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ABSTRACT 

An overview of various geothermal systems and their  possible 
ut i l izat ion is  f irst  provided. 

This is  followed by a detailed summary from the  available 
l i t e r a tu re  of the  various environmental  impacts o f  geothermal e l ec t r i c  
energy  projects. 

The pol 1 u t i o n  potential t o  water, air and soil i s  described  as 
well as  the  possibility of thermal and noise  pollution. Other  environmental 
concerns d i  scussed i ncl ude 1 and subsidence, induced sei smi c acti  v i  t y  , 1 and 
alienation, h a b i t a t  disturbance and well blowouts. 
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RESUME 

Le rappor t  dGbute par une revue  des diffGrents syst'emes 
ggothermiques e t  de leur  utilisation  possible. 

S u i t  un rGsumG d G t a i l l G  des Gtudes p o r t a n t  sur  les  diverses 
consGquences que peuvent avoir  sur  l'environnement  les  diffGrents  projets 
d '  Gnergie 61 ectrique d '  origine gGothermique. 

Le rapport  dGcrit 1 es dangers de pol 1 ution de 1 ' eau, de 1 ' a i r  e t  
d u  sol  ainsi que les  risques de pol 1 u t i o n  causGs par 1 'exchiis de chal eur e t  
l e  bruit .  Parmi les   autres   sujets  de prGoccupation dGveloppGs dans l e  
r appor t ,  on trouve 1 es  affaissements de te r ra in ,   l es  rGpercussions  possibl  es 
sur 1'activitG sismique, l e  dGtournement du milieu  nature1 de ses fins 
premiiires, l a  perturbation de 1 ' h a b i t a t  e t   l e s  Gruptions  ggothermiques. 
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1 INTRODUCTION 

E n e r g y   c o n s e r v a t i o n ,   s u b s t i t u t i o n   o f   r e n e w a b l e   r e s o u r c e s   f o r  
nonrenewables  and  development o f  domestic a1 t e r n a t i v e s   t o   i m p o r t e d   f u e l s   a r e  

o f   i n c r e a s i n g   i n t e r e s t   t o   s c i e n t i s t s  and  as p a r t i a l   s o l u t i o n s   t o  Canada's 

energy   p rob lem.   In   th is   regard ,  one new resource   w i th   p romis ing   po ten t i a l  

i s  geothermal   e lec t r i c i t y .   A l though much has  been made o f   t h e   r e n e w a b i l i t y  
o f   t h i s  form o f   e n e r g y   i n   e x i s t i n g   f i e l d s   t h r o u g h o u t   t h e   w o r l d ,  many 

questions  have  been  raised  over  associated  environmental  concerns. It i s  

t h e   p u r p o s e   o f   t h i s   r e p o r t   t o  document i n  summary fash ion   t he   ma jo r  

env i ronmen ta l   impac ts   o f   geo the rma l   e lec t r i c   ene rgy   exp l   o ra t i on  and 

development  based on a genera l   b ib1  iographic   rev iew.  

There  are  three  major   sources o f  geothermal e l e c t r i c   e n e r g y :  

(1) Hydro the rma l   convec t i on   sys tems   i nvo l v ing   hea t   t rans fe r red   t o  

t h e   e a r t h ' s   s u r f a c e   b y  a c i r c u l a t i n g   f l u i d  (i.e.,  steam o r   ho t   wa te r ) .   Th i s  

i s   t h e  most common type  o f   geothermal  power source and i s  f o u n d   a t   t h e  

Geysers i n   C a l i f o r n i a ,   a t   L a r d a r e l l o   i n   I t a l y ,   a t   t h e   W a i r a k e i  power p l a n t  

i n  New Zeal and  and a t   o t h e r   g e o t h e r m a l   s i t e s   i n  Japan,  Ice1 and  and Mexico 

(Berman,  1975;  Weiss e t  a1 ., 1979); 

( 2 )  Hot   igneous  sys tems  invo lv ing   the   t rans fer  o f  heat   through 

t h e   n e a r - s u r f a c e   i n t r u s i o n   o f  magma (i.e.,  mol t e n   r o c k )  and. h o t  dry rock. 
I n  contrast   to   hydrothermal   convect ion  systems,   the  rock  format ions i n  these 
sys tems   a re   no t   su f f i c i en t l y   pe rmeab le   t o   t rap   wa te r .   Th i s   t ype   o f   sys tem 

i s   n o t   p r e s e n t l y   c o m m e r c i a l l y   v i a b l e ;  

( 3 )  Conduct ion-dominated   sys tems  invo lv ing   heat   t rans fer   to   the  
e a r t h ' s   s u r f a c e   t h r o u g h  sol i d  rock   by   conduct ion  and where the  temperature 

i n c r e a s e s   p r o p o r t i o n a t e l y   w i t h   d e p t h   a t  a cons tan t   ra te .  These systems  are 

c u r r e n t l y   o n l y   i n   t h e   e x p e r i m e n t a l   s t a g e .  

1.1 Hydrothermal  Convection  Systems 

These  systems may be   vapor -dominated   (d ry   s t ream)   o r   l i qu id -  

dominated (wet steam and hot   water ) .  The d r y  steam t y p e   i s   u s u a l l y   d e f i n e d  
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as  one  cons is t ing   o f   d ry ,   superheated   s team  w i th  no a s s o c i a t e d   l i q u i d .  

Temperatures o f  dry steam rese rvo i r s   range   f rom 220 t o  250  degrees  Centi- 

grade  (428 t o  482  degrees  Fahrenheit) and  have  pressures  around  35  kg/sq. 

cm. (500 p s i  ) . The condensate  from  the  steam  has  very 1 ow concent ra t ions  

o f   c h l o r i d e   ( l e s s   t h a n  15 ppm) and t o t a l   d i s s o l  ved sol   ids.   There  are 
u s u a l l y   h i g h   c o n c e n t r a t i o n s   o f   b o r o n ,  ammonia, s u l f a t e  and  magnesium  and 

cons iderab le  amounts o f  non-condensi b l  e gases (hydrogen  su l   f ide  and  carbon 
d i o x i d e ) .  

Hot  water/wet  steam  systems  used t o  produce e l e c t r i c i t y  have 

water  temperatures  greater  than  150  degrees  Centigrade  (302  degrees  Fahren- 

h e i t )  and have a h i g h   c h l o r i d e   i o n   c o n c e n t r a t i o n .  These r e s e r v o i r s   a l s o  
have  h igher   concent ra t ions  o f  arsenic ,   ces ium,  boron,   f luor ide,   l i th ium, 

sodium, rub id ium and s i l i ca   t han   coo le r   g round   wa te r .  

Th i s   repo r t   d i scusses   t he   e f fec ts   o f   t hese   chemica l   cons t i t uen ts  

as  sources o f  water, a i r  and s o i l   p o l l u t i o n .   I n   a d d i t i o n ,   t h e r m a l  
po l l u t i on ,   l and   subs idence ,   i nduced   se i sm ic   ac t i v i t y ,   l and   a l i ena t ion ,  

h a b i t a t   d i s t u r b a n c e ,   n o i s e   p o l l u t i o n  and wel l   b lowouts  are  d iscussed.  
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2 ENVIRONMENTAL CONCERNS 

Geothermal power-producing systems  normally are designed between 
the  fol 1 owi n y  extremes : 

(1) A totally.  closed system accomplished through f luid 
reinjection  into  the  reservoir or other  aquifer  after power conversion. 
Such a system produces minimal environmental effects ,  mainly i n  the form o f  
t hermal  pol 1 uti on ; 

( 2 )  A completely open system where al l  waste 1 iquids and gases 
are  released  untreated  after power conversion t o  surface  drainage or the 
atmosphere. Such a system has the  potential  for  creating  substantial 
environmental pollution. The exact  extent of the  pollution depends on the 
amount and nature of chemical constituents and on the  rate,  volume and 
methods of  disposal. 

All phases of  a geothemlal project  including  exploration, de- 
velopment and production/util  ization have the  potential for environmental 
degradation. During  expl oration and development, d r i l l  ing can produce 
waterborne s i l t s ,  mud solids,   dri l l   cutt ings,   soil   disturbance,  possible 
accidental   spil ls  and well blowouts. During production and u t i l i za t ion ,  
the main source of  pollution i s   t he  geothermal fluid which can chemically 
react w i t h  other  materials and can contain waste heat,  dissolved and 
suspended sol ids,  and dissolved and entrained  gases. 

2.1 Water  Pol 1 u t i o n  
The chemical characterist ics of geothermal fl  uids vary 

considerably bo th  in number  of chemical constituents and in  concentration 
(Table 1 and Figure 1); geothermal waters can range from potable t o  highly 
sal  ine and corrosive.  Pollution problems associated w i t h  dry and wet steam 
systems are  generally  less t h a n  those  associated with hot water  systems, 
because the vapour from geothermal steam is  usually lower i n  poll utants .  

Table 2 presents a grouping of chemical constituents  according t o  
the i r   re la t ive  abundance. Aquatic l i f e   c r i t e r i a   fo r  some of these chemical 
consti tuents  are  l isted i n  Table 3. Several eAements (aluminum, bromine, 

. *  
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s t ron t ium,  1 i t h  

wh ich   a re  known 

ium,  cesium, fl uor ine,   rub 

t o  be t o x i c   t o  humans a r e  

id ium,  ant imony,  n ickel  and boron) 

n o t   i n c l u d e d   i n   t h i s   t a b l e .  

These  elements may a l s o  have t o x i c   e f f e c t s  o n   a q u a t i c   l i f e .  
A t  the  Wairakei   geothermal   s i te  i n  New Zealand,  arsenic,  mercury, 

hydrogen  su l f ide,   carbon  d iox ide and s i 1   i c a  have  produced  adverse  ef fects 

O R  t k  aquatic  environment. The Wa i rake i   p lan t   supp l i es   nea r l y  75 percent  

o f  t h e   t o t a l   a r s e n i c   i n p u t   t o   t h e   W a i k a t o   R i v e r ,   w h i l e   t h e   c o n c e n t r a t i o n  
f a c t o r   o f   a r s e n i c   i n   L a r g a r o s i p h o n   m a j o r ,  a weed which  dominates  the 

a q u a t i c   p l a n t   p o p u l a t i o n   i n   L a k e   A r a t i a t i a ,  has  been  recorded  at 5300 t i m e s  

normal  (Axtmann,  1975a;  Aggett and  Aspel 1 , 1980). The i m p o r t a n c e   o f   t h i s  

accumu la t i on   o f   a rsen ic   by   aqua t i c   p lan ts  and on up t h rough   the   f ood   cha in  
i s  unknown. On t h e   o t h e r  hand, a rough 1:l correspondence  has  been  found 

t o   e x i s t  between  concentrat ions  o f   mercury i n   l a k e  sediments  and i n  co- 

e x i s t i n g   t r o u t   i n   t h e  Waikato  River system. The aqueous hyd rogen   su l f i de  

i n   t h e   w a t e r   e f f l   u e n t   o f   t h e   W a i r a k e i   p l a n t  has  caused s u l f u r   b a c t e r i a   o f  
t he   genera   Th io th r i x  and Beggiatoa t o  grow  on  plankton i n  Lake A r a t i a t i a  

and  Lake  Ohakur i .   Invest igat ions o f  t h e   e f f e c t s   o f   d i s s o l v e d   h y d r o g e n  

s u l f i d e  on t h e  eggs  and f ry  o f   r a i n b o w   t r o u t  have  demonstrated  that   on ly  

c o n c e n t r a t i o n s  1 ess  than 0.006 pp-n are   sa fe  (Axtmann,  1975a) . D i  ssol  ved 

ca rbon   d iox ide   f rom  the   Wa i rake i   p lan t  has  been  found t o   i n c r e a s e   t h e  

g r o w t h   o f  - L. m a j o r   t o  such an e x t e n t   t h a t   i n  1968 t h e   a c c u m u l a t i o n   o f   t h e  
weed on the i n t a k e  screens o f  the  A r a t i a t i a  Dam f o r c e d  a temporary  shutdown 

o f   t h e   g e n e r a t i n g   s t a t i o n .  

2.2 Air Po l  1 u t i o n  
Air pol  1 u t i on   f rom  geo the rma l   p l   an ts   a r i ses   f rom  e jec to r  ex- 

haus ts ,   coo l i ng   t owers ,   s i l ence rs ,   d ra ins ,   t raps ,   d i scha rg ing   bo res   under  
t e s t  and cont ro l   ven t   va lves   (Har t ley ,   1978) .   Most   o f   the   noncondens ib le  

gases o r  vapours  that  have  been  found i n  geothermal f l u i d s   a r e  norrnal 

components o f   t h e  atmosphere  (Figure 2 and  Table 4 ) ,  a1 though i n   v a r y i n g  

quan t i t i es .   Hyd rogen   su l f i de ,   bo ron   (bo r i c   ac id )  and s u l f u r   d i o x i d e   i n  

geothermal   gases  are  current ly   recognized as p o t e n t i a l l y  damaging t o   c r o p s  

(Armstead,  1978). 
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FIGURE 2: NON-CONDENSIBLE  GASES IN GEOTHERMAL  FLUIDS 

t 

01 FLffCfN? Of 0.1 NONCONOENSIB L I OAStS 
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10 100 

7 10.000 ??M WHEN  NONCONDENSIBLES tOUAL S %  Of  IOTA1 GASES 
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I '  IO 100 1000 

I .I 

Noncondensible  gases  in  geothermal  fluids. Base graph shows 
individual   gases  a s  ranges of  percent of total  noncondensible 
gases .  Lower scales  convert  these  values to parts per million 
(ppm) of total  (noncondensible  plus  condenslble)  gases when 
noncondensibles equal the  epecif ied  percentages  of   total   gases .  

~~ 

Source: Hart ley,  1978, p.25 
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TABLE 4: GAS COMPOSITION OF GEOTHERMAL VAPOURS 

Constituent  toncentration in volume  percent Ummrks 

kmania (NH3) 0 - 5,36'I Noxious gas, signifies 
reducing  conditions 

Argon (Ar) 0 - 6.3 Mlnor inert  gas 

Arsenic (As) 0.002 - 0.05 Heal th  hazard, 
volatile 

Boric  Acid (H,BO,) 0 - 0.45 Deleterious to plants 

Carbon  Dioxide (CO,) 0 - 99 Scale f o m t i o n  

Carbon  Monoxide (CO) 0 - 3  Health  hazard 

Helium  (He) 0 - 0.3 Innocuous 

Hydrocarbon (C2 and 
greater) 

Hydrogen (Hz 

0 - 18.3 Potential fuel source, 
denotes  reducing 

conditions 

0 - 39 

Hydrogen  Fluoride  (HF) 0.00002 

oxidation-reduction 
Provides  data  on 

environment 

Extremely  corrosive 
and  reactive 

Hydrogen  Sulfide (HzS) 0 - 42 Noxious g a s ,  
environmental  hazard, 

corrosion  agent 

Mercury  (Hg ) 0.007 - 40.7 (ppb) Health  hazard 

Uethane (CH,) 0 - 99.0 Potential fuel source 

(Hz + HzS) 0.2 - 6 

N i t m g m  (N,) 0 - 97.1 lbjor inert  gas 

(N2 + Ar) 0.6 - 96.2 

0 - 64 Important  for  oxidation- 
reduction  reaction& 

u n  be corrosive 

Sulfide  Oxides (SO2) 0 - 31 
h m f u l  to  environment 

Corrosion agent. 

~~ ~ 

Source:  Geonornics,Inc. ,  1978, P.20 

Y 
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W i t h  respect t o  other  vegetation, hydrogen sulfide is  of major 
concern because i t  is  heavier t h a n  air and tends t o   s e t t l e  towards the 
ground. Controlled greenhouse studies have shown t h a t  Douglas f i r  
(Pseudotsuga  rnenziesii)  after a continuous six week exposure t o  hydrogen 
sulf ide fumes a t  3000 ppb developed a progressive t i p  b u r n ;  defoliation 
occlrrred after  ten weeks of exposure. An eight week exposure a t  300 ppb 
hydrogen sulf ide a1 so produced t i p  burn on the  trees. Sulfur accumulation 
i n  the  needles was low owing t o  slow growth ra te  (Thompson and Kats, 1978). 

In contrast ,  b i g  leaf map1 e (Acer macrophyl urn) and t o  a lesser  
extent  native oaks (Quercus sp.) i n  the Geysers area have exhibited 
symptoms (marginal  and t i p  dieback)  attributed t o  boron accumulation 
(Osterling, 1976). Chemical analysis o f  leaf and needle t issues showed 
abnormally h i g h  concentrations of boron. 

The acidity of rainwater may also  increase  as a resu l t  of devel- 
opnent  of geothermal s i tes .  This can  be caused by o x i d a t i o n  of  hydrogen 
sulfide  or  sulfur  dioxide and the  formation of  hydrogen and sulfate  ions. 
Such reactions can occur at  considerable  distances from an effluent  source 
(Weber  and Lee, 1976). A l t h o u g h  conclusive  evidence is  n o t  available on 
the  effects of acid ra in  on vegetation  (particularly  forests) ,   indications 
are   that   t rees  grown i n  areas  affected by acidification may be depressed by 
0.3 t o  1 percent per year (Weber and Lee, 1976). 

Gases such as  mercury vapour ,  radon and argon are sometimes 
present i n  t race amounts (Axtmann,  1975a,b). Small e r  q u a n t i  t i e s  of 
particulate  matter  including si1 ica and heavy metals such as lead and 
s i lver   a re  a1 so 1 ikely t o  be suspended in geothermal steam. Mercury 
compounds are  soluble i n  water and thus can be absorbed by l i v i n g  organisms 
d i rec t ly  from water or  indirectly t h r o u g h  the food chain. Radon-222, the 
only  radioactive gas ,  i s  found i n  trace amounts i n  the non-condensible 
portion of geothermal steam. I t  i s  produced by the decay  of uranium i n  the 
rocks of geothermal reservoirs and can lead t o  highly  toxic  residues (U.S. 
Environmental Protection Agency, 1977). 

a 
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2.3 S o i l   P o l  1 u t i o n  
Emissions  associated  with  geotherrl lal   energy may c o n t r i b u t e   t o  an 

i n c r e a s e   i n   t h e   a c i d i t y   o f   r a i n w a t e r  and eventual ly ,   so i ls .   Hydrogen 
s u l f i d e  and s u l f u r   d i o x i d e  may b e   o x i d i z e d   t o  H+ and  S04-2 and ammonia 

may b e   c o n v e r t e d   t o   n i t r i c   a c i d  (H+NO3').  An i n c r e a s e   i n   a c i d i c   s o i l  
c e n d i t i o n s   c o u l d   i n h i b i t   t h e   g r o w t h   o f   b a c t e r i a l   p o p u l a t i o n s  and  enhance 

t i ie  development o f   f u n g i .   T h i s   c o u l d   h i n d e r   p l a n t s   w h i c h   u t i l i z e   r o o t  
nodules  for rned  by  n i t rogen- f ix ing  bacter ia   (Har t ley,   1978) .  

A c i d   p r e c i p i t a t i o n   i s   l i k e l y   t o  have a c h r o n i c   e f f e c t  on  eco- 

system  processes.   Disrupt ions  wi th in  an ecosystem  could  involve:  (1 ) 
i n c r e a s e d   l e a c h i n g   o f   n u t r i e n t s   f r o m   p l a n t   f o l i a g e  and s o i l ;  ( 2 )  i n t e r -  
fe rence  w i th   decompos i t ion   p rocesses ;   and  (3 )   d is rup t ion   o f   p rocesses   such 

a s   n i t r i f i c a t i o n  and n u t r i e n t   u p t a k e .   D i r e c t   e f f e c t s   c o u l d   r e s u l t   f r o m  
s o i l   p o l l u t i o n  such as l o s s   o f   f o r e s t   p r o d u c t i v i t y .  These m o d i f i c a t i o n s  

c o u l d   a l s o   i n f l u e n c e   w i l d l i f e   u t i l i z a t i o n   o f  an a rea   t h rough   hab i ta t  

d is turbance.  

2.4 Thermal  Pol 1 u t i  on 

Where coo l   ing   towers   a re  used,  thermal  pol 1 u t i o n   i s  caused  by 

surp lus   condensate ,   a l though  th is   can   be   min imized  th rough  re in jec t ion .  

W i t h   d i r e c t   r i v e r   c o o l i n g ,   w a s t e   h e a t   s i m p l y   r a i s e s   t h e   t e m p e r a t u r e   o f   t h e  
r e c e i v i n g  w a t e r  body. In W a i r a k e i ,   t h i s  i s  by f a r  t h e  most ser ious  t ype  o f  

t he rma l   po l l u t i on .   La rge  amounts o f   h o t  water, a t   o r  n e a r   t h e   b o i l   i n y  

po in t ,   can  damage f i s h e r i e s  and  encourage t h e   g r o w t h   o f  unwanted weeds 

(Axtmann,  1975b). F i sh   rep roduc t i on   can  a1 so be ha1 ted   by   su rp l  us heat 
(Har t1  ey, 1978; Nil sen e t  a1 , 1974). 

Observat ions  o f   organisms i n   h o t   s p r i n y s  and other  geothermal 

h a b i t a t s   h a v e   l e d   t o  a se t   o f   genera l   p r inc ip les   (Brock ,   1975) .   There   a re  

d i s t i n c t  u p p e r   t e m p e r a t u r e   l i m i t s   f o r   d i f f e r e n t   g r o u p s   o f   o r g a n i s m s :   f i s h  

and o the r   aqua t i c   ve r teb ra tes   (38   deg rees   Cen t ig rade) ;   i nsec ts   (45  - 50 

degrees  Cent igrade);   protozoa  (50  degrees  Cent igrade);   vascular  p lants  (45 

degrees  centigrade); mosses (50 degrees  Cent igrade) ;   eucaryot ic   a lgae (56  

degrees  Cent igrade) ;   fungi  (60 degrees  Centigrade);  blue-green a1 gae 
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(70 - 73 degrees  Centigrade);  and  bacteria  (above 99 degrees  Centigrade). 

Increases i n  temperature  can  lead  to  a g r e a t l y  simp1 i f i e d  ecosystem  struc- 
t u r e .  Even a t   tempera tures   be l  ow the  upper  1 imit f o r  a group o f  organisms, 

s p e c i e s   d i v e r s i t y   f o r   t h e   g r o u p  may be  severe ly   res t r i c ted   (Brock ,  1975). 
A summary o f   t e m p e r a t u r e - i n d u c e d   a q u a t i c   e f f e c t s   i s   p r e s e n t e d   i n   " Q u a l i t y  

C r i t e r i a   f o r  Water" (U.S. Env i ronmenta l   Pro tec t ion  Agency, 1976). 
Increases i n  water  temperature  a lso  have a d i r e c t   e f f e c t  on   wa te r   qua l i t y  

through  changes i n  w a t e r   s o l   u b i 1   i t i e s .  

Thermal  pol 1 u t i o n   f r o m   c o o l   i n g   t o w e r s   h a s   l e s s   o f  an impact  on 

t h e   e n v i r o n m e n t .   E f f e c t s   i n c l u d e   s l i g h t   h e a t i n g   o f   t h e   l o c a l  atmosphere, 

an  increase i n   h u m i d i t y  and occasional  fogging  (Axtmann, 1975b; Armstead, 
1978; Wi 11 i s ,  1978). 

2.5 Land  Subsidence 

Land  subsidence  has  occurred i n   t h e  development o f  some geother-  

mal f i e l d s .  Whenever s u b s u r f a c e   f l u i d s   a r e  removed, t h e r e   i s  a r e d u c t i o n  

i n   t h e  fl u i d   p r e s s u r e   s u p p o r t i n g   t h e   o v e r l y i n g   r o c k   t h a t   c a n   r e s u l t   i n  a 

v e r t i c a l   d r o p   o r   h o r i z o n t a l  movement o f   t h e   l a n d .  A t  Wairakei  where 

geothermal f l u i d s   a r e   n o t   r e i n j e c t e d ,   t h e r e  has  been a t o t a l   v e r t i c a l  

movement exceeding 3.7 meters (12  f e e t )   s i n c e  1956 a f f e c t i n g  an area o f  

o v e r  65 s q u a r e   k i  1 ometers ( 2 5  s q u a r e   m i l e s ) ;   s m a l l e r   h o r i z o n t a l  movement 

was f i r s t  recorded i n  1965 (Axtmann, 1975b). I n   t h e   M e x i c a n   C e r r o   P r i e t o  
h o t   w a t e r   f i e l d   ( n o   r e i n j e c t i o n ) ,   s u b s i d e n c e  was recorded  even  before 

e x t e n s i v e   p r o d u c t i o n  began  (Dutcher  et  a1 ., 1972). I n   c o n t r a s t ,   t h e   d r y  
steam f i e l d s   a t   t h e  Geysers  and  Lardarel l o  have  experienced no l a n d  sub- 

s idence (Bowen, 1973). Land  subsidence i s  t hough t   t o   be  a concern   w i th  

r e s p e c t   t o   f u t u r e   g e o t h e r m a l   d e v e l o p n e n t   o f   t h e   I m p e r i a l   V a l l e y   i n  

Cal i f o r n i a  and geopressured  resources a1 ong t h e  Gul f Coast o f  Texas 

(Du tche r   e t  a1 ., 1972; Wil son e t  a1 ., 1977). 

2.6 I nduced  Sei smi c A c t  i v i  t y  (Earthquakes) 

It i s   p o s s i b l e   t h a t   s e i s m i c   a c t i v i t y  a t  geothermal  s i tes  can  be 

i n d u c e d   b y   w i t h d r a w a l   o r   r e i n j e c t i o n   o f   g e o t h e r m a l   w a t e r s   f r o m   o r   i n t o  

underground  reservoirs.  To d a t e   t h e r e   i s  no e v i d e n c e   t h a t   c o n s t r u c t i o n   o f  
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a geothermal   p lant   has  increased  se ismic i ty .  No anomalous earthquakes  have 

occurred  near   the we1 1 s o f   t h e  Okate,  Japan,  wet  steam  geothermal  power 
s i t e  (Kubota and Aosaki , 1975) ,   the   d ry  steam f i e l d   a t   L a r d a r e l   l o  (Camel i 

and  Carabell  i, 1975),  the  Geysers  (Geonomics,  Inc.,  1978) o r   the   Wai rake i  

f i e l d  (Axtmann,  1975b).  Hazardous  elements  associated  with  any  induced 

s e i s m i c   a c t i v i t y   c o u l d   r a n g e  frorn l i m i t e d   r o c k   v i b r a t i o n s  and  ground  motion 
t o   l a r g e  g round   mo t ion   i nc lud ing   f au l t i ng ,   l i que f i ca t i on ,   l ands1   i d ing ,  

d i f f e r e n t i a l   s e t t l e m e n t  and  1 u rch   c rack ing  (Geonornics,  Inc.,  1978). 

2.7 L a n d   A l i e n a t i o n  and H a b i t a t   D i s t u r b a n c e  

Geothermal e l e c t r i c  systems,  by t h e i r   v e r y   n a t u r e  and devel-  

opnent  methods, u s u a l l y   c a u s e   l e s s   l a n d   d i s r u p t i o n   t h a n   p i p e l i n e s ,  

fuel  storage  areas,  aboveground  waste  disposal  or  energy  processing 

f a c i l i t i e s .  The s e v e r i t y   o f   l a n d   d i s t u r b a n c e   i s   a l s o  much l e s s   t h a n  many 

convent ional   energy  source  operat ions  such as open p i t   c o a l   m i n i n g .  

None the less ,   t he re   a re   s ign i f i can t   l and  use impacts  which  can accompany t h e  
development o f  a geothermal   f ie ld .  These re1  a te  to   acreage  requi rements,  

c o m p a t i b i l i t y   w i t h   a d j a c e n t   l a n d  uses and t h e   p r o t e c t i o n   o f   s e n s i t i v e  

areas 

The 1  and r e q u i r e d   f o r   d e v e l o p n e n t   o f  a geothermal f i e l d   i s   p r i -  

m a r i l y  a f u n c t i o n   o f   t h e   e l e c t r i c a l   c a p a b i l i t y   o f   t h e   g e n e r a t i n g   p l a n t ,   t h e  
number and d e n s i t y   o f  well s and t h e   t o p o g r a p h y   o f   t h e   s i t e .   F o r  exampl  e, 

more we1 1 s must  be d r i l l  ed t o   a c h i e v e  

b y   t h e  1  oca1 i t y  o f   t h e   h e a t   r e s e r v o i r ,  

i t u e n t s   o f   t h e  steam. (The l a t t e r  

I d  n e c e s s i t a t e   t h e   d e v e l o p m e n t   o f   a u x i l i a r y   f a c i l i t i e s   f o r   t h e   r e c l a -  

ion   o f   undes i rab le   chemica ls . )   S i tes   under   rap id   deve lopment   requ i re  

d r i l l   i n g   o f  more w e l l s   p e r   a c r e   i n  a c l u s t e r  arrangement  wi th  short  

p ipe1   i nes   f eed ing   t he  steam t o   g e n e r a t i n g   u n i t s .   I n  a slower  development, 

t h e   w e l l s   a r e  spaced f u r t h e r   a p a r t   w i t h   l o n g e r   m a i n   s u p p l y   l i n e s  (U.S. 
Env i ronmen ta l   P ro tec t i on  Agency, 1977). 

l a r g e r   t h e   g e n e r a t i n g   p l   a n t ,   t h e  

l e v e l   o f   p r o d u c t i o n   r e q u i r e d .  
Well   spacing i s   i n f l u e n c e d  

r a t e   o f  steam f l o w  and the   cons t  
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The t o p o g r a p h y   o f  a s i te   in f luences   acreage  requ i rements ;   as   the  
s l o p e   o f   t h e   l a n d   i n c r e a s e s ,   t h e   r e q u i r e d   s u r f a c e   a r e a   f o r   d e v e l o p n e n t   a l s o  

increases  (Ecoview  Environmental  Consultants,  1974). The amount o f   s u r f a c e  

1 and d i s t u r b e d   i n  a geothermal  developnent  area  ranges  from  10 t o  50 

p e r c e n t   w i t h  an  average o f  20 percent  (Ecoview  Environmental  Consultants, 
1974). A 1000 MWe f a c i l  i t y  c o n s i s t i n g  o f  t e n  100 MWe  we1 1 s w i t h  a spacing 

o f  one wel l   per  58  acres  would  cover  2025 t o  3645  hectares (5000 t o  9000 

a c r e s )   o r   2 1   t o   4 0   s q u a r e   k i l o m e t e r s   ( 8   t o   1 4   s q u a r e   m i l e s ) .  O f  t h i s  

amount, 20 percent   o r   405  to   729  hec tares   (1000 t o  1800  acres) o f   s u r f a c e  

a rea   wou ld   be   d i s tu rbed   phys i ca l l y   t h rough   c lea rance   o f   vege ta t i on ,   g rad ing  

and  paving (U.S. Env i ronmenta l   Pro tec t ion  Agency, 1977). 

C o n s i d e r a b l e   v a r i a b i l i t y   i n   l a n d   r e q u i r e m e n t s   e x i s t s .  The d r y  

steam f i e l d   a t   L a r d a r e l l o ,   c o n s i s t i n g   o f  13   genera t i ng   un i t s   w i th  a t o t a l  

c a p a c i t y   o f  360 MWe f rom  467  we l ls ,   requ i red   over   165  square   k i lometers   (65  

square   mi les) .  A t  t h e   W a i r a k e i   h o t   w a t e r   f i e l d ,   6 1   w e l l s   s u p p l y i n g  a 160 

MWe power p l   an t   were   concent ra ted  on a compact we1 1 f i e l d   o f   l e s s   t h a n  2.59 

s q u a r e   k i l o m e t e r s   ( 1   s q u a r e   m i l e ) .  The genera l   l and   requ i remen ts   f o r  a 
' t y p i c a l  ' geothermal  devel  opnent s i t e   a r e  shown i n  Tab1 e 5. 

2.8 N o i s e   P o l l u t i o n  

H i g h   i n t e n s i t y   n o i s e s   o f   o v e r   1 0 0  dBA can  be  encountered  during 
the  development  phase o f  a steam f i e l d .  Typ ica l l y ,   most  we1 1 s a r e   t e s t e d  

' o p e n   h o l e '   f o r  a number o f  weeks and some  may be l e f t   t o  f l o w  f o r  months 
as a means o f   a s s e s s i n g   l o n g   t e r m   p r o d u c t i o n   c a p a b i l i t y .  Thus, i f  some 50 

t o  1 0 0   w e l l s  were  required, a steam f i e l d   c o u l d  be expected  to   have  severa l  

sources   o f   about   120 dBA f o r  a p e r i o d   o f  months o r   yea rs .   Mob i l e  sound 

a t t e n u a t i o n   s c r e e n s   c a n   b e   i n s t a l l e d   a t   s u c h   t e s t   s i t e s ,   b u t   t h i s  was n o t  

t h e   p r a c t i c e   a t   W a i r a k e i   i n   t h e   1 9 5 0 ' s  and 1960's  (pers.  comm., J. M i l l e n ,  

1981 ) . 
Sound leve ls   f rom  coo l i ng   t owers   rep resen t ing   t he   comb ined   no i se  

o u t p u t   o f   f a n s ,   f a n   m o t o r s  and f a l l i n g   w a t e r   a r e   b e l i e v e d   t o   g e n e r a l l y   l i e  

w i t h i n   t h e   r a n g e  o f  80 - 90 dBA (Bush, 1976; U. S. Env i ronmenta l   Pro tec t ion  

Agency,  1973). Maximum n o i s e   i n t e n s i t y   o c c u r s   n e a r   t h e   b a s e   i n  a forced-  

d r a f t   t o w e r  and n e a r   t h e   t o p   i n  an induced-draf t   tower.  
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TABLE 5: LAND  USE  REQUIREMENTS  FOR A TYPICAL  GEOTHERMAL  DEVELOPMENT  SITE 

Exploration and  Testing  Phase 
Road construction 3 to 4 miles,  graded  and  compacted 
Drill pads 1 acre  each,  cleared  and  compacted 
Mud  sump Each  one  requires  an area 100' x 125' x 10' 

deep to temporarily store up to 1 .OOO.OOO 
gallons of effluent and cuttings. 

Full Field Development 
Road construction Acreage  varies.  Access  roads  may  be built 

to drilling pads,  mud  sumps, buildings for 
housing  equipment  and  storage.  Estimate 
30 acres of land  cleared for every 15 wel ls .  

Pipelines  Each pipeline is 10" to 30" in diameter, 
raised on supports  rising no more  than  12 
feet.  The area cleared for the pipeline is 
from 10' to 300' wide,  depending  on 
whether  eccess roads are constructed. 

land  must be paved  or  otherwise  made 
impenn'ous. 

Power  generation facilities  Roughly 5 acres are  required;  most of the 

-turbine  generaton & condensom Each is 150'  x 65' x 60' high. 
-cooling towers Each is 360' x 65' x 60' high. 
-transformer Each is 100' x 100' x 55'  high. 

Transmission  lines Lines  consist of towers  or poles at a height 
of 80 to 120 feet, with concrete  bases 
40 feet  apart. 

Source: U.S.  Environmental  Protection  Agency, 1977, p. 45 
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I f  enclosed w i t h i n  the wall s of a pumphouse, recircul a t i n g  pumps 
and motors may produce sound levels approaching 100 dBA (Wil  son e t  a1 , 
1977). These sound level s are comparable t o  a noisy urban area  (80 - 90 
dBA) or being adjacent t o  a freeway (90 dBA) (Hartley, 1978). The  most 
intense  noise  levels i n  normal geothermal operations  result from steam 
venting i f  j e t  gas e jectors   are  unattenuated  (Table 6 ) .  

Noise pollution is  contaminating only while i t  i s  occurring and 
only i n  the immediate vicinity o f  the  source;  consequences  are  related  to 
intensity and duration of exposure. A quiet  wilderness  area has a sound 
level of  20 - 30 dBA (U.S. Environmental Protection Agency, 1973),  consi- 
derably lower t h a n  a geothermal site.  Therefore,  habitats i n  the immediate 
locale of geothermal ac t iv i t i e s  may be vacated by wildlife u n t i l  h a b i t u -  
ation t o  the  noise  level  takes  place. Changes i n  mat ing  ac t iv i t i e s ,  
predator-prey  relationships and t e r r i t o r i a l  behaviour m i g h t  a1 so occur w i t h  
some wildlife  species. 

2.9 We1 1 Blowouts 
A1 t h o u g h  the  probability of a we1 1 blowout i s  low for bo th  hot  

water and steam geothermal systems, t h i s  type of  event has occurred. As a 
well blowout  can contain any or al l  o f  the  constituents of the  resident 
geothermal f l u i d ,  such an event can  have adverse effect  on the environment 
(Hartley, 1978). Well blowout was experienced d u r i n g  d r i l l  i n g  of early 
production we1 1s a t  Cerro Prieto and a t  the Geysers (Berman,  1975;  Bacon, 
1976) and a1 so i n  the  early  developnent phase a t  Wairakei (pers. comm., 3. 
Millen, 1981). In 1973, a blowout a t  the A l f i n a  1 well i n  Northern Latium, 
Italy,  released  substantial amounts of carbon dioxide and other  gases 
considered t o  be of risk to  the environment (Ferrara and Stefani, 1977). 
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TABLE 6: POISE LEKLS @ Qm OEKATIONS WiING EMLOWENT RL4sE AT TtlE GEYSERS 

Operati on hration 

Well Drilling 

f4.d killing 
Air drilling,  inclding 

blow 1 ine 
blow line wi th  air  mpler 
blow line w i t h  air  mpler 
ard wter iMection 

Well cleaning; o p n  wll 
Well testing; o p n  wll 
Rock muffler 
We1 1 bl d i n g  before connection 
t o  generator 

o p n  hole 
rock-fil  led ditch 
blohnuts 

60 days/wll 75-80 
30 dayS/wll 

12ok 
95* 

3-6 days 
14 days 

85 
11P 
118k 
89 

variable 
86 
65 

variable  (infrequent) 118k 

50 

25 
25 

25 
50 
50 
50 

5 
5 

50 

Construction 

Operation o f  constrction 1-2 years 
machinery (treks, bulldoaers, etc.) 

70-90 50 

Plant  Operation 20-30 years 

Stem line vent (muffl ai) 
Jet gas ejector 

unattenmted (old design) 
w i t h  acoustical  insul ation 

Stem line separator 
Stem line breaks 
Cooling tower 
TU\ Liregenerator building 

intermittent 90 100 
contintous 

11 7* 5-1 0 
84 5-1 0 

curtintous 80 25 
brief, infrequent 100* 50 
contintous 80-90 5-10 
conti  nwus 70 outside 

* Noise  level is a t  or &we 6% standard o f  95 &(A). 
Some: US. Envimrmental  Protection /Qency, 1977, p.65 
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