. RANGES RE%UESTED BY AGROZOOTECHNIC
USES, FOND INDUSTRIES AND GENERAL SERVICING
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The geothermal system, in fact,including a
subsurface reservoir arnd a surfacc._plaﬁt,ﬁs
a thermodynamically glohal entity,which cannot
be impacted in a part without impacting the
rest of it; this applies to the geothermal
karst systems,more sensitive environrentally
because of their "double porcsity™,to be stu-
died and developed not only as wpen uvr closed
hent-water exchange according to temperature
drop and to fluid flow with or without rcch-
arge but also as quality of recoverable fluids
and effluents.

Ceotharmal laws without & clear reference tu
environment, uncomplete matching of national law
with evasive or lacking regional regulaticns,
controversial matching of ewergetic ard non-en-
crgetic uses of water(Lesmo,1982,1686 and 1993)

may result also in questionabel choices

Lesmo
CONCLUSIONS

Environment , a valuablc finite asset to bz
used rationally and nat a "re5 nullius" to be
wasted, asks for harmonized euwvnomical, legal
and technical approaches, focussed at correct
geo-heat developments. This applies especially
to direct geothermal applications,pussible also
in spa areas as district heating and rural uses
provided special emphasis is given to thermal
water,a guantitarively hut not qualitatively
resource to e protested in the difficult trans-
ition from uncontrolled economic Jrowth to sus-
tainahle development .
field

Socioecunomic impact assessment is a new

of investigation covering several traditional
fields of economics ,sociology and political
sciences but asks for complementary environment-
al assessment -

In front of the raquested matching of ecology
2nd related indirect environmental costs with
traditional economics and related direct better
known costs, the environmzntzl geology, if inte-
zgrated by economerric and tecrnoneltric assess
rnent .mag offzsr a significant contribution in
the qualification and quantification of costs
ard benefits{Buscema arid Lesmo,1979,Lesmo 1987
and 1993). The reguested assessment of the en-
vironmental risk,to be based on the Zrological
evaluat iou of hazard and vulnerability jointly
with rhe economic evaluation uf the natural ele-
ment at risk, asks in fact for the assessment
of its actual value, possible only if extended
tu the long term arid incinding orientatively the
added value of the resource,i.2. mineral ther-
mai water,in its main form transitions

1993 and 1994).

(Lesmo,
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