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The o b j e c t i v e s  of t h e  Environmental  Overview f o r  t h e  Development of 

1. t o  i d e n t i f y  a l l  e x i s t i n g  envi ronmenta l  d a t a  i n  t h e  s t a t e ,  
2.  t o  i d e n t i f y  where d a t a  r e l e v a n t  t o  de t e rmin ing  t h e  

envi ronmenta l  i m p a c t  of geothermal  development are n o t  p r e s e n t l y  
c o l l e c t e d ,  

3. t o  deve lop  p r i o r i t i e s  of p o t e n t i a l  envi ronmenta l  i s s u e s  
a s s o c i a t e d  wi th  geothermal  development i n  t h e  s t a t e ,  and 

4 .  t o  make recommendations f o r  f u t u r e  envi ronmenta l  impac t  
r e s e a r c h  programs w i t h i n  t h e  s t a t e .  

Geothermal Resources  i n  t h e  S t a t e  of New Mexico p r o j e c t  were: 

S t a t e w i d e  i n p u t  f o r  t h i s  document was s o l i c i t e d  by t h e  New Mexico 
'Energy I n s t i t u t e  a t  New Mexico S t a t e  U n i v e r s i t y  and t h e  New Mexico 
Environmental  I n s t i t u t e  through t h e  p a r t i c i p a t i o n  of a s t a t e w i d e  
s t e e r i n g  committee,  t h e  d i s t r i b u t i o n  of two d r a f t  documents f o r  p u b l i c  
comment, and t h e  conduct ing  of a two-day s t a t e w i d e  overview workshop, 
p r i o r  t o  t h e  comple t ion  of t h e  f i n a l  r e p o r t .  

A t  p r e s e n t ,  56 known o r  p o t e n t i a l  hydro thermal  r e s o u r c e  si tes and 
one h o t ,  d ry  rock  geothermal  s i t e  have been i d e n t i f i e d  i n  New Mexico. 
E i g h t  K G R A ' s  (Known Geothermal Resource Areas)  and 1 2  KGRF ' s  (Known 
Geothermal Resource F i e l d s )  have been e s t a b l i s h e d  i n  t h e  s ta te .  There 
are 13 hydrothermal  r e s o u r c e  a r e a s  wi th  t empera tu res  e s t i m a t e d  a t  150°C 
o r  g r e a t e r  wi th  t h e  p o t e n t i a l  f o r  development of e l e c t r i c a l  g e n e r a t i o n  
f a c i l i t i e s .  A l l  56 hydro thermal  sites, of c o u r s e ,  have p o t e n t i a l  f o r  
development of a l a r g e  a r ray  of d i r e c t  h e a t  geothermal  a p p l i c a t i o n s .  
A d e t a i l e d  d e s c r i p t i o n  of t h e s e  geothermal  r e s o u r c e s  and t h e i r  p o t e n t i a l  
f o r  development is  p r e s e n t e d  i n  t h i s  r e p o r t .  

The r e p o r t  p r o v i d e s  a b r i e f  overview of t h e  p r e s e n t  day geothermal  
a p p l i c a t i o n s  f o r  hydro thermal  e lectr ical  g e n e r a t i o n  and d i r e c t  h e a t  u se  
and t h e i r  envi ronmenta l  i m p l i c a t i o n s .  Technologies  and envi ronmenta l  
impacts are considered at all p o i n t s  on the  pa thway of development 
r e s o u r c e  e x p l o r a t i o n ;  w e l l  f i e l d ,  p l a n t  and t r a n s m i s s i o n  . l i n e  
c o n s t r u c t i o n ;  and p l a n t  o p e r a t i o n .  The t e c h n o l o g i e s  f o r  e lec t r ica l  
g e n e r a t i o n - d i r e c t ,  d r y  steam conver s ion ;  s e p a r a t e d  s team conver s ion ;  
s i n g l e - f l a s h  conve r s ion ,  separated-steam/single-flash conver s ion  and 
b i n a r y  c y c l e  conve r s ion  and t h e  t e c h n o l o g i e s  f o r  d i r e c t  h e a t  u se  -- 
d i r e c t  use  of geothermal  waters, s u r f a c e  h e a t  exhanger ,  down-the h o l e  
h e a t  exchanger  and h e a t  pump are d e s c r i b e d .  A summary of t h e  geothermal  
t e c h n o l o g i e s  planned o r  i n  o p e r a t i o n  w i t h i n  New Mexico geothermal  a r e a s  
i s  provided .  

S e c t i o n  4.0 p r e s e n t s  a review of r e g u l a t i o n s  t h a t  a f f e c t  geothermal  
development and i t s  r e l a t e d  envi ronmenta l  impact i n  New Mexico. The 
r e g u l a t o r y  pathway, bo th  s t a t e  and f e d e r a l ,  of geothermal  e x p l o r a t i o n  
a f t e r  t h e  s e c u r i n g  of a p p r o p r i a t e  leases, development ,  and 
c o n s t r u c t i o n  and implementa t ion  of a geothermal  f a c i l i t y  are d e s c r i b e d .  

S ix  c a t e g o r i e s  (Geophysical ,  Water, A i r ,  Noise ,  B io ta  and 
Socioeconomics) were s e l e c t e d  f o r  overview exami-nation on t h e  b a s i s  of 
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t h e i r  common appea rance  i n  envi ronmenta l  a s ses smen t s  and envi ronmenta l  
impact s t a t e m e n t s  a s soc i - a t ed  w i t h  geothermal  energy  p r o j e c t s .  

S e c t i o n  5.0 d e s c r i b e s  t h e  a v a i l a b l e  i n f o r m a t i o n  f o r  a s s e s s i n g  
envi ronmenta l  impacts  a s s o c i a t e d  wi th  geothermal  development .  Each 
s u b s e c t i o n  d e s c r i b e s  t h e  type  of d a t a  a v a i l a b l e ,  what agency o r  group i s  
c o l l e c t i n g  t h e  d a t a ,  t h e  c o l l e c t i o n  f requency  and level ,  t h e  l o c a t i o n  
of c o l l e c t i o n  s i tes ,  and t h e  d e g r e e  of d a t a  accu racy  a v a i l a b l e .  Each 
s u b s e c t i o n  f u r t h e r  d e s c r i b e s  t h e  c u r r e n t  mon i to r ing  a c t i v i t i e s  of t h a t  
d a t a  set i n  t h e  s t a t e ,  and a p r o j e c t i o n  of t h e  accu racy  of t h a t  b a s e l i n e  
d a t a  i n  de t e rmin ing  env i ronmen ta l  impacts  of geothermal  development .  

I n  g e n e r a l ,  t h e  accu racy  of envi ronmenta l  b a s e l i n e  d a t a  a v a i l a b l e  
f o r  de t e rmin ing  t h e  impact  of geothermal  development may be summarized 
a s  fo l lows :  

Geophys ica l  d a t a ,  a l t hough  of e x c e l l e n t  q u a l i t y ,  are g e n e r a l  i n  
n a t u r e .  The d a t a  are i n s u f f i c i e n t  t o  de t e rmine  w e l l  p lacements  and 
p o t e n t i a l  envi ronmenta l  impac t s .  Se ismic  d a t a  may be b i a s e d  t o  t h e  
l o c a t i o n  of t h e  mon i to r ing  s t a t i o n s .  Subs idence  d a t a  are n o t  g e n e r a l l y  
c o l l e c t e d .  I n  areas of t h e  s t a t e  where S o i l  Conse rva t ion  Service 
surveys are complete ,  s u f f i c i e n t  s o i l  d a t a  shou ld  be  a v a i l a b l e .  

The accu racy  of b a s e l i n e  s u r f a c e  and groundwater  d a t a  is  though t  
t o  be adequa te  f o r  d e t e r m i n a t i o n  of env i ronmen ta l  p a r a m e t e r s ,  where such  
d a t a  e x i s t .  Data on water from geothermal  r e s e r v o i r s  i s  consp icuous ly  
mis s ing  f o r  most of t h e  s ta te .  These d a t a  would u s u a l l y  b e  developed i n  
t h e  c o u r s e  of geothermal  e x p l o r a t i o n  and p r o j e c t  development .  

The accu racy  of b a s e l i n e  a i r  d a t a ,  is e x c e l l e n t ,  where t h e  a i r  
m o n i t o r i n g  network e x i s t s  and w i t h i n  t h e  l i m i t s  of t h e  mon i to r ing  
program. However, a i r  mon i to r ing  u n i t s  are consp icuous ly  mis s ing  f o r  
Ca t ron  coun ty  and  i n  t h e  v i c i n i t y  of 36 a d d i t i o n a l  geothermal  s i tes .  
Other  u n i t  l o c a t i o n s  may n o t  be  c l o s e  enough t o  moni tor  geothermal  sites 
i n  t h e  area. It is  n e c e s s a r y  t o  e v a l u a t e  t h e  comple teness  of a v a i l a b l e  
d a t a  i n  t h e  v i c i n i t y  of a p a r t i c u l a r  s i t e  t o  de t e rmine  t h e  need f o r  
a d d i t i o n a l  d a t a  c o l l e c t i o n  ac t iv i t i e s .  F u r t h e r ,  a l t h o u g h  t h e  s ta te  h a s  
s t a n d a r d s  f o r  a r s e n i c ,  b e r y l l i u m ,  boron ,  hydrogen s u l f i d e ,  hydrocarbons ,  
heavy metals, t o t a l  reduced s u l f u r ,  mercury,  methane,  e t h a n e  and 
f u g i t i v e  d u s t ,  t h e  a i r  mon i to r ing  sys tem does  n o t  p r o v i d e  any d a t a  on 
t h e s e  a i r  p o l l u t a n t s .  

B a s e l i n e  d a t a  f o r  n o i s e  p o l l u t i o n  and aba tement  are v i r t u a l l y  
non-ex i s t en t  i n  t h e  s t a t e .  Background n o i s e  d a t a  may be  s u f f i c i e n t l y  
e s t a b l i s h e d  i n  Albuquerque and perhaps  a t  t h e  Baca and LASL geothermal  
development s i tes .  Other  c i t i es  w i t h  n o i s e  aba tement  r e g u l a t i o n s  f o c u s  
o n l y  on v e h i c u l a r  t r a f f i c  n o i s e  d a t a .  

Gene ra l  i n f o r m a t i o n  on t h e  b i o t a  of t h e  s t a t e  e x i s t s  and i s  
a v a i l a b l e .  Most i n f o r m a t i o n  can be  found i n  t h e  H e r i t a g e  Program d a t a  
bank,  o r  t h i s  d a t a  bank can  b e  used t o  f i n d  o u t  where d a t a  are t o  be  
o b t a i n e d .  Animal o c c u r r e n c e  and range  i n f o r m a t i o n  i s  r e l a t i v e l y  w e l l  
known f o r  t h e  v e r t e b r a t e s .  V e g e t a t i o n  d a t a  is  n o t  s u f f i c i e n t  a t  t h e  
community-type l e v e l .  Vege ta t ion  s u r v e y s  and i n v e n t o r i e s  w i l l  l i k e l y  
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have t o  be conducted sat each s i t e  of proposed development .  Threa tened  
and endangered s p e c i e s  d a t a  are good enough t o  p r e d i c t  when e x t e n s i v e  
s e a r c h e s  w i l l  be necessa ry .  

Census d a t a  are g e n e r a l l y  adequa te  f o r  b a s i c  socio-economic 
a s ses smen t .  It may, however, n o t  a c c u r a t e l y  r e p r e s e n t  a l l  c u l t u r a l  
g roups  i n  t h e  area of a geothermal  development .  A v a i l a b i l i t y  of 
b a s e l i n e  d a t a  f o r  a r c h a e o l o g i c a l  and h i s t o r i c a l  sites i n  New Mexico i s  
no  more t h a n  10% comple te  i n  any area. Much of t h e  s t a t e  h a s  been  even 
less w e l l  surveyed .  S i t e - s p e c i f i c  s u r v e y s  of planned d i s t u r b e d  areas i n  
a geothermal  r e s o u r c e  area w i l l  p robably  be needed t o  e s t a b l i s h  adequa te  
b a s e l i n e  d a t a .  B a s e l i n e  d a t a  f o r  measuring env i ronmen ta l  impact  on 
r e c r e a t i o n  areas and l and  use  are a c c u r a t e  where i t  e x i s t s .  The absence  
of growth p r o j e c t i o n  d a t a  s t e m  from t h e  non-ex i s t ence  o r  r e g i o n a l  
comprehensive l and  use  p l ann ing  u n i t s .  

Envi ronmenta l  impacts  t h a t  may o c c u r  w i t h  t h e  development of 
geothermal  energy  i n  New Mexico are d i v i d e d  i n t o  sho r t - t e rm,  t h o s e  
g e n e r a l l y  a s s o c i a t e d  wi th  e x p l o r a t i o n ,  development and c o n s t r u c t i o n  
phases ,  and long-term, t h o s e  g e n e r a l l y  a s s o c i a t e d  wi th  p l a n t  o r  f a c i l i t y  
o p e r a t i o n s .  They are f u r t h e r  d e s c r i b e d  as impacts  a s s o c i a t e d  w i t h  t h e  
t e c h n o l o g i e s  of e lec t r ica l  g e n e r a t i o n  and t h o s e  a s s o c i a t e d  wi th  t h e  
t e c h n o l o g i e s  of d i r e c t  h e a t  a p p l i c a t i o n s  where t h e  d e g r e e  of p r e d i c t e d  
i m p a c t  d i f f e r s .  

Geophys ica l  i m p a c t s  are t h o s e  of man-induced s e i s m i c i t y ,  s u b s i d e n c e  
and s o i l  m o d i f i c a t i o n .  The impacts  of geothermal  development t h a t  
cou ld  occur  i n  a s s o c i a t i o n  w i t h  water are t h o s e  related t o  t h e  d i v e r s i o n  
of water from a n o t h e r  u s e  and t h e  changing of water q u a l i t y .  Those 
i m p a c t s  t h a t  could  o c c u r  i n  a s s o c i a t i o n  w i t h  a i r  q u a l i t y  a re  t h e  
emis s ion  of a i r  contaminents  and v i s u a l  d e g r a d a t i o n .  Noise p o l l u t i o n  
stems from d r i l l i n g  and w e l l  t e s t i n g  a c t i v i t i e s  and w e l l  v e n t i n g  and 
t u r b i n e  o p e r a t i o n s .  B i o t i c  i m p a c t s  are s i t e  and technology s p e c i f i c  
and are secondary ,  t h a t  is, t h e  r e s u l t  of changes  i n  t h e  environment  
caused  by o t h e r  t y p e  of impac t s .  Socioeconomic changes may be  i s s u e s ,  
r a t h e r  than i m p a c t s ,  t h a t  is, changes  t h a t  may be  de te rmined  by  
d i s c u s s i o n  and p r i o r  r e s o l u t i o n  r a t h e r  t h a n  b e i n g  t h e  d i r e c t  conseqyence 
of changes i n  t h e  p h y s i c a l  env i ronmen ta l  e l emen t s  of a i r ,  water, 
p h y s i c a l  s t r u c t u r e s  and b i o t a .  

Environmental  i m p a c t s  a s s o c i a t e d  w i  t h  geothermal  development i n  
New Mexico were ranked as "high" and "low" p r i o r i t y  f o r  g e n e r a l  
geothermal  development.  I n d i v i d u a l  impacts  and i s s u e s  may be more o r  
less impor t an t  t o  t h e  development of s p e c i f i c  geothermal  s i tes  and t h e  
type  of development planned f o r  t h e  s i te .  High p r i o r i t y  i m p a c t s  are 
i n  t h e  areas of water and a i r  q u a l i t y  and socioeconomic changes .  Low 
p r i o r i t y  impac t s  are i n  t h e  c a t e g o r i e s  of b i o t i c ,  g e o p h y s i c a l  and 
n o i s e .  

S p e c i f i c  recommendations are made f o r  a c t i o n s  t o  be t a k e n  i n  
e v a l u a t i n g  t h e  s i g n i f i c a n c e  of envi ronmenta l  impacts  a s s o c i a t e d  wi th  
geothermal  development i n N e w  Mexi co  . Those recommenda t i ons i n  t h e  
s i x  c a t e g o r i e s  (Geophys ica l ,  Water, A i r ,  Noise ,  B io ta  and Socioeconomic) 
are  i n  two broad areas: r e s e a r c h  and d a t a  a c q u i s i t i o n ,  and new 
l e g i s l a t i o n .  
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1 .0  INTRODUCTION 

1.1 D e s c r i p t i o n  of t h e  Geothermal Environmental  Overview P r o j e c t  

A s  geothermal  r e s o u r c e s  are l o c a t e d  and tapped  f o r  t h e i r  energy  
r e s e r v e s  throughout  t h e  United States ,  i t  w i  11 become i n c r e a s i n g l y  
impor t an t  t o  i d e n t i f y  and unde r s t and  t h e  p o s s i b l e  env i ronmen ta l  i m p a c t s  
of  geothermal  energy  development p r i o r  t o  commercial  development .  These 
impac t s ,  b o t h  p o s i t i v e  and n e g a t i v e ,  need t o  be compared wi th  t h o s e  of 
o t h e r  energy  forms i n  t h e  n a t i o n a l  energy  program. 

I n  o r d e r  t o  i n i t i a t e  a base  l e v e l  of unde r s t and ing  conce rn ing  t h e  
env i ronmen ta l  i s s u e s  t h a t  a r i se  from geothermal  development ,  t h e  
Lawrence Livermore Labora to ry ,  Livermore,  C a l i f o r n i a ,  has  conducted 
overv iew p r o j e c t s  cove r ing  geothermal  r e g i o n s  i n  C a l i f o r n i a .  Under 
s u b c o n t r a c t ,  s i m i l a r  p r o j e c t s  were c a r r i e d  o u t  a t  geothermal  r e g i o n s  i n  
C a l i f o r n i a  and Utah. T h i s  program a l s o  i n c l u d e s  s t a t e w i d e  programs i n  
p o r t i o n s  of t h e  Geothermal Regions I and 11. 

The Environmental  Overview f o r  t h e  Development of Geothermal 
Resources  i n  t h e  State  of New Mexico w a s  conducted by t h e  New Mexico 
Environmental  I n s t i t u t e  and t h e  New Mexico Energy I n s t i t u t e  a t  N e w  
Mexico S ta te  U n i v e r s i t y .  The overview program r e s u l t e d  i n  a d e t a i l e d  
r e p o r t  of p o t e n t i a l  envi ronmenta l  i s s u e s  r e l a t e d  t o  t h e  development 
of t h e  s ta te ' s  f i f t y - s i x  known o r  p o t e n t i a l  geothermal  areas, t h e  
a s s o c i a t e d  e i g h t  Known Geothermal Resource Areas (KGRA's) and 12 Known 
Geothermal Resource F i e l d s  (KGRF's) and ,  t o  a lesser d e g r e e ,  t h e  h o t  d r y  
rock  geothermal  area n e a r  Fenton Lake, New Mexico. Although o t h e r  
p o t e n t i a l  geothermal  r e s o u r c e s  are i n d i c a t e d  i n  t h e  list of hydro thermal  
s p r i n g s  and w e l l s  i n  N e w  Mexico i n  t h e  U.S. Geologic  Survey F i l e  
GEOTHERM (Hanny and Lumis, l 9 7 9 ) ,  t h e s e  r e s o u r c e s  are n o t  s u f f i c i e n t l y  
documented t o  b e  i nc luded  i n  t h e  p r e s e n t  p r o j e c t  work. 

The i n c l u s i o n  of f i f t y - s e v e n  geothermal  s i tes  and an  a r r a y  of 
p o s s i b l e  geothermal  technology a p p l i c a t i o n s  i n  t h i s  overview p r o j e c t  
p r e c l u d e s  in-depth  d i s c u s s i o n  of any s i n g l e  s i t e .  The overview i s  
i n t e n d e d  t o  prov ide  t h e  Department of Energy w i t h  a pre-p lanning  s t u d y  
t o  i d e n t i f y  envi ronmenta l  i s s u e s ,  i n v e n t o r y  t h e  i n f o r m a t i o n  a v a i l a b l e  
abou t  them, s p e c i f y  d a t a  gaps  and propose  s t u d i e s  t o  deve lop  t h e  
n e c e s s a r y  i n f o r m a t i o n .  

1 .2  Major O b j e c t i v e s  of t h e  P r o j e c t  

The f o u r  major  o b j e c t i v e s  of t h e  Environmental  Overview p r o j e c t  
w e r e  : 

1. t o  i d e n t i f y  a l l  e x i s t i n g  env i ronmen ta l  d a t a  t h a t  are  a v a i l a b l e  
i n  t h e  s t a t e  through s t a t e  and f e d e r a l  e n t i t i e s  and w i t h i n  t h e  
u n i v e r s i  t ies;  

1 



2 .  

3 .  

4 .  

t o  i d e n t i f y  where d a t a  r e l e v a n t  t o  de t e rmin ing  t h e  
env i ronmen ta l  impact  of geothermal  development are n o t  
p r e s e n t l y  c o l l e c t e d ;  

t o  deve lop  p r i o r i t i e s  of t h e  p o t e n t i a l  envi ronmenta l  i s s u e s  
f o r  each  geothermal  s i t e  and t h e  a r r a y  of technology t h a t  
might  b e  a p p l i e d  t o  i t  through development a c t i v i t i e s ;  and 

t o  make recommendations f o r  f u t u r e  env i ronmen ta l  impact  
r e s e a r c h  programs w i t h i n  t h e  state.  

1 . 3  G a t h e r i n g  S t a t e w i d e  I n p u t  i n t o  t h e  Environmental  Overview P r o j e c t  

The number of p o t e n t i a l  geothermal  s i tes  and t h e i r  b road  
d i s t r i b u t i o n  th roughou t  New Mexico i n c r e a s e s  t h e  p o t e n t i a l  f o r  
wide-spread envi ronmenta l  impact  w i t h i n  major  p o r t i o n s  of t h e  s t a t e ,  
p a r t i c u l a r l y  c e n t r a l  and w e s t e r n  New Hexico.  Consequent ly ,  t h e  New 
Mexico Energy I n s t i t u t e  a t  New Mexico S t a t e  U n i v e r s i t y  and t h e  New 
Mexico Envi ronmenta l  I n s t i t u t e  have sough t  s t a t e w i d e  p a r t i c i p a t i o n  i n  
f o r m u l a t i n g  a n  envi ronmenta l  overv iew f o r  geothermal  development .  

A s t a t e w i d e  Envi ronmenta l  Overview S t e e r i n g  Committee (Appendix A) 
w a s  formed i n  Janua ry  1979. It i n c l u d e d  key p a r t i c i p a n t s  i n  s t a t e  and 
f e d e r a l  a g e n c i e s  t h a t  c u r r e n t l y  have a r e g u l a t o r y  f u n c t i o n  i n  geo the rma l  
development  and env i ronmen ta l  i s s u e s  and consumer and u t i l i t y  
r e p r e s e n t a t i v e s  t h a t  have  an  i n t e r e s t  i n  f u t u r e  geothermal  development 
w i t h i n  t h e  s ta te .  T h i s  committee was i n s t r u m e n t a l  i n  a c c e s s i n g  
b a s e l i n e  d a t a  f o r  t h e  p r o j e c t  s t a f f  and s e r v i n g  as a rev iew group t o  t h e  
overv iew program. 

Two d r a f t  overview documents,  p r e d e c e s s o r s  t o  t h e  f i n a l  p r o j e c t  
r e p o r t  were p repa red  f o r  t h e  purpose  of s o l i c i t i n g  p u b l i c  i n p u t  f o r  t h e  
f i n a l  r e p o r t .  I n p u t  t o  t h e  second d r a f t  document w a s  s o l i c i t e d  from 
p a r t i c i p a n t s  i n  t h e  Geothermal  Environmental  Overview Workshop h e l d  
i n  Albuquerque,  New Mexico, September 7 and  8 ,  1979 (Appendix B ) .  

A t  t h e  workshop Mar i lyn  Marquis of t h e  Albuquerque Department of 
Energy Geothermal  P r o j e c t  O f f i c e  r ead  t h e  f o l l o w i n g  s t a t e m e n t  on b e h a l f  
of Ruth Clusen ,  A s s i s t a n t  S e c r e t a r y  f o r  t h e  Environment,  Department of 
Energy : 

. 

I n  r ev iew,  t h e  n a t i o n ’ s  e x p e r i e n c e  w i t h  t h e  development 
of energy  s o u r c e s ,  one f a c t  becomes p a i n f u l l y  clear--it i s  
r i s k y  b u s i n e s s  t o  u n d e r t a k e  any development program w i t h o u t  
some mechanism t o  a d d r e s s  env i ronmen ta l ,  h e a l t h  and s a f e t y  
conce rns  a s s o c i a t e d  w i t h  such  development .  The envi ronmenta l  
r i s k  invo lved  h a s  m a n i f e s t e d  i t s e l f  i n  c o s t l y  c o u r t  b a t t l e s  
and o t h e r  p r o t e s t  a c t i v i t i e s  by o rgan ized  envi ronmenta l  g roups  
which f r e q u e n t l y  l e d  t o  a slowdown o r  s toppage  of much needed 
p r o j e c t s  a t  g r e a t  expense  t o  t h e  n a t i o n  as a whole. How d i d  
t h i s  r i s k  f a c t o r  deve lop?  
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It appea r s  t h a t  f e a r  ( r e a l  o r  imagined)  t h a t  some major  
p r o j e c t s  would c a u s e  s e r i o u s  a d v e r s e  consequences f o r  t h e  
environment  o r  t h e  h e a l t h  and s a f e t y  of t h e  p u b l i c  i s  t h e  r o o t  
c a u s e  of t h e  ' r i s k  f a c t o r .  Some of' t h e  c o n t r i b u t i n g  causes  of  
t h a t  f e a r  would appea r  t o  be :  

o Lack of an  a d e q u a t e  d a t a  b a s e .  I n  many cases, 
adequa te  i n f o r m a t i o n  h a s  n o t  been developed o r  i s  
n o t  a v a i l a b l e  i n  a form s u i t a b l e  f o r  a s s u r i n g  
decis ion-making groups  t h a t  t h e  impact of  
development i s  known. 

o Inadequa te  mechanism f o r  i n f o r m a t i o n  d i s s e m i n a t i o n .  
Even i n  t h o s e  cases where adequa te  i n f o r m a t i o n  
e x i s t s ,  ways t o  g e t  t h a t  i n f o r m a t i o n  t o  groups  who 
s h a r e  i n  t h e  decis ion-making p r o c e s s  f r e q u e n t l y  do 
n o t  e x i s t  . 

0 Lack of a s y s t e m a t i c  means of i n v o l v i n g  
decis ion-making groups  i n  t h e  ear ly  i d e n t i f i c a t i o n  
of envi ronmenta l  conce rns .  No such means have  
e x i s t e d  h e r e t o f o r e  d e s p i t e  some " h i t  and m i s s "  
e f f o r t s  i n  t h a t  d i r e c t i o n .  

The b a s i c  assumpt ion  of t h e  Geothermal  Overview P r o j e c t  
i s  t h a t  i f  a l l  decis ion-making groups  were invo lved  e a r l y  i n  
t h e  p l a n n i n g  p r o c e s s  f o r  geothermal  development and had access 
t o  a d e q u a t e  i n f o r m a t i o n  on env i ronmen ta l  i s s u e s  and t h e i r  
p roposed  r e s o l u t i o n ,  much of t h e  env i ronmen ta l  u n c e r t a i n t y  
a s s o c i a t e d  w i t h  development would b e  reduced o r  e l i m i n a t e d .  
Such involvement  would be  expec ted  t o  l e a d  t o  1)  ass ignment  
of development p r i o r i t i e s ,  i n c l u d i n g  "go/no-go" judgements;  2 )  
clearer g u i d e l i n e s  and r e g u l a t i o n s  f o r  development;  and 3 )  
e a r l y  i d e n t i f i c a t i o n  t o  d e y e l o p e r s  of t h e  envi ronmenta l  r i s k s  
a s s o c i a t e d  w i t h  development .  

The Geothermal Environmental  Overview P r o j e c t  was' 
deve loped  by t h e  A s s i s t a n t  S e c r e t a r y  f o r  Environment as a 
mechanism t o  a s s u r e  t h a t  r e g i o n a l  decis ion-making groups  would 
b e  i d e n t i f i e d  and invo lved  i n  t h e  development of a 
comprehensive envi ronmenta l  d a t a  b a s e  p r i o r  t o  t h e  i n i t i a t i o n  
of any l a r g e  scale geothermal  development .  Because geothermal  
energy  is  a r e g i o n a l  s p e c i f i c  energy  s o u r c e ,  t h e  r a t i o n a l e  f o r  
t h e s e  a c t i v i t i e s  is t h a t  r e g i o n a l  involvement  w i l l  l e a d  t o  t h e  
development of a consensus  view on t h e  envi ronmenta l  v i a b i l i t y  
of geothermal  development i n  any t a r g e t  r e g i o n .  

Today you w i l l  h e a r  a l o t  about  t h e  geothermal  
envi ronmenta l  overview approach and how i t  i s  b e i n g  a p p l i e d  
i n  New Mexico. T h i s  workshop r e p r e s e n t s  a key f e a t u r e  i n  t h a t  
approach .  FJe a t  DOE hope t h a t  t h i s  workshop w i l l  produce t h e  
b e g i n n i n g  of a r e g i o n a l  envi ronmenta l  d a t a  b a s e  on which 
f u t u r e  geothermal  development d e c i s i o n s  can  b e  made. We a r e  
c o n f i d e n t  t h a t  your  f u l l  p a r t i c i p a t i o n  w i l l  h e l p  a c h i e v e  t h a t  
o b j e c t i v e .  



Over 165 peop le  from around New Mexico and from o t h e r  i n t e r e s t e d  
s ta tes  and f e d e r a l  g roups  were i n v i t e d  t o  a t t e n d  t h e  workshop t o  review 
t h e  p r e s e n t a t i o n  of p r o j e c t  d a t a ,  i d e n t i f y  t h e  p o s s i b l e  env i ronmen ta l  
impac t s  t h a t  might  be  a s s o c i a t e d  w i t h  geothermal  development i n  t h e  
s t a t e ,  and make recommendations f o r  s i t e - s p e c i f i c  env i ronmen ta l  
a s ses smen t  programs t h a t  may f o l l o w  t h e  overview p r o j e c t  
recommendations.  There  w e r e  60  a t t e n d e e s  a t  t h e  two-day workshop i n  
Albuquerque, New Mexico. Recommendations of t h i s  group are i n c l u d e d  
i n  t h i s ,  t h e  overview p r o j e c t ' s  f i n a l  r e p o r t .  

. 
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2 .0  GEOTHERMAL RESOURCES I N  NEW M E X I C O  

A t  p r e s e n t ,  56 known o r  p o t e n t i a l  hydro thermal  r e s o u r c e  s i t e s  
and one h o t ,  dry-rock geothermal  s i t e  have  been  i d e n t i f i e d  i n  N e w  
Mexico (Figuf-e 1). The m a j o r i t y  of t h e s e  s i t e s  l i e  w i t h i n  t h e  Rio 
Grande R i f t  w i t h  t h e  remain ing  s i t e s  l o c a t e d  w i t h i n  t h e  Ras in  and Range, 
Colorado P l a t e a u  and Sou the rn  Rockies  P rov inces  (USGS, 1978) .  
A d d i t i o n a l  hydro thermal  s p r i n g s  and wel ls  a r e  i d e n t i f i e d  i n  t h e  
USGS F i l e  GEOTHERM. These a r e  no t  y e t  s u f f i c i e n t l y  documented t o  b e  
i n c l u d e d  i n  t h i s  p r o j e c t ' s  c u r r e n t  work. It i s  assumed, however, t h a t  
t h e  d a t a  and i s s u e s  d i s c u s s e d  i n  t h i s  overview r e p o r t  a r e ,  a t  l e a s t  i n  
p a r t  , a p p l i c a b l e  t o  newly i d e n t i f i e d  r e s o u r c e  a r e a s  o r  newly e s t a b l i s h e d  
Known Geothermal Resource Areas (KGRA's) and Known Geothermal  Resource 
F i e l d s  (KGRF's). 

2 . 1  D e s c r i p t i o n  of New Mexico Geothermal Resources  
___-_-l_-l___-l 

Eigh t  Known Geothermal Resource Areas (KGRA's) have  been 
e s t a b l i s h e d  i n  r e l a t i o n  t o  s e v e r a l  of t h e  i d e n t i f i e d  geothermal  s i t e s  
( F i g u r e  1 ) .  They are t h e  Baca Loca t ion  No. 1 ( S i t e  Ol), L i g h t n i n g  
Dock (O2),  Lower San F r a n c i s c o  Hot S p r i n g s  (031 ,  Ki lbourne  Hole ( 0 4 ) ,  
Radium S p r i n g s  (O8), Gila  Hot S p r i n g s  (IO, 1 1 ,  and 1 3 ) ,  San Y s i d r o  (37)  
and S o c o r r o  Peak ( 5 5 ) .  

The 12 Known Geothermal Resource  F i e l d s  (KGRF's) have  been  
e s t a b l i s h e d  by t h e  N e w  Mexico T ~ n d  Off ice  (Kennedy, 1979) .  They  a re  
i l l u s t r a t e d  i n  F i g u r e  2 .  

Baca L o c a t i o n  No. 1 KGRA i s  b e i n g  commercial ly  developed by Union 
Geothermal  Company of N e w  Mexico and P u b l i c  S e r v i c e  Company of  N e w  
Mexico. A 50 PIIJ Department of Energy/ indus t ry- funded  d e m o n s t r a t i o n  
g e n e r a t i n g  p l a n t  f e a c i l i t y  is  expec ted  t o  b e  "on l i n e "  by 1 9 8 2 .  U.S.G.S. 
C i r c u l a r  7 9 0  ( 1 9 7 8 )  i d e n t i f i e s  t h e  Val les  Ca lde ra  (01) as t h e  only 
conf i rmed hot -water  hydro the rma l  c o n v e c t i o n  sys tem wi th  a t e m p e r a t u r e  
g r e a t e r  t h a n  150°C. Unconfirmed hydro thermal  s i t e s  (Mar l in  e t  a l . ,  
1978)  wi th  . t empera tures  e s t i m a t e d  a t  150°C o r  g r e a t e r  i n c l u d e  L igh tn ing  
Dock ( 0 2 ) ,  Kilboairne Hole ( 0 4 ) ,  Las A l t u r a s  ( 1 6 ) ,  C losson  ( 2 7 ) ,  Crown 
P o i n t  ( 3 3 ) ,  P r e w i t t  N o r t h e a s t  ( 3 4 ) ,  Guadalupe Area ( 5 1 ) ,  Columbus 
Area ( 5 2 ) ,  T u l a r o s a  Bas in  South (54), Socor ro  Peak ( 5 5 ) ,  Jemez 
R e s e r v o i r  ( 5 6 ) ,  and Lordsburg ( 5 7 ) .  

Hydrothermal  s i t e s  (Mar l in  e t  a l . ,  1978) w i t h  e s t i m a t e d  
t e m p e r a t u r e s  of 90°C t o  less  t h a n  150°C a re  Lower San F r a n c i s c o  Hot 
S p r i n g s  (03), Radium S p r i n g s  (08),  Ojo C a l i e n t e  ( 0 9 ) ,  Montezuma Hot 
S p r i n g s  ( 1 2 ) ,  Mamby Hot S p r i n g s  ( 1 4 ) ,  White Sands Missile Range ( 1 5 ) ,  
Berino-Mesquite (18 ) ,  Ponce - d e  Leon ( 2 0 ) ,  T r u t h  o r  Consequences (24)  , 
Black Mountain ( 2 6 ) ,  P l ayas  Val ley  ( 2 8 ) ,  Derry W a r m  S p r i n g s  ( 3 0 ) ,  
Guadalupe S p r i n g  ( 3 5 ) ,  Hot Well ( 3 6 ) ,  San Y s i d r o  (37), Aleman ( 4 4 ) ,  
San Diego Mountain ( 5 3 ) ,  Lordsburg ( 5 7 ) ,  J i c a r i l l a  Apache I n d i a n  
R e s e r v a t i o n  ( 6 4 )  and L i t t l e  Blue Nesa (65 ) .  Four t een  o t h e r  
hydro the rma l  s i t e s  have t empera tu res  e s t i m a t e d  a t  less t h a n  90°C. 
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6 Hydrothermal Sites 

Known Geothermal Resource Area Sites 

F i g u r e  1. Geothermal  r e s o u r c e  areas' i n  New Mexico c u r r e n t l y  i d e n t i f i e d  
f o r  t h e  Department of Energy Reg iona l  O p e r a t i o n s  Program and  
r e l a t e d  KGRA's ( M a r l i n  e t  a l . ,  1 9 7 8 ) .  

The s i t e  numbering sys tem used h e r e  and e l sewhere  i n  t h i s  1 

document i s  n o t  c o n s e c u t i v e ,  b u t  i s  c o n s i s t e n t  w i t h  t h e  s i t e  
i d e n t i f i c a t i o n  sys t em of t h e  Ceothermal  Regional  Opera t ions  
Research  Program. 

h 



F i g u r e  2 .  Geothermal  r e s o u r c e  a reas  i n  New Plexico and r e l a t e d  Known 
Geothermal Yesource Fields (KGRF's) (Kennedy, 1979). 
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Table  1 i d e n t i f i e s  t h e  5 6  hydro thermal  s i t e s  by c o u n t y ,  l a t i t u d e  
and l o n g i t u d e  (Marl in  e t  a l . ,  1 9 7 8 ) .  

A h o t  d r y  r o c k  geothermal  r e s o u r c e  area i s  s i t u a t e d  n e a r  Fenton 
Lake, New Mexico, w i t h i n  t h e  Baca # l  KGRA ( F i g u r e  1) Los Alamos 
geophys ica l  e x p l o r a t i o n  t o  d e t e n n i n e  t h e  p o t e n t i a l  of t h i s  and o t h e r  h o t  
d r y  rock  r e s o u r c e s .  LASL h a s  a l s o  c o n s t r u c t e d  a thermal  tes t  loop  
i n v o l v i n g  two wells t o  t h e  r e s o u r c e ;  s u r f a c e  water i s  pumped through 
f r a c t u r e s  i n  t h e  h o t  r o c k ,  h e a t e d ,  and r e t u r n e d  t o  t h e  s u r f a c e  through 
t h e  p roduc t ion  w e l l  (Brown e t  a l . ,  1979) .  

Hydrothermal r e s e r v o i r  c o n f i r m a t i o n  d r i l l i n g  a c t i v i t y  h a s  been 
l i m i t e d  i n  t h e  geothermal  s i tes  i n  N e w  Mexico, and c o n s e q u e n t l y ,  t h e r e  
i s  l i t t l e  p u b l i c  knowledge ( e x c l u d i n g  p r o p r i a t o r y  d a t a  from i n d u s t r y )  
a b o u t  confirmed r e s e r v o i r  t empera tu res  and volumes o r  t h e  chemica l  
makeup of geothermal  b r i n e s .  Table  2 l i s ts  t h e  e s t i m a t e d  r e s e r v o i r  
t e m p e r a t u r e s ,  volumes and amounts of b e n e f i c i a l  energy a v a i l a b l e  (Mar l in  
e t  a l . ,  1979) .  

The geo thenna l  r e s o u r c e s  of Valles Ca lde ra  (01)  (Baca EIS, 1979) 
c o n s i s t  of two geothermal  systems. The major r e s e r v o i r  i s  a n  
ove rp res su red  l iquid-dominated sys tem c o n t a i n i n g  on t h e  o r d e r  of 1 . 8  
lo1* kg 
(40  s q u a r e  m i l e s ) .  The a v e r a g e  r e s e r v o i r  f l u i d  t empera tu re  i s  i n  excess 
of 260°C (500°F) .  The pr imary p r o d u c t i o n - i n j e c t i o n  zone i s  t h e  lower 
h a l f  of t h e  B a n d e l i e r  T u f f ;  t h e  pumaceous b a s a l  305 m of t h e  Bande l i e r  
i s  t h e  b e s t  p roduc t ion  zone. The upper p a r t  of t h e  B a n d e l i e r  Tuff i s  
v e r y  d e n s e l y  welded and forms t h e  r e s e r v o i r  cap rock .  The p o t e n t i a l  
s o u r c e  of t h e  f l u i d s  i s  thought  t o  be t h e  u n d e r l y i n g  T e r t i a r y  s a n d s ;  t h e  
f l u i d  can  mig ra t e  upward t o  s h a l l o w e r  zones under  t h e  Redondo Creek 
area,  where t h e  a s s o c i a t e d  graben  f a u l t s  a c t  as c o n d u i t s .  The r e s u l t s  
of w e l l  t e s t i n g  have confirmed a 50 MEe ene rgy  s u p p l y  and i n d i c a t e  t h a t  
t h e  f l u i d  energy  of t h e  r e s e r v o i r  may be c a p a b l e  of s u p p l y i n g  400 MW, 
f o r  30 y e a r s  (Baca EIS, 1979) .  The second geothermal  s y s t e m  i s  
p o t e n t i a l l y  a vapor-dominated system and probably  o v e r l i e s  t h e  
l iquid-dominated r e s e r v o i r  i n  Baca w e l l s  4 ,  11, and 15. The e x t e n t  of 
t h j s  steam sys tem is  n o t  known; however,  i t  a p p e a r s  t o  t r e n d  t o  t h e  
n o r t h w e s t .  The Baca KGRA c o n t a i n s  l a n d s  h e l d  predominant ly  by t h e  Baca 
Land and Ca t t l e  Company and Dunigan E n t e r p r i s e s  (96%, p r i v a t e  ownership)  
w i t h  U.S. F o r e s t  S e r v i c e  and N a t i o n a l  Pa rk  S e r v i c e  (4%, Bande l i e r  
N a t i o n a l  Monument) and t h e  Los Alamos Ski Club ( l e s s  t h a n  1%, p r i v a t e  
ownership)  making up t h e  remaining p o r t i o n s .  

4 ( 4 . 7  x l 0 l 2  l b )  of h o t  w a t e r ,  e x t e n d i n g  over  a n  a r e a  of 100 k m  

The geothermal  r e s o u r c e  of L igh tn ing  Dock probably  c o n s i s t s  of a 
l iqu id-domjnated  sys tem,  a l t h o u g h  a vapor-dominated s y s t e m  may a l s o  
e x i s t  (Mar l in  e t  a l . ,  1978,  " w e l l  s t r u c k  steam a t  88  f e e t " ) .  The 
r e s e r v o i r  t empera tu re  from g e o t h e r m e t r i c  d a t a  i n d i c a t e s  a s u b s u r f a c e  
f l u i d  t empera tu re  of 170°C (Marl in  e t  a l . ,  1978) .  Land ownership i s  
s t a t e ,  f e d e r a l  and p r i v a t e .  ~ 

The r e s o u r c e  of Ki lbourne  Hole would appear  t o  b e  a 
l iquid-dominated s y s t e m .  The r e s e r v o i r  t e m p e r a t u r e  from g e o t h e r m e t r i c  
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Table 1 .  I d e n t i f i c a t i o n  of individual  hydrothermal s i tes  i n  New Mexico 
(?Marlin e t  a l , ,  1978), 

ID - 

01 
02 
03 
04 
06 
03 
09 
10 

11  

12 

13 

14 
15 
16 

17 
18 
19 

20 
21 

22 

23 
24 
25 
26 
27 
28 

SITE NAME 

Val 1 es Caldera 
Lightning Dock 
Lwr San Francisco 
Ki 1 bourne Hole 
Jemez S p r i n g s  
Radium S p r i n g s  
Ojo Cal ien te  
Gila Hot S p r i n g  
Be 1 ow B r i dge 

Gila Hot Spring 
Middle Fork 

Montezuma Hot 
S p r i n g  

Gila Hot Spring 
Doc Campbell 

Mainbys Hot Spring 
Turkey Creek 
White Sands 
Mi ssi 1 e Range 

Las Alturas  
Berino-Mesquite 
Mimbres Hot 

Spr  i ng 
Ponce de Leon 
San A u g u s t i n  

Plain E 
Upper San Fran- 
cisco HS 

Faywood HS 
T o r  C 
Gila HS UMF 
Black Mtn W Mesa 
Closson 
P1 ayas Val 1 ey 

COUNTY 

Sandoval 
Hidalgo 
Catron 
Dona Ana 
Sandoval 
Dona Ana 
Rio Arriba 
Grant 

Catron 

San Miguel 

Ca t r o n  

Tao s 
Grant 
Dona Ana 

Dona Ana 
Dona Ana 
Grant 

Taos 
Socorro 

Catron 

Grant 
S i e r r a  
Catron 
Dona Ana 
Val encia 
Hidalgo 

LATITUDE 
(Degrees) 

35.883 
32.150 
33.250 
31.967 
35.783 
32.500 
36.300 
33.167 

33.233 

35.650 

33.200 

36.533 
33.117 
32.500 

32,250 
32.167 
32,750 

36.317 
34.683 

33.833 

32.550 
33.133 
33.283 
32.133 
35.267 
32.883 

LONGITUDE 
(Degrees) 

106.533 
108.833 
108.723 
106.950 
106.683 
106.933 
106.050 
108.167 

108.233 

105.283 

108.21 7 

105.683 
108.483 
106.383 

106.767 
1 06.667 
1 07,833 

105.617 
107.550 

1 OS. 800 

108.000 
107.050 
108.283 
106.867 
1 08.3 1 7 
108.553 
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Table 1.  Continued. 

ID - 

29 
30 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
46 
49 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 
61 
62 
63 
64 

65 

SITE NAME 

Cliff  Area 
Derry Warm S p r i n g  
Tohatchi Area 
Crown Point  
Prewitt NE 
Guadalupe Spring 
Hot Well 
San Ysidro 
Crocker 
Freiborn Canyon 
Las Palomas 
Rincon East 
A1 eman 
Garton We1 1 
Carne 
Guadalupe Area 
Columbus Area 
San Diego Mtn 
Tu1 arosa Basin 

South 
Socorro 
Jemez Reservoir 
Lords burg 
Fort  Wingate 
San A u g u s t i n e  

P la in  
I s l e t a  
A1 buquerque 
Laguna 
Manci sco Mesa 
J i c a r i l l a  Apache 

L i t t l e  Blue Flesa 

Indian 
Re se rva t i on 

COUNTY 

Grant 
S i e r r a  
McKi nl ey 
McKinley 
McKinley 
Sandoval 
Sandoval 
Sandoval 
S i e r r a  
Cat ron 
S i e r r a  
Dona Ana 
S i e r r a  
Otero 
Luna 
Sandoval 
Luna 
Dona Ana 
Otero 

Socorro 
Sandoval 
Grant 
McKi nl ey 
Catron 

Bernal i 1 l o  
Bernal i 11 o 
Berna l i l l o  
San Juan 
Rio Arriba 

McKinley 

LATITUDE 
(Degrees) 

32.883 
32.800 
35.917 
35.700 
35.433 
35.600 
35.750 
35.583 
33.450 
33.700 
33.050 
32.533 
32.983 
32.783 
32.250 
35.500 
31.800 
32.633 
32.083 

34.333 
35.333 
32.233 
35.500 
34.017 

34.933 
35.083 
35.167 
36.477 
36.341 

35.856 

LONG I TU DE 
(gegrees)  

108.583 
107.283 
108.583 
108.133 
107.883 
107.133 
106.667 
106.833 
106.900 
109.033 
107.300 
107.033 
107.033 
106.167 
107.583 
107.250 
107.500 
106.967 
106.083 

106.833 
106.667 
1 08.51 7 
108.583 
108.100 

106.733 
106.633 
106.867 
108.021 
107.31 0 

107.333 
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Table 2.  Estimated reservoir temperatures, volumes and amount o f  
bene f i c i a l  enerqy a v a i l a b l e  i n  New Mexico for  s i tes  prea tey  
t h a n  60OC (Ear l in  e t  a l .  '19.78>_.. 

SITE 

01 
02 
03 
04 
06 
08 
09 
10  
11 
1 2  
13 
14 
15 
16 
17  
18 
20 
24 
25 
26 
27 
23 
30 
33 
34 
35 
36 
37 
44 
51 
52 
53 
54 
55 
56 
57 

63 
64 
65 

38 

SITE NAME 

Val 1 e s  Caldera 
Lightning Dock 
Lwr San Francisco 
K i  1 bourne Hole 
Jemez Springs 
Radium S p r i n g s  
Ojo Cal ien te  
Gila H.S. below br. 
Gila H.S.-XF 
Montezuma H.S. 
Gila  H.S.-Doc C 
Mambys H.S. 
Turkey Creek 
White Sands MR 
Las Al turas  
Berino-Mesquite 
Ponce de Leon 
T or C 
Gila H.S. UMF 
Black M t n ,  W Mesa 
C1 osson 
Playas Valley 
Derry Warm Spring 
Crown Point  
Prewitt NE 
Guadalupe S p r i n g  
Hot We1 1 
San Ysidro 
A1 eman 
Guadalupe Area 
Columbus Area 
San Diego Mtn 
Tularosa Basin S 
Socorro 
Jemez Reservoir 
Lords burg  
For t  Wingate 
Manci sco Mesa 
J i c a r i l l a  Apache 
L i t t l e  Blue Mesa 

125.00 
3.30 
3.30 
3.00 
3.30 
3.30 
3.30 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
3.00 
3.00 
3.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo  
3.00 
3.00 
3.00 
3.00 
3.00 
1 .oo  
1 .oo 
1 .oo 
1 .oo 
1 .oo 
3.00 
1 - 0 0  
3.00 
3.00 
3.00 
3.00 
1 .oo 
3.00 
3.00 
3.00 

ELECTRIC DIRECT THERMAL 
FlWO rqw P Q U A D  BTU (10 ) MW E 

2710 2750 2700 
0 0 0 
0 0 0 

22 50 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

21 50 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

21 50 0 
0 0 0 
0 0 0 

21 50 0 
21 50 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
9 50 0 

22 50 0 
0 0 0 

21 50 0 
21 50 0 
21 50 0 
21 50 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

16.6369 
0.2196 
0.1600 
0.21 67 
0.0987 
0.1413 

0.0320 
0.0320 
0.0593 
0.0320 
0.0567 
0.0304 
0.2089 
0.1625 
0.1625 
0.0464 
0.0433 
0.0320 
0.0413 
0.2089 
0.1996 
0.1315 
0.2089 
0.2089 
0.0542 
0.0438 
0.0433 
0.0490 
0.0800 
0.2167 
0.0567 
0.2089 
0.2089 

0.2089 
0.0237 
0.0882 
0.1285 
0.1285 

0.1958 

0.2089 

TOTAL 21.3157 
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d a t a  (Na-K-Ca) is  as h i g h  as 200°C (Mar l in  e t  a l . ,  1978) .  The l and  
w i t h i n  t h e  KGRA i s  mos t ly  f e d e r a l l y  owned. 

The geothermal  r e s o u r c e  of Jemez S p r i n g s  is l iqu id-dominated  w i t h  
numerous s u r f a c e  s p r i n g s  i n  t h e  canyon ( S t a r k e y ,  p e r s .  o b s . ,  1978) .  The 
e s t i m a t e d  s u b s u r f a c e  f l u i d  t empera tu re  is  135°C (Mar l in  e t  a l . ,  1978) .  
An 8OO-foot t es t  w e l l  produced 65°C water a t  approx ima te ly  80  f e e t  and 
50°C water a t  approx ima te ly  500 f e e t  ( S t a r k e y ,  1979) .  Soda D a m ,  a 
n a t u r a l  h o t  s p r i n g ,  i s  l o c a t e d  one m i l e  n o r t h  of t h e  v i l l a g e .  The l and  
i n  t h i s  area is p redomina te ly  h e l d  by t h e  V i l l a g e  of Jemez Spr ings  and 
p r i v a t e  owners .  

The r e s o u r c e  of Radium S p r i n g s  is  l iqu id-dominated ,  w i t h  an 
e x t e r n a l  e x p r e s s i o n  of h o t  s p r i n g s .  The e s t i m a t e d  s u b s u r f a c e  
t e m p e r a t u r e s  are  130"-198°C (Mar l in  e t  a l . ,  1978) .  Land ownership is 
predominate ly  f e d e r a l  and s t a t e  wi th  some p r i v a t e  l a n d s .  

The geothermal  r e s o u r c e  a t  Ojo C a l i e n t e  i s  l iquid-dominated w i t h  
f i v e  h o t  s p r i n g s  be ing  used t o  supp ly  a r e s o r t  s p a .  The s u b s u r f a c e  
f l u i d  t e m p e r a t u r e  is e s t i m a t e d  a t  122°C t o  161°C (Mar l in  e t  a l . ,  1978) .  
The land  is p r i v a t e l y  and commercial ly  h e l d .  

The Los A l t u r a s  geothermal  r e s o u r c e  is  l iquid-dominated 
(Cha tu rved i ,  1979) .  Two test wells of 1200 and 1000 f e e t  have been 
e s t a b l i s h e d  by t h e  New Mexico Energy I n s t i t u t e  a t  New Mexico S t a t e  
U n i v e r s i t y  through t h e  Department of Energy Low Temperature  Rese rvo i r  
Assessment Program t o  conf i rm t h i s  r e s o u r c e .  Water-bear ing strata have 
been l o c a t e d  a t  265-450 and  750-850 f e e t  (we l l  #l) and a t  265-420 and 
720-850 f e e t  ( w e l l  # 2 ) .  Pr imary g e o l o g i c  f o r m a t i o n s  can  be  d e s c r i b e d  as 
sand and g r a v e l  over  r h y o l i t i c  rock ,  a lens  of sand and g r a v e l  ( a t  
app rox ima te ly  720-750 f e e t ) ,  and r h y o l i t i c  rock  ( t o  a d e p t h  of 1200 f e e t  
maximum). The bottom h o l e  t empera tu res  of b o t h  w e l l s  w a s  app rox ima te ly  

t e m p e r a t u r e s .  
63°C. Two p r o d u c t i o n  w e l l s  i n  t h i s  r e s o u r c e  area show similar - 

L i t t l e  is known about  t h e  Ponce de Leon r e s o u r c e  area. It h a s  been 
r e p o r t e d  ( S o l a r  America, I n c . ,  1978) t h a t  t h e  s p r i n g  d i s c h a r g e s  34:,000 
g a l l o n s  p e r  day of t he rma l  waters. It i s  a water-dominated sys tem.  

Faywood Hot S p r i n g s  r e s o u r c e  area is a l s o  a water-dominated system. 
The s p r i n g  d i s c h a r g e s  approximate  50 ,400  g a l l o n s  p e r  day (S.W.N.M. 
S e r v i c e s  t o  Handicapped C h i l d r e n  and Adu l t s ,  I n c . ,  1978) .  

The geothermal  r e s o u r c e  a t  T r u t h  o r  Consequences (T o r  C) i s  
water-dominated. There are  74 w e l l s  and s p r i n g s  i n  t h e  area wi th  40 
c o n t a i n i n g  water of 25°C o r  h i g h e r  ( C i t y  of T r u t h  o r  Consequences,  
1978) .  Wells are f r e q u e n t l y  a r t e s i a n  wi th  heads  of ze ro  t o  58 f e e t .  The 
T r u t h  o r  Consequences thermal  b a s i n  d i s c h a r g e  was 2 , 2 6 0  g a l l o n s  p e r  day 
wi th  a h e a t  c o n t e n t  of  700,000 BTU/min (Theis  e t  a l . ,  1941) .  Land i s  
owned p r i m a r i l y  by p r i v a t e  owners i n  town, wh i l e  p o r t i o n s  of town 
b o r d e r s  are he ld  by t h e  Bureau of Land Management. 

12 



P 
;I; 

The San Ys id ro  r e s o u r c e  area i s  a water-dominated geothermal  sys tem 
as ev idenced  by t h e  h o t  w e l l s  and t h e  h o t  and w a r m  s p r i n g s  i n  t h e  
v i c i n i t y .  The subsu r f  ace f l u i d  t e m p e r a t u r e  of t h i s  r e s o u r c e  i s  
e s t i m a t e d  a t  80"C- ' (Marl in  e t  a l . ,  1978) .  Land is h e l d  p redomina te ly  
by Z i a  and Jemez Pueblo I n d i a n  t r i b e s  w i t h  a s m a l l  p o r t i o n  h e l d  by t h e  
f e d e r a l  government.  

The geothermal  r e s o u r c e  a t  Socor ro  i s  thought  t o  be  
water-dominated,  a l though  no r e s e a r c h - o r i e n t e d  deep d r i l l i n g  h a s  
occur red  w i t h i n  t h e  KGRA. S p r i n g s  do d i s c h a r g e  w a r m  waters a long  t h e  
n o r t h - t r e n d i n g  f a u l t  which s e p a r a t e s  Socor ro  Peak from t h e  Rio Grande 
Val ley  (Mar l in  et a l . ,  1978) .  The s u b s u r f a c e  f l u i d  t empera tu re  i s  
e s t i m a t e d  a t  7 2 ° C .  Land is  owned p r i m a r i l y  by t h e  s t a t e ,  t h e  f e d e r a l  
government ,  and p r i v a t e  i n d i v i d u a l s .  

T a b l e  3 summarizes t h e  c h a r a c t e r i s t i c s  of t h e s e  r e s o u r c e  a r e a s .  
Data on o t h e r  r e s o u r c e  a r e a s  are p redomina te ly  e s t i m a t e s  based  on 
s u r f a c e  geothermal  e x p l o r a t i o n  methods and work performed unde r  t h e  N e w  
Mexico Research and Development Program and t h e  Department of Energy Low 
Tempera ture  Assessment Program a d m i n i s t e r e d  by t h e  New Mexico Energy 
I n s t i t u t e  a t  New Mexico S t a t e  U n i v e r s i t y .  

With t h e  p o s s i b l e  e x c e p t i o n s  of t h e  vapor-dominated geothermal  
sys tem confirmed i n  Tjaca 111 and t h e  s u s p e c t e d  vapor-dominated geo the rma l  
sys tem a t  L igh tn ing  Dock, t h e  m a j o r i t y  of Xew Mexico ' s  p o t e n t i a l  
geothermal  sys tems are water-dominated.  Tempera tures  of r e s e r v o i r s  
separate  t h o s e  s u i t a b l e  f o r  electric g e n e r a t i o n  ( g r e a t e r  t h a n  150°C) 
from t h o s e  more s u i t e d  t o  d i r e c t  h e a t  technology ( l e s s  t h a n  150°C).  
(NOTE: Those r e s o u r c e s  which have  t e m p e r a t u r e s  s u f f i c i e n t  t o  g e n e r a t e  
e l e c t r i c i t y  can  a l s o  be developed  f o r  d i r e c t  h e a t  a p p l i c a t i o n s ) .  

The h o t ,  d ry  rock  r e s o u r c e  area a t  t h e  LASL Fenton H i l l .  S i t e  
i n c l u d e s  3600 acres of  t h e  Baca KGRA.  The t e m p e r a t u r e s  of t h e  c u r r e n t  
rock  " r e s e r v o i r "  a r e  i n  t h e  r ange  of 250°C a t  t h e  d e p t h  of t h e  phase  I 
r e s e r v o i r  a t  greater than 1000 fee t  (Kaufman and S i c i l i a n o ,  1379) .  
Precambr ian  r o c k s  of g r a n i t e  and g n e i s s  are  o v e r l a i n  by Pennsy lvan ian  
and Permian l i m e s t o n e s ,  s a n d s t o n e s  and s h a l e s .  Cenozoic v o l c a n i c  r o c k s  
form t h e  upper  s u r f a c e  of t h e  Jemez P l a t e a u .  The t es t  s i t e  l and  i s  a 
p a r t  of t h e  S a n t a  Fe N a t i o n a l  F o r e s t .  A 1 0  MW c i r c u l a t i n g  tes t  f a c i l i t y  
h a s  been  o p e r a t e d  on t h e  s i t e .  

I n  a d d i t i o n  t o  t h e  geothermal  s i tes l i s t e d  i n  t h e  Regional  
Opera t ions  Research  Program d a t a  b a s e ,  v a r i o u s  o t h e r  New Mexico areas 
may be  proven t o  b e  a d d i t i o n a l  geothermal  r e s o u r c e  s i t e s  w i t h  f u r t h e r  
r e s e a r c h .  These are b e s t  i l l u s t r a t e d  i n  F i g u r e s  3 ,  4 ,  and 5 ,  as 
i n d i c a t e d  by s i l i c a  and sodium-potassium-calcium geothermometer  
e s t i m a t e s  of s u b s u r f a c e  t e m p e r a t u r e s  and t o t a l  d i s s o l v e d  s o l i d s  
th roughou t  t h e  s t a t e  (Swanberg, 1979a ) .  Although some a r e a s  w i t h  
t empera tu re  e s t i m a t e s  of 50°C o r  more appea r  i n  Co l fax ,  Union, San 
Miguel ,  Quay, DeBaca and Chaves C o u n t i e s ,  t h e  only  i n d i c a t e d  
c o n c e n t r a t i o n  of t h e s e  d a t a  p o i n t s  i n  t h e  e a s t e r n  p a r t  of t h e  s t a t e  
a p p e a r  i n  Harding County i n  t h e  n o r t h e a s t  and i n  Eddy and Lea C o u n t i e s  
i n  t h e  s o u t h e a s t .  
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SITE 

01 

02 

- 

04 

06 

08 

09 

17 

20 

23 

24 

37 

55 

Table 3. A brief summary of hydrothermal resource data  (F4arlin 
e t  a l . ,  1978; Baca EIS, 1979; Chaturvedi,  1979).  

SITE NAME 

Val 1 es Cal dera 

Lightning Dock 

Ki lbourne Hole 

Jemez Springs 

Radi urn S p r i n g s  

Ojo Cal ien te  

Las Al turas  

Ponce de Leon 

Faywood Hot Springs 

T r u t h  o r  
Consequences 

San Ysidro 

Socorro 

SURFACE 
FLU I Do 
TEMP ( c) 

31 

99 

45-83 

73 

30-85 

45 

46 

35 

- 
36-46 

50 

34 

TOTAL 
D I SSOLV E D 
SOLIDS ( ppm) 

31 70- 7860 

1120 

4900 

2100 

3700 

1093 

486 

- 
2500 

10,000- 
12,000 

100 

RESERVOIR 
DEPTH FROM 
SURFACE ( f t  ) 

6000-9000 

88 

- 

- 

- 
87 

265 

O V E R L Y I N G  ROCK 

T u f f ,  Rhyolite 

A1 1 u v i u m  over 
T e r t i a r y  
vol cani cs  

Volcanic 

A1 1 u v i  um over 
Permian sands - 
and sha le s  

Rhyolite 

Fractured Meta 
Rhyolite w i t h  
Pegmetite d i k e  

Sand and grave 
over Rhyolite 
fragments 

A1 1 u v i  um over 
Magdalena 
1 imestone 

Sandstone and 
Shale 

Volcanic brecci  
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H150" -200" C 
0 > 200" c 

F i g u r e  3 .  S u b s u r f a c e  t e m p e r a t u r e s  estimated by t h e  silica geothermometer  
in r e l a t i o n  t o  geothermal  s i t e s  in New Mexico ( S w a n b e r g ,  19792). 

1.5 



150" - 200" C 

Figure 4 .  Subsurface temperhtures estimated by the sodium-potassium- 
calcium geothermometer in relation to geothermal sites in 
New Mexico (Swanberg, 1979a). 
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9r 1000 - 2000 mg/L 
5 500 - 1000 mg/L 
Ill 0 - 500 mg/L 

F i g u r e  5. T o t a l  d i s s o l v e d  s ' o l i d s  (TDS) i n  r e l a t i o n  t o  geothermal s i t e s  
i n  New >lexica ( S w a n b e r g ,  1979a). 



2 . 2  P o t e n t i a l  Commercial Development __ of Geothermal S i t e s  
I_- 

With t h e  e x c e p t i o n  of t h e  Baca 50 MW e lec t r i ca l  g e n e r a t i o n  
f a c i l i t y ,  t h e  e l e c t r i c a l  g e n e r a t i o n  f a c i l i t y  eplanned f o r  Los Alamos 
S c i e n t i f i c  L a b o r a t o r i e s  a t  t h e  Fenton  Lake h o t ,  d ry  rock r e s o u r c e  a r e a  
t h e  s i x  d i r e c t  h e a t  geothermal  a p p l i c a t i o n s  b e i n g  executed  through 
t h e  s t a t e  of N e w  Mexico geothermal  demons t r a t ion  program and t h e  NbISU 
demons t r a t ion  f a c i l i t y ,  i t  i s  d i f f i c u l t  t o  de t e rmine  t h e  o r d e r  i n  which 
t h e  56  hydro thermal  s i tes  ( o r  any new s i t e s  which may b e  l o c a t e d  i n  t h e  
f u t u r e )  might b e  developed i n t o  commercial  a p p l i c a t i o n s .  F u r t h e r ,  i t  
i s  a l s o  d i f f i c u l t  t o  de t e rmine  a t  t h i s  t ime t h e  e x a c t  n a t u r e  of t h e  
technology t o  be a p p l i e d  in commercial geothermal  a p p l i c a t i o n s  on each  
s i t e .  S i n c e  most of t h e  s t a t e ' s  geothermal  r e s o u r c e  areas are  though t  
t o  b e  water-dominated,  vapor-dominated t e c h n o l o g i e s  c a n  r e c e i v e  l i t t l e  
c o n s i d e r a t i o n  i n  t h i s  p r o j e c t .  

precommercial  development a c t i v i t i e s ,  i n  t h e  form of i n d u s t r i a l  
l e a s i n g  of s t a t e  and f e d e r a l  l a n d s ,  are  o c c u r r i n g  i n  t h e  f o l l o w i n g  
p o t e n t i a l  geothermal  s i tes  (Mar l in  e t  a l . ,  1978)  and i n i t i a l  s i t e -  
s p e c i f i c  r e s e a r c h  a c t i v i t i e s  ( S t a r k e y ,  pers .  comm., 1 9 7 9 ) :  

0 1  Val les  C a l d e r a :  F e d e r a l  l ea ses  t o  A m a x ,  P h i l l i p s  and 
Aminoil;  p r i v a t e  leases t o  Union O i l  of 
New Mexico; 

02 L igh tn ing  Dock: F e d e r a l  and s t a t e  leases  t o  Aminoi l ,  
Chevron, P h i l l i p s  and Amax; 

04 Kilbourne  Hole:  Federa l  and s t a t e  l e a s e s  t o  Anadarko, 
P h i l l i p s  and Hunt Energy C o r p o r a t i o n ;  

06 Jemez S p r i n g s :  F e d e r a l  leases t o  C a l v e r t  Geothermal  
Resources  and Sun Oil; 

08 Radium S p r i n g s :  F e d e r a l  l e a s e s  t o  Chevron, Texaco and 
Aminoil;  

09 Ojo C a l i e n t e :  S t a t e  lease t o  A .  J. Antwei l ;  

1 6  White Sands Missile I n i t i a l  u n i v e r s i t y  (NNSU) r e s e a r c h  
Range : a c t i v i t i e s ;  

1 7  LQS A l t u r a s :  S t a t e  l e a s e  t o  Monument Solar C o r p o r a t i o n ;  

18 Ber ino-Mesqui t e : I n i t i a l  u n i v e r s i t y  ( ~ I s u )  r e s e a r c h  
a c t i v i t i e s  ; 

24  T r u t h  o r  I n i t i a l  u n i v e r s i t y  (NMSU/UNM) r e s e a r c h  
Consequences . a c t i v i t i e s ;  

52  Columbus: I n i t i a l  u n i v e r s i t y  (NPlSU) r e s e a r c h  
a c t i v i t i e s ;  
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53 San Diego Mountain: I n i t i a l  u n i v e r s i t y  (NMSU) r e s e a r c h  
ac t iv i t ies ;  

5 4  T u l a r o s a  Bas in  I n i t i a l  u n i v e r s i t y  (NMSU) r e s e a r c h  
South:  a c t i v i t i e s ;  

5 5  Socorro :  F e d e r a l  and s t a t e  leases t o  Sunoco, 
Aminoi l ,  Gu l f ,  Chevron, Hoover Wright ,  
John  K e l l y ,  T .  W .  Cove l lo  and Deuterium 
Geothermal Company; i n i t i a l  u n i v e r s i t y  
(NMIMT) r e s e a r c h  ac t iv i t i e s ;  

6 1 Albuquerque: I n i t i a l  u n i v e r s i t y  (UNPf) r e s e a r c h  
act  i v i  t ies  . 

Various  t y p e s  of small-scale d i r e c t  h e a t  commercial  development 
a c t i v i t i e s  are  t a k i n g  p l a c e  i n  New Mexico's geothermal  r e s o u r c e  areas a s  
follows (Mar l in  e t  a l . ,  1978 and S t a r k e y ,  p e r s .  o b s . ,  1979) :  

02 L igh tn ing  Dock: Space h e a t i n g  of two r a n c h e s ,  s e v e r a l  
s m a l l  and one commercial  g reenhouses ;  
f e a s i b i l i t y  s t u d y  f o r  a g r i b u s i n e s s  and 
a r e s e a r c h  w e l l ;  

06 Jemez S p r i n g s :  A p u b l i c  ba thhouse ,  one s m a l l  g reenhouse ,  
swimming pool  and Soda Dam, a p u b l i c  
r e c r e a t i o n  area; a r e s e a r c h  w e l l ;  

08 Radium Spr ings :  Space h e a t i n g  and b a t h i n g  a t  a l o c a l  
h o t e l ;  

09 Ojo C a l i e n t e :  A r e s o r t  s p a ;  

17 Los A l t u r a s :  Two r e s e a r c h  e x p l o r a t o r y  wells and thermal  
g r a d i e n t  w e l l s  and a deep (1000')  research 
w e l l ;  

24 T o r  C: S e v e r a l  b a t h h o u s e s ,  two t h e r a p u t i c  
swimming p o o l s  a t  Carrie T ing ley  H o s p i t a l ,  
s p a c e  h e a t i n g  of mob i l e  homes and m o t e l s ;  

37  San Ysidro :  N a t u r a l  s p r i n g s  used f o r  b a t h i n g ;  

6 1  Albuquerque: Space  h e a t i n g  of a commercial  b u i l d i n g  
the rma l  g r a d i e n t  w e l l s .  

Geothermal demons t r a t ion  p r o j e c t s ,  b o t h  f e d e r a l  and s t a t e  funded 
a re  b e i n g  e s t a b l i s h e d  i n  t h e  f o l l o w i n g  r e s o u r c e  areas: 
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01 Valles Ca lde ra :  

1 7  Los A l t u r a s :  

A 50 MW e lec t r ica l  power p l a n t ,  a 
DOE-fundeg demons t r a t ion  by Union O i l  of 
New Mexico and P u b l i c  S e r v i c e  Company of 
N e w  Mexico; a DOE-funded h o t ,  d ry  rock  
e l ec t r i ca l  power p l a n t  t o  supply  power t o  
Los Alamos S c i e n t i f i c  L a b o r a t o r i e s ;  

S ta te - funded  geothermal  s p a c e  h e a t i n g  f o r  
New Mexico S t a t e  U n i v e r s i t y  Cen te r ;  s t a t e  
and M)E-funded p o t e n t i a l  p r o c e s s  h e a t  
e x t r a c t i o n  of L 'eggs p l a n t  s o u t h  of Las 
Cruces ;  s t a t e  and DOE-funded p r o d u c t i o n  
w e l l  f o r  h e a t i n g  of NMSU campus; 

2 0  Ponce de  Leon: Btate-funded so la r -geo the rma l  commercial  
g reenhouse ;  

2 3  Faywood S p r i n g s :  S ta te - funded  commercial  g reenhouse  f o r  a 
non-p ro f i t  g roup;  

2 4  T o r  C :  S t a t e  and f e d e r a l  funded space h e a t i n g  f o r  
city-owned s e n i o r  c i t i z e n  r e c r e a t i o n  
b u i l d i n g ;  s t a t e - funded  s p a c e  h e a t i n g  f o r  
Carrie T ing ley  H o s p i t a l .  

- .  

T a b l e  4 p r o v i d e s  a summary of c u r r e n t  commercial  a c t i v i t y  i n  N e w  
Mexico ' s  r e s o u r c e  areas. I n  a d d i t i o n  t o  e x i s t i n g  commercial  a c t i v i t i e s ,  
i n c l u d i n g  domes t i c  water and s p a c e  h e a t i n g  d e m o n s t r a t i o n  a t  N e w  Mexico 
S t a t e  U n i v e r s i t y ,  p o t e n t i a l  s p a c e  h e a t i n g  may b e  e s t a b l i s h e d  a t  two 
o t h e r  u n i v e r s i t i e s ,  New Mexico I n s t i t u t e  of Mining and Technology and 
t h e  U n i v e r s i t y  of New Mexico, i n  t h e  n e a r  f u t u r e .  

The geothermal  r e s o u r c e  areas though t  t o  c o n t a i n  h i g h  enough 
t e m p e r a t u r e s  f o r  e l ec t r i ca l  g e n e r a t i o n  are,  i n  a d d i t i o n  t o  t h e  Baca, 
L igh tn ing  Dock ( 0 2 ) ,  K i lbourne  Hole ( 0 4 ) ,  White Sands Missile Range 
( 1 6 ) ,  Closson ( 2 7 ) ,  Crown P o i n t  ( 3 3 ) ,  P r e w i t t  NE ( 3 4 ) ,  Columbus Area 
( 5 2 ) ,  T u l a r o s a  Bas in  South  ( 5 4 ) ,  Socor ro  (55) ,  Jemez R e s e r v o i r  ' (56) ,  
and Lordsburg (57) .  P rox imi ty  of t h e s e  s i tes  t o  c i t i e s  w i t h  s i g n i f i c a n t  
p o p u l a t i o n s  a n d / o r  t o  major  u t i l i t y  companies w i t h  s u f f i c i e n t  c a p i t a l  t o  
deve lop  a geothermal  e lec t r ica l  g e n e r a t i o n  f a c i l i t y  might  a l l o w  
r e a s o n a b l e  "guesses"  as t o  t h e  o r d e r  i n  which t h e s e  s i t e s  might be  
deve loped  w i t h  e s t a b l i s h e d  e l ec t r i ca l  g e n e r a t i o n  t echno logy .  Thus,  i n  
a d d i t i o n  t o  e lec t r ica l  g e n e r a t i o n  commercial  development a t  t h e  Baca, 
such a c t i v i t y  might  b e  r easonab ly  p r o j e c t e d  f o r  L igh tn ing  Dock, 
K i lbourne  Hole and ,  p e r h a p s ,  Radium S p r i n g s .  T h i s  a c t i v i t y  cou ld  b e  
expec ted  t o  i n c r e a s e  r a p i d l y  i f  t h e  n u c l e a r  power p l a n t  f a c i l i t i e s  
p lanned  f o r  P a l o  Verde,  Ar izona ,  e n c o u n t e r  d i f f i c u l t i e s  p r i o r  t o  
o p e r a t i o n .  E l  Paso Elec t r ic  Company, a major s u p p l i e r  of e l e c t r i c i t y  
i n  s o u t h e r n  New Mexico, i s  a p a r t n e r  i n  t h e  P a l o  Verde  p l a n t .  O the r  
r e s o u r c e  areas could  receive a d d i t i o n a l  i n c e n t i v e s  i n  t h e  s h o r t  t e r m  
f o r  e lec t r ica l  g e n e r a t i o n  of geothermal  ene rgy .  White Sands,  f o r  
i n s t a n c e ,  h a s  r e c e i v e d  a f e d e r a l  a l t e r n a t e  energy  mandate.  
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T a b l e  4. 

/ 
SITE 

01 
02 
04 
06 
03 
09 
12 
13 
14 
17 
1 9  
20 

N 
P 

22 
23 
24 

37 
55 
61 

A summary o f  commercial a c t i v i t y  i n  New l i lexico h i g h  and l o w  tempera tu re  geothermal r e s o u r c e  areas .  

SITE NAME 

Val 1 es Ca lde ra  
L i g h t n i n g  Dock 
K i  1 bourne H o l e  
Jemez Spr ings  
Radium S p r i n g s  
Ojo C a l i e n t e  
Montezuma H.S. 
G i l a  H.S. 
Mamby's H.S. 
Las A l t u r a s  
Mimbres H. S. 
Ponce de Leon 
Upper San F r a n c i s c o  H.S. 
Faywood S p r i n g s  
T o r  C 

San Y s i d r o  
Socor ro  
A1 buquerque 

ELECTRICAL GENERATION DIRECT HEAT APPLICATION 
PLANT EXPLORATION HEATING BATHING GREENHOUSE PROCESS HEAT - ----- 

X ( 2  Demos) 
X X 

X X 
X X 

X 
X 

X X 
X 

X (2 Demos) X (Demo) 
X 
X 
X 
X 

x ( 2  X 
Demos ) 

X 

X 

X (Demo) 

X (Demo) 

' I  



It should be remembered, however, t h a t  high temperature  r e s e r v o i r s  
can a l s o  be  tapped f o r  d i r e c t  h e a t  a p p l i c a t i o n s  and the  commercial 
development of such s i tes  f o r  t h i s  purpose could a c c e l e r a t e  t h e  use  of 
t h e s e  s i tes .  

The Regional Operat ions Research P r o j e c t  f o r  t h e  Development of 
Geothermal Energy i n  t h e  Rocky Mountain Basin and Range Region has  
provided a l i s t i n g  of c i t i e s  which might q u a l i f y  as s i tes  f o r  p o t e n t i a l  
geothermal a p p l i c a t i o n s  based on t h e  Regional Program Progress  Monitor 
(RPPM), a computer d a t a  base  maintained a t  New Mexico S t a t e  Un ive r s i ty  
f o r  t h e  lo-state Rocky Mountain Region. The computer program named 
MARKET, a l i n e a r ,  programming model, c a l c u l a t e s  a unique o rde r ing  of 
c i ty-geothermal  s i t e  p a i r i n g s  f o r  economic a n a l y s i s .  The output  of t h i s  
model c o n s i s t s  of a l i s t  of geothermal r e sources ,  t h e  p o s s i b l e  
temperature  of t h e  r e source ,  t h e  names of c i t i es  p o t e n t i a l l y  suppor t ab le  
by t h e  resource ,  t h e i r  popu la t ions ,  t h e  d i s t a n c e  i n  m i l e s  from t h e  
r e source ,  t h e  30-year average annual  h e a t i n g  degree days and lowest  
ambient temperature ,  and t h e  es t imated  yea r ly  r e s i d e n t i a l  h e a t i n g  
demand f o r  t h e  c i t y  (Cunniff e t  a l . ,  1 9 7 9 ) .  

Because of r ap id  growth rates of many smaller towns, abnormally 
h i g h  convent ional  energy c o s t s ,  and t h e  easy a c c e s s i b i l i t y  of a h igh  
grade  geothermal r e source ,  many s m a l l  communities are p r i m e  p r o s p e c t s  
f o r  e a r l y  a p p l i c a t i o n  of geothermal energy. Numerous smaller towns 
e i t h e r  possess  an i n d d s t r i a l  p l a n t  s u i t a b l e  f o r  geothermal a p p l i c a t i o n ,  
o r  are cand ida te s  f o r  new i n d u s t r y .  Many towns wi th  p re sen t  popula t ions  
of s l i g h t l y  more than  100 people  could conceivably demonstrate  an  
economic conversion t o  geothermal energy by t h e  2000. 

MARKET ouput f o r  New. Mexico ( a s  of June  1979) i s  presented  i n  
Table  5.  

A s  each geothermal r e source  i s  tapped f o r  energy and t h e  t ) ;pe of 
technology f o r  e x t r a c t i n g  geothermal hea t  is determined, i t  w i l l  b e  
p o s s i b l e  t o  p r e d i c t  t h e  enviromental  i m p a c t  of t h e s e  a c t i v i t e s  wi th  
g r e a t e r  accuracy than  can be  determined i n  t h e  overview program. 
Commercial a c t i v i t i e s  u t i l i z i n g  N e w  Mexico's geothermal r e sources  are  
most l i k e l y  t o  i n c r e a s e  a t  a r a p i d  ra te  as more t r a d i t i o n a l  f u e l s  become 
s c a r c e  and/or  more expensive t o  use.  
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Table 5. Market  o u t p u t  f o r  qeothermal resource areas i n  New Mexico (Cunni f f  and Rao, 1979). 

S I T E  ID SITE NAME 

01 
01 
04 
06 
08 
12 
14 
14 
16 
17 
17 
17 
18 
18 
18 
18 
1 8  
19 
20 
23 
23 
24 
24 
30 
34 
34 
36 
37 
37 

N 
w 

Val 1 es Caldera 
Val 1 es Caldera 
K i  1 bourne Hole 
Jemez Spr ings 
Radium Spr ings 
Montezuma H.S. 
Mamby's H.S. 
Mamby's H.S. 
Whi te  Sands Msl Rge 
Las A l t u r a s  
Las A l t u r a s  
Las A l t u r a s  
Berino--Mesqui t e  
Ber ino--Mesqui te 
Ber ino--Mesqui te 
Berino--Mesqui t e  
Berino--Mesqui t e  
Mimbres H.S. 
Ponce de Leon 
Faywood H.S. 
Faywood H.S. 
T o r  C 
T o r  C 
Der ry  Warm Spr ing  
P r e w i t t  N o r t h  Eas t  
P r e w i t t  N o r t h  Eas t  
Hot We1 1 
San Y s i d r o  
San Y s i d r o  

NEW M E X I C O  GEOTHERMAL MARKET POTENTIAL 
CITY NAME 

Los Alamos 
White Rock 
Meadow V i s t a  
Jemez Spr ings  
Radium Spr ings  
Las Vegas 
Questa 
Taos Pueblo 
White Sands 
La M e s i l l a  
Las Cruces 
Univ Pk Tor tugas 
Anthony 
Mesquite 
San Miguel  
Vado 
B e r i  no 
Bayard 
Taos 
Cen t ra l  
Hurley 
T r u t h  o r  Conseq. 
Wi l l i amsburg  
G a r f i e l d  
Grants 

, M i l a n  ' 
San t o  Domi ngo Pueblo 
Jemez Pueblo 
San Ys id ro  

D I S T  
( M I  1 
12 
16 
17 

1 
0 
4 

14 
9 

10 
3 
4 
4 

12 
2 
4 
4 
7 

17 
6 

18 
11 
13 
14 
3 

18 
17 
16 
6 
4 

POP 

11310 
3861 
1402 

500 
100 

15900 
1125 
1030 
41 67 
1850 

41 600 
41 65 
1728 
400 
350 
2 00 
200 

2900 
3050 
1850 
1700 
5675 

57 5 
300 

8300 
1925 
1662 
1197 

250 

TEMP 
(OC) 

273 
27 3 
155 

73 
98 

130 
125 
125 
150 
120 
120 
120 
120 
120 
120 
120 
120 

55 
105 

54 
54 

100 
100 
100 
150 
150 
100 
100 
100 

DEGD 

6305 

2800 
5330 
31 00 
6000 
7400 
6850 
3500 
31 95 
31 95 
31 95 
2800 
3000 
3000 
2950 
2900 
4450 
6800 
4450 
4300 
3400 
3400 
3300 
61 00 
61 00 
5300 
5400 
5700 

5850 

LT 
( 0 0  

19 
19 
29 
20 
26 
18 
15 
17 
27 
26 
26 
26 
29 
26 
26 
26 
26 
24 
17 
24 
24 
26 
26 
26 
17 
17 
18 
20 
19 

HEAT DEMAND 
PER YEAP 

(ET\! x 
(FOR CITY) 
68.457 
21.683 

3.769 . 
2.558 

.2 98 
91.584 

7.992 
6.773 

14.001 
5.674 

127.596 
12.775 

4.645 
1.152 
1.008 

.566 

.557 
12.389 
19.910 

7.903 

18.523 
1.577 

.950 
48,605 
11.273 

6.205 
1.368 

7.018 

8.456 



Table 5. Continued 

SITE ID 

52 
53 
55 
55 
56 
56 
56 
56 
56 
56 
56 
57 
58 
62 

N c- 

SITE NAME 

Columbus Area 
San Diego Mountain 
Socorro 
Socorro 
Jemez Reservoir 
Jemez Reservoir 
Jemez Reservoir 
Jemez Reservoir 
Jemez Reservoir 
Jemez Reservoir 
Jemez Reservoir 
Lords b u r g  
Fort  W i nga t e  
Laguna 

NEW MEXICO GEOTHERMAL MARKET POTENTIAL 
CITY t4AME DIST POP 

(MI) 

Columbus 
Hatch 
Socorro 
Bosque Farms 
San Fel ipe Pueblo 
A1 buquerque 
Bernal i 1 1  o 
Los Ranchos De Albq 
North Valley 
South Valley 
Sandi a Pueblo 
Lords b u r g  
Gal lup 
I s l e t a  Pueblo 

9 260 
12 920 
19 5875 
15 2500 
14 1187 
17 286300 
6 2775 

14 1950 
17 10366 
17 29389 
8 6867 

15 3900 
12 15300 
19 1080 

TEMP DEGD LT Y R .  HEAT 
( O C )  (OF) (BTU x 1 ~ 1 0 )  

(FOR C I T Y )  
155 3250 27 .I311 
125 3310 26 2.923 
150 39'15 24 22.0131 
150 4200 21 10.080 
150 4850 18 5.527 
150 4270 24 11 73.601 
150 4725 18 12.587 
150 4550 19 8.518 

42.492 150 4270 24 
150 4270 24 120.471 
150 4500 18 29.665 
150 3950 26 14.789 

61 6400 16 94,003 
50 4300 20 4.458 
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3.0 GEOTHERMAL TECHNOLOGICAL APPLICATIONS AND THEIR ENVIRONMENTAL 
IMPLICATIONS 

The env i ronmen ta l  i m p a c t s  of geothermal  energy development d i f f e r  
w i t h  t h e  n a t u r e  of t h e  geothermal  r e s o u r c e  and t h e  type  of t echno logy  
invo lved  i n  u t i l i z i n g  geothermal  h e a t .  This s e c t i o n  w i l l  d i s c u s s  
env io rnmen ta l  i m p a c t s  t h a t  may be a s s o c i a t e d  w i t h  bo th  t e c h n o l o g i c a l  
a p p l i c a t i o n s  a s s o c i a t e d  w i t h  u s i n g  hydro the rma l  geo the rma l  r e s o u r c e s  
f o r  e lectr ical  g e n e r a t i o n  and f o r  d i r e c t  h e a t i n g .  

3.1 A p p l i c a t i o n s  f o r  Hydrothermal Electrical  G e n e r a t i o n  

Geothermal e lectr ical  g e n e r a t i o n  f a c i l i t i e s  can  probably be  
developed i n  o n l y  1 3  of New Mexico's i d e n t i f i e d  r e s o u r c e  areas,  u n l e s s  
a l a r g e  number of b i n a r y  c y c l e  p l a n t s  were deve loped .  To b e t t e r  
i l l u s t r a t e  some of t h e  p o t e n t i a l  env i ronmen ta l  i m p a c t s  a s s o c i a t e d  with 
e l ec t r i ca l  g e n e r a t i o n  f a c i l i t i e s ,  t h e  Baca Environmental  I m p a c t  
S t a t emen t  d r a f t  document (1979) h a s  been used as a case s t u d y  where 
a p p r o p r i a t e .  

3.1.1 Resource E x p l o r a t i o n  

E x p l o r a t i o n  f o r  geothermal  r e s o u r c e s  can  be a " h i t  o r  m i s s "  
p r o p o s i t i o n  ( l i k e  e x p l o r a t i o n  f o r  o i l  and g a s ) .  A t  t h e  Baca ( O l ) ,  Union 
Geothermal of New Mexico found f o u r  o u t  of 1 2  e x p l o r a t o r y  w e l l s  s u i t a b l e  
f l u i d  p roduce r s  f o r  t h e  proposed 50 MW P l a n t  (Baca EIS, 1 9 7 9 ) -  Each 
i n d i v i d u a l  d r i l l  s i t e  u s u a l l y  r e q u i r e s  174 acre of l and  f o r  t h e  w e l l  pad 
and two t o  s i x  acres of land f o r  o t h e r  equipment ,  sumps and laydown 
areas. This i m p a c t  on t h e  land can  be reduced by u s i n g  e x i s t i n g  w e l l  
pads,  where p o s s i b l e ,  f o r  m u l t i p l e  w e l l  d r i l l i n g .  Each s i t e  shou ld  
p r o v i d e  a d r a i n a g e  catchment  f o r  d r i l l i n g  f l u i d s  t o  m i t i g a t e  
env i ronmen ta l  damage from s p i l l i n g  of f l u i d s .  F i g u r e  6 shows a t y p i c a l  
equipment l a y o u t  of a geothermal  e x p l o r a t i o n  w e l l  (Baca E I S ,  1979) .  

Environmental  impac t s  from e x p l o r a t o r y  o p e r a t i o n s  ( d i s t u r b a n c e  of 
v e g e t a t i o n  and animal  h a b i t a t )  s t e m  from c o n s t r u c t i o n  of road's t o  
e x p l o r a t i o n  sites and c o n s t r u c t i o n  of w e l l  pads and w e l l  development 
areas; i n c r e a s e d  n o i s e  and a c t i v i t y  from c o n s t r u c t i o n  t r a f f i c  
on r e s i d e n t i a l  areas c o n t i g u o u s  t o  the r e s o u r c e  s i t e ,  p e r c e i v e d  
i n c o m p a t i b i l i t y  w i t h  n a t u r a l  areas by area r e s i d e n t s ,  a c c e l e r a t e d  
s i l t i n g  of streams ( s o i l  and b i o t i c  damage), reduced a i r  q u a l i t y  and 
v i s i b i l i t y  from f u g i t i v e  d u s t ,  e n g i n e  e m i s s i o n s  and v e n t i n g  of 
geothermal  w e l l s  d u r i n g  f low t e s t i n g ,  and t h e  v e n t i n g  of g a s e s  and 
d i s s o l v e d  s o l i d s  d u r i n g  w e l l  t e s t i n g .  These impac t s  a re ,  i n  g e n e r a l ,  
minor and t r a n s i e n t  i n  n a t u r e .  M i t i g a t i o n  p rocedures  are a v a i l a b l e  
t o  r educe  t h e  m a j o r i t y  of t h e s e  i m p a c t s  d u r i n g  w e l l  e x p l o r a t i o n  
ac t iv i  tes. 

The d r i l l i n g  p r o c e s s ,  however, p r e s e n t s  t h e  g r e a t e s t  p o t e n t i a l  
impac t s  from env i ronmen ta l  con tamina t ion  from l o s s  of d r i l l i n g  muds o r  
a w e l l  blowout.  These a c c i d e n t a l  releases of f l u i d s  are a lmos t  
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Figure 6 .  Typical equipment layout a t  a geothermal exploration well [Baca 
EIS,  1979). 
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t o t a l l y  p r e v e n t a b l e  w i t h  today I s  d r i l l i n g  p r a  t ices  ( H a r t l e .  , 13713). 
D r i l l i n g  muds are comprised of v a r i o u s  materials ( b e n t o n i t e ,  b a r i t e ,  
c h r o m e - l i g n i t e  o r  chrome l i g n o s u l p h o n a t e ,  and sodium hydrox ide )  . 
D r i l l i n g  mud d i s p o s a l ,  however, i s  r e g u l a t e d  and s u b j e c t  t o  s o l i d  
waste r e g u l a t i o n s .  Well blowouts  would y i e l d  u n c o n t r o l l e d  q u a n t i t i e s  
of t h e  f i e l d ' s  geothermal  f l u i d  t o  t h e  s u r f a c e .  S u r f a c e  f l u i d s  p r e s e n t  
a f l o o d i n g  problem, and t h e  impact l e v e l  depends on t h e  q u a n t i t y ,  
t e m p e r a t u r e  and chemical  q u a l i t y  of t h e  f l u i d ,  as w e l l  as advance 
con ta inmen t  measures  t a k e n  by t h e  d e v e l o p e r .  Should a blowout o c c u r ,  
repair  o r  c l o s u r e  of w e l l  i s  a l s o  r e g u l a t e d  w i t h i n  t h e  s t a t e .  I m p a c t  
c a n  a l s o  o c c u r  as a r e s u l t  of geothermal  f l u i d  l e a k a g e  from t h e  w e l l  
c a s i n g  o r  t h rough  f a u l t y  cement o u t s i d e  t h e  c a s i n g  i n t o  t h e  s u b s u r f a c e .  
T h i s  l e a k a g e  i s  d i f f i c u l t  t o  d e t e c t .  

3 .1 .2  Well F i e l d ,  Plant  and T r a n s m i s s i o n  L ine  C o n s t r u c t i o n  -.__ - 
Based on Union Geothermal of New Nexico P u b l i c  S e r v i c e  Company of 

New Mexico ac t iv i t i e s  t o  deve lop  t h e  Baca r e s o u r c e  area, t h e  f o l l o w i n g  
i s  a "real case" d e s c r i p t i o n  of some of t h e  parameters invo lved  i n  
d e v e l o p i n g  a geothermal  w e l l  f i e l d ,  p l a n t  and t r a n s m i s s i o n  l i n e  
e lec t r ica l  g e n e r a t i o n  f a c i l i t y  (Baca E I S ,  1979) .  It shou ld  b e  n o t e d ,  
however, t h a t  v a r i a t i o n s  i n  t h i s  d a t a  would p o s s i b l y  occur  i n  f u t u r e  
r e s e r v o i r  development. i n  o t h e r  r e s o u r c e  areas.  

The t o t a l  area of a well f i e l d  a t  t h e  Baca f o r  a 50 NW p l a n t  w i l l  
b e  approx ima te ly  42 acres per w e l l  i n i t i a l l y ,  d e c r e a s i n g  t o  90 acres p e r  
w e l l  ove r  a 30-year p l a n t  o p e r a t i o n .  The t o t a l  area of t h e  p r o j e c t  w e l l  
f i e l d  w i l l  b e  a maximum of 715 acres, b u t  t h e  a c t u a l  d i s t u r b e d  area w i l l  
b e  abou t  10-20% of t h i s  area (Baca E I S ,  1379) .  The b i o t a  w i l l ,  of 
c o u r s e ,  be  d i s t u r b e d  i n  t h e  w e l l  f i e l d .  Well d r i l l i n g  c a n  r e q u i r e  
up t o  25,000 l i ters  (6,300 g a l l o n s )  of water p e r  day d u r i n g  mud- 
d r i l l i n g  o p e r a t i o n s .  D r i l l i n g  water can  c o n s i s t  of c r e e k  water ;  w e l l  
water o r  geothermal  f l u i d .  D ive r s ion  of waters from a g r i c u l t u r e  o r  
o t h e r  p u r p o s e s  can  c a u s e  c o n f l i c t ,  b u t  water r i g h t  r e g u l a t i o n s  would  
p robab ly  resolve t h i s  c o n f l i c t  p r i o r  t o  d r i l l i n g .  Road c o n s t r u c t i o n  
t o  d r i l l i n g  sites can have an a v e r a g e  d i s t u r b e d  area of two acres p e r  
m i l e .  Damage can  b e  m i t i g a t e d  by u s i n g  e x i s t i n g  roads  o r  t r a i l s ,  
f o l l o w i n g  n a t u r a l  topography,  u s i n g  good d e s i g n  practices and u t i l i z i n g  
a c u l v e r t  d r a i n a g e  c o l l e c t i o n  sys t em p r i o r  t o  e x i t i n g  s u r f a c e  runof f  
i n t o  n a t u r a l  d r a i n a g e  sys t ems .  

P i p i n g  r o u t e s  t o  s u p p l y  geothermal  f l u i d  t o  t h e  p l a n t  and t o  
i n j e c t i o n  p l a n t s  can  r e q u i r e  a maximum wid th  of 5 0  f e e t  i n i t i a l l y ,  b u t  
much of t h a t  can  be  al lowed t o  r e v e g e t a t e  t o  a w i d t h  of 15 f e e t  a f t e r  
i n i t i a l  c o n s t r u c t i o n ,  t h u s  m i t i g a t i n g  s o m e  of t h e  i n i t i a l  d i s r u p t i o n  of 
h a b i t a t .  The r e v e g e t a t i o n  p r o c e s s  creates d i v e r s e  h a b i t a t  f o r  p l a n t s  
and a n i m a l s .  

C o n s t r u c t i o n  a c t i v i t i e s  of t r a n s m i s s i o n  l i n e s  c o n s i s t  of c l e a r i n g  
and s i t e  p r e p a r a t i o n  f o r  t h e  right-of-way, s t r u c t u r e  s i t e s  and access 
r o a d s ;  e r e c t i n g  of t r a n s m i s s i o n  s t r u c t u r e s  and l i n e  s t r i n g i n g ,  and 
c l e a n i n g  and r e c l a m a t i o n  a c t i v i t e s .  The amount of c l e a r i n g  and g r a d i n g  
n e c e s s a r y  f o r  c o n s t r u c t i o n  of t h e  right-of-way w i l l  v a r y  w i t h  t h e  
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c o n s t r u c t i o n  s i t e .  For e l e c t r i c a l  l i n e s ,  vegetat’on is  u s u a l l y  topped 
t o  p r o v i d e  minimum conductor  c l e a r a n c e .  Danger trees ( t h o s e  which might 
f a l l  o r  o t h e r w i s e  c o n t a c t  t h e  l i n e s )  a re  removed from t h e  v i c i n i t y  of 
t h e  l i n e s .  During c o n s t r u c t i o n  f o r  e lec t r ica l  l i n e s ,  a t r a n s m i s s i o n  
s t r u c t u r e  s i t e  w i l l  b e  c l e a r e d  f o r  each s t r u c t u r e  r e q u i r e d ,  each s i t e  
b e i n g  approximately 100 x 150 f e e t .  In a d d i t i o n ,  conductor  s i tes  of 
100 x 200 f e e t  w i l l  h e  c l e a r e d  a t  approximate ly  t h r e e  m i l e  i n t e r v a l s  
a long  t h e  right-of-way. Environmental  problems a s s o c i a t e d  w i t h  
t r a n s m i s s i o n  l i n e s  i n c l u d e  e r o s i o n  and r e l a t e d  water  s i l t i n g ,  n o i s e  
a s s o c i a t e d  w i t h  c o n s t r u c t i o n  equipment,  and d i s r u p t i o n  of p l a n t  and 
animal  h a b i t a t .  M i t i g a t i n g  procedures  i n c l u d e  v a r i o u s  c l e a n u p ,  
r e v e g e t a t i o n  and r e c l a m a t i o n  a c t i v i t i e s .  Noise and temporary a i r  
p o l l u t i o n  can  b e  impacts  g e n e r a t e d  by c o n s t r u c t i o n  a c t i v i t i e s .  

Typica l  t o t a l  s p a c e  requi rements  f o r  geothermal  e l ec t r i ca l  
g e n e r a t i o n  p l a n t s  i n c l u d i n g  equipment areas, maintenance shops  and 
service areas can  b e  approximate ly  20 acres p e r  p l a n t .  C o n s t r u c t i o n  
a c t i v i t i e s  c o n s i s t  of e a r t h  moving, c o n c r e t e  pour ing ,  equipment 
i n s t a l l a t i n g ,  and f i e l d  f a b r i c a t i n g  and e r e c t i n g  of major systems t h a t  
w i l l  extend over  a p e r i o d  of about  f o u r  y e a r s .  I f  t h e  p l a n t  s i t e  i s  
remote,  major components and c o n s t r u c t i o n  m a t e r i a l s  w i l l  probably b e  
sh ipped  t o  t h e  s i t e  by t r u c k .  The p o p u l a t i o n  of l a b o r e r s  a t  t he  s i t e  
w i l l  vary  d u r i n g  t h e  c o n s t r u c t i o n  p e r i o d .  The impact of t h i s  temporary 
p o p u l a t i o n  f l u c t a t i o n ,  i f  l a b o r  and materials are impor ted ,  w i l l  
a f f e c t  nearby communities i n  a p o s i t i v e  manner f o r  t h e  g e n e r a l  economy 
and perhaps  a n e g a t i v e  manner f o r  hous ing  and community services.  

3.1.3 P l a n t  O p e r a t i o n  - 

3.1.3.1 Direct, Dry Steam (DDS) ---- Conversion P r o c e s s  - 
The s i m p l e s t  geothermal  r e s o u r c e  t o  e x p l o i t  f o r  e lec t r ica l  power i s  

t h e  d i r e c t ,  dry steam r e s o u r c e .  Power p l a n t s  a t  The Geysers  
( C a l i f o r n i a ) ,  L a r d e r e l l o  and Monte A m i a t a  ( I t a l y )  and Matsukawa, Onikobe 
and Kakkonda (Japan)  o p e r a t e  w i t h  d i r e c t  d ry  steam. F i g u r e  7 ’ i s  a 
schemat ic  f low diagram f o r  such a system. The f i g u r e  shows a condensing 
t u r b i n e  w i t h  a mechanica l ly  induced c o o l i n g  tower.  The I t a l i a n  p l a n t s  
u s e  n a t u r a l  d r a f t  towers ,  and some p l a n t s  u s e  noncondensing, 
exhaust ing-to-atmosphere t u r b i n e s .  The steam expans ion  p r o c e s s  ( F i g u r e  
7 )  from 1 t o  2 t a k e s  p l a c e  i r r e v e r s i b l y .  The working f l u i d  (dry steam) 
i s  admi t ted  t o  t h e  t u r b i n e  a t  1, condensed a t  3 ,  and e i t h e r  evapora ted  
from t h e  s t a c k  of t h e  c o o l i n g  tower or r e i n j e c t e d  i n t o  t h e  r e s e r v o i r  as 
l i q u i d  from t h e  c o o l i n g  tower c o l d  w e l l  overf low.  Power p l a n t s  a t  The 
Geysers  have u t i l i z a t i o n  e f f i c i e n c i e s  of 60% (DiPippo, 1975) .  

Environmental  i m p a c t s  of t h i s  p r o c e s s  are  r e l a t e d  t o  t h e  
e v a p o r a t i o n  of t h e  working f l u i d  from t h e  c o o l i n g  tower.  Composition of 
t h e  working f l u i d  w i l l  d e t e r m i n e  t h e  t y p e  and d e g r e e  of impact.  
Subsidence caused by l o s s  of working f l u i d  t o  t h e  atmosphere and 
r e s e r v o i r  drawdown i s  a p o t e n t i a l  environmental  problem. D r i l l i n g  of 
new w e l l s  i n  response  t o  r e s e r v o i r  d e p l e t i o n  r e q u i r e s  one w e l l  f o r  each  
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F i g u r e  7. A schematic diagram f o r  t h e  d i r e c t  d r y  s team (DDS) energy 
convers ion  process (DiPippo,  1978). 
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i n i t i a l  w e l l  o v e r  a 30 y e a r  p e r i o d .  Noise may be a problem a t  t h e  
t u r b i n e  and d u r i n g  w e l l  v e n t i n g .  S o l i d  waste d i s p o s a l  may a l s o  b e  
i m p o r t a n t .  No New Mexico geothermal  r e s o u r c e  h a s  been i d e n t i f i e d  as 
having  dry  steam as i t s  working f l u i d .  

3 .1 .3 .2  Separa ted  S t e a m  (SS) Conversion P r o c e s s  

Some geothermal  w e l l s  have a wel lhead  product  t h a t  c o n s i s t s  of a 
two-phase m i x t u r e  of l i q u i d  and vapor .  The q u a l i t y  of t h e  m i x t u r e  
( i . e . ,  t h e  mass f r a c t i o n  of t h e  vapor  phase)  depends on t h e  r e s e r v o i r  
p r o p e r t i e s  and t h e  wel lhead p r e s s u r e .  It i s  n o t  d i f f i c u l t  t o  s e p a r a t e  
t h e  phases ,  e i t h e r  a t  each w e l l h e a d ,  a t  c e n t r a l l y  l o c a t e d  s t a t i o n s  o r  a t  
t h e  power house.  P l a n t s  a t  Cerro  P r i e t o  (Mexico), Ahuachapan ( E l  
S a l v a d o r ) ,  Otake and Onuma (Japan)  and Pauzhetka ( S o v i e t  Union) o p e r a t e  
as s e p a r a t e d  steam p l a n t s  (DiPippo, 1978) .  F i g u r e  8 is a schemat ic  f low 
diagram f o r  such a system. For t h i s  k i n d  of p l a n t ,  t h e  f l u i d  i n  t h e  
r e s e r v o i r  must b e  a compressed l i q u i d  a t  e l e v a t e d  tempera ture .  A s  t h e  
f l u i d  comes t o  t h e  s u r f a c e  under  a reducing  p r e s s u r e ,  i t  f l a s h e s  i n t o  
steam. The p l a n t  equipment i s  e s s e n t i a l l y  t h e  same as f o r  t h e  Direct, 
Dry Steam (DDS) system; t h e  d i f f e r e n c e  i n c l u d e s  t h e  a d d i t i o n  of t h e  
separator  and a b a l l  f l o a t  check valve to prevent massive water 
i n g e s t i o n  by t h e  t u r b i n e  i n  t h e  e v e n t  of a l i q u i d  backup i n  t h e  
s e p a r a t o r .  The u t i l i z a t i o n  e f f i c i e n c y  of t h e  Cerro  P r i e t o  p l a n t ,  f o r  
example,  i s  about  45% (DiPippo, 1978) .  

Environmental  impacts  of t h i s  p r o c e s s  would b e  r e l a t e d  t o  t h e  
r e l e a s i n g  of f l u i d  from t h e  c o o l i n g  tower where t h e  composi t ion  of t h e  
working f l u i d  w i l l  d e t e r m i n e  t h e  t y p e  and d e g r e e  of i m p a c t .  Some n o i s e  
problems could  occur  a t  t h e  p o i n t  of steam f l a s h i n g  and w e l l  v e n t i n g .  
Subs idence  and r e s e r v o i r  drawdown and s o l i d  waste d i s p o s a l  could  b e  
p o t e n t i a l  envi ronmenta l  problems.  T h i s  t y p e  of p r o c e s s  might  b e  used 
i n  New Mexico i n  r e s o u r c e  areas which have a compressed f l u i d  "at an  
e l e v a t e d  t e m p e r a t u r e .  

3.1.3.3 Single-Flash  (SF) Conversion P r o c e s s  ~ -- 
When t h e  g e o f l u i d  emerges a t  t h e  wel lhead as a l i q u i d  under  

p r e s s u r e  ( a  s a t u r a t e d  l i q u i d ) ,  a s i n g l e - f l a s h  s t e a m  system (SFS) i s  
u t i l i z e d .  F i g u r e  9 is a s i m p l e  schemat ic  f low diagram f o r  such a 
system. ' The f l a s h i n g  p r o c e s s ,  i n s t e a d  of o c c u r i n g  i n  t h e  w e l l b o r e ,  as 
i n  t h e  case of t h e  S e p a r a t e d  Steam (SS) sys tem,  o c c u r s  i n  s u r f a c e  
equipment des igned  t o  reduce  t h e  f l u i d  p r e s s u r e  t o  some optimum v a l u e .  
Otherwise ,  t h e  S ingle-Flash  system i s  q u i t e  s imilar  t o  t h e  S e p a r a t e d  
S t e a m  (SS) system (DiPippo, 1978) .  

The power p l a n t  des igned  f o r  u s e  i n  t h e  Baca Demonstrat ion P l a n t  
(Baca E I S ,  1979) is an  example of t h i s  p r o c e s s  ( F i g u r e  l o ) .  The l i q u i d  
geothermal  f l u i d  o r  mixture of s team and l i q u i d  i s  f l a s h e d  t o  steam i n  
s a t e l l i t e  steam s e p a r a t o r s  c o n n e c t i n g  s e v e r a l  geothermal  w e l l s  t o  common 
steam l i n e s .  From t h e  s e p a r a t o r s  t h e  steam i s  d e l i v e r e d  by i n s u l a t e d  
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conversion process (DiPippo, 1978) .  
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Figure 9. A schematic diagram for the single-flash (SF)  energy 
conversion process (Di P i  ppo ,  1978). 
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p i p e  t o  t h e  t u r b i n e  i n l e t  a t  s a t u r a t i o n  c o n d i t i o n s  of 710 kPa and 166"C, 
and t h e  l i q u i d  i s  s e n t  t o  t h e  i n j e c t i o n  p l a n t .  F igure  1 0  shows t h e  
approximate  f low rates f o r  each subsystem. Geothermal f l u i d  c o n d e n s a t e  
from t h e  t u r b i n e  is c o l l e c t e d  and c i r c u l a t e d  through t h e  c o o l i n g  tower 
where i t  i s  cooled  and r e c i r c u l a t e d  t o  t h e  t u r b i n e  condenser  as c o o l i n g  
water. T h i s  r e c i r c u l a t i o n  of t h e  geothermal  f l u i d  f r e e s  t h e  p l a n t  from 
t h e  requi rement  of l a r g e  q u a n t i t i e s  of f r e s h  water which i s  common w i t h  
f o s s i l - f u e l e d  and n u c l e a r  power p l a n t s .  The steam condensa te  and t h e  
c o o l i n g  water are n o t  mixed i n  t h e  condenser ,  t h e r e b y  p r o v i d i n g  f o r  more 
thorough e x t r a c t i o n  of noncondensable  g a s e s  b e f o r e  t h e  f l u i d  p a s s e s  
through t h e  c o o l i n g  tower.  The e x t r a c t e d  g a s e s  are c i r c u l a t e d  t o  t h e  
hydrogen s u l f i d e  abatement  system, where t h e y  are  t r e a t e d  by t h e  
S t r e t f o r d  p r o c e s s ,  c o n v e r t i n g  a h i g h  p e r c e n t a g e  of t h e  hydrogen s u l f i d e  
i n t o  e l e m e n t a l  s u l f u r .  

Environmental  impact may s t e m  from release of hydrogen s u l f i d e  i n t o  
t h e  atmosphere.  S i n c e  t h e  f l u i d  t h a t  c i r c u l a t e s  through t h e  c o o l i n g  
tower w i l l  have a h i g h  p e r c e n t a g e  of t h e  hydrogen s u l f i d e  removed by 
p r i o r  t r e a t m e n t ,  t h e  hydrogen s u l f i d e  e m i s s i o n s  t o  t h e  atmosphere w i l l  
b e  less t h a n  s i x  grams p e r  second,  maximum. Other  e f f l u e n t s  of 
o p e r a t i o n  c o n s i s t  of t h e  S t r e t f o r d  Process  f l u i d s ,  c o o l i n g  tower 
blowdown and excess  geothermal f l u i d s  which a r e  s e n t  t o  t h e  i n j e c t i o n  
s t a t i o n ,  and t h e  geothermal  f l u i d  i n  t h e  form of w a t e r  vapor  and d r i f t  
d r o p l e t s  r e l e a s e d  t o  t h e  atmosphere.  Approximately 0.2% of t h e  t o t a l  
c o o l i n g  tower d i s c h a r g e  is  i n  t h e  form of d r i f t .  The vapor  and d r i f t  
r e l e a s e d  t o  t h e  atmosphere w i l l  c o n t a i n  d i s s o l v e d  s o l i d s  and 
noncondensable  g a s e s  p r e s e n t  i n  t h e  geothermal  steam. T a b l e  6 shows t h e  
a v e r a g e  expec ted  amounts of t h e  c o n s t i t u t e n t s .  Although t h e  g a s e s  w i l l  
b e  p r e s e n t  i n  t h e  same amount, t h e  d r i f t  and l i q u i d  t o  b e  i n j e c t e d  w i l l  
c o n t a i n  d i s s o l v e d  s o l i d s  i n  s l i g h t l y  h i g h e r  c o n c e n t r a t i o n s  because  of 
r e c i r c u l a t i o n  of c o o l i n g  water and e v a p o r a t i v e  l o s s e s  t o  t h e  atmosphere.  
T o t a l  d i s s o l v e d  s o l i d s  i n  t h e  c o o l i n g  tower e f f l u e n t s  are  e s t i m a t e d  t o  
b e  about  400 ppm. The release of vapor  by t h e  c o o l i n g  tower is  t h e  main 
consumptive u s e  of water by t h e  p l a n t .  Water l o s s ,  n e t  wi thdrawal ,  
w i t h i n  t h e  sys tem of geothermal  f l u i d  from t h e  r e s e r v o i r  i s  27%. To 
o f f s e t  p o s s i b l e  r e d u c t i o n  i n  s u r f a c e  water f low i n  t h e  Jemez R i v e r ,  
Union O i l  h a s  a p p l i e d  f o r  a p e r m i t  t o  withdraw 34-59 acres of i r r i s a t e d  
c r o p  l a n d  from i r r i g a t i o n  by t h e  Jemez R i v e r .  The proposed 50  M W  p l a n t  
is e s t i m a t e d  t o  retire 1 4  acres of i r r i g a t e d  land  over  t h e  30  ye% l i f e  
of t h e  p l a n t  (Baca E I S ,  1979) .  Noise may b e  a problem d u r i n g  wel lhead 
v e n t i n g  . 

3.1.3.4 Separated-Steam/Single-Flash (SSSF) Conversion -- P r o c e s s  - 
These p l a n t s  o p e r a t e  w i t h  a two-phase g e o f l u i d  a t  t h e  wel lhead .  

Two f l a s h e s  o c c u r ,  one below t h e  s u r f a c e  ( t y p i c a l l y  i n  t h e  w e l l b o r e )  and 
one above t h e  s u r f a c e  i n  a s p e c i a l l y - d e s i g n e d  f l a s h  t a n k .  P l a n t s  of 
t h i s  t y p e  are a t  Hatchobaru ( Japan)  and K r a f l a  ( I c e l a n d ) .  F i g u r e  11 
shows a schemat ic  diagram of such a system (DiPippo, 1978) .  The 
e s s e n t i a l  d i f f e r e n c e  between t h i s  and a s i n g l e - s t a g e  s y s t e m  is  t h a t  a 
d u a l - p r e s s u r e  t u r b i n e  i s  t y p i c a l l y  employed i n  t h e  former s y s t e m .  
Two i n d i v i d u a l  t u r b i n e s  a r r a n g e d  i n  a tandem-compound f a s h i o n  may b e  
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Table 6. Average chemical a n a l y s i s  o f  geothermal steam ( w i t h o u t  
sc rubb ing)  f o r  t h e  50 MWe Baca Power P l a n t  (Baca EIS,  1979). 

pH, 4.5 

C o n s t i t u e n t  Concentrat ion (mg/l i t e r )  

Sol i d s  

Suspended s o l i d s  
Si02 

HC03 

s04 
c1 
Na 
K 
Ca, Mg, Ba, B ,  F 

7 
35 

5 

2 

21 
8 
3 
1 .o  

Const i  t u t e n t a  Concent ra t ion  (ppm) 
By weight  By moles 

Noncondensable gases 

c02 
H2S 

r4 2 

HZ 

CH4 

28,250 12,000 
204 125 

56 37 

2 14 
2 2 

* 

aWeighted average o f  noncondensable gases, 2.64% 
of steam. 
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Figure 11. A schematic diagram for the separated-steam/single-flash 
(SSSF) conversion process (DiPippo, 1978). 
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used .  The h i g h - p r e s s u r e  steam from t h e  s e p a r a t o r  f lows through t h e  
h i g h - p r e s s u r e  p o r t i o n  of t h e  t u r b i n e  e n t e r i n g  a t  1. The f l a s h e r  
p roduces  a d d i t i o n a l  steam from t h e  l i q u i d  f r a c t i o n  of t h e  s e p a r a t i o n  
p r o c e s s  by a n  a d d i t i o n a l  p r e s s u r e  drop.  Th i s  steam is mixed w i t h  t h e  
steam from t h e  h i g h - p r e s s u r e  t u r b i n e  a t  t h e  pas s - in  s e c t i o n  of t h e  
t u r b i n e .  F i g u r e  11 i l l u s t r a t e s  t h e  tandem-compound t u r b i n e  arrangement  
where in  two separate c y l i n d e r s  a re  used f o r  t h e  high- and low-pressure 
s e c t i o n s ,  b o t h  e x h a u s t i n g  t o  a common condense r .  

Environmental  impac t s  of t h i s  p r o c e s s  would be r e l a t e d  t o  t h e  
r e l e a s i n g  of f l u i d  from t h e  c o o l i n g  tower where t h e  compos i t ion  of t h e  
working f l u i d s  w i l l  d e t e r m i n e  the t y p e  and d e g r e e  of impact r e l a t e d  t o  
and t h e  use  of makeup water a t  t h e  c o o l i n g  tower.  Noise problems c a n  
o c c u r  a t  t h e  p o i n t  of steam f l a s h i n g  and wel lhead v e n t i n g .  Subs idence  
and r e s e r v o i r  drawdown c o u l d  b e  p o t e n t i a l  env i ronmen ta l  problems.  

3.1.3.5 Binary Cycle  Conver s ion  P r o c e s s e s  

These sys t ems  are  u s u a l l y  c a l l e d  b i n a r y  c y c l e s  because  a secondary  
working f l u i d  ( a  f l u o r o c a r b o n  or  hydrocarbon)  i s  used i n  a main Rankine 
c y c l e  w i t h  t h e  g e o f l u i d  p r o v i d i n g  t h e  r e q u i r e d  the rma l  energy t o  
v a p o r i z e  and s u p e r h e a t  t h e  secondary working f l u i d .  Two small  p l a n t s  
o p e r a t i n g  on t h i s  sys t em are l o c a t e d  a t  P a r a t u n ' k a  ( S o v i e t  Union) and 
Otake ( J a p a n ) .  F i g u r e  1 2  i s  a s c h e m a t i c  diagram of such a system 
(DiPippo, 1978) .  The advan tages  of a b i n a r y  c y c l e  o v e r  a f l a s h  steam 
sys t em i n c l u d e  g r e a t e r  s u i t a b i l i t y  t o  low t e m p e r a t u r e  hydro the rma l  
r e s o u r c e s ,  smaller and less  expens ive  t u r b i n e s ,  h i g h - p r e s s u r e  o p e r a t i o n  
e l i m i n a t i n g  vacuum o p e r a t i n g  problems,  non-co r ros ive  working f l u i d  i n  
the t u r b i n e ,  h i g h e r  t u r b i n e  e f f i c i e n c i e s ,  reduced stress and v i b r a t i o n  
problems w i t h  t u r b i n e  b l a d e s ,  lower condens ing  t e m p e r a t u r e s ,  less 
damage t o  b o i l e r  f e e d  pumps, and comple t e ly  d ry  expans ion .  
D i sadvan tages  of a b i n a r y  c y c l e  i n c l u d e  c o s t  of secondary working 
f l u i d s ,  l e a k a g e  t h a t  may c a u s e  sys t em damage, c o s t  of h e a t  exchange r s ,  
q u a n t i t y  of b r i n e  needed ( d i s p o s a l  p r o b l e m s ) ,  and flammability of 
hydrocarbon working f l u i d s  (DiPippo,  1978) . 

Y 

Environmental  impact i s s u e s  c e n t e r  around t h e  d i s c h a r g e  of 
hydroca rbons  €rom c o o l i n g  tower ,  t h e  amount of make-up water needed,  
d i s p o s a l  of s p e n t  geothermal  b r i n e  d e p o s i t s  on t h e  h e a t  exchange r ,  and 
f i r e  dange r  from f l a m m a b i l i t y  of hydroca rbons .  New Mexico's many low 
t e m p e r a t u r e  geothermal  r e s o u r c e  areas cou ld  u t i l i z e  t h e s e  systems t o  
produce e l e c t r i c i t y  i n  s m a l l  communit ies .  

3 . 2  A u u l i c a t i o n s  f o r  Direct Heat Use 

Direct h e a t  a p p l i c a t i o n s  of geothermal  energy i n  New Mexico cou ld  
b e  developed i n  a l l  of the  56 hydro the rma l  s i tes .  A s  geo the rma l  energy 
f o r  h e a t i n g  a n d / o r  c o o l i n g  and p r o c e s s  h e a t i n g  becomes economica l ly  
c o m p e t i t i v e  w i t h  energy from n a t u r a l  g a s ,  e l e c t r i c i t y  o r  p ropane ,  
d i r e c t  h e a t  a p p l i c a t i o n s  w i l l  become more numerous i n  New Mexico. 
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F i g u r e  12. A schemat i c  diagram o f  a b i n a r y  c y c l e  conve r s ion  p r o c e s s  
(DiPippo,  1978).  
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3 . 2 . 1  Resource E x p l o r a t i o n  - 
E x p l o r a t i o n  f o r  geo the rma l  r e s o u r c e s  f o r  d i r e c t  h e a t  u s e  are  as 

s p e c u l a t i v e  as f o r  electrical  g e n e r a t i o n .  Because s h a l l o w e r  w e l l s  c an  
of  t e n  b e  e s t a b l i s h e d  (due t o  lower t e m p e r a t u r e  r e q u i r e m e n t s ) ,  t h e  
p e r c e n t a g e  of s u c c e s s  i n  b r i n g i n g  " in"  a geothermal  r e s o u r c e  i s  l i k e l y  
t o  b e  h i g h e r  f o r  d i r e c t  h e a t  a p p l i c a t i o n s  t h a n  f o r  e l ec t r i ca l  
g e n e r a t i o n .  F u r t h e r ,  fewer  w e l l s  are u s u a l l y  r e q u i r e d  u n l e s s  t h e  
a p p l i c a t i o n  is  f o r  d i s t r i c t  h e a t i n g  of l a r g e  p o r t i o n s  of a town o r  c i t y .  
Well d r i l l i n g  space r e q u i r e m e n t s  may va ry  t o  some d e g r e e ,  b u t  a minimum 
of one t o  two acres p e r  w e l l  w i l l  p robab ly  b e  r e q u i r e d .  

Environmental  impacts  from e x p l o r a t o r y  w e l l  d r i l l i n g  can  b e  
e x p e c t e d  t o  b e  r e l a t i v e l y  t h e  same f o r  e lec t r ica l  g e n e r a t i o n  d r i l l i n g .  
These are removal of v e g e t a t i o n  and animal  h a b i t a t  f o r  c o n s t r u c t i o n  of 
r o a d s  and w e l l  pads ,  a c c e l e r a t i o n  of e r o s i o n  i n t o  streams, n o i s e  
p o l l u t i o n  and reduced a i r  q u a l i t y  from d u s t  and eng ine  e m i s s i o n s  and t h e  
v e n t i n g  of g a s e s  and d i s s o l v e d  s o l i d s  d u r i n g  w e l l  t e s t i n g .  The n a t u r e  
of t h e  f i n a n c i a l  r i s k  i n v o l v e d  i n  geo the rma l  d r i l l i n g  on a small scale  
may c a u s e  r e l a t i v e l y  new d r i l l i n g  companies t o  e x p e r i e n c e  w e l l  b lowou t s ,  
a l t h o u g h  s u f f i c i e n t  t echno logy  e x i s t s  t o  p r e v e n t  t h i s  o r  a t  l eas t  r educe  
i t s  o c c u r r e n c e .  Most of t h e s e  impac t s  c a n  b e  m i t i g a t e d  d u r i n g  
e x p l o r a t i o n .  

3 .2 .2  B u i l d i n g  and Heat D e l i v e r y  System C o n s t r u c t i o n  

A f t e r  t h e  geothermal  p r o d u c t i o n  (and r e i n j e c t i o n )  w e l l s  have  b e e n  
e s t a b l i s h e d ,  b u i l d i n g  c o n s t r u c t i o n  a s s o c i a t e d  w i t h  d i r e c t  h e a t  
a p p l i c a t i o n s  of geothermal  energy are f o r  t h e  most p a r t  t h e  same as  
c o n s t r u c t i o n  of b u i l d i n g s  w i t h o u t  geothermal  h e a t .  Environmental  
i m p a c t s  would on ly  d i f f e r  i f  d i s t r i b u t i o n  l i n e s  of geo the rma l  waters a re  
ex tended  o v e r  a long  d i s t a n c e  ( a  d i s t a n c e  g r e a t e r  t h a n  f o r  e l ec t r i ca l  
c o n d u i t s  o r  n a t u r a l  g a s  l i n e s ) .  Geothermal d i s t r i b u t i o n  l i n e s  unde r  
s i d e w a l k s  o r  roads  c a n  h e l p  keep t h e s e  s t r u c t u r e s  f r e e  of s n o w  and ice. 

3.2.3 Geothermal Systems O p e r a t i o n  

3 . 2 . 3 . 1  Direct U s e  of Geothermal Waters 

Direct u s e  geothermal  systems are t h e  most s i m p l e  i n  d e s i g n .  They 
u t i l i z e  geothermal  f l u i d s  d i r e c t l y  i n  b u i l d i n g s  o r  i n  a g r i c u l t u r a l  
o p e r a t i o n s .  F l u i d s  are pumped ( o r  f low) d i r e c t l y  i n t o  swimming p o o l s ,  
h e a l t h  s p a s  and h e a t i n g  p i p e s .  A f t e r  t h e  geothermal  h e a t  i s  a c q u i r e d  
and used ,  f l u i d s  may b e  d i s c h a r g e d  on t h e  s u r f a c e  of t h e  ground o r  
r e i n j e c t e d  i n t o  t h e  geothermal  r e s e r v o i r .  S i n c e  t h e s e  systems u s u a l l y  
u s e  l o w  t e m p e r a t u r e  geothermal  r e s o u r c e s ,  t h e  geothermal  f l u i d s  a re  
g e n e r a l l y  less s a l i n e ,  and c o n t a i n  f ewer  con taminan t s  t h a n  o t h e r  
geo the rma l  f l u i d s .  Environmental  impac t s  i n  t h e s e  o p e r a t i o n s  are 
minimal and are l a r g e l y  t h e  r e s u l t  of t h e  d i s p o s i t i o n  of geo the rma l  
f l u i d s  and scale ( s o l i d  was te )  t h a t  h a s  b u i l t  up w i t h i n  t h e  d e l i v e r y  
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sys tems.  New Mexico a l r e a d y  h a s  a number of t h e s e  systems i n  o p e r a t i o n  
and more can b e  a n t i c i p a t e d  as u t i l i t y  c o s t s  c o n t i n u e  t o  r ise .  

3 . 2 . 3 . 2  S u r f a c e  Heat Exchanger _-- 

The s u r f  ace h e a t  exchanger  geothermal  system extracts  h e a t  from 
t h e  geothermal  f l u i d s  by exposing t h e  f l u i d s  t o  a h e a t  exchanger ,  where 
t h e  h e a t  i s  absorbed i n t o  a n o t h e r  f l u i d  f o r  t r a n s m i s s i o n  as a h e a t  
s o u r c e  i n  b u i l d i n g s  and o t h e r  small-scale a p p l i c a t i o n s .  I n  t h i s  sys tem 
t h e  geothermal f l u i d s  are c o n t a i n e d  i n  a c l o s e d  loop ,  b e i n g  r e l e a s e d  t o  
t h e  s u r f a c e  o r  r e t u r n e d  t o  t h e  r e s o u r c e  through r e i n j e c t i o n .  
Environmental  i s s u e s  a r i s e  p r i m a r i l y  from t h e  h a n d l i n g  of s p e n t  
geothermal  f l u i d s .  The number of geothermal  w e l l s  and t h e i r  d a i l y  f low 
rates,  however, may c a u s e  r e s e r v o i r  drawdown t h a t  can a f f e c t  t h o s e  
sys tems i n  t h e  same r e s o u r c e  r e s e r v o i r  t h a t  u s e  geothermal water 
d i r e c t l y .  R e i n j e c t i o n  of f l u i d s  i s  thought  t o  reduce t h i s  impact .  
S o l i d  was te  d i s p o s a l  from t h e  h e a t  exchanger  would a l s o  b e  a s o u r c e  of 
impact .  

3 . 2 . 3 . 3  Down-the-Hole H e a t  Exchanger 

The down-the-hole h e a t  exchanger  geothermal  system i s  very  s i m i l a r  
t o  t h e  s u r f a c e  h e a t  exchanger except  t h a t  t h e  h e a t  exchanger  is  
i n s t a l l e d  i n  t h e  geothermal  well and t h e  secondary f l u i d  i s  t r a n s p o r t e d  
t o  t h e  s u r f a c e  f o r  d i r e c t  h e a t  u s e .  T h i s  system h a s  t h e  advantage  of 
n o t  removing t h e  geothermal  f l u i d s  from t h e  r e s e r v o i r .  Thus, 
envi ronmenta l  impacts  of t h i s  system are minimal,  S o l i d  waste d i s p o s a l  
from t h e  h e a t  exchanger  i s  a s o u r c e  of i m p a c t  i n  t h i s  system as w e l l .  

3 . 2 . 3 . 4 .  Heat Pump 

T h i s  system o p e r a t e s  l i k e  a g i a n t  r e v e r s i b l e  r e f r i g e r a t o r ,  
t r a n s f e r i n g  h e a t  from t h e  ground t o  a b u i l d i n g  d u r i n g  t h e  w i n t e r ,  and 
from t h e  b u i l d i n g  back i n t o  t h e  ground d u r i n g  t h e  summer. A t i q u i d  
r e f r i g e r a n t  ( f r e o n )  c i r c u l a t e s  through t h e  h e a t  pump system. A s  i t  
passes through t h e  h e a t  exchanger  c o i l  a t  t h e  (geothermal)  energy 
s o u r c e ,  i t  absorbs  h e a t  energy ,  becoming a g a s .  The gaseous r e f r i g e r a n t  
i s  pumped i n t o  a second h e a t  exchanger  ( w i t h i n  t h e  b u i l d i n g )  t h a t  
extracts  h e a t  which i s  d i s t r i b u t e d  throughout  t h e  b u i l d i n g  v i a  a 
f o r c e d - a i r  h e a t i n g  system. I n  summer, t h e  system is  r e v e r s e d  c a u s i n g  
h e a t  from t h e  b u i l d i n g  t o  be r e d i s t r i b u t e d  t o  t h e  energy s o u r c e ,  t h u s  
c o o l i n g  t h e  b u i l d i n g  (American Groundwater C o n s u l t a n t s ,  I n c . ,  1978)  . 
S i n c e  geothermal  f l u i d s  are n o t  c i r c u l a t e d  above ground, envi ronmenta l  
i m p a c t s  of t h i s  system are minimal.  

3 . 3  Summary of E x i s t i n g  o r  Planned - Geothermal Technologica l  
A p p l i c a t i o n s  i n  N e w  Mexico 

Commercial development of geothermal  r e s o u r c e s ,  o n  a n  ex t remely  
s m a l l  scale,  h a s  probably occurred  s i n c e  t h e  ear l ies t  i n f l u x  of humans 
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i n t o  what la ter  became t h e  s t a t e  of New Mexico. Hot s p r i n g s  were used 
(and are  s t i l l  today)  f o r  b a t h i n g  and m e d i c i n a l  pu rposes  p r i o r  t o  t h e  
i n f l u x  of Anglo s o c i e t i e s .  Even p r i o r  t o  s t a t e h o o d ,  h o t  s p r i n g s  were i n  
c o n t i n u o u s  u s e  f o r  t h e s e  pu rposes .  I n  r e c e n t  y e a r s .  a v a r i e t y  of o t h e r  
geo the rma l  a p p l i c a t i o n s  have developed (Tab le  7 ) .  

3 . 3 . 1  E lec t r ica l  G e n e r a t i o n  

The Union O i l / P u b l i c  S e r v i c e  Company of New Mexico 50  MW 
s i n g l e - f l a s h  e l ec t r i ca l  g e n e r a t i o n  f a c i l i t y  u t i l i z i n g  a S t r e t f o r g  
h y d r o g e n - s u l f i d e  abatement  s y s t e m ,  c o o l i n g  tower and r e i n j e c t i o n  w e l l s  
i s  schedu led  t o  b e  "on-line" i n  1982 ( s e e  S e c t i o n  3 . 1 . 3 . 3  f o r  a d e t a i l e d  
d e s c r i p t i o n  of t h i s  sys t em) .  I f  t h i s  f a c i l i t y  i n  t h e  Valles C a l d e r a  
(Baca #1 KGRA) encount-ers  no d i f f i c u l t i e s ,  a d d i t i o n a l  g e n e r a t i o n  u n i t s  
are  planned t o  expand t h e  f a c i l i t y  t o  400 PIE . e 

A t  p r e s e n t ,  no o t h e r  e l ec t r i ca l  g e n e r a t i o n  f a c i l i t i e s  are  schedu led  
f o r  c o n s t r u c t i o n  i n  New Mexico. 

3 .3 .2  Direct Heat A p p l i c a t i o n s  - 

3 . 3 . 2 . 1  Snace and Water H e a t i n e  

Near t h e  L i g h t n i n g  Dock r e s o u r c e  area i n  t h e  Animas V a l l e y ,  two 
r a n c h e s  u t i l i z e  geothermal  waters f o r  s p a c e  h e a t i n g .  A t  Radium S p r i n g s ,  
t h e  Radium S p r i n g s  H o t e l  and r e s o r t  i s  g e o t h e r m a l l y  h e a t e d .  A t  t h e  G i l a  
Hot S p r i n g s  geothermal  waters are used t o  space h e a t  a r anch .  The Yucca 
Lodge a t  T r u t h  o r  Consequences h a s  a s i m i l a r  h e a t i n g  a p p l i c a t i o n .  A l l  
of t h e s e  a p p l i c a t i o n s  u t i l i z e  t h e  geothermal  waters d i r e c t l y ,  
d i s c h a r g i n g  t h o s e  waters t o  t h e  s u r f a c e .  

A t  t h e  Las A l t u r a s  r e s o u r c e  a rea ,  N e w  Mexico S t a t e  University i s  
c u r r e n t l y  c o n s t r u c t i n g  a geo the rma l ly -hea ted  U n i v e r s i t y  Center and 
P r e s i d e n t ' s  Residence as a d e m o n s t r a t i o n  f a c i l i t y .  A s u r f a c e ' h e a t  
exchange r  w i t h  a r e i n j e c t i o n  w e l l  i s  planned f o r  u s e  i n  t h i s  f a c i l i t y .  
New Mexico S t a t e  U n i v e r s i t y  a l s o  p l a n s  t o  h e a t  a major p o r t i o n  of t h e  
campus h o t  w a t e r  supp ly  u t i l i z i n g  t h i s  r e s o u r c e  area and a s i m i l a r  
system i n  t h e  n e a r  f u t u r e  (two-four y e a r s ) .  

The S t a t e  of New Mexico h a s  funded two geothermal  d e m o n s t r a t i o n s  i n  
t h e  c i t y  of T ru th  o r  Consequences t o  b e  c o n s t r u c t e d  w i t h i n  1980. Both 
of t h e s e  sys t ems  w i l l  use s u r f a c e  h e a t  exchangers ,  w i t h  o r  w i t h o u t  
i n j e c t i o n  w e l l s .  ( I t  i s  a common p r a c t i c e  i n  T ru th  o r  Consequences t o  
release geothermal  waters i n t o  t h e  c i t y ' s  waste system o r  s u r f a c e  
w a t e r s . )  Geothermal o r  g e o t h e r m a l l y - a s s i s t e d  h e a t i n g  s y s t e m s  w i l l  b e  
c o n s t r u c t e d  a t  t h e  city-owned S e n i o r  C i t i z e n ' s  C e n t e r  and t h e  
state-owned Carrie T ing ley  H o s p i t a l .  

The Sand ia  Sav ings  B u i l d i n g  i n  downtown Albuquerque i s  o p e r a t i n g  a 
geo the rma l  h e a t i n g  and c o o l i n g  s y s t e m  t h a t  u t i l i z e s  a h e a t  pump. Water 
i s  d i s c h a r g e d  i n t o  t h e  geothermal  r e s e r v o i r .  
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Table 7 .  Geothermal technologies planned o r  i n  operation w i t h i n  New Mexico pothermal r2source areas. 

DIRECT HEAT APPLICATION 
~- SITE SITE NAME ELECTRICAL GENERATION HEATING BATHING G R E E N H O U S E  PROCESS HEAT 

01 
02 
06 
08 
09 
1 2  
13 
14 
1 7  
19 
20 
22 
23 c 

N 

24 
37 
61 

Val 1 es  Cal dera 
Lightning Dock 
Jemez Springs 
Radium S p r i n g s  
Ojo Caliente 
Montezuma H.S. 
Gila H.S. 
Mamby's H.S. 
Las Alturas 
Mimbres H .  S .  
Ponce de Leon 
Upper San Francisco H.S. 
Faywood Springs 
T or C 
San  Ysidro 
A1 buquerque 

SF = Single Flash System 
H D R  = Hot Dry Rock System 
D U  = Direct Use 

SF 

, 

DU 
DU 

DU DU 
DU 
D U  

DU DU 
DU 

SHE ( 2 )  . .  
D U  
D U  
D U  
DU 

D U , S H E ( 2 )  DU 
DU 

HP 

SHE 
DU 

Unknown 

SHE 

SHE 

SHE = Surface Heat Exchanger 
DHE = Direct Heat Exchanger 
H P  = Heat Pump 



P 
i Q  

i 5  

i 0 

3 .3 .2 .2  Bath Houses and Ba th ing  -- ~~ 

Geothermal waters are u t i l i z e d  d i r e c t l y  i n  b a t h  h o u s e s  o r  n a t u r a l  
s p r i n g s  a t  Jemez S p r i n g s ,  Radium S p r i n g s ,  Ojo  C a l i e n t e ,  Montezuma Hot 
S p r i n g s ,  Gi la  Hot S p r i n g s ,  Mamby's Hot S p r i n g ,  Mimbres Hot S p r i n g ,  Ponce 
d e  Leon Hot S p r i n g ,  Upper San F r a n c i s c o  Hot S p r i n g ,  Faywood S p r i n g s ,  
T r u t h  o r  Consequences, and San Y s i d r o .  In a d d i t i o n ,  Carrie T ing ley  
H o s p i t a l  i n  T r u t h  o r  Consequences and t h e  Southwest S e r v i c e s  t o  
Handicapped C h i l d r e n  and A d u l t s  a t  Faywood Hot S p r i n g s  u s e  geothermal  
water t o  supp ly  swimming p o o l s  used f o r  p h y s i c a l  t h e r a p y  w i t h  
handicapped c h i l d r e n  and a d u l t s .  

3 . 3 . 2 . 3  Greenhouses 

A l a r g e  geothermally-heated g reenhouse  w i t h  100,000 s q u a r e  f e e t  of 
s p a c e  is l o c a t e d  n e a r  the community of Co t ton  C i t y  n e a r  t h e  L i g h t n i n g  
Dock r e s o u r c e  area. The h e a t i n g  system u t i l i z e s  a s u r f a c e  h e a t  
exchange r ,  and geothermal  f l u i d s  are  d i s c h a r g e d  t o  t h e  s u r f a c e  waters. 

I n  Jemez S p r i n g s ,  a Buddhist  colony o p e r a t e s  a small  g reenhouse  
t h a t  u s e s  geothermal  waters d i r e c t l y  and releases t h e  water t o  t h e  
nea rby  Jemez River.  

A t  Ponce de  Ikon, S o l a r  America, I n c .  i s  c o n s t r u c t i n g  a 
s o l a r - a s s i s t e d  geothermal  g reenhouse  as a S t a t e  of N e w  Mexico 
d e m o n s t r a t i o n  p r o j e c t .  This  p r o j e c t  i s  i n  a p r e l i m i n a r y  d e s i g n  p h a s e ,  
and w i l l  p robab ly  u s e  a s u r f a c e  h e a t  exchanger  f o r  s p a c e  h e a t i n g .  
Secondary u s e s  of t h e  geothermal  waters, i f  any ,  w i l l  p robab ly  u s e  t h e  
waters d i r e c t l y .  Method of d i s p o s a l  of geo the rma l  waters i s  n o t  
d i s c u s s e d  i n  t h e  s o u r c e  document ( S o l a r  America, I n c . ,  1 9 7 3 ) .  

A t  Faywood Hot S p r i n g s ,  t h e  Sou thwes te rn  N e w  Mexico S e r v i 2 e s  t o  
Handicapped C h i l d r e n  and A d u l t s ,  working w i t h  a team of c o n s u l t a n t s  from 
New Mexico S t a t e  U n i v e r s i t y ,  w i l l  c o n s t r u c t  a greenhouse as a State of 
New Mexico d e m o n s t r a t i o n  p r o j e c t  i n  1980. The e n g i n e e r i n g  d e s i g n  f o r  
the geo the rma l  sys t em has n o t  been  completed a t  p r e s e n t ,  b u t  t h e  
system w i l l  u t i l i z e  a s u r f a c e  h e a t  exchange r ,  and d i s c h a r g e  f l u i d s  
t o  a n  i r r i g a t i o n  h o l d i n g  pond and t h e n  t o  s u r f a c e  waters. 

3 .3 .2 .4  P r o c e s s  Heat 

L'Eggs P r o d u c t s ,  Inc . ,  a d i v i s i o n  of t h e  Hanes C o r p o r a t i o n  i s  
c u r r e n t l y  funded by t h e  Department of Energy t o  perform e n g i n e e r i n g  and 
economic s t u d i e s  f o r  d i r e c t  a p p l i c a t i o n s  of geothermal  ene rgy .  High 
t e m p e r a t u r e s  (180"-212"F) are needed i n  t h e  h o s i e r y  manufac tu r ing  
p r o c e s s ,  medium t e m p e r a t u r e  water (130°-1800F) may be  used f o r  s p a c e  
h e a t i n g ,  and very h i g h  t e m p e r a t u r e  water (300-450°F) are needed f o r  
commercial  a i r  c o n d i t i o n i n g .  The t e c h n o l o g i c a l  a p p l i c a t i o n s  t o  be used 
a t  t h i s  p l a n t  are n o t  y e t  de t e rmined .  
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4.0 REVIEW OF REGULATIONS THAT AFFECT GEOTHERMAL DEVELOPMENT AND I T S  
ENVIRONMENTAL IMPACT 

The vast  m a j o r i t y  of environmental  b a s e l i n e  d a t a  now b e i n g  
c o l l e c t e d  i n  New Mexico i s  a d i r e c t  r e s u l t  of t h e  requi rements  of 
f e d e r a l ,  s ta te  o r  l o c a l  l a w s  and r e g u l a t i o n s .  These laws and 
r e g u l a t i o n s  have d i r e c t  and i n d i r e c t  e f f e c t  on t h e  development of 
geothermal  r e s o u r c e s  i n  t h e  s t a t e  and on measuring environmental  
i m p a c t  of t h i s  development.  

For t h e  purpose of t h i s  t e x t ,  t h e  laws and r e g u l a t i o n s  are 
p r e s e n t e d  i n  t h i s  c h a p t e r  by geothermal commerc ia l iza t ion  phases-- 
e x p l o r a t i o n ,  development,  c o n s t r u c t i o n  and implementa t ion ,  and 
o p e r a t i o n  r a t h e r  t h a n  by t h e  r e g u l a t o r y  agency o r  t h e  s p e c i f i c  l a w .  
T h i s  w i l l  i n d i c a t e  what i n f o r m a t i o n  i s  a v a i l a b l e  from r e g u l a t o r y  
a g e n c i e s  a t  v a r i o u s  phases  of si t e - s p e c i f  i c  geothermal  
commerc ia l iza t ion  a c t i v i t y  f o r  t h e  purpose of e v a l u a t i n g  p a r t i c u l a r  
environmental  i m p a c t s .  

A l l  s ta te  l a w s  (except  t h o s e  f o r  l e a s i n g  s t a t e  land  which are n o t  
inc luded  i n  t h i s  t e x t )  apply  t o  a l l  s ta te  and pr ivate  l a n d s  w i t h i n  New 
Mexico and most f e d e r a l  l ands .  Under t r e a t y  o b l i g a t i o n s ,  I n d i a n  l a n d s  
may be ,  i n  some cases, e x c e p t i o n s  t o  t h i s  r u l e .  A l l  f e d e r a l  l a w s  
t h a t  apply  t o  t h e  n a t i o n  as a whole apply  t o  a l l  New Mexico land ( i . e . ,  
a i r  q u a l i t y ,  water q u a l i t y ,  and A n t i q u i t i e s  Act)  whi le  t h e  requi rements  
f o r  f i l i n g  a n  Environmental  Impact Statement  under t h e  N a t i o n a l  
Environmental  P r o t e c t i o n  A c t  (NEPA) apply  o n l y  t o  p r o j e c t s  on f e d e r a l  
l a n d  and/or  p r o j e c t s  f inanced  wi th  f e d e r a l  funds.  Thus, i t  is  p o s s i b l e  
f o r  a geothermal  development t o  be i n  complete  compljance w i t h  s t a t e ,  
l o c a l  and f e d e r a l  l a w s  and r e g u l a t i o n s  wi thout  t h e  Environmental  I m p a c t  
Statement  p r o c e s s  (and i ts  r e q u i r e d  p u b l i c  review p r o c e s s )  having 
o c c u r r e d .  

4 . 1  D e f i n i t i o n  of a Geothermal Resource i n  N e w  Mexico 

Geothermal r e s o u r c e s  are d e f i n e d  by t h e  New Mexico Geothermal 
Resources  Conserva t ion  A c t  ( S e c t i o n  71-5-1 NMSA 1978)  as f o l l o w s :  
"'Geothermal r e s o u r c e s '  means t h e  n a t u r a l  h e a t  of t h e  e a r t h ,  o r  t h e  
e n e r g y ,  i n  whatever  form, below t h e  s u r f a c e  of t h e  e a r t h  p r e s e n t  i n ,  
r e s u l t i n g  from, c r e a t e d  by o r  which may be e x t r a c t e d  from, t h i s  n a t u r a l  
h e a t e d  f l u i d s ,  b r i n e s ,  a s s o c i a t e d  g a s e s  and steam, i n  whatever form, 
found below t h e  s u r f a c e  of t h e  e a r t h ,  bu t  e x c l u d i n g  o i l ,  hydrocarbon 
g a s  and o t h e r  hydrocarbon s u b s t a n c e s . "  

4 . 2  Resource E x p l o r a t i o n  Phase 

T h i s  phase of geothermal  commerc ia l iza t ion  is t h e  f i r s t  s t e p ,  and 
i t  i n v o l v e s  t h e  l o c a t i o n  and - i n i t i a l  q u a n t i f i c a t i o n  of t h e  n a t u r e  of t h e  
r e s o u r c e  d e p o s i t  i n  o r d e r  t o  p r o j e c t  i t s  u s e f u l  purposes  a s  a s o u r c e  of 
e l e c t r i c a l  g e n e r a t i o n  o r  d i r e c t  h e a t  a p p l i c a t i o n s ,  o r  b o t h .  It i s  
assumed t h a t  t h e  r e a d e r  i s  f a m i l i a r  with t h e  r e g u l a t i o n s  govern ing  t h e  
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s e c u r i n g  of f e d e r a l  ant! s t a t e  l a n d  leases f o r  geothermal e x p l o r a t i o n .  
T h e r e f o r e ,  t h i s  d i s c u s s i o n  is  l i m i t e d  t o  t h o s e  r e g u l a t i o n s  and l a w s  
t h a t  are r e l a t e d  t o  geothermal  c o m m e r c i a l i z a t i o n  and t h e  r e l a t e d  
envi ronmenta l  i s s u e s  i n v o l v e d .  

4 .2 .1  R e g u l a t i o n  of E x p l o r a t i o n  Wells - 

Hannah e t  a l .  (1979)  s t a t e s  t h a t  t h e  O i l  Conserva t ion  D i v i s i o n  of 
t h e  Energy and M i n e r a l s  Department has  a u t h o r i t y  over  t h e  r e g u l a t i o n  of 
all d r i l l i n g ,  development,  p r o d u c t i o n  and c o n s e r v a t i o n  of geothermal  
r e s o u r c e s .  For geothermal  o p e r a t i o n s  on F e d e r a l  l a n d s ,  t h e  o p e r a t o r  
must comply w i t h  Uni ted  States  Government r e g u l a t i o n s  and t h e  o p e r a t o r  
must a l s o  comply w i t h  t h e  a p p l i c a b l e  S t a t e  r u l e s  and r e g u l a t i o n s  as long 
as they  do n o t  c o n f l i c t  w i t h  t h e  F e d e r a l  r e g u l a t i o n s .  

In g e n e r a l ,  a person  who i s  a permanent r e s i d e n t  of New Mexico and 
who w i l l  be  r e s p o n s i b l e  f o r  m a i n t a i n i n g  c o p i e s  of a l l  w e l l  and o p e r a t i o n  
r e c o r d s  r e q u i r e d  by t h e  O C D  must f i l e  a Des igna t ion  of Agent form. An 
o u t - o f - s t a t e  c o r p o r a t i o n  must become l i c e n s e d  by t h e  S t a t e  C o r p o r a t i o n  
Commission b e f o r e  i t  may engage i n  geothermal  e x p l o r a t i o n  w i t h i n  New 
Mexico. A p lugg ing  bond ( f o r  r e p a i r  o r  c l o s i n g  of an errant w e l l )  
must b e  p o s t e d  w i t h  t h e  OCD,  t h e  amount of t h e  bond v a r y i n g  w i t h  t h e  
n a t u r e  and t y p e  of e x p l o r a t o r y  e f f o r t  proposed.  Form G-101, A p p l i c a t i o n  
t o  D r i l l ,  Deepen, o r  P lug  Back Geothermal Resources  Well, must b e  f i l e d  
w i t h  t h e  OCD and a subsequent  p e r m i t  g r a n t e d  by t h e  OCD i f  t h e  
a p p l i c a t i o n  i s  i n  compliance w i t h  r e g u l a t i o n s .  

For a complete  view of t h e s e  and o t h e r  O C D  r e g u l a t i o n s ,  t h e  r e a d e r  
should  o b t a i n  a copy of t h e  Rules  and R e g u l a t i o n s  f o r  Geothermal 
Resources ,  O i l  C o n s e r v a t i o n  D i v i s i o n ,  Energy and Minera ls  Department,  
Box 2088, S a n t a  Fe, New Mexico 57501. The f o l l o w i n g  i t e m s  a r e  of 
p a r t i c u l a r  i n t e r e s t  from t h i s  p u b l i c a t i o n :  

RULE 3. WASTE PROHIBITED 

( a )  The p r o d u c t i o n  o r  h a n d l i n g  of geothermal  r e s o u r c e s  of 
any t y p e  o r  i n  any form, o r  t h e  h a n d l i n g  of p r o d u c t s  t h e r e o f ,  
i n  such a manner o r  under  such c o n d i t i o n s  o r  i n  such an  amount 
as t o  c o n s t i t u t e  o r  r e s u l t  i n  waste is  hereby  p r o h i b i t e d .  

(b)  A l l  owners, o p e r a t o r s ,  c o n t r a c t o r s ,  d r i l l e r s ,  
t r a n s p o r t e r s ,  service companies,  p i p e  p u l l i n g  and s a l v a g e  
c o n t r a c t o r s ,  and o t h e r  p e r s o n s  s h a l l  a t  a l l  t i m e s  conduct 
t h e i r  o p e r a t i o n s  i n  t h e  d r i l l i n g ,  equipping ,  o p e r a t i n g ,  
producing ,  and p lugging  and abandoning of geothermal r e s o u r c e  
w e l l s  i n  a manner t h a t  w i l l  p r e v e n t  waste of geothermal  
r e s o u r c e s ,  and s h a l l  n o t  w a s t e f u l l y  u t i l i z e  geothermal  
r e s o u r c e s ,  o r  a l l o w  l e a k a z e  of such r e s o u r c e s  from a 
geothermal  r e s e r v o i r ,  o r  from w e 1  Is, t a n k s ,  c o n t a i n e r s  , o r  
p i p e ,  o r  o t h e r  s t o r a g e ,  c o n d u i t ,  o r  o p e r a t i n g  e q u i p a e n t .  
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RULE 4.  PROTECTION OF LIFE,  HEALTH AND THE ENVIRONMENT 

A l l  geothermal  o p e r a t i o n s ,  e x p l o r a t o r y ,  d r i l l i n g ,  and 
producing ,  s h a l l  be conducted i n  a manner t h a t  w i l l  a f f o r d  
maximum r e a s o n a b l e  p r o t e c t i o n  t o  human l i f e ,  h e a l t h ,  and t o  
t h e  environment .  

RULE 102. DRILLING PERMIT 

(b)  No p e r m i t  s h a l l  b e  approved f o r  t h e  d r i l l i n g  of any 
w e l l s  w i t h i n  t h e  c o r p o r a t e  l i m i t s  of any c i t y ,  town, o r  
v i l l a g e  of t h i s  s t a t e  u n l e s s  n o t i c e  of i n t e n t i o n  t o  d r i l l  such 
w e l l  h a s  been g iven  t o  t h e  duly  c o n s t i t u t e d  governing body 
of such c i t y ,  town, o r  v i l l a g e  o r  i t s  duly  a u t h o r i z e d  a g e n t .  
Evidence of such n o t i f i c a t i o n  s h a l l  accompany t h e  a p p l i c a t i o n  
f o r  a p e r m i t  t o  d r i l l  (Form G-101). 

RULE 104. WELL SPACING 

A. CLASSIFICATION OF WELLS 

Any w e l l ,  o t h e r  t h a n  a geothermal  o b s e r v a t i o n  well o r  a 
low-temperature thermal  w e l l ,  which i s  d r i l l e d  a d i s t a n c e  of 
one m i l e  o r  more o u t s i d e  t h e  boundary of any d e f i n e d  
geothermal  f i e l d  and a d i s t a n c e  of one m i l e  o r  more beyond any 
w e l l  which i s  w i t h i n  one m i l e  of such f i e l d ,  s h a l l  be 
c l a s s i f i e d  as a n  e x p l o r a t o r y  w e l l ,  and as such s h a l l  b e  
s p a c e d ,  d r i l l e d ,  o p e r a t e d ,  and produced i n  accordance w i t h  
t h e s e  Geothermal Rules and Regula t ions .  

i, 

B .  ACREAGE AND WELL LOCATION REQUIREMENTS 

(1) E x p l o r a t i o n  Wells -- 

A w e l l  c l a s s i f i e d  as a n  e x p l o r a t o r y  w e l l  s h a l l  b e  loca ted :  
on a d e s i g n a t e d  d r i l l i n g  t r ac t  compr is ing  a t  least  40 s u r f a c e  
acres ( b e i n g  a q u a r t e r - q u a r t e r  s e c t i o n  of t h e  U.S. P u b l i c  Land 
Surveys,  o r  a p r o j e c t i o n  t h e r e o f ,  i f  on unsurveyed l a n d ) ,  and 
s h a l l  be l o c a t e d  a t  least 330 f e e t  from t h e  o u t e r  boundary of 
t h e  q u a r t e r - q u a r t e r  s e c t i o n ,  a t  l eas t  660 f e e t  from t h e  
n e a r e s t  such o t h e r  w e l l  d r i l l i n g  t o  or  c a p a b l e  of producing 
from o r  i n j e c t i o n  i n t o  t h e  same format ion  t o  which it  i s  
p r o j e c t e d ,  and a t  least  100 f e e t  from any p u b l i c  road ,  s t ree t ,  
o r  highway d e d i c a t e d  p r i o r  t o  commencement of d r i l l i n g .  

(5)  Geothermal O b s e r v a t i o n  \Jells  and Low-Teaperature 
Thermal Wells 

-- 
~ - - - -  

There s h a l l  b e  no r e s t r i c t i o n  as t o  t h e  placement of 
geothermal  o b s e r v a t i o n  w e l l s  o r  low-temperature thermal  w e l l s .  
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C .  NON-STANDARD LOCATIONS 

(1) The D i v i s i o n  D i r e c t o r  s h a l l  have t h e  a u t h o r i t y  t o  
g r a n t  an  e x c e p t i o n  t o  t h e  w e l l  l o c a t i o n  requi rements  of Rules  
B ( l),  ( 2 ) ,  and ( 3 )  above wi thout  n o t i c e  and h e a r i n g  when such 
a p p l i c a t i o n  is based upon t o p o g r a p h i c a l  o r  g e o l o g i c  o r  
e n g i n e e r i n g  c o n s i d e r a t i o n s .  

( 2 )  A p p l i c a t i o n s  f o r  such a d m i n i s t r a t i v e  approval  s h a l l  
b e  f i l e d  i n  d u p l i c a t e  and s h a l l  b e  accompanied by a p l a t  
showing t h e  owndership of sur rounding  l a n d s  ( w i t h i n  a 990-foot 
r a d i u s  of t h e  proposed l o c a t i o n  i f  a p p l i c a t i o n  i s  f o r  
e x c e p t i o n  t o  Rule 104B (1) E x p l o r a t i o n  Wells; w i t h i n  a 
495-foot r a d i u s  of t h e  proposed l o c a t i o n  i f  a p p l i c a t i o n  is  f o r  
e x c e p t i o n  t o  Rule 104 B ( 2 )  Development Wells; w i t h i n  a 
990-foot r a d i u s  of t h e  proposed l o c a t i o n  of a p p l i c a t i o n  i s  f o r  
e x c e p t i o n  t o  Rule 104B ( 3 )  I n j e c t i o n  Wells; and a l l  d r i l l i n g  
o r  complete  w e l l s  t h e r e o n .  I f  t h e  proposed non-standard 
l o c a t i o n  is  based upon topography,  t h e  p l a t  s h a l l  a l s o  show 
t h e  e x i s t e n t  t o p o g r a p h i c a l  c o n d i t i o n s .  I f  i t  i s  based upon 
g e o l o g i c a l  o r  e n g i n e e r i n g  c o n s i d e r a t i o n s ,  t h e  a p p l i c a t i o n  
s h a l l  b e  accompanied by a geologic or engineering a n a l y s i s ,  
e x p l a i n i n g  t h e  n e c e s s i t y  f o r  t h e  non-standard l o c a t i o n .  

( 3 )  A copy of t h e  a p p l i c a t i o n  and accompanying p l a t s  and 
documents s h a l l  a l s o  b e  s e n t  t o  t h e  o t h e r  owners, i f  any t h e r e  
b e ,  w i t h i n  t h e  above p r e s c r i b e d  r a d i i  of t h e  proposed 
non-standard l o c a t i o n  and t h e  non-standard l o c a t i o n  upon 
r e c e i p t  of waivers  from t h e  above o t h e r  owners o r  i f  no such  
o t h e r  owner h a s  e n t e r e d  a n  o b j e c t i o n  t o  t h e  non-standard 
l o c a t i o n  w i t h i n  20 days a f t e r  r e c e i p t  of t h e  a p p l i c a t i o n  by 
t h e  D i v i s i o n .  I f  such o b j e c t i o n  i s  r e c e i v e d ,  t h e  matter w i l l  
b e  set f o r  h e a r i n g  i f  t h e  a p p l i c a n t  so  d e s i r e s .  I f  t h e  
D i r e c t o r  i s  n o t  convinced of t h e  n e c e s s i t y  o r  d e s i r a b i l i t y  of 
such e x c e p t i o n ,  h e  may r e q u i r e  supplementa l  i n f o r m a t i o n  t o  
j u s t i E y  t h e  e x c e p t i o n ,  o r  set t h e  m a t t e r  f o r  h e a r i n g  i f  t h e  
a p p l i c a n t  so d e s i r e s .  1 

D. OFFSETTING ACTION 

Whenever a n  e x c e p t i o n  t o  t h e  w e l l  l o c a t i o n  requi rements  
is  g r a n t e d ,  t h e  D i v i s i o n  a f t e r  h e a r i n g  may t a k e  such a c t i o n  as 
may b e  n e c e s s a r y  t o  o f f s e t  any advantage  t o  t h e  person  
s e c u r i n g  t h e  e x c e p t i o n  may g a i n  over  o t h e r  owners w i t h i n  t h e  
same geothermal  r e s e r v o i r .  

E .  SPECIAT, ACREAGE AND WELL LOCATION REQUIRMENTS 

I n  o r d e r  t o  p r e v e n t  waste and p r o t e c t  c o r r e l a t i v e  r i g h t s ,  
t h e  D i v i s i o n  may, a f t e r  n o t i c e  and h e a r i n g ,  adopt  d i f f e r e n t  
w e l l  l o c a t i o n  requi rements  and g r e a t e r  o r  lesser a c r e a g e  
d e d i c a t i o n  requi rements  t h a n  t h o s e  conta ined  i n  Rules  104 B 
( l ) ,  ( 2 ) ,  and ( 3 )  above f o r  a p a r t i c u l a r  geothermal  r e s e r v o i r  
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and may adop t  special  w e l l  l o c a t i o n  and a c r e a g e  d e d i c a t i o n  
r e q u i r e m e n t s  f o r  a p a r t i c u l a r  low-temperature the rma l  f i e l d .  

RULE 1 1 2 .  NOISE ABATEMENT 

Adequate n o i s e  abatement  equipment s h a l l  b e  i n s t a l l e d  and 
m a i n t a i n e d  i n  good c o n d i t i o n  t o  r educe  n o i s e  t o  a l e v e l  
approved by t h e  D i v i s i o n  o r  i t s  r e p r e s e n t a t i v e  on any d r i l l i n g  
o r  producing geothermal  r e s o u r c e s  w e l l  l o c a t e d  w i t h i n  1500 
f e e t  of a h a b i t a t i o n ,  s choo l  o r  church .  

RULE 113. SAFETY REGULATIONS 

The w e l l  s i t e  around any d r i l l i n g  o r  producing w e l l  s h a l l  
b e  k e p t  c lear  of any r u b b i s h  o r  d e b r i s  o r  f u e l  which may 
c o n s t i t u t e  a f i r e  h a z a r d .  I n  any area where t h e r e  i s  any 
l i k e l i h o o d  of e n c o u n t e r i n g  unexpected hydroca rbons ,  t h e  
d r i l l i n g  mud and c u t t i n g s  s h a l l  b e  s t o r e d  i n  a p i t  a s a f e  
d i s t a n c e  from t h e  d r i l l i n g  r i g .  A l l  w a s t e  s h a l l  b e  burned o r  
d i s p o s e d  of i n  a manner as  t o  avoid c r e a t i n g  a f i r e  h a z a r d .  

RULE 116.  DISPOSAL OF PRODUCED WATERS 

The d i s p o s a l  of h i g h l y  m i n e r a l i z e d  waters produced from 
geothermal  r e s o u r c e  w e l l s  s h a l l  be  i n  such a manner as t o  n o t  
c o n s t i t u t e  a h a z a r d  t o  s u r f a c e  waters o r  underground s u p p l i e s  
of u s e a b l e  water. 

RULE 601. GENERAL BLOWOUT PREVENTION 

In  areas where high s u b s u r f a c e  p r e s s u r e s  are k n o w n  t o  
e x i s t ,  o r  where t h e r e  is  a h i s t o r y  of l o s t  c i r c u l a t i o n  a n d / o r  
b lowou t s ,  o r  i n  areas where s u b s u r f a c e  p r e s s u r e s  are  not' 
known a l l  p r o p e r  and u s u a l  p r e c a u t i o n s  s h a l l  be t a k e n  f o r  
k e e p i n g  the w e l l  under  c o n t r o l ,  i n c l u d i n g  t h e  u s e  of blowout 
p r e v e n t e r s  and h i g h  p r e s s u r e  f i t t i n g s  a t t a c h e d  t o  p r o p e r l y  
cemented c a s i n g  s t r i n g s .  

Blowout p r e v e n t e r s  s h a l l  n o t  b e  r e q u i r e d  f o r  t h e  d r i l l i n g  
of low-temperature the rma l  w e l l s ,  geothermal  o b s e r v a t i o n  
w e l l s ,  and seismic, c o r e ,  o r  o t h e r  e x p l o r a t o r y  w e l l s  less t h a n  
500 f e e t  deep. 

4 . 2 . 2  - R e g u l a t i o n  of Surf ace and Groundwaters 

Although t h e  O i l  C o n s e r v a t i o n  D i v i s i o n  h a s  a u t h o r i t y  f o r  r e g u l a t i n g  
geo the rma l  wells, t he  S t a t e  Eng inee r  h a s  j u r i s d i c t i o n  of t h e  
a p p r o p r i a t i o n  of a l l  s u r f a c e  water of t h e  S t a t e  and groundwater  w i t h i n  

I Q  
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t h e  boundar ies  of d e c l a r e d  underground water b a s i n s  (Hannah e t  a l . ,  
1979) .  D r i l l i n g  of an e x p l o r a t i o n  w e l l ,  t h e r e f o r e ,  r e q u i r e s  t h e  f i l i n g  
of a n  A p p l i c a t i o n  f o r  P e r m i t  w i t h  the S t a t e  Engineer  f o r  any w e l l  on 
F e d e r a l ,  State o r  p r i v a t e  land  w i t h i n  t h e  boundar ies  of a d e c l a r e d  
b a s i n .  I f  t h e  a p p l i c a t i o n  is  i n  compliance,  t h e  e x p l o r a t o r y  p e r m i t  w i l l  
b e  g r a n t e d ,  u s u a l l y  f o r  one y e a r ’ s  t i m e .  The d r i l l e r  of such a w e l l  
must b e  l i c e n s e d  by t h e  S t a t e  Engineer  (Water Resources  D i v i s i o n ) .  

A c c i d e n t a l  s p i l l  of d r i l l i n g  mud o r  geothermal  f l u i d s  would r e q u i r e  
t h e  d e v e l o p e r  t o  o b t a i n  a n  Environmental  Improvement D i v i s i o n  d i s c h a r g e  
p e r m i t  f o r  a temporary s p i l l  and e x e c u t e  m i t i g a t i n g  procedures  f o r  
remedying t h e  s i t u a t i o n .  

4 . 2 . 3  Sta te  A r c h e o l o g i s t  R e g u l a t i o n s  

The S ta t e  A r c h a e o l o g i s t ,  p u r s u a n t  t o  t h e  S t a t e  C u l t u r a l  P r o p e r t i e s  
A c t  of 1977, i s s u e s  p e r m i t s  t o  recognized  a r c h a e o l o g i s t s  f o r  survey  work 
on  S t a t e  l a n d s  (Hannah e t  a l . ,  1979) .  In  New Mexico, i t  i s  a 
misdemeanor t o  e x c a v a t e  o r  d e s t r o y  c u l t u r a l  p r o p e r t y  wi thout  such a 
p e r m i t .  T h i s  act  p r o h i b i t s  e x c a v a t i o n  of a n  a r c h a e o l o g i c a l  s i t e  w i t h  
mechanical ear th  moving equipment w i t h o u t  a v a l i d  p e r m i t  w h e n  a s i t e  is  
on p r i v a t e  o r  s t a t e  l a n d .  A p r i v a t e  land  owner can  e x c a v a t e  on h i s  own 
land  w i t h o u t  a p e r m i t ,  p rovided  t h a t  no t r a n s f e r  of ownership f o r  t h e  
i n t e n t  of e x c a v a t i n g  a r c h a e o l o g i c a l  s i tes  h a s  occured .  Enforcement of 
t h e  s t a t e  act  is  i n  l imbo f o r  p r i v a t e  l a n d  s t a t u s  and is  c u r r e n t l y  b e i n g  
appea led  i n  s t a t e  c o u r t s .  

A t  t h e  f e d e r a l  l eve l ,  enforcement  of t h e  A n t i q u i t i e s  and American 
I n d i a n s  R e l i g i o u s  Freedom A c t s  may come i n t o  c o n f l i c t  w i t h  geothermal  
r e s o u r c e  e x p l o r a t i o n  and development i n  some p o r t i o n s  of New Mexico. 
The S ta te  A r c h a e o l o g i s t ,  t h e  D i r e c t o r  of t h e  New Mexico Laboratory of 
Anthropology i n  S a n t a  F e ,  could  p r o v i d e  d e t a i l e d  i n f o r m a t i o n  dn t h e  
n a t u r e  and amount of c o n f l i c t  t h a t  might b e  involved  i n  a s i t e - s p e c i f i c  
development . 

4 . 2 . 4  Pathway t o  Geothermal E x p l o r a t i o n  i n  N e w  Mexico 

F i g u r e  13 p r e s e n t s  a t i m e  l i n e  and e v e n t s  c h a r t  of b o t h  t h e  
i n s t i t u t i o n a l  procedures  f o r  e x p l o r a t i o n  of geothermal  r e s o u r c e s  i n  N e w  
Mexico under  s t a t e  and l o c a l  r e g u l a t i o n s  -- i n c l u d i n g  t h e  r e g u l a t o r y  
a g e n c i e s  and s p e c i f i c  a c t i o n s  r e q u i r e d  by r e g u l a t i o n - - a n d  t h e  p a r a l l e l  
t i m e  l i n e  and e v e n t s  r e q u i r e d  f o r  t h e  f e d e r a l  Environmental  Impact 
S ta tement  p r o c e s s .  

Assuming t h a t  s u i t a b l e  leases have been  obta ined  by t h e  d e v e l o p e r ,  
t h e  f i r s t  s t a t e  o r  l o c a l  d e c i s i o n  p o i n t  is  t h a t  of de te rmining  i f  t h e  
development i s  proposed f o r  a d e c l a r e d  water b a s i n .  I f  s o ,  t h e  S ta te  
Engineer  w i l l  i s s u e  an a p p r o p r i a t e  w e l l  d r i l l e r  l i c e n s e ,  i f  t h e  
d e v e l o p e r  q u a l i f i e s ,  and a p e r m i t  f o r  a geothermal  e x p l o r a t o r y  w e l l .  
Then, i f  n e c e s s a r y ,  a s t a t e  a r c h e o l o z i s t  permi t  i s  i s s u e d  and n e c e s s a r y  
s a l v a g e  s u r v e y s  are completed.  An O C D  geothermal  w e l l  permi t  i s  
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F i g u r e  13.  T i m e  l i n e  and e v e n t s  c h a r t  ( a d a p t e d  from Hannah et a1.,1979) of i n s t i t u t i o n a l  p r o c e d u r e s  
f o r  e x p l o r a t i o n  of geothermal .  r e s o u r c e s  i n  New Mexico u n d e r  s t a t e  and l o c a l  r e g u l a t i o n s  
and of t h e  E I S  p rocess .  



a l s o  i s s u e d .  It should  b e  noted t h a t  t h e  S t a t e  Engineer  o p e r a t e s  under  
t h e  d o c t r i n e  of p r i o r  a p p r o p r i a t i o n ,  which separates t h e  ownership of 
l a n d  from t h e  r i g h t  t o  u s e  water on t h e  l a n d .  It h o l d s  t h a t  water 
be longs  t o  t h e  p u b l i c  and is  s u b j e c t  t o  a p p r o p r i a t i o n  f o r  
b e n e f i c i a l  use .  By a p p l y i n g  water t o  a b e n e f i c i a l  u s e ,  t h e  d e v e l o p e r  
a c q u i r e s  t h e  r i g h t  t o  u s e  t h e  w a t e r .  The f i r s t  e n t i t y  t o  apply  
b e n e f i c i a l  u s e  h a s  t h e  f i r s t  and p r i o r  r i g h t  t o  t h e  water. P e r m i t s  can 
b e  g r a n t e d  t o  subsequent  u s e r s  on ly  i f  t h e  S t a t e  Engineer  f i n d s  t h a t  
t h e  g r a n t i n g  w i l l  n o t  i m p a i r  t h e  r i g h t  of p r i o r  u s e r s .  The OCD,  
however, o p e r a t e s  under  t h e  d o c t r i n e  of c o r r e l a t i v e  r i g h t s ,  o r  t h e  
r i g h t s  of a n  owner of a p o r t i o n  of a geothermal  r e s e r v o i r  (by v i r t u r e  
of O C D  d r i l l i n g  p e r m i t s )  t o  r e c o v e r  h i s  s h a r e  of t h e  land  s u r f a c e  of 
t h e  r e s e r v o i r ,  as much as i s  p r a c t i c a l ,  wi thout  undue waste. N o  one 
else should  develop h i s  h o l d i n g s  i n  such a way as t o  d e p r i v e  t h e  f i r s t  
owner of h i s  r a t e a b l e  s h a r e .  

4.3 Resource Development Phase -- 
T h i s  i s  t h e  second phase  of geothermal  development,  i n v o l v i n g  

t h e  development of t h e  geothermal  w e l l  f i e l d  t o  supply t h e  proposed 
p l a n t  o r  f a c i l i t y .  Some of t h e  r e g u l a t i o n s  d i s c u s s e d  under t h e  r e s o u r c e  
e x p l o r a t i o n  phase  ( S e c t i o n  4 . 2 )  w i l l  c o n t i n u e  t o  apply t o  t h i s  phase .  

4 . 3 . 1  R e g u l a t i o n  of Development 1-1__-- Vel Is 

The O i l  C o n s e r v a t i o n  D i v i s i o n  of t h e  Energy and M i n e r a l s  Department 
r e g u l a t i o n s  c o n t i n u e  t o  apply  t o  geothermal  development w e l l s  ( O i l  
C o n s e r v a t i o n  D i v i s i o n ,  1979) .  Of p a r t i c u l a r  i n t e r e s t  are t h e  f o l l o w i n g :  

RULE 3 .  WASTE PROHIBITED. 

S e c t i o n s  ( a )  and (b) a p p l y  t o  development w e l l s  ( S e c t i o n  
4 . 2 . 1 ) .  

1 

RULE 4 .  PROTECTION OF LIFE,  HEALTH ANT) THE ENVIRONMENT.. 

Statement  a p p l i e s  t o  development w e l l s  ( S e c t i o n  4 . 2 . 1 ) .  

RULE 102. DRILLING PERMIT. 

S e c t i o n  (b)  a p p l i e s  t o  development w e l l s  ( S e c t i o n  4 . 2 . 1 ) .  

RULE 104. WELL SPACING.  

A .  CLASSIFICATION OF \ELLS.  

Any w e l l ,  o t h e r  t h a n  a geothermal  o b s e r v a t i o n  w e l l  o r  a 
low-temperature thermal  w e l l ,  which i s  not  an e x p l o r a t o r y  w e l l  
a s  d e f i n e d  above, s h a l l  b e  c l a s s i f i e d  as a development w e l l ,  
u n l e s s  such w e l l  i s  b e i n g  d r i l l e d  f o r  i n j e c t i o n  o r  d i s p o s a l  
purposes ,  i n  which case i t  w i l l  be  a p p r o p r i a t e l y  c l a s s i f i e d .  

-.-_ 
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Any well c l a s s i f i e d  as a development w e l l  o r  i n j e c t i o n  o r  
d i s p o s a l  w e l l  w i t h i n  a g i v e n  geothermal  f i e l d  s h a l l  b e  
d r i l l e d ,  o p e r a t e d ,  and produced i n  acco rdance  w i t h  t h e s e  
Geothermal Ru les  and R e g u l a t i o n s  u n l e s s  s p e c i a l  r u l e s  i n  
c o n f l i c t  t h e r e w i t h  have been  promulgated f o r  such f i e l d ,  s a i d  
special  r u l e s  t h e n  b e i n g  a p p l i c a b l e .  

B . ACREAGE AND WELL LOCATION REQUIRENENTS. 

( 2 )  Development Wells 

A w e l l  c l a s s i f i e d  as a development w e l l  s h a l l  b e  l o c a t e d  
on a d e s i g n a t e d  d r i l l i n g  t r ac t  compr i s ing  of a t  l eas t  10 
s u r f a c e  acres ( b e i n g  a q u a r t e r - q u a r t e r - q u a r t e r  s e c t i o n  of t h e  
U.S. P u b l i c  Land Surveys o r  a p r o j e c t i o n  t h e r e o f  i f  on 
unsurveyed l a n d ) ,  and s h a l l  b e  l o c a t e d  a t  least  165 f e e t  from 
t h e  o u t e r  boundary of t h e  q u a r t e r - q u a r t e r - q u a r t e r  s e c t i o n ,  a t  
l eas t  330 f e e t  from t h e  n e a r e s t  w e l l  d r i l l i n g  t o  o r  c a p a b l e  of 
p r o d u c t i o n  from o r  i n j e c t i o n  i n t o  t h e  same geo the rma l  
r e s e r v o i r  t o  which i t  is  p r o j e c t e d ,  and a t  least  100 f e e t  from 
any p u b l i c  road ,  s t r e e t ,  o r  highway d e d i c a t e d  p r i o r  t o  
commencement of d r i l l i n g .  

( 3 )  I n j e c t i o n  Wells 

I n j e c t i o n  w e l l s  d r i l l e d  f o r  t h e  pu rpose  of i n j e c t i o n  i n t o  
a geothermal  r e s e r v o i r  s h a l l  b e  l o c a t e d  a t  l eas t  330 f e e t  from 
t h e  o u t e r  boundary of the lease o r  d r i l l i n g  p a r c e l  and a t  
least  100 f e e t  from any p u b l i c  road ,  s t ree t ,  o r  highway 
d e d i c a t e d  p r i o r  t o  commencement of d r i l l i n g .  

( 4 )  Disposa l  Wells 

There  s h a l l  be no r e s t r i c t i o n  as  t o  t h e  placement  of 
geo the rma l  d i s p o s a l  w e l l s .  

C .  NON-STANDARD LOCATIONS. . 
S e c t i o n  ( l ) ,  ( 2 )  and ( 3 )  app ly  t o  development w e l l s  

( S e c t i o n  4 . 2 . 1 ) .  

The R u l e s  f o r  o f f s e t t i n g  a c t i o n  s p e c i a l  a c r e a g e  and w e l l  l o c a t i o n  
r e q u i r e m e n t s ,  n o i s e  aba temen t ,  s a f e t y  r e g u l a t i o n s ,  d i s p o s a l  of produced 
waters and g e n e r a l  blowout p r e v e n t i o n  ( S e c t i o n  4 . 2  1) a l s o  a p p l y  t o  
development we1 1s. 

4 . 3 . 2 .  R e g u l a t i o n  of S u r f a c e  and Groundwaters 

4 . 3 . 2 . 1  - Water Q u a n t i t y  

Water i n  New Mexico i s  a commodity O K  p r o p e r t y  r i g h t  owned by t h e  
Local  Agencies and p u b l i c  d i s t r i c t s  which have r e s p o n s i b i l i t i e s  p e o p l e .  
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f o r  w a t e r  development and c o n s e r v a t i o n  are: rater u s e r s  a s s o c i a t i o n s .  
water and s a n i t a r y  d i s t r i c t s ,  d r a i n a g e  d i s t r i c t s ,  i r r i g a t i o n  d i s t r i c t s ,  
conservancy d i s t r i c t s ,  a r t e s i a n  conservancy d i s t r i c t s ,  and community 
d i t c h e s  o r  a c e q u i a s .  

Water r i g h t s  are a d m i n i s t e r e d  by t h e  S t a t e  Engineer  i n  accordance  
w i t h  t h e  p r o v i s i o n s  of t h e  c o n s t i t u t i o n  and t h e  s t a t u t e s ;  t h e  
a d j u d i c a t i o n s  of t h e  c o u r t s ;  acd t h e  terms of i n t e r s t a t e  compacts,  
l i c e n s e s  and p e r m i t s .  

The g e n e r a l  framework of t h e  a d m i n i s t r a t i v e  system remains t h e  same 
as i n  t h e  t e r r i t o r i a l  era. Changes t h a t  have been made were l a r g e l y  
t e c h n i c a l  w i t h  l i t t l e  b a s i c  a l t e r a t i o n  i n  p o l i c y .  The Manual of Rules  
and R e g u l a t i o n s  Governing t h e  A p p r o p r i a t i o n  and Use of S u r f a c e  Waters 
and a similar manual w i t h  r e s p e c t  t o  groundwater provide  t h e  f o l l o w i n g :  

A l l  n a t u r a l  w a t e r s  f lowing  i n  streams and water c o u r s e s  
i n  New Mexico and t h e  waters of underground streams, c h a n n e l s ,  
a r t e s i a n  b a s i n s ,  r e s e r v o i r s ,  o r  l a k e s  having r e a s o n a b l e ,  
a s c e r t a i n a b l e  b o u n d a r i e s  be long  t o  t h e  p u b l i c  and a r e  s u b j e c t  
t o  a p p r o p r i a t i o n  f o r  b e n e f i c i a l  use .  

B e n e f i c i a l  u s e  is  t h e  b a s i s ,  measure,  and l i m i t  of t h e  
r i g h t  t o  u s e  water. No water r i g h t ,  t h e r e f o r e ,  may be g r a n t e d  
o r  claimed f o r  more t h a n  t h e  amount t h a t  can  b e  b e n e f i c i a l l y  
used .  P r i o r i t y  i n  t i m e s  of a p p r o p r i a t i o n  s h a l l  g i v e  t h e  
b e t t e r  r i g h t .  

A l l  e x i s t i n g  r i g h t s  t o  t h e  u s e  of water f o r  b e n e f i c i a l  
purposes  i n  New Mexico were recognized  and confirmed by t h e  
S t a t e  C o n s t i t u t i o n  a t  t h e  t i m e  of i t s  adopt ion .  E x i s t i n g  
r i g h t s  t o  b e n e f i c i a l  u s e  of underground waters a r e  recognize$  
and confirmed by t h e  s t a t u t e s .  

The S ta t e  Engineer  i s  empowered t o  make a l l  r u l e s  and 
r e g u l a t i o n s  n e c e s s a r y  a d m i n i s t e r  t h e  d u t i e s  devolved upon h i s  
o f f i c e ,  and New Mexico Water L a w  p r o v i d e s  t h e  following; '  

Except ing s t o r e d  waters, f a i l u r e  of any owner t o  
h e n e f i c i a l l y  u s e  a l l  o r  any p a r t  of t h e  water i n  which h e  h a s  
a v e s t e d  r i g h t  € o r  a p e r i o d  of f o u r  c o n s e c u t i v e  y e a r s  
c o n s t i t u t e s  f o r f e i t u r e  i f  t h e  f a i l u r e  t o  b e n e f i c i a l l y  u s e  t h e  
water p e r s i s t s  one y e a r  a f t e r  n o t i c e  and d e c l a r a t i o n  of nonuse 
g i v e n  by t h e  S t a t e  Engineer ,  and such unused water  s h a l l  
r e v e r t  t o  t h e  p u b l i c ;  e x c e p t  t h a t  f o r f e i t u r e  does n o t  
n e c e s s a r i l y  occur  should  such nonuse b e  caused by 
c i r c u m s t a n c e s  beyond t h e  owner 's  c o n t r o l .  

S p e c i f i c  r e g u l a t i o n s  r e g a r d i n g  s u r f a c e  w a t e r  promulgated by t h e  
S t a t e  Engineer  are as f o l l o w s :  

The unauthor ized  u s e  of water t o  which a n o t h e r  i s  
e n t i t l e d ,  o r  t h e  w i l l f u l  waste of water t o  t h e  d e t r i m e n t  of 
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a n o t h e r  o r  of * t h e  p u b l i c  is  a misdemeanor. E x c e s s i v e ,  
w a s t e f u l ,  and o t h e r w i s e  n o n b e n e f i c i a l  u s e s  do no t  c o n s t i t u t e  a 
v a l i d  water r i g h t .  

A l l  water a p p r o p r i a t e d  f o r  i r r i g a t i o n  p u r p o s e s ,  e x c e p t  as 
o t h e r w i s e  p rov ided  by w r i t t e n  c o n t r a c t  between t h e  owner of  
t he  l a n d  and the owner of any d i t c h ,  r e s e r v o i r ,  o r  o t h e r  works 
f o r  the s t o r a g e  o r  conveyance of water i s  a p p u r t e n a n t  t o  the 
l a n d  upon which i t  i s  used and s h a l l  s o  con t inued  as long  as 
i t  can  be  b e n e f i c i a l l y  used on o r  u n t i l  i t  is  l a w f u l l y  s e v e r e d  
from the l a n d .  Water which i s  a p p u r t e n a n t  t o  c e r t a i n  l a n d s  
may n o t  b e  t r a n s f e r r e d  t o  o t h e r  l a n d s  o r  u sed  f o r  o t h e r  
b e n e f i c i a l  pu rposes  e x c e p t i n g  t h e  c o n s e n t  of t h e  owner of the  
l and  and as p rov ided  by l a w .  

N o  a p p r o p r i a t i o n  of water sha l l  be  e x e r c i s e d  t o  t h e  
d e t r i m e n t  of anyone h o l d i n g  p r i o r ,  v a l i d ,  and e x i s t i n g  r i g h t s  
t o  t h e  u s e  of t h e  waters of a stream system. 

Excep t ing  f o r  water r i g h t s  a c q u i r e d  p r i o r  t o  March 19 ,  
1907,  any r i g h t  t o  t h e  u s e  of p u b l i c  waters must o r i g i n a t e  by 
a p p l i c a t i o n  t o  t h e  S t a t e  Engineer  as p rov ided  by s t a t u t e .  
Unauthorized u s e  s h a l l  b e  a misdemeanor. 

The p u b l i c  i s  n o t i f i e d  of proposed a p p r o p r i a t i o n s  by 
p u b l i c a t i o n  i n  a newspaper of g e n e r a l  c i r c u l a t i o n  i n  t h e  
stream system and any water r i g h t  owner who f e e l s  t h a t  t h e  u s e  
of water under  such a p p l i c a t i o n  would be d e t r i m e n t a l  t o  t h i s  
p r i o r  r i g h t  may f i l e  a p r o t e s t  t h e r e t o .  A f t e r  due  
c o n s i d e r a t i o n  of t h e  f a c t s ,  t h e  S t a t e  Eng inee r  s h a l l  approve 
or  reject  t h e  a p p l i c a t i o n .  H i s  d e c i s i o n  is s u b j e c t  t o  a p p e a l  
t o  t h e  Distr ic t  Cour t .  

It i s  un lawfu l  t o  commence any c o n s t r u c t i o n  of works 
u n t i l  the fo rma l  application t o  a p p r o p r i a t e  w a t e r  has b e e n  
approved and s igned  by t h e  S t a t e  Eng inee r .  . 

The d i v e r s i o n  and d i s t r i b u t i o n  of water f o r  i r r i g a t i o n  
and domes t i c  p u r p o s e s  i n  New Mexico i s  a p u b l i c  pu rpose ,  and , 

an a p p r o p r i a t o r  may exercise t h e  r i g h t  of eminent  domain t o  
a c q u i r e  rights-of-way f o r  c a n a l s ,  d i t c h e s ,  r e s e r v o i r s ,  e t c . ,  
n e c e s s a r y  t o  accomplish such  pu rpose .  

L icense  t o  a p p r o p r i a t e  water i s  i s s u e d  by the  S t a t e  
Engineer  a f t e r  t h e  works are s a t i s f a c t o r i l y  completed and t h e  
water i s  a p p l i e d  t o  b e n e f i c a l  u s e .  

To t h e  end t h a t  t h e  waters of t h e  s e v e r a l  stream systems 
of  t h e  S t a t e  may be  s o  u t i l i z e d  as t o  p r e v e n t  waste and damage 
and i n  o r d e r  t h a t  t h e  b e n e f i t s  of such  waters be d i s t r i b u t e d  
among t h e  landowners a l o n g  s a i d  streams and e q u i t a b l y  as 
p o s s i b l e  wi thou t  i n t e r f e r i n g  w i t h  v e s t e d  r i g h t s ,  t h e  n a t u r a l  
r i g h t  of t h e  peop le  l i v i n g  i n  t h e  upper  v a l l e y s  t o  impound and 
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u t i l i z e  a r e a s o n a b l e  s h a r e  of such waters h a s  been recognized  
and d e c l a r e d ,  s u b j e c t  a lways t o  t h e  p r o v i s i o n s  of t h e  water 
r i g h t  s t a t u t e s  . 

The a p p r o p r i a t i o n  s t a t u t e  does n o t  apply  t o  stockmen who 
s h a l l  b u i l d  o r  c o n s t r u c t  t a n k s  o r  ponds f o r  water ing  s t o c k  
which do n o t  exceed 10 a c r e - f e e t  iln c a p a c i t y .  The owners are,  
however, a t  a l l  t i m e s  r e s p o n s i b l e  f o r  any d e t r i m e n t  o r  damage 
t o  p r i o r  r i g h t s  which may r e s u l t  from t h e  c o n t r u c t i o n  of and 
s t o r a g e  of water i n  such s t o c k  ponds. 

The S t a t e  Engineer  h a s  t h e  r i g h t  and duty  of s u p e r v i s i o n  
of t h e  apport ionment  of water a c c o r d i n g  t o  l i c e n s e s  i s s u e d  by 
h i s  o f f i c e  and t o  t h e  a d j u d i c a t i o n s  of t h e  c o u r t s .  Although 
water r i g h t s  a c q u i r e d  p r i o r  t o  March 19 ,  1907, may b e  
a d j u d i c a t e d  only  by t h e  c o u r t s ,  a l l  such r i g h t s  are s u b j e c t  t o  
r e g u l a t i o n ,  a d j u d i c a t i o n ,  and f o r f e i t u r e  f o r  nonuse as 
provided  i n  t h e  s t a t u t e s ;  p r o v i d e d ,  t h a t  i n  a l l  cases where 
t h e  r i g h t s  t o  t h e  u s e  of t h e  waters i n  i n t e r s t a t e  streams of 
owners of l a n d  n o t  i n c l u d e d  i n  conservancy d i s t r i c t s ,  
i r r i g a t i o n  d i s t r i c t s ,  o r  f e d e r a l  r e c l a m a t i o n  p r o j e c t s  have  
been  t h e  s u b j e c t  of l i t i g a t i o n  i n  the  s t a t e  o r  f e d e r a l  c o u r t s  
of a n  a d j o i n i n g  s t a t e ,  t h e  S t a t e  Engineer  s h a l l  assume c o n t r o l  
of a l l  o r  any p a r t  of such i n t e r s t a t e  streams and t h e  
d i v e r s i o n s  and d i s t r i b u t i o n  of t h e  waters of t h e  same i n  t h e  
p u b l i c  i n t e r e s t .  

Fol lowing are g e n e r a l  p r i n c i p l e s  of a d m i n i s t r a t i o n  of groundwater 
by t h e  S t a t e  Engineer  

Wells may b e  d r i l l e d  and groundwaters  a p p r o p r i a t e d  f o r  
b e n e f i c i a l  uses o u t s i d e  of t h e  boundar ies  of d e c l a r e d  areas of 
t h e  s t a t e  w i t h o u t  t h e  a p p r o p r i a t o r  making a p p l i c a t i o n  t o  t h e  
S t a t e  Engineer ,  s u b j e c t  on ly  t o  p r i o r  and e x i s t i n g  r i g h t s  
w i t h i n  such areas. 

E x i s t i n g  r i g h t s  t o  b e n e f i c i a l  u s e  of underground water; 
are recognized  and confirmed by t h e  s t a t u t e s .  The S t a t e  
Engineer  p e r m i t s  t h e  f i l i n g  of d e c l a r a t i o n s  of r i g h t s .  Any 
new r i g h t  t o  t h e  u s e  of waters i n  a d e c l a r e d  underground water 
b a s i n  must o r i g i n i a t e  by a p p l i c a t i o n  t o  t h e  S t a t e  Engineer .  

Any r i g h t  t o  t h e  u s e  of underground waters s h a l l  b e  
s u b j e c t  t o  t h e  v a l i d  and e x i s t i n g  r i g h t s  t o  t h e  u s e  of such 
waters by a l l  p r i o r  a p p r o p r i a t o r s  t h e r e o f .  Excess ive ,  
w a s t e f u l ,  o r  o t h e r w i s e  n o n b e n e f i c i a l  u s e  does n o t  c o n s t i t u t e  a 
v a l i d  water r i g h t .  

The p i ib l ic  i s  n o t F f i e d  of proposed a p p r o p r i a t i o n s  by 
p u b l i c a t i o n  of each a p p l i c a t i o n  i n  a newspaper of g e n e r a l  
c i r c u l a t i o n  i n  t h e  county which t h e  proposed w e l l  w i l l  b e  
l o c a t e d  and any owner of water r i g h t s  who f e e l s  t h a t  t h e  u s e  
of water under  such p r o p o s a l  w i l l  i m p a i r  h i s  r i g h t s  may f i l e  a 
p r o t e s t  t h e r e t o .  
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I f  no ob- jec t ion  o r  p r o t e s t  i s  f i l e d ,  t h e  S t a t e  Engineer  
s h a l l  approve t h e  a p p l i c a t i o n  i n  whole o r  i n  p a r t  i f  he  f i n d s  
t h a t  t h e r e  are unappropr ia ted  waters and t h a t  t h e  proposed 
a p p l i c a t i o n  w i l l  n o t  i m p a i r  e x i s t i n g  r i g h t s .  I f  p r o t e s t  h a s  
been  f i l e d  and a p p l i c a n t  and p r o t e s t a n t  a r e  unable  t o  reach a n  
agreement ,  t h e  S t a t e  Engineer  s h a l l  ho ld  a h e a r i n g  on t h e  
a p p l i c a t i o n  a f t e r  which h e  w i l l  e i t h e r  approve t h e  a p p l i c a t i o n  
o r  deny i t .  H i s  d e c i s i o n  i s  s u b j e c t  t o  a p p e a l  t o  t h e  Distr ic t  
Cour t .  

It is unlawful  t o  commence t h e  c o n s t r u c t i o n  of any w e l l  
f o r  t h e  a p p r o p r i a t i o n  of underground w a t e r  i n  d e c l a r e d  b a s i n s  
u n t i l  t h e  a p p l i c a t i o n  h a s  been approved.  

License  t o  a p p r o p r i a t e  underground water is  i s s u e d  by t h e  
S t a t e  Engineer  a f t e r  h e  h a s  r e c e i v e d  s a t i s f a c t o r y  e v i d e n c e  
t h a t  t h e  works have been completed and t h e  water a p p l i e d  t o  
b e n e f i c i a l  u s e  w i t h i n  t h e  terms of t h e  p e r m i t .  

The r i g h t  t o  t h e  u s e  of underground water f o r  i r r i g a t i o n  
p u r p o s e s  i s  a p p u r t e n a n t  t o  t h e  land  on which i t  i s  used and 
s h a l l  s o  c o n t i n u e  as long as i t  is  b e n e f i c i a l l y  used o r  u n t i l  
i t  i s  l a w f u l l y  severed  from t h e  l a n d .  Water which i s  
a p p u r t e n a n t  t o  c e r t a i n  l a n d s  maybe t r a n s f e r r e d  t o  o t h e r  l a n d s  
o r  o t h e r  u s e s  only as provided by l a w  and w i t h  t h e  consent  of 
t h e  owner of t h e  l a n d .  

U t i l i z a t i o n  of water i n  t h e  s t a t e  is  s u b j e c t  t o  p r o v i s i o n s  of 
compacts e n t e r e d  i n t o  between New Mexico and o t h e r  s t a t e s  on t h e  Rio 
Grande,  C o s t i l l a  Creek. Pecos River ,  Colorado R i v e r ,  U p p e r  Colorado 
River  Bas in ,  Aniaas-La P l a t a  P r o j e c t ,  L a  P l a t a  R i v e r ,  and Canadian 
River. Discuss ions  of t h e s e  compacts are c o n t a i n e d  i n  House Document 
No. 319, 90th Congress,  2nd S e s s i o n .  Treat ies ,  a d j u d i c a t i o n s ,  . ' cour t  
d e c r e e s ,  and o t h e r  l i t a g a t i o n s  are  a l s o  d i s c u s s e d  i n  t h e  House Document. 

G e n e r a l l y ,  when i n f o r m a t i o n  is needed on a compact, i t  m u s t  be  
reviewed i n  i t s  e n t i r e t y  because  of t h e  r e l a t i o n  of one artic!e t o  
a n o t h e r .  T h e r e f o r e ,  i n  r e f e r e n c e  t o  t h e  e i g h t  compacts,  on ly  t h e  s t a t e s  
involved  and d a t e s  of r a t i f i c a t i o n  by New Mexico are g iven  h e r e .  

1. Colorado River  Compact. T h i s  compact w a s  r a t i f i e d  by New 
Mexico, Laws of 1923, Chapter  6 ,  and amended by Laws oE 1925, Chapter  
78. S i g n a t o r i e s  t o  t h e  compact are t h e  states of Arizona,  C a l i f o r n i a ,  
Colorado,  Nevada, New Mexico, Utah,  and Wyoming. 

2. La P l a t a  River  Compact. T h i s  compact, r a t i f i e d  by New Idexico 
by Laws of 1923, Chapter  7 ,  i s  between t h e  s t a t e s  of Colorado and New 
Mexico. 

3 .  Rio Grande Compact. S i g n a t o r i e s  t o  t h e  compact are  t h e  s t a t e s  
of Colorado, New Mexico and Texas.  N e w  Mexico r a t i f i e d  t h e  document 
o r i g i n a l l y  by Laws of 1939 ,  Chapter  33. The compact was s u b s e q u e n t l y  
amended by l a w s  of 1945, Chapter  60. 
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4. C o s t i l l a  Creek Compact. The compact, r a t i f i e d  by New Mexico, 
Laws of 1945, Chapter  51, amended by Laws of 1963, Chapter  256, is  a 
compact between t h e  states of Colorado and New Mexico. 

5 .  Upper Colorado River Basin Compact. T h i s  compact w a s  r a t i f i e d  
by New Mexico by Laws of 1943, Chapter  5 .  P a r t i e s  t o  t h e  compact are 
t h e  states of Colorado, New Mexico, Utah, Wyoming, and Arizona.  

6 .  Pecos River  Compact. An ear l ie r  compact was c o n d i t i o n a l l y  
r a t i f i e d  by New Mexico, Laws of 1933, Chapter  166; t h e  p r e s e n t  
compact w a s  r a t i f i e d  by Laws of 1949, Chapter  6 .  It i s  an  agreement 
between t h e  s ta tes  of Texas and New Mexico. 

7 .  Canadian River Compact. T h i s  compact was r a t i f i e d  by New 
Mexico by Laws of 1951, Chapter  4. It a p p o r t i o n s  t h e  waters of t h e  
Canadian R i v e r  among t h e  s t a t e s  of New Mexico, Texas and Oklahoma. 

8.  Animas-La P la t a  P r o j e c t  Compact. This  compact, r a t i f i e d  by New 
Mexico by Laws of 1969, Chapter  5 7 ,  i s  between t h e  s ta tes  of Colorado 
and New Mexico. The Animas-La P la ta  P r o j e c t  i s  a f e d e r a l  r e c l a m a t i o n  
p a r t i c i p a t i n g  p r o j e c t  under t h e  Colorado River S t o r a g e  P r o j e c t  A c t .  

Three i n t e r n a t i o n a l  t r ea t i e s  between t h e  U n i t e d  States  and Mexico 
a f f e c t  water u s e  i n  New Mexico. The f i r s t  t r e a t y ,  r a t i f i e d  in 1906 by 
t h e  Uni ted  States  and i n  1907 by Mexico, o b l i g a t e s  t h e  Uni ted  States  t o  
d e l i v e r  a n n u a l l y  60,000 a c r e - f e e t  of water i n  t h e  bed of t h e  Rio Grande 
a t  t h e  headworks of t h e  Acequia Madre D i v e r s i o n  Dam l o c a t e d  above t h e  
c i t y  of J u a r e z ,  Pfexico. P r o v i s i o n s  are c o n t a i n e d  f o r  t h e  s h a r i n g  of 
s h o r t a g e s  in case of e x t r a o r d i n a r y  drought  o r  s e r i o u s  a c c i d e n t  t o  t h e  
i r r i g a t i o n  system i n  t h e  United S ta tes .  The second t r e a t y ,  r a t i f i e d  i n  
1933,  launched c o o p e r a t i v e  e f f o r t s  by t h e  two n a t i o n s  t o  r e l i e v e  t h e  
towns and a g r i c u l t u r a l  l a n d s  i n  t h e  E l  Paso-Juarez Val ley  from f l o o d  
d a n g e r s .  S t a b i l i z a t i o n  of t h e  i n t e r n a t i o n a l  boundary w a s  o b t a i n e d  by 
r e c t i f y i n g  t h e  Rio Grande 's  channel  t o  c o n f i n e  i t  between two p a r a l l e l  
l e v e e s .  Flood c o n t r o l  w a s  improved by c o n s t r u c t i o n  of C a b a l l o  Dam. The 
t h i r d  t r e a t y ,  executed  i n  1944, and c o v e r i n g  t h e  d e l i v e r y  of Colorado 
River  water t o  Mexico, a f f e c t s  N e w  Mexico i n  i t s  c a p a c i t y  as a Colprado 
R i v e r  B a s i n  s ta te .  

P o r t i o n s  of New Mexico are a f f e c t e d  by water r i g h t s  i s s u e s  embodied 
i n  h i s t o r i c a l  t reaties between t h e  f e d e r a l  government and v a r i o u s  
I n d i a n  t r i b e s .  Some of t h e s e  t r e a t y  o b l i g a t i o n s  a r e  c u r r e n t l y  b e i n g  
t e s t e d  i n  t h e  f e d e r a l  c o u r t s .  It would b e  w i s e ,  f o r  d e v e l o p e r s  and 
r e g u l a t o r y  a g e n c i e s  a l i k e ,  t o  b e  aware of t h e  c u r r e n t  s t a t u s  of such 
l i t i g a t i o n .  

4 .3 .2 .2  -. Water Q u a l i t y  

P o l i c y  f o r  water p o l l u t i o n  c o n t r o l  programs, as provided by t h e  
Water Q u a l i t y  A c t  (74-6-1) (NMSA, 1978) i s  e s t a b l i s h e d  by t h e  Water 
Q u a l i t y  Cont ro l  Commission, which c o n s i s t s  of e i g h t  s t a t e  agency 
d i r e c t o r s  o r  t h e i r  d e s i g n e e s  and one p u b l i c  member appoin ted  by t h e  
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Governor.  Although- a number of a g e n c i e s  . a r e  invo lved  i n  env i ronmen ta l  
i s s u e s ,  by f a r  t h e  bu lk  of t h e  r e g u l a t o r y  e f f o r t  i n v o l v e s  t h e  
Environmental  Improvement D i v i s i o n .  

The Water Q u a l i t y  Con t ro l  Commission h a s  been d e l e g a t e d  p r i n c i p a l  
a u t h o r i t y  f o r  water q u a l i t y  c o n t r o l  i n  New Nexico. T h i s  commission h a s  
t h e  power t o  adop t  a comprehensive water q u a l i t y  program; a d o p t  water 
q u a l i t y  s t a n d a r d s ;  promulgate  r e g u l a t i o n s  t o  p r e v e n t  OK a b a t e  w a t e r  
p o l l u t i o n ;  c l a s s i f y  waters f o r  c e r t a i n  pu rposes ;  r e c e i v e  and a l l o c a t e  
funds  made a v a i l a b l e  by t h e  f e d e r a l  government; and g r a n t  v a r i a n c e s  
from r e g u l a t i o n s  of t h e  commission. 

Under d i r e c t i o n  of t h e  commission and t h e  a d m i n i s t r a t i o n  of t h e  
Environmental  Improvement D i v i s i o n ,  stream s t a n d a r d s  f o r  t h e  Rio 
Grande and Pecos,  San Juan-La Plata-Animas, Canadian,  and Gila-San 
F r a n c i s c o  R i v e r s  i n  New Mexico were approved as f e d e r a l  s t a n d a r d s  i n  
1969.  C e r t a i n  e f f l u e n t  r e g u l a t i o n s  have a l s o  been adop ted .  I n  August 
1973 t h e  commission r e v i s e d  t h e  stream s t a n d a r d s  as r e q u i r e d  by t h e  
Water Q u a l i t y  A c t  Amendments of 1972. The r e v i s e d  s t a n d a r d s  have a l s o  
been approved as f e d e r a l  s t a n d a r d s .  

S t a t e  Water Q u a l i t y  C o n t r o l  Commission r e g u l a t i o n s  r e q u i r e  s e v e r a l  
p e r m i t s  o r  n o t i f i c a t i o n s  f o r  d i s c h a r g e  of water con taminan t s  t o  s u r f a c e  
o r  groundwater  (Hannah e t  a l . ,  1979): 

1-201 "Notice of I n t e n t  t o  Discharge,"  r e q u i r e s  a d e v e l o p e r  
i n t e n d i n g  t o  make a nsw O K  change i n  water contaminant  d i s c h a r g e  t o  
f i l e  a n o t i c e  w i t h  t h e  ;dater Q u a l i t y  S e c t i o n .  

1-202 " F i l i n g  of P l a n s  and S p e c i f i c a t i o n s  -- Sewerage Systems , I 1  

r e q u i r e s  t h e  f i l i n g  of p l a n s  and s p e c i f i c a t i o n s  f o r  sewerage s y s t e m s ,  
p r i o r  t o  commencement of c o n s t r u c t i o n ,  w i t h  t h e  Water Q u a l i t y  S e c t i o n .  
T h i s  n o t i f i c a t i o n  and p e r m i t  a p p l i e s  t o  geothermal  development on ly  i f  
c o n s t r u c t i o n  of sewage t r e a t m e n t  f a c i l i t i e s  are i n c o r p o r a t e d  i n t o  
development o r  o p e r a t i o n a l  f e a t u r e s .  

1-203 " N o t i f i c a t i o n  of Discharge -- Removal , ' I  r e q u i r e s  thaf l  any 
p e r s o n  i n  cha rge  of a f a c i l i t y ,  as soon as he  has  knowledge of a s p i l l  
of any water con taminan t ,  s h a l l  immediately n o t i f y  t h e  C h i e f ,  Water 
Q u a l i t y  S e c t i o n ,  of t h e  s p i l l  and t a k e  a p p r o p r i a t e  s t e p s  t o  c o n t a i n ,  
remove and m i t i g a t e  t h e  damage caused by t h e  s p i l l .  

2-100 " A p p l i c a b i l i t y  of R e g u l a t i o n s  , I 1  a p p l i e s  t o  t h e  S t a t e ' s  
s u r f  ace d i s c h a r g e  r e g u l a t i o n s  t o  t h o s e  d i s c h a r g e s  which are  n o t  s u b j e c t  
t o  t h e  F e d e r a l  N a t i o n a l  P o l l u t a n t  D i scha rge  E l i m i n a t i o n  System (NPDES) 
and e s t a b l i s h e s  pa rame te r  e f f l u e n t  l e v e l s  f o r  t h e s e  d i s c h a r g e s .  E I D  
h a s  n o t  l e g a l l y  t a k e n  o v e r  a d m i n i s t r a t i o n  of t h e  NPDES program, a l t h o u g h  
i t  assists t h e  E P A  i n  t h e  day-to-day o p e r a t i o n s  of t h e  program. 

3-101 "Regu la t ions  f o r  D i scha rges  Onto o r  Below t h e  S u r f a c e  of t h e  
Ground," a re  aimed a t  p r o t e c t i n g  t h e  q u a l i t y  of a l l  groundwater  i n  N e w  
Mexico w i t h  an e x i s t i n g  c o n c e n t r a t i o n  of  10,000 mg/l O K  less T o t a l  
D i s so lved  S o l i d s  (TDS) . The r e g u l a t i o n s  e s t a b l i s h  groundwater  s t a n d a r d s  
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f o r  s p e c i f i c  p a r a m e t e r s  and r e q u i r e  an approved d i s c h a r g e  p l a n  p r i o r  
t o  commencement of d i s c h a r g e .  Moni to r ing  and r e p o r t i n g  r e q u i r e m e n t s  
are  i n c l u d e d .  The O C D  reviews and approves  groundwater d i s c h a r g e  p l a n s  
f o r  geo the rma l  p r o j e c t s  on b e h a l f  of t h e  WQCC. OCD h a s  60 days  a f t e r  
receipt  of n o t i c e  of i n t e n t  t o  d i s c h a r g e  t o  n o t i f y  t h e  d e v e l o p e r  i f  a 
d i s c h a r g e  p l a n  i s  r e q u i r e d .  For good c a u s e ,  t h e  OCD may a l l o w  a 
d e v e l o p e r  t o  d i s c h a r g e  w i t h o u t  a d i s c h a r g e  p l a n  f o r  up t o  120  d a y s .  

4 .3 .3  R e g u l a t i o n s  f o r  E s t a b l i s h m e n t  of a P u b l i c  U t i l i t y  

The P u b l i c  U t i l i t y  A c t  of 1941 (Hannah e t  a l . ,  1979)  c r e a t e d  t h e  
P u b l i c  S e r v i c e  Commission as t h e  r e g u l a t o r y  agency hav ing  d e c i s i v e  
powers o v e r  t h e  s e c u r i t i e s  i s s u e d  and s e r v i c e s  and ra tes  p rov ided  by 
u t i l i t i e s .  I n  o r d e r  t o  o p e r a t e  a u t i l i t y  as a p ro f i t -mak ing  e n t i t y ,  
s p e c i f i c a l l y  as a geo the rma l  power p r o d u c t i n g  f a c i l i t y ,  one must be  
l i c e n s e d  by t h e  P u b l i c  S e r v i c e  Commission. The PSC does n o t  have  
j u r i s d i c t i o n  o v e r  m u n i c i p a l l y  owned u t i l i t i e s  o r  u t i l i t i e s  on I n d i a n  
l a n d s .  A C e r t i f i c a t i o n  of Convenience and N e c e s s i t y  nay b e  o b t a i n e d  no 
more t h a n  one y e a r  b e f o r e  the commencement of c o n s t r u c t i o n  of t h e  power 
f a c i l i t y .  I f  a n  a l r e a d y  e x i s t i n g ,  l i c e n s e d  u t i l i t y  wishes t o  expand 
o p e r a t i o n  t o  i n c l u d e  a geothermal  power-producing f a c i l i t y ,  f o r  less 
t h a t  230 MW c a p a c i t y ,  i t  may r e q u e s t  commission assessinent unde r  Genera l  
Orde r  10 f o r  a p p r o v a l  and f o r  more t h a n  230 M W ,  i t  must p e t i t i o n  f o r  the 
f u l l  c e r t i f i c a t e .  

THE PSC h a s  j u r i s d i c t i o n  o v e r  a l l  water, g a s  and e l ec t r i c  p u b l i c  
u t i l i t i e s  ( excep t  t h o s e  t h a t  are municipally-owned) and s p e c i f i c a l l y  o v e r  
t he  d i s t r i b u t i o n  of steam through a p i p e l i n e .  A d i s t r i c t  h e a t i n g  system 
would come under  the j u r i s d i c t i o n  of t h e  PSC ( e x c e p t ,  presumably,  i f  
municipal ly-owned) .  N o  such sys t ems  y e t  e x i s t  i n  New Mexico, so t h i s  
j u r i s d i c t i o n  i s  u n t e s t e d .  

4 . 3 . 4  Pathway t o  Development of a --. Geothermal Resource Area i n  N e w  Mexico 

F i g u r e  14 p r e s e n t s  a t i m e  l i n e  and e v e n t s  c h a r t  of both\ t h e  
i n s  t i t i i t i o n a l  p r o c e d u r e s  f o r  development of geothermal  r e s o u r c e  areas in 
N e w  Mexico under  s t a t e  and l o c a l  r e g u l a t i o n s ,  i n c l u d i n g  t h e  r e g u l a t o r y  
a g e n c i e s  and s p e c i f i c  a c t i o n s  r e q u i r e d  by r e g u l a t i o n ,  and t h e  p a r a l l e l  
time l i n e  and e v e n t s  r e q u i r e d  f o r  t h e  f e d e r a l  Environmental  Impact 
S t a t emen t  p r o c e s s .  

A s  soon as t h e  r e s o u r c e  i s  proven and t h e  d e c i s i o n  made t o  p u r s u e  
f u r t h e r  development a c t i v i t y ,  t h e  i n i t i a t i o n  of a d a t a  c o l l e c t i o n  
program f o r  t h e  EIS s h o u l d  o c c u r ,  i f  t h i s  p r o c e s s  i s  r e q u i r e d  i n  t h e  
c o m m e r c i a l i z a t i o n  e f f o r t  t h a t  i s  proposed.  The E I S  p r o c e s s  can t a k e  
up t o  36 months from t h e  b e g i n n i n g  of d a t a  c o l l e c t i o n  through submiss ion  
by t h e  d e v e l o p e r  t o  t h e  f e d e r a l  land managment agency o r  l e a d  agency. 
C o n c u r r e n t l y ,  a series of s t a t e  and loca l  p r o c e d u r e s  a re  execu ted .  
(Note: I f  no E I S  i s  r e q u i r e d ,  t h e  s t a t e  and l o c a l  p rocedures  w i l l  b e  
pu r sued  s e p a r a t e l y . )  
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CUMULATIVE TIME FOR FEDERAL EIS PREPARATION (where required) 

Mon t Izs 1 3  14-24 25-36 37-48 II . 
Begin environmental Adequate data for AEA submitted to 
data collection developer's Applicant federal land manaqement 

Environmental Analysis agency or lead agency - 
(12-24 months) (6-12 months) 

Agency action 
D Developer action 
0 Decision point ., 

Figure 1 4 .  Time line and events chart (adapted from Hannah 
for development of  geothermal resource area in New Mexico under state and l o c a l  regulations 
and of the EIS process. 

et a1.,1979) of institutional procedures 



I f  t h e  d r i l l i n g  i s  w i t h i n  a d e c l a r e d  s u r f a c e  o r  groundwater  b a s i n ,  
i s s u e s  of water r i g h t s  must b e  r e s o l v e d ,  and i f  n e c e s s a r y ,  t h e  
d e v e l o p e r  must a c q u i r e  t h e  n e c e s s a r y  water r i g h t s .  T h i s  p r o c e s s  of 
a c q u i r i n g  water r i g h t s  can t a k e  an  undetermined amount of t i m e ,  t h u s  
l e n g t h e n i n g  t h e  time l i n e .  The S t a t e  Engineer  w i l l  i s s u e  a permi t  t o  
d r i l l  a development w e l l  when water r i g h t s  i s s u e s  are s e t t l e d .  I f  
t h e  development s t r a t e g y  r e q u i r e s  d i s c h a r g e  of w a s t e  t o  ground o r  
s u r f a c e  water, t h e  r e q u i r e d  E I D  ( f o r  s u r f a c e  water )  and OCD ( f o r  
groundwater)  p e r m i t s  must b e  s e c u r e d .  A c c i d e n t a l  s p i l l s  o r  blowouts  
would b e  r e g u l a t e d  and m i t i g a t e d  under  t h e  procedures  i n d i c a t e d  f o r  
e x p l o r a t o r y  w e l l  d r i l l i n g  ( S e c t i o n  4 . 2 . 4 ) .  

I f  a new p u b l i c  u t i l i t y  i s  proposed f o r  t h e  o p e r a t i o n  of e i t h e r  
a n  electrical g e n e r a t i o n  f a c i l i t y  o r  a d i s t r i c t  h e a t i n g  f a c i l i t y ,  
p e t i t i o n s  must b e  made t o  t h e  P u b l i c  S e r v i c e  Commission f o r  a 
Cer t i f ica te  of Convenience and N e c e s s i t y .  (Note e x c e p t i o n s  i n  S e c t i o n  
4 . 3  .3.) 

By t h e  end of a maximum of 48 months ( f o u r  y e a r s ) ,  t h e  way s h o u l d  
b e  clear f o r  t h e  c o n s t r u c t i o n  and implementat ion of t h e  proposed 
f a c i l i t i e s .  D i l i g e n c e  on t h e  p a r t  of t h e  d e v e l o p e r  w i l l  l e a d  t o  t h e  
comple t ion  of s t a t e  and l o c a l  r e g u l a t i o n  requi rements  and t h e  
p r e l i m i n a r y  s t a g e s  of t h e  E I S  p r o c e s s  c o n c u r r e n t l y .  

4 . 4  C o n s t r u c t i o n  and Implementat ion Phase 

The t h i r d  s t e p  of geothermal  c o m m e r c i a l i z a t i o n  i n v o l v e s  t h e  
c o n s t r u c t i o n  of p r o j e c t  f a c i l i t i e s .  In t h i s  phase ,  t h e  t i m e  l i n e  f o r  
t h e  E I S  p r o c e s s  is  s i g n i f i c a n t l y  l o n g e r  t h a n  t h a t  f o r  s t a t e  and l o c a l  
r e g u l a t i o n s ,  w i t h  c o n s t r u c t i o n  of f a c i l i t i e s  de layed  u n t i l  t h e  E I S  
p r o c e s s  i s  complete .  

4 . 4 . 1  Local  Zoning Codes 

T h e r e  are b a s i c a l l y  two t y p e s  of l o c a l  zoning codes t h a t  y o u l d  
a f f e c t  geothermal  development w i t h i n  t h e  boundar ies  of a town o r  
c i t y :  1) b u i l d i n g  c o n s t r u c t i o n  codes and covenents  and 2 )  n o i s e  
p o l l u t i o n  r e g u l a t i o n s .  A t  l eas t  25 N e w  Mexico c i t i e s  and towns have 
adopted c o n s t r u c t i o n  codes t h a t  are as s t r i n g e n t  as t h e  e x i s t i n g  s ta te  
codes ,  o r  more so. Developers of geothermal  f a c i l i t i e s  w i t h i n  

. c i t ies  w i t h  b u i l d i n g  codes and s p e c i a l  zoning l a w s  should  become 
f a m i l i a r  wi th  t h e s e  r e g u l a t i o n s  and work w i t h  l o c a l  o f f i c i a l s  i n  t h e  
r e s o l u t i o n  of c o n f l i c t s  so  t h a t  t h e  a p p r o p r i a t e  b u i l d i n g  p e r m i t s  may 
b e  a c q u i r e d  p r i o r  t o  f a c i l i t y  c o n s t r u c t i o n .  

’ .  

Under t h e  Noise  Cont ro l  A c t  of 1 9 7 2 ,  t h e  Environmental  P r o t e c t i o n  
Agency i s  r e s p o n s i b l e  f o r  conduct ing  r e s e a r c h  on t h e  e f f e c t s  of n o i s e .  
T h i s  act  is  n o t  enforced  s t a t e w i d e ,  however, and only  a few New Mexico 
c i t i e s  have adopted any l o c a l  n o i s e  r e g u l a t i o n s  and s t a n d a r d s .  Those 
a r e a s  w i t h  n o i s e  abatement  r e g u l a t i o n s  a r e  Albuquerque, Farmington, 
Los Alamos, Socorro and Red R i v e r .  Most of t h e s e  r e g u l a t i o n s  concern  
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v e h i c u l a r  n o i s e  pol.l,ution c o n t r o l  and *may, i n  f a c t ,  have no e f f e c t  on 
geothermal  commerc ia l iza t ion  a c t i v i t i e s .  Other  New Mexico communities 
may develop s i m i l a r  r e g u l a t i o n s  i n  t h e  n e a r  f u t u r e .  The most a c t i v e  
i n  t h i s  d i r e c t i o n  are Espanola ,  Gal lup ,  G r a n t s ,  L a s  Cruces,  Las Vegas, 
P o r t a l e s ,  S a n t a  Fe and Taos.  

4.4 .2  C o n s t r u c t i o n  I n d u s t r i e s  Commission B u i l d i n g  -- Codes 

The C o n s t r u c t i o n  I n d u s t r i e s  Commission is  r e s p o n s i b l e  f o r  t h e  
a d o p t i o n  of s t a t e w i d e  b u i l d i n g  codes and t h e  i s s u a n c e  of b u i l d i n g  
p e r m i t s  f o r  t h e  c o n s t r u c t i o n  of geothermal  f a c i l i t i e s .  Under t h e  l a w  
e s t a b l i s h i n g  t h e  Commission, t h e  C o n s t r u c t i o n  I n d u s t r i e s  Licens ing  
A c t ,  t h e  p u b l i c  i s  p r o t e c t e d  a g a i n s t  s u b s t a n d a r d  o r  hazardous 
c o n s t r u c t i o n ,  a l t e r a t i o n ,  i n s t a l l a t i o n ,  connec t ion ,  d e m o l i t i o n  o r  
r e p a i r  work. S i n c e  t h e  b u i l d i n g  codes are n o t  i n c o r p o r a t e d  i n t o  s t a t e  
l a w ,  t h e y  may be amended by s i m p l e  m a j o r i t y  of t h e  commission a t  any 
time i t  deems f e a s i b l e .  C o n f l i c t s  w i t h  e x i s t i n g  b u i l d i n g  codes and 
planned geothermal  f a c i l i t i e s  are l i k e l y  t o  c e n t e r  around b u i l d i n g  
d e s i g n  parameters ,  heat l o s s ,  and h e a t i n g / c o o l i n g  system mechanics.  
Such c o n f l i c t s ,  however, should  be r e s o l v a b l e  through a p p r o p r i a t e  
i n t e r a c t i o n  w i t h  t h e  Commission. 

+ 

. .  
4 . 4 . 3  Environmental  Improvement D i v i s i o n  A i r  Q u a l i t y  R e g u l a t i o n s  

A d e v e l o p e r  must o b t a i n  a permi t  from t h e  E I D  p r i o r  t o  c o n s t r u c t i o n  
of o r  m o d i f i c a t i o n  of any s o u r c e  of a i r  contaminants ,  which i f  
u n c o n t r o l l e d ,  would r e s u l t  i n  an  emiss ion  of t h e  contaminant  g r e a t e r  
t h a n  t e n  pounds p e r  hour  o r  twenty f i v e  t o n s  p e r  y e a r ,  o r  would r e s u l t  
i n  t h e  emiss ion  of a hazardous a i r  p o l l u t a n t .  S u f f i c i e n t  i n f o r m a t i o n  
must h e  submi t ted  by t h e  d e v e l o p e r  t o  demonst ra te  a p r o j e c t i o n  ,model 
of t h e  l e v e l s  of emiss ions  f o r  comparison w i t h  t h e  ambient c o n d i t i o n s  
and s t a n d a r d s .  A p e r m i t  may b e  denied  i f  i t  a p p e a r s  t h e  e m i s s i o n s  
w i l l  n o t  m e e t  a p p l i c a b l e  r e g u l a t i o n s  of the New Mexico Air Q u a l i t y  
C o n t r o l  A c t ,  i f  t h e  emiss ions  of a contaminant  are i n  e x c e s s  of a 
F e d e r a l  s t a n d a r d ,  o r  if t h e  p r o j e c t  w i l l  cause  o r  c o n t r i b u t e  ti a i r  
contaminant  l e v e l s  i n  e x c e s s  of any n a t i o n a l ,  s t a t e  o r  Class A county  
( B e r n a l i l l o )  ambient a i r  q u a l i t y  s t a n d a r d s .  

S t a t e  and f e d e r a l  s t a n d a r d s  d e f i n i n g  ambient a i r  q u a l i t y  are 
p r e s e n t e d  i n  T a b l e  8. This  i n c l u d e s  t h e  f i v e  p o l l u t a n t s  monitored i n  
N e w  Mexico: t o t a l  suspended p a r t i c u l a t e ,  s u l f u r  d i o x i d e ,  carbon 
monoxide, ozone, and n i t r o g e n  d i o x i d e .  Hydrogen s u l f i d e  is n o t  
monitored i n  New Mexico, a l t h o u g h  a s t a n d a r d  of 0.01 ppm/one-hour 
average  e x i s t s .  

A i r  q u a l i t y  is  f u r t h e r  p r o t e c t e d  by t h e  1977 Clean  A i r  A c t  
Amendments which became l a w  on August 7 ,  1977. Two major  p r o v i s i o n s  of 
t h i s  act  are t h e  P r e v e n t i o n  of S i g n i f i c a n t  D e t e r i o r a t i o n  and t h e  
Determina t ion  of Non-Attainment Areas ( a r e a s  t h a t  do n o t  m e e t  n a t i o n a l  
ambient  a i r  q u a l i t y  s t a n d a r d s  f o r  a p o l l u t a n t ) .  
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Table 8. Def in i t ion ,  un i ty  of measurement, and s t a t e  and federa l  regula t ions  concerning a i r  
po l lu t an t s  t h a t  may possibly be assoc ia ted  with geothermal development. 

Def in i t ion  Measurement S t a t e  Federal 
Pol 1 u tan t  o r  Formula U n i t  Regulations Re gu 1 a t  i oms 

a r sen ic  

beryl 1 i urn 

boron 

carbon monoxi de 

hydro qe n 
s u l f i d e  

s u l f u r  
dioxide 

ni t rogen 
dioxide 

photochemical 
oxidants  (ozone) 

hydrocarbons 

AS 

Be 

B 

co 

H2S 

s02 

N02 

(03) o r  ox 

, C x H x  ' 

30 days 3vg 
10 prj*rn- 

30 day av 
0.01 vg/m 

30 day avg 
10 vg-m-3 

8 h avg 
8.7 ppm 

1 h avg 
0.01 ppm 

24 h avq 
0.10 pprn 

24 h avg 

!I 

0.10 ppm 

1 h avg 
.06 ppm 

3 h avg. 
0.19 pprn 

8 h avg 
9 PPm 

24 h avg 
0.14 pprn 

annual a r i t hme t i c  mean 
0.05 pprn 

1 h avg 
0.08 ppm 

Statewide except i n  Pecos-Permium Basin where standards a r e  1 / 2  h avg 
w i t h i n  corpora te  l i m i t s ;  and 1 / 2  hr avg 
o r  more. 

0.10 ppm; 1/2 h avg 0.03 ppm 
1 

0.03 ppm within 5 mi les  o f  c i t i e s  w i t h  populations o f  20,000 

mlcIPlmm.sl beqb"lm m Em Brl 
I 



Table 8. (Continued) 

Federal Def i n i t i  on 
o r  Formula U n i t  Regul a t  i on s Regulations 

Me as u remen t Sta te  
Pol 1 u t a n t  

heavy 
metals 

t o t a l  suspended 
p a r t  i c u 1 a t  e 

t o t a l  reduced 
s u l f u r  

mercury 

methane 

ethane 

fugi t ive  dust 

-3 
US’m 

s PPm 

‘ZH6 PPm 

sol i d  airborne 1 b s / h  
par t iculate  
matter emitted 
as the r e s u l t  
of processinq 
ope rat i ons 
from any source 
including waste 
D i  l e s  

24 h avg 
150 g/m 

1 h av9 
.003 ppm 

30 d avg 
IO ug*m-3 

3 h avg 
0.19 ppm 

3 h avg 
0.19 ppm 

10 lbs/h/10,000 
1 bs. aggregate 
. incl  u d i  ng 
asphal t ,  mica, 
pumice and 
per1 i t e  



The Prevent ion  of S i g n i f i c a n t  D e t e r i o r a t i o n  and t h e  V i s i b i l i t y  
P r o t e c t i o n  s e c t i o n s  of t h e  1977 Clean A i r  A c t  p r o t e c t  a i r  which i s  
c l e a n e r  than  minimum l e v e l s  r equ i r ed  t o  meet n a t i o n a l  s t anda rds .  S ince  
N e w  Mexico has  few areas where p o l l u t a n t s  exceed t h e  s t anda rds ,  t h i s  
act  may do more t o  p r o t e c t  New Mexico's c lean  a i r  than ,  perhaps,  a l l  
o t h e r  l e g i s l a t i o n .  The V i s i b i l i t y  P r o t e c t i o n  area is  e s p e c i a l l y  
important  i n  areas wi th  s c e n i c  q u a l i t i e s .  A v i s u a l  target--such as a 
mountain r a n g e - - i l l u s t r a t e s  t h e  need f o r  adequate v i s i b i l i t y  i n  
provid ing  t h e  viewer some means t o  assess t h e  a i r  q u a l i t y .  I n  urban 
areas, o r  o t h e r  areas where v i s u a l  t a r g e t s  are few, t h i s  aspect of a i r  
q u a l i t y  is  no t  deemed t o  be as important .  

Previous l e g i s l a t i o n  a t  both s t a t e  and f e d e r a l  l e v e l s  had been 
aimed a t  t h e  abatement of problems r a t h e r  t han  t h e  prevent ion  of a i r  
p o l l u t i o n .  However, t h e  Prevent ion of S i g n i f i c a n t  D e t e r i o r a t i o n  h a s  
p rov i s ions  t o  : 

1. 

2. 

3 .  

4 .  

5 .  

The 
provides  
above a 

1. 

2. 

3 .  

p r o t e c t  p u b l i c  h e a l t h  and w e l f a r e  from any a c t u a l  o r  p o t e n t i a l  
adverse  e f f e c t ,  no twi ths tanding  a t ta inment  and maintenance of 
a l l  n a t i o n a l  ambient a i r  q u a l i t y  s tandards ;  

t o  preserve, p r o t e c t  and enhance the a i r  q u a l i t y  i n  areas of 
s p e c i a l  concern; \ 

t o  ensu re  t h a t  economic growth w i l l  occur  i n  a manner 
c o n s i s t e n t  wi th  p r e s e r v a t i o n  of e x i s t i n g  c l e a n  a i r  r e sources ;  

- _  

t o  a s s u r e  t h a t  emissions from any source  i n  any s t a t e  w i l l  n o t  
i n t e r f e r e  wi th  t h e  prevent ion  of s i g n i f i c a n t  d e t e r i o r a t i o n  i n  
any o t h e r  state;  and 

t o  a s s u r e  t h a t  any d e c i s i o n  t o  p e r m i t  increased  a i r  po1:ution 
is  made only a f t e r  c a r e f u l  e v a l u a t i o n  and oppor tuni ty  f o r  
p u b l i c  p a r t i c i p a t i o n  ( S t a t e  of New Mexico, A i r  Qual i ty  
Sec t ion ,  1977).  

a c t  f u r t h e r  o u t l i n e s  c e i l i n g s  which cannot  be exceeded and 
increments which d e f i n e  a l lowable  i n c r e a s e s  f o r  a i r  p o l l u t i o n  
p resen t  b a s e l i n e  a i r  q u a l i t y  l e v e l .  These increments  are: 

Class I. This  increment is intended t o  apply t o  an area which 
i s  t o  remain p r i s t i n e ,  and would al low almost no i n c r e a s e  i n  
a i r  contaminant levels  (F igure  15 ) .  

Class 11. Th i s  increment is a p p l i c a b l e  where moderate 
development is d e s i r e d .  It would al low almost any type  of 
w e 1  1-cont r o l  l ed  indus t ry  . 
Class 111. This  increment a p p l i e s  where i n t e n s i v e  growth i s  
d e s i r e d .  

Of t h e s e  c l a s s i f i c a t i o n s ,  Class I i s  probably t h e  most important  t o  
geothermal development. Areas, such as i n t e r n a t i o n a l  parks ,  w i lde rness  
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KEY ACRES 
1 Wheeler Peak Wilderness 6 027 

41 132 2 sari Pedro parks  w f l d e r n e s s  

3 Bandel ier  Wilderness 23 267 
167 416 4 Pecos Wilderness 

5 Gi la  Wilderness 433 690 
30 850 6 Bosque  del  Apache Wi lderness 
31 171 7 White Mounta in  Wilderness 
8 500 8 Salt Creek Wilderness 

46 435 9 Car lsbad Caverns Nat iona l  Park 

Known Geothermal Resource Areasites 

F i g u r e  1 5 .  Elandatory Class  1, u n d e r  t h e  P r e v e n t i o n  o f  S i g n i f i c a n t  
D e t e r i o r a t i o n  a n d  t h c  V i s a b i l  i t y  P r o t e c t i o n  sections o f  
t h e  1 9 7 7  C lean  A i r  A c t  i n  New i'lexico. 
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areas which exceed  5 , 0 0 0  a c r e s ,  and n a t i o n a l  p a r k s  which exceed  6 , 0 0 0  
acres,  are Mandatory Class I and c a n n o t  b e  r e d e s i g n a t e d .  W i t h i n  New 
Mexico  t h e r e  are  n i n e  s u c h  areas (Wheeler  Peak W i l d e r n e s s ,  San P e d r o  
P a r k s  W i l d e r n e s s ,  B a n d e l i e r  W i l d e r n e s s ,  Pecos  W i l d e r n e s s ,  G i l a  
W i l d e r n e s s ,  Rosque d e l  Apache W i l d e r n e s s ,  White Mounta in  W i l d e r n e s s ,  
S a l t  Creek W i l d e r n e s s  and C a r l s b a d  Caverns  N a t i o n a l  P a r k ) .  S i n c e  t h e  
C l e a n  A i r  Act Amendments e s t a b l i s h  a n a t i o n a l  g o a l  of t h e  p r e v e n t i o n  of 
any f u t u r e  and remedying  of any  e x i s t i n g  impai rment  of v i s i b i l i t y  due  t o  
manmade a i r  p o l l u t i o n ,  t h i s  m y  i n d e e d  c o m p l i c a t e  g e o t h e r m a l  deve lopmen t  
i n  areas n e a r  t h e s e  s i tes .  A s  c a n  h e  s e e n  i n  F i g u r e  1 5 ,  s e v e r a l  
p o t e n t i a l  g e o t h e r m a l  s i t e s  e i t h e r  o c c u r  o n  o r  near t h e s e  Mandatory  
Class I areas ,  which may limit g e o t h e r m a l  deve lopmen t .  

The  1 9 7 7  C l e a n  A i r  Act a l s o  r e q u i r e s  each  s t a t e  t o  d e s i g n a t e  a l l  
areas t h a t  do n o t  meet f e d e r a l  a i r  q u a l i t y  s t a n d a r d s  f o r  f i v e  s p e c i f i e d  
p o l l u t a n t s  ( t o t a l  suspended  p a r t i c u l a t e ,  s u l f u r  d i o x i d e ,  c a r b o n  
monoxide ,  n i t r o g e n  d i o x i d e  and p h o t o c h e m i c a l  o x i d a n t s ) .  These  a r e a s  a re  
c a l l e d  "non-a t t a inmen t  areas". I n  N e w  Mexico ,  n o n - a t t a i n m e n t  € o r  t h e  
f o l l o w i n g  p o l l u t a n t s  may o n l y  i n h i b i t  g e o t h e r m a l  d e v e l o p m e n t ,  i f  s u c h  
p o l l u t a n t s  a r e  a s s o c i a t e d  w i t h  a p a r t i c u l a r  g e o t h e n n a l  r e s o u r c e .  They 
i n c l u d e :  

1 .  c a r b o n  monoxide i n  areas a r o u n d  Las C r u c e s ,  F a r m i n g t o n ,  S a n t a  Fe 
and B e r n a l i l l o  County i n  i t s  e n t i r e t y ;  

2 .  t o t a l  suspended  p a r t i c u l a t e s  a round  p o t a s h  r e f i n e r i e s  i n  the  
C a r l s b a d  a r e a , i n  Albuquerque  and i n  a 4.5 m i l e  r a d i u s  a r o u n d  
t h e  K e n n e c o t t  C o r p o r a t i o n  smelter a t  H u r l e y ;  

3 .  s u l f u r  d i o x i d e  i n  a 2.5 m i l e  r a d i u s  of t h e  Four  C o r n e r s  Power 
P l a n t ,  and a 4 . 5  m i l e  r a d i u s  a round  t h e  Kenueco t t  Copper  
C o r p o r a t i o n  smelter a t  I Iur ley  ; 

4 .  p h o t o c h e m i c a l  o x i d a n t s  i n  Albuquerque ,  T,as C r u c e s ,  and p o r t i o n s  
of Lea and Eddy C o u n t i e s .  The EPA h a s  " a u t o m a t i c a l l y 1 '  
d e s i g n a t e d  a l l  u r b a n  areas i n  t h e  U . S .  w i t h  p o p u l a t i o n s  o v e r  
200,000 as n o n - a t t a i n m e n t  areas f o r  t h i s  p o l l u t a n t .  

A s t a t e d  o b j e c t i v e  of t h e  N e w  Nex ico  A i r  Q u a l i t y  C o n t r o l  Program is  
t o  i n s u r e  s o u r c e  compl i ance  w i t h  New Mexico a i r  q u a l i t y  r e g u l a t i o n s .  
The  A i r  Q u a l i t y  C o n t r o l  A c t  r e q u i r e s  t h a t  a n  e f f o r t  b e  made t o  s e e k  
v o l u n t a r y  compl i ance  from t h e  s o u r c e .  When s u c h  compl i ance  c a n n o t  b e  
o b t a i n e d ,  t h e  Act a l l o w s  f o r  s e e k i n g  a n  i n j u n c t i o n  and p e n a l t i e s  of up 
t o  $1000 f o r  e a c h  v i o l a t i o n  of a r e g u l a t i o n .  In a n  e f f o r t  t o  
v o l u n t a r i l y  comply w i t h  r e g u l a t i o n s ,  a s o u r c e  may r e q u e s t  r e l i e f  f rom a 
r e g u l a t i o n  f o r  a s p e c i f i e d  time p e r i o d  b e c a u s e  of economic h a r d s h i p ,  o r  
i n  o r d e r  t o  m o d i f y ,  u p g r a d e  o r  i n s t a l l  a d d i t i o n a l  a i r  p o l l u t i o n  
equ ipmen t .  In  o t h e r  i n s t a n c e s ,  r e l i e f  w i l l  b e  b a s e d  on t h e  l a c k  of  
a v a i l a b i l i t y  of t e c h n o l o g y .  ' 
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4 .4 .4  Other  F e d e r a l  R e g u l a t i o n s  --I - 

i 5  

i 

Noise  l e v e l  r e g u l a t i o n s  and ambient a i r  q u a l i t y  r e g u l a t i o n s  have 
been set f o r  w o r k s i t e s  and i n d u s t r i a l  o p e r a t i o n s  through t h e  
Occupat iona l  S a f e t y  and H e a l t h  A c t  (OSHA), a d m i n i s t e r e d  by t h e  
Department of Labor. S e v e r a l  o t h e r  f e d e r a l  a g e n c i e s  have s t a n d a r d s  f o r  
n o i s e  p o l l u t i o n  and abatement ,  Housing and Urban Development (HUD) s e t s  
s t a n d a r d s  f o r  b u i l d i n g  c o n s t r u c t i o n  of HUD-funded p r o j e c t s .  Department 
of Defense i s  concerned w i t h  m i l i t a r y - r e l a t e d  n o i s e ,  e s p e c i a l l y  a i r p o r t s .  
The F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n  is a l s o  concerned w i t h  a i r c r a f t  
n o i s e .  The Bureau of Motor Carrier S a f e t y  d e a l s  w i t h  n o i s e  i n  t h e  
i n t e r s t a t e  t r u c k i n g  i n d u s t r y ,  and t h e  F e d e r a l  IIighway A d m i n i s t r a t i o n  
m o n i t o r s  n o i s e  a s s o c i a t e d  w i t h  highway c o n s t r u c t i o n .  These r e g u l a t i o n s  
w i l l  have only  a minimal a f f e c t  on t h e  c o n s t r u c t i o n  of a geothermal  
f a c i l i t y ,  w i t h  OSHA, perhaps ,  p l a y i n g  t h e  most impor tan t  r o l e .  

The New Mexico H e r i t a g e  Program of t h e  N a t u r a l  Resources  Department 
a d m i n i s t e r s  b o t h  t h e  s t a t e ' s  Endangered S p e c i e s  A c t  and t h e  F e d e r a l  
Rare and Endangered S p e c i e s  A c t  and ensuing  U.S. F ish  and W i l d l i f e  
S e r v i c e  r e g u l a t i o n s .  Developers ,  a l though n o t  r e q u i r e d  t o  s e c u r e  a 
l i c e n s e  i n  t h i s  r e g u l a t o r y  a r e a ,  do need t o  b e  aware t h a t  t h e s e  
r e g u l a t i o n s  a r e  b e i n g  m e t .  Other  special  r e g u l a t i o n s  appear  i n  t h e  
Migra tory  Waterfowl and Song Bird A c t s .  The U.S. F o r e s t  S e r v i c e  and 
t h e  Bureau of Land Management have e s t a b l i s h e d  Research N a t u r a l  Area 
c a t e g o r i e s  f o r  some b i o t i c  u n i t s  t h a t  have been p l a c e d  i n t o  s p e c i a l  u s e  
c a t e g o r i e s  t o  p r e s e r v e  t h e i r  n a t u r a l  c o n d i t i o n s .  Other  special  
l e g i s l a t i o n ,  l i k e  t h e  Wild R i v e r s  A c t ,  s e t  a s i d e  p a r c e l s  of land  from 
any commercial development.  

4.4.5 Environmental  ImDrovement D i v i s i o n  S D e c i a l  P e r m i t s  

I f  a p p r o p r i a t e  t o  t h e  c o n s t r u c t i o n  p l a n s ,  t h e  f o l l o w i n g  E I D  p e r m i t s  
must be o b t a i n e d  p r i o r  t o  c o n s t r u c t i o n  and o p e r a t i o n  of waste d i s p o s a l ,  
d r i n k i n g  w a t e r  and food service f a c i l i t i e s :  1) o p e r a t i o n  of a s e p t i c  
tank  o r  d i s c h a r g e  t o  community w a s t e  sys tem,  2 )  o p e r a t i o n  of a p u b l i c  
d r i n k i n g  water system; and 3) food service o p e r a t i o n .  Many geothGrmal 
f a c i l i t i e s  w i l l  r e q u i r e  none of t h e s e .  

4.4.6 P&thway f o r  C o n s t r u c t i o n  and Implementat ion f o r  a Geothermal 
F a c i l i t y  i n  New Mexico 

- 
- 

F i g u r e  16 shows t h e  time l i n e  and e v e n t s  c h a r t  of i n s t i t u t i o n a l  
procedures  f o r  c o n s t r u c t i o n  of a geothermal  f a c i l i t y  i n  New Mexico under  
s t a t e  and l o c a l  r e g u l a t i o n s  and of t h e  E I S  p r o c e s s .  

I n  g e n e r a l ,  t h e  EIS  p r o c e s s  r e q u i r e s  up t o  1 2  months f o r  l e a d  
agency review,  a n o t h e r  6 - 1 2  months f o r  t h e  p r e p a r a t i o n  of a d r a f t  E I S  
(by a d e s i g n a t e d  f e d e r a l  e n t i t y ) ,  a p u b l i c  comment p e r i o d  of 2-12 
months, a p e r i o d  f o r  t h e  r e s o l u t i o n  of p u b l i c  comments, t h e  p r e p a r a t i o n  
of t h e  f i n a l  E I S  document, and t h e  release of t h e  document and 
subsequent  w a i t i n g  p e r i o d  f o r  f i n a l  comments. When t h i s  p r o c e s s  i s  
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Figure  16. T i m e  l i n e  and even t s  c h a r t  ( a d a p t e d  from Hannah e t  a1. ,1979) of i n s t i t u t i o n a l  procedures  
f o r  cons t ruc t ion  and implementation f o r  geothermal f a c i l i t y  i n  New Mexico under s t a t e  and 
l o c a l  r e g u l a t i o n s  and of t h e  E I S  process .  * .  
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comple ted ,  c o n s t r u c t i o n  may b e g i n .  P u b l i c  h e a r i n g s  may be h e l d  d u r i n g  
b o t h  t h e  p r e p a r a t i o n  of t h e  d r a f t  E I S  p e r i o d  and t h e  p e r i o d  f o r  p u b l i c  
comment. 

I f  t h e  p r e p a r a t i o n  of a n  E I S  i s  n o t  r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  
of t h e  geothermal  f a c i l i t y ,  t h e  t i m e  l i n e  may b e  s i g n i f i c a n t l y  s h o r t e r  
f o r  meet ing t h e  requi rements  of t h e  s t a t e  and l o c a l  procedures .  The 
f i n a l  s t e p s  necessary  p r i o r  t o  t h e  c o n s t r u c t i o n  of t h e  f a c i l i t y  are t h e  
o b t a i n i n g  of a v a r i e t y  of s t a t e  and l o c a l  p e r m i t s .  The t h r e e  primary 
p e r m i t s  are t h o s e  a s s o c i a t e d  w i t h  meet ing l o c a l  zoning r e g u l a t i o n s  o r  
b u i l d i n g  codes,  t h e  C o n s t r u c t i o n  I n d u s t r i e s  Commission b u i l d i n g  permi t  
and a n  E I D  a i r  q u a l i t y  p e r m i t .  E I D  s e p t i c  o r  sewage d i s c h a r g e  p e r m i t s ,  
a p e r m i t  f o r  t h e  e s t a b l i s h m e n t  of a p u b l i c  d r i n k i n g  water s y s t e m  and one 
f o r  t h e  o p e r a t i o n  of a food s e r v i c e  apply  only  i f  t h e  f a c i l i t y  p l a n s  
c a l l  f o r  t h e s e  systems.  

4.5 ODerat ions Phase 

The f i n a l  phase of geothermal  commerc ia l iza t ion  a c t i v i t y  is  t h a t  
of o p e r a t i n g  t h e  now e x i s t i n g  f a c i l i t y .  I n  t h i s  phase ,  a l l  p r e v i o u s  
r e g u l a t i o n s  t h a t  a f f e c t  t h e  d a i l y  o p e r a t i o n s  of t h e  f a c i l i t y  remain 
i n  e f f e c t .  \ 

4 .5 .1  Hazardous Waste R e g u l a t i o n s  

The E I D  would be r e q u i r e d  t o  i s s u e  a p e r m i t  f o r  t h e  d i s p o s a l  of 
hazardous wastes, s i n c e  hazardous waste r e g u l a t i o n s  apply  t o  t h e  
t r a n s p o r t a t i o n  and d i s p o s a l  of t h o s e  materials deemed hazardous 
s u b s t a n c e s  by r e g u l a t i o n .  This  waste must b e  d isposed  of only a t  
p e r m i t t e d  waste d i s p o s a l  s i t e s ,  as approved by t h e  E I D .  The removal 
and d i s p o s a l  of s o l i d s  b u i l t  up from a geothermal  o p e r a t i o n ,  'which 
c o n t a i n e d  h i g h l y  t o x i c  c o n c e n t r a t i o n s  of t race e lements ,  would q u a l i f y  
f o r  t h i s  r e g u l a t i o n  (Hannah et a l . ,  1 9 7 9 ) .  

. 
4 . 5 . 2  On-Going Record Keeping and R e p o r t i n g  Requirements -~ --_I-- 

4 . 5 . 2 . 1  - State  and Local  Requirements 

A s  r e p o r t e d  i n  t h e  p r e v i o u s  t h r e e  s e c t i o n s ,  many s t a t e  a g e n c i e s  
have some t y p e  of c o n t i n u i n g  r e s p o n s i b i l i t y  t o  t h e  o p e r a t i o n  of a 
geothermal  f a c i l i t y .  Each agency, by v i r t u r e  of i t ' s  l e g i s l a t i v e  
c h a r t e r ,  c o n t i n u e s  t o  moni tor  t h e  o p e r a t i o n  of a geothermal  f a c i l i t y  
i n  terms of s t a t e  l a n d  l e a s i n g ,  f u n c t i o n i n g  of w e l l s  and groundwater  
d i s c h a r g e s ,  water r i g h t s  and water usage ,  u t i l i t y  ra te  h e a r i n g s  and 
f e e  s t r u c t u r e s ,  t a x a t i o n  of income and c o l l e c t i o n  of g r o s s  r e c e i p t s  
t a x e s ,  a i r  and water q u a l i t y  s t a n d a r d s ,  and the g e n e r a l  o p e r a t i o n  of 
b u s i n e s s  . I n  t h e  p r o c e s s  of c a r r y i n g  out  t h e s e  on-going 
r e s p o n s i b i l i t i e s ,  environmental  impact moni tor ing  d a t a  i s  c o l l e c t e d  
o v e r  t i m e .  No agency, however, h a s  a l e g i s l a t i v e  r e s p o n s i b i l i t y  t o  
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examine, a f t e r  a p e r i o d  of extended f a c i l i t y  o p e r a t i o n ,  t h e  cumula t ive  
e f f e c t s  of t h i s  o p e r a t i o n  on t h e  envi ronmenta l  q u a l i t y ,  o r  t h e  
compara t ive  e f f e c t s  o v e r  t i m e  of t h e  o p e r a t i o n  of s imi l a r  f a c i l i t i e s  
w i t h  o t h e r  t y p e s  of energy consumption. 

4 . 5 . 2 . 2  Federa l  Requirements  

. The Environmental  P r o t e c t i o n  Agency a d m i n i s t e r s  and e n f o r c e s  t h e  
Resource Conserva t ion  and Recovery A c t  (RCRA) i n  New Mexico. S t a t e  and 
f e d e r a l  s o l i d  waste r e g u l a t i o n s  would probably come i n t o  p l a y  only  
d u r i n g  t h e  o p e r a t i o n  phase  of some geothermal  p r o j e c t s  (Hannah et  a l . ,  
1979) .  

4 . 5 . 3  Pathway f o r  O p e r a t i o n  of a Geothermal F a c i l i t y  i n  New Mexico 

F i g u r e  1 7  p r e s e n t s  a t i m e  l i n e  and e v e n t s  c h a r t  of b o t h  t h e  
i n s t i t u t i o n a l  procedures  f o r  o p e r a t i o n  of a geothermal  f a c i l i t y  i n  New 
Mexico and t h e  f e d e r a l  envi ronmenta l  moni tor ing  t h a t  is  mainly executed  
by t h e  complementary s ta te  a g e n c i e s .  

I f  t h e  geothermal  f a c i l i t y  w i l l  accumulate  s o l i d  waste w i t h  h i g h l y  
t o x i c  s u b s t a n c e s ,  t h e  E I D  permi t  f o r  d i s p o s a l  of hazardous  w a s t e  must b e  
s e c u r e d  by t h e  d e v e l o p e r .  A f t e r  t h e  p l a n t  b e g i n s  o p e r a t i o n ,  t h e  d a i l y  
requi rements  of on-going envi ronmenta l  r e s p o n s i b i l i t y  come i n t o  p l a y .  
These d a t a  p r o v i d e  a measure of envi ronmenta l  q u a l i t y  i n  t h e  f a c i l i t y  
o v e r  t i m e ,  even a f t e r  t h e  comple t ion  of a n  E I S ,  i f  r e q u i r e d ,  and a l l  
o t h e r  p e r m i t t i n g  r e s p o n s i b i l i t i e s .  
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CUMULATIVE TTW3 FOR FEDERAL ENVIRONMENTAL MONITORING A C T I V I T I E S  
-31  - 

210 permir. Record keeping 
€or  d i s p o s a l  and r e p o r t i n g  

b a f  hazardous ,requirements f o r :  
waste - - - -  _ _ - _ _  

Months 97 11 98 CONTINUOUS 
- -- 

E I S  complete Federa l  monitoring begins  

State  Engineer 

Publ ic  Se rv ice  
‘Jommission 

Taxation and 
ievenue 
J i v i s i o n  

E I D  

S t a t e  Corporat ior  
Zommi s s i o n  

- -  - - - - _ _ -  

- - - - - - _ _ _  

- -  - - - - - - -  

- - - - - - - - - 

STATE AND LOCAL PROCEDURES 

Months OR MORE CONTINUOUS 

L-_l Agency a c t i o n  
0 Developer a c t i o n  

ope ra t ion  

,, 
Figure  1 7 .  T i m e  l i n e  and events  c h a r t  (adapted from Hannah 

f o r  ope ra t ion  of a geothermal f a c i l i t y  i n  New Mexico under s t a t e  and l o c a l  r e g u l a t i o n s  and 
e t  a1. ,1979) of i n s t i t u t i o n a l  procedures  

f e d e r a l  environmental monitor ing.  
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5 .0  AVAILABLE INFORMATION FOR ASSESSKNG ENVIR.ONMENTAL IMPACTS 
ASSOCIATED W I T H  GEOTHERMAL DEVELOPMENT 

The s i x  c a t e g o r i e s  ( G e o p h y s i c a l ,  Water, A i r ,  N o i s e ,  B i o t a ,  and 
Socioeconomic?)  w i t h i n  t h i s  s e c t i o n  were s e l e c t e d  on t h e  b a s i s  of t h e i r  
common a p p e a r a n c e  i n  Env i ronmen ta l  Asses smen t s  and Envi ronmen ta l  Impact  
S t a t e m e n t s  a s s o c i a t e d  w i t h  g e o t h e r m a l  e n e r g y  p r o j e c t s .  These 
c a t e g o r i e s  were, i n  t h e  o p i n i o n  of t h e  a u t h o r s ,  t h e  a r e a s  most l i k e l y  
t o  be impac ted  by  geo the rma l  development  i n  N e w  Mexico. 

5 .1  Geophysi .ca1 Data 

I n  t h e  case of t h e  g e o p h y s i c a l  d a t a  p r e s e n t e d ,  a c l e a r  d i s t i n c t i o n  
m u s t  b e  made between q u a n t i f i a b l e  d e s c r i p t o r s  used  i n  r e s o u r c e  
e x p l o r a t i o n  and such  r e s o u r c e  d e s c r i p t o r s  u s e d  i n  measu r ing  p o t e n t i a l  
e ' nv i ronmen ta l  e f f e c t s  due  t o  p r o j e c t  deve lopment  ( M a r l i n ,  pers. 
comm., 1 9 7 9 ) .  S t u d i e s  of t h e r m a l  w a t e r s ,  h e a t  f l o w ,  s e d i m e n t a r y  b a s i n s ,  
v o l c a n i c  r o c k ,  v o l c a n i c  a c t i v i t y ,  and f a u l t i n g  s t r u c t u r e s  are a l l  
u t i l i z e d  i n  f i n d i n g  and e v a l u a t i n g  geo the rma l  r e s o u r c e  areas.  P o s s i b l e  
e f f e c t s  a s s o c i a t e d  with development  of g e o t h e r m a l  r e s o u r c e s  i n c l u d e  
seismic a c t i v i t y ,  s u b s i d e n c e  and s o i l  m o d i f i c a t i o n .  These  e f f e c t s  a r e  
c o n s i d e r e d  due t o  t h e i r  p o t e n t i a l  f o r  c a u s i n g  s t r u c t u r a l  damage t o  t h e  
p h y s i c a l  a s p e c t s  of deve lopment  o r  t h e  env i ronmen t .  

5 . 1 . 1  D e s c r i D t i o n  and Measurement 

S e c t i o n s  5 . 1 . 1 . 1  th rough  5 . 1 . 1 . 5  p r e s e n t  a small-scale summary  of 
r e s e a r c h  d a t a  o b t a i n e d  th rough  a number of f u n d i n g  s o u r c e s  ( t h e  N a t i o n a l  
S c i e n c e  F o u n d a t i o n ,  t h e  Un i t ed  S t a t e s  G e o l o g i c a l  S u r v e y ,  t h e  Depar tment  
of Energy ,  t h e  N e w  Mexico Research  and Development Program and t h e  
e f f o r t s  of o v e r  20 r e s e a c h e r s  of  t h r e e  N e w  Mexico U n i v e r s i t i e s ) .  Data 
i n  t h e s e  s e c t i o n s  have  been compiled i n t o  a common se t  unde r  t h e  S t a t e  
of N e w  Mexico/Department  of Energy ,  S t a t e  Coupled Low Tempera tu re  
Resource  Assessment  Program f o r  f u t u r e  p r e s e n t a t i o n  i n  a s t a t e - s p e c i f i c  
1:500,000 scale map series c u r r e n t l y  b e i n g  a s sembled  by  NOAA f o r  DOE 
and t h e  S t a t e  of N e w  Mexico. The NOAA maps and a s s o c i a t e d  r e f e r e n c e  
documents  l i s t  w i l l  be  a v a i l a b l e  f rom NOAA a n d / o r  t h e  NMEI/NMSU i n  1980.  

5 .1 .1 .1  D i s t r i b u t i o n  of Thermal Waters 

The l o g s  of wells d r i l l e d  f o r  water, o i l  and n a t u r a l  g a s  i n  N e w  
Mexico p r o v i d e  d a t a  u s e f u l  i n  t h e  l o c a t i o n  of g e o t h e r m a l  r e s o u r c e  areas.  
F i g u r e  18 shows t h e  d i s t r i b u t i o n  of water, o i l  and n a t u r a l  g a s  w e l l s  
w i t h  abnorma l ly  h i g h  bot tom h o l e  t e m p e r a t u r e s .  T h i s  d a t a  i s  c o l l e c t e d  
by  t h e  Oil and Gas D i v i s i o n  d t h e  Energy and M i n e r a l s  Depar tment  i n  t h e  
p r o c e s s  of d r i l l e r s  complying  w i t h  s t a t e  d r j  l l i n g  r e g u l a t i o n s .  F i g u r e  
19 shows t h e  d i s t r i b u t i o n  of t h e r m a l  w e l l s  and s p r i n g s  i n  r e l a t i o n  t o  
t h e  i d e n t i f i e d  g e o t h e r m a l  s i t e s  i n  N e w  Mexico i n d i c a t i n g  t h e  r a n g e  of 
i n  s i t u  t e m p e r a t u r e s  a t  t h e s e  s i tes .  S i n c e  none of t h e s e  wel l s  were 
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Hydrothermal Sites 

Known Geothermal Resource Area Sites 
0 Therrnai Spring 
OOil & Gas Well 
~ K G R A  

F i g u r e  18. D i s t r i b u t i o n  of water ,  oi .1~ and g a s  we1l.s h a v i n g  nbnornia1l.y 
I i igh bo t tom h o l e  t e m p e r a t u r e s  i n  r e l a t i o n  t o  g e o t h e r m a l  s i t e s  
i n  New Nexico ( C h a t u r v e d i ,  197 9 b ) .  
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d r i l l e d  f o r  t h e  pi r p o s e  of i d e n t i f y i n g  o r  q u a n t i f y i n g  s p e c i f i c  
g e o t h e r m a l  r e s o u r c e  a r e a s ,  t h e y  s e r v e  o n l y  a s  i n d i c a t o r s  of g e o t h e r m a l  
l o c a t i o n s  and may n o t  b e  l o c a t e d  i n  t h e  prime p o r t i o n s  of t h e  g e o t h e r m a l  
r e s o u r c e  a r e a s .  

5 . 1 . 1 . 2  Heat Flow Measurements  ___..-_____---- 

Summarizing t h e  d a t a  of f o u r  r e s e a r c h e r s  from t h e  New Mexico 
I n s ' t i t u t e  of Mining and Technology and New Mexico S t a t e  U n i v e r s i t y ,  
F i g u r e  2 0  p r e s e n t s  h e a t  f l o w  c o n t o u r s  i n  r e l a t i o n  t o  g e o t h e r m a l  s i t e s  
i n  New Mexico. 

5 . 1 . 1 . 3  Deep Sed imen ta ry  B a s i n s  
_____-----_I 

A number of deep  s e d i m e n t a r y  b a s i n s  have  b e e n  mapped w i t h i n  t h e  
s t a t e .  These  d a t a  a re  p r e s e n t e d  i n  F i g u r e  21 .  

5 . 1 . 1 . 4 -  Q u a t e r n a r y  V o l c a n i c  -____ Rocks ,  V o l c a n i c  C e n t e r s ,  -.__- Q u a t e r n a r y  and 
O t h e r  T e r t i a r y  F a u l t s  -- 

A summary of r e s e a r c h  d a t a  showing t h e  l o c a t i o n  of l a t e  Q u a t e r n a r y  
v o l c a n i c  r o c k s  and ma io r  v o l c a n i c  c e n t e r s  and t h e  l o c a t i o n  of Q u a t e r n a r y  
and  o t h e r  T e r t i a r y  f a u l t s  i s  p r e s e n t e d  i n  F i g u r e  2 2 .  

5 .  I .  1 . 5  S e i s i n i c i t v  

In 1'362, a r e g i o n a l  'seismic m o n i t o r i n g  ne twork  was e s t a b l i s h e d  i n  
N e w  Mexico .  P r i o r  t o  t h e  e s t a b l i s h m e n t  of t h i s  n e t w o r k ,  se ismic 
a c t i v i t y  was n o t  measured  p r e c i s e l y ,  b u t  w a s  r e c o r d e d  o n l y  a s  " f e l t "  
e a r t h q u a k e s  ( F i g u r e  2 3 ) .  Data f rom t h i s  p e r i o d  i s  p r o b a b l y  b i a s e d  in 
terms of where  p e o p l e  were l o c a t e d  a t  t h e  time of t h e , s . e i s m i c  a c t i v i t y  
and how " s t r o n g "  a t r e m o r  t h e y  t h o u g h t  t h e y  had f e l t .  

S e i s m i c  . a c t i v i t y  h a s  b e e n  m o n i t o r e d  as p r e c i s e  d a t a  s i n c e  1 9 6 2  
( F i g u r e s  2 4  and 2 5 ) .  T h i s  d a t a ,  however ,  may b e  b i a s e d  by t h e  l o c a t i o n  
of t h e  m o n i t o r i n g  s t a t i o n s .  

5 .  I . l .  6 S u b s i d e n c e  
I 

The E n v i r o n m e n t a l  Overview s t a f f  h a s  b e e n  u n a b l e  t o  l o c a t e  any 
s u b s i d e n c e  b a s e l i n e  d a t a  in N e w  Mexico.  

5 . 1 . 1 . 7  S o i l s  

Soil a s s o c i a t i o n s  and c l a s s i f i c a t i o n  d a t a  i s  a v a i l a b l e  f o r  e v e r y  
N e w  Mexico coun ty  except Luna, Nora ,  p a r t s  of Sandova l  and S o c o r r o .  
Th i s  d a t a  h a s  been  p u b l i s h e d  by e i t h e r  t h e  Soil C o n s e r v a t i o n  Serv ice  
and F o r e s t  S e r v i c e  i n  c o o p e r a t i o n  w i t h  t h e  New Mexico A g r i c u l t u r a l  
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n 
0 

- 3 l i ca  Data Points 

F i g u r e  20 .  I-leat f l o w  contodr map i n  r e l a t i o n  t o  g e o t h e r m a l  s i t e s  i n  
N e w  Mexico (Morgan e t  a l . ,  1 9 7 9 ) .  
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'-' Relatively Deep Basins 

Figure 21. Deep sedimentarq basins relative to major geothermal sites 
in N e w  Xexico (Callender and Swanberg, 1979). 
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Known Geothermal Resource Area Skes./,’ Fault with hachures, KEY cuts late Quaternary deposits. 

, Fault, dashed. Cuts late Pliocene or Pleistocene 
Hachure on downthrown block 

,*I ’  deposrts (about 1-4 m y old) Ball and bar on  
downthrown block 

------ -- . . - -  .....- - - 
/ Fault solid line A continuation of one of the above 

where clear evidence of later movement IS not 
present 

/’ 

All faults dotted where concealed or covered 

Anticlinal and synclinal post-Tertiary warps based 
A on preliminary structure contours on top of 
2 Ogallala Formation in east-central part of state 
r-. , Quaternary volcanlc rocks ( 4 m y old) dots 

,- 
,-” 

’-J indicate volcanic centers 

F i g u r e  2 2 .  Loca t ion  of  l a t e  Qua te rna ry  v o l c a n i c  r o c k s ,  f a u l t s  and major 
v o l c a n i c  c e n t e r s  i n  r e l a t i o n  t o  geo the rma l  s i t e s  i n  N e w  
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F i g u r e  23 .  S e i s m i c  a c t i v i t y  ( " f e l t  e a r t h q u a k e s " )  p r i o r  t o  t h e  
i n s t a l l a t i o n  of  a r e g i o n a l  seismic m o n i t o r i n g  n e t w o r k  
i n  1 9 6 2  i n  r e l a t i o n  t o  g e o t h e r m a l  s i t e s  i n  New Mexico 
( S a n f o r d ,  1979b). 
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F i g u r e  2 4 .  Recorded seismic a c t i v i t y  be tween  1 9 6 2  and 1 9 6 7  i n  r e l a t i o n  
to g e o t h e r m a l  sites i n  New bIexico (Sanford, 1979b). 
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.. 
F i g u r e  25 .  Recorded  s e i s m i c  a c t i v i t y  be tween 1 9 7 8  and 1977 i n  r e l a t i o n  

t o  g e o t h e r m a l  s i t e s  i n  New Mexico ( S a n f o r d ,  1979b). 

84  



I n  

P 
I \ 

U 

Exper imen t  S t a t i o n  o r  by t h e  A g r i c u l t u r a l  Expe r imen t  S t a t i o n  i t s e l f .  

The S o i l  C o n s e r v a t i o n  S e r v i c e  and F o r e s t  S e r v i c e  r e p o r t s  a re  
comprehens ive  i n  n a t u r e ,  i n c l u d i n g  a g e n e r a l  s o i l  map, a d e s c r i p t i o n  of 
t h e  s o i l ,  u s e  and management of  t h e  s o i l ,  f o r m a t i o n  and c l a s s i € i c a t i o n  
of  t h e  s o i l s . ,  and t h e  g e n e r a l  n a t u r e  of a c o u n t y .  t4apping f o r  t h e s e  
r e p o r t s  were e x e c u t e d  a t  two i n t e n s i t i e s ,  h i g h  and low.  The h i g h  
i n t e n s i t y  areas were mapped i n  c o n s i d e r a b l e  d e t a i l .  Low i n t e n s i t y  
s u r v e y s ,  ma in ly  r a n g e l a n d ,  h a s  less d e t a i l e d  mapping .  The c o u n t y  
r e p o r t s  i n d i c a t e  t h e  l e v e l  o f  i n t e n s i t y  used  €or any p a r c e l  of l a n d  
w i t h i n  t h e  c o u n t y .  SCS r e p o r t s  a r e  a v a i l a b l e  f o r  t h e  f o l l o w i n g  c o u n t i e s  
and  a reas  ( s e e  F i g u r e  2 6 ) :  B e r n a l i l l o  Coun ty ,  B l u e w a t e r  Area, Cabezon 
A r e a ,  Cur ry  County,  Eddy A r e a ,  H i d a l g o  County ,  Hard ing  Coun ty ,  Lea 
Coun ty ,  Mescalero-Apache A r e a ,  Quay County ( N o r t h  and Sou thwes t  . 4 reas )  , 
R o o s e v e l t  County ,  S a n t a  Fe Coun ty ,  T o r r a n c e  County and t h e  Zuni  N o u a t a i n  
Area. 

The New Mexico A g r i c u l t u r a l  Expe r imen t  S t  a t i o n  r e p o r t s  a r e  less  
c o m p r e h e n s i v e ,  s u i t e d  t o  a p p r a i s i n g  l and  € o r  i r r i g a t i o n ,  and t o  a lesser  
e x t e n t ,  t o  p r e l i m i n a r y  p l a n n i n g  f o r  f o r e s t r y ,  r a n g e ,  u r b a n ,  e n g i n e e r i n g ,  
r e c r e a t i o n  and w i l d l i f e  u s e s .  AES r e p o r t s  are a v a i l a b l e  f o r  t h e  
f o l l o w i n g  c o u n t i e s  ( s e e  F i g u r e  2 7 ) :  C a t r o n ,  Chaves ,  C o l f a x ,  C u r r y ,  
DeBaca, Dona Ana, Eddy, G r a n t ,  Guadaupe,  H i d a l g o ,  Lea ,  L i n c o l n ,  Los 
Alamos,  McKinley,  O t e r o ,  Q u a y ,  R i o  A r r i b a ,  R o o s e v e l t ,  S a n d o v a l ,  San  
J u a n ,  San M i g u e l ,  S a n t a  Fe,  S i e r r a ,  Taos ,  T o r r a n c e ,  Union and V a l e n i c a .  

5 . 1 . 2  C u r r e n t  F i o n i t o r i n g  A c t i v i t i e s  

5 . 1 . 2 . 1  Thermal  W a t e r s ,  Heat Flow,  Sed imen ta ry  R a s i n s ,  Q u a t e r n a r y  -__- ~ ___--- -___ 
S t r u c t u r e s  and F a u l t s .  and S e i s m i c i t v  

Thermal  w a t e r s  d a t a  w i l l  c o n t i n u e  t o  b e  c o l l e c t e d  on new w e l l  s i t e s  
t h r o u g h  t h e  on-going r e g u l a t o r y  a c t i v i t i e s  o f  t h e  Oil and  Gas Division 
of the Energy and N i n e r a l s  Department  and t h e  S t a t e  E n g i n e e r ' s  O f E i c e .  
Through September  1980, a t  l e a s t ,  t h e  S t a t e  Coupled Low T e m p e r a t u r e  
Geo the rma l  Resource  Assessment  I Program w i l l  p r o v i d e  a d d i t i o n a l  d a t a  on 
t h e s e  wel l s .  Fleat f l o w  d a t a ,  b a s i c  g e o l o g i c a l  d a t a  i n  p o t e n t i a l  
g e o t h e r m a l  s i t e s  and d a t a  on s e i s m i c , . ' a c t i v i t y  i n  t h e  s t a t e  w i l l  also 
c o n t i n u e  t o  b e  d e v e l o p e d  t h r o u g h  t h e  N e w  M'exico Bureau of Mines and t h e  
f a c u l t i e s  of t h e  t h r e e  m a j o r  u n i v e r s i t e s - - T h e  U n i v e r s i t y  of New 
p lex ico ,  New Hex ico  I n s t i t u t e  of Mining  and T e c h n o l o g y ,  and N e w  X e x i c o  
S t a t e  U n i v e r s i t y .  Much of t h i s  d a t a ,  however ,  w i l l  n o t  b e  s p e c i f i c  t o  
a n  i n d i v i d u a l  g e o t h e r m a l  r e s o u r c e  a r e a .  S p e c i f i c  g e o p h y s i c a l  d a t a  i s  
a v a i l a b l e  on t h e  Baca #l KGRA (Baca EIS, 1 9 7 9 )  and some m o n i t o r i n g  f o r  
g e o p h y s i c a l  c h a n g e s  s t i m u l a t e d  by g e o t h e r m a l  d e v e l o p m e n t ,  i f  a n y ,  w i l l  
o c c u r  a t  t h i s  s i t e .  

5 .l. 2.2 Sub s i d e n c e  ____- 
T h e r e  i s  no g e n e r a l  program f o r  m o n i t o r i n g  s u b s i d e n c e  a c t i v i t i e s  

t h a t  c a n  y i e l d  e i t h e r  b a s e l i n e  d a t a  o r  d a t a  on changes  o v e r  t i m e  i n  t h e  
pub 1i.c domain.  
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F i g u r e  2 6 .  A v a i l a b i l i t y  of  s o i l  c l a s s i f i c a t i o n  d a t a  Eroin t h e  S o i l  
Conse rva t ion  S e r v i c e  and F o r e s t  S e r v i c e  i n  r e l a t i o n  t o  
geothermal s i t e s  i n  New ? k x i c o .  
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Figure 27. Availability O C  soil classification d,ita from the New Mexico 

Agricultural Experiment Station in relation to geothermal 
sites in New Plexico. 
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5 . 1 . 2 . 3  S o i l s  -- 

C o n t i n u i n g  programs of t h e  S o i l  C o n s e r v a t i o n  S e r v i c e ,  t h e  F o r e s t  
S e r v i c e  and t h e  N e w  Mexico A g r i c u l t u r a l  Exper iment  S t a t i o n  w i l l  p r o v i d e  
a d d i t i o n a l  d a t a  a b o u t  s o i l s  and  s o i l s  c l a s s i f i c a t i o n .  

5 . 1 . 3  Accuracy of B a s e l i n e  .__ Data  ----- 

Although t h e  q u a l i t y  of g e o p h y s i c a l  d a t a  i s  e x c e l l e n t  ( w i t h  t h e  
e x c e p t i o n  of s u b s i d e n c e  d a t a ) ,  i t  i s ,  f o r  t h e  inost p a r t ,  of a g e n e r a l  
n a t u r e .  Data  on t h e r m a l  wel ls  i s  s p e c i f i c  t o  g i v e n  w e l l s ,  b u t  t h e  w e l l s  
may n o t  b e  a t  optimum l o c a t i o n s  w i t h i n  a g e o t h e r m a l  r e s o u r c e  a rea .  
A v a i l a b l e  d a t a  on h e a t  f l o w ,  s e d i m e n t a r y  b a s i n s ,  Q u a t e r n a r y  s t r u c t u r e s  
and f a u l t s  and s e i s m i c i t y  a r e  u s e f u l  i n  l o c a t i n g  p o t e n t i a l  g e o t h e r m a l  
a r e a s ,  b u t  t h e  d a t a  i s  i n s u f f i c i e n t  t o  d e t e r m i n e  w e l l  p l a c e m e n t s  and  
p o t e n t i a l  e n v i r o n m e n t a l  i m p a c t s .  T h i s  i s  p a r t i c u l a r l y  t r u e  w i t h  seismic 
d a t a  which may b e  b i a s e d  t o  t h e  l o c a t i o n  of m o n i t o r i n g  s t a t i o n s .  ,One 
must o b t a i n  i n f o r m a t i o n  t h r o u g h  s i t e - s p e c i f  i c  f i e l d  work u s i n g  t es t  
wel l s  t o  d e t e r m i n e  t h e  c h e m i c a l  c o m p o s i t i o n ,  t e m p e r a t u r e  and q u a n t i t y  of 
g e o t h e r m a l  waters a t  t h e  a n t i c i p a t e d  p r o d u c t i o n  w e l l  d e p t h  i n  o r d e r  t o  
d e t e r m i n e  t h e  e n v i r o n m e n t a l  i m p a c t  of a n  i n d i v i d u a l  geothermal  
a p p l i c a t i o n  i n  a p a r t i c u l a r  g e o t h e r m a l  r e s e r v o i r .  T h i s  s p e c i f i c  d a t a  i s  
n e c e s s a r y  t o  p r e d i c t  t h e  impac t  on a i r  and water q u a l i t y ,  and would b e  
c o l l e c t e d  i n  t h e  p r o c e s s  of  e x p l o r a t i o n  and deve lopmen t .  I f  
s u b s i d e n c e  i s  assumed t o  b e  a p o t e n t i a l l y  s i g n i f i c a n t  e n v i r o n m e n t a l  
i s s u e ,  t h e n  b a s e l i n e  s u b s i d e n c e  d a t a  c o l l e c t i o n  and c o n t i n u o u s  
m o n i t o r i n g  a r e  r e q u i r e d  € o r  d e c i s i o n - m a k i n g .  

The s o i l s  d a t a  are  by f a r  t h e  most c o m p l e t e .  I n  a r e a s  of t h e  s t a t e  
where  o n l y  a n  A g r i c u l t u r a l  Expe r imen t  S t a t i o n  r e p o r t  i s  a v a i l a b l e ,  i t  
may b e  n e c e s s a r y  t o  c a r r y  o u t  more d e t a i l e d  s o i l  s u r v e y s  on t h e  
s p e c i f i c a t i o n  l o c a t i o n s  which  a re  i n v o l v e d  i n  a new g e o t h e r m a l  
deve lopmen t .  In areas of t h e  s t a t e  where  a S o i l  C o n s e r v a t i o n  S e r v i c e  
s u r v e y  h a s  b e e n  c o m p l e t e d ,  t h e r e  i s  p r o b a b l y  s u f f i c i e n t  d a t a  a v a i l a b l e  
f o r  d e t e r m i n i n g  optimum w e l l  and p l a n t  s i t e s ,  r o a d s  and t r a n s p o r t a t i o n  
c o r r i d o r s .  

5 . 2  Water  Data 

The  d a t a  and o t h e r  i n f o r m a t i o n  f o r  t h i s  s e c t i o n  i s  t a k e n  l a r g e l y  
f rom f o u r  documents :  New Mexico Water R e s o u r c e s  Assessment  f o r  
P l a n n i n g  P u r p o s e s ,  ( S t a t e  of N e w  Mexico ,  1976)  ; 1372 Mater R e s o u r c e s  
Data f o r  New Mexico ,  Par t  1 ,  S u r f a c e  Water  Records  (USGS, 1 9 7 4 ) ;  1972 
Water R e s o u r c e s  Data  f o r  New Mexico,  P a r t  2 ,  Water Q u a l i t y  Records  
(USGS, 1 9 7 5 ) ;  and Geo the rma l  Data  froin New Mexico Geothermal  Waters  
(Swanberg ,  1 9 7 8 b ) .  T h e s e  documents  w i l l  b e  quo ted  f r e e l y .  

New Mexico i s  a w a t e r - d e f i c i e n t  a r e a  w i t h  r e s p e c t  t o  t h e  
a v a i l a b i l i t y  of f r e s h w a t e r  t o  m a i n t a i n  p r e s e n t  i r r i g a t e d  a g r i c u l t u r e  and 
t o  meet o t h e r  p r o j e c t e d  n e e d s .  Except f o r  small q u a n t i t i e s  of a v a i l a b l e  



1 

:o 

i 
!I 
I Q  

ig 
l Q  

undeveloped s u r f a c e  water s u p p l i e s  i n  t h e  L o w e r  Colorado and 
Arkansas-White-Red R ive r  systems and t h e  a lmos t  f u l l y  committed b u t  n o t  
y e t  used s u p p l i e s  of t h e  Upper Colorado Bas in ,  t h e  s u r f a c e  supp ly  i s  
f u l l y  a p p r o p r i a t e d  and is b e i n g  used b e n e f i c i a l l y  w i t h i n  t h e  terms of  
i n t e r n a t i o n a l  t r e a t i e s ,  i n t e r s t a t e  compacts,  c o u r t  d e c r e e s ,  and s t a t e  
l a w s .  

Mew Mexico r e c e i v e s  as p r e c i p i t a t i o n ,  i n  t h e  form of r a i n  and snow, 
a n  e s t i m a t e d  85 m i l l i o n  a c r e - f e e t  of water each y e a r  from which abou t  
t h r e e  m i l l i o n  a c r e - f e e t  i s  r e a l i z e d  as runof f  i n  streams. The remaining 
82 m i l l i o n  a c r e - f e e t  r e t u r n s  t o  t h e  atmosphere th rough  e v a p o r a t i o n  and 
t r a n s p i r a t i o n  by v e g e t a t i o n  o r  p e r c o l a t e s  i n t o  t h e  e a r t h  as r e c h a r g e  t o  
underground a q u i f e r s  which do no t  d i s c h a r g e  d i r e c t l y  t o  streams i n  New 
Mexico. About one m i l l i o n  a c r e - f e e t  o u t  of t h r e e  m i l l i o n  a c r e - f e e t  of 
runof f  is  a l s o  l o s t  t o  n o n - b e n e f i c i a l  e v a p o t r a n s p i r a t i o n .  

New Mexico receives water from upstream s t a t e s ,  mos t ly  from 
Colorado v i a  the San J u a n  R i v e r  and t h e  Rio Grande. Commitments t o  
downstream s ta tes  unde r  e x i s t i n g  i n t e r s t a t e  compacts and c o u r t  d e c r e e s  
r e q u i r e  apport ionment  of water t o  t h o s e  s ta tes .  When N e w  Mexico h a s  
f u l l y  developed i t s  s u r f a c e  water r e s o u r c e s ,  w i t h i n  t h e  a l l o w a n c e s  of 
i n t e r s t a t e  compacts and c o u r t  d e c r e e s ,  r i v e r  o u t f l o w  w i l l  app rox ima te  
r i v e r  i n f l o w  and t h e  s t a t e  w i l l  b e  u s i n g  about  t h e  amount of s t r eamf low 
t h a t  i t  p roduces .  

I n  a d d i t i o n  t o  t h e  s u r f a c e  water s u p p l i e s ,  New Mexico i s  f o r t u n a t e  
t o  p o s s e s s  l a r g e  q u a n t i t i e s  of water i n  underground s t o r a g e .  The 
magnitude of t h i s  supp ly  i s  e s t i m a t e d  by t h e  G e o l o g i c a l  Survey t o  be 
some 20 b i l l i o n  a c r e - f e e t ,  w i t h  abou t  one -qua r t e r  b e i n g  f r e s h  o r  o n l y  
s l i g h t l y  s a l i n e .  It i s  e s t i m a t e d  t h a t  about  t h r e e  b i l l i o n  a c r e - f e e t  of 
f r e s h w a t e r  and 1 . 4  b i l l i o n  a c r e - f e e t  of s l i g h t l y  s a l i n e  water would b e  
r e c o v e r a b l e .  

I n  some areas of t h e  s t a t e  where groundwater  of good q u a l i t y  c a n  b e  
economica l ly  o b t a i n e d ,  development and use have been underway for 
s e v e r a l  decades .  The d r a f t  on the supp ly  i n  many areas where 
s i g n i f i c a n t  development has  o c c u r r e d ,  exceeds  r e c h a r g e ;  c o n s e q u e h t l y ,  
groundwater  levels are d e c l i n i n g .  There are no d a t a  on s u b s i d e n c e  
a s s o c i a t e d  w i t h  t h i s  d e c l i n e .  

G e n e r a l l y ,  s u r f a c e  r u n o f f  and groundwater  d i s c h a r g e  from the  h i g h  
mountains  are of e x c e l l e n t  q u a l i t y ,  due t o  t h e  n a t u r e  of t h e  g e o l o g i c  
f o r m a t i o n s  p r e s e n t .  Water o r i g i n a t i n g  from lower areas, f r e q u e n t l y ,  i s  
of a lesser q u a l i t y ,  due  t o  p r e s e n c e  of more r e a d i l y  s o l u b l e  minerals.  
A s  good q u a l i t y  water f lows  downstream i t  i s  s u b j e c t e d  t o  d e g r a d a t i o n  by 
u s e  and co-mingling w i t h  o t h e r  waters c o n t a i n i n g  s u b s t a n t i a l  q u a n t i t i e s  
of d i s s o l v e d  s o l i d s  a c q u i r e d  th rough  n a t u r a l  p r o c e s s e s  and u s e s  by man. 
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5 . 2 . 1  D e s c r i p t i o n  and t leasurement 

5 . 2 . 1 . 1  General  

The S t a t e  of New Mexico i s  d i v i d e d  t o p o g r a p h i c a l l y  i n t o  f i v e  major  
sur face-water  d r a i n a g e  b a s i n s ,  as d e s i g n a t e d  by t h e  Water Resources  
Counci l .  I n  a d d i t i o n ,  t h e  Pecos River Bas in  i s  s e p a r a t e d  from t h e  
b a l a n c e  of t h e  Rio Grande Basin s i n c e  t h e  d r a i n a g e s  do n o t  combine 
w i t h i n  New Mexico, t h u s  d e f i n i n g  a s i x t h  b a s i n .  

Under a u t h o r i t y  of t h e  groundwater code,  t h e  S t a t e  Engineer  assumes 
j u r i s d i c t i o n  o v e r  t h e  a p p r o p r i a t i o n  and u s e  of groundwater  i n  a n  area 
when boundar ies  are reasonably  a s c e r t a i n a b l e  and management c o n t r o l  o v e r  
t h e  area i s  deemed n e c e s s a r y ,  and h e  so  proc la ims .  A s  of March 1976, 25 
such b a s i n s  have been proclaimed o r  d e c l a r e d .  These b a s i n s  embrace more 
t h a n  58% of t h e  t o t a l  s t a t e  area. The l o c a t i o n  and names of t h e  b a s i n s  
are shown on F i g u r e  28. F u r t h e r  water development i n  a d e c l a r e d  
underground w a t e r  b a s i n  i s  s u b j e c t  t o  a S t a t e  E n g i n e e r ' s  r u l i n g  t h a t  
unappropr ia ted  water is  a v a i l a b l e  and new a p p r o p r i a t i o n s  w i l l  n o t  
i m p a i r  e x i s t i n g  r i g h t s .  

Groundwater d e p l e t i o n s  f o r  a l l  purposes  i n c r e a s e d  f rom less  t h a n  
h a l f  a m i l l i o n  a c r e - f e e t  i n  1940 t o  more t h a n  a m i l l i o n  a c r e - f e e t  i n  
1970. N o t  a l l  groundwater  i s  p h y s i c a l l y  and economical ly  e x t r a c t a b l e .  
E x t e n s i v e  s t u d i e s  w i l l  b e  r e q u i r e d  t o  d e t e r m i n e  t h e  q u a n t i t y  and q u a l i t y  
of a l l  groundwater  s u p p l i e s .  The areas t h a t  have b e e n  s t u d i e d ,  and t h e  
r e p o r t s  prepared  t h e r e o n  are shown i n  F i g u r e  29. A b i b l i o g r a p h y  of 
t h e s e  r e p o r t s  i s  a v a i l a b l e  i n  t h e  New Mexico S t a t e  Engineers  O f f i c e .  

5 .2 .1 .2  Q u a n t i t y  of Water 

One of t h e  most a p p a r e n t  f e a t u r e s  of New Mexico's water supply  i s  
t h e  unevenness  of i t s  d i s t r i b u t i o n .  

Long-term s t reamflow r e c o r d s  show t h a t  New Mexico r e c e i v e s  a n  
annual  water supply  of a b o u t  5 .7  m i l l i o n  a c r e - f e e t .  P r e c i p i t a t i o n  
w i t h i n  t h e  s t a t e  a c c o u n t s  f o r  about  3 . 3  m i l l i o n  a c r e - f e e t ;  and about  2.4 
m i l l i o n  acre-feet are r e c e i v e d  as s t reamflow from o t h e r  s t a t e s ,  most ly  
from Colorado v i a  t h e  San J u a n  River and t h e  Rio Grande. New Mexico 
d e p l e t e s  about  2 . 3  m i l l i o n  a c r e - f e e t  of s u r f a c e  water a n n u a l l y ,  and 
about  3 . 4  m i l l i o n  a c r e - f e e t  are d i s c h a r g e d  each year t o  downstream 
s t a t e s .  

Water u s e s  depending on s u r f a c e  w a t e r  are assumed t o  have 
e s s e n t i a l l y  a f u l l  supply  i n  1970. T h e r e f o r e ,  1970 d e p l e t i o n s  from 
s u r f a c e  s u p p l i e s  p l u s  s m a l l  amounts y e t  undeveloped i n  t h e  Lower 
Colorado and Arkansas-White-Red B a s i n s ,  and t h e  committed b u t  y e t  unused 
s u p p l i e s  from t h e  Upper Colorado Basin are assumed t o  make up t h e  
s u r f a c e  water supply c u r r e n t l y  a v a i l a b l e  f o r  u s e  i n  t h e  s t a t e  under  
e x i s t i n g  compacts,  t reat ies ,  and c o u r t  d e c r e e s .  
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Known Geothermal Resource Area Sites 
KEY 

QUANTITATIVE a QUALITATIVE 
0 RECONNAISSANCE 

F i g u r e  2 9 .  L o c a t i o n s  of  ground'water s t u d i e s  i n  1 9 7 3 ,  d i v i d e d  i n t o  
q u a n t i t a t i v e ,  q u a l i t a t i v e  and r e c o n n o i s s a n c e  work ( S t a t e  
of New Mexico, 1 9 7 6 ) .  
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S u r f a c e  water s u r p l u s e s  i n  1970 i n c l u d e  small  amounts  of 
undeve loped  water i n  t h e  L i t t l e  Co lo rado  and Arkansas  R i v e r  s y s t e m s  and 
a c o n s i d e r a b l e  amount of t h e  water i n  t h e  San  J u a n  R i v e r ,  which i s  
a l m o s t  e n t i r e l y  a l l o c a t e d  t o  a u t h o r i z e d  p r o j e c t s .  The San  Juan-Chama 
P r o j e c t  w i l l  d i v e r t  a n  a v e r a g e  of 110 ,000  a c r e - f e e t  of w a t e r  each  y e a r  
f rom t h e  Upper Co lo rado  R i v e r  B a s i n  i n t o  t h e  R i o  Grande  B a s i n .  A l a r g e  
p a r t  of t h e  s u p p l y  i s  b e i n g  d i v e r t e d  a t  t h e  p r e s e n t  t i m e .  I n i t i a l  
d e l i v e r y  of water w a s  made i n  March 1 9 7 1 .  O t h e r  a u t h o r i z e d  p r o j e c t s  
a r e  t h e  Navajo  I n d i a n  I r r i g a t i o n ,  Animas-La P l a t a ,  and  Hammond P r o j e c t s .  

F i g u r e  30 i n d i c a t e s  g r a p h i c a l l y  t h e  a v e r a g e  d i s c h a r g e  of  most  o f  
t h e  streams w i t h  a p p r e c i a b l e  d i s c h a r g e .  T h i s  map a l s o  shows t h e  volume 
of a n n u a l  r u n o f f  d u r i n g  t h e  p e r i o d  1951-1970. It s h o u l d  b e  n o t e d  t h a t ,  
a l t h o u g h  l i n e s  of e q u a l  r u n o f f  have  b e e n  e x t e n d e d  t o  a l l  p a r t s  of t h e  
s t a t e ,  a v e r a g e  r u n o f f  i s  p o o r l y  d e f i n e d  i n  areas where s t r e a m f l o w  d a t a  
a re  scarce o r  u n a v a i l a b l e .  The a v e r a g e  a n n u a l  d i s c h a r g e  i n  a c r e - f e e t ,  
i s  t h e  mean of t h e  a n n u a l  d i s c h a r g e s  p u b l i s h e d  d u r i n g  t h e  1951-1970 
w a t e r - y e a r  p e r i o d .  The a v e r a g e  a n n u a l  d i s c h a r g e ,  i n  i n c h e s ,  i n d i c a t e s  
t h e  r e l a t i v e  p r o d u c t i v i t y  of e a c h  c o n t r i b u t i n g  d r a i n a g e  b a s i n .  

I n  most  of t h e  ma jo r  d r a i n a g e  b a s i n s  of t h e  S t a t e ,  a c l o s e  
r e l a t i o n s h i p  be tween g roundwate r  and s u r f a c e  water e x i s t s ;  a change  
i n  r eg ime  of e i t h e r  w i l l  g e n e r a l l y  a f f e c t  t h e  o t h e r .  However, t h e  
e f f e c t  of pumping on t h e  s u r f a c e  s u p p l y  depends  on how n e a r  a w e l l  i s  t o  
t h e  r i v e r ,  t h e  t ime s i n c e  pumping s t a r t e d ,  and t h e  a q u i f e r  c o e f f i c i e n t s .  
A t  t h e  p r e s e n t  t i m e ,  most s t r e a m - c o n n e c t e d  g roundwate r  a q u i f e r s  a r e  
a d m i n i s t e r e d  by t h e  S t a t e  E n g i n e e r .  The t o t a l  water r e s o u r c e  i s  
t h e r e f o r e  c o n j u n c t i v e l y  managed t o  p r o v i d e  optimum u s e .  

I n  a d d i t i o n  t o  f l o w  i n  r i v e r s ,  a b o u t  4 . 4  b i l l i o n  a c r e - f e e t  of 
r e c o v e r a b l e  f r e s h  and s l i g h t l y  s n l i n e  g roundwate r  i s  e s t i m a t e d  t o  b e  
p r e s e n t  in underg round  s t o r a g e .  About t h r e e  b i l l i o n  a c r e - f e e t  of t h i s  
w a t e r  i n  s t o r a g e  i s  f r e s h  and may be  iised wi tho i i t  t r e a t m e n t  f o r  many 
p u r p o s e s .  

Groundwate r  i s  h e a v i l y  pumped i n  i n t e r m o n t a n e  basins a l o n g  t h e  Rio 
Grande ,  i n  t h e  Roswel l  and C a r l s b a d  areas of t h e  Pecos  V a l l e y ,  and in 
t h e  High P l a i n s  a r e a  of ea s t e rn  N e w  Mexico.  In many deve loped  a r e a s  
g r o u n d w a t e r  is-. b e i n g  mihed ,  and as a' r e s u l t  t h e r e  i s  a d e c l i n e  i n  water 
t a b  l e  l e v e l s .  

T h e r e  dre  l a r g e  q u a n t i t i e s  of f r e s h  g r o u n d w a t e r  a v a i l a b l e  f o r  
deve lopment  i n  s e v e r a l  of t h e  h;ainage b a s i n s .  The t h i c k e s t  known 
a q u i f e r  i s  i n  t h e  u n c o n s o l i d a t e d  s a n d  and g r a v e l  w i t h i n  t h e  v a l l e y  of 
t h e  R io  Grande .  However, in most  cases t h e s e  g roundwate r  s u p p l i e s  a re  
s t r eam-connec ted ;  t h e i r  deve lopmen t  would a f f e c t  s u r f a c e  s u p p l y .  I n  
some areas of t h e  s t a t e ,  i t  i s  d i f f i c u l t  t o  d e v e l o p  s u i t a b l e  s u p p l i e s  o f  
f r e s h  g r o u n d w a t e r  s i n c e  t h e  a q u i f e r s  a r e  of low t r a n s m i s s i v i t y  and  y i e l d  
l i t t l e  water t o  wel l s .  

S a l i n e  g roundwate r  o c c u r s  t h r o u g h o u t  t h e  s t a t e - - g e n e r a l  l y  a t  
g r e a t e r  d e p t h s  t h a n  f r e s h w a t e r .  S a l i n i t y  commonly i n c r e a s e s  w i t h  d e p t h  
h e n e a t h  t h e  l a n d  s u r f a c e .  
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A s  demands f o r  water i n c r e a s e ,  t h e  s h a l l o w e r  f r e s h w a t e r  a q u i f e r s  i n  
most areas w i l l  no t  b e  a b l e  t o  supp ly  t h e  demand, and i t  may become 
necessary t o  u t i l i z e  s a l i n e  water. A s  d e s a l i n a t i o n  p r o c e s s e s  become 
more advanced, and r e l a t i v e l y  more economical ,  s a l i n e  groundwater  w i l l  
b e  r ecogn ized  as a v a l u a b l e  p a r t  of t h e  t o t a l  water r e s o u r c e s  i n  N e w  
Mexico. 

5 .2 .1 .3  Q u a l i t y  of Water 

5.2.1.3.1 S u r f a c e  and Groundwaters 

Another  c h a r a c t e r i s t i c  of t h e  New Mexico water s u p p l y  i s  t h e  wide 
v a r i a b i l i t y  i n  chemical  q u a l i t y  found o v e r  t h e  s t a t e .  According t o  t h e  
New Mexico Water Q u a l i t y  Commission R e p o r t ,  e x i s t i n g  strean q u a l i t y  
r a n g e s  from n e a r l y  p r i s t i n e  i n  mountain streams t o  h i g h l y  t u r b i d  and 
s a l i n e  i n  t h e  lower stream r e a c h e s .  Most of t h e s e  changes are 
a t t r i b u t a b l e  t o  n a t u r a l  c a u s e s  and t h e  normal d e g r a d a t i o n  as a r e s u l t  of 
consumptive u s e .  Throughout New Mexico, l i m i t e d  s t r eamf low i s  a v a i l a b l e  
f o r  d i l u t i o n  and a s s i m i l a t i o n  of wastewater, i n c r e a s i n g  t h e  need f o r  
waste water t r e a t m e n t ,  p r o p e r  d i s i n f e c t i o n ,  and i n  some r e a c h e s  removal 
of a l g a l  s t i m u l a n t s  such as n i t r o g e n  and phosphorous.  Groundwater a l s o  
var ies  r e g i o n a l l y  i n  q u a l i t y .  I n  some areas of t h e  s ta te ,  groundwater  
which does  n o t  meet t h e  q u a l i t y  p r e s c r i b e d  by p u b l i c  h e a l t h  d r i n k i n g  
water s t a n d a r d s  and N a t i o n a l  Academy of S c i e n c e  Criteria is  used b e c a u s e  
i t  is  t h e  o n l y  water a v a i l a b l e .  I n  acco rdance  w i t h  F e d e r a l  Water 
P o l l u t i o n  A c t  ( P u b l i c  Law 92-500), water q u a l i t y  s t a n d a r d s  des igned  t o  
p r o t e c t  t h e  e x i s t i n g  q u a l i t y  of a l l  p e r e n n i a l  r e a c h e s  of streams were 
adop ted  i n  August 1973. 

F r e s h w a t e r  i s  d e f i n e d  as  water t h a t  c o n t a i n s  less t h a n  1 ,000  mg/l  
of d i s s o l v e d  s o l i d s .  However, t h i s  d e f i n i t i o n  does no t  n e c e s s a r i l y  
d e t e r m i n e  t h e  s u i t a b i l i t y  of such water f o r  human consumption. The 
f o l l o w i n g  s t a n d a r d s  and t o l e r a n c e s  are  g e n e r a l l y  accepted f o r  water that 
is used for the v a r i o u s  p u r p o s e s  d e s c r i b e d .  

\ 

S l i g h t l y  s a l i n e  groundwater  is used f o r  d r i n k i n g ,  i r r i g a t i o n ,  and 
i n d u s t r i a l  pu rposes  i n  t h o s e  p a r t s  of t h e  s t a t e  where water of a b e t t e r  
q u a l i t y  is  n o t  a v a i l a b l e  l o c a l l y  o r  is i n  s h o r t  s u p p l y .  S l i g h t l y  
s a l i n e  water is d e f i n e d  as water c o n t a i n i n g  from 1,000 t o  3,000 mg/l  
of d i s s o l v e d  s o l i d s .  

Water used f o r  human consumption s h o u l d  n o t  on ly  be  chemica l ly  and 
b i o l o g i c a l l y  s a f e  b u t  shou ld  a l s o  h e  f r e e  of u n d e s i r a b l e  p h y s i c a l  
p r o p e r t i e s  such as c o l o r  and tas te .  L i s t e d  below are  a few of t h e  
recommended d r i n k i n g  water s t a n d a r d s  e s t a b l i s h e d  by t h e  U.S. P u b l i c  
H e a l t h  S e r v i c e  i n  1962. 
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Subs tance  C o n c e n t r a t i o n  (mg /1) 

C h l o r i d e  (C1)  25 0 

S u l f a t e  (SO ) 25 0 

T o t a l  d i s s o l v e d  s o l i d s  (TDS) 5 00 

4 

T h e r e  have been  no obvious d e t r i m e n t a l  e f f e c t s  on p u b l i c  h e a l t h  i n  
areas where water s u p p l i e s  b e i n g  used do not  meet t h e  above s t a n d a r d s .  
Many o t h e r  t o x i c  s u b s t a n c e s  a f f e c t  water q u a l i t y .  G e n e r a l l y ,  
i n f o r m a t i o n  on t h e s e  s u b s t a n c e s  i s  a v a i l a b l e  i n  a p p r o p r i a t e  
p u b l i c a t i o n s .  The r e c e n t l y  enac ted  F e d e r a l  S a f e  Drinking Water A c t  of 
1974 ( P u b l i c  Law 93-523) may p r o v i d e  some a d d i t i o n a l  s a f e g u a r d s  f o r  
p u b l i c  d r i n k i n g  water. 

It i s  n o t  p o s s i b l e  t o  set a d e f i n i t e  maximum h a r d n e s s  s t a n d a r d  f o r  
p u b l i c  water s u p p l i e s  because  o b j e c t i o n s  depend on what t h e  consumer h a s  
become accustomed t o  and t o  economic c o n s i d e r a t i o n s .  Hardness of more 
than  300-500 m g / l  of c a l c i u m  c a r b o n a t e  (CaCO ) is  e x c e s s i v e  f o r  p u b l i c  
water supply .  Many consumers w i l l  o b i e c t  t o  w a t e r  h a r d e r , t h a n  150 mg/l .  
In o t h e r  communities,  t h e  c r i t e r i o n  f o r  maximum h a r d n e s s  i s  c o n s i d e r a b l y  
less t h a n  150 mg/l .  A modera te ly  h a r d  water i s  sometimes d e f i n e d  as 
having h a r d n e s s  between 60  t o  120 mg/l. 

3 

Water consumed by l i v e s t o c k  i s  s u b j e c t  t o  s imi la r  l i m i t a t i o n s  as 
water consumed by humans, b u t  h i g h e r  c o n c e n t r a t i o n s  of p o l l u t a n t s  are 
p e r m i s s i b l e .  The maximum c o n c e n t r a t i o n  of t o t a l  d i s s o l v e d  s o l i d s  
varies from about  2,800 mg/l  f o r  p o u l t r y  t o  about  12 ,900  mg/l f o r  sheep .  
Range c a t t l e  w i l l  d r i n k  w a t e r  which c o n t a i n s  about 10,000 mg/ l .  The 
recommended l i m i t  f o r  l i v e s t o c k  is about  5 ,000  mg/l .  The maximum'limit 
f o r  d a i r y  c a t t l e  should  n o t  exceed 7 , 1 5 0  mg/ l .  Water c o n t a i n i n g  h i g h  
c o n c e n t r a t i o n s  of sodium and c h l o r i d e  is  p r e f e r r e d  t o  t h a t  which c o n t a i n  
h i g h  c o n c e n t r a t i o n s  of s u l f a t e  because  of t h e  l a x a t i v e  e f f e c t  of 
s u l f a t e s  . % 

The u s e  of water f o r  i r r i g a t i o n  depends on many f a c t o r s  n o t  
d i r e c t l y  a s s o c i a t e d  w t i h  water composi t ion .  The bulk  of t h e  s o l u b l e  
sa l t s  p r e s e n t  i n  t h e  water supply  i s  n o t  taken  up by growing p l a n t s  bu t  
remains i n  t h e  s o i l .  However, c o n c e n t r a t i o n s  of s o l u t e s  i n  t h e  s o i l  
cannot  be al lowed t o  rise t o o  h i g h  because  e x c e s s i v e  c o n c e n t r a t i o n s  
i n t e r f e r e  w i t h  t h e  osmotic  p r o c e s s  by which a p l a n t  t a k e s  up water. 
Most of t h e  m i n e r a l  matter r e t a i n e d  by c r o p s  are ca lc ium and magnesium 
salts .  

The e x t e n t  and s e v e r i t y  of t h e  s a l t  problem i n  i r r i g a t e d  areas 
depends on several f a c t o r s  b e s i d e s  t h e  q u a l i t y  of t h e  water supply :  
n a t u r e  and composi t ion  of t h e  s o i l  and s u b s o i l  topography of t h e  l a n d ,  
amount of water used,  method of a p p l i c a t i o n ,  k i n d  of c rop  grown, 
c l i m a t i c  c o n d i t i o n s ,  and groundwater  and s u r f a c e  water d r a i n a g e .  
S e n s i t i v e  c r o p s ,  such as f r u i t s  and n u t s ,  w i l l  g e n e r a l l y  t o l e r a t e  500- 
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1,000 mg/l  of d i s s o l v e d  s o l i d s ,  whi le  moderately s a l t - t o l e r a n t  p l a n t s ,  
such as a l f a l f a  and many garden  c r o p s ,  on permeable s o i l s  w i t h  c a r e f u l  
management p r a c t i c e s , .  w i l l  t o l e r a t e  consi-derably h i g h e r  c o n c e n t r a t i o n s .  

P l a n t  s p e c i e s  v a r y  g r e a t l y  i n  t h e  amounts of sodium they may 
accumula te ,  and few wel l -def ined  i n s t a n c e s  of sodium t o x i c i t y  have been  
found. Very low c o n c e n t r a t i o n s  of boron are e s s e n t i a l  t o  t h e  normal 
growth O E  a l l  p l a n t s  b u t  even low c o n c e n t r a t i o n ' s  may c a u s e  i n j u r y  t o  
p l a n t s .  Most v e g e t a b l e  and g r a i n  c rops  are a t  least  s e m i - t o l e r a n t  of 
boron ,  b u t  n u t  and f r u i t  c r o p s  a re  n o t .  Boron may occur  i n  l i m i t e d ,  
s c a t t e r e d  areas of a r i d  o r  semi-ar id  r e g i o n s ,  and e x c e s s i v e  boron i s  
f r e q u e n t l y  p r e s e n t  i n  s a l i n e  s o i l s .  However, e x c e s s  boron h a s  n o t  been 
found t o  b e  a g r e a t  problem i n  New Mexico. 

Q u a l i t y  requi rements  f o r  i n d u s t r i a l  water v a r i e s  wide ly ,  and each 
i n d u s t r i a l  a p p l i c a t i o n  h a s  i t s  own s t a n d a r d s .  For many i n d u s t r i a l  
a p p l i c a t i o n s ,  such as c o o l i n g  o r  condensa t ion ,  chemical  q u a l i t y  i s  
c r i t i c a l .  

One s a m p l e  can d e f i n e  a d e q u a t e l y  t h e  water q u a l i t y  a t  a g i v e n  
t i m e ,  i f  t h e  m i x t u r e  of s o l u t e s  throughout  t h e  stream c r o s s - s e c t i o n  is  
homogeneous. However, t h e  c o n c e n t r a t i o n  of s o l u t e s  a t  d i f f e r e n t  
l o c a t i o n s  i n  t h e  c r o s s - s e c t i o n  may vary  widely w i t h  d i f f e r e n t  ra tes  of 
water d i s c h a r g e ,  depending on t h e  s o u r c e  of material and t h e  t u r b u l e n c e  
and mixing of t h e  s t ream.  Some streams must b e  sampled through several 
v e r t i c a l  s e c t i o n s  t o  o b t a i n  a r e p r e s e n t a t i v e  sample  needed f o r  
a c c u r a t e  mean c o n c e n t r a t i o n  and use  i n  c a l c u l a t i n g  l o a d .  

For  measurements such as pH and s p e c i f i c  conductance,  f i e l d  v a l u e s  
are c o n s i d e r e d  t o  b e  more r e p r e s e n t a t i v e  t h a n  l a b o r a t o r y  v a l u e s ;  
however,  i f  a sample  changes very  l i t t l e  between t h e  t i m e  i t  i s  
c o l l e c t e d  and t h e  t i m e  i t  i s  measured i n  t h e  l a b o r a t o r y ,  and i-f t h e  
l a b o r a t o r y  method is more a c c u r a t e  t h a n  t h e  Eie ld  method, t h e  l a b o r a t o r y  
v a l u e  may b e  b e t t e r .  

The chemical a n a l y s e s  of composi te  samples i n  t h i s  r e p o r t  g e n q r a l l y  
r e p r e s e n t  discharge-weighted composi tes  which range from one-day 
composi tes  t o  30-day composi tes .  The composi te  p e r i o d s  a re  s e l e c t e d  on 
t h e  b a s i s  of chances i n  t h e  s p e c i f i c  conductance of i n d i v i d u a l  samples  
and f l u c t u a t i o n s  i n  s t reamflow.  

Groundwater q u a l i t y  a t  a s i t e  g e n e r a l l y  does  n o t  change 
s i g n i f i c a n t l y  d u r i n g  a s h o r t . p e r i o d .  Changes i n  q u a l i t y  may b e  d e f i n e d  
a d e q u a t e l y  by sampling as i n f r e q u e n t l y  as s e a s o n a l l y  o r  a n n u a l l y .  

Water tempera ture  is  a n  impor tan t  parameter  of water  q u a l i t y .  
Water tempera ture  is  a d e c i d i n g  f a c t o r  i n  t h e  makeup of t h e  a q u a t i c  
ecosystem, and f l u c t u a t i o n s  i n  water tempera ture  have been known 
t o  cause  f i s h - k i l l s  and ,  if extreme, may r e s u l t  i n  t h e  d e s t r u c t i o n  
of a q u a t i c  v e g e t a t i o n .  

Suspended sediment  c o n c e p t s  a r e  d e s c r i b e d  by Guy ( 1 9 6 9 ) ,  and t h e  
t e c h n i q u e s  f o r  s a m p l e  c o l l e c t i o n ,  a n a l y s e s ,  and measurement of 
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suspended-sei iment are d e s c r i b e d  by Guy and Norman (1970).  Methods f o r  
computat ion of f l u v i a l  sediment  d i s c h a r g e s  are d e s c r i b e d  by P o r t e r f i e l d  
(1972) . Suspended-sediment c o n c e n t r a t i o n s  are determined from s a m p l e s  
c o l l e c t e d  by u s i n g  d e p t h - i n t e g r a t i n g  samplers .  Samples u s u a l l y  are 
o b t a i n e d  a t  s e v e r a l  ver t ica l s  i n  t h e  c r o s s - s e c t i o n ,  o r  a s i n g l e  s a m p l e  
may b e  o b t a i n e d  a t  a f i x e d  p o i n t  and a c o e f f i c i e n t  a p p l i e d  t o  d e t e r m i n e  
t h e  mean c o n c e n t r a t i o n  i n  t h e  c r o s s - s e c t i o n .  

G e n e r a l l y  two t y p e s  of b i o l o g i c a l  d a t a  appear  i n  r e p o r t s :  
(1) m i c r o b i o l o g i c a l  d a t a  on c o l i f o r m  and s t r e p t o c o c c i  b a c t e r i a ,  and ( 2 )  
a q u a t i c  b i o l o g i c a l  d a t a  on b e n t h i c  (bottom d w e l l i n g )  organisms.  
P r e s c r i b e d  methods f o r  t h e  c o l l e c t i o n  and a n a l y s i s  of a q u a t i c  b i o l o g i c a l  
and m i c r o b i o l o g i c a l  samples are b e i n g  developed by t h e  U.S. G e o l o g i c a l  
Survey. 

Col i form and s t r e p t o c o c c i  b a c t e r i a  are i n d i c a t o r s  of an imals  waste 
d i s c h a r g e s  i n t o  a stream o r  a q u i f e r  because  t h e s e  organimsms are p r e s e n t  
i n  t h e  i n t e s t i n a l  t r ac t  of warm-blooded a n i m a l s .  These organisms are 
s h o r t - l i v e d  and r e l a t i v e l y  harmless ,  b u t  t h e i r  p resence  i n  a w a t e r  
supply  s u g g e s t  r e c e n t  c o n t a m i n a t i o n  and a p o s s i b i l i t y  t h a t  dangerous 
b a c t e r i a  may a l s o  b e  p r e s e n t .  

5 .2 .1 .3 .2 .  Geothermal Waters .. - 
N e w  Mexico 's  geothermal  water h a s  r e c e i v e d  a d d i t i o n a l  s t u d y .  

Swanberg (1979b) made a n  "Open F i l e  Report" t i t l e d  "Geochemical Data 
from New Mexico Geothermal Waters." Inc luded  i n  t h i s  r e p o r t  are  
tempera tures  and l o c a t i o n s  of approximate ly  300 s p r i n g s  and w e l l s  i n  New 
Mexico and West Texas.  One-third of t h e s e  are  s p r i n g s ,  t h e  rest are  
w e 1  Is. 

Three  t e m p e r a t u r e  measurements were made. These were: a c t u a l ,  
Na-K-Ca e s t i m a t i o n ,  and s i l i c a  e s t i m a t i o n .  Map o r  quadrangle  name, 
l a t i t u d e  and l o n g i t u d e ,  and range  and township were g i v e n .  

* 
Water chemis t ry  d a t a  i n c l u d e d  t h e  f o l l o w i n g :  TDS, pH, Ca, M g ,  Na, 

K ,  C 0 3 ,  HC03, C 1 ,  and SO i n  m i l l i g r a m s  p e r  l i t e r  f o r  most s i t es ;  i r o n ,  
f l u o r i d e ,  boron,  phosphorus,  and s i l i c a  i n  ppm f o r  most sites; n i c k e l ,  
l e a d ,  antimony. se len ium,  s t r o n t i u m ,  and z i n c  i n  ppm f o r  approximately 
one-half of t h e  s i tes ;  cadmium, c o b a l t ,  chromium, copper ,  mercury,  
hydrogen s u l f i d e ,  l i t h i u m ,  manganese, molybdenum, ammonium, s i l v e r ,  
aluminum, a r s e n i c ,  bar ium, and bromine i n  ppm f o r  about  one- th i rd  of t h e  
s i tes .  The chemical  q u a l i t y  of geothermal  s p r i n g s  and w e l l s  v a r i e d  
c o n s i d e r a b l y .  The h i g h e s t  TDS r e p o r t e d  i n  t h i s  d a t a  was 220,152 mg/l ,  
and t h e  lowes t  40 mg/l .  The h i g h e s t  pH recorded  was 10.56 and t h e  
lowes t  6.69. Hydrogen s u l f i d e  (H S )  w a s  r e p o r t e d  a t  a h igh  of 5.8 ppm 
a t  one w e l l  and a t  a low of <0 .1  ppn i n  47 w e l l s  and s p r i n g s .  S i n c e  
few geothermal  r e s o u r c e  areas have been t e s t e d  t o  d e p t h ,  t h e  s p e c i f i c  
chemical  q u a l i t y  of an i n d i v i d u a l  r e s o u r c e  a r e a  i s  n o t  known. These 
d a t a  are  g e n e r a l l y  c o l l e c t e d  d u r i n g  t h e  e x p l o r a t i o n  phase of geothermal  
d eve 1 op m e  n t . 
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5 . 2 . 2  C u r r e n t  Y o n i t o r i n g  A c t i v i t i e s  
I_ ---_ 

H i s t o r i c a l l y ,  t h e r e  h a s  b e e n  c o n c e r n  o v e r  water i n  N e w  Mexico .  
T h i s  c o n c e r n  h a s  r e f 4 e c t e d  t h e  p a u c i t y  .of: t h e  r e s o u r c e ,  and h a s  l e d  t o  
e x t e n s i v e  m o n i t o r i n g  programs t o  p r o t e c t  t h e  l i m i t e d  amounts  of water 
p r e s e n t  i n  the s t a t e .  The G e o l o g i c a l  Survey  began  i n v e s t i g a t i o n  of  
g r o u n d w a t e r  s u p p l i e s  w h i l e  N e w  Mexico was s t i l l  a t e r r i t o r y ;  n i n e  water 
s u p p l y  p a p e r s  c o n c e r n e d  w i t h  g roundwate r  had b e e n  p u b l i s h e d  p r i o r  t o  N e w  
M e x i c o ' s  g a i n i n g  s t a t e h o o d  i n  1912.  S i n c e  t h a t  t i m e ,  many a d v a n c e s  have  
been  made i n  m o n i t o r i n g  p rograms ,  and as s u c h ,  t h e r e  i s  ac t ive  
m o n i t o r i n g  of w a t e r  i n  many p a r t s  of t h e  s t a t e .  

5 . 2 . 2 . 1  Q u a n t i t y  of Water  --- 

Most of t h e  s u r f a c e  water g a g i n g  of stream f l o w  i s  accompl i shed  by 
t h e  G e o l o g i c a l  Survey  t h r o u g h  a ne twork  of r e g u l a r  r e c o r d i n g  g a g i n g  
s t a t i o n s  i n  t h e  s t a t e  ( F i g u r e  31).  T h e r e  were a l s o  15 s t a t i o n s  a l o n g  
t h e  b o r d e r  i n  a d j a c e n t  s t a t e s  b e i n g  o p e r a t e d  t o  p r o v i d e  s t r e a m f l o w  d a t a  
f o r  N e w  Mexico.  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  f i r s t  g a g i n g  s t a t i o n  
e s t a b l i s h e d  i n  t h e  U n i t e d  S t a t e s  by t h e  G e o l o g i c a l  Su rvey  was on t h e  Kio 
Grande  a t  Embudo i n  J a n u a r y  1889 .  S t r eamf low r e c o r d s  f o r  t n a t  s t a t i o n  
e x t e n d  f r o m  1889 t o  t h e  p r e s e n t  t i m e .  

The  b a s e  d a t a  c o l l e c t e d  a t  g a g i n g  s t a t i o n s  c o n s i s t s  of r e c o r d s  of 
s t a g e  and measurements  of  d i s c h a r g e  of streams o r  c a n a l s  and s t a g e ,  
s u r f a c e  a r e a ,  and c o n t e n t s  of l a k e s  o r  r e s e r v o i r s .  In a d d i t i o n ,  
o b s e r v a t i o n s  of f a c t o r s  a f f e c t i n g  t h e  s t a g e - d i s c h a r g e  r e l a t i o n s h i p  o r  
t h e  s t a g e - c a p a c i t y  r e l a t i o n s h i p ,  w e a t h e r  r e c o r d s ,  and o t h e r  i n f o r m a t i o n  
are used  t o  supp lemen t  b a s e  d a t a  i n  d e t e r m i n i n g  t h e  d a i l y  f l o w  o r  volume 
of  water i n  s t o r a g e .  Records  of s t a g e  a r e  o b t a i n e d  from a w a t e r - s t a g e  
r e c o r d e r  t h a t  g i v e s  a c o n t i n u o u s  g r a p h  of t h e  f l u c t u a t i o n s  o r  f rom 
d i r e c t  r e a d i n g s  on a n o n r e c o r d i n g  gage .  Measurements  of d i s c h a r g e  a re  
made w i t h  a c u r r e n t  meter u s i n g  t h e  g e n e r a l  methods  a d o p t e d  by t h e  
G e o l o g i c a l  Survey  on t h e  b a s i s  of e x p e r i e n c e  i n  stream gaging s ince  
1888. S u r f a c e  areas o f  l a k e s  o r  r e s e r v o i r s  are d e t e r m i n e d  from 
i n s t r u m e n t  s u r v e y s  u s i n g  s t a n d a r d  me thods .  The c o n f i g u r a t i o n  of t h e  
r e s e r v o i r  b o t t o m  i s  d e t e r m i n e d  by s o u n d i n g  a t  many p o i n t s .  

The  d a t a  i n  t h e  1972 Water R e s o u r c e s  Oata f o r  New, Y e x i c o ,  P a r t  1, 
(USGS,1974) g e n e r a l l y  c o m p r i s e  a d e s c r i p t i o n  of t h e  s t a t i o n  and 
t a b u l a t i o n s  of b a s i c  d a t a .  F o r  g a g i n g  s t a t i o n s  on streams o r  c a n a l s ,  
t h e  d a i l y  d i s c h a r g e  and mon th ly  and y e a r l y  d i s c h a r g e  i s  a v a i l  
g a g i n g  s t a t i o n s  on l a k e s  and  r e s e r v o i r s ,  a mon th ly  summary t a b l e  of 
s t a g e  and c o n t e n t s  o r  a t a b l e  showing t h e  d a i l y  c o n t e n t s  i s  g i v e n .  
T a b l e s  of d a i l y  gage  h e i g h t s  o r  e l e v a t i o n s  a re  i n c l u d e d  f o r  some 
r e s e r v o i r  s t a t i o n s .  

The d e s c r i p t i o n  of t h e  g a g i n g  s t a t i o n  (USGS, 1974)  g i v e s  t h e  
l o c a t i o n ,  d r a i n a g e  a r e a ,  p e r i o d  of r e c o r d ,  t y p e  of  g a g e s ,  h i s t o r y  o f  
g a g e s ,  a v e r a g e  d i s c h a r g e ,  e x t r e m e s  of d i s c h a r g e ,  and  g e n e r a l  r e m a r k s .  
The t y p e  of  gage  c u r r e n t l y  i n  u s e ,  t h e  datum of t h e  p r e s e n t  g a g e  a b o v e  
mean s e a  l e v e l ,  and a condensed  h i s t o r y  of t h e  t y p e s ,  l o c a t i o n s  and  

9 9  



~~~~~~ 

\ 

Socorro Peak KGR 
05  

e.. 

/ 

I .** 
04’ * .  

I- L o w e r  F r i s m  & 

Chaves 

. .  

0 Hydrothermal Sites 

Known Geothermal Resource Area Sites 
. Gaging station 

River basin boundary 

p’ 
F i g u r e  31. L o c a t i o n  of  USGS streamllnw-gaging s t a t i o n s  i n  N e w  Mexico 

i n  1 9 7 0  ( S t a t e  of  New Mexico, 1976). 

100 



1 

0 

I 

, n  

!u 
I 
Q 

datums of p r e v i o u s  g a g e s  used  d u r i n g  t h e  p e r i o d  of r e c o r d  a re  g i v e n .  
The a v e r a g e  d i s c h a r g e  f o r  t h e  number of y e a r s  i n d i c a t e d  i s  g i v e n  f o r  
s t a t i o n s  h a v i n g  f i v e  o r  more c o m p l e t e  years of r e c o r d .  The minimum 
d a i l y  d i s c h a r g e  i s  g i v e n  i f  t h e r e  i s  e x t e n s i v e  r e g u l a t i o n .  I n f o r m a t i o n  
p e r t a i n i n g  t o  t h e  a c c u r a c y  of t h e  d i s c h a r g e  r e c o r d s ,  t o  c o n d i t i o n s  t h a t  
a f f e c t  t h e  n a t u r a l  €low a t  t h e  g a g i n g  s t a t i o n ,  and t o  a v a i l a b i l i t y  o f  
Water Q u a l i t y  r e c o r d s ,  i s  g i v e n .  

S u r f a c e  water d r a i n a g e  b a s i n s  a re  a l s o  mon i to red  f o r  water q u a n t i t y  
i n  a combined network of  U.S.G.S., E.I.D., and F o r e s t  S e r v i c e  s t a t i o n s .  
The l o c a t i o n  of t h e s e  s t a t i o n s  i n  r e l a t i o n  t o  g e o t h e n n a l  s i t e s  i s  shown 
i n  F i g u r e  32. 

5 . 2 . 2 . 2  -__I_ Q u a l i t y  of Water 

The  G e o l o g i c a l  Survey  began  c o l l e c t i o n  q u a l i t y - o f - w a t e r  d a t a  i n  N e w  
Mexico i n  1905.  I n  1970 c h e m i c a l - q u a l i t y  d a t a  were c o l l e c t e d  a t  a b o u t  
5 0  s t a t i o n s ,  of which 13 were d a i l y  o p e r a t i o n s ;  and suspended-sediment  
d a t a  were c o l l e c t e d  a t  a b o u t  40 s t a t i o n s ,  of which  22  were d a i l y  
o p e r a t i o n s .  The l o c a t i o n s  of s ampl ing  s t a t i o n s  where d a t a  on c h e m i c a l  
q u a l i t y  and suspended  s e d i m e n t  were c o l l e c t e d  i n  1970 are shown 
i n  F i g u r e  33 .  

A l though  some e a r l y  c h e m i c a l - q u a l i t y  r e c o r d s  were t a k e n ,  many of 
t h e s e  s t a t i o n s  were o p e r a t e d  f o r  o n l y  a s h o r t  p e r i o d  of t i m e .  P u b l i s h e d  
c h e m i c a l  a n a l y s e s  r e c o r d s  f o r  key  s t a t i o n s  a r e  g e n e r a l l y  a v a i l a b l e  f o r  
o n l y  a b o u t  t e n  y e a r s  o r  less ;  i n  many c a s e s ,  a t o t a l  d i s s o l v e d  s o l i d s  
d e t e r m i n a t i o n  is n o t  i n c l u d c d .  The chemica l  a n a l y s e s  e x t e n d  t o  1937 f o r  
a few key s t a t i o n s .  

The a v e r a g e  annua l  d i s s o l v e d - s o l i d s  d i s c h a r g e  i n  s e l e c t e d  r e a c h e s  
of stream and d i s s o l v e d - s o l i d s  d i s c h a r g e  a t  s e l e c t e d  s t a t i o n s ,  f o r  t h e  
p e r i o d  1951-1970, a re  d e p i c t e d  g r a p h i c a l l y  i n  F i g u r e  3 4 .  The 
d i s s o l v e d - s o l i d s  d i s c h a r g e  f o r  r i v e r  reaches w a s  d e t e r m i n e d  by 
i n t e r p o l a t i n g  be tween s t a t i o n s .  The a n n u a l  d i s c h a r g e  a t  s e l e c t e d  
s t a t i o n s  i s  shown by t h e  b a r  g r a p h s .  

A g r a p h i c '  p r e s e n t a t i o n  ' of ' t h e  a v e r a g e  a n n u a l  suspended-sediment  
d i s c h a r g e  f o r  s e l e c t e d  r e a c h e s  of streams*'at '  s e l e c t e d  s t a t i o n s  f o r  t h e  
p e r i o d  1951-1370 i s  g i v e n  i n  F i g u r e  35 .  A r e s e r v o i r  i n  a stream sys t em 
w i l l  t r a p  a l l  o r  p a r t  of t h e  suspended-sediment  d i s c h a r g e .  The i n s t a n c e  
be low r e s e r v o i r s  t h a t  t h e  r i v e r  h a s  e s s e n t i a l l y  no  s e d i m e n t  l oad  depends  
on s e d i m e n t - l a d e n  t r i b u t a r y  i n f l o w  and t h e  e r o d i b i l i t y  of t h e  r i v e r  
c h a n n e l  bed and b a n k s .  Most of t h e  d i s c o n t i n u i t i e s  on F i g u r e  3 5 ,  
however ,  are  due  t o  i n s u f f i c i e n t  d a t a  r a t h e r  t h a n  t o  r e s e r v o i r s .  The 
b a r  g r a p h s  on t h e  map show t h e  amount of suspended  s e d i m e n t ,  i n  m i l l i o n s  
of t o n s ,  t h a t  i s  d i s c h a r g e d  a n n u a l l y  a t  s e l e c t e d  s t a t i o n s .  

Water  samples f o r  a n a l y s e s  and w a t e r - q u a l i t y  f i e l d  measurements  
u s u a l l y  are  c o l l e c t e d  a t  o r  n e a r  p o i n t s  on streams where g a g i n g  s t a t i o n s  
a r e  m a i n t a i n e d  by t h e  U . S .  G e o l o g i c a l  Survey  f o r  measurement of water 
d i s c h a r g e .  D i scha rge  r e c o r d s  f o r  streams i n  New Mexico have  been  
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F i g u r e  3 4 .  Average  a n n u a l  d i S s o l v e d  s o l i d  d i s c h a r g e  i n  s e l e c t e d  
r e a c h e s  of  streams and d i s s o l v e d  s o l i d  d i s c h a r g e  a t  
s e l e c t e d  s t a t i o n s  i n  New Mexico ,  1951-1970 ( S t a t e  of  
New Mexico,  1 9 7 6 ) .  
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F i g u r e  35 .  Average  a n n u a l  suspended  sed imen t  d i s c h a r g e  i n  se lec ted  
r e a c h e s  of streams and suspended  sed imen t  d i s c h a r g e  a t  
se lec ted  s t a t i o n s  i n  N e w  Mexico,  1951-1970 ( S t a t e  of  
New Mexico,  1 9 7 6 ) .  
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r e l e a s e d  i n  t h e  r e p o r t  "Water R e s o u r c e s  D a t a  f o r  N e w  Mexico,  1972 ,  Part  
1, S u r f a c e  Water Records" .  Most of t h e s e  r e c o r d s  are  used  i n  
c o n j u n c t i o n  w i t h  t h e  c o m p u t a t i o n s  and t h e  c h e m i c a l  c o n s t i t u t e n t s  and 
s e d i m e n t  l o a d s  i n  t h i s  r e p o r t .  

The d a t a ,  i n  Water R e s o u r c e s  r e p o r t  i n c l u d e s  a d e s c r i p t i o n  of t h e  
s a m p l i n g  s t a t i o n  and t a b u l a t i o n s  of t h e  samples  a n a l y z e d .  The 
d e s c r i p t i o n  of  t h e  s a m p l i n g  s t a t i o n  g i v e s  t h e  l o c a t i o n ,  d r a i n a g e  area,  
p e r i o d s  of r e c o r d  f o r  t h e  v a r i o u s  w a t e r - q u a l i t y  d a t a ,  e x t r e m e s  of t h e  
p e r t i n e n t  d a t a ,  and g e n e r a l  r e m a r k s ,  i n  a f o r m a t  s imi la r  t o  t h a t  u sed  
f o r  s t r e a m f l o w  g a g i n g  s t a t i o n s .  For m i s c e l l a n e o u s  s u r f a c e - w a t e r  s i t e s ,  
n o  d e s c r i p t i v e  s t a t i o n s  a re  g i v e n .  F o r  g roundwate r  s i t e s ,  no 
d e s c r i p t i v e  s t a t e m e n t s  are g i v e n  e i t h e r .  However, t h e  w e l l  number,  
d e p t h ,  d a t e  of s a m p l i n g ,  and o t h e r  p e r t i n e n t  d a t a  a re  g i v e n  i n  t h e  
t a b l e s  t h a t  c o n t a i n  t h e  c h e m i c a l  a n a l y s e s  of g r o u n d w a t e r .  

Most methods  f o r  c o l l e c t i n g  and  a n a l y z i n g  water s a m p l e s  t o  
d e t e r m i n e  t h e  k i n d s  and c o n c e n t r a t i o n  of s o l u t e s  are d e s c r i b e d  by Brown 
e t  a l .  ( 1 9 7 0 ) .  The method f o r  d e t e r m i n i n g  e l e m e n t a l  c o n s t i t u e n t s  ' b y  
e m i s s i o n  s p e c t o g r a p h i c  t e c h n i q u e s  i s  d e s c r i b e d  by B a r n e t t  and M a l l o r y  
( 1 9 7 1 ) .  A n a l y s i s  of p e s t i c i d e s ,  h e r b i c i d e s ,  and o r g a n i c  s u b s t a n c e s  i n  
w a t e r  a re  d e s c r i b e d  by G e o r l i t z  and Lamar ( 1 9 6 7 ) ;  Lamar e t  a l .  ( 1 9 6 5 ) ;  
and  G e o r l i t z  and Brown ( 1 9 7 2 ) .  

Water t e m p e r a t u r e s  a t  a l l  of t h e  w a t e r - q u a l i t y  s t a t i o n s  a re  t a k e n  
a t  t h e  same time water samples  are c o l l e c t e d .  The water t e m p e r a t u r e  
r e c o r d s  l i s t e d  are  d a i l y  water t e m p e r a t u r e s .  L a r g e  streams have  a small 
d i u r n a l  t e m p e r a t u r e  change ;  s h a l l o w  streams may h a v e  a d a i l y  r a n g e  of 
several  d e g r e e s  and may f o l l o w  c l o s e l y  t h e  c h a n g e s  i n  a i  r t e m p e r a t u r e .  
Some streams may be a f f e c t e d  by was te -hea t  d i s c h a r g e s .  A t  s t a t i o n s  
where  c o n t i n u o u s l y  r e c o r d i n g  the rmographs  a re  u s e d ,  t h e  r e c o r d s  c o n s i s t s  
of  maximum, minimum and mean t e m p e r a t u r e s  f o r  e a c h  d a y .  Monthly 
a v e r a g e s  a re  a l s o  shown. 

D u r i n g  p e r i o d s  of r a p i d l y  c h a n g i n g  f l o w  o r  r a p i d l y  c h a n g i n g  
c o n c e n t r a t i o n ,  s a m p l e s  may h a v e  been  c o l l e c t e d  more f r e q u e n t l y  ( t w i c e  
d a i l y ,  o r  i n  some i n s t a n c e s ,  h o u r l y ) .  The p u b l i s h e d  s e d i m e n t  d i s c h a r g e s  
f o r  d a y s  of  r a p i d l y  chang ing  f l o w  o r  c o n c e n t r a t i o n  were computed by  t h e  

" s u b d i v i d e d  day method ( t i m e - d i s c h a r g e  we igh ted  a v e r a g e ) .  T h e r e f o r e ,  f o r  
t h o s e  d a y s  when t h e  p u b l i s h e d  s e d i m e n t  d i s c h a r g e  v a l u e  d i f f e r s  from t h e  
v a l u e s  computed as t h e  p r o d u c t  of d i s c h a r g e  times mean c o n c e n t r a t i o n  
times 0 .0027 ,  t h e  r e a d e r  c a n  assume t h a t  t h e  s e d i m e n t  d i s c h a r g e  f o r  t h a t  
day  was computed by t h e  s u b d i v i d e d  day  method.  Fo r  p e r i o d s  when no 
samples  were c o l l e c t e d ,  d a i l y  l o a d s  of suspended  s e d i m e n t  were e s t i m a t e d  
o n  t h e  b a s i s  of  water d i s c h a r g e ,  s e d i m e n t  c o n c e n t r a t i o n s  obse rved  
i m m e d i a t e l y  b e f o r e  and a f t e r  t h e  p e r i o d s ,  and suspended-sediment  l o a d s  
f o r  o t h e r  p e r i o d s  of s imi l a r  d i s c h a r g e .  

A t  o t h e r  s t a t i o n s ,  suspended-sediment  samples were c o l l e c t e d  
p e r i o d i c a l l y  a t  many v e r t i c a l s  i n  t h e  stream c r o s s  s e c t i o n .  Al though 
d a t a  c o l l e c t e d  p e r i o d i c a l l y  may r e p r e s e n t  c o n d i t i o n s  o n l y  a t  t h e  time o f  
o b s e r v a t i o n s ,  s u c h  d a t a  are  u s e f u l  i n  e s t a b l i s h i n g  s e a s o n a l  r e l a t i o n s  
between q u a l i t y  and s t r e a m f  low i n  p r e d i c t i n g  long- te rm 
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sediment-discharge c h a r a c t e r i s t i c s  of t h e  stream. I n  a d d i t i o n  t o  t h e  
r e c o r d s  of t h e  q u a n t i t i e s  of suspended sediment ,  r e c o r d s  of p e r i o d i c  
measurements of t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  of t h e  suspended sediment  
and bed material are i n c l u d e d .  

The d i s t r i b u t i o n  and abundance of b e n t h i c  organisms i n  a stream a r e  
r e l a t e d  t o  t h e  q u a l i t y  of t h a t  s t r e a m .  Aquat ic  b e n t h i c  organisms were 
c o l l e c t e d  by u s e  of a square- foot  s u r b e r  sampler  o r  a r t i f i c i a l  
s u b s t r a t e .  The s u r b e r  sampler  i s  a one-foot s q u a r e  frame wi th  a c o n i c a l  
n e t  a t t a c h e d .  The frame i s  implanted f i r m l y  on t h e  bottom of a s h a l l o w  
s t r e a m ,  u s u a l l y  i n  t h e  r i f f l e  zone. The s t o n e s ,  r o c k s ,  and g r a v e l s  
w i t h i n  t h e  s q u a r e  frame are  scrubbed and washed t o  d i s l o d g e  any 
organisms which are t h e n  c a r r i e d  by c u r r e n t  i n t o  t h e  c o l l e c t i o n  n e t .  An 
a r t i f i c i a l  s u b s t r a t e  i s  made by suspending a b a s k e t  of r o c k s  i n t o  a 
stream. A f t e r  a s p e c i f i e d  p e r i o d ,  u s u a l l y  s i x  weeks t o  two months,  t h e  
b a s k e t  is  removed from t h e  stream, and any organisms are c o l l e c t e d  from 
t h e  rocks .  A t  least t h r e e  s e c t i o n s  w i t h i n  a s t r e a m  c r o s s  s e c t i o n  are 
sampled i n  a n  a t t e m p t  t o  o b t a i n  a r e p r e s e n t a t i v e  sample. The p r e s e n c e  
or  absence  of c e r t a i n  organisms i n  t h e  b e n t h i c  zone may b e  used as a n  
i n d i c a t o r  of t h e  w a t e r - q u a l i t y  c o n d i t i o n s  w i t h i n  t h e  stream. 

Geo therma 1 waters 
Mexico. Probably t h e  
Baca. Other  d a t a  i s  
d e m o n s t r a t i o n  s i tes  i n  
Faywood S p r i n g s .  

are b e i n g  monitored o n l y  a t  d r i l l s i t e s  i n  New 
most e x t e n s i v e  d a t a  i s  b e i n g  c o l l e c t e d  a t  t h e  

be ing  c o l l e c t e d  a t  t h e  s t a t e ' s  . .  d i r e c t  h e a t  
Taos,  T r u t h  o r  Consequences, Las A l t u r a s  and 

5.2.3 Accuracy of B a s e l i n e  Data 

Much d a t a  is  a v a i l a b l e  on s u r f a c e  and groundwater  q u a n t i t y  and 
water q u a l i t y  i n  New Mexico. The f o u r  documents used i n  p r e p a r i n g  much 
of t h i s  r e p o r t  r e p r e s e n t  an accurate "s ta te  of t h e  a r t "  on 'water  
q u a n t i t y  and q u a l i t y  d a t a ,  w i t h  t h e  e x c e p t i o n  of geothermal  waters. 
The e v a l u a t i o n  of d a t a  that  follows i s  taken from these documents: New 
Mexico Water Resources Assessment for Planning  Purposes  ( S t a t e  of New 
Mexico, 1976) ;  1972 Water Resources  Data f o r  New Mexico Par t  1, Su'rface 
Water Records,  (USGS, 1974);  1972 Water Resources  Data f o r  New Mexico, 
Pa r t  2 ,  Water Q u a l i t y  Records (USGS, 1975);  and Geothermal Data from 
New Mexico Geothermal Waters (Swanberg, 1979b).  

The accuracy of d i s c h a r g e  d a t a  depends p r i m a r i l y  on (1) t h e  
s t a b i l i t y  of t h e  s t a g e - d i s c h a r g e  r e l a t i o n  o r ,  i f  t h e  c o n t r o l  i s  
u n s t a b l e ,  t h e  f requency of d i s c h a r g e  measurements; and ( 2 )  t h e  accuracy  
of o b s e r v a t i o n s  of s t a g e ,  measurements of d i s c h a r g e ,  and i n t e r p r e t a t i o n  
of r e c o r d s .  

The s t a t i o n  d e s c r i p t i o n  i n  1972 Water Resources  Data f o r  New 
Mexico, Part 1 under  "REMARKS" s t a t e s  t h e  degree  of accuracy of 
t h e  r e c o r d s .  "Excellent" means t h a t  about  95% of t h e  d a i l y  d i s c h a r g e s  
are  w i t h i n  5% accuracy;  "good" w i t h i n  10%; and " f a i r "  w i t h i n  15%. 

Poor'' means t h a t  d a i l y  d i s c h a r g e s  have less t h a n  15% a c c u r a c y .  I 1  
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F i g u r e s  of d a i l y  mean d i s c h a r g e  i n  t h e  abovementioned r e p o r t  are  
shown t o  t h e  n e a r e s t  hundre th  of a c u b i c  f o o t  p e r  second f o r  d i s c h a r g e s  
of less t h a n  1 c f s ;  t o  t e n t h s  between 10 and 1 ,000  c f s ;  and t o  t h r e e  
s i g n i f i c a n t  f i g u r e s  above 1,000 c f s .  The number of s i g n i f i c a n t  f i g u r e s  
used i s  based s o l e l y  on t h e  magnitude of t h e  f i g u r e .  The same rounding 
r u l e s  apply t o  d i s c h a r g e  f i g u r e s  l i s t e d  f o r  p a r t i a l - r e c o r d  s t a t i o n s  and 
m i s c e l l a n e o u s  si tes.  

Discharge of some s t a t i o n s ,  as  i n d i c a t e d  by t h e  monthly mean, may 
v a r y  wide ly  from n a t u r a l  r u n o f f ,  due t o  t h e  e f f e c t s  of d i v e r s i o n s ,  
consumptive u s e ,  r e g u l a t i o n  by s t o r a g e ,  i n c r e a s e s  o r  d e c r e a s e s  i n  
e v a p o r a t i o n  due t o  a r t i f i c i a l  c a u s e s  o r  o t h e r  f a c t o r s .  Evapora t ion  from 
a r e s e r v o i r  i s  n o t  i n c l u d e d  i n  t h e  a d j u s t m e n t s  f o r  changes i n  r e s e r v o i r  
c o n t e n t s .  

Chemical-qual i ty  d a t a  p u b l i s h e d  i n  t h i s  r e p o r t  are c o n s i d e r e d  t o  b e  
t h e  most r e p r e s e n t a t i v e  v a l u e s  a v a i l a b l e  f o r  t h e  s t a t i o n s  l i s t e d .  The 
v a l u e s  r e p o r t e d  r e p r e s e n t  w a t e r - q u a l i t y  c o n d i t i o n s  a t  t h e  t i m e  of 
sampling as much a s  p o s s i b l e ,  c o n s i s t e n t  w i t h  a v a i l a b l e  sampling 
t e c h n i q u e s  and methods of a n a l y s i s .  I n  t h e  rare c a s e  where a n  a p p a r e n t  
i n c o n s i s t e n c y  e x i s t s  between the  r e p o r t e d  pH v a l u e  and t h e  r e l a t i v e  
abundance of carbon d i o x i d e  s p e c i e s  ( c a r b o n a t e  and b i q a r b o n a t e )  , t h e  
i n c o n s i s t e n c y  is t h e  r e s u l t  of a s l i g h t  up take  of carbon d i o x i d e  from 
t h e  a i r  by t h e  sample between measurement of pH i n -  t h e  f i e l d  and 
d e t e r m i n a t i o n  of c a r b o n a t e  and b i c a r b o n a t e  i n  t h e  l a b o r a t o r y .  

I n  c o n c l u s i o n ,  where a v a i l a b l e ,  d a t a  on s u r f a c e  and groundwater  
q u a n t i t y  and q u a l i t y  w i l l  p robably  b e  a d e q u a t e  f o r  a b a s e l i n e  
d e t e r m i n a t i o n  of environmental  p a r a m e t e r s .  Where t h e  d a t a  is  m i s s i n g ,  
p o t e n t i a l  geothermal  development si tes should  have w a t e r  t e s t i n g  done 
i n  a manner c o n s i s t e n t  w i t h  t h a t  r e q u i r e d  by t h e  S t a t e  E n g i n e e r ' s  
O f f i c e  and o t h e r  s t a t e  and f e d e r a l  a g e n c i e s .  Data on waters' from 
geothermal  r e s e r v o i r s  i s  conspicuous ly  m i s s i n g ,  f o r  most of t h e  s i tes .  
Both q u a n t i t y  and q u a l i t y  i n f o r m a t i o n  a t  t h e  depth  of geothermal  
p r o d u c t i o n  w e l l s  should  b e  documented d u r i n g  t h e  e x p l o r a t i o n  and 
development phases  of a s i t e - s p e c i f i c  commerc ia l iza t ion  p r o j e c t .  - 
5 .3  A i r  Data 

One of t h e  most impor tan t  envi ronmenta l  e lements  t h a t  might b e  
impacted by geothermal  development i s  a i r .  A i r  q u a l i t y  d a t a  
c o l l e c t i o n  and s t a n d a r d s  are i n c r e a s i n g l y  d i c t a t e d  by l e g i s l a t i o n .  
B a s e l i n e  a i r  q u a l i t y  must re f lec t  p o i n t - s p e c i f i c  p o l l u t a n t s  i n  o r d e r  t o  
separate p o l l u t i o n  caused by geothermal  development from o t h e r  s o u r c e s  
of p o l l u t i o n .  With t h i s  i n  mind, p o s s i b l e  p o l l u t a n t s ,  c u r r e n t  moni tor ing  
i n  New Mexico c u r r e n t  a i r  q u a l i t y  r e g u l a t i o n s  ( b o t h  f e d e r a l  and s t a t e )  
and t h e  q u a l i t y  of e x i s t i n g  a i r  d a t a  w i l l  b e  d i s c u s s e d .  
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Because r e l a t i v e l y  l i t t l e  i s  known abou t  t h e  geothermal  waters of 
most of t h e  geothermdl  r e s o u r c e s  i n  New'M$xico, t h e  p o s s i b l e  p o l l u t a n t s  
of geothermal  waters d i s c u s s e d  h e r e  a re  based on d a t a  from p r e v i o u s  
geo the rma l  development i n  o t h e r  areas.  There may b e  no s i m i l a r i t y  
between t h e s e  geothermal  waters and t h e s e  i n  New Mexico. A t  v a r i o u s  
o t h e r  r e s o u r c e  areas t h e  f o l l o w i n g  chemica l s  and compounds have been 
d i s c o v e r e d  t o  b e  p r e s e n t  i n  some d e g r e e :  c a r b o n  d i o x i d e  (CO ) ,  hydrogen 
s u l f i d e  (H2S) ,  methane (CH4), hydrogen (H2),  e t h a n e  (C 26), mercury 
(Hg), a r s e n i c  (As) ,  boron ( B ) ,  n i t r o g e n  d i o x i d e  (NO 5 and c a r b o n  
monoxide (CO)  . Another p o l l u t a n t  i s  t o t a l  suspended p a r s i c u l a t e  (TSP) 
mater ia l .  

Data from thermal  wells and s p r i n g s  i n  New Mexico (Swanberg, 1979b) 
i n d i c a t e  hydrogen s u l f i d e  l e v e l s  of less t h a n  0 .1  t o  5 . 8  ppm ( t h e  
m a j o r i t y  of waters w i t h  > 0 . 1 ) ,  mercury levels of less t h a n  0.0002 t o  
0.0148 ppm, a r s e n i c  l e v e l s  of 0.001 t o  0.160 ppm and boron l e v e l s  of 
0.00 t o  3.90 ppm. These d a t a  y i e l d  no i n f o r m a t i o n  abou t  t h e  l e v e l s  
of c a r b o n  d i o x i d e ,  methane, hydrogen,  e t h a n e ,  n i t r o g e n  d i o x i d e  o r  
c a r b o n  monoxide. Although t h e s e  d a t a  were t a k e n  from e x i s t i n g  s p r i n g s  
and w e l l s ,  and n o t  from geo the rma l  w e l l s  a t  p r o d u c t i o n  d e p t h s ,  t h e y  may 
p rove  t o  be  i n d i c a t i v e  of d a t a  from p r o d u c t i o n  dep thp  i n  t h e  same 
areas. 

Data a v a i l a b l e  from t h e  s t a t e ' s  a i r  p o l l u y o n  m o n i t o r i n g  network 
i n c l u d e s  t o t a l  suspended p a r t . i c u l a t e  ( a v e r a g e  g/m i n  a 24-hour p e r i o d ) ,  
s u l f u r  d i o x i d e  ( ave rage  ppin i n  a 24-hour p e r i o d ) ,  c a r b o n  monoxide 
( a v e r a g e  ppm i n  a n  8-hour p e r i o d ) ,  ozone ( ave rage  ppm i n  a l-hour 
p e r i o d )  and n i t r o g e n  d i o x i d e  ( ave rage  ppm i n  a 24-hour p e r i o d ) .  
Hydrogen s u l f i d e  l e v e l s  are  n o t  mon i to red ,  b u t  p o i n t  s o u r c e  measurement 
may be  r e q u i r e d  of s p e c i f i c  i n d u s t r y  f a c i l i t i e s  w i t h i n  t h e  s ta te .  
Moni to r ing  of o t h e r  p o l l u t a n t s  w i t h  e s t a b l i s h e d  s t a t e  s t a n d a r d s ' o c c u r  
i n  areas of t h e  s ta te  where E I D  p e r c e i v e s  t h e r e  i s  a problem. 

Areas of t h e  s t a t e  a l r e a d y  exceed ing  f e d e r a l  and s t a t e  s t a n d a r d s  
f o r  p a r t i c u l a r  p o l l u t a n t s  are: 

1) c a r b o n  monoxide: Las Cruces,  Farmington,  S a n t a  Fe and 
B e r n a l i l l o  coun ty ;  

2) t o t a l  suspended p a r t i c u l a t e s :  C a r l s b a d ,  Albuquerque and a n  
area n e a r  Hurley; 

3)  s u l f u r  d i o x i d e :  San J u a n  County w i t h i n  a 2.5 m i l e  r a d i u s  of t h e  
Four Corne r s  Power P l a n t  and n e a r  Hurley w i t h i n  a 4 .2  m i l e  r a d i u s  of 
t h e  Kennecot t  Copper smelter; and 

4 )  ozone: Albuquerque, Las Cruces and p o r t i o n s  of Lea and Eddy 
c o u n t i e s .  

Although i n v e r s i o n s  p l a y  an i m p o r t a n t  r o l e  i n  t h e  d a i l y  a i r  
q u a l i t y  i n  most v a l l e y  r e g i o n s  of t h e  s t a t e ,  l i t t l e  i n v e r s i o n  d a t a  i s  
c o l l e c t e d  i n  t h e  s ta te .  The U.S.  Weather Bureau a t  E l  Paso and 
Albuquerque o b t a i n  d a t a  d a i l y  from wea the r  b a l l o n  r e a d i n g s ,  b u t  do n o t  
r e t a i n  such d a t a  from year t o  y e a r .  I f  such d a t a  e x i s t s ,  i t  i s  r e t a i n e d  
a t  t h e  N a t i o n a l  Records Cen te r  a t  N a s h v i l l e ,  Tennessee.  
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5.3.2 Current  Monitoring A c t i v i t i e s  

The r e s p o n s i b i l i t y  f o r  t h e  c o n t r o l  of a i r  p o l l u t i o n  (and thus  a i r  
q u a l i t y )  from any source  i n  New Mexico i s  divided between t h e  
Environmental Improvement Board and t h e  Environmental Improvement 
Div is ion  of Health and Environment Div is ion .  These o rgan iza t ions  have 
p laced  B e r n a l i l l o  County under t h e  ausp ices  of t h e  Albuquerque-Bernali l lo 
County A i r  Qual i ty  Control  Board and t h e  Albuquerque Environmental 
Heal th  Department ( S t a t e  of New Mexico, 1977). 

These r e s p o n s i b i l i t i e s  have evolved from t h e  s t a t e  and f e d e r a l  
s t anda rds  (Table 8) f o r  many a i r  p o l l u t a n t s .  S t a t e  s t anda rds  are not  t o  
b e  exceeded except  f o r  hydrogen s u l f i d e  which may no t  be exceeded more 
than  once p e r  year ;  f e d e r a l  s t anda rds  may be exceeded once p e r  y e a r .  
Regula t ion  and conformity t o  t h e s e  s t anda rds  r e q u i r e  a monitor ing s y s t e m  
developed by t h e  Environmental Improvement Board and maintenence by t h e  
Environmental Improvement Div is ion .  

The Environmental Improvement Board and t h e  Environmental 
Improvement Divis ion were c rea t ed  by t h e  Environmental Improvement A c t  
i n  1971. The E I D  i s  one of t h e  s i x  d i v i s i o n s  w i t h i n  t h e  HED and h a s  
the  r e s p o n s i b i l i t y  of enforcing r u l e s ,  r e g u l a t i o n s  and s t a n d a r d s  
promulgated by t h e  Environmental Improvement Board. The Environmental 
Improvement Board c o n s i s t s  of f i v e  members appointed by t h e  Governor 
upon t h e  advice  and consent  of t h e  S ta te  Senate .  The members s e r v e  
over lapping  terms wi th  no t e r m  t o  exceed f i v e  yea r s .  The Environmental 
Improvement Board h a s  t h e  r e s p o n s i b i l i t y  of promulgating r u l e s ,  
r e g u l a t i o n s  and s t anda rds  r e l a t i n g  t o  environmental  management and 
consumer p r o t e c t i o n  ( S t a t e  of New Mexico, 1977) .  Th i s  h a s  l e d ,  i n  
t u r n ,  t o  t h e  development of e i g h t  a i r  q u a l i t y  c o n t r o l  reg ions  (F igure  
3 6 ) .  The a i r  q u a l i t y  c o n t r o l  reg ions  are both  i n t e r s t a t e  ( t h r e e )  and 
i n t r a s t a t e  ( f i v e ) .  They cover  a l l  of New Mexico as w e l l  as p a r t s  of 
Texas, Arizona, Colorado and Utah. A l l  of t h e s e  reg ions  (except  Region 
Five) con ta in  p o t e n t i a l  geothermal s i tes  (F igure  3 6 ) .  

Ambient a i r  q u a l i t y  monitor ing u n i t s  are loca ted  i n  t h e  
gene ra l  v i c i n i t y  of many p o t e n t i a l  geothermal s i tes  i n  t h e  state.  
Exceptions do e x i s t ,  s p e c i f i c a l l y  i n  t h e  v i c i n i t y  of geothermal s i tes  
i n  western New Mexico. P r i o r  t o  development of t h e s e  r e source  s i tes ,  
b a s e l i n e  d a t a  on a i r  q u a l i t y  would need t o  be c o l l e c t e d .  

The ambient a i r  monitor ing u n i t s  w i t h i n  each r eg ion  sample f o r  t h e  
fo l lowing  p o l l u t a n t s :  

1. t o t a l  suspended p a r t i c u l a t e s  (TSP); 

2. s u l f u r  d iox ide  (SO2);  

3 .  carbon monoxide ( C O ) ;  

w 

4 .  ozone (0 ) ;  and 

5 .  n i t r o g e n  d ioxide  (NO ) . 
3 
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r i g u r e  36 .  A i r  q u a l i t y  c o n t r o l  r e g i o n s  and  a m b i e n t  a i r  m o n i t o r i n g  units 
f o r  t h e  State of New Y e x i c o  ( S t a t e  of  New 2 i e x i c o .  A i r  Q u a l i t y  
S e c t i o n ,  1 9 7 7 ) .  

1. I. 1. 



A c o m p l e t e  d e s c r i p t i o n  of s a m p l i n g  methods  may b e  found i n  S t a t e  of New 
Mexico ,  A i r  Q u a l i t y  S e c t i o n  ( 1 9 7 7 ) .  T a b l e  9 p r e s e n t s  t h e  p o s s i b l e  
p o l l u t a n t s ,  and t h e  m o n i t o r i n g  f r e q u e n c y  and c o v e r a g e  p r o v i d e d  by 
e x i s t i n g  m o n i t o r i n g  u n i t s  i n  N e w  Mexico.  

T h e s e  ambien t  a i r  m o n i t o r i n g  u n i t s  w i t h i n  each  r e g i o n  ( F i g u r e  36) 
were e s t a b l i s h e d  t o  p r o v i d e  a c c u r a t e  and v a l i d  d a t a  t o :  

1. 

2. 

3 .  

4 .  

5 .  

i n s u r e  t h a t  N e w  Mexico a i r  q u a l i t y  s t a n d a r d s  are  b e i n g  m e t ;  

e s t a b l i s h  background c o n c e n t r a t i o n s ;  

p r o v i d e  a warn ing  a b o u t  p o s s i b l e  e f f e c t s  of a n  a i r  c o n t a m i n a n t  
o r  group of c o n t a m i n a n t s  t h a t  w i l l  a l l o w  t h e  d i r e c t o r  of t h e  
E I D  t o  make a c c u r a t e  judgmen t s  d u r i n g  a n  emergency e p i s o d e ;  

e v a l u a t e  a i r  p o l l u t i o n  t r e n d s  which  w i l l  a l l o w  t h e  s t a f f  t o  
e v a l u a t e  t h e  e f f e c t s  of l a n d  u s e  p l a n n i n g ,  i n d u s t r i a l  g r o w t h ,  
t r a n s p o r t a t i o n  p l a n n i n g ,  p o p u l a t i o n  growth  and a i r  q u a l i t y  
c o n t r o l  r e g u l a t i o n s ;  and  

d e t e c t  s o u r c e s  t h a t  may c a u s e  v i o l a t i o n s  o€ a m b i e n t  a i r  
q u a l i t y  s t a n d a r d s  ( S t a t e  of N e w  Mexico,  A i r  Q u a l i t y  S e c t i o n ,  
1 9 7 7 ) .  

M o n i t o r i n g  of v i s i b i l i t y  i s  a l s o  b e i n g  c o n d u c t e d  i n  N e w  Mexico by  
t h e  N a t i o n a l  Park  S e r v i c e .  Data  i s  p r e s e n t l y  b e i n g  t a k e n  a t  B a n d e l i e r  
N a t i o n a l  P a r k ,  C a r l s b a d  C a v e r n s ,  Chaco Canyon,  and Whi t e  Sands  N a t i o n a l  
Monument. These  d a t a  are b e i n g  t n k e n  i n  r e s p o n s e  t o  t h e  V i s i b i l i t y  
p r o t e c t i o n  s e c t i o n  of t h e  1977 C l e a n  A i r  Act Amendments, which w a s  
men t ioned  p r e v i o u s l y  and summar ies  of t h e s e  d a t a  are  o b t a i n a b l e  f rom 
N a t i o n a l  Park  S e r v i c e  p e r s o n n e l  a t  t h o s e  s i t e s .  

5 .3 .3  Accuracy  of  B a s e l i n e  -- Data - 

Q u a l i t y  a s s u r a n c e  a c t i v i t i e s  a r e  pe r fo rmed  as  a p o r t i o n  of t h e  a i r  
m o n i t o r i n g  n e t w o r k .  The m o n i t o r i n g  u n i t  r e c e i v e s  g u i d a n c e  from t h e  U.S. 
E n v i r o n m e n t a l  P r o t e c t i o n  Agency and p a r t i c i p a t e s  i n  a u d i t  programs w i t h  
Rockwel l  I n t e r n a t i o n a l  ( t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency Wes te rn  
Energy  Q u a l i t y  A s s u r a n c e  C o n t r a c t o r )  and w i t h  t h e  Env i ronmen ta l  
P r o t e c t i o n  Agency. The E n v i r o n m e n t a l  Improvement D i v i s i o n  (M. R i n a l d i ,  
p e r s .  comm.) h a s  g r e a t  c o n f i d e n c e  i n  t h e  d a t a  t a k e  s i n c e  t h e  i n i t i a t i o n  
of q u a l i t y  a s s u r a n c e .  P r i o r  t o  t h a t  t i m e ,  a l l  d a t a  had  t o  b e  c a r e f u l l y  
e v a l u a t e d  t o  d e t e r m i n e  v a l i d i t y .  

The  e s t a b l i s h m e n t  of background  c o n c e n t r a t i o n s  of a i r  p o l l u t a n t s  
c u r r e n t l y  deE ined  by s t a t e  and n a t i o n a l  s t a n d a r d s  w i l l  a i d  t h e  
p o t e n t i a l  g e o t h e r m a l  d e v e l o p e r .  A t  p r e s e n t ,  m a j o r  p o l l u t i o n  p rob lems  
i n  New Mexico a re  c l o s e  t o  h e a v i l y  p o p u l a t e d  a r e a s  o r  n e a r  s e v e r a l  
l a r g e  i n d u s t r i e s .  The e n t i r e  s t a t e  s u f f e r s  f rom o c c a s i o n a l  h i g h  
c o n c e n t r a t i o n s  of t o t a l  suspended  p a r t i c u l a t e  mat ter  due  t o  n a t u r a l  
wind-b lown d u s t  . 
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Table 9. Monitoring frequency and coverage of air pollutants that may be associated with geothermal 
development. 

Pollutant Monitoring Frequency Monitoring Coverage 

arsenic none none 

beryl1 ium none none 

boron none none 

carbon monoxide daily all units 
hydrogen sulfide none none 

sulfur dioxide daily all units 

nitrogen dioxide daily all units 

photochemical oxidants (ozone) daily all units 

hydrocarbons none none 

heavy metals none none 

total suspended particulates daily all units 

total reduced sulfur none none 

mercury none none 

methane none none 

ethane none none 

fugitive dust none - none 

1 Spot monitoring occurs in EID-identified problem areas, frequency is a 24-hour sample every 6 days. 
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A i r  moni tor ing  u n i t s ,  however, are conspicuous ly  miss ing  f o r  
geothermal  s i tes  i n  Cat ron  County and i n  t h e  v i c i n i t y  of  36 geothermal  
s i tes .  Other  s i t e s  may n o t  be c l o s e  enough t o  be moni tor ing  u n i t s  t o  
de te rmine  complete  b a s e l i n e  d a t a .  It would b e  necessary  t o  e v a l u a t e  
t h e  completeness  of a v a i l a b l e  d a t a  f o r  t h e  e s t a b l i s h m e n t  of a b a s e l i n e  
i n  t h e  v i c i n i t y  of a p a r t i c u l a r  s i t e  i n  o r d e r  t o  de te rmine  i f  f u r t h e r  
d a t a  c o l l e c t i o n  a c t i v i t i e s  were n e c e s s a r y .  

F u r t h e r ,  a l though t h e  s t a t e  h a s  s t a n d a r d s  f o r  some p o l l u t a n t s ,  
namely a r s e n i c ,  b e r y l l i u m ,  boron ,  hydrogen s u l f i d e ,  hydrocarbons ,  
heavy metals, t o t a l  reduced s u l f u r ,  mercury,  methane, e t h a n e  and 
f u g i t i v e  d u s t ,  i t s  ambient a i r  n o n i t o r i n g  system does n o t  p r o v i d e  any 
b a s e l i n e  d a t a  on t h e  q u a n t i t y  o r  f requency of t h e s e  p o l l u t a n t s .  
Spot moni tor ing  does  o c c u r  i n  EID-ident i f  i e d  problem areas. 
Environmental  b a s e l i n e  d a t a  on t h e s e  p o l l u t a n t s ,  i f  i n d i c a t e d  i n  t h e  
q u a l i t y  of t h e  geothermal  b r i n e ,  would need t o  be e s t a b l i s h e d  p r i o r  
t o  any f a c i l i t y  o p e r a t i o n .  

I n v e r s i o n  d a t a ,  i f  o b t a i n a b l e  is  probably n o t  s u f f i c i e n t l y  
s i t e - s p e c i f i c  t o  b e  of v a l u e ,  except  perhaps  i n  t h e  Albuquerque area. 

5 . 4  Noise  and Noise  P o l l u t i o n  Data I 

Noise  i s  t h e  most s u b t l e  and p o s s i b l y  t h e  most widespread p o l l u t a n t  
t h a t  man e n c o u n t e r s .  Many t i m e s  i t  annoys,  b u t  i t  can a l s o  c o n s t i t u t e  a 
d a n g e r  t o  human h e a l t h  and w i l d l i f e  h a b i t a t .  I n  New Mexico, n o i s e  
p o l l u t i o n  i s  n o t  c o n s i d e r e d  t o  b e  an impor tan t  envi ronmenta l  impact 
from any s o u r c e  ( i n c l u d i n g  geothermal  development) ,  i n  l i g h t  of t h e  
l a c k  of any s t a t e  laws o r  r e g u l a t i o n s  and t h e  minimuin p a r t i c i p a t i o n  of 
towns and c i t ies  i n  e n a c t i n g  n o i s e  l e g i s l a t i o n .  Where n o i s e  l e g i s l a t i o n  
e x i s t s ,  i t  is  most o f t e n  aimed a t  c o n t r o l l i n g  v e h i c u l a r  n o i s e  e m i s s i o n s  
r a t h e r  t h a n  i n d u s t r i a l  n o i s e  l e v e l s .  Indeed,  OSHA work-related 
s t a n d a r d s  are t h e  pr imary r e g u l a t i o n s  t h a t  would a f f e c t  geothermal  
development i n  New Mexico a t  t h e  p r e s e n t  t i m e .  T h i s  l a c k  of 
r e g u l a t i o n  is  r e f l e c t e d  i n  t h e  l a c k  of a v a i l a b l e  d a t a  and p a u c i t y  of 
m o n i t o r i n g  s t a t i o n s .  

5 . 4 . 1  Descr iDt ion  and Measurement 

N o i s e  i s  sound. Sound i s  produced by waves t r a v e l i n g  through a i r  
i n  a manner s i m i l a r  t o  waves t r a v e l i n g  through water. A s  i n  water, t h e  
h i g h e r  t h e  waves t h e  g r e a t e r  t h e i r  power. The g r e a t e r  t h e  number of 
waves, t h e  g r e a t e r  t h e  f requency  o r  p i t c h  of t h e  sound. The frequency 
of sound, o r  p i t c h ,  i s  measured i n  Her tz  (Hz, o r  c y c l e s )  p e r  second. 
Normal human h e a r i n g  ranges  from 20 Hz t o  20,000 Hz, o r  approximate ly  
t h e  range from t h e  lowes t  n o t e  on a p i p e  organ  t o  t h e  h i g h e s t  n o t e  on 
a v i o l i n  (Environmental  P r o t e c t i o n  Agency, 1977b).  

S t r e n g t h  of sound, o r  n o i s e  l eve l ,  i s  measured by d e c i b e l s  (dB) . 
The d e c i b e l  i s  based on a l o g a r i t h m i c  scale. T h e r e f o r e ,  a s m a l l  
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i n c r e a s e  i n  d e c i b e l s  r e p r e s e n t s  a g r e a t  i n c r e a s e  i n  t h e  i n t e n s i t y  of t h e  
sound. For example, w h i l e  t e n  d e c i b e l s  is  t e n  times more i n t e n s e  t h a n  
one d e c i b e l ,  20 d e c i b e l s  is  100 t i m e s  more i n t e n s e  (10 x 10 r a t h e r  t h a n  
10 + 1 0 ) .  Tab le  <lo l ists  examples of -*well-known s o u r c e s  of sound. 
These can be  compared w i t h  n o i s e  measurements a t  The Geysers  power 
g e n e r a t i n g  f a c i  li t y  (Table  l l ) ,  which u s e s  d r y  steam geothermal  
r e s o u r c e s .  Noise l e v e l s  from l iquid-dominated s o u r c e s  f o r  e lec t r ica l  
g e n e r a t i o n  w i l l  l i k e l y  be s imi la r  ( H a r t l e y ,  1 9 7 8 ) .  

The e x p r e s s i o n  dBA means "A-weighted" sound l e v e l  measured i n  
d e c i b e l s  above a r e f e r e n c e  sound p r e s s u r e  of 0.0002 m i c r o b a r s .  
"A-weighting" w e i g h t s  t h e  c o n t r i b u t i o n s  of sounds of d i f f e r e n t  f r equency  
so t h a t  t h e  r e sponse  of t h e  human ear i s  s i m u l a t e d  ( s i n c e  t h e  human ear 
c a n n o t  p e r c e i v e  a l l  sound f r e q u e n c i e s ) .  

5 .4 .2  C u r r e n t  Moni to r ing  A c t i v i t i e s  

I n  New Mexico b a s e l i n e  d a t a  i s  be ing  monitored o n l y  i n  c i t i e s  w i t h  
n o i s e  abatement  r e g u l a t i o n s  (Albuquerque, Farmington, Los Alamos, 
Socor ro  and Red R i v e r )  and pe rhaps  by some f e d e r a l  a g e n c i e s  ( F e d e r a l  
A v i a t i o n  A d m i n i s t r a t i o n  and t h e  Department of Defense,  n e a r  m i l i t a r y  
b a s e s ) .  Only Albuquerque h a s  r e g u l a t i o n s  r e g a r d i n g  dr i l1 , ing n o i s e  t h a t  
may a f f e c t  geothermal  development.  However, one o r  two r e a d i n g s  of 
b a s e l i n e  d a t a  a t  a s i t e  p r i o r  t o  any development shou ld  p r e s e n t  
s u f f i c i e n t  d a t a  t o  de t e rmine  n o i s e  l e v e l s  a t t r i b u t a b l e  t o  geothermal  u s e  
and development.  

5 .4 .3  Accuracv of B a s e l i n e  Data 

B a s e l i n e  d a t a  f o r  n o i s e  p o l l u t i o n  and abatement  r e l a t e d  t o  
i n d u s t r i a l  development,  s p e c i f i c a l l y  geothermal  development;  i s  
v i r t u a l l y  n o n - e x i s t e n t ,  excep t  pe rhaps  a t  t h e  Baca and LASL h o t ,  d r y  
rock  d e m o n s t r a t i o n  sites. The most u s e f u l e  b a s e l i n e  d a t a  c u r r e n t l y  
a v a i l a b l e  may be t h a t  a s s o c i a t e d  w i t h  geothermal  r e s o u r c e  s i tes  n e a r  
m i  li t a r y  b a s e s  and a v a i  l a b l e  from t h e  Department of Defense.  The. C i  t y  
of  Albuquerque may a l s o  have a d e q u a t e  background n o i s e  d a t a .  Complete 
b a s e l i n e  d a t a  does n o t  e x i s t  e l s e w h e r e  i n  t h e  s t a t e ,  s i n c e  even t h o s e  
c i t i e s  w i t h  n o i s e  abatement  r e g u l a t i o n s  t end  t o  focus  o n l y  on v e h i c u l a r  
t r a f f i c  d a t a .  

It is  recommended, t h e r e f o r e ,  t h a t  a few sample r e a d i n g s  be t aken  
on geothermal  development si tes p r i o r  t o  t h e  c o n s t r u c t i o n  of permanent 
f a c i l i t i e s ,  i n  o r d e r  t o  e s t a b l i s h  a n  a d e q u a t e  sampling of background 
n o i s e .  I f  development a c t i v i t i e s  are t o o  d i s r u p t i v e  t o  o b t a i n  a n  
a d e q u a t e  sampling,  sampling of nearby u n d i s t u r b e d  area might p r o v i d e  
adequa te  s u b s t i t u t e  d a t a .  

! 

115 



Table 10. Examples of well-known sources of sound (Hartley, 1978).  

Source of Sound dBA Range 

? 

20-30 quiet wilderness area _ -  

48-52 quiet suburban residence 

business office 50-60 

80- 90 noisy urban area 

adjacent to freeway 90 

jet airplane at 100 feet 120-130 

* 

116  P 



_ _  .... . .  . . . .-. ... . - .  . .. . .... ~ 

-1 
I 

I 

P 
io 
I Q  
1 u 

.Table 11. Sound levels from various noise sources at the Geyers, 
California geothermal electrical generation facility 
Hartley, 1978). 

Distance (ft) Comment Noise Source dBA 

drilling with air 114 25 steam entry of 81,720 kg/ 

drilling with air 74 2640 same steam entry, no muffler 
hour, no muffler 

drilling with air 84 25 steam entry of 90,800 kg/hr; 

drilling with air 50 805 same steam entry, with muffler 

with muffler 

. _  

steam well 59/62 45 main valve closed, bleed 
equiped with silencer, exhaust- 
ting freely 

steam well 71/83 3000 main valve open, unsilenced; 
steam plume 50 yd high 

Testing big well 107 25 122,580 kg/hr; with muffler 

power plant 96 50 454,000 kg/hr 

cooling tower 81 10 microphone height 5 ft 
\ 

Note: Similar data not available for direct heat applications or  electri- 
cal generation facilities using hydrothermal resources. 

i o  
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5 . 5  Bi0ti.c Data 

B i o t a  h a s  been chosen f o r  t h i s  s e c t i o n  r a t h e r  t h a n  ecosystems o r  
ecology.  V i r t u a l l y  a l l  n a t u r a l  ecosystems i n  New Mexico are p r e s e n t l y  
impacted t o  some d e g r e e  by man's a c t i v i t y .  The human s p e c i e s  must,  of 
c o u r s e ,  be c o n s i d e r e d  a bona f i d e  component of n a t u r a l  ecosystems.  
However, t h e  human a c t i v i t y  of concern  h e r e  is  t h a t  which i s  p e c u l i a r  t o  

modern" man and which is  c a p a b l e  of g r e a t l y  modifying n a t u r a l  
ecosystems.  

11 

It must be remembered t h a t  ecosystems i n c l u d e  a b i o t i c  as w e l l  as 
b i o t i c  components. Consequent ly ,  p e r t u r b a t i o n s  i n  any o r  a l l  of t h e  
a b i o t i c  f e a t u r e s  b e i n g  addressed  i n  t h i s  document--such as g e o p h y s i c a l ,  
water, a i r ,  etc.--will a f f e c t  ecosystems.  Ecosystem changes r e s u l t i n g  
from m o d i f i c a t i o n s  of ecosystem components a re  d i f f i c u l t  t o  assess and 
v i r t u a l l y  i m p o s s i b l e  t o  p r e d i c t  a t  t h e  p r e s e n t  t i m e .  Ecology is t h e  
s t u d y  of ecosystems and is p r i m a r i l y  concerned w i t h  i n t e r a c t i o n s  
(dynamics) of ecosystem components. 

From t h e s e  comments i t  is  u n d e r s t a n d a b l e  t h a t  t h e  b e s t  t h a t  can  be 
done f o r  a s t u d y  of t h i s  kind i s  t o  d e s c r i b e  t h e  e x i s t i n g  b i o t a  ( f l o r a  
and fauna)  of t h e  area under c o n s i d e r a t i o n  f o r  geothermal  development.  
Then a c r u d e  p r e d i c t i o n  of t h e  p o s s i b l e  impacts  on t h e s e  b i o t a  can be 
a t t e m p t e d .  L i t t l e  ecology w i l l  be  i n v o l v e d ,  and hence., no ecosystem 
a n a l y s e s  w i l l  r e s u l t .  

5.5.1 D e s c r i p t i o n  and Measurement 

N e w  Mexico h a s  a h i g h l y  v a r i e d  b i o t a  due t o  t h e  g r e a t  s i z e  and 
t o p o g r a p h i c  h e t e r o g e n e i t y  of t h e  state. Consequent ly ,  i t  is  h i g h l y  
l i k e l y  t h a t  geothermal  energy development w i l l  impact d i f f e r e n t  b i o t i c  
a r r a y s  a t  each d i f f e r e n t  s i t e .  

Most of t h e  s t a t e ' s  b i o t a  h a s  been and is  b e i n g  impacted by man t o  
some degree .  It should  be recognized  t h a t  t h e r e  are few, i f  any,  
p r i s t i n e  ( v i r g i n )  p l a n t  o r  ani-mal communities l e f t  i n  t h e  s t a t e .  
However, c o n c e r t e d  e f f o r t s  should  be made t o  s a f e g u a r d  a t  least  examples 
of t h e  most n a t u r a l  of t h e s e  d i f f e r e n t  communities found i n  o u r  state.  

To p r e s e r v e  benchmark examples of New Mexico's b i o t i c  d i v e r s i t y ,  w e  
must f i r s t  know w i t h  what d i v e r s i t y  w e  are  d e a l i n g .  Then we have t o  
know t h e  l o c a t i o n s  and extend of t h e  d i v e r s e  u n i t s  (communities).  I f  
t h i s  i n f o r m a t i o n  i s  avai lable ,  w e  can  be i n  a p o s i t i o n  t o  o b j e c t i v e l y  
judge t h e  s e r i o u s n e s s  o r  t h r e a t  of any g iven  i m p a c t  on t h e  b i o t a  of t h e  
s t a t e .  

5.5.1.1 F l o r a  

5.5.1.1.1 V e g e t a t i o n  

V i r t u a l l y  a l l  major terrestr ia l  v e g e t a t i o n  t y p e s  found i n  t h e  
conterminous United States  are a l s o  found i n  New Mexico. These are 
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t u n d r a ,  f o r e s t ,  woodland ( s a v a n n a ) ,  s c r u b l a n d ,  g r a s s l a n d ,  r i p a r i a n  
( p e c u l i a r  t o  d r a i n a g e  s y s t e m s ) ,  and d e s e r t .  Many of  t h e s e  ma jo r  u n i t s  
( f o r m a t i o n s )  have  i m p o r t a n t  s u b u n i t s  which are e x t e n s i v e  i n  t h e  s t a t e .  
Most of  t h e s e  subuni ts : ,  o f t e n  r e f e r r e d  t o  as ser ies  o r  a s s o c i a t i o n s ,  a re  
composed of  r e c o g n i z a b l e  species a g g r e g a t i o n s ,  sometimes r e f e r r e d  t o  as 
community t y p e s .  The re  are a p p r o x i m a t e l y  65  d i f f e r e n t  se r ies  
( a s s o c i a t i o n s )  and 165  comlnunity t y p e s  i n  N e w  Mexico. The numbers are  
a p p r o x i m a t e  due  t o  l a c k  of s u f f i c i e n t  d a t a  f rom some areas and p o s s i b l e  
d i f f e r e n c e s  i n  i n t e r p r e t a t i o n  of t h e  r e l a t j v e  d i s c r e e t n e s s  of  some 
u n i t s .  

The  U . S .  F o r e s t  S e r v i c e  is  i n  t h e  p r o c e s s  of c l a s s i f y i n g  t h e  
v e g e t a t i o n  on i t s  l a n d s .  They are u s i n g  a modif ied-Daubenmire s y s t e m  
which a t t e m p t s  t o  i d e n t i f y  r e l a t i v e l y  s t a b l e  (ma tu re )  s p e c i e s  
a s s e m b l a g e s  c a l l e d  " h a b i t a t  t ypes" .  The term " h a b i t a t  t y p e "  i s  n o t  
a p p l i e d  u n l e s s  o r  u n t i l  a s u f f i c i e n t  number of s t a n d s  have  been  s t u d i e d  
t o  i n d i c a t e  r e p e t i t i v e  s imi l a r i t i e s  t o  w a r r a n t  t h e  d e s i g n a t i o n .  The 
F o r e s t  Service h a s  a l m o s t  comple ted  t y p i n g  t h e  h i g h e r  e l e v a t i o n s ,  is  
w e l l  a l o n g  on t h e  m i d d l e  e l e v a t i o n s ,  and i s  b e g i n n i n g  t h e  lower  
e l e v a t i o n  v e g e t a t i o n .  When comple t ed ,  t h e  t u n d r a ,  f o r e s t ,  and woodland 
f o r m a t i o n s  found on U.S. F o r e s t  S e r v i c e  l a n d  w i l l  be  c l a s s i f i e d .  The 
s y s t e m  l e n d s  i t s e l f  w e l l  t o  u s e  on I n d i a n ,  s t a t e  and p r i v a t e  l a n d s .  The 
named community t y p e  can  be changed t o  h a b i t a t  t y p e  i f  and when a f j e l d  
s u r v e y  i n d i c a t e s  t h e  u n i t  h a s  s u f f i c i e n t  i n t e g r i t y  t o  c a r r y  t h e  name. 

The S o i l  C o n s e r v a t i o n  S e r v i c e  h a s  a series of t e c h n i c a l  g u i d e s  
c o n t a i n i n g  r a n g e  s i t e  d e s c r i p t i o n s .  Even though t h e s e  d e s c r i p t i o n s  are  
f o r  a n  a p p l i e d  u s e  ( g r a z i n g ) ,  t h e  v e g e t a t i o n  u n i t s  are d e t a i l e d  and 
t h o r o u g h .  They are a l s o  c o n s i s t e n t  w i t h  t h e  l a t e s t  soil i n f o r m a t i o n  f o r  
t h e  s t a t e .  

T h e r e  a re  s e v e r a l  v e g e t a t i o n  maps  f o r  N e w  Mexico. The most r e c e n t  
and b e s t  i s  " P o t e n t i a l  N a t u r a l  V e g e t a t i o n ,  N e w  Mexico,  N e w  Mexico 
I n t e r a g e n c y  Range Committee, Repor t  No. 11, S o i l  C o n s e r v a t i o n  S e r v i c e ,  
1978." Due t o  t h e  scale used, t h e  s m a l l e s t  u n i t s  on t h i s  map r e c o g n i z e  
d i v e r s i t y  a t  a leve l  w e l l  above  (more g e n e r a l  t h a n )  t h a t  of  h a b i t a t  o r  
community t y p e .  The smal les t  u n i t s  on t h i s  map are s i m i l a r  t o  t h e  
se r ies  ( a s s o c i a t i o n )  ca t egory .% F i g u r e  37 p r e s e n t s  s t i l l  more 
g e n e r a l i z e d  v e g e t a t i o n  t y p e s  f o r  t h e  s t a t e .  

A q u a t i c  v e g e t a t i o n  i n  N e w  Mexico i s  less  d i v e r s e  t h a n  t e r r e s t r i a l ,  
b e c a u s e  t h e r e  are r e l a t i v e l y  few a q u a t i c  h a b i t a t s  and water t e n d s  t o  
r e d u c e  t h e  h e t e r o g e n e i t y  o f  micro-habi  t a t s .  Except  f o r  a few mounta in  
streams and l a k e s ,  most a q u a t i c  v e g e t a t i o n  i s  a s s o c i a t e d  w i t h  
man-modi f i e d  and man ipu la t ed  waters. T h i s  serves t o  f u r t h e r  r e d u c e  
p l a n t  d i v e r s i t y  . 

The New Mexico H e r i t a g e  O f f i c e  of t h e  D i v i s i o n  of N a t u r a l  R e s o u r c e s  
i n  S a n t a  Fe h a s  some v e g e t a t f o n  da t a  ( t y p e ,  amount ,  l o c a t i o n )  on f i l e  i n  
i t s  da ta  bank.  T h i s  i s  a v a i l a b l e  upon r e q u e s t .  

The h e r b a r i a  a t  t h e  U n i v e r s i t y  of New Mexico and N e w  Mexico S t a t e  
U n i v e r s i t y  c o n t a i n  e x t e n s i v e  c o l l e c t i o n s  of p l a n t  spec imens  from New 
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Figure 37. General vegetation patterns in New Yesico (Soil Conservation 
Service, 1978) . 
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Mexico .  L o c a t i o n s  and g e n e r a l i z e d  h a b i t a t s  c a n  be o b t a i n e d  from t h e  
l a b e l s  on t h e s e  spec imens .  

A new " F l o r a  of N e w  Mexico" i s  i n  press and s h o u l d  be a v a i l a b l e  
w i t h i n  t h e  n e x t  y e a r .  T h i s  f l o r a  c o n t a i n s  p l a t e s  and r a n g e  maps  of most  
of t h e  s p e c i e s  i n c l u d e d .  

5 . 5 . 1 . 1 . 2  T h r e a t e n e d  and Endangered S p e c i e s  

T h e r e  are  a p p r o x i m a t e l y  30 t h r e a t e n e d  and endangered  p l a n t  t a x a  i n  
New Mexico.  A manual i s  b e i n g  p r i n t e d  which g i v e s  d e s c r i p t i o n s ,  
l o c a t i o n s ,  and p l a t e s  f o r  t h e  species i n  t h e  s t a t e .  The i n f o r m a t i o n  t o  
be i n c l u d e d  i n  t h e  manual can  a l s o  be o b t a i n e d  from t h e  New Mexico 
H e r i t a g e  O f f  ice.  

5 . 5 . 1 . 2  Fauna 

The  h i g h l y  d i v e r s e  topography ,  geography ,  and v e g e t a t i o n  of N e w  
Mexico r e s u l t  i n  a d i v e r s e  f auna  i n  t h e  s t a t e .  Some e l e m e n t s  of t h e  
High Rock ies  g e t  i n t o  t h e  s t a t e ;  P l a i n s  a n i m a l s  from pra i r ies  are found 
i n  t h e  e a s t e r n  p o r t i o n s  of  New Mexico; some Great Bas in  forms are found;  
and  Sonoran  a n i m a l s  are  n o t  uncommon i n  t h e  s o u t h w e s t e r n  c o r n e r .  These  
are i n  a d d i t i o n  t o  t h e  Lower Rocky Mounta in ,  d e s e r t  g r a s s l a n d ,  
Chihuahuan d e s e r t  f a u n a .  

5 . 5 . 1 . 2 . 1  Animal Communities 

Most i n f o r m a t i o n  on an ima l  communi t i e s  i s  l o c a t e d  i n  r e s e a r c h  
l i t e r a t u r e .  The New Mexico G a m e  and F i s h  Depar tment  h a s  done some 
community t y p e  work. Occur rence  and r a n g e  d a t a  f o r  i n d i v i d u a l  spec ies  
are f a i r l y  e x t e n s i v e .  For v e r t e b r a t e s  t h e r e  a re :  M a m m a l s  of  N e w  Mexico 
( F i n d l e y  e t  a l . ,  2 9 7 5 ) ,  Guide t o  t h e  F i s h e s  of N e w  Mexico ( K o s t e r ,  
1 9 5 7 ) ,  New Mexico B i r d s  and Water (L igon ,  1 9 6 1 a ) ,  and N e w  Mexico B i r d s  
and Where t o  F ind  them ( L i g o n ,  1961b) .  T h e r e  i s  a l s o  The Revised  
C h e c k l i s t  of t h e  B i r d s  of  New Mexico (Hubbard,  1 9 7 8 ) .  D r .  S u b l e t t e  a t  
E a s t e r n  N e w  Mexico U n i v e r s i t y  h a s  a n  e x t e n s i v e  c u r r e n t  d a t a  s e t  on f i s h .  
There  are f a i r l y  e x t e n s i v e  r e p t i l e  and amphib ian  c o l l e c t a o n s  a t  Western 
N e w  Mexico U n i v e r s i t y ,  New Mexico S t a t e  U n i v e r s i t y  and t h e  U n i v e r s i t y  of 
N e w  Mexico. The U n i v e r s i t y  of N e w  Mexico and New Mexico S ta t e  
U n i v e r s i t y  a l s o  have  e x t e n s i v e  m a m m a l ,  b i r d  and i n s e c t  c o l l e c t i o n s .  

Key w i l d l i f e  r a n g e s  and w i l d l i f e  managements areas of t h e  S t a t e  of  
N e w  Mexi.co a re  shown i n  F i g u r e  38  and 39.  

5 .5 .1 .2 .2  T h r e a t e n e d  and Endangered S p e c i e s  

The t h r e a t e n e d  and endangered  an ima l  spec ies  a re  w e l l  documented i n  
N e w  Mexico l a r g e l y  due  t o  t h e  e f f o r t s  o f  D r .  John  Hubbard from t h e  N e w  
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Lower F r i s c o  

Known Geothermal Resource Area Sites 

K E Y  
@ W i l d l i f e  Areas 
0 Data Available 

Figure 39.  W i l d l i f e  management areas ( S t a t e  P l a n n i n g  D i v i s i o n ,  1 9 7 8 ) .  
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Mexico Depar tment  of  Game and F i s h .  T h e r e  is a manual f o r  t h e  
v e r t e b r a t e s  (Hubbard e t  a l . ,  1 9 7 8 ) .  The d a t a  from t h i s  manual p l u s  
a d d i t i o n a l  d a t a  such  as t h o s e  o b t a i n e d  s i n c e  p u b l i c a t i o n  of t h e  manual 
and d a t a  on n o n - v e r t e b r a t e  a n i m a l s  i s  c o n t a i n e d  i n  t h e  H e r i t a g e  Program 
d a t a  bank and i s  a v a i l a b l e  upon r e q u e s t .  

5 . 5 . 2  C u r r e n t  M o n i t o r i n g  A c t i v i t i e s  

The  H e r i t a g e  O f f i c e  m a i n t a i n s  a c o n s t a n t  d a t a  a c q u i s i t i o n  and bank 
d e p o s i t  s y s t e m  f o r  a l l  t h r e a t e n e d  and endangered  s p e c i e s ,  new p l a n t  and 
a n i m a l  o c c u r r e n c e  s i tes ,  and b i b l i o g r a p h i c  material  such  as  p u b l i c a t i o n s  
and t h e s e s  on p l a n t s  and a n i m a l s  i n  New Mexico. The U.S.  F o r e s t  S e r v i c e  
H a b i t a t  Typing a c t i v i t y  i s  c o n t i n u i n g  and i n - s e r v i c e  t r a i n i n g  s e s s i o n s  
f o r  h a b i t a t  t y p i n g  are p lanned  so t h a t  p r e c i s e  l o c a t i o n s  and amounts  
( i n v e n t o r y )  of  t h e  h a b i t a t  t y p e s  c a n  be o b t a i n e d .  The S o i l  C o n s e r v a t i o n  
Service i s  c o n s t a n t l y  a d d i n g  and c o r r e c t i n g  i t s  r a n g e  s i t e  d e s c r i p t i o n  
material .  F i g u r e  40  shows w i l d e r n e s s  areas and F i g u r e  4 1  n a t u r a l  areas 
i n  t h e  s t a t e .  M o n i t o r i n g  o c c u r s  i n  b o t h  areas t o  some d e g r e e .  

5 . 5 . 3  Accuracy of Basel ine Data 

G e n e r a l  i n f o r m a t i o n  on t h e  b i o t a  of t h e  s t a t e  e x i s t s  and i s  
a v a i l a b l e .  Most of t h e  i n f o r m a t i o n  can  be found i n  t h e  H e r i t a g e  Program 
d a t a  bank o r  a t  least  t h i s  d a t a  bank c a n  be used  t o  f i n d  o u t  where t h e  
d a t a  are t o  be o b t a i n e d .  Animal o c c u r r e n c e  and r a n g e  i n f o r m a t i o n  i s  
r e l a t i v e l y  w e l l  known f o r  t h e  v e r t e b r a t e s .  V e g e t a t i o n  d a t a  i s  n o t  
s u f f i c i e n t  a t  t h e  community t y p e  l e v e l  and s u r v e y s  and i n v e n t o r i e s  w i l l  
l i k e l y  have  t o  be conduc ted  a t  each  s i t e  of p roposed  development .  The 
d a t a  on t h r e a t e n e d  and endangered  s p e c i e s  is  good enough so t h a t  
e x t e n s i v e  s e a r c h e s  w i l l  n o t  be n e c e s s a r y  a t  e v e r y  s i t e .  

5 .6  Socioeconomic  Data 

Soc ioeconomics  d e a l s  w i t h  human-assoc ia ted  a s p e c t s - - p a s t ,  
p r e s e n t ,  arid f u t u r e .  T h i s  s e c t i o n  c o n s i d e r s  i m p a c t s  a s s o c i a t e d  w i t h  
g e o t h e r m a l  dev*elopment and p e o p l e ,  i n c l u d i n g  t h o s e  t h i n g s  t h a t  would 
be e n c o u n t e r e d  i n  t h e  deve lopment  of a n  e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t ,  
i n c l u d i n g  p r e s e r v a t i o n  of a r c h a e o l o g i c a l  and h i s t o r i c a l  s i t e s ;  
e v a l u a t i o n  of r e c r e a t i o n  f a c i l i t i e s  and n e e d s ;  c u l t u r a l  and economic 
c o n s i d e r a t i o n s ;  l a n d  u s e  and community s e r v i c e s .  

5 . 6 . 1  G e n e r a l  Soc ioeconomic  Data 

5 . 6 . 1 . 1  D e s c r i . p t i o n  and Measurement 

T h e r e  i s  a n  e x t e n s i v e  soc ioeconomic  d a t a  b a s e  a v a i l a b l e  from 
t h e  Bureau of B u s i n e s s  and Economic Resea rch  (1977), based  on t h e  l a s t  
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F i g u r e  41. Natural areas (State Planning D i v i s i o n ,  1978). 
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U.S. Census.  Tab le  12 p r e s e n t s  g e n e r a l  d a t a  on New Mexico. Appendix E 
p r e s e n t s  b a s e l i n e  d a t a  f o r  t h e  New Mexico c o u n t i e s  t h a t  i n c l u d e s  coun ty  
area,  p o p u l a t i o n ,  m a t u r a l  i n c r e a s e  i n  p o p u l a t i o n ,  i n f e r r e d  m i g r a t i o n ,  
t a x e s  and r evenues ,  mining p r o d u c t i o n ,  a g r i c u l t u r a l  p r o d u c t i o n ,  t o t a l  
r e t a i l  sales, t o t a l  who lesa l e  r e c e i p t s  and t o t a l  r e c e i p t s  of s e r v i c e .  

5 . 6 . 1 . 2  Cur ren t  Moni to r ing  A c t i v i t i e s  

T h i s  b a s i c  socioeconomic d a t a  i s  made on p r o j e c t i o n s  ( c o h o r t  
s u r v i v a l  and o t h e r  t e c h n i q u e s )  from the most c u r r e n t  U.S. Census Bureau 
stati-st ics.  S i n c e  new census  d a t a  w i l l  be a v a i l a b l e  from t h e  1980 
s u r v e y ,  a l l  socioeconomic d a t a  from t h i s  s o u r c e  shou ld  be  c o n s i d e r e d  
" s t a t e -o f - the -a r t "  s t a t  i s  t i cal d a t a .  

5 .6 .1 .3  Accuracy of B a s e l i n e  Data 

With t h e  a d d i t i o n  of 1980 c e n s u s  d a t a ,  i n f o r m a t i o n  of t h i s  t y p e  
shou ld  be v e r y  a c c u r a t e  f o r  t h e  n e x t  f o u r - f i v e  y e a r s .  A f t e r  t h a t  p o i n t ,  
i n f e r e n c e s  may throw a "skew" i n t o  the c o n f i d e n c e  l e v e l s  of p r o j e c t i o n s .  

5.6.2 A r c h a e o l o g i c a l  and H i s t o r i c a l  S i t e s  . _  

In a s t a t e  rich w i t h  c u l t u r a l  r e s o u r c e s ,  p r o t e c t i o n  of 
a r c h a e o l o g i c a l  and h i t o r i c a l  s i tes  must be  c a r e f u l l y  c o n s i d e r e d  p r i o r  t o  
development of any k ind .  In  New Mexico, where numerous s i t e s  e x i s t ,  
t h i s  may become a problem of l o g i s t i c s .  However, a l l  s i tes must be  
l o c a t e d ,  d e s c r i b e d  and e v a l u a t e d  p r i o r  t o  any geo the rma l  a c t i v i t y .  

5 .6 .2 .1  D e s c r i p t i o n  and Measurement 

I n  o r d e r  t o  evaluate the  p r o b l e m s  caused  when encounter ing  
a r c h a e o l o g i c a l  o r  h i s t o r i c a l  sites i n  a development area, one must f i r s t  
r e a l i z e  t h a t  t hey  are g e n e r a l l y  c o n s i d e r e d  t o  be any phyLica l  
m a n i f e s t a t i o n  of c u l t u r a l  a c t i v i t i e s  i n  t h e  p a s t .  More p r e c i s e l y ,  t h e y  
a re  d e f i n e d  as f o l l o w s :  

A r c h a e o l o g i c a l  r e s o u r c e s - - a l l  e v i d e n c e s  of p a s t  human 
o c c u p a t i o n s ,  which can  be used t o  r e c o n s t r u c t  t h e  l i f e w a y s  of 
p a s t  peop les .  These i n c l u d e  s i tes ,  a r t i f a c t s ,  env i ronmen ta l  
and a l l  o t h e r  r e l e v a n t  i n f o r m a t i o n  and the c o n t e x t s  i n  which 
t h e y  occur .  A r c h a e o l o g i c a l  r e s o u r c e s  are found i n  p r e h i s t o r i c  
and a b o r g i n a l  sites and i n  I n d i a n  and European areas of 
o c c u p a t i o n  and a c t i v i t y .  

H i  s t o r i c a l  r e s o u r c e s - - a l l  ev i d e n  c e s of human 
o c c u p a t i o n s  t h a t  d a t e  from h i s t o r i c ,  i . e . ,  r eco rded  h i s t o r y ,  
p e r i o d s .  These r e s o u r c e s  i n c l u d e  documentary d a t a ,  i .e . ,  
w r i t t e n  r e c o r d s ,  a r c h i v a l  ma te r i a l ,  pho tographs ,  m a p s ,  e t c . ;  
s i t es ,  a r t i f a c t s ,  env i ronmen ta l  d a t a  and a l l  o t h e r  r e l e v a n t  
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Table 12, General socioeconomic information about the s t a t e  o f  New 
1977). Mexico (Bureau of  Basi ness and Ecnnomi c Research 

S t a t e  Area: 

S t a t e  Capital  : 
Pow1 a t  i on : 
popu 

% 
% 
% 
% 

Vita 
B 

a t i o n  Components (1970) : 
Rural 
Nonwhite 
Spanish-heri tage 
Over age 65 

Sta  t i  s t i  c s  : 
rths 

Deaths 
Natural increase  
Inferred net migration 

Education: 
180 day average p u b l  i c  
school enrollment 

Empl o p e n  t : 
Manufacturing 
M i n i n g  
Contract cons t ruc t ion  
Transportat ion,  p u b l  i c  

Wholesale and r e t a i l  t r ade  
Finance, insurance and 

Services  
Government 
Total nonagricul tural  
Unemployment r a t e  

% of population o f  food 

u t i l i t i e s ,  communication 

real  e s t a t e  

We1 f a r e  (1  975) : 

stamp program 

Income (1  974) : 
Average per cap i t a  

Agricul tural  (1 969) : 
Average farm s i z e  
Average value of land and 

b u i  1 d i n g s  

77,866,240 acres  

Santa Fey New Mexico 

30.2 
9.9 

40.1 
6.9 

106,707 
39 , 372 
67 , 335 
60 , 570 

271,431 

$29,100 
19,000 
24 , 700 

23 , 200 
79 , 600 

16,300 
64,900 

102 , 200 
359 , 000 
6.3% 

13.74 

$4,139 

4,020 ac res  

$168,336 

Trade and Services  (1972):  
Total r e t a i l  s a l e s  $2,300,272 
Total wholesale r e c e i p t s  350,784 
Total  r e c e i p t s  of s e rv i ces  753,920 
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i n f o r m a t i o n .  H i s t o r i c  r e s o u r c e s  are  c u l t u r a l  r e s o u r c e s -  and 
may be c o n s i d e r e d  a r c h a e o l o g i c a l  r e s o u r c e s  when a r c h a e o l o g i c a l  
work i s  i n v o l v e d  i n  t h e i r  i d e n t i f i c a t i o n  and i n t e r p r e t a t i o n .  

I 

Many t i m e s ,  d i s c o v e r y  of such  s i tes  may a f f e c t  l o c a t i o n  o r  t y p e  of 
e n e r g y  deve lopmen t ,  (P .  B e c k e t t ,  pers. comm.). 

Geothermal  e x p l o r a t i o n  o r  deve lopment  may be r e t a r t ed  u n t i l  a n  
a d e q u a t e  s i t e  s p e c i f i c  s u r v e y  can  be  made. I n  areas where h o t  s p r i n g s  
o r  o t h e r  s u r f a c e  h o t  water i s  p r e s e n t ,  t h e r e  may be a n  u n u s u a l l y  l a r g e  
number of s i t e s .  An e x c e l l e n t  example of t h i s  i s  Faywood Hot S p r i n g s  
( 2 3 ) .  Not o n l y  a re  t h e  s p r i n g s  of h i s t o r i c a l  i n t e r e s t ,  b e i n g  t h e  s i t e  
of t h e  Faywood H o t e l ,  b u t  t h e y  were also t h e  s i t e  of S p a u l d i n g ' s  
t r a i n i n g  camps a t  t h e  t u r n  of t h e  c e n t u r y .  When t h e  h o t e l  s i t e  was 
b e i n g  deve loped  ( c i r c a  1880), t h e r e  were r e p o r t s  of e x t e n s i v e  I n d i a n  
s i tes  i n  t h e  a r e a .  T h i s  i n c l u d e d  d i s c o v e r y  of many a r t i f a c t s  i n  t h e  
area as w e l l  as a t  t h e  s p r i n g  i t s e l f .  

These  s u r f a c e  h o t  water s i tes  a p p a r e n t l y  had a n  a p p e a l  t o  b o t h  t h e  
I n d i a n  and e a r l y  European set t lers  i n  New Mexico. F r e q u e n t l y  t h e s e  
s i t e s  had some s o r t  of r e l i g i o u s  s i g n i f i c a n c e  t o  t h e  I n d i a n s .  Later,  
w i t h  t h e  o n s l a u g h t  of s e t t l e r s ,  t h e s e  s i tes  were deve loped  as m i n e r a l  
b a t h s ,  r e s o r t s ,  e t c .  E x t e n s i v e  s i t e - s p e c i f i c  d a t a  i s  a v a i l a b l e  from 
t h e  Museum of New Mexico and t h e  S t a t e  A r c h a e o l o g i s t  a t  t h e  New Mexico 
L a b o r a t o r y  of An th ropo logy .  

5 . 6 . 2 . 2  C u r r e n t  M o n i t o r i n g  A c t i v i t i e s  

C u r r e n t  m o n i t o r i n g  o r  mapping oE a r c h a e o l o g i c a l  and h i s t o r i c a l  
s i tes  i s  underway.  However, i n  most of  N e w  Mexico,  p r o b a b l y  no more 
t h a n  10% of  t h e  s u r f a c e  area h a s  been  examined.  Much of t h e  s t a t e  h a s  
had less t h a n  10% s u r v e y e d ,  pe rhaps  a s  l i t t l e  as one-ha l f  of one  p e r c e n t  
( P .  B e c k e t t ,  pers. comm.). 

Because  of t h e  c o n c e r n  o v e r  t h e s e  r e s o u r c e s ,  t h e  S t a t e  of N e w  
Mexico,  S t a t e  P l a n n i n g  D i v i s i o n ,  h a s  . p repa red  m a p s  showing areas of  

n s i t y  s i t es  ( F i g u r e  4 2  and  4 3 ) .  These  may s e r v e  
p o t e n t i a l  d e v e l o p e r s  w i t h  a n  e s t i m a t i o n  of s i t e  

d e n s i t y ,  from which t o  j u d g e  t h e  i n t e n s i t y - o f  -base  e d a t a  a c q u i s i t i o n  
needed .  F i g u r e s  4 4  and 4 5  show t h e  l o c a t i o n  of h i s t o r i c  s i t e s  and 
r e l i g i o u s  s h r i n e s  i n  N e w  Mexico. 

5 . 6 . 2 . 3  Accuracy of B a s e l i n e  Data 

The a v a i l a b i l i t y  of da t a  i s ,  a s  ment ioned  p r e v i o u s l y ,  l i m i t e d  t o  
t h o s e  areas which have  been  s u r v e y e d .  Data from s u r v e y e d  areas i s  
l i k e l y  t o  be q u i t e  accu ra t ; .  Maps on v a r i o u s  a c h a e o l o g i c a l  s t u d i e s  
are  a v a i l a b l e  f o r  t h e  deve lopment  of Env i ronmen ta l  I m p a c t  S t a t e m e n t s .  
These  maps  a re  n o t  r e l e a s e d  t o  t h e  p u b l i c  (C. Schaafsma,  Museum of N e w  
Mexico,  pers. comm.), b u t  t h e  g e n e r a l  m a p s  p r o v i d e d  by t h e  S t a t e  
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F i g u r e  4 2 .  P r e d i c t e d  density of  a rc l i aeo l .og ica1  sites ( S t a t e  P l a n n i n g  
D i v i s i o n ,  1 9 7 8 ) .  
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F i g u r e  4 3 .  Known a r c h a e o l o g i c a l  s i t e  d e n s i t i e s  ( S t a t e  P l a n n i n g  

D i v i s i o n ,  1 9 7 8 ) .  ' 



Known Geothermal Resource Area Sites 0 D a t a  Ava i lab le  

F i g u r e  4 4 .  R e g i s t e r e c l  h i s t o r i c  s i t e s  ( S t a t e  P l a n n i n g  D i v i s i o n ,  1 9 7 8 ) .  
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F i g u r e  45. Rel i . g ious  s h r i n e s  ( S t a t e  P l a n n i n g  D i v i s i o n ,  1 9 7 8 ) .  
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P l a n n i n g  .Divi s i o n  are  of p u b l i c  r e c o r d .  L i  t e r a t u r e ,  s e a r c h e s  w i l l  
p r o v i d e  some l e v e l  of d e t a i l  on a r c h a e o l o g y  s i tes  f o r  s i t e - s p e c i f i c  
deve lopment  p l a n s .  

Because  of t h e  l i m i t e d  amount of p u b l i c  d a t a ,  i t  i s  d i f f i c u l t  t o  
assess i t s  v a l u e  t o  g e o t h e r m a l  d e v e l o p e r s .  One might  g e n e r a l l y  assume 
t h a t  i f  a p r e v i o u s  s t u d y  h a s  n o t  cove red  t h e  p r e c i s e  a r e a  c o n s i d e r e d  f o r  
g e o t h e r m a l  deve lopmen t ,  t h e  e x i s t i n g  d a t a  may be of  l i t t l e  u s e  i f  t h e  
area is  known t o  h a v e  a h i g h  c o n c e n t r a t i o n  of s i t e s .  A s u r v e y  of  
s u b s i  tes i n  which d i s t u r b a n c e s  are p lanned  w i t h i n  a development  c o u l d  
a d e q u a t e l y  e s t a b l i s h  d a t a .  

5 . 6 . 3  R e c r e a t i o n  

An i n c r e a s i n g  p o p u l a t i o n  of t e n  demands i n c r e a s e d  r e c r e a t i o n  
f a c i l i t i e s .  I f  no new f a c i l i t i e s  are n e e d e d ,  t h e n  t h e  i n c r e a s e d  i m p a c t s  
o n  e x i s t i n g  f a c i l i t i e s  must  be c o n s i d e r e d .  If long-term p r e d i c t i o n s  
i n c l u d e  a p o p u l a t i o n  i n c r e a s e  due  t o  g e o t h e r m a l  deve lopmen t ,  t h e  
community must  c o n s i d e r  t h e  e f f e c t s  on r e c r e a t i o n  i n  t h e  area. On t h e  
o t h e r h a n d ,  g e o t h e r m a l  f a c i l i t i e s ,  p a r t i c u l a r l y  t h o s e  u t i l i z i n g  d i r e c t  
h e a t ,  may n o t  i n c r e a s e  t h e  p o p u l a t j o n  a t  all. 

5 . 6 . 3 . 1  D e s c r i p t i o n  and Measurement 

A number of problems w i l l  be  a s s o c i a t e d  w i t h  r e c r e a t i o n a l  
deve lopment  i f  g e o t h e r m a l  c o m m e r c i a l i z a t i o n  c a u s e s  a n  area 's  p o p u l a t i o n  
t o  grow and new r e c r e a t i o n a l  f a c i l i t i e s  a re  needed .  I€ a community 
d o e s  n o t  h a v e  t h e  economic r e s o u r c e s  t o  d e v e l o p  a r e c r e a t i o n a l  area 
t h e n  o u t s i d e  f u n d i n g  must  be  s o u g h t .  I€ s u f f i c i e n t  funds  a re  a v a i l a b l e  
f o r  deve lopmen t ,  t h e  c o s t  of m a i n t e n a n c e  of new o r  e x i s t i n g  f a c i l i t i e s  
must  be c o n s i d e r e d .  T h i s  m a i n t e n a n c e  w i  11 i n c l u d e  combat ing  r e c r e a t i o n  
p o l l u t i o n .  

I n  a s t u d y  on t h e  r e c r e a t i o n a l  p o l l u t i o n  i n  t h e  S a n d i a  Mountains  
( F i s k  e t  a l . ,  1 9 7 7 )  t h e  h i g h  p r i o r i t y  p o l l u t i o n s  ( a c c o r d i n g  t o  t h e  
p u b l i c  i n t e  wed) i n c l u d e  l i t t e r ,  w i l d l i f e  h a r r a s s m e n t ,  f i r e  c o n t r o l  
and p r e v e n t i o n ,  c rowding ,  e s t h e t i c s  and n o i s e .  O t h e r s  of i m p o r t a n c e  
were t r a s h ,  g a r b a g e ,  sewage ,  s o i l  compac t ion ,  v e g e t a t i o n  d e s t r u c t i o n ,  
e r o s i o n  and water s i l t a t i o n .  Low p r i o r i t y  i m p a c t s  were v e h i c l e  
e m i s s i o n s ,  d u s t  , r o c k  removal  and p i c n i c - f  i re smoke. I f  t h e s e  impacts 
are n o t  c h e c k e d ,  t h e  r e c r e a t i o n a l  area w i l l  be  d e s t r o y e d .  E x i s t i n g  
s t a t e  p a r k  and monument f a c i l i t i e s  a r e  shown i n  F i g u r e  4 6 .  The o n l y  
w i l d  and s c e n i c  r i v e r  c u r r e n t l y  d e s i g n a t e d  i n  New Mexico i s  i n  Taos 
County w i t h  two g e o t h e r m a l  s i t e s  i n  t h e  n e a r b y  area ( F i g u r e  4 7 ) .  The 
s t a t e  a l s o  h a s  e x t e n s i v e  N a t i o n a l  Pa rk  and N a t i o n a l  F o r e s t  p r o p e r t i e s  
a v a i l a b l e  f o r  r e c r e a t i o n .  
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K E Y  
(B W i l d  and Scenic River 
0 D a t a  A v a i l a b l e  

Figure 4 7 .  W i l d  a i i d  s c e n i c  r i v e r s  (State Planning D i v i s i o n ,  1978): 
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5.6.3.2 C u r r e n t  Monitor ine A c t i v i t i e s  

Probably  t h e  o n l y  moni tor ing  of t h e  environment t h a t  o c c u r s  i n  o r  
n e a r  r e c r e a t i o n a l  areas are t h o s e  set  up by t h e  agency i n  charge  of t h e  
r e c r e a t i o n  area, o r  t h o s e  set  up by t h e  s t a t e  o r  f e d e r a l  a g e n c i e s  f o r  
moni tor ing  environmental  i m p a c t s  f o r  some o t h e r  r e a s o n .  ' Another 
moni tor ing  d e v i c e  are compla in ts  by u s e r s ,  which may s e r v e  t o  inform t h e  
r e s p o n s i b l e  persons  of a t  least t h e  g r o s s e s t  forms of p o l l u t i o n  p r e s e n t .  

5 .6 .3 .3  Accuracy of Baseline Data 

B a s e l i n e  d a t a  on t h e  s t a t u s  and a v a i l a b i l i t y  of r e c r e a t i o n  areas 
i n  t h e  s ta te  is complete  and a c c u r a t e .  Measuring t h e  e f f e c t  of 
i n c r e a s i n g  an area's  p o p u l a t i o n  based s o l e l y  on geothermal  development 
and commerc ia l iza t ion  is  a b i t  more d i f f i c u l t .  New Mexico's r u r a l  and 
urban  areas w i l l  c o n t i n u e  t o  grow i n  p o p u l a t i o n ,  b u t  t h i s  growth i s  
more r e l a t e d  t o  i t s  p o s i t i o n  as a "sun b e l t "  s t a t e  and i t s  i n c r e a s i n g  
impor tance  as a n  energy producing s ta te  ( i . e . ,  of o i l ,  g a s ,  and c o a l  f o r  
e x p o r t a t i o n ) .  S e p a r a t i n g  t h i s  g e n e r a l  growth from t h a t  caused s o l e l y  by 
geothermal  energy growth may be i m p o s s i b l e  i n  most areas of t h e  s ta te .  
The o n l y  clear s e p a r a t i o n  would occur  where new i n d u s t r i e s  u t i l i z i n g  
geothermal  energy employed an imported p o p u l a t i o n  (not'  i n d i g i o u s  t o  
t h e  area--possibly New Mexicans from o t h e r  p a r t s  of t h e  s t a t e ) .  
P o p u l a t i o n  i n c r e a s e s  t h a t  occur  d u r i n g  geothermal  f a c i l i t y  c o n s t r u c t i o n  
are l i k e l y  t o  be temporary i n  n a t u r e  (a  shor t - te rm i m p a c t ) .  

5.6 .4  Land U s e  

One of t h e  most impor tan t  socioeconomic impacts  w i l l  be  on land  u s e  
and land u s e  p lanning .  Another aspect of land use a s s o c i a t e d  w i t h  
geothermal  development and f a c i l i t i e s  c o n s t r u c t i o n  i n c l u d e s  t h e  a t t e m p t  
t o  a l l e v i a t e  p o t e n t i a l  environmental  i m p a c t s  from f a c i l i t y  c o n s t r u c t i o n .  
T h i s  e f f o r t  must be a community/developer j o i n t  e f f o r t .  The major 
impact on land u s e  w i l l  probably n o t  occur  because of t h e  geothermal  
development,  b u t  because  of t h e  need f o r  land  t o  accommodate' t h e  
p o p u l a t i o n  i n c r e a s e s .  In  any case, geothermal  developments should  be 
compat ib le  w i t h  any e x i s t i n g  r e g i o n a l ,  s ta te  o r  l o c a l  land  u s e  p lanning .  

5.6.4.1 Descript i .on and Measurement 

Undoubtedly t h e  most d i f f i c u l t  problem t o  r e s o l v e  i n  t h e  area of 
land u s e  w i l l  be t h e  development of p r i o r i t i e s  t h a t  p l a c a t e  t h e  demands 
of a l l  u s e r s ;  a g r i c u l t u r a l  i n t e r e s t s ,  mining i n t e r e s t s ,  geothermal  
d e v e l o p e r s ,  etc.  would all be r e q u e s t i n g  f i r s t  p r i o r i t y  on land use .  A 
p o s s i b l e  s o l u t i o n  t o  t h i s  problem i s  land  u s e  p lanning .  However, s i n c e  
much of t h i s  p lanning  is based on tenuous p r i n c i p l e s ,  a development of 
p r i o r i t i e s  may be d i f f i c u l t  t o  o b t a i n .  
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I m p a r t i a l  judgement of p r i o r i t i e s  would p o s s i b l y  s e r v e  t o  a l lev ia te  
t h e s e  p o l i t i c a l  problems and a t t e m p t  t o  r e s o l v e  t h e  t r u e  i s s u e s  
c o n f r o n t e d  by l a n d  use.  These i s s u e s  i n c l u d e  minimizing envi ronmenta l  
impacts  and maximizing economic r e t u r n s  on a s ta te -wide  of 
communi ty-based l e v e l .  

E x i s t i n g  land  u s e s  are i l l u s t r a t e d  i n  t h e  f o l l o w i n g  series of 
f i g u r e s  from d a t a  a v a i l a b l e  through t h e  S t a t e  P lanning  O f f i c e  (1978) .  
Areas of p o t e n t i a l  (and p r e d i c t e d )  growth are shown i n  F i g u r e  48. T h i s  
growth i s  n o t  n e c e s s a r i l y  r e l a t e d  t o  geothermal  development,  b u t  may 
b e  r e l a t e d  t o  t h e  i n c r e a s e  i n  o t h e r  energy  development ac t iv i t ies .  
F i g u r e  49 shows e x i s t i n g  i r r i g a t e d  a g r i c u l t u r a l  l a n d s .  F i g u r e  50 
i d e n t i f i e s  areas wi thout  f r e s h  water a q u i f e r s ,  which are t h e r e f o r e ,  
u n l i k e l y  areas f o r  e i t h e r  a g r i c u l t u r a l  o r  urban development.  Minera l  
o c c u r r e n c e s  are d i s p l a y e d  i n  F i g u r e  51. Various upward t u r n s  i n  t h e  
economics of mining and p r o c e s s i n g  m i n e r a l s ,  p a r t i c u l a r l y  uranium and 
c o a l ,  w i l l  c a u s e  a p r e d i c t a b l e  growth i n  p o p u l a t i o n s  and i n c r e a s e  
p r e s s u r e s  f o r  modifying e x i s t i n g  land  u s e s  ( i e .  from a g r i c u l t u r e  t o  
u r b a n ) .  Primary and secondary range l a n d  are shown i n  F igure  52 .  The 
l o c a t i o n s  of commercial t imber  i n d u s t r i e s  are noted  on F i g u r e  53. Both 
of t h e s e  land  u s e s  w i l l  p o s s i b l y  compete w i t h  geothermal development 
w i t h i n  t h e  mountainous areas of New Mexico, a l t h o u g h  t h e y  may be v e r y  
compat ib le  w i t h  t h e  u s e  of geothermal  energy f a c i l i t i e s  ia t h e s e  a r e a s ,  
s i n c e  t h e  geothermal  f a c i l i t y  would re t i re  a r e l a t i v e l y  s m a l l  amount of 
range  o r  t imber land .  

5 .6 .4 .2  Curren t  Monitor ing A c t i v i t i e s  

Land u s e  moni tor ing  i s  done by many depar tments  and a g e n c i e s .  The 
New Mexico S t a t e  U n i v e r s i t y  A g r i c u l t u r a l  Experiment S t a t i o n  moni tors  
i r r i g a t e d  and n o n - i r r i g a t e d  farm l a n d s .  The O i l  and Gas Commission 
r e g u l a t e s  t h e  areas w i t h  e x t e n s i v e  o i l  and g a s  development.  The S ta te  
Engineers  O f f i c e  keeps r e c o r d s  on areas where land  u s e  is  dependent  on 
water u s e ,  e . g . ,  land i r r i g a t e d  from underground water s o u r c e s .  The 
S t a t e  P lanning  D i v i s i o n  of t h e  Department of Finance and A d m i n i s t r a t i o n  
i s  moni tor ing  land u s e  i n  i t s  Cr i t ica l  Areas Study (1979).  

\ 

5.6 .4 .3  Accuracy of B a s e l i n e  Data  

Land use  d a t a  t h a t  is a v a i l a b l e  i s  q u i t e  a c c u r a t e  and up-to-date. 
The conspicuous absence  of d a t a  stems from t h e  non-exis tance of r e g i o n a l  
comprehensive l a n d  use  p lanning  e f f o r t s .  O u t s i d e  of c i t y  l i m i t s ,  few 
p lanning  s t r u c t u r e s  e x i s t .  The c l o s e s t  i n s t i t u t i o n  f o r  accomplishing 
t h i s  type of p lanning  are t h e  Counci l  of Government u n i t s ,  one i n  each 
of t h e  s t a t e  p lanning  d i v i s i o n s  of t h e  s ta te .  
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F i g u r e  52 .  Pr ime and s e c o n d a r y  range l a n d  ( S t a t e  P l a n n i n g  D i v i s i o n ,  
1978). 
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F i g u r e  53. CommerciaI t imber  industry locations ( S t a t e  Planning 
Division, 1978). ' 
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6 . 0  PREDICTED ENVIRONMENTAL IMPACTS 

Environmental  i m p a c t s  t h a t  may o c c u r  w i t h  t h e  development of 
geothermal  energy i n  N e w  Mexico are d i v i d e d  i n t o  two groups :  1) 
shor t - te rm impacts ,  o r  t h o s e  g e n e r a l l y  a s s o c i a t e d  w i t h  e x p l o r a t i o n ,  
development and c o n s t r u c t i o n  phases ;  and 2 )  long-term i m p a c t s ,  o r  
t h o s e  g e n e r a l l y  a s s o c i a t e d  w i t h  p l a n t  o r  f a c i l i t y  o p e r a t i o n s .  Where 
t h e  d e g r e e  of impact d i f f e r s ,  t h e s e  two groups w i l l  be  f u r t h e r  o r g a n i z e d  
i n t o  t h o s e  impacts  a s s o c i a t e d  w i t h  t h e  t e c h n o l o g i e s  of e l ec t r i ca l  
g e n e r a t i o n  and t h o s e  a s s o c i a t e d  w i t h  t h e  t e c h n o l o g i e s  of d i r e c t  h e a t  
a p p l i c a t i o n s .  

It should  be noted t h a t ,  s i n c e  t h i s  r e p o r t  d e a l s  w i t h  a wide v a r i e t y  
of geothermal  r e s o u r c e  sites and t h e  p o t e n t i a l  of many d i f f e r e n t  
t e c h n o l o g i c a l  a p p l i c a t i o n s  n o t  y e t  proposed f o r  any one s i t e ,  t h i s  
d i s c u s s i o n  of environmental  i m p a c t s  does not  imply t h e  d e g r e e  of 
a n  impact w i l l  b e  t h e  same i n  all sites o r  developments .  F u r t h e r ,  i t  
should  b e  r e a l i z e d  t h a t  t h e  S ta te  of New Mexico w i l l  c o n t i n u e  t o  need 
e lectr ical  g e n e r a t i o n  f a c i l i t i e s  and space h e a t i n g  and c o o l i n g  i n  t h e  
f u t u r e  as w e l l  as t h e  p r e s e n t  f o r  t h e  wel l -being OF i t s  c i t i z e n s .  The 
envi ronmenta l  impacts  of geothermal  development s h o u l d  be ba lanced  
a g a i n s t  t h o s e  environmental  impacts  t h a t  would b e  a s s o c i a t e d  w i t h  
p r o v i d i n g  e l e c t r i c i t y  and s p a c e  h e a t i n g  and c o o l i n g  frdm o t h e r  energy 
s o u r c e s ,  i n c l u d i n g  t h e  t r a d i t i o n a l  f u e l s  of n a t u r a l  g a s ,  b u t a n e ,  
p ropane ,  o i l ,  and c o a l  as well as newly developing  energy s o u r c e s  of 
s o l a r ,  n u c l e a r ,  wind, and v a r i o u s  s y n t h e t i c  f u e l s .  

6 .1  Geophysical  Impacts  

The i m p a c t s  from geothermal  development t h a t  could  o c c u r  i n  t h e  
p h y s i c a l  environment are  man-induced s e i s m i c i t y  and s u b s i d e n c e ,  and 
s o i l  m o d i f i c a t i o n .  

6 .1 .1  Short-Term Impacts  
\ 

A p o t e n t i a l l y  major  shor t - te rm impact i s  s o i l  m o d i f i c a t i o n  by 
compaction from t h e  t r a n s p o r t a t i o n  of heavy equipment and by i n c r e a s e d  
s o i l  e r o s i o n  from t h e  c o n s t r u c t i o n  of roads ,  d r i l l  s i t es ,  p l a n t s ,  
f a c i l i t i e s ,  and t r a n s p o r t a t i o n  ( e l e c t r i c a l  l i n e s  and h e a t  p i p e s )  
sys tems.  The degree  of impact i s  l P k e l y  t o  be g r e a t e r  w i t h  t h e  
development of e lec t r ica l  g e n e r a t i o n  f a c i l i t i e s  and l a r g e - t r a c t  d i s t r i c t  
h e a t i n g  s y s t e m s  t h a n  f o r  small d i r e c t  h e a t  a p p l i c a t i o n s  ( r e s i d e n t i a l ,  
commercial o r  i n d u s t r i a l ) .  T h i s  impact ,  where n e c e s s a r y ,  can b e  
m i t i g a t e d  s i g n i f i c a n t l y  by c a r e f u l  p l a n n i n g  of s i t e  l o c a t i o n s ,  and t h e  
c o n s t r u c t i o n  of e r o s i o n  c o n t r o l  s t r u c t u r e s ,  and r e v e g e t a t i o n .  

A c c i d e n t a l  s p i l l s  of d r i l l i n g  muds can  i m p a c t  s o i l s ,  b i o t a ,  and 
water q u a l i t y .  I n  t h i s  c o n t e x t  ( g e o p h y s i c a l ) ,  i f  a s e r i o u s  s p i l l  would 
o c c u r ,  i t  could  modify t h e  composi t ion  of s u r f a c e  s o i l s .  However, 
t h i s  p o t e n t i a l  impact can b e  m i t i g a t e d  by proper  c o n s t r u c t i o n  of mud 
containment  a r e a s .  The s i z e  oE t h e  w e l l  f i e l d  and t h e  chemical  makeup 
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of  t h e  d r i l l i n g  mud would de te rmine  t h e  d e g r e e  of impact i n  b o t h  
e lec t r ica l  g e n e r a t i o n  and d i r e c t  h e a t  developments.  The use  of d r i l l i n g  
muds are ,  of c o u r s e ,  unique t o  o i l ,  g a s ,  water and geothermal  f i e l d  
d eve l o  pmen t . 

D r i l l i n g  a c t i v i t i e s  on u n s t a b l e  s l o p e s  should  be minimized where 
s o i l  and s l o p e  composi t ion may be s u c e p t a b l e  t o  l a n d s l i d e s .  

6 . 1 . 2  Long-Term I m p a c t s  

The most severe impact t o  t h e  p h y s i c a l  environment ,  i f  o c c u r i n g  on 
any l a r g e  scale, would be t h a t  of man-induced seismic a c t i v i t y  caused by 
t h e  movement of f l u i d s  and rock  s t r a t a  under p r e s s u r e  from e i t h e r  
withdrawal  o r  i n j e c t i o n  of geothermal  f l u i d s .  The p r i n c i p l e s  of r o c k  
mechanics are as y e t  n o t  w e l l  unders tood ,  and i t  is  d i f f i c u l t  t o  
de te rmine  i n  e x i s t i n g  geothermal  f i e l d s  whether seismic a c t i v i t y  t h a t  
h a s  been recorded is a r e s u l t  of b e t t e r  moni tor ing  o r  changes i n  t h e  
geothermal  r e s e r v o i r .  B a s e l i n e  d a t a  on seismic a c t i v i t y  i n  t h e  s ta te  i s  
n o t  adequate  o v e r  g e o l o g i c  t i m e  t o  d e t e r m i n e  i f  new a c t i v i t y  is  i n  
r e s p o n s e  t o  geothermal  development.  There have been only  t h r e e  
occurrences of s e i s m i c  a c t i v i t y  g r e a t e r  t h a n  4.0  on t h e  R i c h t e r  scale i n  
t h e  15 y e a r  h i s t o r y  of t h e  seismic r e c o r d i n g  network. \ 

I n j e c t i o n  of f l u i d  i n t o  porous media h a s  r e s u l t e d  i n  induced 
s e i s m i c i t y  i n  two cases, b o t h  i n  Colorado--one a t  Rangeley, one a t  t h e  
Rocky Mountain Arsena l  near Denver (Healey, e t  a l . ,  1968; R a l e i g h ,  e t  
a l . ,  1976).  In b o t h  cases, f l u i d  w a s  i n j e c t e d  t o  t h e  format ion  a t  
f o r m a t i o n  f a c e  p r e s s u r e s  w e l l  above t h e  p r e s s u r e  a t  which t h e  rock  
f r a c t u r e d  ( f r a c t u r e  p r e s s u r e ) ,  and l a r g e  q u a n t i t i e s  of f l u i d  were 
i n j e c t e d .  A t  Rangeley, exper iments  w i t h  i n j e c t i o n  p r e s s u r e  showed t h a t  
t h e  e a r t h q u a k e s  would occur  when i n j e c t i o n  p r e s s u r e  w a s  above a c e r t a i n  
t h r e s h o l d ,  and would cease below t h a t  p r e s s u r e .  In  b o t h  cases', t h e  
mechanism is  b e l i e v e d  t o  be d i l a t a t i o n  of t h e  porous rock  ( i n c r e a s e  of 
i n t e r s t i t i a l  p o r e  p r e s s u r e  t o  t h e  l e v e l  a t  which r o c k  g r a i n s  f l o a t e d  
a p a r t )  and opening of f r a c t u r e s  and f a u l t  zones i n  t h e  rock  mass by t h e  
i n j e c t e d  water. These phenomena decreased  t h e  r i g i d i t y  of t h e  rock,mass 
s u b s t a n t i a l l y .  In  t h e  presence  of seismic stress, t h i s  r e s u l t e d  i n  
movement a long  t h e  f a u l t s  and r e s u l t i n g  s e i s m i c i t y  (Crow, pers. comm., 
1980) .  

Many b i l l i o n s  of b a r r e l s  of o i l  and gas  €ormat ion  water have been 
i n j e c t e d  i n t o  both t h e  producing and d i s p o s a l  r e s e r v o i r s  i n  t h e  major 
o i l -producing  states. Texas,  L o u i s i a n a ,  and C a l i f o r n i a  o f f i c i a l s  r e p o r t  
t h a t  t h e r e  i s  no r e p o r t e d  i n s t a n c e  of induced s e i s m i c i t y  as t h e  r e s u l t  
o f  i n j e c t i o n  i n  t h e i r  s ta tes .  T h i s  s a y s  o n l y  t h a t  t h e r e  h a s  been no 
s i g n i f i c a n t  s e i s m i c i t y ;  t h a t  i s ,  no one has  complained of i t .  These 
states a l l  res t r ic t  t h e  p r e s s u r e  a t  which f l u i d  c a n  be i n j e c t e d .  The 
l i m i t  i s  0.8 p s i / f o o t  of d e p t h  ( h y d r o s t a t i c  is  approximate ly  0.45  p s i / f t  
of d e p t h ,  and l i t h o s t a t i c  about  1 p s i / f t  d e p t h ) .  T h i s  p r e s s u r e  is  
measured a t  t h e  format ion  f a c e .  The r e a s o n  t h i s  works is  t h a t  most 
r e s e r v o i r  r o c k s  r e q u i r e  p r e s s u r e  i n  e x c e s s  of t h i s  amount t o  c a u s e  
f r a c t u r i n g .  C l e a r l y ,  t h e  Colorado e x p e r i e n c e  i n d i c a t e s  t h a t  t h e  r u l e  of 
thumb d o e s n ' t  always work. Perhaps a more 
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c o n s e r v a t i v e  p r a c t i c e  would be t o  l i m i t  i n j e c t i o n  t o  a few hundred p s i  
above ambient a t  t h e  f o r m a t i o n  f a c e  o r  t o  reduce p r e s s u r e  i f  f r a c t u r i n g  
o c c u r s .  I n  t h e  I m p e r i a l  V a l l e y ,  t h e  o p e r a t o r s  s topped  i n j e c t i o n  when 
t h e  p r e s s u r e  a t  t h e  wel lhead r o s e  t o  300 ps i - -cons iderably  less a t  t h e  
f o r m a t i o n  face--and indeed found t h a t  scale and s l u d g e  had plugged up 
t h e  f o r m a t i o n  (Crow, p e r s .  comm., 1980). 

Land s u b s i d e n c e ,  caused by f l u i d  withdrawal  from t h e  geothermal  
r e s e r v o i r  wi thout  replacement ,could b e  an impact of geothermal  
development.  The d e g r e e  of i m p a c t  i s  l i k e l y  t o  be g r e a t e r  i n  l a r g e  
w e l l  f i e l d s  used f o r  e l ec t r i ca l  g e n e r a t i o n  f a c i l i t i e s  and l a r g e - t r a c t  
d i s t r i c t  h e a t i n g  sys tems,  t h a n  f o r  i n d i v i d u a l  d i r e c t  h e a t  a p p l i c a t i o n s .  

Land s u r f a c e  s u b s i d e n c e  i s  i n  t h e  l a s t  a n a l y s i s  a f u n c t i o n  of 
d e c r e a s e  i n  r e s e r v o i r  p r e s s u r e  oE t h e  producing format ion .  The 
s u b s i d e n c e  r e s u l t s  from t r a n s l a t i o n  of compaction i s  t h e  d i r e c t  r e s u l t  
of r e s e r v o i r  p r e s s u r e  change. Cont ro l  of r e s e r v o i r  p r e s s u r e  means 
c o n t r o l  of subs idence .  R e s e r v o i r  p r e s s u r e  can be c o n t r o l l e d  by 
i n j e c t i o n  of f l u i d  back t o  t h e  r e s e r v o i r ;  t h u s  f l u i d  i n j e c t i o n  c o n t r o l s  
r e s e r v o i r  compaction and subs idence .  Compaction i s  of two k i n d s :  
r e c o v e r a b l e  and nonrecoverable .  Recoverable  s u b s i d e n c e  occurs  between 
t h e  g r a i n s  of t h e  r e s e r v o i r  rock--usually sand o r  l i m e s t o n e ;  e s s e n t i a l l y  
i t  i s  a n  e las t ic  phenomena. Repressur ing  t h e  r e s e r v o i r '  r e t u r n s  i t  t o  
i t s  former s t a t e .  Nonrecoverable  compaction o c c u r s  i n  c lays- -wi th in  
t h e  r e s e r v o i r  and i n  t h e  rocks  above and below i t .  E s s e n t i a l l y  i t  i s  
t h e  r e s u l t  of dewater ing  t h e  c l a y s ,  which are o r i g i n a l l y  s a t u r a t e d  w i t h  
f l u i d .  Once t h e  water is  out  of t h e  c l a y ,  t h e r e  i s  no r e t u r n i n g  i t  t o  
o r i g i n a l  s t a t e .  O i l  f i e l d  p r a c t i c e - - u n f o r t u n a t e l y  undocumented i n  
p u b l i s h e d  material--is t o  reduce t h e  r e s e r v o i r  p r e s s u r e  s l i g h t l y  below 
t h e  o r i g i n a l  by p r o d u c t i o n ,  t h e n  t o  i n j e c t  f l u i d  t o  s u s t a i n  t h i s  
p r e s s u r e .  T h i s  procedure  l i m i t s  t h a t  s u b s i d e n c e  t o  s m a l l  amounts. 
It h a s  been s u c c e s s f u l  a t  East Wilmington o i l  f i e l d  i n  C a l i f o r n i a .  
T h i s  is  t h e  eas tward  e x t e n s i o n  of t h e  o l d  Wilmington E i e l d ,  where t h e r e  
w a s  as much as 27  f e e t  of subs idence  l o c a l l y .  The East Wilmington 
e x t e n s i o n  has seen very l i t t l e  subs idence ,  accord ing  to my source  ( C r o w ,  
p e r s .  comm., 1980). . 

The s e v e r i t y  of t h e  i m p a c t  must be measured i n  terms of d i s r u p t i o n s  
t o  r o a d s ,  p i p e  l i n e s  and t r a n s m i s s i o n  c o r r i d o r s ,  i r r i g a t i o n  d i t c h e s ,  and 
b u i l d i n g s .  I f  t h e  drop i s  g r a d u a l  o r  o v e r  a wide area, t h e  impact might 
go unnot iced .  Such s u b s i d e n c e  may be o c c u r r i n g  i n . a r e a s  where water 
i s  "mined" € o r  i r r i g a t i o n  and i n  o i l  and g a s  f i e l d s .  S i n c e  no b a s e l i n e  
d a t a  i s  avai lable ,  i t  should  b e  impor tan t  t o  moni tor  t h i s  p o s s i b l e  
p h y s i c a l  m o d i f i c a t i o n  i n  t h e  f i r s t  l a r g e  w e l l  f i e l d  developments i n  t h e  
s t a t e ,  t o  e s t a b l i s h  whether  t h i s  impact is  s i g n i f i c a n t .  This  a c t i v i t y  
and i t s  impact i s  thought  t o  b e  m i t i g a t e d  by t h e  u s e  of r e i n j e c t i o n  
w e l l s  t o  r e t u r n  t h e  geothermal  f l u i d s  t o  t h e  r e s e r v o i r .  

The impor tan t  t h i n g  about  s u b s i d e n c e  i s  t h e  s e n s i t i v i t y  of t h e  
r e g i o n  t o  i t :  i f  t h e  land  u s e  i s  a f f e c t e d  by a s m a l l  amount of 
s u b s i d e n c e  (grav i ty- f  low i r r i g a t i o n ,  w e t l a n d s ,  housing)  t h e n  t h e  a r e a  
i s  s e n s i t i v e .  I f ,  on t h e  o t h e r  hand,  t h e  land  u s e  i s  not  s e n s i t i v e  
( g r a z i n g ,  d r y l a n d  fa rming ,  mountainous t e r r a i n )  t h e n  much s u b s i d e n c e  
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c a n  be accepted  wi thout  s i g n i f i c a n t  environmental  e f f e c t .  It i s  
impor tan t  t o  make a d e t e r m i n a t i o n  of p o t e n t i a l  s e n s i t i v i t y  b e f o r e  
s e t t i n g  up a s u b s i d e n c e  moni tor ing  e f f o r t .  The l e v e l  of t h e  moni tor ing  
e f f o r t  can be t a i l o r e d  t o  t h e  s e n s i t i v i t y .  For example,  t h e  I m p e r i a l  
Val ley  and t h e  Gulf Coast (geopressured  r e s o u r c e )  are g e n e r a l l y  
s e n s i t i v e  t o  subs idence .  The Geyers and Roosevel t  Hot Spr ings  are n o t ;  
p robably  t h e  Baca i s  n o t ,  e i t h e r  ( though F e l i x  Miera, LASL, s a y s  h i s  
working group w a s  worr ied about  some nearby l a k e s )  (Crow, p e r s .  comm., 
1980).  

Contaminat ion of s o i l s  a t  s o l i d  waste d i s p o s a l  s i tes can be a n o t h e r  
long-term impact of geothermal  development.  Again, t h e  d e g r e e  of impact 
i s  dependent on t h e  amount of s o l i d  waste produced by t h e  f a c i l i t y  ( t h e  
l a r g e r  t h e  f a c i l i t y ,  t h e  g r e a t e r  t h e  p o t e n t i a l  w a s t e ) ,  and i t  is a l s o  
i n f l u e n c e d  by t h e  chemical  composi t ion  of t h e  geothermal  f l u i d s .  F l u i d s  
r e l a t i v e l y  f r e e  of t o x i c  s u b s t a n c e s  w i l l  create less hazardous s o l i d  
waste problems. Some recovery  of s u b s t a n c e s  may be economical ly  
f e a s i b l e ,  t h u s  reducing  t h e  problem of s o l i d  wastes. Proper  d i s p o s a l  
h a n d l i n g  and i s s u a n c e  of s o l i d  waste s i t e  p e r m i t s  are m i t i g a t i n g  
procedures  f o r  t h i s  impact s o u r c e .  Geothermal f l u i d s  w i t h  a c c e p t a b l y  
low amounts of p o t e n t i a l l y  t o x i c  materials can be used i n  "cascading" 
a p p l i c a t i o n s ,  i n c l u d i n g  a g r i c u l t u r a l  u ses .  

! 

S o i l  e r o s i o n  i n  t r a n s m i s s i o n  l i n e  c o r r i d o r s  and h e a t  p i p e  l a n e s  can  
be a n  impact ,  bu t  m i t i g a t i n g  measures f o r  r e v e g e t a t i o n  and n a t u r a l  
s u c c e s s i o n  w i l l  r e d u c e  t h e  s i g n i f i c a n c e  of t h i s  problem. The g r e a t e r  
t h e  area of v e g e t a t i o n  d i s t u r b a n c e ,  t h e  g r e a t e r  t h e  d e g r e e  of i m p a c t .  

6 . 2  Water Impacts  

The impacts  of geothermal  development t h a t  could  o c c u r  i n  
a s s o c i a t i o n  wi th  water i n  New Mexico are t h o s e  r e l a t e d  t o  t h e  d i v e r s i o n  
of  water from a n o t h e r  usage  ( o r  t h e  p e r c e p t i o n  of p o t e n t i a l  d i v e r s i o n )  
and p o t e n t i a l  d e g r e d a t i o n  of water q u a l i t y .  

3 

6.2 .1  Short-Term I m p a c t s  

The e s t a b l i s h m e n t  of a d e q u a t e  and l a w f u l  water r i g h t s  i s  t h e  most 
s i g n i f i c a n t  of water q u a n t i t y  i s s u e s .  In  t h e  a r i d  Southwest ,  water is  a 
most impor tan t  commodity. The technology t o  be employed i n  a p a r t i c u l a r  
geothermal  r e s o u r c e  area and t h e  amount of energy p r o d u c t - - e l e c t r i c i t y ,  
h e a t  o r  cool ing--wil l  de te rmine  t h e  d e g r e e  of i m p a c t .  T h i s  i s s u e  i s  
c o n s i d e r e d  shor t - te rm,  s i n c e  i t  must be r e s o l v e d  p r i o r  t o  t h e  
c o n s t r u c t i o n  and o p e r a t i o n  of t h e  f a c i l i t y  and t h e  g r a n t i n g  of v a r i o u s  
r e g u l a t o r y  p e r m i t s .  Once i t  is s e t t l e d ,  i f  t h e  q u a n t i t y  needs of t h e  
f a c i l i t y  have been a d e q u a t e l y  p r o j e c t e d ,  t h e  long-term i m p a c t  w i l l  be 
known i n  advance. Disputed socioeconomic water i s s u e s  w i l l  be  d i s c u s s e d  
i n  t h a t  s e c t i o n  ( 6 . 6 ) .  

A c c i d e n t a l  w e l l  b lowouts ,  s u r f a c e  s p i l l s  of d r i l l i n g  muds, and 
a c c i d e n t a l  l o s s  of d r i l l i n g  mud i n  t h e  s u b s u r f a c e  rocks  may i m p a c t  t h e  
q u a l i t y  of s u r f a c e  and groundwaters  i n  t h e  v i c i n i t y  and have t h e  

P 
I 

0 

148 



1 

i Q  

i Q  

p o t e n t i a l  of mixing waters from d i f f e r e n t  a q u i f e r s .  The d e g r e e  of 
i m p a c t  w i l l  depend on t h e  q u a n t i t y  and chemical  makeup of t h e  e r r a n t  
d r i l l i n g  muds o r  geothermal  f l u i d s .  The e f f e c t s  of t h e s e  a c c i d e n t s  are 
l i k e l y  t o  be minimal ( i n  terms of d u r a t i o n  and d i s t a n c e  from t h e  w e l l  
t h a t  i s  a f f e c t e d ) .  M i t i g a t i n g  procedures  t o  avoid s u r f a c e  s p i l l s  and 
blowouts are known by exper ienced  d r i l l e r s  and r e g u l a t o r y  a g e n c i e s .  
Wells can  be r e p a i r e d  o r  plugged,  i f  n e c e s s a r y .  Contaminat ion by l o s s  
of d r i l l i n g  mud i n  t h e  s u r f a c e  rocks  w i l l  be  reduced by t h e  water's 
normal c i r c u l a t i o n  i n  a s h o r t  p e r i o d  of t i m e .  

A t  any t i m e  i n  t h e  h i s t o r y  of a g iven  geothermal  w e l l .  There i s  
t h e  p o t e n t i a l  f o r  downhole leakage  from w e l l  c a s i n g  o r  c h a n n e l l i n g  i n  
t h e  cement i n t o  p o t a b l e  a q u i f e r s .  D e t e r i o r a t i o n  of p o t a b l e  w a t e r  
q u a l i t y  could  o c c u r  from such leakage.  T h i s  could be d e t e c t e d  by 
p e r i o d i c  cement bond and c a s i n g  c o n t i n u i t y  l o g g i n g ,  and m i t i g a t e d  by 
conduct ing  t h e  n e c e s s a r y  r e p a i r s .  

The s o i l  e r o s i o n  i m p a c t  d e s c r i b e d  i n  t h e  prev ious  s e c t i o n  
(Geophysical 6.1.1) may cause  s i l t a t i o n  i n  t h e  s u r f a c e  water n e a r  
c o n s t r u c t i o n  a c t i v i t y  si tes.  The degree  of i m p a c t ,  of c o u r s e ,  is l i k e l y  
t o  be g r e a t e r  w i t h  l a r g e - s c a l e  f a c i l i t i e s  t h a n  wi th  i n d i v i d u a l  d i r e c t  
h e a t  a p p l i c a t i o n s .  M i  t i g a t i n g  procedures  t o  prevent  cont inued  s o i l  
e r o s i o n  w i l l  a lso reduce  o r  e l i m i n a t e  e x c e s s  s i l t a t i o n .  

! 

6.2 .2  Long-Term Impacts 

Consumptive u s e  of water, p r i m a r i l y  i n  e lec t r ica l  g e n e r a t i o n  
f a c i l i t i e s ,  is t h e  most s i g n i f i c a n t  water q u a n t i t y  impact of geothermal  
development.  Assuming t h a t  water r i g h t s  i s s u e s  have been s o l v e d ,  t h i s  
impact is p r e d i c t a b l e  over  t i m e .  The r e a l  q u e s t i o n  h e r e  is t h e  l o c a t i o n  
of t h e  g e n e r a t i n g  f a c i l i t y  i n  r e l a t i o n  t o  a v a i l a b l e  water and e x i s t i n g  
water r i g h t s ,  r a t h e r  t h a n  t h e  q u a n t i t y  of water t h a t  w i l l  be used ,by an 
e lec t r ica l  g e n e r a t i o n  p l a n t .  C o n f l i c t  arises when geothermal  r e s o u r c e  
areas are l o c a t e d  i n  p l a c e s  where water is scarce o r  devoted t o  o t h e r  
uses ( i .e . ,  fishing s t r e a m s ,  i r r i g a t i o n ,  b a t h  h o u s e s ) ,  s i n c e  t h e  
geothermal  r e s o u r c e  must be used where i t  is. The degree  of ippact 
from consumption u s e  of w a t e r  a t  t h e  geothermal  e lectr ical  power p l a n t  
w i l l  v a r y  w i t h  t h e  unique  c i rcumstances  of each s i te .  It may, i f  t h e  
c o m p e t i t i o n  f o r  water is g r e a t  enough, be one of t h e  most impor tan t  
i m p a c t s  t o  c o n s i d e r  f o r  a p a r t i c u l a r  geothermal  development.  Direct 
u s e  geothermal  a p p l i c a t i o n s  w i l l  p robably  have l i t t l e  s i g n i f i c a n t  impact 
from consumptive u s e  of water. S ince  t h e  q u a l i t y  of geothermal  waters 
varies c o n s i d e r a b l y  i n  N e w  Mexico, one p o s s i b l e  b e n e f i t  of geothermal  
development may be t h e  "mining" of u s e f u l  waters from c l o s e d  a q u i f e r s ,  
t h o s e  n o t  p r e s e n t l y  c i r c u l a t i n g  i n  ground and s u r f a c e  water 
combinat ions.  This  may produce new water s o u r c e s  f o r  New Mexico. 

Another i s s u e  a s s o c i a t e d  w i t h  s o l i d  waste s t o r a g e  r e l a t e d  t o  s o i l  
contaminat ion  i s  t h e  contaminat ion  o r  d e g r e g a t i o n  of s u r f a c e  waters, 
through d i s p o s a l  s i t e  r u n o f f ,  and groundwater ,  through d i s p o s a l  s i t e  
seepage .  I n  both  cases, t h e  degree  of i m p a c t  is  dependent on t h e  
amount and chemical  composi t ion of t h e  s o l i d  waste. The amount of 
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waste i s ,  of c o u r s e ,  a f u n c t i o n  of t h e  f a c i l i t y  s i z e  and t h e  type  of 
technology b e i n g  used .  The l a r g e r  t h e  q u a n t i t y  of geothermal  f l u i d s  
b e i n g  p r o c e s s e d ,  t h e  more s o l i d  waste t h a t  w i l l  be  s t o r e d .  The 
s e r i o u s n e s s  of h e a l t h  hazard  p r e s e n t e d  a l s o  depends on t h e  n a t u r e  of 
t h e  geothermal  f l u i d s .  A s  p r e v i o u s l y  s t a t e d ,  some geothermal  water 
i n  t h e  s t a t e  i s  of b e t t e r  q u a l i t y  t h a n  some d r i n k i n g  water. The 
d e g r e e  of i m p a c t  of t h i s  p o s s i b l e  s o u r c e  of water q u a l i t y  d e g r e g a t i o n  
w i l l  be v e r y  s i t e - s p e c i f i c ,  and may be a n  impor tan t  i m p a c t  i n  c e r t a i n  
l o c a t i o n s .  

A i s s u e  r e l a t e d  t o  contaminat ion  of s u r f a c e  and ground waters 
from s o l i d  waste d i s p o s a l  sites is  t h a t  of contaminat ion  from 
a c c i d e n t a l  s p i l l s  a t  w e l l  s i t es ,  a l o n g  p i p e l i n e s ,  o r  a t  t h e  p l a n t  o r  
f a c i l i t y .  I n  b o t h  s i t u a t i o n s ,  m i t i g a t i n g  procedures  can be used 
t o  reduce  runoff  t o  c r i t i c a l  s u r f a c e  waters o r  r e t a r d  such runoff  t o  
p e r m i t  d i l u t i o n  wi th  f r e s h  water and reduce  t h e  impact.  S i t i n g  of  
s o l i d  waste d i s p o s a l  sites w i t h  s p e c i f i c  a t t e n t i o n  g iven  t o  groundwater 
c i r c u l a t i o n  can  reduce  t h e  p o t e n t i a l  f o r  s e r i o u s  i m p a c t  of such  
contaminat ion .  

6 . 3  A i r  Impacts 

$ 

The impacts  of geothermal  development t h a t  could  occur  i n  
a s s o c i a t i o n  wi th  a i r  q u a l i t y  i n  New Mexico are t h e  emiss ion  of a i r  
contaminents - inc luding  hydrogen s u l f i d e ,  v i s u a l  d e g r e d a t i o n  and 
f u g i t i v e  d u s t .  

6 .3 .1  Short-Term I m p a c t s  

The most s i g n i f i c a n t  shor t - te rm impact on a i r  q u a l i t y  d u r i n g  
geothermal  e x p l o r a t i o n ,  w e l l  development and c o n s t r u c t i o n  of f a c i l i t i e s  
i s  t h e  e m i s s i o n  of a i r  contaminents  d u r i n g  t h e  d r i l l i n g  and t e s t i n g  of 
w e l l s .  The d e g r e e  of i m p a c t  i s  l i k e l y  t o  be g r e a t e r  f o r  t h e  development 
of e lectr ical  g e n e r a t i o n  f a c i l i t i e s ,  due t o  t h e  h i g h e r  t e m p e r a t u r e s  
and p r e s s u r e s  i n  t h e  geothermal  r e s e r v o i r .  T h i s ,  of c o u r s e ,  would 
c o n t i n u e  t o  be t r u e  f o r  d i r e c t  h e a t  w e l l s  d r i l l e d  i n t o  h i g h  tempera ture  
r e s e r v o i r s  (150°C or  g r e a t e r )  where f l u i d s  may rise as steam a l l o w i n g  
p o l l u t a n t s  t o  comingle w i t h  a i r  molecules  r a p i d l y .  In  lower 
tempera ture  r e s e r v o i r s ,  t h e  f l u i d s  w i l l  p robably  remian as l i q u i d s ,  
e m i t t i n g  fewer a i r  p o l l u t a n t s  a t  t h e  s u r f a c e .  Hydrogen s u l f i d e  l e v e l s  
a s s o c i a t e d  w i t h  a g i v e n  r e s e r v o i r  cannot  be p r e d i c t e d  with c e r t a i n t y  
b e f o r e  r e s e r v o i r  t e s t i n g .  I f  t h e  hydrogen s u l f i d e  level is low o r  
n o n e x i s t a n t ,  t h e r e  w i l l  be no i m p a c t .  If t h e  H2S level is s u f f i c i e n t  
t o  r e s u l t  i n  s i g n i f i c a n t  ambient levels ,  i m p a c t  w i l l  occur  p r i o r  t o  
capping t h e  w e l l  and d u r i n g  w e l l  t e s t i n g  p e r i o d s .  

A second p o s s i b l e  i m p a c t  on a i r  q u a l i t y  would be t h a t  of f u g i t i v e  
d u s t  contaminat ion  caused by c o n s t r u c t i o n  a c t i v i t i e s .  It i s  exceedingly  
d o u b t f u l  t h a t  t h i s  i m p a c t  would have any s i g n i f i c a n c e  over  t i m e ,  o r  
t h a t  i t  would be g r e a t e r  i n  a geothermal  development area t h a n  i f  t h e  
same area were undergoing any o t h e r  c o n s t r u c t i o n  a c t i v i t y .  And 
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c o n s i d e r i n g  t h e  combinat ion of dry  weather  and h igh  winds g e n e r a l l y  
p r e v a l e n t  i n  t h e  s t a t e  d u r i n g  c e r t a i n  s e a s o n s ,  t h e  s i g n i f i c a n c e  of such 
i m p a c t  would b e  reduced i f  i t  occurred  s i m u l t a n e o u s l y  w i t h  s p r i n g  
winds o r  s imi l a r  ambient c o n d i t i o n .  The s t a n d a r d  c o n s t r u c t i o n  
m i t i g a t i o n  t e c h n i q u e  of w a t e r i n g  down t h e  a r e a ,  where water is  
a v a i l a b l e ,  would reduce t h i s  i m p a c t .  The degree  of i m p a c t  w i l l  v a r y  
w i t h  t h e  s e a s o n ,  t h e  t y p e s  of s o i l s  and v e g e t a t i o n  i n  t h e  a r e a ,  and t h e  
amount of land  s u r f a c e  under d i s t u r b a n c e .  

6 .3 .2  Long-Term I m D a c t  

The most impor tan t  i m p a c t  of geothermal  developmsnt on a i r  q u a l i t y  
s t e m s  from contaminent  emiss ions  from t h e  v e n t i n g  of w e l l s  i n  t h e  w e l l  
f i e l d ,  and t h e  hydrogen s u l f i d e  abatement  p r o c e s s e s  and c o o l i n g  tower 
e m i s s i o n s  a t  t h e  e lectr ical  g e n e r a t i o n  f a c i l i t y .  The d e g r e e  of i m p a c t  
i s  f u r t h e r  i n f l u e n c e d  by t h e  chemical  makeup of geothermal  f l u i d s ,  
t h e  t y p e  of hydrogen s u l f i d e  abatement  equipment,  and c o o l i n g  tower 
c o n s t r u c t i o n  planned € o r  a p a r t i c u l a r  f a c i l i t y .  Curren t  technology i n  
abatement  systems and c o o l i n g  tower d e s i g n  can s i g n i f i c a n t l y  reduce  t h i s  
i m p a c t .  (The S t r e t f o r d  p r o c e s s  of hydrogen s u l f i d e  aba tement ,  f o r  
i n s t a n c e ,  may reduce e m i s s i o n s  of H S by 60-95%.) 2 I 

B a s e l i n e  d a t a  w i t h i n  t h e  s t a t e  is  only  a v a i l a b l e  f o r  p o l l u t a n t s  of 
carbon monoxide, s u l f u r  d i o x i d e ,  n i t r o g e n  d i o x i d e ,  photochemical  
o x i d e n t s  (ozone) and t o t a l  suspended p a r t i c u l a t e s .  Although t h e  s t a t e  
h a s  s t a n d a r d s  f o r  a r s e n i c ,  b e r y l l i u m ,  boron,  hydrogen s u l f i d e ,  
hydrocarbons ,  heavy metals, t o t a l  reduced s u l f u r ,  mercury,  e t h a n e  and 
f u g i t i v e  d u s t ,  no u n i t s  now moni tor  t h e s e  contaminants  th roughout  t h e  
s t a t e .  Spot  moni tor ing  of problem a r e a s  may be i n s u f f i c i e n t  f o r  new 
geothermal  f a c i l i t i e s .  It is  impor tan t  t h a t  t h e  i n i t i a l  g e o t h e m a l  
e lec t r ica l  g e n e r a t i n g  f a c i l i t i e s  have comprehens i v e  m o n i t o r i n g  programs 
f o r  a l l  p o s s i b l e  p o l l u t a n t s  t h a t  are i d e n t i f i e d  as b e i n g  p r e s e n t  i n  
t h e  geothermal  f l u i d s .  R e s u l t s  from t h e  i n i t i a l  d e m o n s t r a t i o n  p r o j e c t s  
may b e  s u f f i c i e n t l y  c o n c l u s i v e  t o  r e d u c e  the  e f f o r t  needed f o r  l a t e r  
f a c i l i t i e s .  It i s  e q u a l l y  impor tan t  t h a t  t h e  s t a t e  develop t h e  
c a p a c i t y  (in equipment and s t a f f )  t o  moni tor  t h e  c u r r e n t  regula‘ t ions  
on a c o n t i n u i n g  b a s i s  as  r e l a t e d  t o  geothermal  development.  Of 
p a r t i c u l a r  i n t e r e s t  i n  c o o l i n g  tower o p e r a t i o n s  i s  t h e  d i s t r i b u t i o n  of 
t o x i c  materials and p a r t i c u l a t e  materials t r a n s p o r t e d  i n  water vapor  
through c o o l i n g  tower d r i f t .  P r e d i c t i n g  t h e  p a t t e r n  of t h e  d r i f t  i s  
t h e  s u b j e c t  of s e v e r a l  model l ing  programs c u r r e n t l y  b e i n g  developed i n  
t h e  United States .  Models most a p p r o p r i a t e  t o  N e w  Mexico are t h o s e  t h a t  
s i m u l a t e  complex mountainous t e r r a i n  a s i n c e  most of o u r  geothermal  
sites are e i t h e r  i n  mountainous areas o r  a long  t h e  v a l l e y  f l o o r s  n e a r  
t h e  mountains.  The importance of b e i n g  a b l e  t o  p r e d i c t  t h e  d i s t r i b u t i o n  
p a t t e r n  i s  determined by t h e  n a t u r e  of p o l l u t a n t s  be ing  d i s t r i b u t e d  i n  
t h i s  manner and what l i e s  i n  t h e  p a t h  of d i s t r i b u t i o n .  The l o c a t i o n  of 
t h e  geothermal  r e s o u r c e  s i t e  a l s o  de te rmines  t h e  a l l o w a b l e  i n c r e a s e s  f o r  
a i r  p o l l u t i o n  above a p r e s e n t  b a s e l i n e  a i r  q u a l i t y  level under  
p r o v i s i o n s  i n  t h e  Clean A i r  A c t  o f  1977, w i t h  development i n  Class I1 
and 111 areas having  a g r e a t e r  l a t i t u d e  of a i r  q u a l i t y  s t a n d a r d s  t h a n  
t h o s e  of a Class I a r e a s .  
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Most d i r e c t  h e a t  " a p p l i c a t i o n s  i n v o l v e  "closed loop" h a n d l i n g  o€ 
geothermal  f l u i d s ,  l i m i t i n g  t h e  exposure  of f l u i d s  t o  t h e  atmosphere.  
T h i s  reduces  t h e  d e g r e e  of impact on a i r  q u a l i t y  a t  such f a c i l i t i e s ,  
r e g a r d l e s s  of t h e  water q u a l i t y .  In a d d i t i o n ,  i f  t h e  geothermal  f l u i d s  
used a t  a g i v e n  d i r e c t  h e a t  f a c i l i t y  have a low l e v e l  of p o l l u t a n t s ,  
t h e r e  w i l l  b e  no a i r  q u a l i t y  problems of t h e  f a c i l i t y .  

Visua l  d e g r a d a t i o n  is a n o t h e r  i m p a c t  of geothermal  (and o t h e r  t y p e s  
of energy)  development.  A t  geothermal  s i tes ,  v i s u a l  d e g r a d a t i o n  t a k e s  
t h e  form of steam plumes from w e l l  v e n t i n g  o r  c o o l i n g  tower o p e r a t i o n  
most ly  a s s o c i a t e d  w i t h  e l e c t r i c a l  g e n e r a t i o n  f a c i l i t i e s .  The d e g r e e  
of inpact i s  r e l a t e d  t o  t h e  l o c a t i o n  of t h e  f a c i l i t y .  Under t h e  Clean  
A i r  A c t  of 1977 S i g n i f i c a n t  D e t e r i o r a t i o n  and V i s a b i l i t y  P r o t e c t i o n  
amendment, v i s u a l  t a r g e t s ,  such as a mountain range ,  are c o n s i d e r e d  
more impor tan t  i n  s c e n i c  areas t h a n  i n  urban  areas. Class I areas a re  
d e f i n e d  as i n t e r n a t i o n a l  p a r k s ,  w i l d e r n e s s  areas which exceed 5,000 
acres and n a t i o n a l  p a r k s  which exceed 6,000 acres. N e w  Mexico h a s  n i n e  
such  areas i n  t h e  s t a t e ,  f i v e  of which are l o c a t e d  i n  t h e  g e n e r a l  
v i c i n i t y  of geothermal  r e s o u r c e  areas. Visua l  d e g r a d a t i o n  impacts  
would be more impor tan t  t o  t h e s e  areas, and probably less s i g n i f i c a n t  t o  
o t h e r  geothermal  areas. 

t 

6.4  Noise  Impacts  
. -  

By d e f i n i t i o n ,  n o i s e  i s  c o n s i d e r e d  "unwanted" sound. Although no 
p o s i t i v e  impacts  are a s s o c i a t e d  w i t h  n o i s e ,  i f  i t  i s  n o t  p e r c e i v e d  as 
unwanted by e i t h e r  r e g u l a t i o n ,  medica l  r e s e a r c h  o r  p u b l i c  o p i n i o n ,  
t h e n  no p o l l u t i o n  h a s  o c c u r r e d .  In t h e  case of r e g u l a t i o n ,  t h e  i m p a c t  
must b e  m i t i g a t e d  o r  a n  i n f r a c t i o n  h a s  been committed. I n  t h e  cases of 
medica l  r e s e a r c h  and p u b l i c  o p i n i o n ,  m i t i g a t i o n  is n o t  r e q u i r e d ,  b u t  
f o r  t h e  s a k e  of community harmony, t h e  d e v e l o p e r  of a geothermal  s i t e  
might do w e l l  t o  c o n s i d e r  t h i s  a c t i o n .  

6 .4 .1  Short-Term I m D a c t s  
\ 

The i m p a c t  of n o i s e  p o l l u t i o n  i n  geothermal  development s t e m s  from 
d r i l l i n g  and w e l l  t e s t i n g  a c t i v i t y .  The d e g r e e  of impact w i l l  b e  
i n f l u e n c e d  by t h e  t y p e  of d r i l l i n g  o p e r a t i o n  ( a i r  v s .  d r i l l i n g  mud), 
t h e  t y p e  of w e l l  t e s t i n g  a c t i v i t y  (s team v e n t i n g  vs.  pumping water 
f o r  drawdown t e s t s ) ,  t h e  amount of sound e m i t t e d ,  and t h e  t y p e  of 
p e r c e i v e r s  t o  b e  impacted. Short- term d r i l l i n g  and w e l l  t e s t i n g  
a c t i v i t i e s  can  u s e  m i t i g a t i n g  p r o c e d u r e s  f o r  sound dampening. The most 
s i g n i f i c a n t  i m p a c t  would b e  f e l t  by t h e  development workers a t  t h e  s i t e ,  
where OSHA r e g u l a t i o n s  would a p p l y .  Only one community, Albuquerque, 
c u r r e n t l y  h a s  any n o i s e  abatement  r e g u l a t i o n s  t h a t  would come i n t o  
c o n f l i c t  w i t h  any t y p e  of geothermal  development,  and t h o s e  r e g u l a t i o n s  
could  b e  m e t  w i t h  p r o p e r  p r o c e d u r e s .  T h e r e f o r e ,  t h e  shor t - te rm impact 
of n o i s e  p o l l u t i o n  i s  probably n o t  very  s i g n i f i c a n t  t o  t h e  s ta te  as a 
whole o r  t o  i n d i v i d u a l  geothermal  s i tes  under development.  
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6 . 4 . 2  Long-Term I m p a c t s  

Poin t -source  n o i s e  from w e l l  v e n t i n g  and t u r b i n e  o p e r a t i o n  i n  
e lec t r ica l  g e n e r a t i o n  f a c i l i t i e s  are t h e  main c o n t r i b u t o r s  t o  i m p a c t  
d u r i n g  p l a n t  o p e r a t i o n .  The most s e r i o u s  impact of t h i s  n a t u r e  w i l l  
b e  on employees a t  t h e  p l a n t ,  s i n c e  n o i s e  d e c r e a s e s  o v e r  d i s t a n c e  from 
t h e  s o u r c e .  OSHA s t a n d a r d s  can  be m e t  by u s i n g  v a r i o u s  m i t i g a t i n g  
procedures  (Le., l and  b u f f e r s ,  ear p l u g s ,  e t c . ) .  This  i m p a c t  w i l l  b e  
g r e a t e r  w i t h  e lec t r ica l  g e n e r a t i n g  f a c i l i t i e s ,  and probably non-exis tan t  
w i t h  d i r e c t  h e a t  a p p l i c a t i o n s .  The d e g r e e  is a l s o  i n f l u e n c e d  by t h e  
d i s t a n c e  of t h e  o p e r a t i o n  from towns and c i t ies .  B e s i d e s  t h e  p h y s i c a l  
and p s y c h o l o g i c a l  e f f e c t s  of n o i s e  p o l l u t i o n  on humans, i n t e r f e r e n c e  
w i t h  l i f e  c y c l e s  of wi ld  an imals  c a n  occur .  S i n c e  t h i s  s o u r c e  of 
p o l l u t i o n  can b e  c o n t r o l l e d  e f f e c t i v e l y  on t h e  p l a n t  s i t e  w i t h  
a p p r o p r i a t e  u s e  of m i t i g a t i n g  p r o c e d u r e s ,  t h i s  impact i s  n o t  b e l e i v e d  
l i k e l y  t o  b e  very  s i g n i f i c a n t  i n  t h e  development of New Mexico’s 
geothermal  r e s o u r c e s .  

6.5 B i o t i c  Impacts  

B i o t i c  impacts  are  s i t e  and technology s p e c i f i c .  They a re  
secondary ,  t h a t  i s ,  t h e  r e s u l t  of changes i n  t h e  environment caused by 
o t h e r  t y p e s  of impacts ,  such as p h y s i c a l  m o d i f i c a t i o n s ,  ‘water q u a n t i t y  
and q u a l i t y  changes,  a i r  q u a l i t y  changes and changes i n  n o i s e  l e v e l s  and 
l a n d  u s e .  

6 . 5 . 1  Short-Term I m p a c t s  

The most d i r e c t  shor t - te rm i m p a c t  on t h e  b i o t a  a t  a g e o t h e q a l  s i t e  
is t h e  immediate l o s s  of h a b i t a t  th rough d i s t u r b a n c e  i n  e x p l o r a t i o n ,  
development and c o n s t r u c t i o n  on t h e  s i t e .  The d e g r e e  of i m p a c t  w i l l  v a r y  
w i t h  t h e  degree  of d i s t u r b a n c e ,  and w i l l  b e  g r e a t e r  i n  e l ec t r i ca l  
g e n e r a t i n g  f a c i l i t i e s  and l a r g e  d i s t r i c t  h e a t i n g  w e l l  f i e l d s  t h a n  i n  
smal le r -sur faced  s i t e  development.  T h e  e f fec ts  of this i m p a c t  can be  
m i t i g a t e d  by c a r e f u l  p l a n n i n g  f o r  s i t e  development t o  reduce  t h e  , t o t a l  
area d i s t u r b e d  and e l i m i n a t e  d e s t r u c t i o n  of c r i t i c a l  h a b i t a t  un ique  t o  
t h e  area. D i s r u p t i o n  of n o n - c r i t i c a l  h a b i t a t  is  n o t  l i k e l y  t o  have a n  
e f f e c t  on t h e  f l o r a l  and fuana  p o p u l a t i o n s  nearby.  The d i s r u p t i o n - o f  
e x i s t i n g  h a b i t a t  may have a p o s i t i v e  i m p a c t  by provid’ ing species  
d i v e r s i t y  i n  a n  area where i t  d i d  n o t  e x i s t - a  bonus f o r  encouraging 
w i l d l i f e  p o p u l a t i o n s  b u t  a d e t r a c t o r  f o r  growing mature  Ponderosa 
p i n e  s t a n d s .  

A c c i d e n t a l  s p i l l s ,  b lowouts ,  and e x c e s s i v e  e r o s i o n  c a n  c a u s e  
d e t e r i o r a t i o n  of ground and s u r f a c e  waters and s i l t i n g  of s u r f a c e  
waters, which, i f  s e r i o u s  i n  n a t u r e ,  w i l l  c a u s e  temporary l o s s  of 
h a b i t a t  and reduce b o t h  b i o t i c  p o p u l a t i o n s  and b i o t i c  d i v e r s i t y  i n  t h e  
immediate area. The d e g r e e  of t h i s  impact w i l l  vary  w i t h  t h e  s e v e r i t y  
of t h e  problem and t h e  n a t u r e  of t h e  geothermal  f l u i d s  d i s p e r s e d  i n  
t h i s  u n c o n t r o l l e d  manner. 
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6.5 .2  Long-Term I m p a c t s  

Changes i n  land  use  p a t t e r n s  r e s u l t i n g  from new i n d u s t r i e s  l o c a t i n g  
i n  t h e  area t o  u s e  new energy s u p p l i e s  and b r i n g i n g  an i n f l u x  of human 
p o p u l a t i o n  w i l l  r e s u l t  i n  loss  of h a b i t a t  i n  t h e  area. This  may c a u s e  
i n t e r f e r e n c e  wi th  m i g r a t o r y  r o u t e s .  The d e g r e e  of i m p a c t  w i l l  b e  
g r e a t e s t  w i t h  e l ec t r i ca l  g e n e r a t i n g  f a c i l i t i e s  and l a r g e - s c a l e  
i n d u s t r i a l  h e a t i n g / c o o l i n g  d i r e c t  use  a p p l i c a t i o n s .  Regional p lanning  
c a n  reduce  t h e  e f f e c t  of t h i s  t y p e  of i m p a c t  on t h e  immediate area. 

Changes i n  a i r  q u a l i t y ,  p a r t i c u l a r l y  d e p o s i t i o n  of a i r b o r n e  t o x i c  
e l e m e n t s  and p a r t i c u l a t e  waste, c a n  i m p a c t  t h e  f l o r a  of t h e  reg ion .  The 
degree  of impact becomes s i g n i f i c a n t  i f  t h r e a t e n e d  and endangered 
species o r  f i e l d  c r o p s  are  involved.  

Changes i n  water q u a n t i t y  from drawdown of groundwater a q u i f e r s  can 
cause  changes i n  stream systems l e a d i n g  t o  a n e g a t i v e  i m p a c t  on r i p a r i a n  
h a b i t a t  and t h e  development of e x o t i c  a q u a t i c  h a b i t a t s  i n  sumps. 
Decreasing water q u a l i t y ,  caused by e r o s i o n  o r  chemical  emiss ions ,  w i l l  
c a u s e  a d e c r e a s e  i n  t h e  b i o t i c  d i v e r s i t y  of t h e  area. I f  m i t i g a t i n g  
procedures  c o n t r o l  t h e  pr imary i m p a c t s  t o  s o i l s ,  v e g e t a t i o n ,  a i r  and 
w a t e r ,  t h e n  t h e  b i o t i c  i m p a c t s  w i l l  be l e s s e n e d .  

!' 

- _  6.6 Socioeconomic Impacts  

Socioeconomic changes may be i s s u e s ,  r a t h e r  t h a n  i m p a c t s .  Changes 
may be determined by d i s c u s s i o n  and p r i o r  r e s o l u t i o n ,  r a t h e r  t h a n  be ing  
t h e  d i r e c t  consequence of changes i n  t h e  p h y s i c a l  envi ronmenta l  e lements  
( i e .  a i r ,  water, p h y s i c a l  s t r u c t u r e s  and b i o t a ) .  For t h e  purpose of 
t h i s  d i s c u s s i o n ,  shor t - te rm i m p a c t s  w i l l  be t h o s e  a s s o c i a t e d  w i t h  t h e  
p r e c o n s t r u c t i o n  a c t i v i t i e s  a t  a geothermal  s i t e ,  and long-term impacts  
w i l l  be t h o s e  a s s o c i a t e d  w i t h  c o n s t r u c t i o n  and o p e r a t i o n  of a geothermal  
f a c i l i t y  of any t y p e .  

6 .6 .1  Short-Term I m p a c t s  

I n f r i n g e m e n t  on r e l i g i o u s  b e l i e f s  can  be a n  impor tan t  impact i n  any 
of t h e  phases  of geothermal  development.  Recogni t ion  of t h e  a f f e c t e d  
c u l t u r e s  and c u l t u r a l  areas by t h e  d e v e l o p e r  i s  mandatory p r i o r  t o  t h e  
i n i t i a t i o n  of any s i t e  a c t i v i t y .  M i t i g a t i o n  through c o n s u l t a t i o n  w i t h  
r e p r e s e n t a t i v e s  of t h e  c u l t u r e s  t o  be a f f e c t e d  can  be e f f e c t i v e  i n  
reducing  t h i s  i m p a c t .  Compliance w i  t h  t h e  American I n d i a n  R e l i g i o u s  
Freedom A c t  i s  r e q u i r e d  i f  t h e  geothermal  r e s o u r c e  area i s  a d j a c e n t  t o  
I n d i a n  l a n d s  o r  s a c r e d  areas. 

D e s t r u c t i o n  of a r c h a e o l o g i c a l  and h i s t o r i c a l  s i tes  is a prime 
i m p a c t  i n  New Mexico. The d e v e l o p e r  must be i n  compliance wi th  l a w s  and 
r e g u l a t i o n s  concern ing  t h e s e  s i tes  and is r e q u i r e d  t o  c a r r y  o u t  adequate  
s i t e  surveys  i n  advance of s i t e - s p e c i f i c  a c t i v i t i e s .  C o n s u l t a t i o n  w i t h  
t h e  Museum of New Mexico and adequate  pre-planning of development can 
m i  ti g a t e  t h i s  i m p a c t .  

B 

154 



i ( 0  

;c 

I I 0 
u 

Another s i g n i f i c a n t  impact i s  s i t e - r e l a t e d  employment. Will t h e  
e x p l o r a t i o n  and development a c t i v i t i e s  u t i l i z e  ind igenous  o r  imported 
p e r s o n n e l ?  What i s  t h e  r o l e  of t h e  Employment S e c u r i t y  Commission 
i n  o b t a i n i n g  workers f o r  t h e  p r o j e c t ?  How w i l l  nearby communities 
b e  a f f e c t e d  by employment o p p o r t u n i t i e s ,  i f  ind igenous  workers are t o  
b e  used ,  o r  by i m p a c t s  on hous ing ,  s c h o o l s ,  t r a n s p o r t a t i o n  r o u t e s  and 
p u b l i c  services, i f  imported personnel  are b e i n g  used? 

. S i t e - s p e c i f i c  geothermal  e x p l o r a t i o n  and development w i l l  i n v o l v e  
t h e  h a u l i n g  of d r i l l i n g  and f i e l d  equipment t o  t h e  s i t e  from main 
highways. This  may o c c u r  over  r u r a l  r o a d s .  I f  s o ,  what w i l l  t h e  impact 
of t h i s  a c t i v i t y  b e  on t h e s e  roads and t h e  communities a d j a c e n t  t o  t h o s e  
roads?  What m i t i g a t i n g  procedures  can be used ( w i l l  t h e  s ta te  widen 
t h e  road ,  f o r  example)? 

6 .6 .2  Long-Term Impacts  - 
The f o l l o w i n g  impacts  o r  i s s u e s  are  o f f e r e d  as a c h e c k l i s t  f o r  

d e v e l o p e r s ,  communities,  and s t a t e  and f e d e r a l  governmental  u n i t s  who 
are  a l l  involved  t o g e t h e r  i n  t h e  socioeconomic impacts  of any major  
development,  i n c l u d i n g  geothermal  development,  i n  a p a r t i c u l a r  p a r t  of 
t h e  s ta te .  

1 .  New l e g a l  d e f i n i t i o n s  of ownership of t h e  geotliermal r e s o u r c e :  
Who owns t h e  r e s o u r c e ?  I f  t h e  State  owns t h e  water, who owns t h e  h e a t ?  
Who h a s  c o n t r o l  of t a x i n g ,  l a w  enforcement ,  e tc .  on f e d e r a l  l a n d s  and 
o t h e r  non-s ta te  and p r i v a t e  l a n d s ?  C o n f l i c t s  i n  t h e s e  i s s u e s  need t o  
b e  r e s o l v e d  i n  t h e  c o u r t s  and t h e  s t a t e  l e g i s l a t u r e ,  and may i n  f a c t ,  
r e t a r d  geothermal  development i n  p a r t s  oE t h e  s ta te .  

2. Inf r ingement  on r e l i g i o u s  b e l i e f s :  Did t h e  r e s o l u t i o n  of 
s h o r t - t e r m  impacts  a d e q u a t e l y  s o l v e  i s s u e s  f o r  long-term f a c i l i t y  
o p e r a t i o n s  ? 

3 .  C u l t u r a l  i m p a c t s :  I n p u t  must b e  made by a f f e c t e d  groups a t  
each  s t e p  of r e s o u r c e  development.  What are t h e  self-determined.  l i f e  
s t y l e s  of t h e  area r e s i d e n t s ?  What i s  t h e  p r o p e r  mechanism f o r  
d e t e r m i n i n g  who r e p r e s e n t s  what c u l t u r a l  groups i n  t h e  area. A l l  
c u l t u r e s  and s u b c u l t u r e s  must be r e p r e s e n t e d  i n  t h e  o v e r a l l  p r o c e s s .  

4 .  A e s t h e t i c s :  I d e n t i f y  problems and perce ived  i n t e r f e r e n c e  
w i t h  a e s t h e t i c s  i n  t h e  area. A t t e m p t  t o  m i t - i g a t e  t h e s e  i n  t h e  p l a n n i n g  
e f f o r t .  B e  mindful  of t h e  s e n s i t i v i t y  t o  c u l t u r a l  d i f f e r e n c e s  i n  New 
Mexico. 

5 ,  Employment d u r i n g  c o n s t r u c t i o n  and f a c i l i t i e s  o p e r a t i o n :  Will 
t h e  work f o r c e  b e  ind igenous  ( a  p o s i t i v e  impact)  o r  imported (both  
p o s i t i v e  and n e g a t i v e  i m p a c t  depending on t h e  s i z e  of t h e  work f o r c e ) ?  
What i s  t h e  r o l e  of t h e  Employment S e c u r i t y  Commission? 

6 .  Regional  r e s o u r c e s  management o r  land  u s e  management: W i l l  
m u l t i p l e  u s e  concepts  b e  used? W i l l  t h e  c a r r y i n g  c a p a c i t y  of t h e  land  
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b e  c o o r d i n a t e d  ( a i r ,  l a n d ,  water, community s e r v i c e s ) ?  W i l l  t h e  area 
b e  al lowed growth? Who d e t e r m i n e s  t h i s ?  What is  t h e  real  
socioeconomic d a t a  b a s e ?  What k i n d  of c o o r d i n a t i n g  u n i t s  e x i s t ?  What 
should  e x i s t ?  What w i l l  e x i s t ?  W i l l  t h e  Community A s s i s t a n c e  Counci l  
b e  involved?  What w i l l  t h e  impact of t h i s  development b e  on t h e  
communities involved?  

7 .  Growth management: I n  d e t e r m i n i n g  t h e  development of a n  area, 
d e g r e e s  of a c t i o n  should  b e  selected--no a c t i o n ,  low a c t i o n ,  medium 
a c t i o n ,  high a c t i o n .  Who s h o u l d  d e t e r m i n e  t h i s ?  What w i l l  b e  t h e  
impact of t h i s  growth on r e c r e a t i o n  f a c i l i t i e s  and governmental  s e r v i c e s ?  

8. Spinof f u s e  of energy f o r  i n d u s t r i a l  development : Co-generation 
and o t h e r  technology s h o u l d  b e  c o n s i d e r e d .  What w i l l  t h e  a u x i l l i a r y  
development due t o  community growth be?  Should t h e  community work 
towards l o c a l i z e d  energy s e l f - s u f f i c i e n c y ?  What t e c h n o l o g i e s  are 
economica l ly  f e a s i b l e ?  

9 .  Energy requi rements  and i d e n t i f i c a t i o n  of t h e  f i n a l  consumer: 
The C a l i f o r n i a  power u s e r s  o r  i n - s t a t e  consumers? Determine energy  
and power needs p r i o r  t o  t h e  p r o j e c t .  I d e n t i f y  end u s e r  and p o t e n t i a l  

bumping" which might occur  as energy r e s o u r c e s  dwindle.  I1 

$ 

10. Government s e r v i c e s :  What are t h e  c o s t  v s .  b e n e f i t s ?  Do t h e  
e n t i t i e s  involved  have t h e  a b i l i t y  t o  raise t h e  n e c e s s a r y  monies? What 
f e d e r a l  money s o u r c e s  are a v a i l a b l e ?  

11. Taxing b a s e :  A f u l l  spectrum a n a l y s i s  of t h e  t a x i n g  
a l t e r n a t i v e s  should  b e  developed p r i o r  t o  deve loping  a geothermal  
r e s o u r c e .  What w i l l  be  t h e  impact on l o c a l  t a x  s t r u c t u r e s  and revenues?  
What are t h e  e x i s t i n g  and proposed t a x  i n c e n t i v e s ?  

1 2 .  T r a n s p o r t a t i o n :  Who w i l l  pay f o r  improving r o a d s  t o  t h e  
sites? What impact w i l l  improved r o a d s  have on r u r a l  areas? Consider  
power l i n e s  and h e a t  d i s t r i b u t i o n  p i p e s  as a p a r t  of t h e  t r a n s p o r t a t i o n  
impact .  What right-of-way problems e x i s t s ?  \ 

13. Archaeologica l  and h e r i t a g e  p r e s e r v a t i o n  from hydrogen 
s u l f i d e  d e t e r i o r a t i o n :  Is t h i s  b e i n g  c o n s i d e r e d  i n  t h e  p l a n n i n g ?  What 
management i s  t h e r e  f o r  p r o t e c t i o n  of s i t e s ?  What technology i s  
a v a i l a b l e  t o  minimize damage? 

14 .  P u b l i c  i n f o r m a t i o n  and e d u c a t i o n :  There  must be a s i n c e r e  
e f f o r t  t o  d i s s e m i n a t e  i n f o r m a t i o n  a t  t h e  c o n c e p t i o n  of t h e  p r o j e c t  t o  
a l l  t h e  impacted communities.  A p u b l i c  r e l a t i o n s  e f f o r t  should  be made 
t o  inform and e d u c a t e  t h e  g e n e r a l  p u b l i c .  Who is  r e s p o n s i b l e  f o r  t h i s  
ef for t - - the  d e v e l o p e r ,  t h e  government? lJhich government? 

15. I m p a c t  of geothermal  development on tourism: W i l l  t h i s  b e  
a p o s i t i v e  o r  n e g a t i v e  i m p a c t ?  Tourism is a s u b s t a n t i a l  i n d u s t r y  i n  
t h e  s t a t e .  Does t h e  s t a t e  want t o  b i l l  i t s e l f  as a l e a d e r  i n  geothermal  
energy p r o d u c t i o n  t o  a t t r ac t  t o u r i s t ?  What are t h e  economics of 
development and t o u r i s m ?  
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16 .  Government's a b i l i t y  t o  r e g u l a t e  and e n f o r c e  e x i s t i n g  l a w s :  
The governmental  e n t i t i e s  t h a t  w i l l  be  involved  i n  t h e  development and 
o p e r a t i o n  of a geothermal  f a c i l i t y  should  b e  i d e n t i f i e d .  There  should  
b e  an  a n a l y s i s  of t h e i r  s t a f f i n g  needs t o  meet a d d i t i o n a l  demands of 
r e g u l a t i o n s  and enforcement  a s s o c i a t e d  w i t h  t h i s  development.  There 
should  b e  p r o v i s i o n  made f o r  change i n  agency o p e r a t i o n s ,  i f  needed. 

. 
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7 . 0  RECOMMENDATIONS AND CONCLUSION 

jo 

The recommendations and c o n c l u s i o n s  of t h i s  s t u d y  i n c l u d e  t h e  
i n p u t  of t h e  60-person Environmental  Overview Workshop h e l d  i n  
Albuquerque, New Mexico, September 7 and 8 ,  1979 and i n p u t  of t h e  
p r o j e c t  s t a f f .  I n  a s t a t e  of o v e r  one m i l l i o n  p e o p l e ,  i t  i s  u n l i k e l y  
t h a t  every i n d i v i d u a l s  viewpoint  i s  r e f l e c t e d  h e r e ,  b u t  t h i s  document 
r e p r e s e n t s  a s t a r t i n g  p o i n t  f o r  d i s c u s s i o n  of t h e  environmental  impacts  
t h a t  w i l l  be  s i g n i f i c a n t  i n  t h e  development of t h e  s t a t e ' s  geothermal  
r e s o u r c e s .  

7 . 1  Ranking of Environmental  Impacts  - 

Environmental  impacts  a s s o c i a t e d  w i t h  geothermal development i n  
New Mexico are ranked as "high" and ' t low' '  p r i o r i t y  f o r  g e n e r a l  
geothermal  development.  I n d i v i d u a l  impacts  and i s s u e s  may be more o r  
less impor tan t  t o  t h e  development of s p e c i f i c  geothermal  s i t e s  and t h e  
t y p e  of development ( e l e c t r i c a l  g e n e r a t i o n ,  d i s t r i c t  s p a c e  h e a t ,  
i n d i v i d u a l  s p a c e  h e a t ,  a g r i c u l t u r a l  o r  i n d u s t r i a l  p r o c e s s i n g )  planned 
f o r  t h e  s i t e .  Comprehensive a n a l y s e s  of e x i s t i n g  b a s e l i n e  d a t a  f o r  
b o t h  t h e  s i t e  and technology t o  b e  developed i n  an  i n d i v i d u a l  p r o j e c t  
e a r l y  i n  t h e  development p r o c e s s  w i l l  d e t e r m i n e  t h e  ranking  of 
envi ronmenta l  impacts  a p p r o p r i a t e  t o  t h e  p r o j e c t  t h a t  i s  planned.  

7 .1 .1  High P r i o r i t y  I m p a c t s  -- 
These p o t e n t i a l  environmental  impacts  w i l l  b e  t h e  most s i g n i f i c a n t  

t o  t h e  development of geothermal  energy i n  New Mexico. The d e g r e e  of 
impor tance  of each i m p a c t  w i l l  vary  w i t h  t h e  c h a r a c t e r  of each r e s o u r c e  
area and t h e  m i t i g a t i o n  a c t i o n s  t a k e n  p r i o r  t o  and d u r i n g  development.  

Water. The environmental  impacts of geothermal deve lopmen t  
a s s o c i a t e d  wi th  water are t h o s e  r e l a t e d  t o  t h e  d i v e r s i o n  of water f r o m  
a n o t h e r  e x i s t i n g  o r  p o t e n t i a l  u s e  and t h e  changing of water q u @ i t y .  
I n  t h e  a r i d  Southwest,  water is a most impor tan t  element of man's 
s u r v i v a l .  Both shor t - te rm ( S e c t i o n  6.2.1) and long-term ( S e c t i o n  6.2-.2) 
impacts  a f f e c t i n g  w a t e r  q u a n t i t y  and q u a l i t y  must b e  c o n s i d e r e d  
i m p o r t a n t  t o  t h e  development of a l l  t y p e s  of geothermal  t e c h n o l o g i e s ,  
from t h e  e s t a b l i s h m e n t  of new b a t h  houses  on a smal l  s c a l e  t o  t h e  
e s t a b l i s h m e n t  of major e l ec t r i ca l  g e n e r a t i o n  f a c i l i t i e s .  The degree  of 
impact w i l l ,  of c o u r s e ,  vary  w i t h  t h e  l o c a l e ,  s i z e  and t y p e  of 
d ev e 1 opmen t . 

A i r ,  D i s i n t e g r a t i o n  of a i r  q u a l i t y ,  i f  o c c u r r i n g  as a r e s u l t  of 
geothermal  development,  i s  a l s o  of g r e a t  importance i n  New Fiexico. 
Long-term i m p a c t s  ( S e c t i o n  6 .3 .2)  w i l l  be  more s i g n i f i c a n t  t h a n  
s h o r t - t e r m  impacts  ( S e c t i o n  6.3.11, and t h e  u n c o n t r o l l e d  r e l e a s e  of 
contaminants  is of g r e a t e r  importance t h a n  v i s u a l  d e g r e d a t i o n ,  e x c e p t  
i n  t h e  p o r t i o n s  of t h e  s t a t e  p e r c e i v e d  a s  b e i n g  "most s c e n i c . "  With 
t h e  a p p l i c a t i o n  of c u r r e n t  geothermal  t e c h n o l o g i e s ,  a i r - a s s o c i a t e d  

- 
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i m p a c t s  are more impor tan t  i n  t h e  development of e lec t r ica l  g e n e r a t i o n  
f a c i l i t i e s  u s i n g  s team-f lash  t e c h n o l o g i e s  t h a n  i n  d i r e c t  h e a t  
a p p l i c a t i o n s .  A t  t h e  moment, p r o j e c t s  i n  low tempera ture  geothermal  
r e s o u r c e  areas are n o t  b e l i e v e d  l i k e l y  t o  encounter  s i g n i f i c a n t  a i r  
p o l l u t i o n  impacts ,  based on i n i t i a l  d a t a  from e x i s t i n g  thermal  w e l l s  and 
s p r i n g s  and d i r e c t  h e a t  t e c h n o l o g i e s .  

Socioeconomic. The i m p a c t  of geothermal  development on 
socioeconomic parameters w i l l  v a r y  c o n s i d e r a b l y  w i t h  l o c a t i o n  of and t h e  
s i z e  and type  of planned development. Both shor t - te rm ( S e c t i o n  6.6.1) 
and long-term ( S e c t i o n  6.6.2) i m p a c t s  need t o  be cons idered  a t  t h e  
i n i t i a t i o n  of r e s o u r c e  e x p l o r a t i o n  a c t i v i t i e s  t h a t  are in tended  t o  l e a d  
t o  immediate geothermal  r e s o u r c e  development.  Involvement of a l l  t h e  
communities t h a t  w i l l  be impacted by planned development needs t o  occur  
c o n t i n u o u s l y  i n  t h e  development p r o c e s s .  

7 . 1 . 2  Low P r i o r i t y  I m p a c t s  

These p o t e n t i a l  environmental  impacts  are ,  i n  g e n e r a l ,  t h e  least  
s i g n i f i c a n t  t o  t h e  development of geothermal  energy i n  New Mexico. In 
s p e c i f i c  geothermal  p r o j e c t s ,  i n d i v i d u a l  e x c e p t i o n s  may be made i.n 
r e l a t i o n  t o  unique c o n d i t i o n s  of t h e  geothermal  s i t e .  

\ 

B i o t i c .  B i o t i c  environmental  impacts  o c c u r  as a r e s u l t  of changes 
i n  t h e  environment caused by o t h e r  t y p e s  of i m p a c t s .  I f  a p r o j e c t  h a s  
m e t  a l l  c u r r e n t  r e g u l a t i o n s  ( S e c t i o n  4 . 0 )  and t h e  primary impacts  of a i r  
q u a l i t y  and water q u a l i t y  and q u a n t i t y  and v e g e t a t i o n  have been 
s a t i s f a c t o r i l y  r e s o l v e d ,  b i o t i c  impacts  a s s o c i a t e d  w i t h  geothermal  
development ( S e c t i o n s  6.5.1 and 6.5.2) w i l l  be  minimal i n  most 
geothermal  developments.  Unique s i t e  c h a r a c t e r i s t i c s  r e l a t e d  t o  
t h r e a t e n e d  and endangered s p e c i e s  may i n c r e a s e  t h e  importance of t h e s e  
impacts  on development i n  a s p e c i f i c  geothermal  r e s o u r c e  s i t e ;  i r r  such 
cases, b i o t i c  impacts  w i l l  have a h igh  p r i o r i t y .  

Geophysical .  Environmental  impacts  a s s o c i a t e d  w i t h  geothermal  
development and t h e  p h y s i c a l  parameters  of t h e  environment are t h o s e  of 
man-induced s e i s m i c i t y ,  s u b s i d e n c e  and s o i l  m o d i f i c a t i o n .  Longterm 
impacts  ( S e c t i o n  6.1.2)  w i l l  be  more i m p o r t a n t  t h a n  s h o r t t e r m  impacts  
( S e c t i o n  6 . 1 . 1 ) .  Induced seismic a c t i v i t y  is  a s i g n i f i c a n t  i s s u e  i n  
areas of t h e  s t a t e  t h a t  show a h i s t o r y  of n a t u r a l  seismic a c t i v i t y .  
S e i s m i c i t y  i n  a n  area t h a t  h a s  no n a t u r a l  a c t i v i t y ,  however, is l i k e l y  
t o  be more n o t i c a e d  t h a n  i n  an  area with n a t u r a l  seismic a c t i v i t y .  
Subsidence r e l a t e d  s o l e l y  t o  geothermal  development w i l l  be  impor tan t  t o  
high p o p u l a t i o n  areas and t r a n s p o r t a t i o n  c o r r i d o r s  (highways, p i p e  and 
t r a n s m i s s i o n  l i n e s ,  i r r i g a t i o n  sys tems) .  S o i l  contaminat ion  may be more 
s i g n i f i c a n t  t h a n  s o i l  m o d i f i c a t i o n ,  a l t h o u g h  proper  e n g i n e e r i n g  w i l l  
m i t  i g a t e  b o t h  . 

Noise .  The i m p a c t  of n o i s e  p o l l u t i o n  on geothermal  development is  
perhaps t h e  least  s i g n i f i c a n t  by i t s  v e r y  d e f i n i t i o n  of "unwanted 
sound." Impacts  of t h i s  n a t u r e  become impor tan t  when t h e  p u b l i c  
p e r c e i v e s  t h a t  s u f f i c i e n t  sound d i s t u r b a n c e s  are o c c u r r i n g  as a d i r e c t  
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r e s u l t  of a s p e c i f i c  geothermal  p r o j e c t .  The importance of t h i s  i m p a c t  
w i l l  vary  g r e a t l y  w i t h  t h e  s i z e  and t y p e  of geothermal  development 
p r o j e c t .  Because most geothermal  a c t i v i t y  w i l l  produce low levels of 
n o i s e ,  and because  many of t h e  p r o s p e c t i v e  geothermal  areas are remote 
from 

7.2 

human h a b i t a t i o n ,  i m p a c t s  are  u n l i k e l y  t o  b e  s i g n i f i c a n t .  

Recommendations f o r  S p e c i f i c  Act ions  t o  b e  Taken i n  E v a l u a t i n g  t h e  
S i g n i f i c a n c e  of Environmental  I m D a c t s  Assoc ia ted  w i t h  Geothermal 
Development 

These recommendations are  made i n  t h e  i n t e r e s t  of p r o v i d i n g  
s u f f i c i e n t  i n f o r m a t i o n  f o r  decision-making and f o r  p r o v i d i n g  t h e  
n e c e s s a r y  advance p lanning  and c o o r d i n a t i o n  of i n d u s t r y ,  government,  and 
t h e  p e o p l e  involved  i n  geothermal  development p r o j e c t s  th roughout  N e w  
Mexico. 

7 . 2 . 1  G e  op hy s i c  a1 

7 . 2 . 1 . 1  Research and Data A c q u i s i t i o n  

1. Research i s  needed t o  de te rmine  t h e  e f f e c t s  of- r e i n j e c t i o n  of 
geothermal  f l u i d s  on s u b s i d e n c e  and seismic a c t i v i t y  i n  h i g h  and low 
t e m p e r a t u r e  r e s e r v o i r s .  

2 .  In  i n i t i a l  geothermal  p r o j e c t s  w i t h i n  areas of seismic a c t i v i t y ,  
adequate  seismic moni tor ing  networks should  be e s t a b l i s h e d  and monitored 
t o  d e t e r m i n e  i f  induced s e i s m i c i t y  i s  o c c u r r i n g ,  and,  i f  s o ,  how 
s i g n i f i c a n t  i t  is .  Continued a c t i v i t y  of t h i s  s o r t  wi th  a d d i t i o n a l  
geothermal  p r o j e c t s  w i l l  depend on t h e  earlier f i n d i n g s .  

3 .  Subsidence d a t a  i s  needed f o r  i n i t i a l  l a r g e - s c a l e  geothermal  
developments  (ie., e lec t r i ca l  g e n e r a t i o n  o r  d i s t r i c t  h e a t  w e l l  f i e l d s )  
if s u b s i d e n c e  could create economic problems i n  t h a t  s p e c i f i c  l o c q t i o n .  

4 .  I f  on ly  A g r i c u l t u r a l  Experiment S t a t i o n  s o i l s  da ta  i s  a v a i l a b l e  
a t  a g iven  geothermal  s i t e ,  s o i l  s u r v e y s  may b e  necessary  f o r  w e l l  and 
p l a n t  sites, and road and t r a n s m i s s i o n  c o r r i d o r  s i t i n g s  . Engineer ing  
g e o l o g i c  s t u d i e s  may be needed i n  areas w i t h  u n s t a b l e  rock and s o i l  
c o n d i t i o n s  f o r  l a r g e  geothermal  f a c i l i t i e s .  

7 .2 .1 .2  Regula t ions  and Mew L e g i s l a t i o n  

1. L e g i s l a t i v e  a c t i o n  should  be t a k e n  t o  g i v e  a u t h o r i t y  t o  t h e  
a p p r o p r i a t e  a g e n c i e s  (perhaps  t h e  Geology D i v i s i o n  of t h e  Energy and 
M i n e r a l s  Department o r  t h e  New Mexico Bureau of Mines) t o  develop 
g u i d e l i n e s  f o r  maximum a c c e p t a b l e  l e v e l s  of phenomena such a s  s u b s i d e n c e  
and induced s e i s m i c i t y .  
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2. S t a n d a r d i z a t i o n  of b a s e l i n e  d a t a  measurements s h o u l d  b e  
developed by t h e  Energy and M i n e r a l s  Department,  t h e  New Mexico Bureau 
of Mines and t h e  New Mexico Energy I n s t i t u t e  a t  New Mexico S t a t e  
U n i v e r s i t y  and o t h e r  i n t e r e s t e d  a g e n c i e s  and groups.  

7.2.2 Water 

7 .2 .2 .1  Research and Data A c q u i s i t i o n  -_ 

1. S i t e - s p e c i f i c  b a s e l i n e  d a t a  from tes t  w e l l s  i n  t h e  geothermal  
r e s o u r c e  area i s  needed f o r  d e t e r m i n a t i o n  of chemical  composi t ion ,  
t e m p e r a t u r e s  and q u a n t i t i e s  of geothermal  waters f o r  t h e  p r o d u c t i o n  
r e s e r v o i r  i n  o r d e r  t o  d e t e r m i n e  t h e  p o t e n t i a l  s e v e r i t y  of envi ronmenta l  
i m p a c t s  on a i r  q u a l i t y  and water s u p p l i e s  and q u a l i t y ,  as w e l l  as, t h e  
a s s o c i a t e d  b i o t i c  impacts .  This  d a t a  should  b e  c o l l e c t e d  d u r i n g  
e x p l o r a t i o n  and w e l l  f i e l d  development.  

2. F u t u r e  h y d r o l o g i c a l  r e p o r t s  of p o t e n t i a l  geothermal  r e s e r v o i r s  
s h o u l d  i d e n t i f y  t h e  methodology used i n  a s s e s s i n g  t h e  r e s o u r c e ,  and 
address  the  associated weaknesses i n  e s t i m a t i n g  reservoir temperatures ,  
volumes, d i s s o l v e d  c o n s t i t u e n t s  and t o x i c  s u b s t a n c e s .  

3 .  Research needs t o  b e  conducted on changes,  i f  any,  i n  water 
q u a l i t y ,  r e s e r v o i r  t e m p e r a t u r e  and p r e s s u r e ,  ground and s u r f  ace waters 
and o t h e r  r e l a t e d  parameters  a s s o c i a t e d  w i t h  t h e  development of 
geothermal  r e s o u r c e s  i n  areas where t h e  hydrology is n o t  w e l l  documented 
t o  de te rmine  i f  t h e s e  are c o n n e c t i o n s  between geothermal  r e s e r v o i r s  and 
groundwater  r e s e r v o i r s ,  and i f  s o ,  what e f f e c t  such c o n n e c t i o n s  might 
have on water q u a l i t y .  

7 .2 .2 .2  R e g u l a t i o n s  and New L e g i s l a t i o n  

1. The a p p r o p r i a t e  r e g u l a t o r y  agency should  t a k e  a l l  p o s s i b l e  
means t o  p r e v e n t  t h e  p o t e n t i a l  c o n t a m i n a t i o n  of l o c a l  s u r f  ace yaters 
by s p i l l a g e  o r  seepage  by geothermal  f l u i d s ,  even t o  t h e  e x t e n t  of 
r e q u i r i n g  t h e  d i v e r t i o n  of streams, provided  such a c t i o n  does n o t  prove  
d e t r i m e n t a l  t o  e x i s t i n g  water r i g h t s .  

2.  A s t a t e  p r o c e d u r e  f o r  i d e n t i f y i n g  t h e  adequacy of d a t a  f o r  
de te rmining  envi ronmenta l  impacts  should  b e  developed by t h e  a p p r o p r i a t e  
s t a t e  a g e n c i e s  ( i e . ,  t h e  Environmental  Improvement D i v i s i o n  and t h e  
Water Research I n s t i t u t e )  f o r  i n s t i t u t i o n s ,  i n d u s t r i e s  o r  m u n i c i p a l i t i e s  
t o  f o l l o w  i n  i n i t i a t i n g  geothermal  development.  

3 .  N e w  r e g u l a t i o n s  need t o  b e  developed concern ing  t h e  r e i n j e c t i o n  
o f  geothermal f l u i d s  and p o t e n t i a l  contaminat ion  of o t h e r  a q u i f e r s  from 
b o t h  i n j e c t i o n  and downhole w e l l  l e a k a g e .  
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7.2.3 A i r  -- 

7.2.3.1 Research and Data A c q u i s i t i o n  

1. B a s e l i n e  d a t a  on a i r  q u a l i t y  i s  necessary  and should  r e f l e c t  
u n d i s t u r b e d  ( p r e - e x p l o r a t i o n )  c o n d i t i o n s .  This  may r e q u i r e  t h e  use  of 
s i m i l a r ,  b u t  u n d i s t u r b e d ,  a r e a s  i f  d a t a  c o l l e c t i o n  b e g i n s  a f t e r  much of 
t h e  i n i t i a l  e x p l o r a t i o n  and development a c t i v i t i e s  o c c u r .  

2 .  It i s  necessary  f o r  t h e  s t a t e  r e g u l a t o r y  agency t o  e v a l u a t e  
t h e  adequacy of a v a i l a b l e  b a s e l i n e  d a t a  i n  t h e  v i c i n i t y  of a planned 
geothermal  p r o j e c t  t o  d e t e r m i n e  i f  f u r t h e r  d a t a  c o l l e c t i o n  a c t i v i t i e s  
are n e c e s s a r y .  

3. There  i s  a need f o r  t h e  development of a s e l f - c o n t a i n e d  
(self-powered)  t y p e  of a i r  moni tor ing  equipment t o  a l l e v i a t e  t h e  
problems a s s o c i a t e d  w i t h  having t h e  placement of such equipment r e l a t e d  
t o  t h e  l o c a t i o n  of power s o u r c e s .  

4 .  Research should  develop s o p h i s t i c a t e d  modeling t e c h n i q u e s  t o  
p r e d i c t  t h e  envi ronmenta l  e f f e c t s  of t o x i c  emiss ions  on a i r  q u a l i t y  i n  
rough t e r r a i n  l o c a t i o n s .  Such models should  be v e r i f i q d  t o  d e t e r n i n e  
i f  t h e i r  p r e d i c t i o n s  are v a l i d  i n  New Mexico. 

7 .2 .3 .2  Regula t ions  and New L e g i s l a t i o n  - 

1. There is  a need t o  expand t h e  e x i s t i n g  ambient a i r  moni tor ing  
system t o  a c q u i r e  b a s e l i n e  d a t a  on t h e  a i r  p o l l u t a n t s  of a r s e n i c ,  
b e r y l l i u m ,  boron,  hydrogen s u l f i d e ,  hydrocarbons,  heavy m e t a l s ,  t o t a l  
reduced s u l f u r ,  mercury,  methane, e t h a n e  and f u g i t i v e  d u s t  i n  areas 
where l a r g e - s c a l e  geothermal  development i n v o l v i n g  p o t e n t i a l  a i r  
e m i s s i o n s  i s  a n t i c i p a t e d .  T h i s  expansion i s  necessary  f o r  t h e  
enforcement  of c u r r e n t  a i r  q u a l i t y  s t a n d a r d s .  

2. Technology f o r  p o i n t - s o u r c e  p o l l u t a n t  moni tor ing  f o r  t h e  
s p e c i f i c  p o l l u t a n t s  i n  i t e m  one needs t o  b e  developed.  

3 .  Regulatory a g e n c i e s  need t o  e v a l u a t e  t h e  long-term ( l i f e t ' i m e  
of t h e  f a c i l i t y )  envi ronmenta l  impacts  r e l a t i v e  t o  a i r  p o l l u t i o n  
and geothermal  development i n  t h e  b r o a d e r  c o n t e x t  of p o l l u t i o n  a s s o c i a t e d  
w i t h  t h e  use  of o t h e r  energy forms f o r  t h e  same purpose  ( i . e . , e l e c t r i c a l  
g e n e r a t i o n  by pe t ro leum f u e l s ,  c o a l ,  n u c l e a r ,  s o l a r  v s .  geothermal  and 
d i r e c t  h e a t  from s y n f u e l s ,  c o a l ,  wood, etc.  v s .  geothermal ) .  T h i s  
b r o a d e r  c o n t e x t  e v a l u a t i o n  i s  e q u a l l y  impor tan t  t o  consumption f o r  any 
purpose i n  t h e  s t a t e  and is e s s e n t i a l  t o  t h e  long-term p r o t e c t i o n  of 
a i r  q u a l i t y .  

4 .  S i n c e  t h e  m a j o r i t y  of a i r  q u a l i t y  problems a r e  a s s o c i a t e d  w i t h  
c o o l i n g  tower,  o p e r a t i o n ,  a s  t h e  main e x i t  p o i n t  f o r  e f f l u e n t s ,  t h e  
s t a t e ' s  r e g u l a t o r y  a g e n c i e s  and geothermal  development i n d u s t r i e s  m u s t  
work t o g e t h e r  t o  i n s u r e  t h a t  a l l  o p t i o n s  a r e  cons idered  (ie., wet-dry 
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towers ,  u s e  of b i n a r y  systems , ~ r  g e n e r a t i o n ,  and -.nproved c o n t r o l  
technology)  . 

7.2.4 Noise  

7.2.4.1 Research and Data A c q u i s i t i o n  

1. If n o i s e  p o l l u t i o n  i s  determined t o  have a n  i m p o r t a n t  impact 
i n  s i t e - s p e c i f i c  geothermal  development,  t h e r e  i s  a need f o r  the 
c o l l e c t i o n  of b a s e l i n e  d a t a  p r i o r  t o  development.  T h i s  d a t a  s h o u l d  
r e f l e c t  u n d i s t u r b e d  c o n d i t i o n s  and may r e q u i r e  t h e  u s e  of similar 
u n d i s t u r b e d  areas i f  i n i t i a l  development a c t i v i t i e s  are o c c u r r i n g .  

7 .2 .4 .2  R e g u l a t i o n s  and N e w  L e g i s l a t i o n  

1. There i s  a need f o r  s o u r c e - s p e c i f i c  n o i s e  r e g u l a t i o n s  i n  
p o r t i o n s  of New Mexico where geothermal  and o t h e r  k i n d s  of development 
are  p e r c e i v e d  t o  p o t e n t i a l l y  create c o n f l i c t  (ie., i n  s i g n i f i c a n t  
n a t u r a l  areas o r  w i t h i n  p o p u l a t i o n s  c e n t e r s ) .  Such r e g u l a t i o n s  must 
c o n s i d e r  e x i s t i n g  ambient n o i s e  levels.  

> 

. _  

7.2.5 B i o t a  

7 .2 .5 .1 Research and Data A c q u i s i t i o n  

1. There  should  b e  a s ta te -wide  l i s t i n g  of geotherinal sites t h a t  
have n o t  been b i o t i c a l l y  surveyed ,  c r o s s  r e f e r e n c e d  w i t h  c u r r e n t  s o u r c e s  
of i n f o r m a t i o n  

2 .  Research needs t o  b e  conducted t o  o b t a i n  i n v e n t o r i e s  of t h e  
b i o t i c  systems i n  New Mexico i n  geothermal  r e s o u r c e  areas t o  a i d  in  t h e  
assessment  of p o t e n t i a l  impacts  of geothermal  development.  

3 .  A d d i t i o n a l  funding  should  b e  sought  € o r  t h e  complet ion of a 
b i o t i c  d a t a  i n f o r m a t i o n  system which would survey  and moni tor  geothermal  
sites. 

4 .  Monitor ing a c t i v i t i e s  should  be conducted a t  geothermal  
development s i tes  t o  assess on-going impacts  of such development.  

5 .  Research should  be conducted on t h e  m i t i g a t i o n  of b i o t i c  
impacts  a s s o c i a t e d  wi th  geothermal  development.  

7 .2 .5 .2  R e g u l a t i o n s  and New L e g i s l a t i o n  

1. There should  b e  a c o o r d i n a t i o n  of s t a t e  and f e d e r a l  agency 
e f f o r t s  i n  s h a r i n g  of b i o t i c  d a t a .  T h i s  should  p r e v e n t  d a t a  o v e r l a p  
and redundancy i n  d a t a  c o l l e c t i o n .  
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7.2.6 Socioeconomic -- - 

7.2.6.1 -- Research and - Data A c q u i s i t i o n  

1. A p r e d i c t i v e  c a p a b i l i t y  f o r  t h e  socioeconomic parameters 
a s s o c i a t e d  wi th  energy development i n  New Mexico should  be i n t e r a t e d  
l n t o  t h e  Energy Managment I n f o r m a t i o n  System c u r r e n t l y  under  c o n s t r u c t i o n  
a t  t h e  New Mexico Energy and Minera ls  Department. This  t o o l  should  b e  
used  i n  deve loping  f u t u r e  environmental  impact a s s e s s m e n t s .  

2. B a s e l i n e  d a t a  needed f o r  a r c h e o l o g i c a l  and h i s t o r i c a l  s i t e  
l o c a t i o n  is  needed w i t h i n  t h e  p r o j e c t e d  d i s t u r b e d  s u r f a c e  areas of a 
geothermal  development p r o j e c t .  The i n t e n s i t y  of such b a s e l i n e  s u r v e y s  
i s  dependent  on t h e  p r e d i c t e d  and known a rcheo log ica l /h i s to r i ca l  s i t e  
d e n s i t y  i n  t h e  s p e c i f i c  geothermal  area. 

7.2.6.2 R e g u l a t i o n s  and L e g i s l a t i o n  

1. The p lanning  of community s e r v i c e s  and r e c r e a t i o n a l  f a c i l i t i e s  
t o  meet f u t u r e  p o p u l a t i o n  growth i n  s p e c i f i c  areas of Ne,w Mexico needs 
t o  b e  c o n s i d e r e d  as a whole, of which geothermal  development may p l a y  
a p a r t .  The rea l  i s s u e  i s  energy a v a i l a b i l i t y  v s .  p o p u l a t i o n  growth. 
Formal o r  in formal  r e g i o n a l  p l a n n i n g  groups (composed of such u n i t s  a s  
t h e  Counci l  of Governments, c i t i z e n  groups ,  l o c a l  t r i b a l  c o u n c i l s ,  c i t y  
and county governments,  and f e d e r a l  a g e n c i e s ,  p a r t i c u l a r l y  t h o s e  t h a t  
are land  s tewards  i n  t h e  r e g i o n )  should  be o u t l i n i n g  a program now t o  
m e e t  o r  l i m i t  p r o j e c t e d  growth. Planned geothermal  p r o j e c t  could  t h e n  
b e  f i t  i n t o  e x i s t i n g  r e g i o n a l  e f f o r t s .  

7 .3  General  Summary Comments -- 
I n  c o n c l u s i o n ,  t h e  envi ronmenta l  impacts  and t h e i r  r e l a t i v e  

importance t o  geothermal  development i n  New Mexico t h a t  are p r e s e n t e d  
i n  t h i s  document are as v a r i e d  as t h e  q u a l i t y  of t h e  i n d i v i d u a l  
geothermal  r e s o u r c e  and t h e  t y p e  of technology a p p l i e d  i n  a p a r t i c u l a r  
geothermal  development p r o j e c t .  Appendix F p r e s e n t s  an  overv iew.  of 
t h e  a v a i l a b i l i t y  of b a s e l i n e  envi ronmenta l  d a t a  f o r  development w i t h i n  
c u r r e n t l y  i d e n t i f i e d  geothermal  s i tes .  Impacts  l i k e l y  t o  b e  of h i g h  
importance i n c l u d e  water a v a i l a b i l i t y  and q u a l i t y ,  changes i n  a i r  
q u a l i t y  and e f f e c t s  on t h e  socioeconomic s t a t u s  of each area. Impacts  
l i k e l y  t o  b e  of lesser importance i n c l u d e  g e o p h y s i c a l  impacts ,  impacts  
on  t h e  b i o t a  and problems caused by n o i s e .  
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WORKSHOP FOR 

I N  TFIE STATE OF NEW MEXICO 
AN ENVIRONMENTAL OVERVIEW FOR THE DEVELOPMENT OF GEOTHEFCIAL RESOURCES 

F r i d a y  and S a t u r d a y ,  September 7-8, 1979  
Albuquerque Convent ion Center 

8 a.m.-5 p.m. 

Sponsored by: 
The New Mexico Energy I n s t i t u t e  a t  New Mexico S t a t e  U n i v e r s i t y  

and 
The New Mexico Environmental  I n s t i t u t e  

F r i d a y ,  September 7 ,  1979 

7 : 4 5  REGISTRATION 

8: 15 GENERAL SESSION 

Welcome t o  Workshop -- NKEI/NMSU 
DOE 

Goa l s  of the Workshop and Environmental  Overview P r o j e c t  
DOE /LLL 
NME:I/rnfSU 

Using Geothermal Energy -- a b r i e f  d e s c r i p t i o n  of geothermal  systems 
and e x t r a c t i o n  t e c h n o l o g i e s :  NMEI/NMSU 

Hot D r y  Rock System 

Hydrothermal Systems 
Vapor-dominated 
Water-dominated 

Volcanic  
R i f t  Va l l ey  
Geopressured 

Geothermal Energy Resources  i n  New Mexico 

Overview of Geothermal S i t e s  -- Hot d r y  rock and hydro the rma l ,  
h i g h  and low t e m p e r a t u r e  sites 

Geothermal E x t r a c t i o n  Techno log ie s  -- E x i s t i n g  o r  i n  t h e  p r o c e s s  
of development 

P o t e n t i a l  Geothermal Techno log ie s  t h a t  can b e  used in N e w  Mexico 
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1o:oo BREAK 

10:15 GENERAL SESSION -- PANEL PRESENTATION 

P o t e n t i a l  envi ronmenta l  impacts  r e s u l t i n g  from l o c a t i o n  of 
geothermal  s i tes  i n  New Mexico 

P o t e n t i a l  envi ronmenta l  impacts  r e s u l t i n g  from e x t r a c t i o n  technology 
i n  New Mexico 

Electr ical  g e n e r a t i o n  
Separa ted  steam p r o c e s s  
S i n g l e - f l a s h  p r o c e s s  Sepa ra t ed - s t eamhing le - f l a sh  p r o c e s s  
Binary c y c l e  p r o c e s s  
Hot dry rock p r o c e s s  

Direct h e a t  a p p l i c a t i o n s  
Direct u s e  of water 
S u r f a c e  h e a t  exchanger  
Down-the-hole h e a t  exchanger  
Heat pump 

QUESTIONS AND ANSWERS ON GEOTHERE~AL TECHNOLOGY /SITE LOCATION AND 
ENVIRONMENTAL IMPACTS 

12:oo LUNCH ( a t  Convention C e n t e r )  - .  

1:30 SMALL GROUP DISCUSSIONS (On S e c t i o n  4 of D r a f t  Document) 

Purpose:  To d e t e r m i n e  i f  a l l  a v a i l a b l e  e x i s t i n g  d a t a  needed h a s  
been addressed  i n  t h e  D r a f t  Document; 
To d e t e r m i n e  if t h e  a v a i l a b l e  d a t a  i s  a d e q u a t e  €o r  
measuring envi ronmenta l  i m p a c t s ;  
To recommend what i s  needed t o  f i l l  gaps i n  b a s e l i n e  d a t a .  

Groups : Geophysical  
Water 
A i r  and N o i s e  
B i o t a  
S o c i o e c onomi c s 

3 : 3 0  BREAK 

3 : 4 5  GENERAL SESSION 

Group r e p o r t s  and g e n e r a l  d i s c u s s i o n  of b a s e l i n e  d a t a  

Geophysical  
Water 
A i r  and Noise  
B i o t a  
Socioeconomics 

. 

P 

PI 
I 
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7 : 4 5  

8:15 

10:  00 

10:15 

1 2 :  00 

1:30 

REGISTRATION 

GENERAL SESSION -- PANEL PRESENTATIONS 

S t a t e  and f e d e r a l  r e g u l a t i o n s  a f f e c t i n g  geothermal  development and 
environmental  q u a l i t y  

Leasing and d r i l l i n g  p e r m i t s  
Water q u a l i t y  
A i r  Q u a l i t y  
Noise Q u a l i t y  
A n t i q u i t i e s  
Threa tened  and Endangered S p e c i e s  

NEPA Requirements 

S t a t e  and f e d e r a l  environmental  s t u d y  requi rements  
S t a t e  
F e d e r a l  

Environmental  Assessment 
Environmental  Impact Statement  

CASE STUDY: Environmental  impact s ta tement .  f o r  a 
geothermal  demonst ra t ion  program, 50 
MW Power p l a n t ,  Baca Ranch e 

QUESTIONS AND ANSWERS ON REGULATIONS 

BREAK 

SMALL GROUP DISCUSSIONS (On S e c t i o n  5 of D r a f t  Document) 

Purpose: To i d e n t i f y  t h e  problems a s s o c i a t e d  w i t h  p o t e n t i a l  
environmental  impacts 

Groups: Geophysical  
Water 
A i r  and N o i s e  
B i o t a  
Socioeconomics 

LUNCIi ( a t  Convention Center )  

SMALL GROUP DISCUSSIONS (On S e c t i o n  6 of t h e  D r a f t  Document) 

Purpose: To make recommendations on t h e  p r i o r i t y  of impacts  and 
on f u t u r e  environmental  d a t a  c o l l e c t i o n  a c t i v i t e s  w i t h i n  
t h e  s t a t e .  

Groups: Same a s  i n  morning s e s s i o n  

2 09 



3 - 0 0  BREAK 

3 :  15 GENERAL SESSION 

Group r e p o r t s  on conclus ions  from morning and af te rnoon s e s s i o n s  

Geophysical 
Water 
A i r  and Noise 
Bio ta  
Socioeconomics 

General Summary of Workshop Resu l t s  
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APPENDIX D 

G LO S S ARY 

i; AAR 

AE S 

A s s o c i a t i o n  of American R a i l r o a d s  

A g r i c u l t u r a l  Experiment S t a t i o n  l o c a t e d  
a t  New Mexico S t a t e  U n i v e r s i t y ,  Las 
Cruces,  New Mexico 

a1 luvium a g e n e r a l  term f o r  a l l  d e t r i t a l  d e p o s i t s  
r e s u l t i n g  from t h e  o p e r a t i o n s  of modern 
r i v e r s  and stream, u s u a l l y  sand  and 
g r a v e l  

(u 
a n d e s i t e  a v o l c a n i c  rock of i n t e r m e d i a t e  

c o n p o s i t i o n ,  commonly a deep r e d d i s h  
p u r p l e  c o l o r  

a n t i c l i n e  

a q u i f e r  

a n  upwarped f o l d  of rock  l a y e r s  

a wa te r -bea r ing  s t a t u m  of permeable 
r o c k ,  sand o r  g r a v e l  

a r t e s i a n  groundwater  t h a t  h a s  s u f f i c i e n t  
h y d r o s t a t i c  head t o  r i s e  above i t s  
a q u i f e r  

a r t e s i a n  water groundwater  t h a t  is under  s u f f i c i e n t  
p r e s s u r e  t o  r ise above t h e  l e v e l  a t  
which i t  is  encoun te red  (by a w e l l ) ,  b u t  
d o e s  n o t  n e c e s s a r i l y  rise t o  o r  above 
t h e  su r face  of t h e  g round  

b a s a l t  

b a s e  t e m p e r a t u r e  

a d a r k ,  f i ne -g ra ined  v o l c a n i c  ' rock, 
composed of ca l c ium p l a g i o c l a s e  and 
pyroxene 

t h e  maximum t e m p e r a t u r e  a t t a i n e d  by 
geothermal  water d u r i n g  c o n v e c t i v e  
c i r c u l a t i o n  1 B 

bed rock a g e n e r a l  term f o r  r o c k ,  u s u a l l y  s o l i d ,  
t h a t  unde r  l i e s  s o i l  o r  o t h e r  
u n c o n s o l i d a t e d  , s u p e r f i c i a l  mater ia l  

R I A  

B LY 

Bureau of I n d i a n  A f f a i r s  

I U  Bureau of Land Mangement 
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b o i l i n g  p o i n t  

b r i n e  

B r i t i s h  thermal  u n i t  

c a1 d e r a  

c a l o r i e  

c a r b o n  monoxide (CO) 

chemical  geothermometer 

C I D  

c ondens a t  e 

c r i t i c a l  p o i n t  

c r u s t  

t h e  temperati  re a t  which t h e  vapor  
p r e s s u r e  of a l i q u i d  i s  e q u a l  t o  t h e  
p r e s s u r e  of t h e  atmosphere of t h e  l i q u i d  

a h i g h l y  s a l i n e  s o l u t i o n .  A s o l u t i o n  
, c o n t a i n i n g  a p p r e c i a b l e  amounts of N a C l  

and o t h e r  sa l ts  

t h e  q u a n t i t y  of h e a t  r e q u i r e d  t o  ra ise  
t h e  t e m p e r a t u r e  of 1 pound of water 1°F 
a t  o r  n e a r  i t s  p o i n t  of maximum d e n s i t y  
( e q u i v a l e n t  t o  252 c a l o r i e s )  

a l a r g e  basin-shaped vo 1 c a n i c  
d e p r e s s i o n ,  c i r c u l a r  i n  form, w i t h  a 
d i a m e t e r  many times g r e a t e r  t h a n  t h e  
i n c l u d e d  v o l c a n i c  v e n t .  The s t e e p n e s s  
of t h e  walls o r  form of t h e  f l o o r  does  
n o t  matter 

t h e  q u a n t i t y  of h e a t  needed t o  raise one 
gram of w a t e r  l0C a t  o r  c lose  t o  16OC 

a c o l o r l e s s ,  o d o r l e s s  and tasteless g a s  
which h a s  a d e l e t e r i o u s  e f f e c t  in 
r e l a t i v e l y  s m a l l  c o n c e n t r a t i o n s .  It i s  
produced p r i m a r i l y  from incomple te  
combustion i n  f u e l s  used i n  v e h i c l e s ,  
i n d u s t r i e s  and space h e a t i n g  

t h e  t e c h n i q u e  of p r e - d r i l  l i n g  assessment  
of tempera ture  c h a r a c t e r i s t i c s  o f  t h e  
geothermal  r e s e r v o i r .  Most wide ly  used 
geothermometers are t h e  S i 0 2  c o n t e n t ,  
and N a ,  C a ,  and K r a t i o s  measured i n  
water s a m p l e s  . 
Commerce and I n d u s t r y  Department 

t h e  l i q u i d  recovered  from t h e  
c o n d e n s a t i o n  of g a s s e s  o r  s team produced 
from a geothermal  r e s e r v o i r  

t h e  t e m p e r a t u r e  and p r e s s u r e  a t  which 
t h e  p r o p e r t i e s  of a l i q u i d  and i t s  vapor  
become i n d i s t i n g u i s h a b l e  

t h e  l i t h o s p h e r e ,  o r  s o l i d  e x t e r i o r  
p o r t i o n  of t h e  e a r t h  
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1 

p 

i R  

c u b i c  f o o t  p e r  second ( c f s )  t h e  rate of d i s c h a r g e  r e p r e s e n t i n g  a 
volume of one c u b i c  f o o t  p a s s i n g  a g i v e n  
p o i n t  d u r i n g  one second ,  and e q u i v a l e n t  
t o  7 . 4 8  g a l l o n s  p e r  second o r  4 4 8 . 8  
g a l l o n s  p e r  minu te  

dB 

d i s c h a r g e  

DOE 

d r a i n a g e  area 

d r a i n a g e  b a s  i n  

d r i l l i n g  mud 

. d r i l l i n g  o p e r a t i o n s  

dry rock  

e f f l u e n t  

d e c i b e l  

t h e  volume of water ( o r  more b r o a d l y ,  
t o t a l  f l u i d s )  t h a t  p a s s e s  a g i v e n  p o i n t  
w i t h i n  a g i v e n  p e r i o d  of t i m e  

Department of Energy 

a stream a t  a s p e c i f i c  l o c a t i o n  i s  t h a t  
area, measured i n  a h o r i z o n t a l  p l a n e ,  
e n c l o s e d  by a t o p o g r a p h i c  d i v i d e  from 
which d i r e c t  s u r f a c e  runof f  from 
p r e c i p i t a t i o n  no rma l ly  d r a i n s  by g r a v i t y  
i n t o  t h e  stream above t h e  s p e c i f i e d  
p o i n t  

p a r t  of t h e  s u r f a c e  of t h e  e a r t h  t h a t  i s  
occupied by a d r a i n a g e . .  sys t em,  which 
c o n s i s t s  of a s u r f a c e  stream of  body of 
impounded s u r f a c e  water t o g e t h e r  w i l l  
t r i b u t a r y  s u r f a c e  stream b o d i e s  of 
impounded s u r f a c e  water 

a s u s p e n s i o n ,  g e n e r a l l y  aqueous,  used i n  
r o t a r y  d r i l l i n g .  It i s  pumped downward 
through d r i l l  p i p e  t o  seal  o f f  porous 
zones  and t o  c o u n t e r - b a l a n c e  t h e  
p r e s s u r e  of o i l ,  g a s ,  and water 

the a c t u a l  d r i l l i n g ,  r e d r i l , l i n g ,  
comple t ion ,  r ecomple t ion  of a w e l l  f o r  
geo the rma l  p r o d u c t i o n  o r  i n j e c t i o n ,  
i n c l u d i n g  t h e  runn ing  and cemen t ing .  of 
c a s i n g ,  t h e  performance of such 
o p e r a t i o n s  as l o g g i n g  and p e r f o r a t i n g ,  
and t h e  i n s t a l l a t i o n  of wel lhead 
equipment 

r o c k s  b e n e a t h  the e a r t h ’ s  s u r f a c e  t h a t  
do n o t  have m e t e o r i c  o r  j u v e n i l e  water 
s u p p l i e d  t o  them by a n  a q u i f e r  t o  any 
o t h e r  s o u r c e  

1) something t h a t  f l ows  o u t ,  as  a n  
o u t f l o w i n g  b ranch  of a main stream o r  
l a k e ;  2 )  waste material  ( a s  smoke, 
l i q u i d  i n d u s t r i a l  r e f u s e ,  o r  sewage) 
d i s c h a r g e d  i n t o  t h e  env i ronmen t ,  
e s p e c i a l l y  when s e r v i n g  as a p o l l u t a n t  
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E I B  

E I D  

EM D 

endothermic 

E PA 

ep i t h e r m a l  

exothermic 

e x p l o r a t o r y  w e l l  

f a u l t  

f a u l t  b l o c k s  

f i s s u r e  

f l a s h  steam 

fumarole  

Environmental  Improvement Board 

Environmental  Improvement D i v i s i o n  

Energy and M i n e r a l s  Department 

c h a r a c t e r i z e d  by o r  formed w i t h  
a d s o r p t i o n  of h e a t  

Environmental  P r o t e c t i o n  Agency 

a d e p o s i t  formed from low-temperature  
hydrothermal  s o l u t i o n s  i n  rocks  a t  
s h a l l o w  d e p t h s  

d e s i g n a t i n g ,  o r  p e r t a i n i n g  t o  a r e a c t i o n  
t h a t  o c c u r s  w i t h  a l i b e r a t i o n  of h e a t  

a w e l l  d r i l l e d  f o r  t h e  d i s c o v e r y  o r  
e v a l u a t i o n  of geothermal  r e s o u r c e s  one 
m i l e  o r  more beyond t h e  e s t a b l i s h e d  
l i m i t s  of a d e s i g n a t e d  geothermal  f i e l d  

a f r a c t u r e  o r  f r a c t u r e  -zone a l o n g  which 
t h e r e  h a s  been d isp lacement  of t h e  s i d e s  
re la t ive  t o  one a n o t h e r  p a r a l l e l  t o  t h e  
f r a c t u r e .  

a mass bounded on a t  least  two o p p o s i t e  
s i d e s  by f a u l t s .  It may b e  e l e v a t e d  o r  
d e p r e s s e d  r e l a t i v e  t o  t h e  a d j o i n i n g  
r e g i o n s ,  o r  i t  may b e  e l e v a t e d  re la t ive  
t o  t h e  r e g i o n  on one s i d e  and depressed  
r e l a t i v e  t o  t h a t  on t h e  o t h e r  

an  e x t e n s i v e  c r a c k ,  break  o r  f r a c t a r e  i n  
rock;  a mere j o i n t  o r  c r a c k  p e r s i s t i n g  
only  f o r  a few i n c h e s  o r  even a few f e e t  
i s  n o t  u s u a l l y  termed f i s s u r e  . by 
g e o l o g i s t s  o r  miners ,  a l though i n  a 
s t r ic t  p h y s i c a l  s e n s e  i t  is  

t h e  steam g e n e r a t e d  when t h e  p r e s s u r e  on 
h o t  water ( u s u a l l y  above 100°C) i s  
reduced 

a h o l e  o r  v e n t  from which fumes o r  
vapors  i s s u e ;  a s p r i n g  o r  g e y s e r  t h a t  
emits s team o r  gaseous vapor;  u s u a l l y  
found i n  v o l c a n i c  areas 

P 

g /m3 grams p e r  c u b i c  meter 
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i 0 

geochemical anomaly 

g e o p r e s  s u r  ized  

geotherm (geoisotherm) 

geothermal  energy 

geothermal  f i e l d  

geothermal  f l u x  

a c e n c e n t r a t i o n  of one o r  more e lements  
i n  rock ,  s o i l ,  sed iment ,  v e g e t a t i o n ,  o r  
water markedly d i f f e r e n t  from t h e  normal 
c o n c e n t r a t i o n  i n  t h e  s u r r o u n d i n g s  

zones below d e p t h s  of 6 ,000 t o  10,000 
f e e t  i n  which sed iments  i n  b a s i n s  a re  
commonly c h a r a c t e r i z e d  by abnormally 
h igh  p r e s s u r e ,  h i g h  t e m p e r a t u r e ,  and low 
s a l i n i t y  

a c u r v i n g  s u r f a c e  w i t h i n  t h e  e a r t h  a l o n g  
which t h e  tempera ture  i s  c o n s t a n t  

t h e  i n t e r n a l  energy of t h e  e a r t h ,  
a v a i l a b l e  t o  man as h e a t  from h e a t e d  
rocks  o r  water 

a n  area d e f i n e d  by t h e  O i l  C o n s e r v a t i o n  
D i v i s i o n  of N e w  Mexico which c o n t a i n s  a 
w e l l  o r  w e l l s ,  c a p a b l e  of commerical 
geothermal  p r o d u c t i o n  

a v e c t o r  q u a n t i t y  t h a t  measures  t h e  h e a t  
f low from t h e  i n t e r i o r  of t h e  e a r t h  
toward t h e  s u r f  a c e  

geothermal  o b s e r v a t i o n  w e l l  a w e l l  d r i l l e d  s o l e l y  f o r  t e m p e r a t u r e  
o b s e r v a t i o n  purposes ,  and which s h a l l  
no t  b e  completed as a geothermal  
producing w e l l  o r  as a n  i n j e c t i o n  w e l l  

geothermal  r e s e r v o i r  any common s o u r c e  of geothermal  
r e s o u r c e s ,  whether  t h e  f l u i d s  produced 
from t h e  r e s e r v o i r  are n a t i v e  t o  t h e  
r e s e r v o i r ,  o r  f low i n t o  o r  a r e  inAected 
i n t o  s a i d  r e s e r v o i r  

geothermal  r e s o u r c e  b a s e  

geothermal  r e s o u r c e s  

a l l  of t h e  s t o r e d  h e a t  above 30°C t o  a 
depth  of 10 km (NN d e f i n i t i o n )  

t h e  n a t u r a l  h e a t  of t h e  e a r t h ,  o r  t h e  
energy ,  i n  whatever  form, below t h e  
s u r f a c e  of t h e  e a r t h  p r e s e n t  i n ,  
r e s u l t i n g  from, c r e a t e d  by, o r  which may 
b e  e x t r a c t e d  from, t h i s  n a t u r a l  h e a t ,  
and a l l  m i n e r a l s  i n  s o l u t i o n  o r  o t h e r  
p r o d u c t s  o b t a i n e d  from n a t u r a l l y  h e a t e d  
f l u i d s ,  b r i n e s ,  a s s o c i a t e d  g a s e s ,  and 
steam, i n  whatever  form, found below t h e  
s u r f a c e  of t h e  e a r t h ,  b u t  e x c l u d i n g  o i l ,  
hydrocarbon gas  and o t h e r  hydrocarbon 
s u b s t a n c e s  
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geothermal  r e s o u r c e  area 

geothermal  waters 

geothermic  ; geo t h e mal 

g e y s e r  

h a r d n e s s  

HE D 

h e a t  f low 

h e a t  p i p e  

h e a t  pump 

HZ 

t h e  same g e n e r a l  s u r f a c e  area which i s  
u n d e r l a i n ,  o r  a p p e a r s  t o  b e  u n d e r l a i n  by 
one o r  more format ions  c o n t a i n i n g  
geothermal  r e s o u r c e s  

t h e  water o r  b r i n e  produced from a 
geothermal  r e s e r v o i r  

t h e  h e a t  of t h e  e a r t h ' s  i n t e r i o r  

a s p r i n g  t h a t  throws f o r t h  i n t e r m i t t e n t  
j e t s  of h e a t e d  water o r  steam; t h e  h e a t  
i s  thought  t o  r e s u l t  from t h e  c o n t a c t  of 
groundwater w i t h  h o t  rock 

of water i s  a phys ica l -chemica l  
c h a r a c t e r i s t i c  a t t r i b u t a b l e  t o  t h e  
p r e s e n c e  of a l k a l i n e  e a r t h s  ( p r i n c i p a l l y  
ca lc ium and magnesium) and is  expressed  
as e q u i v a l e n t  calcium c a r b o n a t e  

Health and Environment D i v i s i o n  

d i s s i p a t i o n  of h e a t  coming from w i t h i n  
t h e  e a r t h  by conduct ion  ( e . g . ,  h e a t  f l o w  
from a magma i n t o  i t s  s u r r o u n d i n g s )  o r  
r a d i a t i o n  ( r a d i a t i o n  from breakdown of 
r a d i o a c t i v e  e lements )  measured a t  t h e  
e a r t h ' s  s u r f a c e  

a c l o s e d  system ( u s u a l l y  i n  t h e  form of 
a c l o s e d  p i p e )  i n  which h e a t  is 
t r a n s f e r r e d  from one end t o  t h e  o t h e r  by 
a t r a n s f e r  of working medium w i t h i n  t h e  
p i p e  accompanied by a change of phase  a t  
each end; because  of t h e  l a r g e  amounts 
of h e a t  involved  i n  t h e  phase  chsnges ,  
l a r g e  amounts of h e a t  can b e  
t r a n s f e r r e d ,  r e l a t i v e  t o  meta l l ic  
conduct ion ,  provided  t h e  c i r c u l a t i o n '  of 
t h e  working medium can  b e  e f f e c t e d  

a d e v i c e  which, by t h e  consumption of 
work o r  h e a t ,  e f f e c t s  t h e  t r a n s p o r t  of 
h e a t  between a lower t e m p e r a t u r e  and a 
h i g h  tempera ture ;  i n  c o n v e n t i o n a l  
usage ,  t h e  t e r m  i s  u s u a l l y  l i m i t e d  t o  a 
d e v i c e  whose u s e f u l  o u t p u t  i s  h e a t ;  a 
d e v i c e  whose u s e f u l  o u t p u t  i s  t h e  
removal of h e a t  i s  c a l l e d  a r e f r i g e r a t o r  

h e r t z  o r  c y c l e s  p e r  second of sound 

R 
P 

la 

w 
1 
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h igh- tempera ture  r e s e r v o i r s  r e s e r v o i r s  w i t h  b a s e  t e m p e r a t u r e s  
g r e a t e r  t h a n  150°C as d e f i n e d  by t h e  
U.  S .  Geologica l  Survey C i r c u l a r  726  

h o t  igneous system 

h o t  rock 

h o t  s p r i n g  

hot-water  system 

IIU D 

hydrology 

h y d r o s t a t i c  head 

hydro thermal  

hydrothermal  a l t e r a t i o n  

a system in which t h e  thermal  anomaly i s  
d e r i v e d  from igneous f o r m a t i o n s  i n  t h e  
upper 1 0  km of t h e  c r u s t  

p e r t a i n s  t o  any rock t h a t  i s  
v o l c a n i c a l l y  o r  r a d i o g e n i c a l l y  h e a t e d  

a thermal  s p r i n g  whose water h a s  a 
h i g h e r  tempera ture  t h a n  t h a t  of t h e  
human body (98.6"F)  

a system t h a t  i s  dominated by a 
c i r c u l a t i n g  l i q u i d  t h a t  t r a n s f e r s  most 
of t h e  h e a t  and l a r g e l y  c o n t r o l s  
s u b s u r f a c e  p r e s s u r e s .  C h a r a c t e r i z e d  by 
h o t  s p r i n g s  t h a t  d i s c h a r g e  a t  t h e  
s u r f  a c e  

Housing and Urban Development ~ 

t h e  s c i e n c e  t h a t  d e a l s  w i t h  t h e  
p r o p e r t i e s ,  d i s t r i b u t i o n ,  and 
c i r c u l a t i o n  of water on t h e  s u r f a c e  of 
t h e  l a n d ,  i n  t h e  s o i l  and u n d e r l y i n g  
r o c k s ,  and i n  t h e  atmosphere 

t h e  h e i g h t  t o  which water w i l l  r i se  i n  
a n  open column by v i r t u e  of t h e  p r e s s u r e  
upon i t  

a n  a d j e c t i v e  a p p l i e d  t o  hea ted  o r  h o t  
aqueous-r ich s o l u t i o n s ,  t o  t h e  p r o c e s s e s  
i n  which they  are concerned,  and ro t h e  
r o c k s ,  o r e  d e p o s i t s ,  and a l t e r a t i o n s  
p r o d u c t s  produced by them; hydrothermal  
s o l u t i o n s  are of d i v e r s e  s o u r c e s ,  
i n c l u d i n g  magmatic, m e t e o r i c ,  and 
connate  waters 

t h e  phase  changes r e s u l t i n g  from t h e  
i n t e r a c t i o n  of hydrothermal  f l u i d s  w i t h  
p r e - e x i s t i n g  s o l i d  phases .  Inc luded  are  
t h e  chemical  and m i n e r a l o g i c a l  changes 
i n  rocks  brought  about by t h e  a d d i t i o n  
o r  removal of materials through t h e  
medium of hydrothermal  f l u i d s  
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hydrothermal  c o n v e c t i v e  
systems 

h y d r o s t a t i c  head 

hydro  thermal  

hydro thermal  a1 t e r a t i o n  

hydrothermal  c o n v e c t i v e  
sy  s t e m s  

hypo thermal  

igneous  

impermeable 

i n  j ect  i o n  

i n  j ec t i o n  w e l l  

i n  such a system most of t h e  h e a t  is  
t r a n s f e r r e d  by t h e  c o n v e c t i v e  
c i r c u l a t i o n  of water o r  steam r a t h e r  
t h a n  by thermal  conduct ion  through s o l i d  
rock 

t h e  h e i g h t  t o  which water w i l l  r ise i n  
an  open column by v i r t u e  of t h e  p r e s s u r e  
upon it 

a n  a d j e c t i v e  a p p l i e d  t o  h e a t e d  o r  h o t  
aqueous-r ich s o l u t i o n s ,  t o  t h e  p r o c e s s e s  
i n  which they  are concerned,  and t o  t h e  
r o c k s ,  o r e  d e p o s i t s ,  and a l t e r a t i o n s  
p r o d u c t s  produced by them. Hydrothermal 
s o l u t i o n s  are of d i v e r s e  s o u r c e s ,  
i n c l u d i n g  magmatic, m e t e o r i c ,  and 
connate  waters 

t h e  phase  changes r e s u l t i n g  from t h e  
i n t e r a c t i o n  of hydrothermal  f l u i d s  w i t h  
p r e - e x i s t i n g  solid phases;  i n c l u d e d  are 
t h e  chemical  and m i n e r a l o g i c a l  changes 
i n  r o c k s  brought  about  by t h e  a d d i t i o n  
o r  removal of materials through t h e  
medium of hydrothermal  f l u i d s  

i n  such a sys tem most of t h e  h e a t  i s  
t r a n s  f err ed by t h e  c onv e c t i v  e 
c i r c u l a t i o n  of water o r  steam r a t h e r  
t h a n  by thermal  conduct ion  through s o l i d  
rock 

p e r t a i n i n g  t o  hydrothermal  o r e  v e i n s  
d e p o s i t e d  a t  r e l a t i v e  h i g h  t e m p e r a t u r e s  
(300" t o  500°C) 

Y 

r o c k s  formed by s o l i d i f i c a t i o n  from a 
mol ten  s ta te  (magma) 

n o t  a l l o w i n g  passage  of water 

t h e  p l a c i n g  of f l u i d s  i n  a n  underground 
s t r a t u m  through a w e l l b o r e ,  whether by 
p r e s s u r e  a t  t h e  s u r f a c e  o r  by g r a v i t y  
f low,  and whether  f o r  d i s p o s a l  o r  o t h e r  
purpose  

a w e l l  d r i l l e d  o r  conver ted  f o r  t h e  
purpose  of i n j e c t i n g  f l u i d s  i n t o  a 
geothermal  r e s e r v o i r  

B 
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1 

IC 

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

i s o t h e r m a l  p r o c e s s  

j u v e n i l e  water 

KGRA 

KGRF 

l a t e n t  h e a t  

l a v a  

l e a c h i n g  

LASL 

LLL 

l o g ,  w e l l  l o g  

t h e  d i s c h a r g e  a t  a p a r t i c u l a r  i n s t a n t  of 
t i m e ;  i f  t h i s  d i s c h a r g e  is r e p o r t e d  
i n s t e a d  of t h e  d a i l y  mean, t h e  heading  
of t h e  d i s c h a r g e  column i n  t h e  t a b l e s  i s  
"Discharge (c f  s) 

a p r o c e s s  t h a t  t a k e s  place a t  a c o n s t a n t  
tempera ture .  I so thermal  r e l a t i o n s h i p s  
between p r e s s u r e  and volume of a g a s  o r  
o t h e r  f l u i d  r e s u l t  when t h e  t e m p e r a t u r e  
i s  c o n s t a n t  and when h e a t  i s  added o r  
s u b s t r a c t e d  by a n  o u t s i d e  s u b s t a n c e  o r  
body 

water t h a t  i s  d e r i v e d  from t h e  i n t e r i o r  
of t h e  e a r t h  and h a s  n o t  p r e v i o u s l y  
e x i s t e d  as a tmospher ic  o r  s u r f a c e  water 

Known Geothermal Resource Area; a f e d e r a l  
d e s i g n a t i o n  of land  area i n  which 
geothermal  leases have been o r  may b e  
c o m p e t i t i v e l y  sought .  

Known Geothermal Resource  F i e l d ;  a s t a t e  
d e s i g n a t i o n  s i m i l a r  t o  a KGRA. 

t h e  q u a n t i t y  of h e a t  absorbed o r  
r e l e a s e d  i n  a n  i s o t h e r m a l  t r a n s f o r m a t i o n  
of phase  

f l u i d  rock t h a t  i s s u e s  from a volcano  o r  
a f i s s u r e  i n  t h e  e a r t h ' s  s u r f a c e ;  a l s o  
t h e  same material s o l i d i f e d  by c o o l i n g  

washing o r  d r a i n i n g  by p e r c o l a t i o n ;  t o  
d i s s o l v e  minerals o r  metals from o r e  by 
u s i n g  a c i d  o r  water 

IQS Alamos S c i e n t i f i c  L a b o r a t o r i e s  
l o c a t e d  a t  Los Alamos, New Mexico 

Lawrence Livermore Laboratory l o c a t e d  
a t  Livermore,  C a l i f o r n i a  

a s y s t e m a t i c  d e t a i l e d  and c o r r e c t  
recorded  d e s c r i p t i o n  of t h e  l i t h o l o g i c  
sequence encountered whi le  d r i l l i n g  a 
geothermal  w e l l  

low-temperature r e s e r v o i r  geothermal r e s e r v o i r s  w i t h  b a s e  
temperatures less t h a n  90°C 

; o  2 19 



low-temperature thermal  f i e l d  

low-temperature  thermal  water 

low-t emperature  thermal  w e l l  

magma 

magmatic water 

mean c o n c e n t r a t i o n  

mean d i s c h a r g e  

m e t e o r i c  water 

micrograms p e r  l i t e r  

m i c r o  s eismics 

a n  area d e f i n e d  by t h e  O i l  C o n s e r v a t i o n  
D i v i s i o n  which c o n t a i n s  a w e l l ,  o r  
w e l l s ,  c a p a b l e  of p r o d u c t i o n  of 
1 ow- t emp e r a t u  r e t h  e ma 1 w a t er s 

n a t u r a l l y  hea ted  water t h e  t e m p e r a t u r e  
of which i s  less t h a n  b o i l i n g  a t  t h e  
a l t i t u d e  of o c c u r r e n c e ,  which h a s  v a l u e  
by v i r t u e  of t h e  h e a t  conta ined  t h e r e i n ,  
and i s  found below t h e  s u r f a c e  of t h e  
e a r t h ,  o r  i n  w a r m  s p r i n g s  on t h e  s u r f a c e  

a w e 1  1 d r i l l e d  t o  produce 
low-temperature thermal  water f o r  t h e  
purpose  of e x t r a c t i n g  h e a t  f o r  
a g r i c u l t u r a l ,  commercial ,  i n d u s t r i a l ,  
m u n i c i p a l ,  o r  domest ic  u s e s  

molten rock m a t e r i a l  w i t h i n  t h e  e a r t h  
from which a n  igneous rock r e s u l t s  by 
c o o l i n g  

water t h a t  e x i s t s  i n  o r  i s  d e r i v e d  from 
molten igneous  rock o r  ma,grna 

t h e  time-weighted c o n c e n t r a t i o n  of 
suspended sediment  p a s s i n g  a stream 
s e c t i o n  d u r i n g  a 24-hour day 

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

what t h a t  o c c u r s  i n  o r  i s  d e r i v e d  from 
t h e  atmosphere 

a u n i t  f o r  e x p r e s s i n g  t h e  c o n c e n t r a t i o n  
of chemical  c o n s t i t u e n t s  i n  soluti 'on as 
weight  (micrograms) of s o l u t e  p e r  u n i t  
volume ( l i t e r )  of water. One thous-and 
micrograms p e r  l i t e r  i s  q u i v a l e n t  t o  one 
m i l l i g r a m  p e r  l i t e r  

more-or-less p e r s i s t e n t  f e e b l e  e a r t h  
t remors  due t o  n a t u r a l  causes such as 
winds o r  s t r o n g  ocean wave motion o r  h o t  
b r i n e s  
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m i l l i e q u i v a l e n t s  p e r  l i t e r  i s  a u n i t  f o r  e x p r e s s i n g  chemical  
e q u i v a l e n t  c o n c e n t r a t i o n s  of i o n s  o r  
cons t i  t u  t en t  s i n  s o l u t i o n ;  
c o n c e n t r a t i o n s  i n  m i l l i g r a m s  p e r  l i t e r  
a r e  c o n v e r t e d  t o  m i l l i e q u i v a l e n t s  p e r  
l i t e r  by m u l t i p l y i n g  by t h e  a p p r o p r i a t e  
f a c t o r s .  The f a c t o r s  are  r e c i p r o c a l s  of 

I 

i R  equ iva l - en t  w e i g h t s  and 
d i v i d i n g  t h e  v a l e n c e s  
formula w e i g h t s .  
" m i  1 li equ iva l  e n  t s " i s  
t h e  more p r e c i s e  
e q u i v a l e n t s "  

are c a l c u l a t e d  by 
by t h e  a tomic  o r  

The term 
a c o n t r a c t i o n  of 
term " m i l l i g r a m  

a i 
i B 

m i l l i g r a m s  p e r  l i t e r  a u n i t  f o r  e x p r e s s i n g  t h e  c o n c e n t r a t i o n  
of chemical  c o n s t i t u e n t s  i n  s o l u t i o n ;  
m i l l i g r a m s  p e r  l i t e r  r e p r e s e n t s  t h e  
we igh t  of s o l u t e  p e r  u n i t  volume of 
water. M i l l i g r a m s  p e r  l i t e r  may b e  
c o n v e r t e d  t o  p a r t s  per m i l l i o n  (ppm) by  
d i v i d i n g  t h e  d e n s i t y  i n  grams p e r  
m i l l i l i t e r .  C o n c e n t r a t i o n  of suspended 
sediment  a l s o  i s  e x p r e s s e d  i n  .mg / l ,  and 
i s  based on t h e  we igh t  of s ed imen t  p e r  
l i t e r  of water-sediment m i x t u r e  P 

1 Q mud p o t  a t y p e  of h o t  s p r i n g  c o n s i s t i n g  of a 
s h a l l o w  p i t  o r  c a v i t y  f i l l e d  w i t h  h o t ,  
b o i l i n g  mud which carries v e r y  l i t t l e  
water and a l a r g e  amount o f  f i n e - g r a i n e d  
m i n e r a l  mat ter  

mud v o l c a n o  a cone-shaped mound w i t h  a maximum 
h e i g h t  of 250 f e e t  b u i l t  around a s p r i n g  
by m u d  brought  to t h e  surface by s l o w l y  
e s c a p i n g  n a t u r a l  g a s  

\ 

m u l t i p l e  complet ion t h e  comple t ion  of a w e l l  i n  such  a 
manner as t o  produce from more t h a n  pne  
geo the rma l  r e s e r v o i r  

MWE (MW,) 

IJC s L 

neck 

megawatt e lectr ic  

N a t i o n a l  Counci l  of S t a t e  L e g i s l a t u r e s  

a l a v a - f i l l e d  c o n d u i t  of an e x t i n c t  
vo lcano  t h a t  i s  exposed by e r o s i o n  

NEPA N a t i o n a l  Environmental  P r o t e c t i o n  A c t  

' 1  I n i t r o g e n  d i o x i d e  ( N O Z )  a reddish-orange-brown g a s  w i t h  a 
c h a r a c t e r i s t i c s  pungent odor .  It i s  
c o r r o s i v e ,  h i g h l y  o x i d i z i n g  and may be  
p h y s i o l o g i c a l l y  i r r i t a t i n g  and t o x i c  I I 
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NME I /NMSU 

normal f a u l t  

NPS 

NRD 

OCD 

OSHA 

o v e r d r a f t  

ozone ( 0  ) 3 

paramargina l  geothermal  
r e s o u r c e s  

p a r t i a l  r e c o r d  s t a t i o n  

pa r t i c l e  s i z e  

New Mexico Energy I n s t i t u t e ,  l o c a t e d  a t  
New Mexico S t a t e  U n i v e r s i t y ,  i n  Las 
Cruces ,  New Mexico 

a f a u l t  where t h e  hanging w a l l  h a s  been  
depressed  re la t ive  t o  t h e  f o o t  w a l l  

N a t i o n a l  Park S e r v i c e  

N a t u r a l  Resources  Department 

O i l  Conserva t ion  D i v i s i o n  

Occupat ion S a f e t y  and H e a l t h  A c t  

f o r  a geothermal  s o u r c e ,  when t h e  r a t i o  
of h e a t  removed by a f l u i d  (water  o r  
s team) t o  t h e  normal h e a t  f low i n t o  t h e  
volume of t h e  f l u i d  exceeds u n i t y ,  t h e  
r a t i o  is c a l l e d  t h e  o v e r d r a f t  

a c o l o r l e s s  gas  produced when r e a c t i v e  
o r g a n i c  s u b s t a n c e s  and n i t r o g e n  o x i d e s  
accumulated i n  t h e  atmosphere react w i t h  
t h e  u l t r a v i o l e t  l i g h t  i n  s u n l i g h t  

t h e  r e s o u r c e s  t h a t  a re  r e c o v e r a b l e  a t  a 
c o s t  of between one and two t i m e s  t h e  
c u r r e n t  p r i c e  of c o m p e t i t i v e  energy 

a p a r t i c u l a r  s i t e  where l i m i t e d  
s t reamflow d a t a  a re  c o l l e c t e d  
s y s t e m a t i c a l l y  o v e r  a p e r i o d  of y e a r s  
f o r  u s e  i n  h y d r o l o g i c  a n a l y s e s  

t h e  d i a m e t e r ,  i n  m i l l i m e t e r s ,  of 
suspended sediment  o r  bed material 
determined e i t h e r  by s i e v e  o r  
s e d i m e n t a t i o n  methods 

p a r t i c l e - s i z e  c l a s s i f i c a t i o n  used i n  t h i s  r e p o r t  a g r e e s  w i t h  
recommendations made by t h e  American 
Geophysical  Union Subcommittee on 
Sediment Terminology : 

C l a s s i f i c a t i o n  

Clay 
S i l t  
Sand 
Gravel  

S i z e  (mrn) Method of a n a l y s i s  

0.0024- 0.004 Sedimenta t ion  
0.004 - 0.062 Sedimenta t ion  
0.062 - 2.0  Sedimenta t ion  o r  s i e v e  
2 .0  -64.0 Sieve  
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P 

io 

p e r m e a b i l i t y  

permeable  rock 

p h r e a t i c  water 

p i c o c u r i e  p e r  l i t e r  

PNM 

p o r o s i t y  

p o t e n t i a l  

? Pb 

PPm 

r e g  r es s i v e  bo i 1 i n g  

t h e  p e r m e a b i l i t y  of a rock i s  i t s  
c a p a c i t y  f o r  t r a n s m i t t i n g  a f l u i d .  
Degree of p e r m e a b i l i t y  depends upon t h e  
s i z e  and shape  of t h e  p o r e s ,  t h e  s i z e  
and shape of t h e i r  i n t e r c o n n e c t i o n s ,  and 
t h e  e x t e n t  of t h e  l a t t e r .  It is  
measured by t h e  ra te  a t  which a f l u i d  of 
s t a n d a r d  v i s c o s i t y  can move a g i v e n  
d i s t a n c e  th rough  a g i v e n  i n t e r v a l  of 
t i m e .  The u n i t  of p e r m e a b i l i t y  i s  t h e  
" da r cy" 

hav ing  a t e x t u r e  t h a t  p e r m i t s  water t o  
move through i t  p e r c e p t i b l y  under  t h e  
head d i f f e r e n c e s  o r d i n a r i l y  found i n  
s u b s u r f a c e  water. A permeable rock h a s  
communicating i n t e r s t i c e s  of c a p i l l a r y  
o r  s u p e r c a p i l l a r y  s i z e  

a term o r i g i n a l l y  a p p l i e d  on ly  t o  water 
t h a t  o c c u r s  i n  t h e  uppe r  p a r t  of t h e  
zone of s a t u r a t i o n  under  w a t e r - t a b l e  
c o n d i t i o n s .  Now i t  i s  a p p l i e d  t o  a l l  
water i n  t h e  zone of s a t u r a t i o n ;  t h u s  
making i t  a n  e x a c t  synonym of 
groundwater  

one  t r i l l i o n t h  ( 1 ~ 1 0 ' ~ )  of t h e  amount of 
r a d i o a c t i v i t y  r e p r e s e n t e d  by a c u r i e  (C 
o r  C i ) .  A c u r i e  i s  t h e  amount 
r a d i o a c t i v i t y  t h a t  y i e l d s  3 .7  x 10 
r a d i o a c t i v e  d i s i n t e g r a t i o n s  p e r  second.  
A p i c o c u r i e  y i e l d s  2 . 2 2  d i s i n t e g r a t i o n s  
p e r  minu te  

P6 

P u b l i c  S e r v i c e  Company of New Mexico, 
l o c a t e d  i n  Albuquerque, New Mexico 

t h e  r a t i o  of t h e  a g g r e g a t e  volume of 
i n t e r s t i ce s  i n  a rock o r  s o i l  t o  ' i ts 
t o t a l  volume; u s u a l l y  s t a t e d  as a 
p e r c e n t  

t h e  p r o p e r l y  de t e rmined  a b i l i t y  of a 
w e l l  t o  p roduce  geothermal  r e s o u r c e s  
under  c o n d i t i o n s  p r e s c r i b e d  by t h e  O i l  
C o n s e r v a t i o n  D i v i s i o n  

p a r t s  p e r  b i l l i o n  

p a r t s  p e r  m i l l i o n  

b o i l i n g  t h a t  o c c u r s  i n  a l i q u i d  d u r i n g  a 
d e c r e a s e  i n  t e m p e r a t u r e  
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r e i n j e c t i o n  

rhyo 1 i t  e 

sa l  i n i  t y  

scs 

sediment  

seismic 

s e i s m i c  a t t e n u a t i o n  

seismic d i s c o n t i n u i t y  

s i n t e r  

sodium a d s o r p t i o n  r a t i o  

t h e  p r o c e s s  of pumping waste water back 
i n t o  a w e l l  o r  a q u i f e r  

a l i g h t  c o l o r e d ,  f ine-gra ined  v o l c a n i c  
rock;  composi t iona l  e q u i v a l e n t  of 
g r a n i t e  

1) a measure of t h e  q u a n t i t y  of t o t a l  
d i s s o l v e d  s a l t s  i n  water; 2 )  a measure 
of t h e  t o t a l  c o n c e n t r a t i o n  of d i s s o l v e d  
sa l t s  i n  s a l i n e  water 

S o i l  Conserva t ion  S e r v i c e  

s o l i d  material t h a t  o r i g i n a t e s  most ly  
from d i s i n t e g r a t e d  rocks  and i s  
t ransformed by ,  suspended i n ,  o r  
d e p o s i t e d  from water; i t  i n c l u d e s  
chemical  and biochemical  p r e c i p i t a t e s  
and decomposed o r g a n i c  material such as 
humus; t h e  q u a n t i t y ,  c h a r a c t e r i s t i c s ,  
and c a u s e  of t h e  occurrence  of s e d i m e n t  
i n  streams are  i n f l u e n c e d  by 
envi ronmenta l  f a c t o r s ;  some major  
f a c t o r s  are  d e g r e e  of s l o p e ,  l e n g t h  of 
s l o p e ,  s o i l  c h a r a c t e r i s t i c s ,  l a n d  usage ,  
and q u a n t i t y  and i n t e n s i t y  of 
p r e c i p i t a t i o n  

p e r t a i n i n g  t o  a n  ear thquake  o r  e a r t h  
v i b r a t i o n ,  i n c l u d i n g  t h o s e  t h a t  are  
a r t i f  i ca l  l y  induced 

t h a t  p o r t i o n  of the d e c r e a s e  i n  seismic 
s i g n a l  s t r e n g t h  w i t h  d i s t a n c e  n o t  
dependent  on g e o m e t r i c a l  s p r e a d i n g ;  t h e  
d e c r e a s e  depends on t h e  phySica l  
c h a r a c t e r i s t i c s  of t h e  t r a n s m i t t i n g  
media,  i n v o l v i n g  r e f l e c t i o n ,  s c a t t e r i n g ,  
and a b s o r p t i o n  

p h y s i c a l  d i s c o n t i n u i t y  w i t h i n  t h e  e a r t h  
s e p a r a t i n g  materials i n  which seismic 
waves t r a v e l  a t  s i g n i f i c a n t l y  d i f f e r e n t  
v e l o c i t i e s  

a chemical  sediment  d e p o s i t e d  by minera l  
s p r i n g s ,  most ly  s i l i c a  ( S i 0  ) 

t h e  e x p r e s s i o n  of r e l a t i v e  a c t i v i t y  of 
sodium i o n s  i n  exchange r e a c t i o n s  w i t h  
s o i l  and i s  a n  index  of sodium o r  a l k a l i  
hazard  t o  t h e  s o i l .  This  r a t i o  should  
b e  known e s p e c i a l l y  water used f o r  
i r r i g a t e d  farmland 
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, 

s o l u t e  

s o l u t i o n  

space h e a t i n g  

s p e c i f i c  conductance 

s p e c i f i c  h e a t  

s t a g e  d i s c h a r g e  r e l a t i o n  

steam 

s treamf low 

a n  s u b s t a n c e  d e r i v e d  from t h e  
atmosphere,  v e g e t a t i o n ,  s o i l  o r  rocks  
t h a t  i s  d i s s o l v e d  i n  water 

t h e  homogeneous m i x t u r e  of s o l u t e s  and 
water. The s o l u t e s  u s u a l l y  comprise  a 
v e r y  s m a l l  f r a c t i o n  of t h e  t o t a l  we igh t  
of t h e  m i x t u r e .  Fo r  t h i s  r e a s o n ,  t h e  
terms " s o l u t i o n "  and "water'' are used 
i n t e r c h a n g e a b l y  

t h e  p r o c e s s  of s u p p l y i n g  t h e  r e q u i r e d  
h e a t  f o r  t h e  p h y s i c a l  comfort  of human 
b e i n g s  i n  h o u s e s ,  o f f i c e s ,  o r  e n c l o s e d  
i n d u s t r i a l  p l a n t s ;  t h e  h e a t  r e q u i r e d  
f o r  a t y p i c a l  domes t i c  d w e l l i n g  on a n  
a v e r a g e  w i n t e r  day i n  t h e  U . S .  i s  about  
27 ,000  Btu/h o r  7 . 8  kW 

a measure of t h e  a b i l i t y  of water t o  
conduct  a n  e lec t r ica l  c u r r e n t  and i s  
expres sed  i n  microohms p e r  c e n t i m e t e r  a t  
25OC; b e c a u s e  t h e  s p e c i f i c  conduc tance  
i s  r e l a t e d  t o  t h e  number and s p e c i f i c  
chemical  t y p e s  of i o n s  i n  s o l u t i o n ,  i t  
c a n  be  used f o r  approx ima t ing  the 
d i s s o l v e d - s o l i d s  c o n t e n t  i n  t h e  w a t e r  

t h e  q u a n t i t y  of h e a t  n e c e s s a r y  t o  raise 
t h e  t e m p e r a t u r e  of lg of a g i v e n  
s u b s t a n c e  1°C 

t h e  r e l a t i o n  between gage h e i g h t  and 
amount of w a t e r  f l o w i n g  i n  a channel, 
expres sed  as volume p e r  u n i t  of t i m e  

t h e  i n v i s i b l e  vapor  i n t o  which w a t e r  is 
c o n v e r t e d  when h e a t e d  t o  t h e  b o i l i n g  
p o i n t ;  a vapor  a r i s i n g  from a h e a t e d  
s u b s  t a n c e  

\ 

t h e  d i s c h a r g e  t h a t  o c c u r s  i n  a n a t u r a l  
c h a n n e l ;  a l t h o u g h  t h e  term "d i scha rge"  
c a n  be a p p l i e d  t o  t h e  f low of a c a n a l ,  
t h e  world "s t reamf low" u n i q u e l y  
d e s c r i b e s  t h e  d i s c h a r g e  i n  a s u r f  ace 
stream course ;  s t r eamf low may b e  
a p p l i e d  t o  d i s c h a r g e  whether  o r  n o t  i t  
i s  a f f e c t e d  by d i v e r s i o n  o r  r e g u l a t i o n  
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s u b s i d e n c e  

s u l f u r  d i o x i d e  ( S O 2 )  

suspended sediment  

sync1  i n e  

t e l  e s e i  s m  

t emp e r a t u  re 

temporary abandonment 

thermal  waters 

thermal  s p r i n g  

thermograph 

t o t a l  d i s s o l v e d  s o l i d s  

1) a s i n k i n g  of a l a r g e  p a r t  of t h e  
e a r t h ' s  c r u s t ;  2) movement i n  which 
t h e r e  i s  n o t  f r e e  s i d e  and s u r f a c e  
material is d i s p l a c e d  v e r t i c a l l y  
downward w i t h  l i t t l e  o r  no h o r i z o n t a l  
c omp o nen t 

c o l o r l e s s ,  nonflammable, o d i f e r o u s  g a s  
w i t h  c o r r o s i v e  q u a l i t i e s ;  h i g h  
c o n c e n t r a t i o n s  can  b e  found n e a r  copper  
smelters. and i n d u s t r i e s  burn ing  f o s s i l  
f u e l s  c o n t a i n i n g  s u l f u r  

t h e  sediment  t h a t  a t  any g i v e n  t i m e  is  
main ta ined  i n  s u s p e n s i o n  by t h e  upward 
components of t u r b u l e n t  c u r r e n t s  o r  t h a t  
e x i s t s  i n  s u s p e n s i o n  as a c o l l o i d  

a downwarped f o l d  of rock l a y e r s  

a n  e a r t h q u a k e  whose e p i c e n t e r  i s  o v e r  
1000 km away 

a m a n i f e s t a t i o n  o f .  . t h e  a v e r a g e  
t r a n s l a t i o n a l  k i n e t i c  energy of t h e  
molecules  of a s u b s t a n c e  caused by h e a t  
a g i t a t i o n  

a s t a t e  o r  p e r i o d  of suspended 
o p e r a t i o n s  d u r i n g  which e s s e n t i a l l y  
conta inuous  d r i l l i n g ,  p r o d u c t i o n ,  
i n j e c t i o n ,  s t o r a g e ,  o r  work-over 
p r o c e d u r e s  have n o t  t a k e n  p l a c e .  Such 
p e r i o d  s h a l l  b e  60 days  f o r  d r i l l i n g  
w e l l s  and s i x  months f o r  a l l  o t h e r  
classes o r  w e l l s .  \ 

p e r t a i n s  t o  water h e a t e d  by a n a t u r a l  o r  
a r t i f i c a l  agency 

a n a t u r a l  s p r i n g  f lowing  a t  l eas t  15'F 
above mean annual  s u r f a c e  t e m p e r a t u r e  

a t e m p e r a t u r e  s e n s i n g  d e v i c e  t h a t  
c o n t i n u o u s l y  o r  a u t o m a t i c a l l y  r e c o r d s ,  
on a c h a r t ,  t h e  water t e m p e r a t u r e  of a 
stream 

TDS a re  chemical c o n s t i t u e n t s  determined 
by a d d i t i o n  of component par t s  o r  by 
d i r ec t m e  asu  r emen t 
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t o t a l  sediment  load . t h e  sum of t h e  suspended-sediment 
d i s c h a r g e  and t h e  bed load  d i s c h a r g e .  It 
i s  t h e  t o t a l  q u a n t i t y  of s ed imen t ,  
a s s u r e d  by dry weight  o r  volume, t h a t  is 
d i s c h a r g e d  d u r i n g  a g i v e n  time 

t o t a l  suspended p a r t i c u l a t e s  TSP are matter,  e i t h e r  s o l i d  o r  l i q u i d ,  
d i s p e r s e d  i n  t h e  atmosphere.  Particles 
are of v a r y i n g  s i z e  and may remain 
suspended i n  t h e  a i r  f o r  p e r i o d s  r a n g i n g  
from seconds t o  s e v e r a l  months 

t r a v e  r t i n e  

Union O i l  

a chemical  sediment  d e p o s i t e d  by m i n e r a l  
s p r i n g s ,  commonly c a l c i u m  c a r b o n a t e  
(CaC03 1 

Union O i l  of New Mexico, l o c a t e d  a t  
Rio Rancho, New Mexico 

USFS Uni t ed  S t a t e s  F o r e s t  S e r v i c e  

USGS Uni t ed  S t a t e s  G e o l o g i c a l  Survey 

vapor  dominated 

v a p o r i z a t i o n  

v a p o r  p r e s s u r e  

vo 1 canic 

waste 

a geothermal  system i n  which p r e s s u r e s  
are  c o n t r o l l e d  by vapor  r a t h e r  t h a n  by 
l i q u i d  I 

t h e  p r o c e s s  by which a l i q u i d  i s  
c o n v e r t e d  i n t o  a vapor  

t h e  p r e s s u r e  a t  which a l i q u i d  and i t s  
vapor  are  i n  e q u i l i b r i u m  a t  a . g i v e n  
t emp e r a t u  re 

of 9 pertaining to 9 1 i k e  o r  
c h a r a c t e r  i s  t i c  of a vol,cano; 
c h a r a c t e r i z e d  by o r  composed- of 
v o l c a n o e s ;  produced,  i n f l u e n c e d  , o r  
changed by a v o l c a n o  o r  by v o l c a n i c  
a g e n i c e s ;  made of materials d e r i v e d  from 
v o l c a n o e s  e s p e c i a l l y  rocks  e r u p t e d  and 
s o l i d i f i e d  a t  t h e  s u r f a c e  

any p h y s i c a l  waste i n c l u d i n g ,  b u t  n o t  
l i m i t e d  t o ,  underground waste r e s u l t i n g  
from t h e  i n e f f i c i e n t ,  e x c e s s i v e  o r  
improper  u s e  of d i s s i p a t i o n  of r e s e r v o i r  
h e a t  o r  energy o r  r e s u l t i n g  from t h e  
l o c a t i o n ,  s p a c i n g ,  d r i l l i n g ,  e q u i p p i n g ,  
o p e r a t i o n  o r  p r o d u c t i o n  of a geothermal  
r e s o u r c e s  w e l l  i n  such a manner as t o  
reduce o r  tend t o  reduce t h e  u l t i m a t e  
economic r ecove ry  of t h e  geothermal  

2 2 7  



water t a b  le 

w e l l  

WRD 

WRRI 

WSP 

r e s o u r c e s  w i t h i n  a r e s e r v o i r ,  and 
s u r f a c e  waste r e s u l t i n g  from t h e  
i n e f f i c i e n t  p r o d u c t i o n ,  g a t h e r i n g ,  
t r a n s p o r t a t i o n ,  s t o r a g e ,  o r  u t i l i z a t i o n  
of geothermal  r e s o u r c e s ,  and t h e  h a n d l i n g  
of geothermal  r e s o u r c e s  i n  such a manner 
t h a t  c a u s e s  o r e  t e n d s  t o  c a u s e  t h e  
unnecessary o r  excessi- ;s  l o s s  o r  
d e s t r u c t i o n  of geothermal r e s o u r c e s  
o b t a i n e d  o r  r e l e a s e d  from a geothermal  
r e s e r v o i r .  

t h e  s u r f a c e  between t h e  "zone of 
s a t u r a t i o n "  and t h e  "zone of a e r a t i o n " ;  
t h a t  s u r f a c e  of a body of unconfined 
groundwater  a t  which t h e  p r e s s u r e  i s  
e q u a l  t o  t h a t  of t h e  atmosphere 

any e x p l o r a t o r y  w e l l ,  development w e l l ,  
i n j e c t  i o n  w e l l ,  d i s p o s a l  w e l l ,  
geothermal  o b s e r v a t i o n  w e l l ,  o r  
low-temperature  thermal  w e l l  as d e f i n e d  
by t h e  O i l  c o n s e r v a t i o n  D i v i s i o n  

used as an  ab b r e v i  a t i o n  f o r  
"water - resources  da ta"  

Water Resources  Research I n s t i t u t e  

used as a n  a b b r e v i a t i o n  f o r  
w a  t e r - s u p p 1 y pap e r I 1  

. 
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A P P E N D I X  E 

GENERAL SOCIOECO?TOPZIC I N F O R M A T I O N  ~ 

BY NEW MEXICO COUNTY 

(Bureau of B u s i n e s s  and E c o n o m i c  R e s e a r c h ,  1977) 
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Bernal i l l 0  Count,v, q e n e r a l  socioeconomic ingormation, 

County Area ( i n  a c r e s ) :  

County S e a t :  A1 buquerque 

748 , 160 

Popu 1 a t i  on : 653,450 

Popu 1 a t  i on' Components : 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

iD 5.8 
4 . 7  

39.2 
6.1 P V i t a l  S t a t i s t i c s :  

Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

Taxes and Revenues (1975):  

30,113 
10,949 
19,164 
29,240 

$1,589,450 

Trade and S e r v i c e s  (1972):  
$1,719,718 Total  r e t a i l  s a l e s  

Total  wholesa le  receipts $1 ,609 , 684 
Total  receipts of services $ 175,459 

Catron County, genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  4,414,720 

County S e a t :  Re se r ve 

Popu 1 a t  i on : 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spanish-her i  t a g e  
% Over 64 

2,300 

100 .0  
1 . 8  

42.2 
1 2 . 3  

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

156 
89  
67 
30 

Taxes and Revenues (1975):  $ 14,953 

Trade and S e r v i c e s  (1972) :  
Total  r e t a i l  s a l e s  
Total  wholesale  r e c e i p t s  
Total  receipts o f  services 

$ 1,945 
0 
w 
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' I  ., 
Ctiaves- County, g e n e r a l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  3 ,900,300 

County S e a t :  Roswell 

Popula t ion :  89,300 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
Inferred net m i g r a t i o n  

21.8 
5 . 5  

27.9 
9 . 0  

3,876 
2,148 
1 ,728  
3,070 

Taxes and Revenues (1975) :  $ 163,567 

Trade and S e r v i c e s  (1972) :  
Tota l  r e t a i l  s a l e s  $ 187,734 
Total  whol e s a l e  receipts $ 167,535 
Tota l  receipts of  services $ 26,742 

Colfax County, g e n e r a l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  2,413,440 

County S e a t :  

Popula t ion :  

P o p u l a t i o n  Components: 
% Rural 
% Nonwhite 
% Spani sh-heri t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

Taxes and Revenues (1975) :  $ 

Tota l  r e t a i l  s a l e s  $ 
Total  whol e s a l e  r e c e i p t s  $ 

_, Total  receipts of services B 

Trade and S e r v i c e s  (1972):  

232 

Raton 

12,900 . 
42.8  

1 . 3  
53.1 
12 .3  

1 ,109  
63 6 
473 
230 

49 , 571 

44,364 
10,908 

6,986 



1 0  Curry County, g e n e r a l  socioeconomi'c i n f o r m a t i o n .  

i l l  

P 
IU 

rU 
I 

I ' Q  

County Area ( i n  acre$):  898,560 

County S e a t :  C l o v i s  

Popul a t i  on : 76,300 

Popula t ion '  Components : 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
. Births 

Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

14.1 
8.1 

17 .4  
7 . 4  

4,959 
1 ,394  
3,565 

40 

Taxes and Revenues (1975):  143,042 

Trade and S e r v i c e s  (1972) :  
Total  r e t a i l  s a l e s  177,403 
Tota l  wholesa le  receipts 203,549 

22,329 Total  receipts o f  services 

De Baca C c ? u ~ t _ v ,  a e n e r a l  s o c j n m m o m i c  i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  1 ,514,240 

County S e a t :  F t .  Sumner 

P o p u l a t i o n :  4 ,275 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spanish-h2ri  t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
B i  rths 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

100.0 
0.4 

40.8 
18.1 

161 
167 

- 6  
110 

Taxes and Revenues (1975) :  $ 10,711 

Trade and S e r v i c e s  (1972) :  
Tota l  r e t a i l  s a l e s  $ 4,166 
Tota l  who1 e s a  1 e recei pts $ 2 , 969 

$ 61 6 Total  receipts o f  s e r v i c e s  
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Dona Ana County, general  socioeconomic information. 

County Area ( i n  ac re s ) :  2,434,560 

County Seat :  Las Cruces 

Popul a t i  on : 123,450 

Population' Components: 
% Rural 
% Nonwhite 
% Spani sh-heri tage  
X Over 64 

Vital  S t a t i s t i c s :  
Births 
Deaths 
Natural increase  
Inferred net migration 

33.8 
3 .3  

50.8 
5.3 

7,851 
2,104 
5,747 
4,350 

Taxes and Revenues (1975): $ 245,668 

Trade and Services  (1972):  
Total r e t a i l  s a l e s  $ 253,934 
Total wholesale r e c e i p t s  $ 110,627 
Total receipts o f  services $ 38,394 

Eddy County, general  socioeconomic information.  

County Area ( i n  a c r e s ) :  2 , 675,200 

County Seat :  Carl sbad 

Population: 78,675 

Popu 1 a t i  on Components : 
% Rural 
% No'nwhite 
% Spanish-heri t age  
% Over 64 

Vital  S t a t i s t i c s :  
Births 
Deaths 
Natural increase  
Inferred net  migration 

23.1 
2.9 

30.5 
8 . 9  

3,466 
1,844 
1,622 

- 320 

Taxes and Revenues ( 1  975) : $ 346,020 

Trade and Services  (1972) : 
Total r e t a i l  s a l e s  $ 156,924 
Total wholesale receipts $ 65,162 
Total r e c e i p t s  o f  se rv ices  $ 23,760 

. 
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Grant  County, genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  ac res ) :  2,540,800 

County Seat: S i l v e r  City 

P o p u l a t i o n  : 40,550 

I .  

Popu la t i on '  Components: 
% Rural  
% Nonwhite 
% Spanish-her i  t age  
% Over 64 

V i t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

51.6 
1.7 

56.1 
7.9 

2,463 
92 0 

1,543 
960 

Taxes and Revenues (1975) : $ 212,869 

Trade and Serv i ces  (1972):  
T o t a l  r e t a i l  sa les  $ 87,300 
T o t a l  wholesale r e c e i p t s  $ 26,125 

7,218 T o t a l  r e c e i p t s  o f  s e r v i c e s  $ 

Guadal upe County -- gznc ra l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  ac res ) :  

County Seat: 

Popul  a t i  on: 

P o p u l a t i o n  components: 
% Rural  
% Nonwhite 
% Spanish-her i tage 
% Over 64 

V i t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
Na tu ra l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

1,919,360 

Santa Rosa 

7,425 . 
100.0 

0.5 
84.5 

9.4 

429 
201 
223 

- 230 

$ 18,614 

T o t a l  r e t a i l  sa les  $ 15,109 
T o t a l  who1 e s a l  e r e c e i p t s  $ 1,713 
T o t a l  r e c e i p t s  o f  s e r v i c e s  s 1,566 

Taxes and Revenues (1975) :  

Trade and Serv i ces  (1972):  
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Harding County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  1 ,368,320 

County S e a t :  Mosque r o I 

Popul a t i  on : 1,200 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spani sh-heri t a g e  
% Over 64 

100 .0  
0 .5  

49 .3  
1 4 . 6  

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

61 
61 
0 

- 100 

P Taxes and Revenues (1975) :  $ 5,118 

Trade and S e r v i c e s  (1  972) : 
Tota l  r e t a i l  s a l e s  
To t a  1 who 1 e s a  1 e rece i p t s 
Tota l  receipts of  services 

$ 1,344 
$ - 1 , 6 9 6  
$ 31 

Hidalgo County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  2,206 , 080 

. 

County S e a t :  Lords b u r g  

Popula t ion :  9 , 600 

P o p u l a t i o n  Components: 
% Rural 
% Nonwhite 
% Spanish-her i  t a g e  
% Over 64 

27.6 
1 . 4  

5 8 . 3  
8 .5  

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

588 
228 
360 
640 

Taxes and Revenues (1975) :  

Trade and S e r v i c e s  ( 1 9 7 2 ) :  
Total  r e t a i l  s a l e s  
Total  wholesa le  receipts 
Total  receipts o f  services 

$ 43,469 

$ 26,995 
3,682 
5,426 

$ 
B 
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'Lea County -.- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  ac res ) :  

County Seat: 

P o p u l a t i o n :  

P o p u l a t i o n  Components: 
% Rura l  
% Nonwhi t 2  
% Span ish -he r i t age  
% Over 64 

V i t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

2,812;160 

L o v i  ng ton  

94,125 

18.9 
6.3 

12 .5  
5.4 

5,004 
1,665 
3,339 

- 1,740 

Taxes and Revenues (1975):  $ 546,148 

Trade and Serv i ces  (1972):  
T o t a l  r e t a i l  s a l e s  $ 201 ,019 
T o t a l  wholesale r e c e i p t s  $ 151,754 
T o t a l  r e c e i p t s  o f  s e r v i c e s  $ 40,119 

L i n c o l n  County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  

County Seat: 

P o p u l a t i o n :  

P o p u l a t i o n  Components: 
% Rura l  
% Nonwhite 
% Spanish-her i  t age  
% Over 64 

V i  t a l  S t a t i s t i c s :  
B i r t h s  
Dea t h s  
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

3,109,760 

C a r r i z o z o  

13,875 

100.0 
2 .5  

34.0 
11.6 

691 
362 
329 

1,570 

Taxes and Revenues (1975) :  $ 74,127 

Trade and Serv i ces  (1972) :  
$ 21,678 

8 6,568 

T o t a l  r e t a i l  sa les  
T o t a l  wholesale r e c e i p t s  
T o t a l  r e c e i p t s  o f  s e r v i c e s  

$ 2,121 
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Los Alamos County -- general socioeconomic information. 

County Area ( i n  a c r e s ) :  69,120 

County, Seat :  Los Alamos 

Popu 1 a t  i on : 15,900 

Population Components: 
% Rural 0.2 
% Nonwhite 1 . 3  
% Spanish-heritage 17.8 
% Over 64 2.1 

Vi t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural increase  
Inferred net migration 

a 98 
251 
64 7 
50 

Taxes and  Revenues (1975): $ 48,834 

Trade and Services  (1972): 
Total r e t a i l  s a l e s  $ 26,655 
Total wholesale r e c e i p t s  $ 396 
Total r e c e i p t s  o f  services W 

~~ ~ 

Luna County -- general socioeconomic information. 

County Area ( i n  a c r e s ) :  1 ,892,480 

County Seat:  Deming 

Popu 1 a ti on : 

Population Components : 
% Rural 
% Nonwhite 
% Spanish-heri tage 
% Over 64 

Vital  S t a t i s t i c s :  
Births 
Deaths 
Natural increase  
Inferred net  migration 

23,900 

28 .7  
2.6 

46.5 
10.2 

1,370 
7 05 
665 

2,140 

Taxes and Revenues (1975):  $ 64,577 

Trade and Services  (1972):  
Total r e t a i l  s a l e s  $ 60,459 
Total wholesale r ece ip t s  $ 18,700 
Total r ece ip t s  o f  s e rv i ces  $ 3,618 

. 
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1 Ll McKinley County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  3,495,050 

County S e a t :  Gal 1 u p  

I D Popu 1 a t  i on : 66,500 

Popula t ion-  Components : 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

I n 57.1 
63 .0  
20.0 

4 . 4  
I 0 V i t a l  S t a t i s t i c s :  

Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

7,008 
1,922 
5,086 
2,710 

Taxes and Revenues (1975) :  $ 118,928 

Trade and S e r v i c e s  (1972) :  
Tota l  r e t a i l  s a l e s  $ 207,060 
Total  who1 e s a l e  receipts $ 71,456 
Total  r e c e i p t s  o f  services $ 22,605 ip 

P 
ic 
i 

Mora County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  1 ,244,160 

County S e a t :  Mora 

Popula t ion :  4,900 

:Q Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spanish-her i  t a g e  
% Over 64 

100.0 
0.3 

94.6 
1 1 . 9  I ' 0  

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
Inferred net m i g r a t i o n  

406 
21 6 
190 

10 

Taxes and Revenues (1975) :  $ 7,572 

Trade and S e r v i c e s  (1972) :  
Total  r e t a i l  s a l e s  
Total  wholesale  r e c e i p t s  
Total  r e c e i p t s  of s e r v i c e s  

$ 1,665 
$ 51 5 
$ 98 

I I Q 239 
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Otero County. -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  4 ,248,320 

County S e a t :  A1 amogordo 

Popula t ion :  71,275 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
I Over 64 

Vi t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

17 .5  
9 .3  

23.7 
4.1 

4,898 
1,155 
3 ,743  

- 2,340 

Taxes and Revenues (1975) :  $ 102,526 

Trade and S e r v i c e s  (1972):  
Total  r e t a i l  s a l e s  $ 125,071 
Tota l  wholesa le  r e c e i p t s  $ 15,186 
Total  r e c e i p t s  o f  services $ 6,977 

Quay County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  

County S e a t :  

Popul a t i o n  : 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

Taxes and Revenues ( 1 9 7 5 ) :  

Trade and Services (1972) :  
Total  r e t a i l  s a l e s  
To t a l  who1 e s a  1 e rece i p t s  
Total  receipts of services 

1,845,120 

Tucurncari 

19,250 

34.1 
2.1 

36.0 
12 .5  

95 1 
691 
260 
240 

!$ 58,092 

$ 55,884 
$ 18,086 
$ 7,912 
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Rio A r r i b a  County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  3,765,120 

County Seat: T i e r r a  A m a r i l l a  

Popul a t i  on : 33 , 600 

P o p u l a t i o n  Components: 
% Rura l  
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

V i  t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

84.5 
11 .9  
82.2 

7 .4  

3,307 
1,096 
2,211 

590 

Taxes and Revenues (1975) :  $ 71,128 

Trade and S e r v i c e s  (1972) :  
T o t a l  r e t a i l  s a l e s  $ 57,268 
T o t a l  who1 e s a l e  r e c e i p t s  $ 5,784 
T o t a l  r e c e i p t s  o f  s e r v i c e s  9 4,704 

Roosevel t County -- genera l  socioeconomic i n f o n n a t i o n .  

County Area ( i n  a c r e s ) :  1,572,480 

County Seat:  

P o p u l a t i o n :  

P o p u l a t i o n  Components: 
% Rura l  
% Nonwhite 
% Span ish -he r i  t age  
% Over 64 

V i  t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a ' t i o n  

$ 

$ 
$ 
$ 

Taxes and Revenues (1975) :  

Trade and S e r v i c e s  (1972):  
T o t a l  r e t a i l  s a l e s  
To t a  1 who 1 e sa 1 e r e c e  i p t s 
T o t a l  r e c e i p t s  of s e r v i c e s  

P o r t a l  es 

241 

27,300 

36.0 
2.3 

15.3 
9.9 

1,487 
71 2 
775 
98 0 

51,307 

48,105 
17,557 

5,804 
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Sandoval County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  2,378,880 

County S e a t :  B e r n a l i l l o  

Popula t ion :  25,375 

Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spani sh-heri t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
Inferred net m i g r a t i o n  

100.0 
39.6 
63.8 

7 . 2  

2,497 
91 2 

1,585 
3,520 

Taxes and Revenues (1975) :  $ 79,904 

Trade ana S e r v i c e s  (1972) :  
Tota l  r e t a i l  s a l e s  $ 1-3,078 

1 ,194  
d;l Total  r e c e i p t s  o f  services 

Total  wholesa le  receipts $ 
~- 

San Juan County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  

County S e a t :  

Popula t ion :  

Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spanish-her i  t a g e  
% Over 64 

Vi t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

Taxes and Revenues (1975) :  

Trade and Services (1972) :  
Tota l  r e t a i l  s a l e s  
Tota l  wholesa le  r e c e i p t s  

3 , 530,240 

Aztec 

100,250 

51.8 
36.1 
13.1 

4 .9  

6,801 
1 ,879  
4 , 922 
7 , 680 

$ 395,509 

$ 228,489 
$ 110,682 

Total  receipts o f  services $ 68,368 
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San Miguel County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  

County S e a t :  ILas Vegas 

Popul a t i  on : 

3 , 050,880 
i -  

39,400 

P o p u l a t i o n '  Components : 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

37 .0  
1 . 7  

81.7 
9 . 9  

2,271 
996 

1,275 
230 

Taxes and Revenues (1975):  4; 58,126 

Trade and S e r v i c e s  (1972):  
Total  r e t a i l  s a l e s  91 61,546 
Total  wholesa le  receipts $4 8,379 
Total  receipts of services $1 6,106 

- ~- 

Santa  Fe County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  

County S e a t :  

Popula t ion :  

Popula t ion  Components: 
% Rural 
% Nonwhite 
% S p a n i s h - h e r i t a g e  
% Over 64 

V i  t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
I n f e r r e d  net m i g r a t i o n  

Taxes and Revenues (1975):  

Trade and S e r v i c e s  (1972):  
Tota l  r e t a i l  s a l e s  
To t a l  who1 e s a  1 e rece i pts 
Total  receipts of services 

1,221,760 

Santa  Fe 

56,600 

22.3  
3 .0  

64.9 
7 . 8  

5 , 382 
2,170 
3,212 
3,890 

$ 219,745 

$ 308,840 
$ 71,342 
$ 61,384 

. 
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S i e r r a  County -- genera l  socioeconomic informat ion .  

County Area ( i n  a c r e s ) :  2,700,160 

County S e a t :  T r u t h  o r  Consequences 

Popu 1 a t  i on : 14,175 

Popula t ion .  Components: 
% Rural 
% Nonwhite 
% Spanish-her i  t a g e  
% Over 64 

V i  t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
Inferred net m i g r a t i o n  

35.2 
0 .9  

35 .8  
24.7 

43 1 
726 

1,600 
- 295 

Taxes and Revenues (1975):  $ 28,208 

Trade and S e r v i c e s  (1972) :  
Tota l  r e t a i l  s a l e s  $ 22,958 

Tota l  r e c e i p t s  of  services $ 3.186 
Total  wholesa le  receipts $ 1,479 

-~ . ~ - . -  

Socorro County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  

County S e a t :  

Popula t ion :  

Popula t ion  Components: 
% Rural 
% Nonwhite 
% Spanish-her i  t a g e  
% Over 64 

Vi t a l  S t a t i s t i c s :  
Births 
Deaths 
Natural  i n c r e a s e  
Inferred net m i g r a t i o n  

Taxes and Revenues (1975):  

Trade and S e r v i c e s  (1972) :  
Tota l  r e t a i l  s a l e s  
Tota l  wholesa le  receipts 
Total  receipts of s e r v i c e s  

4 , 240,640 

Socorro  

$ 

$ 
$ 
$ 

244  

15,675 

52.0 
9.0 

60.0 
7 . 7  

1 ,063  
449 
61 4 

- 610 

41,822 

31,504 
7,226 
3 ,053  

. 
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Taos County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  1,444,480 

County Seat:  Taos 

P o p u l a t i o n :  23,475 

t 

. P o p u l a t i o n  components: 
% Rura l  
% Nonwhite 
X Span ish -he r i  t age  
% Over 64 

V i t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

100.0 
8 .6  

86.3 
9.3 

1,897 
752 

1,145 
660 

Taxes and Revenues (1975):  :$ 56,014 

Trade and S e r v i c e s  (1972):  
T o t a l  r e t a i l  s a l e s  !I 28,695 

4,673 T o t a l  who lesa le  r e c e i p t s  
6,601 T o t a l  r e c e i p t s  o f  s e r v i c e s  

:I 
!6 

Tor rance County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  

County Seat:  

Popul a t i o n  : 

Po pu 1 a t  i on Components : 
% Rura l  
% Nonwhite 
% Span ish -he r i t age  
% Over 64 

V i t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

Taxes and Revenues (1975):  

Trade and S e r v i c e s  (1972):  
T o t a l  r e t a i l  s a l e s  
To t a  1 who 1 e s a l  e r e c e  i p t s  
T o t a l  r e c e i p t s  of s e r v i c e s  

2,147,200 

E:s t a  n c i a 

7,400 

100.0 
0.6 

52.6 
11.9 

454 
243 
21 1 
890 

$ 25,031 

$ 12,956 
$ 1,951 
$ 65 3 

245 



P 
Union County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  2,442,880 

County Seat:  C1 a y t o n  

P o p u l a t i o n  : 7,950 

P o p u l a t i o n  Components: 
% Rura l  
% Nonwhi te  
% S p a n i s h - h e r i t a g e  
% Over 64 

V i t a l  S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

40.5 
1.2 

15.4 
28.3 

386 
275 
111 

- 110 

Taxes and Revenues (1975) :  $ 18,938 

Trade and S e r v i c e s  (1  972) : 
T o t a l  r e t a i l  s a l e s  $ 18,536 
T o t a l  who lesa le  r e c e i p t s  $ 7,159 
T o t a l  r e c e i p t s  o f  s e r v i c e s  $ 2,347 

V a l e n c i a  County -- genera l  socioeconomic i n f o r m a t i o n .  

County Area ( i n  a c r e s ) :  

County Seat:  

P o p u l a t i o n :  

Popu 
% 
% 
% 
% 

V i t a  

a t i  on Components : 
Rura l  
Nonwhite 
Span ish -he r i  t age  
Over 64 

S t a t i s t i c s :  
B i r t h s  
Deaths 
N a t u r a l  i n c r e a s e  
I n f e r r e d  n e t  m i g r a t i o n  

Taxes and Revenues (1975) :  

Trade and S e r v i c e s  (1972) :  
T o t a l  r e t a i l  s a l e s  
To t a l  who1 e s a l  e r e c e  i p t s  
T o t a l  r e c e i p t s  o f  s e r v i c e s  

3,621,120 

Los Lunas 

62,700 

66.5 
16.1 
55.8 

5.6 

4,273 
1,454 
2 3 1  9 
2,680 

136,532 

111,021 
19,344 

9,837 
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