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ABSTRACT 

A l l  geothermal development p r o j e c t s  have a c t u a l  
and p o t e n t i a l  e f f e c t s  upon t h e  s o c i o - c u l t u r a l ,  
b i o l o g i c a l  and p h y s i c a l  envi ronment  o f  t h e  p r o j e c t ,  
reg ion .  Ana lys is  and management o f  these  e f f e c t s  
i s  a fundamental p a r t  o f  KRTA reconnaissance, 
e x p l o r a t i o n  and development programmes. 

The o b j e c t i v e  o f  t h i s  paper i s ,  , t h e r e f o r e ,  t o  
i n d i c a t e  t h e  range o f  envi ronmental  i n t e r e s t s  
wh ich  may need t o  be taken  i n t o  account  i n  t h e  
assessment and development o f  geothermal 
resources.  The d i s c u s s i o n  i s  i l l u s t r a t e d  w i t h  
examples f rom KRTA work over  t h e  p a s t  15 y e a r s  i n  
geothermal f i e l d s  o f  Asia,  A f r i c a ,  t h e  Americas, 
t h e  Caribbean and t h e  P a c i f i c ,  i n c l u d i n g  New 
Zeal and. 

INTRODUCTION 

E a r l y  assessment o f  s o c i a l  and c u l t u r a l  va lues,  
b i o l o g i c a l  and p h y s i c a l  f a c t o r s ,  l a n d  and wate r  
use, a rchaeo log ica l  and h i s t o r i c  s i t e s  and p u b l i c  
concerns hav ing  regard  t o  t h e  c h a r a c t e r i s t i c s  o f  
t h e  p r o j e c t  area, i s  e s s e n t i a l  f o r  e f f e c t i v e  
management o f  a p r o j e c t .  The assessments shou ld  
be s u f f i c i e n t l y  e x t e n s i v e  and advanced i n  t i m e  t o  
be o f  use i n  p r o j e c t  p lann ing ,  and i n  t h e  des ign  
o f  methods t o  e l i m i n a t e  o r  reduce t h e  i n t e n s i t y  o f  
adverse e f f e c t s .  They shou ld  a l s o  remain 
a p p r o p r i a t e  t o  o t h e r  s c i e n t i f i c  and eng ineer ing  
programmes i n  case p r o j e c t  emphasis s h i f t s  t o  
o t h e r  areas o r  o t h e r  development s t r a t e g i e s .  

THE PHILIPPINES 

It i s  general  knowledge t h a t  much o f  ou r  
geothermal work has been i n  t h e  P h i l i p p i n e s ,  b u t  
t h e  pace of  development and t h e  e x t e n t  of  
envi ronmental  work i n  t h a t  c o u n t r y  i s  perhaps n o t  
so w e l l  known. An i n d i c a t i o n  o f  t h e  e f f o r t  can be 
ga ined  f rom t h e  f a c t  t h a t  t h e  f i r s t  deep w e l l  was 
completed i n  January 1977, and 112.5MWe power 
s t a t i o n s  were commissioned i n  Negros and Luzon 
I s l a n d s  i n  June 1983, o n l y  s i x  years  l a t e r .  T h i s  
i n v o l v e d  management o f  up t o  10 d r i l l i n g  r i g s  
o p e r a t i n g  c o n c u r r e n t l y , d r i l l i n g  b o t h  v e r t i c a l  and 
d e v i a t e d  w e l l s  o f  which 94 ranged f rom 2000 t o  
3500m i n  depth. A t  t h e  same t ime,  e x p l o r a t i o n  
work was c a r r i e d  o u t  i n  about 20 o t h e r  p r o m i s i n g  
l o c a t i o n s ,  ( F i g  1). An i n d i c a t i o n  o f  t h e  range 
and i n t e n s i t y  o f  envi ronmental  management work 
wh ich  had t o  be a d d r e s s e d  i n  t h e  course o f  these  
developments i s  g i ven  below. 

TONGONAN, LEYTE ISLAND 

Ttie f i r s t  deep w e l l  was completed i n  January 1977, 
a 3MWe demonstrat ion power u n i t  was commissioned 
i n  June 1977, and t h e  f i r s t  s tage 112.5MWe Ley te  I 
Power S t a t i o n  was commissioned i n  June 1983. The 

. p r o j e c t  i s  l o c a t e d  i n  a 108 000 ha Watershed 
Reserva t ion  popu la ted  by some 450 000 people.  l a n d  
use ranges f rom t r o p i c a l  r a i n  f o r e s t ,  th rough  
i n t e n s i v e l y  h o r t i c u l  t u r e d  v a l l e y s ,  t o  logged-ou t 
wastelands o f  f i r e - s t a b i l i s e d  coarse grass and 
l a n t a n a  scrub. 

The i n i t i a l  b r i e f ,  t o  a s s i s t  i n  deve lop ing  t h e  
p r o j e c t  i n  an env i ronmenta l l y  accep tab le  manner 
and t o  t r a i n  P h i l i p p i n e  c o u n t e r p a r t  s t a f f ,  was 
c a r r i e d  o u t  by way o f  a formal  Envi ronmental  
Impact Report  which was completed a t  an e a r l y  
s tage  o f  p r o j e c t  development. Th is  was t h e  f i r s t  
E I R  produced f o r  a geothermal p r o j e c t  i n  t h e  
t r o p i c s .  I n f o r m a t i o n  gained i n  t h e  course  o f  t h i s  
work opened t h e  way f o r  an e x t e n s i v e  range o f  
s c i e n t i f i c  s t u d i e s  and s o c i o l o g i c a l  programmes, 
which were implemented a t  a r a p i d l y  i n c r e a s i n g  
r a t e  by c o u n t e r p a r t  s t a f f  o f  t h e  newly- formed 
Environmental Management Department (EMD). The 
a b i l i t y  t o  implement such an i n n o v a t i v e  range o f  
s o c i a l  a g r o- f o r e s t r y  and r a i n  f o r e s t  resource  
managhent  programmes as p a r t  o f  t h e  geothermal 
p r o j e c t  was made p o s s i b l e  through t h e  a c t i v e  
suppor t  o f  s e n i o r  management s t a f f  o f  t h e  
P h i l i p p i n e  N a t i o n a l  O i l  Co, (PNOC), an a t t i t u d e  
which was a l l  t h e  more c r e d i t a b l e  as i t  i s  by no  
means t h e  norm f o r  l a r g e  P h i l i p p i n e  agencies. 

An i n d i c a t i o n  o f  t h e  range o f  work c a r r i e d  o u t  as  
p a r t  o f  t h e  Tongonan p r o j e c t  by EMD s t a f f  w i t h  
cont inuous consu l tancy  i n p u t  f rom KRTA f i e l d  
b i o l o g i s t s  i s  g iven  below. The i n c r e a s i n g  
work load undertaken by EMD may be judged f rom t h e  
f a c t  t h a t  between 1981 and 1983 t h e i r  s c i e n t i f i c  
and t e c h n i c a l  s t a f f  numbers inc reased  f rom 1 7  t o  
103. 

Environmental Impact Report p r e p a r a t i o n  

Base1 i n e  e c o l o g i c a l  and s o c i o l o g i c a l  s t u d i e s  

E v a l u a t i o n  o f ,  and compl iance w i th  
envi ronmental  l e g i s l a t i o n  

I d e n t i f i c a t i o n  o f  p o t e n t i a l  envi ronmental  
c o n s t r a i n t s  on d r i l l i n g  and w e l l - t e s t i n g  
programmes 

Dete rmina t ion  o f  maximum accep tab le  
c o n c e n t r a t i o n s  o f  chemicals  where l e g i s l a t i v e  
g u i d e l i n e s  were absent 

Formu la t ion  and assessment o f  m o n i t o r i n g  
p rogrammes 

Design o f  l i c h e n  and b ryophy te  surveys as a 
b a s i s  f o r  l ong- te rm low- leve l  a i r  p o l l u t i o n  
m o n i t o r i n g  

F o r e s t  s o i l  chemis t ry  b a s e l i n e  s t u d i e s  

E f f e c t s  on f o r e s t  o f  a i r b o r n e  wastewater 
d r o p l e t s  c o n t a i n i n g  boron and c h l o r i d e  

E v a l u a t i o n  o f  c r i t i c a l  temperature f o r  r i v e r  
organisms, r e l a t e d  t o  t h e  des ign  o f  
cont ingency h o t  wastewater d isposa l  systems 



114 

Assessment o f  p o t e n t i a l  f o r  a r s e n i c  
accumulat ion i n  r i v e r  f i s h e r y  resources 

Assessment o f  e f f e c t s  o f  H2S, and des ign  o f  
H2S management systems 

R i c e  research;  e v a l u a t i o n  o f  i r r i g a t i o n  wa te r  
q u a l i t y :  

- e f f e c t s  o f  boron and a r s e n i c  a t  v a r i o u s  

- e f f e c t s  o f  a rsen ic ,  d i s s o l v e d  H2S and i r o n  

- sc reen ing  f o r  b o r o n- r e s i s t a n t  r i c e  

- es tab l i shment  o f  demons t ra t ion  r i c e - f i e l d s  

L i a i s o n  between developer  and a u t h o r i t i e s  o f  
t h e  ad jacen t  N a t i o n a l  Park 

Impact  assessment o f  a proposed f i s h  fa rm ing  
p r o j e c t  

Es tab l i shment  o f  demonstrat ion hardwood 
p l a n t a t i o n s  ( teak,  mahogany), cash-crops 
(co f fee ,  n u t s ) ,  fuelwoods ( i p i l - i p i l ) ,  
f i s h- f a r m i n g  ponds, A z o l l a  n i t rogenous  
f e r t i l i s e r  ponds 

R e h a b i l i t a t i o n  o f  degraded h i l l s i d e s  
Slope s t a b i l i s a t i o n  u s i n g  indigenous shrubs 
and t r e e s  

S o i l  c o n s e r v a t i o n  

S o c i o l o g i c a l  survey 

Hydrographic s tudy  o f  Ormoc Bay 

Envi ronmental  eng ineer ing  recommendations f o r  
p r o j e c t  c i v i l  work 

R i v e r  sed imenta t ion  c o n t r o l  measures 

Design and implementat ion o f  d r i l l i n g  waste 
c o n t r o l  measures 

Design o f  main, s tandby and emergency systems 
f o r  t h e  d isposa l  o f  1350 tonnes/hour  o f  h i g h l y  
m i n e r a l i s e d  h i g h  temperature f l u i d s  

Disposal  o f  mercury- r i ch  waste s ludge  f rom 
c o o l i n g  tower bas ins  

Implementat ion o f  f o r e s t  f i r e  weather index  
system 

Design and imp lementa t ion  o f  c o n t r o l  
f o r  l o g g i n g  i n  c r i t i c a l  watersheds 

Ass is tance  i n  i n f o r m i n g  h i l l  people and f o r e s t  
d w e l l e r s  about  s o c i a l  f o r e s t r y  and 
ag r o-  f o r e  s t ry o p t  i on s 

Recommendations f o r  t h e  e s t a b l  ishment o f  
Reserves f o r  conserva t ion  o f  f o r e s t s ,  
w i l d l i f e ,  g e n e t i c  resources,  e t c .  

S h i f t i n g  a g r i c u l t u r e : -  methods t o  reduce i t s  
e f f e c t s  on f o r e s t s ,  demons t ra t ion  o f  
p r a c t i c a b l e  a l t e r n a t i v e s ,  ass is tance  t o  peop le  
w ish ing  t o  s t a b i l i s e  t h e i r  a g r i c u l t u r e .  

growth stages 

on c rop  y i e l d  

v a r i e t i e s  

measures 

KRTA Geothermal P r o w s  
in the Philippines 
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PALINPINON, NEGROS ISLAND 

Development work on t h i s  p r o j e c t  commenced about  a 
year  l a t e r  t h a n  Tongonan, b u t  i t s  112.5MWe power 
s t a t i o n  was commissioned a t  t h e  same t ime,  June 
1983. The p r o j e c t  i s  l o c a t e d  i n  a Watershed 
Reserva t ion  which i s  l a r g e r  (133.000 ha) and 
a p p r e c i a b l y  more mountainous than  t h a t  of, Tongonan 
and has a s m a l l e r  human popu la t ion ,  (345,000). 

Much o f  t h e  work c a r r i e d  o u t  a t  P a l i n p i n o n  was 
s i m i l a r  i n  scope t o  t h e  Tongonan p r o j e c t  b u t  
a d d i t i o n a l  work was implemented i n  response t o  new 
o p p o r t u n i t i e s  p r o v i d e d  by t h e  d i f f e r e n t  geothermal 
c h a r a c t e r i s t i c s  and by t h e  d i f f e r e n t  n a t u r a l  
resource  base o f  i t s  Watershed Reservat ion.  
Serv ices  p r o v i d e d  i n c l u d e d  

. I n v e s t i g a t i o n  o f  t h e  e f f e c t s  o f  a r s e n i c  
and b o r o n ’  on r i v e r - g r o w n  food  crops,  and 
e v a l u a t i o n  o f  c o u n t e r - t o x i c i t y  methods 

. E v a l u a t i o n  o f  t h e  envi ronmental  chemis t ry  o f  
chromium used i n  d r i l l i n g  mud a d d i t i v e s  and 
l o s t  c i r c u l a t i o n  m a t e r i a l s  

. P r e l i m i n a r y  e v a l u a t i o n  o f  sus ta ined  y i e l d  f o r  
non- t imber resources o f  t h e  r a i n  f o r e s t ,  e.g. 
r a t t a n s ,  palms, o rch ids ,  f e r n - f i b r e  

. E v a l u a t i o n  o f  r i v e r  based prawn fa rm proposal  

. S t r a t e g i c  and s o c i o l o g i c a l  i m p l i c a t i o n s  o f  a 
proposed c r o s s- i s l a n d  road 

. U t i l i s a t i o n  o f  d i sused  d r i l l i n g  sumps and 
waste ponds f o r  c u l t u r i n g  f i s h  and A z o l l a  f e r n  
as source m a t e r i a l  t o  s t a r t  v i l l a g e  ponds 

. S o i l  c o n s e r v a t i o n  on steep, i n t e n s i v e l y  farmed 
s lopes;  demons t ra t ion  areas, a p p r o p r i a t e  crops 
and c ropp ing  techn iques  

. A g r o- f o r e s t r y  and s o c i a l  f o r e s t r y ;  
es tab l i shment  o f  n u r s e r i e s  and demons t ra t ion  
areas f o r  d i p t e r o c a r p  hardwoods, fuelwoods, 
cash crops,  o rchard  and vege tab le  crops 



Darby 
. Assessment o f  i n t e r a c t i o n  between mine 

wastewaters and geothermal wastewaters on 
aquat i c  crops 

. Reloca t ion  o f  waste d isposa l  o u t f a l l s  t o  avoid 
con tamina t ion  o f  i r r i g a t i o n  water  

. Rehabil i t a t i o n  recommendations f o r  severely 
de fo res ted  and over- exp lo i ted  h i l l  c o u n t r y  

. I n i t i a l  appra isa l  o f  t h e  r i s k  f o r  mine workers 
o f  geothermal radon emanation 

OLKARIA GEOTHERMAL PROJECT, KENYA 

KRTA c a r r i e d  o u t  a d e t a i l e d  f i e l d  rev iew o f  
p r o j e c t  environmental management requirements, and 
o u t l i n e d  t h e  e x t e n t  and d i r e c t i o n  of  work r e q u i r e d  
f o r  t h e  O l k a r i a  Geothermal p r o j e c t ,  ( F i g  2) .  It 
was found t h a t ,  w h i l e  t h e  p r o j e c t  had r e l a t i v e l y  
l i t t l e  adverse impact on i t s  environment, t h e  
oppos i te  was n o t  e q u a l l y  t rue .  S i g n i f i c a n t  
aspects o f  t h e  p r o j e c t  were considered t o  be a t  
r i s k  from environmental d e t e r i o r a t i o n  seen i n  t h e  
p r o j e c t  area. Accordingly,  proposals were s e t  o u t  
t o  reduce t h e  long- te rm e f f e c t s  on t h e  p r o j e c t  
o f  t h e  r a p i d  degradat ion o f  reg iona l  water ,  f o r e s t  
and s o i l  .resources and, as a c o r o l l a r y ,  t o  improve 
t h e  resource base f o r  t h e  use o f  l o c a l  people. I t  
was proposed t h a t  t h e  Kenya Power Company (KPC) 
should form i t s  own Environmental Management U n i t  
t o  undertake t h i s  work; and an o u t l i n e  o f  s t a f f  
requirements and t h e i r  i n i t i a l  work programmes was 
prepared. 

An i n t e r e s t i n g  and i n n o v a t i v e  c o r o l l a r y  t o  t h i s  
work was t h e  request  f rom KPC t o  p repare  f o r  
p u b l i c  d i s t r i b u t i o n  an e x t e n s i v e l y  i l l u s t r a t e d  
c o l o u r  document e n t i t l e d  "Olkar ia  - The 
Envi  ronmental Viewpoint"  . 

. Design o f  sediment t r a p s  and o i l  t r a p s  f o r  
waste management ponds and drainage systems 

. Disposal  o f  wastewater by r e i n j e c t i o n  t o  
depths up t o  3500111 below sur face,  and 
m o n i t o r i n g  t h e  subsequent movement o f  
temperature, pressure and chemical f r o n t s  
associated w i t h  t h e  r e i n j e c t e d  f l u i d  

BACON MANITO, LUZON ISLAND 

This, t h e  t h i r d  major  P h i l i p p i n e  geothermal energy 
undertaken w i t h  New Zealand Government assistance,  
i s  l o c a t e d  i n  a 25,000 ha Reservat ion o f  f o r e s t e d  
and logged-out h i l l  coun t ry  populated by about 
143,000 people. For  several  reasons, n o t  l e a s t  
be ing  t h e  r a p i d  d e c l i n e  i n  t h e  P h i l i p p i n e  economy, 
t h e  p r o j e c t  i s  s t i l l  under development. 

Environmental management s e r v i c e s  p rov ided  f o r  
t h i s  p r o j e c t  were s i m i l a r  t o  those descr ibed  
above, b u t  t h e r e  was a s i g n i f i c a n t l y  g r e a t e r  l e v e l  
o f  work r e q u i r e d  i n  t h e  at tempt t o  b r i n g  t h e  
e f f e c t s  o f  c i v i l  works t o  an env i ronmenta l l y  
acceptable l e v e l ,  l a r g e l y  because o f  t h e  
p a r t i c u l a r l y  h i g h  r a i n f a l l  and d i f f i c u l t  t e r r a i n  
and s o i l  c h a r a c t e r i s t i c s .  There was a l s o  a h igh  
l e v e l  o f  work on s lope s t a b i l i s a t i o n ,  e r o s i o n  
c o n t r o l ,  and l a n d  r e h a b i l i t a t i o n ,  :much o f  which 
was l i n k e d  i n t o  a p i l o t  s o c i a l  a g r o- f o r e s t r y  
programme developed i n  a s s o c i a t i o n  w i t h  t h e  
p r o j e c t  nurser ies ,  f i s h  ponds and h o r t i c u l t u r a l  
demonstrat ion areas. 

OTHER PHILIPPINE GEOTHERMAL PROJECTS 

Environmental work c a r r i e d  ou t  i n  r e l a t i o n  t o  more 
than a dozen o t h e r  e x p l o r a t i o n  and development 
p r o j e c t s  throughout  t h e  count ry  inc luded t h e  
f o l l o w i n g :  

BILTRAN ISLANO 

Prepara t ion  o f  a r e g i o n a l  Land Use Plan. w i t h  
p a r t i c u l a r  emphasis on: 

. Conservat ion o f  remaining r a i n  f o r e s t  

. S o i l  conserva t ion  and water resources 

. R e h a b i l i t a t i o n  o f  degraded l a n d  

. Development o f  m u l t i p l e- c r o p p i n g  systems f o r  
lowlands and h i l l  coun t ry  

MAMBUCAL, NEGROS ISLAND 

. I d e n t i f i c a t i o n  ' o f  a i r b o r n e  t o x i c  elements and 
e v a l u a t i o n  o f  e f f e c t s  on cof fee,  maize and 
sugar crops 

L i a i s o n  between developer and Canlaon Nat iona l  
Park a u t h o r i t i e s  regard ing  proposed road ing  
and e x p l o r a t i o n  d r i l l i n g  w i t h i n  t h e  Park 

. 

DAKLAN, LUZON ISLAND 

. Water resource a l l o c a t i o n  p l a n  t o  minimise 
c o n f l i c t  between p r o j e c t  and domestic o r  
a g r i c u l t u r a l  water  requirements 

. P r e l i m i n a r y  assessment o f  e f f e c t s  o f  e f f l u e n t  
on a major  f reshwater  f i s h e r y ,  t h e  Ambuklao 
Reservo i r  

ACUPAN, LUZOlJ ISLAND 

Environmental work here r e l a t e d  t o  t h e  geothermal 
steam and h o t  f l u i d s ,  under cons iderab le  pressure, 
which e n t e r  a c t i v e l y  mined p a r t s  o f  the  Acupan 
Gold Mine a t  l e v e l s  more than  1,OOOm below t h e  
ground surface. Again, o p p o r t u n i t i e s  were taken 
t o  a s s i s t  i n  l a n d  r e h a b i l i t a t i o n .  
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Olkaria Geothermal Project 
Kenya Fig 2 

Regional and l o c a l  work c a r r i e d  out  i n  r e l a t i o n  t o  
O l k a r i a  p r o j e c t  inc luded:  

. Eco log ica l  s i g n i f i c a n c e  o f  the  Lake Naivasha 
b a s i n  and i t s  r e l a t i o n s h i p  t o  t h e  f i v e  g r e a t  
soda lakes  i n  t h e  R i f t  V a l l e y  i n  Kenya 

. D e s e r t i f i c a t i o n  c o n t r o l  ; assessment o f  r i s k  
and i d e n t i f i c a t i o n  o f  measures r e q u i r e d  t o  
p reven t  t h e  spread o f  nearby deser t  c o n d i t i o n s  
i n t o  t h e  p r o j e c t  r e g i o n  

. Eva lua t ion  o f  t h e  e f f e c t s  o f  over- grazing by 
c a t t l e ,  goats and sheep i n  promot ing change 
f rom a r i d  l a n d  t o  d e s e r t  c o n d i t i o n s  
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Socio-economic assessment o f  problems a r i s i n g  
f rom o v e r g r a z i n g  by l i v e s t o c k  u n s u i t a b l e  f o r  
t h e  area, o v e r - e x p l o i t a t i o n  o f  water  
resources,  f o r e s t  d e s t r u c t i o n ,  and convers ion  
o f  food- producing l a n d  t o  e x p o r t - o r i e n t e d  cash 
c rop  p r o d u c t i o n  

Rangeland management; o u t l i n e  o f  recommended 
p o l i c i e s  f o r  s u s t a i n a b l e  n a t u r a l  resources use 
i n  an a r i d  r e g i o n  

I n v e s t i g a t i o n  o f  e c o l o g i c a l  re1 a t  i o n s h i  ps 
between Longonot Na t iona l  Park, H e l l s  Gate 
Na t iona l  Park, p r i v a t e  ranchlands and 
h o r t i c u l t u r a l  areas, and t h e  O l k a r i a  p r o j e c t  

Vege ta t ion  o f  hydro therma l l y  a l t e r e d  ground; 
i n i t i a l  survey,  w i t h  emphasis on i t s  
s c i e n t i f i c  and educa t iona l  va lues 

Large mammals o f  t h e  p r o j e c t  area; i n i t i a l  
survey w i t h  emphasis on t h e  f i n a n c i a l  wor th  o f  
w i l d l i f e  as t h e  b a s i s  o f  t o u r i s m  i n  Kenya 

Re- vegetat ion;  ou t1  i n e  o f  recommended p o l i c i e s  
and p l a n n i n g  requi rements f o r  e r o s i o n  c o n t r o l ,  
l a n d  r e h a b i l i t a t i o n  and s o c i a l  a g r o- f o r e s t r y .  

F l u o r i d e  i n  t h e  envi ronment ;  e f f e c t s  o f  
e l e v a t e d  l e v e l s  on w i l d l i f e ,  domestic s tock  
and cash crops. 

Waste management and d isposa l .  

MEAGER CREEK GEOTHERMAL PROJECT, CANADA 

KRTA involvement  i n  t h i s  p r o j e c t  wa$ r e l a t e d  t o  
deep e x p l o r a t i o n  d r i l l i n g  and da ta  e v a l u a t i o n  t o  
an e x t e n t  s u f f i c i e n t  t o  d e f i n e  t h e  resource,  
( F i g  3 ) .  Environmental  work commenced w i t h  
ass is tance  i n  t h e  f o r m u l a t i o n  o f  geothermal 
development l e g i s l a t i o n  b e i n g  i n t r o d u c e d  a t  t h a t  
t i m e  by t h e  Government o f  B r i t i s h  Columbia. F i e l d  
work c a r r i e d  o u t  i n  c o n j u n c t i o n  w i t h  l o c a l  
s c i e n t i s t s  inc luded  t h e  f o l l o w i n g  p r i n c i p a l  
aspects : - 

Deta i  1 ed rev iew o f  p r o j e c t  env i  ronmental 
management, and e x i s t i n g  assessment, 
m o n i t o r i n g  and r e p o r t i n g  work. 

Base l ine  s t u d i e s  and m o n i t o r i n g  programmes; 
recommendations r e l a t e d  t o  geothermal 
development under Canadian c o n d i t i o n s .  

Environmental management a d v i c e  r e l a t e d  t o  
d ischarge  o f  h o t  m inera l  i s e d .  f l u i d s ,  and t h e i r  
subsequent d isposa l  i n t o  s u r f a c e  waterways. 

D r i  11 i n g  ; envi ronmental  recommendations. 

Salmon and t r o u t ;  assessment o f  Meager Creek 
and t h e  L i l l o o e t  R i v e r  f i s h e r i e s ,  and t h e  
p o t e n t i a l  e f f e c t s  on them o f  p r o j e c t  
development . 
Groundwater s t u d i e s ;  es tab l i shment  o f  terms o f  
r e f e r e n c e  f o r  a s tudy  o f  thermal  and 
non- thermal near- sur face  groundwaters. 

. .  

Meager Creek Geothermal Project 
Canada Fig 3 

JAMAICA 

Work on t h i s  p r o j e c t  was r e l a t e d  t o  t h e  need f o r  
resource assessment and r e g i o n a l  p l a n n i n g  p r i o r  t o  
any d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  a c t u a l  
geothermal f e a t u r e s  upon which p o s s i b l e  
developments cou ld  be based. To t h i s  end. energy 
supp ly  and demand d a t a  were r e l a t e d  t o  f o r e s t r y ,  
f i s h e r y ,  a g r i c u l t u r a l  and i n d u s t r i a l  a p p l i c a t i o n s  
and tour ism, and an assessment was made o f , t h e  
p o t e n t i a l  e l e c t r i c  and n o n- e l e c t r i c  u t i l i s a t i o n  o f  
geothermal resources. 

I Jamaica Geothermal Project Fig 4 

AHUACHAPAN. EL SALVADOR 

One o f  KRTA’s e a r l i e s t  geothermal p r o j e c t s  (1971). 
and a l s o  o u r  f i r s t  encounter  w i t h  t h e  
r a m i f i c a t i o n s  o f  d e a l i n g  w i t h  l a r g e  q u a n t i t i e s  o f  
b o r o n- r i c h  wastewater. S tud ies  i n c l u d e d  
assessment o f  se ismic  f a c t o r s  and a p p r a i s a l  o f  
a l t e r n a t i v e  s t r a t e g i e s  f o r  d i sposa l  o f  
non-condensable gases and hydrothermal  f l u i d s .  

MILOS. GREECE 

An a p p r a i s a l  was c a r r i e d  o u t  o f  t h e  envi ronmental  
imp1 i c a t i o n s  o f  o p e r a t i n g  l o a d- f o l l o w i n g  or 
non- load- fo l low ing  t u r b i n e s  on t h i s  a r i d  i s l a n d .  
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NEW ZEALAND 

R e l a t i v e l y  l i t t l e  geothermal envi ronmental  work 
has been undertaken by KRTA i n  New Zealand, as 
v i r t u a l l y  a l l  geothermal development i n  t h i s  
coun t ry  up tb now has been c a r r i e d  ou t  by 
Government agencies. Nevertheless,  work has been 
c a r r i e d  out on 

- t h e  Ngawha p r o j e c t ,  i n  r e l a t i o n  t o  p o t e n t i a l  
n o n- e l e c t r i c  uses o f  geothermal energy i n  a 
proposed i n d u s t r i a l  e s t a t e  a t  Kaikohe, 

- t h e  s c i e n t i f i c  value o f  r a r e  p l a n t  species i n  
t h r e e  Reserves, and t h e  p o t e n t i a l  e f f e c t s  on 
t h e  Waimangu sur face  thermal fea tu res .  i n  
r e l a t i o n  t o  a geothermal t imber  t rea tment  and 
ethanol  p roduc t ion  p l a n t  and, more r e c e n t l y ,  

- da ta  rev iew and scoping s t u d i e s  designed t o  
f a c i l i t a t e  management and e x p e d i t e  complet ion 
o f  t h e  Environmental Impact Report f o r  t h e  
proposed E l e c t r i c i t y  D i v i s i o n  development o f  
t h e  Mokai geothermal f i e l d .  

SUMMARY 

Th is  d iscuss ion  has o u t l i n e d  a range o f  geothermal 
environmental management work, a l l  o f  which, 
however, was designed around t h r e e  b a s i c  
requirements : 

. t o  p r o v i d e  t h e  b a s i s  upon which p r o j e c t  
may proceed i n  an env i ronmenta l l y  development 

and s o c i a l l y  acceptable manner, 

. t o  p rov ide  management i n f o r m a t i o n  which i s  
a p p r o p r i a t e  i n  t i m e  and i n  sca le  t o  o t h e r  
aspects o f  p r o j e c t  development, 

. t o  mon i to r  t h e  envi ronmental  e f f e c t s  o f  a 
p r o j e c t  and d i s t i n g u i s h  them from u n r e l a t e d  
e f f e c t s  

I n  developing count r ies ,  t h e r e  i s  f r e q u e n t l y  a l s o  
t h e  c r i t i c a l  requirement t o  p r o v i d e  f o r  technology 
t r a n s f e r  and t r a i n i n g .  

It a l s o  became apparent i n  t h e  course o f  t h e  work 
d iscussed above t h a t  t h e  energy a u t h o r i t i e s  i n  
developing c o u n t r i e s  a re  o f t e n  i n  an e x c e l l e n t  
p o s i t i o n  t o  lead  by example i n  t h e  environmental 
management o f  t h e i r  p r o j e c t s .  The i r  product .  
energy, depends up0n.a v a r i a b l e  number o f  n a t u r a l  
resources, p r i n c i p a l l y  water, b u t  they a r e  n o t  
cons t ra ined  t o  produce a p r o f i t  f rom t h e  harves t  
of  p l a n t  o r  animal crops on t h e  l a n d  under t h e i r  
c o n t r o l .  As such, they  may be a b l e  t o  r e a l i s e  
through t h e i r  s c i e n t i f i c  and eng ineer ing  
establ ishments,  t h e  p o t e n t i a l  b e n e f i t s  o f  n a t u r a l  
resource conserva t ion  and envi ronmental  
management, t o  t h e  advantage o f  as g r e a t  a number 
o f  l o c a l  people as poss ib le .  
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