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A I SK I N APPLICATIONS

via

i o

ABS R ACT

and e n v i r o n m e n t a l

p a c t a r e t h e na in economic ard l e g a l aspects

whi r o l 1 i i

s m a l l e r opposed to

,is p r c s c n t m a i n l y as "environ-

m e n t a l r i s k " r e l a t e d of

t. i ,i . . L a

dynamic s y s t e m be c o n t r o l l e d

and a s a to d e f i -

ned or priorities

1 1 i

t h e I t a l i a n karst s y s t e m and

S c i a c c a . w i t h d i f f e r e n t issues .

US

D i r e c t

at risk

ON

The e n e r g y

renewable t h e

d i r e c t g e o t h e r r a l uses thanks

various ancillary benefits acd t o abundance

and ubiquity of t h e r m a l

with the a k e y preoc-

cupation i n research an6 legislation, a f f e c t s

also d i r e c t geothermal and t h s

assessment the environmental

impact remains a explain what is wrong

w i t h t h e s y s t e m t h a t d o e s n o t allow t h e

to go forward in some areas .
The review of t h e I t a l i a n case histories

suggest and

of the e n v i r o n m e n t a l well as

m a t c h i n g of regulations and technologies,

in and l e g a l c o n t r o v e r s y .

R I S K IS D I R E C T USE

The c o n c e p t

from n a t u r a l .

man a c t i v i t i e s , s t i c k to agreed

t h i s a p p l i e s also t o

d i r e c t applications

the hazard-risk in

i u n

t h e definition .risk is

assumed as possibility of a f o r

human l i f e and a s s e t s as well as f o r a c t i v i t y

production h a z a r d is t h e

in a

g i v e n l a p s e , t h e c a l l e d " r e t u r n

casc o f r c c s v e r y o r equivalent ex-

ploitation a t hest

induced ,like

c i t y and s u b s i d e n c e , h a v e no s p e c i f i c

timc and this is o n l y as a r e t u r n

t o p r i m a r y conditions b e f o r e t h e impact,

i

measure o f t h e of be-

cause o f the e v e n t u a l ruinous the risk

i s p r o p o r t i o n a l t h e element a t

value h e a r the

s u g g e s t e d by t h e

- E x x

where i s element a t risk

is i

While insurers and p l a n n e r s

in cng

for

H is h a z a r d

a r e interested

are

t h e m o s t

til be risk evaluation

s t i l l l a c k i n g s c i e n t i f i c and s t a t i s t i c a l

i n fo rma t ion about induced

and s u b s i d e n c e .
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GEOTHERMAL SYSTEMS

Abano and geothermal s y s t e m are

t u c a r b o n a t e less

their d a f i n i t i o n

a s geothermal k a r s t s y s t c m s .

a n d of different age re-

p r e s e n t f l u i d s

thermal wa-

ters but standard water above all) t h i s

i n t e r e s t i s a s c a s e by t h e

c o e x i s t e n c e geothermal and petroleum rese-

a r c h with related drilling 1

and di about

a5 well m i n

around Sciacca 2829 in

S c i a c c a t o c h e c k

carbonate .
i f

so far e x p l o i t e d fully, may p r o b a b l y h e l p

in a b e t t e r u n d e r s t a n d i n g o f b o t h

i n c o n t r o l l i n g

.
a n

p r o c e s s e s enabling non-static h c a t

t i o n be in f a c t a s c o n v e c t i v e

thermal than

and

i n a , p r o v i d e d an i m p e r v i o u s

hart ,

To assess t he p o t e n t i a l f o r

thermal e n v i -

, a knowledge of temperature g r a d i e n t s

d e p t h s of a b o u t 2 r e q u i r e d ;

i n t e m p e r a t u r e gradient

r e f l e c t in f a c t

conductivity ,or , and re-

s u l t i n deep g r a -

d i e n t d a t a d a t a

not a t . f r a c t u r e d r e-

s e r v o i r s s h o u l d a l s o be a t t a c h e d

to zonation f o r a better f o r m a t i o n evaluation.

this means t o b a s e f o r

a g e , r e c h a r g e above all

structure t h e

c e l l , without t h i c k n e s s of t h e

h o s t rock , the

ness c f tie cover and the of

o n h e a t i n g .
a l s u

( e n h a n c i n g b u t also pol -
t h e i

t h a n mass

and i n dimensions

t o thickness of s e q u e n c e ,

represents ihc f o r a sound o f

potential ; basin

t h e d e c r e a s e more

gradually from t o b u t

a r e a lmos t a t d e p t h i n s i d e the t h e r -

m a l i n t h e

the d e e p e s t i n

1he 1 ap a e y o rna1o e I: r

hook" , u t n g from i ti t h e -

i o n in thick sequences, shows more

s e l f sealing t t e

a s s o c i a t e d g r o u n d or

may

in case o f

reported by

arid

IN CARBONATE
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ABASO

T h e Abano thermal and

i n N o r t h been

t t u curative h o t springs.

Upper Jurassic L o w e r Oligocene marine

o u t c r o p in the Euganean Hills and pro-

bably Triassic h a v e a

1814 d e e p well

r i i c in the area belong to two magmatic

rhyolites)

t h e n c n- v o l c a n i c f o r the ther-

m i l l been e t al;.

1976). The geothermal fluids, now p r o d u-

ced b y increasingly deep w e l l s in

i n f a c t a p r i m a r y carbonate s o u r-

ce i n

at over a t h a n km

the ,

In the Euganei thermal most

important Italian s p a

area 3 million-per-year attendances, 

creation of a control

l e v e l measurement and

abuut f a r

to pressure

ana water t h e prev-

iously mentioned

t u periphery but c o n s t a n c y d e p t h be

inferred by abundant information issued by

pu-

b l i s h e d i t s

The springing waters p r o-

duced from Quaternary now

being p r o d u c e d t r o m the deeper

,an U p p e r Jurassic t o C r e t a c i c

t h a n thick.

Studies have been c a r r i e d

c o n t r o l subsidence by local re-

injection o f effluents hilt remote

s h o u l d a l s o be envisaged in the peri-

phery of the hydrothermal

No watcr b a l a n c e has apparently been

established f o r t h e g l o b a l hydrothermal

times , from the s p r -

inging water was extracted in the p i t

an of c o i l s o r was immer-

ged in t h e c i r c u l a t i n g f o r h e a t i n g and

p r e s e n t l y t h e heat p i t is re

placed by s h e l l and

exchangers but a b o i l e r may

p r e s e n t f o r back- up A

further s t e p in t h e environmentally f o c us se d

production and c o n s e r v a t i o n o f t h e

r e sou rce b e

o f t he S D c a l l e d inverte in

production well t o b a l a n c e production and

gumption exactly( Schiesaro ,

is illustrated a t

by t h e of t c c h-

p o n d s a n d f o r wate r

in t h e 19th wells arid de-

eper percussion d r i l l i n g later, r e s t r i c t e d f l o w

f o r o f

i a f t e r a s e v e r e soil i n

a s p a a r e a , r e s u l t i n g impact of air

arid aggressive waters on a p o o r l y cemented s t e -

el production c o l u m n

More c o s t l y b u t cnvironmentally r e l i a b l e well

[ b i g g e r diameter r a s i n g i n

down t u the limestone

in I n s t e a d o f can

mixing o f shallow waters; w e l l

i n the carbonate

and pollution p r e v e n t i n g reverse circulation

(allowing drilling also whcn is p r e s e n t

preventing the f l u i d

direct in

in t h e environment safe-

g u a r d bur an e q u i v a l e n t attention

s o b e paid the .
The e r a i u1 e of

the 130 to some tens

thousand standard f l a t s ) , as r e q u c s t c d geother-

mal in the peak

65-87"

about 2 2 0 w e l l s averaging 300- 400 m i n

depth) but mainly as volurnc o f

these effluents are

re l eased on the surface i n an a r e a of about 2 3

a t a 35-45'

any attention for a more energy

and l o r the unsaturated zonc p o l l u t i o n

u n d e r l y i n g thermal aquifers inclu-

ding B i a n c o n e with eventual
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In t h e a r c n o f

the South-western

aiid known an-

c i e n t times .
local 11-12

at i t s

to structural " h i g h " i n t h e carbon-

a t e at the crossing

t he extension of Graham Banks

m a i n n e g a t i v e a x i s i n

the T e r t i a r y . S c i a c c a

sequence , as s u g g e s t e d by 2 ,

i n c l u d e s T r i a s s i c t o Cretaceous d o l o m i t e s arid

t o Eocenic

and Lower H i o c e n i c b r -

e c c i a s a n d m i d d l e

and s h a l e s , c a l c a r e o u s

r 1 , t r i s e .Hydro eo1 ic y

this r e s u l t s i n a

a q u i f e r which t h e t u

and separated

the and

a q u i t a r d s Preat

overflow! h a t s p r i n g s a t

a l o n g the southern fault

of well as the c o n t a c t

c a r b o n a t e- s u l p h a t e- s a l t

and t h e hot uphill,

r a i s e

continuous o f

coo l a i r a t t h e a n d

t h e o f humid a i r (

and t h e

i s bv the

conditions (stop and

even i n summer , when

temperature t e m p e r a t u r e i n s i d e

F i g u r e o f f e r s

the key f o r t h e r m a l

by dccp snd s h a l l o w d a t a

Sciacca , t h a n k s .
l'he Sc i a c c a 1 w e l l , o f i n t e r e s t

f o r b o t h geothernal and

down t o a t o t a l

always

dolomite f o r m a t i o n . It. a d r y h o l e f o r

opposed i n t h e Gels

aiid areas , and it f a i l e d in a

s e co f int

by conductivity l e v e l in electric survcv

but it p r o v e d a s o u r c e

a n and r e l a t e d

s y s t e m . o f a n impcrviocs

r e p l a c e d ground aqu i fe r s

waters according

and t h e interval 1 5 0

T O a t d e p t h i n t h e 1 well),

e xp l a i ns either the s p r i n g s

and c a l l e d

a t d e p t h ,

water sea l e v e l , suggesting

the .
The of a convective

by a t surface as

t 3 only

t h e

deep t h e

of karst the h o s t

formation i s a n d

loa geothermal gradients(?-2.5" m I n the

b a s i n ? .

as fo r

a v a i l a b l e i n h o t e l heating accor-

ding to t h e m o d e l , h y d r o t h e r-

mal proved o f inte-

r e s t of

by S c h i e s a r o , a s

early

R i c e r c h e recently

on o f

s u g g e s t s three main

l o v e r

w i t h 1000 and the and

and
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CONCLUSIONS

Environment , a f i n i t e asset t o

used a "r e5 nullius"

asks for harmonized

approaches, f o c u s s e d at c o r r e c t

a p p l i e s e s p e c i a l l y

d i r e c t g e o t h e r m a l app1ica t , l e a 1s o

i n s p a heating and r u r a l uses

p r o v i d e d s p e c i a l emphas i s i s givcn t o t h e r m a l

h u t n o t q u a l i t a t i v e l y

r e sou rc e t o protested in the

f rom uncontrolled economic t o

d e v e l o p m e n t .
is a field

of investigation c o v e r i n g several

f i e l d s of , s o c i o l o g y and p o l i t i c a l

b u t for environment-

a l assessment +

In f r o n t of of eco logy

2nd re la ted i n d i r e c t c o s t s with

economics and r e l a t e d d i r e c t better

known costs, the geology, i f

by economerr ic and assess

rnent .mag a significant contribution i n

i f icat ion and q u a n t i f i c a t i o n o f c o s t s

arid 1987

1 9 9 3 ) . The a s s e s s m e n t of the en-

v i r o n m e n t a l be based o n t h e

of and v u l n e r a b i l i t y j o i n t l y

rhe economic n a t u r a l e le-

ment a t risk, a s k s f a c t f o r the assessment

i t s a c t u a l v a l u e , p o s s i b l e o n l y e x t e n d e d

t u arid

added v a l u e of resource, t h e r -

mai its main form transitions (Lesmo,

and

ENVIRONMENTAL ISSUES

As suggested b y t h e review o f

c a s e f o r

r i s k i n

karst systems makers arid

i n a of uncertainty f a c e d

w i t h tile

e n e r g y .

Evert i n t h e l o w

3 s u g g e s t s various d i r e c t thermal

use p l a n n i n g a n d

and

may have

p r e d i c t a b l e in direct econo-

and indirect c o s t s

t h e h e a l t h hazard:

a r e loss

FLUID REQUESTED BY
GENERAL

subsurface r e s e r v o i r a s u r f a c c

a cannot

be impac ted i n a part wi t hou t the

r e s t of it; this a p p l i e s t o

k a r s t environrentally

of their " d o u b l e t o be

died and d e v e l o p e d n o t o n l y as c l o s e d

h c n t- w a t e r t o

d r o p a n d fluid flow or without

but a l s o a s q u a l i t y of r e c o v e r a b l e fluids

and effluents.

laws w i t h o u t c l e a r r e f e r e n c e

envi ronment , matching o f n a t i o n a l l a w

w i t h e v a s i v e r e g i o n a l

controversial

c r g c t i c o f and

m a y a l s o i n c h o i c e s ,
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