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Foreword 

This report is one in a series of analyses of the geothermal 
prospects in the Department of Energy-Division of Geothermal 

Energy Eastern Region. The work was performed under the Earth 
Sciences Task extension to contract ET-78-C-08-1558, Atlantic 

Coastal Plains Geothermal Drilling Program. These reports 
gather available geologic, geophysical, and geochemical data 
related to the possible occurrence of hydrothermal geothermal 
resources. 
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A b s t r a c t  

Most of West V i r g i n i a  i s  u n d e r l a i n  by P a l e o z o i c  sed imentary  rocks.  Crys ta l -  
l i n e  rocks  are l i m i t e d  t o  two areas: a small area i n  t h e  Harpers  F e r r y  re- 
g i o n  and some basic i n t r u s i v e s  and e x t r u s i v e s  i n  Pend le ton  County. 

I n  t h e  V a l l e y  and Ridge p rov ince  t h e  rocks  are fo lded  and f a u l t e d .  The de- 
f o r m a t i o n  appea r s  t o  be conf ined  t o  t h e  sediments o v e r l y i n g  t h e  c r y s t a l l i n e  
b a s  eme n t . 
The Appalachian Bas in  i s  c h a r a c t e r i z e d  by moderately d ipp ing  sediments 
which may r each  t h i c k n e s s e s  of 7600 meters (25,000 f e e t )  i n  e a s t e r n  West 
V i r g i n i a .  

The 3 8 t h  p a r a l l e l  f r a c t u r e  zone may extend through West V i r g i n i a  and se rve  
t o  l o c a l i z e  geothermal  r e sources .  Heat flow i n  West V i r g i n i a  appears  t o  be 
r a t h e r  uniform and i n  t h e  range of 1.12 t o  1.26 h e a t  f low units. 

Bottomhole t empera tu res  from o i l  and gas tests show no abnormally hot  
s p o t s .  W a r m  s p r i n g s  are l i m i t e d  t o  t h e  e a s t e r n  p o r t i o n  of West V i r g i n i a  i n  
t h e  f o l d e d  Appalachians  and appear  t o  be l o c a t e d  on t h e  f l a n k s  of a n t i -  
c l i n e s  a t  topographic  lows. Geothermometry sugges t s  subsu r face  tempera- 
t u r e s  i n  t h e  45 - 65°C (113 - 149°F)  range. 

The Appalachian Bas in  p rov ides  a t h i c k  sequence of rocks  wi th  normal geo- 
the rma l  g r a d i e n t  (18 .2"C/k i lometer ,  l0F/100 f e e t ) .  High tempera tures  are 
expec ted  a t  g r e a t  d e p t h s ,  bu t  p roduc t ion  rates are l i k e l y  t o  be low. 

S e v e r a l  o i l  and gas tests i n  W e s t  V i r g i n i a  have encountered  p r e s s u r e s  about 
twice t h e  normal p r e s s u r e  expec ted  a t  t h e  depth.  However, t h e  overpres- 
s u r e d  zones appear  t o  be of s m a l l  e x t e n t .  

1 
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PRELIMINARY DEFINITION OF 
THE GEOTHERMAL RESOURCE POTENTIAL 

OF WEST V I R G I N I A  

Geology of West V i r g i n i a .  

The major g e o l o g i c  d i v i s i o n s  of West V i r g i n i a  correspond c l o s e l y  t o  t h e  two 
phys iographic  provinces  shown on Figure  1. The l i n e a r  v a l l e y s  and r i d g e s  
of t h e  V a l l e y  and Ridge phys iographic  province are u n d e r l a i n  by fo lded  
rocks  wi th  complex f a u l t  systems. Maturely d i s s e c t e d  p l a t e a u s  of t h e  Appa- 
l a c h i a n  P l a t e a u s  province  are u n d e r l a i n  by g e n t l y  f o l d e d  and r e l a t i v e l y  
f l a t - l y i n g  P a l e o z o i c  sediments.  The g e n e r a l i z e d  geology of t h e  s ta te  is  
shown on P l a t e  1. 

Very few igneous o r  metamorphic rocks are exposed a t  t h e  s u r f a c e  i n  West 
V i r g i n i a .  P a l e o z o i c  metamorphic rocks--predominantly greenstones. ,  quartz- 
i t e s ,  slates and p h y l l i t e s - - a r e  exposed i n  the  H a r p e r s  F e r r y  reg ion  a t  t h e  
extreme edge of t h e  e a s t e r n  panhandle. The only o t h e r  c r y s t a l l i n e  rocks a t  
t h e  s u r f a c e  are d i k e s  of d i a b a s e  and o t h e r  b a s i c  i n t r u s i v e s ,  found mostly 
i n  Pendle ton  County. These Mesozoic rocks a r e  t h e  youngest known igneous 
rocks  i n  t h e  state. 

Most of West V i r g i n i a  i s  u n d e r l a i n  by t h i c k  d e p o s i t s  of sedimentary rocks.  
From t h e  g e o l o g i c  and geophys ica l  d a t a  a v a i l a b l e ,  t h e i r  t h i c k n e s s  ranges 
from near  z e r o  i n  t h e  e a s t e r n  panhandle r e g i o n  t o  more than  7600 meters 
(25,000 f e e t )  i n  t h e  deeper  p a r t s  of t h e  Appalachian Basin. A g e n e r a l i z e d  
s t r a t i g r a p h i c  column and d e s c r i p t i o n  of t h e  sedimentary rocks of West V i r -  
g i n i a  i s  shown i n  T a b l e  1. 

S t r u c t u r a l l y ,  t h e  V a l l e y .  and Ridge province i s  c h a r a c t e r i z e d  by f o l d s  and 
t h r u s t  f a u l t s .  Rich (1934) observed t h a t  a l though t h e  area was broken by 
f a u l t i n g ,  none of t h e  f a u l t s  brought basement t o  t h e  s u r f a c e .  S u f f i c i e n t  
d a t a  were no t  p u b l i c l y  a v a i l a b l e  t o  document c a r e f u l l y  t h i s  s t y l e  of defor- 
mat ion  u n t i l  Gwinn (1964) p u b l i s h e d  a summary of d a t a  genera ted  by o i l  and 
g a s  e x p l o r a t i o n  programs i n  t h e  C e n t r a l  Appalachians.  

Regional  seismic p r o f i l e s  and deep d r i l l i n g ,  r e p o r t e d  by Jacobeen  and Kanes 
(1974),  have conf inned Rich '  s o r i g i n a l  concept  t h a t  deformation is  confined 
t o  t h e  sedimentary rocks  o v e r l y i n g  t h e  basement. T h i s  s t y l e  of deformation 
h a s  been c h a r a c t e r i z e d  as " t h i n  skinned" (Rodgers,  1949).  

S h e e t s  of sediments  sheared  a long  r e l a t i v e l y  incompetent s h a l e s  have been 
t h r u s t  t o  t h e  northwest .  I n  some areas t h e  movement of t h e  major t h r u s t  
h a s  been d iv ided  among s e v e r a l  smaller f a u l t s  near  t h e  s u r f a c e .  T h i s  has 
caused s e v e r a l  s h e e t s  of sediments  t o  be t h r u s t  one upon t h e  o t h e r ,  r e s u l t -  
i n g  i n  r e p e t i t i o n  of the sedimentary s e c t i o n .  The Ray Sponaugle w e l l  i n  
Pendle ton  county,  d r i l l e d  t o  3963 meters (13,000 f e e t )  i n  1960, shows such 
a r e p e a t  i n  s e c t i o n  ( P e r r y ,  1964) .  

2 
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Most of t h e  f o l d i n g  v i s i b l e  a t  t h e  s u r f a c e  appea r s  t o  r e s u l t  from t h e  
t h r u s t i n g  a t  depth.  Harris and M i l i c i  (1977) e n v i s i o n  t h a t  e i t h e r  sed i -  
ments are emplaced as a s e r i e s  of t h r u s t  s h e e t s  benea th  o v e r l y i n g  competent 
rocks  doming them upward ( F i g u r e  2a )  o r  f o l d s  a r e  caused by bending of 
rocks  above a zone where t h e  t h r u s t  moves upward from one ho r i zon  t o  an- 
o t h e r  ( F i g u r e  2b) .  The t h r u s t i n g  and consequent r e p e t i t i o n  of s e c t i o n  pro- 
v i d e  a t h i c k e r  sed imentary  s e c t i o n  than  would be expec ted  i f  t h e  f o l d s  in- 
vo lved  basement u p l i f t .  Northwest of t h e  f o l d e d  Appalachians the  compres- 

. s i v e  f o r c e s  r a p i d l y  dec reased ,  caus ing  a r a t h e r  sha rp  break between t h e  
h i g h l y  f o l d e d  and f a u l t e d  rocks  of t h e  V a l l e y  and Ridge area and t h e  g e n t l y  
deformed rocks  of t h e  Appalachian P l a t e a u s .  The Appalachian P l a t e a u s  prov- 
i n c e  is  c h a r a c t e r i z e d  by modera te ly  d ipp ing  P a l e o z o i c  rocks.  The exposed 
rocks  i n  t h e  West V i r g i n i a  segment of t h e  Appalachian P l a t e a u s  a r e  down- 
warped i n t o  t h e  Allegheny syncl inor ium o r  Appalachian Basin. F igu re  3 
shows t h e  p o s t u l a t e d  t h i c k n e s s  of sediments i n  t h e  bas in .  

Geothefmal Resources.  

Geothermal r e s o u r c e s  are no t  l i k e l y  t o  be developed i n  West V i r g i n i a  i n  the 
immediate f u t u r e .  Ultimate usage of geothermal r e s o u r c e s  i n  West V i r g i n i a  
w i l l  depend p r i m a r i l y  on t h e  economics of deep d r i l l i n g  and product ion .  
Two areas of t h e  s t a t e  having  some p o t e n t i a l  f o r  t h e  u t i l i z a t i o n  of geo- 
the rma l  r e s o u r c e s  are t h e  w a r m  s p r i n g s  area i n  e a s t e r n  West V i r g i n i a  and 
t h e  deeper p o r t i o n s  of t h e  Appalachian Basin. 

No major zones of c r u s t a l  d i s l o c a t i o n  o r  r e c e n t  igneous  a c t i v i t y  are de f i -  
n i t e l y  known i n  t h e  s ta te .  The 3 8 t h  p a r a l l e l  f r a c t u r e  zone (Dennison and 
Johnson,  1971; Heyl, 1972) i s  thought  t o  pass  through West V i r g i n i a .  Th i s  
hypo thes i zed  zone of t e c t o n i c  and igneous  a c t i v i t y  could  cause  e l e v a t e d  
t empera tu res  and enhanced geothermal p o t e n t i a l .  A s  v i s u a l i z e d  by Heyl 
(1972) ,  t h i s  zone runs  through West V i r g i n i a  from Wayne t o  Pocahontas 
County. Dennison and Johnson (1971) have compi l ed  a l i s t  of geophys ica l  
and g e o l o g i c  f e a t u r e s  t h a t  c o i n c i d e  wi th  t h i s  zone; among t h e s e  are the 
h o t t e s t  thermal  s p r i n g s  i n  t h e  Appalachians (Bath  County, V i r g i n i a ) ,  Eocene 
and perhaps  somewhat younger a n d e s i t e  d i k e s ,  and the maximum n e g a t i v e  va lue  
of a s imple  Bouguer anomaly, which l ies  g e n e r a l l y  a long  t h e  Virginia-West 
V i r g i n i a  boundary. Review of g e o l o g i c  and topograph ic  maps of V i r g i n i a  
a l s o  s u g g e s t s  east-west d isp lacement  of the f o l d e d  Appalachians and t h e  
Blue Ridge a t  about  t h e  3 8 t h  p a r a l l e l .  T h i s  zone appea r s  t o  have been spo- 
r a d i c a l l y  a c t i v e  over a p e r i o d  of 800 m i l l i o n  y e a r s  and may s t i l l  be a zone 
of deep c r u s c a l  weakness. 

Heat flow. L i t t l e  is  known about  t h e  h e a t  f low c h a r a c t e r i s t i c s  of West 
V i r g i n i a .  S a s s  and o t h e r s  (1976) show only  f o u r  h e a t  f low mesurements i n  
West V i r g i n i a .  The v a l u e s ,  which range from 1.12 t o  1.26 h e a t  flow u n i t s  
are l i s t e d  i n  T a b l e  2 and shown on Figure  4 .  The same a u t h o r s  a l s o  r e p o r t  
a h e a t  f low measurement of 1.7 HFU i n  n o r t h e r n  Buchanan County, V i r g i n i a ,  
n e a r  t h e  bo rde r  w i t h  West V i r g i n i a .  Heat flow d a t a  a r e  t o o  s c a r c e  t o  be 
u s e f u l  i n  i n t e r p r e t i n g  d e t a i l e d  h e a t  f low c h a r a c t e r i s t i c s  i n  West V i r g i n i a  
o r  i n  i n t e r p r e t i n g  t h e  e x i s t e n c e  of t h e  3 8 t h  p a r a l l e l  l ineament .  

3 
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The geothermal g r a d i e n t  map of North America (American A s s o c i a t i o n  of 
Petroleum G e o l o g i s t s  and t h e  U.S. Geologica l  Survey,  19761, shows tempera- 
t u r e  g r a d i e n t s  ranging  from about 18.2 t o  32.8"C/km (1.0 t o  1.8"F/100 f e e t )  
i n  t h e  s ta te .  The tempera tures ,  ob ta ined  from e l ec t r i c  l o g s  run i n  o i l  and 
g a s  tes ts ,  were recorded by maximum-reading thermometers and do no t  neces- 
s a r i l y  r e p r e s e n t  t h e  t r u e  bottomhole temperature  a t  thermal equi l ibr ium.  
Geothermal g r a d i e n t s  i n  s e l e c t e d  w e l l s  i n  West V i r g i n i a ,  c a l c u l a t e d  inde- 
pendent ly  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  us ing  t h e  same methodology, are pre- 
s e n t e d  i n  Table  3. 

We have no complete e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e s  i n  g r a d i e n t  from area 
t o  area w i t h i n  t h e  s ta te  shown i n  our data and on t h e  publ ished geothermal 
g r a d i e n t  map. Some of t h e  v a r i a t i o n  i s  probably caused by t h e  methods used 
t o  record  t h e  d a t a  and some p o s s i b l y  by movement of ground water. 

W a r m  s p r i n g s .  S u r f i c i a l  m a n i f e s t i a t i o n s  of geotAerma1 r e s o u r c e s  i n  West 
V i r g i n i a  are l i m i t e d  t o  t h e  w a r m  s p r i n g s  t h a t  occur a long t h e  e a s t e r n  bor- 
d e r  of t h e  s t a t e ,  shown on Figure  4 .  

These w a r m  s p r i n g s  occur a long  t h e  f l a n k s  of a n t i c l i n e s  where they are cu t  
by water gaps. The hydro logic  balance seems t o  be such t h a t  convec t ive  up- 
w e l l i n g  of waters and t h e  consequent emergence as warm s p r i n g s  occur only 
where t h e  upwel l ing  waters can escape i n  topographic  lows. Temperature 
p r o f i l e s  from e x i s t i n g  w e l l s  and from one w e l l  s p e c i f i c a l l y  s i t e d  t o  avoid 
upwel l ing  water i n d i c a t e  t h a t  v e r t i c a l  movement of water may not be impor- 
t a n t  away from t h e  h o t  s p r i n g s  themselves ( C o s t a i n ,  1976). Cos ta in  f u r t h e r  
s u g g e s t s  t h a t  t h e  g r e a t e s t  geothermal p o t e n t i a l  occurs  where t h e  a n t i c l i n e s  
(and p o s s i b l e  u n d e r l y i n g  t h r u s t  f a u l t s )  are c u t  by n e a r - v e r t i c a l  f a u l t  
zones perpendicular  t o  t h e  t r e n d  of t he  a n t i c l i n e s .  

P r i c e  and o t h e r s  (1936) l i s t  only  fou r  s p r i n g s  i n  West V i r g i n i a  having t e m -  
p e r a t u r e s  g r e a t e r  than  1 8 ° C  (65°F) .  S i x  s p r i n g s  w i t h  temperatures  between 
22 and 23°C ( 7 1  t o  73.5"F) l i s t e d  by Waring (1965) are l i s t e d  i n  Table  4 .  

Modern geochemical i n t e r p r e t a t i o n s  have n o t  been publ ished f o r  West V i r -  
g i n i a  s p r i n g s .  Hobba and o t h e r s  (1976) have r e p o r t e d  some d a t a  on wells 
and s p r i n g s  i n  thermal  a r e a s  of t h e  Appalachians;  t h e i r  i n t e r p r e t a t i v e  work 
w i l l  be publ i shed  i n  t h e  U.S. Geologica l  Survey P r o f e s s i o n a l  Paper  series 
d u r i n g  1978 o r  e a r l y  1979. P r i c e  and o t h e r s  (1936) l i s t  chemical a n a l y s e s  
of many s p r i n g s  i n  West V i r g i n i a .  P o s s i b l e  r e s e r v o i r  tempera tures  calcu- 
l a t e d  w i t h  t h e  Na-K-Ca geothermometer (Fourn ier  and T r u e s d e l l ,  1973) and 
t h e  Si02 geothermometer ( F o u r n i e r  and Rowe, 1966) from t h e  d a t a  of P r i c e  
and o t h e r s  (1936) and Hobba and o t h e r s  (1976) are g iven  i n  Table  5.  

The geothermometry s u g g e s t s  t h a t  t h e  West V i r g i n i a  warm s p r i n g s  are not 
s u b s t a n t i a l l y  h o t t e r  a t  depth  than  a t  t h e  s u r f a c e .  Although s i l i ca  geo- 
thermometry i s  probably t h e  b e s t  guide t o  s u b s u r f a c e  temperature ,  i t  is  
u n c e r t a i n  i n  t h i s  case whether q u a r t z  o r  chalcedony i s  t h e  solution-con- 
t r o l l i n g  s i l i c a  phase. Quartz has lower s o l u b i l i t y  a t  a given temperature  
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t h a n  cha lcedony,  and geothermometry based on q u a r t z  s o l u b i l i t y  p r e d i c t s  
h i g h e r  t empera tu res .  Temperatures c a l c u l a t e d  assuming q u a r t z  equ i l ib r ium 
are  r e p o r t e d  . i n  Tab le  5;  they  can be regarded  as maximum subsur face  temper- 
a t u r e s  i n  t h e  s p r i n g  systems. With t h e  excep t ion  of one s e t  of a n a l y t i c a l  
d a t a  from Minnehaha S p r i n g s ,  t h e  Na-K-Ca r e s u l t s  i n  West V i r g i n i a  appear t o  
be mis leading .  Equ i l ib r ium w i t h  c a l c i t e ,  d e p o s i t i o n  of c a l c i t e  by t h e  hot  
s p r i n g s ,  o r  i n a c c u r a t e  a n a l y t i c a l  d a t a  might cause  t h e  poor r e s u l t s .  

Geothermal p o t e n t i a l .  From t h e  d a t a  c o l l e c t e d  through o i l  and gas explora- 
t i o n  and l i m i t e d  geochemical sampling of w a r m  s p r i n g s  i n  e a s t e r n  West V i r -  
g i n i a ,  t e n t a t i v e  conc lus ions  can be reached about t h e  geothermal p o t e n t i a l .  
The t empera tu re  g r a d i e n t  and h e a t  f low i n  West V i r g i n i a  appear t o  be rela- 
t i v e l y  uniform and comparable t o  n o r m a l e c o n t i n e n t a l  a r e a s .  Although Sass  
and o t h e r s  (1976) show a zone of low h e a t  f low c o i n c i d e n t  w i th  t h e  fo lded  
Appalachians ,  i t  i s  l i k e l y  t h a t  l o c a l l y  e l e v a t e d  tempera tures  w i l l  be found 
n e a r e r  t o  t h e  s u r f a c e  he re  than  e l sewhere  i n  t h e  s t a t e  because of v e r t i c a l  
movement of water. The complex p a t t e r n  of f o l d i n g  and f a u l t i n g  a l lows  cir- 
c u l a t i o n  and t h e  consequent rise of hea ted  water, which appears  a t  t h e  sur- 
f a c e  as w a r m  s p r i n g s .  

Although it is  l i k e l y  t h a t  t h e  3 8 t h  p a r a l l e l  l ineament  i s  a real  geo log ic  
f e a t u r e ,  t h e r e  is' no hard  ev idence  f o r  igneous  a c t i v i t y  more r e c e n t  than  
Eocene i n  West V i r g i n i a .  C o s t a i n  (1976),  Pr ice  and o t h e r s  (19361, Reeves 
(1932) ,  and Rogers (18841, agree  t h a t  t h e  ho t  s p r i n g s  r e s u l t  from deep cir- 
c u l a t i o n  of ground water a long  f o l d s  and f a u l t s .  The r e l a t i v e l y  high sur- 
f a c e  t empera tu res  i n  t h e  Bath County, V i r g i n i a ,  a r e a  may s i m p l y  be due t o  
deeper  t h a n  normal c i r c u l a t i o n  caused by t h e  i n t e r s e c t i o n  of t h e  3 8 t h  par- 
a l l e l  l ineament  w i t h  t h e  fo lded  Appalachians.  

Warm s p r i n g  areas. The most l i k e l y  l o c a t i o n  f o r  develoment of geothermal 
r e s o u r c e s  i n  t h e  f o l d e d  Appalachians  would be areas of e x i s t i n g  upwel l ing ,  
i .e.,  h o t  s p r i n g  l o c a t i o n s .  Secondary t a r g e t s  would be low topographic  
areas c o i n c i d e n t  w i t h  c r o s s  f a u l t s  o r  t r a n s v e r s e  f r a c t u r e  zones. The com- 
b i n a t i o n  of f r a c t u r i n g  and sed imentary  rocks  should provide  adequate  pro- 
d u c t i o n  c a p a c i t y  f o r  n o n - e l e c t r i c  warm water a p p l i c a t i o n s .  

Appalachian Basin.  The l a r g e s t  area of p o t e n t i a l  geothermal development i s  
t h e  Appalachian  Basin. T h i s  area does no t  appear  t o  be abnormally hot  a t  
depth .  However, t h e  g r e a t  t h i c k n e s s  of sed iments  may produce s u f f i c i e n t l y  
h i g h  t empera tu res  a t  depth  i n  rocks  of s u f f i c i e n t  p e r m e a b i l i t y  t o  be of 
i n t e r e s t .  

The d e e p e s t  wells i n  West V i r g i n i a  have g rad ien t s '  between 16.4 and 
20"C/kilometer (0.9 and l . l " F / l O O  f e e t ) .  I f  a mean ambient s u r f a c e  temper- 
a t u r e  of 1 0 ° C  (50°F) i s  assumed, t empera tu res  of 100°C w i l l  be reached a t  
abou t  5.0 k i l o m e t e r s  (212°F a t  16,200 f e e t ) .  The major c o n s t r a i n t  on de- 
velopment of geothermal r e s o u r c e s  appea r s  t o  be t h e  c o s t  of d r i l l i n g  and 
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6 

produc t ion  from such depths.  I f  f l u i d s  from e x i s t i n g  o i l  and gas  w e l l s  
could  be used ,  d r i l l i n g  c o s t s  would be reduced; however, pumping c o s t s  
would be q u i t e  h igh  and probably make such f l u i d s  uneconomic. 

I f  o v e r p r e s s u r e s  were p r e s e n t  i n  t h e  deep r e s e r v o i r s ,  pumping c o s t s  could 
be reduced o r  p o s s i b l y  e l imina ted .  Overpressures  have r e c e n t l y  been d i s -  
covered a t  s e v e r a l  l o c a t i o n s  i n  West V i r g i n i a  i n  t h e  process  of d r i l l i n g  
f o r  o i l  and gas ,  bu t  l i t t l e  i s  p r e s e n t l y  known about t h e  e x t e n t  of such 
p r e s s u r e s .  
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FIGURE 2: DIAGRAMS SHOWING TWO POSSIBLE METHODS OF THRUST 
INDUCED FOLD1 N G .  a. SUBSURFACE THICKEN ING OCCURS 
AS A RESULT OF REPETITION CAUSED BY SEVERAL THRUSTS 
b.  FOLDING OCCURS WHERE A SINGLE THRUST MOVES. 
UPWARD THROUGH SECTION TO ANOTHER LEVEL. 
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ERA PERIOD - 
Cenozoic I 

Mesozoic Triassic 

TABLE 1 

GENERALIZED STRATIGRAPHIC COLUMN OF WEST VIRGINIA 

GROUP 

Paleozoic Permian Dunkard Group 

- 
Pennsylvanian: Monongahela Group 

01 a 
2 Conemaugh Group 

.a, Allegheny Fm. 
r: 
- 

FORMATION 

Y - . Pottsville Group Kanawha Fm. 
k 
aJ 

I4 New River Fm. 

Pocohontas Fm. 

50 
u 

0 

k 
Mississippian& Mauch Chunk Group 

I* 
3 

5 Greenbrier Group 
c 

u - 
-4 
u 

- 
k 
aJ 

I4 - Pocono Group 8 
Maccrady Fm. 

DESCRIPTION 

Alluvial deposits of sand, gravel, and clay 

Nonmarine, igneous bodies, diabase dikes 

Sandstone, siltstone, red shales, coal seams, 
nonmarine fossils 

Extensive deposits of Pittsburgh coal 

Red beds, coal seams 

Some sandstone, coal seams 

Sandstone, siltstone, shale, coal, conglomer- 
atic with a few limestone layers 

Same 

Same 

Nonmarine, shale and sandstone, red beds 
near top 

Mostly limestone, layers of dark calcareous 
shale with sandy zones; some parts of the 
limestone are oBlitic: cherty layers near 
the base 

Red shale and mudstone, partly calcareous 

Nonmarine sandstone, siltstone, shale and sandy 
shale, coal seams, thin limestone layers, fos- 
sil i ferous 



Table  1 cont inued  

GENERALIZED STRATIGRAPHIC COLUMN OF WEST V I R G I N I A  

ERA PERIOD 

Paleozoic  Devonian 

- 

Si . lur ian  

GROUP FORMATION DESCRIPTION 

Hampshire Fm. Nonmarine, r ed  and green s h a l e s ,  sands tones  

Grey s h a l e  wi th  s i l t s t o n e  l a y e r s ,  sandstone - . Chemung G r .  

k 
ar 
c4 a 
3 

u 

and some conglomerate 

B r a l l i e r  Fm. Ol ive  grey  t o  dark s h a l e  wi th  s i l t s t o n e  and 
sandstone lenses 

- Harrel l  Sha le  Black s h a l e ,  ca l ca reous  zone nea r  base  

: Mahantango Fm. Dark grey  s h a l e ,  sandstone l e n s e s  

Marcellus Fm. Black f issi le s h a l e  ' 

a; Tioga Ben ton i t e  "Brown break ,"  a l t e r e d  ash  
pl a 

Orondaga Limestone Argi l laceous  and c h e r t y  l imes tone ,  h igh  
x colloidal s i l i ca  c o n t e n t  ( w e s t )  

H u n t e r v i l l e  Cher t  Highly s i l i c i f i e d  b lack  s h a l e ,  b r e c c i a t e d ,  
re-cemented wi th  amorphous s i l i c a  (SE) 

Needmore Shale  Very dark s h a l e  (NE) - 
Ll 
a, Oriskany Sandstone Clean, porous,  b l a n k e t  sandstone 
50 
d Helderberg u Limestone, some sandstone and s h a l e  u n i t s ,  

l o c a l l y  c h e r t y  

- Tonoloway Fm. Thinly laminated,  in te rbedded ,  a r g i l l a c e o u s  
l imestone and ca l ca reous  s h a l e  

k 
Q, 

Dl 
3 

W i l l s  Creek Fm. Shale  wi th  sands tone  i n t e r b e d s ;  carbonates  
predominate t o  SW and con ta in  sandy zones 

2 Will iamsport  Fm. Sandstone, shal low marine 



Table 1 cont inued 

GENERALIZED STRATIGRAPHIC COLUMN O F  WEST ‘---”----- 

ERA PERIOD GROUP FORMATION 

Paleozoic  S i l u r i a n  7 McKenzie Fm. 

- 

a; Rochester  s h a l e  
rl a a 
-4 
? Keefer Sandstone . ‘  
: Rose H i l l  Fm. 

Y - 
Tuscarora Sand- 

3 0 s tone  
4 

. Juniata Fm. 
Y - 

V 1 lib1 N .LA 

DESCRIPTION 

Dark ca lcareous  sha,es and t h i n  bel 
fo s s i l i f e rous  l imes tones  

led 

Dark grey  s h a l e ,  con ta ins  s e v e r a l  t h i n  
l imestone beds 

Sandstone ( s h e e t )  

Sha le  wi th  t h i n  sandstone l a y e r s ,  h igh  
i n  i r o n  oxide  

Clean  wh i t e  sandstone,  r e s i s t a n t  

Nonmarine, red-brown sandstone wi th  some 
s h a l e ,  noncalcareous 

&I 

&Oswego Fm. 
a 
3 

Grey t o  grey-brown, n o n f o s s i l i f e r o u s  
a r k o s i c  sands tone  

: Reedsv i l l e  Shale  
Y - Trenton . Martinsburg Fm. 

Black River 

- St. Paul  
e -  

Ordovician & 2 Beekmantown 8 3  
Cambrian . - 

: Nealmont Limestone Dark grey  l imestone wi th  dark grey  s h a l e  
l e n s e s ,  d e p o s i t s  of b e n t o n i t e  a, 

rl a a 
4 5: Limestone; some dolomite and c h e r t  

Limestone and some dolomite  and c h e r t  
u 

0 D o l o m i t e  w i th  some l imestone 
k 
a, 

P 
Conococheaque Fm. Limestone and dolomite wi th  s o m e  sandstone 

and s h a l e  l a y e r s  



Table 1 continued 

GENERALIZED STRATIGRAPHIC COLUMN OF WEST V I R G I N I A  

ERA PERIOD : GROUP FORMATION DESCRIPTION 

Paleozoic  Cambrian 

- 
x k 

& Copper Ridge Same as above, b u t  sandstone g e t s  more 
Dolomite (west)  coarse  t o  the  west 

Y 

3 
u 

Mostly l imestone with a purp le  s h a l e  
near  i t s  base 

Green s h a l e  with s t r e a k s  of impure sandstone;  
dolomite i s  a l s o  p re sen t  

- 
Q Elbrook Fm.  
r: .d 

Y - . Waynesboro Fm. 

Tomstown Dol. Dolomite; upper po r t ion  i s  very pure 

Chi 1 howee : Antietam Fm. Quartz sandstone 

Anti  Cambrian ’ Harpers Fm. Metamorphosed sandy s h a l e  has formed p h y l l i t e  
s 0 
4 

o r  micaceous s c h i s t  with s e r i c i t i c  sandstone 
s t r e a k s  

: Weaverton- Arkosic,  coarse  gra ined  sandstone;  some s h a l e  
: Loudon F m .  and fragments of ep ido te  a r e  p re sen t  

: Catoc t in  Fm. Basa l t  a l t e r e d  t o  greenstone and s c h i s t  
Y 

(conta ins  c h l o r i t e  and ep ido te )  

C r y s t a l l i n e  rocks S c h i s t ,  q u a r t z i t e ,  s l a t e  and gne i s s  

Precambrian 

(From Cardwell ,  1975) 



TABLE 2 

HEAT FLOW MEASUREMENTS AND LOCATIONS 
FOR DISTRICT OF COLUMBIA, PENNSYLVANIA, VIRGINIA,  AND WEST VIRGINIA 

H e a t  Flow Locat ion 
L a t i t u d e  Longitude (HFU 1 (F ig .  4 )  

39OOO 77OOO' 1.12 
D i s t r i c t  of C o l u m b i a  

Pennsylvania 
40°06 ' 77O11' 

40'22 75O50' 

40'34 I 75O12 I 

40°59 80°08 I 

41'12 78O39' 

41°52 78OOO 

41'56' 77O51' 

V i r g i n i a  

West V i r g i n i a  

36O49 ' 81'06 

36'52 77'54 ' 
37'20' 82'00 ' 
36'49'45" 77'19 I 15" 

37'45 56" 78O05 37" 

39O17 80'46 

39O18 80°14 

39O25 I 80'05 I 

39O40 I 79O59 ' 

SOURCES: Sass and others (1976) ;  C o s t a i n  and others (1978) .  

0.57 

0.70 

0.89 

1.20 

1 . 3 1  

1.31 

1 .47  

1 .03  

1.40 

1.70 

1.24 

0.97 

1.22 4 

1.26 3 

1.20 2 

1 . 1 2  1 
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TABLE 3 

GEOTHERMAL GRADIENTS FOR SELECTED WELLS I N  WEST V I R G I N I A  

TEMP ("C) TEMP ( O F )  DEPTH(M) DEPTH (FT) GRADIENT('C/h) GRADIENT('F/lOO FT) NO.* COUNTY WELL NO. - -  DATE - 
9-11-64 

6- 13-76 

9-11-75 

11- 24-68 

12- 29-7 5 

6- 11-74 

10' 22-.75 

8-5-63 

5 - i e - i a  

4-22-62 

7-6-66 

9-23-66 

9-2-69 

9-9-65(. 

1-27-68 

1-20-76 

3-10-64 

8-27-65 

7-30-70 

5-27i70 

P 
\D 

1 

2 

3 

4 

5 

6 

7 

ai 
9 

1 0  

11 

1 2  

13'  

14'  

15 

16 

1 7  

18 

1 9  

20 

10-13-62 2 1  

10-15-73 22 

6-3-74 23 

*See F ig .  4. 

Barbour .173 

Boone 1059 

Bzaxton 1126 

C a b e l l  532 

Calhoun 2548 

Calhoun 2503 

C lay  1110 

Doddridge 1019 

Doddridge 1807 

F a y e t t e  123' 

Garrett 

G i l m e r  7-F 

G i l m e r  2020 

G r a n t  2 

G r e e n b r i a r  18 

G r e e n b r i a r  22  

Hampsire 1 2  

Hardy 

H a r r i s o n  10-F 

J a c k s o n  1203 

. ,  
Kanawha 1911  

Lewis 1937 

L i n c o l n  1469 

Popperf  i e l d  # l o ,  647 

A.C. Can te rbury  #12191 

H.L. Pe r ry  # 1  

Denver-Brannon #12104 

Garne r  Lee e t  a1 # 1  

James Reed #20 ,315 

Downs #A-207 

M t .  W i l l i a m s  #12117 

F a u l k e  Estate #1 

Turney 112 

W.H. F r o s t  #746 

E l i z a b e t h  L e e  # 1  

Greenland  Lodge #1 

Myr t l e  Haynes # lo ,  960 

West Vaco 11200-59-T 

Duckworth # 1  

O r r  e t  a1  #9321 

D.C. Hael 1945  

Addre B. Thomas e t  a1 
#1-795 

Bedford  Land Co.  #7  

Wm. J. ROSS 11682 

Doug McCormick 

44 

49 

72 

4 8  

50  

74 

26 

30 

41  

25 

50 

25 

39 

87  

72 

94 

82  

60 

27 

48 

26 

42 

123  

112  

1 2 0  

162  

118 

122 

165  

79 

'86 

105  

77 

137  

77 

103  

189 

1 6 1  

202 

180 

140 

81 

118 

70 

108 

253 

1401  

1354 

2065 

1430 

1798 

3338 

608 

648 

1608 

1189 

2202 

650 

1171  

3961 

2664 

3084 

4267 

2286 

807 

1682 

921 

1453 

5824 

4 ,596  

4 ,443  

6 ,774  

4 ,693  

5 ,900  

10 ,950  

1 ,996  

2 ,125  

5 ,274  

3 , 900 

7 ,225  

2.134 

3 ,842  

12 ,994  

8 , 7 4 1  

10 ,118  

1 3  , 999 

7 ,499  

2 ,649  

5 , 5 1 7  

3,002 

4 ,766  

1 9  , 106  

25.5 

29.1 

32 .8  

27.3 

21 .8  

20.0 

27.3 

30.9 

18 .2  

12 .7  

21.8 

23.7 

25.5 

20.0 

23.7 

27.3 

16 .4  

21 .8  

21 .8  

21.8 

16.4 

21.8 

20.0 

1 . 4  

1 . 6  

1.8 

1 . 5  

1 . 2  

1.1 

1 . 5  

1 .7  

1 . 0  

0 . 7  

1 . 2  

1 . 3  

1 .4  

1.1 

1 . 3  

1 . 5  

0.9 

1 . 2  

1 . 2  

1 . 2  

0 . 9  

1 .2  

1.1 



Table 3 continued 

GEOTHERMAL GRADIENTS FOR SELECTED WELLS IN WEST VIRGINIA 

NO .* COUNTY WELL NO. TEMP(OC) TEMP(OF) DEPTH(M) DEPTH(FT) - DATE - GRADIENT ('C/km) GRADIENT(°F/lOOf t) 

7-7-77 

10- 21- 77 

24 

25 

Marion 321 

McDowell 730 

Barth #A-1 

Pocohontas LD Corp 
12405 

Pocohontas LD Corp 
#11611 

Mineral Tract #lo 

Merc #1 

L.W. McMillian 111731 

M. Miller 12478 

Giles C #1 

Giles R #1 

J.R. Wetsell A #1 

W. Sarah Hart 1111730 

Greer Steel Co. 111,646 

58 

36 

137 

96 

2360 

1267 

7,744 

4.158 

20.0 

20.0 

1.1 

1.1 

10-5-73 26 Mercer 23 42 108 1412 4,633 23.7 1.3 

2-8-73 

4-17-78 

12-11-75 

3-20-78 

12-5-66 

10-25-66 

11-12-67 

10-19-70 

8-22-73 

27 

28 

29 

30 

31 

32 

33 

34 

35 

Mingo 805 

Monongalia 

Monongalia 347 

Monongalia 367 

Monongalia 302 

Monongalia 301 

Monongalia 308 

Monongalia 364 

Monongalia 332 

126 

63 

.7 2 

70 

67 

72 

71 

68 

09 

258 

145 

162 

158 

152 

161 

159 

154 

192 

5954 

2287 

2493 

2383 

2482 

2438 

2590 

2454 

3226 

19,534 

7,502 

8,179 

7,819 

8,143 

7,998 

8,497 

8,056 

11,567 

20.0 

23.7 

25.5 

25.5 

23.7 

25.5 

23.7 

23.7 

21.8 

27.3 

27.3 

16.4 

18.2 

27.3 

1.1 

1.3 

1.4 

1.4 

1.3 

1.4 

1.3 

1.3 

1.2 

1.5 

1.5 

0.9 

1.0 

1.5 

h, 
0 

11-27-77 36 Monongalia 323 

12-8-71 37 Nicholas 293 

4-6-64 38 Pendleton 6 

8-14-63 39 Pocohontas 21 

7-20-76 40 Randolph 103 

O'Hare B #I. 10.963 

R.A. Summers #l 

Sponangle #1 T8800 

USA Tract 357 #l 

W. Va. Med Security 
Prison Farm #10,228 

E. Hutton #A-600 

Richard K. Barlett 

W.W. Nestor 11196 

M. Geo. #12274 

#11 , 822 

79 

76 

78 

78 

119 

175 

168 

172 

172 

246 

2543 

2326 

3961 

3605 

3999 

8,344 

7,632 

12,996 

11,826 

13,121 

7-20-76 41 Randolph 178 

9-9-74 42 Taylor 104 
79 

41 

174 

105 

2415 

1393 
\ 

7,922 

4,571 

29.1 

21.8 

1.6 

1.2 

1.4 

1.3 

76 

46 

169 

114 

2651 

1517 

8,696 

4,976 

25.5 

23.7 

4-24-70 43 Tucker 36 

4-21-77 44 Tyler 401 

*See Fig. 4. 



T a b l e  3 c o n t i n u e d  

GEOTHERMAL GRADIENTS FOR SELECTED WELLS IN WEST VIRGINIA 

N 
P 

NO! COUNTY - DATE - 

6311-73 45 Upshur 1491 

8-6-75 46 Wayne 1572 

2-14-76 47 Wetzel 604 

6-1-73 48 W i r t  628 

10-31-76 49 Wood 755 

3-10-70 50 Wyoming 688 

L.E. Bond 111,657 61 142 2195 7,203 23.7 

J a y  P. Smith 11 77 170 4016 13 ,176  16 .4  

M i l l e  Wetzel Lds. 36 96 975 3,199 25.5 

P.L. Depue e t  a1 11 29 8 4  670 2,198 29.1 

M r g  Warner Corp. 14 49 1 2 1  1797 5 ,895  .21.8 

L o w  Creek C o l l i e r y  53 1 2 8  2032 6,668 21.8 

1 . 3  

0.9 

1 . 4  

1 . 6  

1 . 2  

1 . 2  

*See Fig. 4. 



NAME 

TABLE 4 

WARM SPRINGS OF WEST V I R G I N I A  

ASSOCIATED 
LOCATION FLOW, gpm ROCKS TEMPERATURE 

Berke ley  S p r i n g s  Berke ley  S p r i n g s ,  1000-1230 Oriskany 73.5'F 
W. V a .  Sands t o n e  

Sevan Pond S p r i n g  5 miles east  of 100 Ordovic ian  72'F 
Mar t insbury ,  W. V a .  s t r a t a  

Near mouth of 2 miles s o u t h  of 7700 Devonian 71'F 
Thorn Creek F r a n k l i n ,  W. V a  . st rata  

Minnehaha S p r i n g  Camp Minnehaha, ' 550-660 Marcellus 72'F 
4 miles s o u t h e a s t  Sha le  
of Huntersville, 
W. Va.  

Old Sweet S p r i n g s  Sweet S p r i n g s ,  l a r g e  S t o n e s  R ive r  73'F 
W. Va.  L i m e s  t o n e  

Upstream from 7 miles s o u t h e a s t  66 Ordovician 72'F 
Erwin  Run S p r i n g  of Gap Mills, W. Va.  s trata 

(From Waring, 1965)  

22 



TABLE 5 

ESTIMATED RESERVOIR TEMPERATURES 

R e s e r v o i r  t e m p e r a t u r e s  a r e  c a l c u l a t e d  u s i n g  t h e  s i l i c a  ( S i 0 2 1  geothermometer 
of F o u r n i e r  and Rowe (1966) and t h e  Na-K-Ca geothermometer of F o u r n i e r  and 
T r u e s d e l l  (1973) .  Analyses  a r e  in p a r t s  p e r  m i l l i o n .  

T SUPSACE S i 0 2  PPM 
SPRING NAME TEMPERATURE ppm S i 0 2  Na K C a  Na-K-Ca 

Berke ley  (1) 23 O C  1 2  53OC 5.4 1.5 49 166OC 

Berke ley  ( 2 )  

Minnehaha ( 1) 

Minnehaha ( 2 )  

22 O C  9.5 46OC 4 . 1  1.0 45 156OC 

22 O C  10 47OC 5.6 3.5 40 27 O C  

2 0  O C  8.4 42OC 2.2  0.8 39 166°C 

--- 298 --- Old Sweet (1) 2 2  O C  18 65 OC 36 

--- 605 --- Shannondale  Blue (1) 18 O C  36 9 o o c  16 

(1) A n a l y s i s  from P r i c e  and o t h e r s  (1936) 
( 2 )  A n a l y s i s  from Hobba and o t h e r s  (1976) 

2 3  * U S  GOVERNMENT PRINTING OFFICE 1980-610-25812186 


	List of Plates Figures and Tables
	Foreword
	Abstract
	Geology of West Virginia
	Geothermal Resources
	HeatFlow
	Warmsprings
	Geothermal Potential
	Warm Springs Areas
	Appalachian Basin

	References Cited
	Geologic Map of West Virginia
	Physiographic Divisions of West Virginia
	Thrust Induced Folding
	Basement
	Heat Flow Holes in West Virginia
	West Virginia
	Virginia and West Virginia
	West Virginia
	Warm Springs of West Virginia
	Estirnated Reservoir Temperatures

	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









