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PREFACE 

By l e tte r  da ted June 20, 1978, the N a t ional Pe tro l e um Counc i l , 
an i nd u s t ry ad vi sory c ommi t tee to the Secre t a ry o f  Ene rgy , wa s 
req ue s ted to prepare an analy s i s  of po te n t i a l  n a t u r a l  g a s  recov e ry 
from Devon i a n  S h al e , coal se ams , ge opre s s ured b r i ne s , and t igh t gas 
reservo i rs . In reque s t i ng the s t udy , the S e c re tary s tated tha t :  

. • .  Your analy s i s  shou l d  a s s e s s  t h e  resource base a n d  the 
s ta t e-o f- th e-art of recove ry te chnology . Add i t ion a l ly , 
your appr a i s a l  shou l d  i n c l ud e  the ou tl ook fo r cos t and 
recove ry of unconve n t ional gas and s h o ul d  cons i d e r  how 
gove r nme n t  po l i cy can improve the ou tl ook . ( Se e  Appe n
d ix A for c ompl e te t e x t  of the Secre ta ry 's l e t te r  a nd a 
f ur ther d e sc r ipt ion of the Nat ional Pe trol e um Cou nc i l . )  

To a id i t  i n  re spond i ng to th i s  reque s t , t he Na t i on a l  Pe tro l e um 
Counc i l  e s tabl i shed a Commi t tee on Unconve n t io n a l  Ga s S ource s unde r 
the cha i rma n s h i p  of John F .  Bookou t ,  P r e s i d e n t  and Ch i e f  E x e c u t ive 
Of f i cer , Shel l O i l  Compa ny . R.  Dob i e  Lang e nk amp , Dep u ty As s i s tan t 
Se cre tary fo r Re sou r ce Deve l opme nt & Opera t ions , Re source Appl i c a
t i ons , U . S .  Depar tme n t  o f  Ene rgy , s e rved a s  Gove r nmen t  Cocha i rma n 
of the Commi ttee . A Coord i n a t i ng Subcommi ttee and fou r t a sk 
group s , by sourc e ,  were fo rmed to as s i s t  the Commi t tee . The Gee
pre s s ured Br i n e s  Task Group wa s ch a i red by Thoma s W .  Stoy , J r . , 
Un ion O i l  Company o f  Cal i forn i a , and cocha i red by Don C .  Ward o f  
t h e  Depa r tme n t  of E n e rgy . ( Ros ters of t h e  s t ud y  g roups respo n s i b l e  
for th i s  volume are i nc l ud ed i n  Append i x  B . ) 

The Nat ional Pe tro l e um Counc i l ' s  report on Unconven t io n a l  Gas 
Source s i s  be i ng i s s ued i n  f ive vol ume s : 

• Vo lume I E x e c u t ive Summary 

• Vo l ume I I  Coal Seams 

• Vo lume I I I  - Devon i a n  Shale 

• Vo l ume IV Geopr e s s ured Br i n e s  

• Vo lume v T ig h t  Gas Re servo irs . 

Th e Coal  S e ams , Devon i an S h a l e , and Ge opr e s s ured Br i n e s  vol ume s are 
be i ng i s s ued in J une 1980 with the E x e c u t ive S umma ry a nd T ight Gas 
Re se rvo i rs volume s b e i ng i s s ue d  in  l a te 1980. 

For e a ch sour ce , reserve ad d i t ions and prod u c i ng rate s are cal
c ul a ted a t  f ive gas pr i ce s , three rate s o f  re t ur n , and a t  l e a s t  two 
l eve l s  of technology . Cons t a n t  January l ,  1979, d ol l a rs we re used 
in  a l l  a n a lyse s .  The report pre sents e s t ima tes  o f  what c o u l d  h a p
pen under certa i n  tech n i ca l  and economi c  c i r cu ms ta n c e s  and i s  not 
intended to repre s e n t  a fore c a s t  of what w i l l  o c c u r . 
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BACKGROUND AN D CONC L US I ONS 

BACKGROUND 

The phr ase " g e opre s s ured r e servo i r "  mea n s  tha t the pr e s s ur e  o f  
fl u id i n  pore s  i n  t h e  re servo ir i s  g r e a te r  t h a n  the hydros ta t i c  
pre s s ure o f  a col umn o f  br i ne from the s ur face t o  the r e servo i r  
dep th ( 0 . 4 6 5  pounds per square i nch [ p s i ]  per foot o f  d ep th ) .  The 
fl u id i n  the pore s  can be o il , g a s , br i ne , or a c omb i n a t ion o f  
them . I f  t h e  mob i l e  fl u i d  is  o il o r  g a s ,  the r e servo ir i s  c l a s s i 
f i ed as  a geopre s s ured o il o r  gas  r e servoir . I f  no free g a s  or o il 
i s  pr e se n t  i n  the por e s , the re servoir i s  c l a s s i f i e d  a s  a g e opres
s ured br i ne r e s e r vo ir . 

Th i s  s t udy addre s s e s  only g e opr e s s ur e d  br i ne r e ser vo ir s .  By 
d e f i n i t i on ,  s uch re servo ir s con t a i n  no free o il or n a t ur al g a s .  
However , the br i ne i s  a s s umed to be a t  s a t ur a t ion w i th n a t ur al g a s  
i n  sol u t ion . 

Th i s  s t ud y  al s o  addre s s e s  onl y  sands tone r e servo i r s  o f  Ter t i ary 
age in the Tex as and Lou i s i ana G ul f Coa s t  o n s hore area . Th i s  add i 
t ional con s tr a i n t  has b e e n  ad op ted by v i r t ual l y  a l l s t ud ie s  o f  po 
ten t i al e nergy pr od uc t ion fr om g e opr e s s ur e d  br i ne r e se r vo ir s  be 
ca use the amo un t  of ex i s t i ng d a ta from t h i s  ar e a  i s  much g re a ter 
than for o ther ide n t i f ied g e opr e s s ur ed r e s e r vo ir areas . 

The l arge ex i s t i ng d a ta base for Ter t i ary s a n d s tone r e servo irs  
i n  the  Gul f Coa s t  are a  r e s ul t s fr om mor e  than 1 0 , 0 0 0  pe n e tr a t ion s 
to expl or e  for a nd deve l op prol i f i c g eopr e s s ur ed o il a nd g a s  r e se r 
vo ir s . Th is data base h a s  prov i d e d  knowl edge of : 

• Tempera t ur e  as a f un c t ion of depth and l oc a t ion 

• Re servo ir pre s s ur e  as a f un c t ion o f  depth a nd l o c a t ion 

• Sands tone t h i ckne s s  and por os i ty a s  a f un c t ion of d epth and 
l ocat ion 

• The r a ng e  of pe rme ab i l i ty a s  a f un c t ion of g e ogr aphy , 
forma t ion ag e ,  a nd depth of bur i al 

• Dr i l l i ng , s ur fa ce f a c i l i ty ,  and oper a t i ng cos t s  for both 
pro d uc t ion wel l s  a nd br i ne d i s po s a l  wel l s . 

The ex is t i ng d a ta are c omprehe n s ive i n  r e l a t i on to e x pl or i ng 
for and prod uc i ng g e opr e s s ur ed o il a nd g a s  r e servo ir s . However , 
s ever al factor s wh ich are cr i t ical ly impor tant  to the pro d uct ion of 
geopr e s s ur ed br ine r e servo ir s to r e c ove r me thane f r om sol u t ion have 
mi n imal s ig n i f i cance to the sear c h  for o il and g a s . The se fac tor s 
or areas of uncer ta i n ty tha t m u s t  be r e sol ve d  by f ut ur e  wor k  are : 

• The th ickne s s  and areal ex te n t  o f  con t i nuo u s , h ig h  
pe rme a b i l i ty sands tone r e servo i r s  
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• Th e amoun t o f  natural g as and m i n e ra l s  i n  so l u t i on i n  the 
b r i ne 

• The s y s t em compre s s i b i l i ty that contro l s the prod uc i b l e  
frac t ion o f  t h e  br ine i n  pl ace . 

Th e Na t ional Pe trol e um Co unc i l  s t ud y  i s  an e ng inee r i ng ap
pra i sa l  o f  1 1  geopre s s ured b r i ne pro s pe c t s  in the G u l f Coa s t . 
Th e appr a i s a l  i s  based upon the known d at a  and wha t  the N PC s tudy 
par t i c ipant s  be l i eve to be re a sonab l e  e s t ima t e s  for the v a l ue o f  
the unknown d at a . 

C ONCLUS I ON S  

I t  i s  pos s i b l e  to d evelop commerc i a l  prod u c t ion o f  g a s  f rom 
g eopre s s ured b r i n e s  at g a s  pr ices  rang i ng f rom $ 4 . 0 0 to $ 9 . 0 0  per 
thousand c ub ic fee t ( MC F )  w i th a 1 0  perce n t  rate  o f  r e t urn ( ROR ) 
f rom s e l e c ted areas o f  the Gu l f  Coas t .  Fo r a max imum g as pr i c e  o f  
$ 9 . 0 0  p e r  M C F  and a 1 0  percent ROR , the pro j e c t ed g a s  prod u c t i o n  
wou l d  be 8 1  m i l l ion cub ic f e e t  pe r d ay ( MMC F/D ) by the year 2 0 0 0  
for the mos t  opt imi s t i c case . The u l t ima te g a s  recovery for t h i s  
case wo u l d  be 5 6 8 b il l ion c ub ic fe e t . 

Larg e- s c a l e  g a s  prod uc tion i s  h ig h l y  u n l ike l y  pr ior to the ye ar 
2 0 0 0 for the fol l ow i ng rea sons : 

• The e x tr eme ly h igh cap i t a l  i nve s tme n t  and ope ra t i ng e xpen s e  
per un i t  o f  g as prod u c t ion l eaves l i t t l e  marg i n  f o r  d ry 
ho l e s  or poor r e s e rvo i r  per formance . 

• The l ow sol ub i l i ty o f  g a s  i n  b r i n e  make s the v a l ue o f  e ach 
barre l o f  b r i ne very l ow ( 5 ¢ to 4 5 ¢ per b a r r e l ) .  Th i s  i n  
turn requ i re s  that e ach we l l  b e  capab l e  o f  prod uc ing a t  h ig h  
rates for many year s . 

• Th e l ow recovery e f f i c i ency o f  approx imate l y  3 p e r c e n t  o f  
t h e  g a s  i n  place and the h ighly f a u l ted nat ure o f  t h e  ge e
pre s s ured sands g re a t l y  l im i t  the s ize of the resource 
ava i l ab l e  for e xplo i ta t ion . 

• The e x i s tence o f  n ume rous e l emen t s  o f  mechan i c a l  and g e o l o g
i c a l  r i sk make s l arge- s ca l e  g as prod uc t ion u n l ike ly .  
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F I ND I NGS 

STUDY OBJECT IVES 

The ob j e c t i ve s  of the NPC Ge opre s s ur e d  Br ine s anal ys i s  wer e  as  
fol l ows : 

• To exam i ne the r eg i onal g e ol ogy and i d e n t i fy pr os pe c t s  for 
devel opme n t  in the Ter t iary tre nd of the Tex a s - Lo u i s i an a  
Gul f Coa s t  

• T o  s t udy the se pr ospe cts  i n  d e ta il  t o  e s t ima te the 
fol l ow i ng : 

Re servo ir per formance 

Dr ill i ng progr ams 

Pr od uc t i on and wa ter d i s posal me t ho d s  

Geothermal and hydra ul i c  energy po te n t i al 

Pr od uc i ng r a te s  and r e cover abl e r e se r ve s  

De ta i l e d  e s t imates  o f  cos ts and the e conomi c s  o f  f i e l d  
deve l opme n t  

• Based upon t h e  s t udy of these pr ospe c t s , to pr ed i c t  t h e  add i 
t ion o f  ul t imate recove ry and prod uc t ion r a te by ye ar t o  the 
year 2 0 0 0  as a f un c t ion of g a s  pr ice for a base case  d i s
coun ted cash fl ow r a te o f  r e t ur n  o f  1 0  per cent  and ex ampl e 
case s of 1 5  and 2 0  per cent  

• To repor t on  e nv ir onme n tal and  l eg al con s ider a t ions 

• To de termi ne the po ten t i al for tech n i cal impr oveme n t s  

• T o  comme n t  o n  cr i t i cal tech n i cal factor s , r i sk , a nd 
uncer ta i n ty . 

REG I ONAL GEOLOGY 

The ma j or po t e n t i al ar e a s  of intere s t  for g e o t hermal , g e opr e s 
s ure e nergy are l ocated al ong the nor thwe s tern r im o f  the G ul f o f  
Mex i co i n  so u thern Lou i s iana a nd Tex a s  ( s ee F ig ur e  C - 1  i n  Appe nd ix 
C ) . The souther n Lou i s i ana and Tex a s  g e opr e s s ur e d  tr e nd , in  wh i ch 
the po te n t i al are as occur , r a ng e s  i n  w i d t h  from 5 0  to 7 0  m il e s  
nor thward fr om the coa s t .  The pr ospe c t s  are all  Ter t iary i n  ag e and 
are par t o f  a fl uv i al de l t a i c and mar ine depos i t i onal s y s tem . Dur 
i ng e ar l y  Ter t i ary t ime ( Eocene and Ol ig ocene ) ,  the pr imary ar e a  of 
depos i t ion occurred al ong the Tex a s  coa s tal ar e a . Th i s  depo c e n ter 
s h i f ted i n to Lou i s iana d ur i ng the l a ter Ter t i ary Miocene and 
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ever , the a c t ual s a nd thickne s s  tha t co ul d  be cons idered pro spe c tive 
i s  in the or der of 5 0 0  to 1 , 0 0 0  fee t .  

The Tex as Ol ig ocene Fr io pr ospe c t s  we re d e l i ne a te d  i n  a r eg ional 
a s s e s sme n t  r e por ted by the B ur e a u  of Economic Geol og y . l O f  the 
s ix be s t  Fr io pr ospe c t s  ident i f ied i n  the s t ud y , the s t ud y  par t i c i 
pants  e l imina ted fo ur on the ba s i s tha t re servo ir cond i t ions woul d 
pre cl ude devel op i ng comme r c i al g a s  pr od uc t ion w i th i n the $ 9 . 0 0 per 
MCF pr ice l imi tat i on . The two r ema i n i ng be s t  Fr i o  pr ospe c t s  wer e  
i ncl uded i n  t h i s  s t ud y . 

I t  shoul d be po i n ted ou t ,  howe ve r , tha t t h i s  Fr i o  s t udy wa s l im
i ted to depths tha t wo ul d have re servo ir t emper a t ur e s  g r e a te r  tha n 
3 0 0 ° F , a nd tha t s t ud i e s  i n  pr og r e s s  of are a s  wi th l e s ser temper a 
t ur e s  w i l l n o  d o ub t  ide n t i fy add i t ional pr ospe c t s . 

Other Texa s  pr ospe c ts i n  the Ol igocene Vi ck s b urg and Eocene 
Wil cox h ave al so been eval ua ted . 2 Two of the W i l cox pr o s pe c t s  
wh ich the s t udy par t i c i pa nt s  bel i eved t o  be t h e  mo s t  pr omi s i ng o f  
th i s  Vi cksburg -Wi l cox s t udy we r e  eval uated i n  th i s  repor t .  

The i nve s t ig a t ion o f  the g e o thermal , g e opr e s s ur e  r e s our ce o f  
southern Lo u i s iana sands was i n i t i a ted i n  1 9 7 5  a s  a r e s ul t  o f  a n  
Energ y Re se arch and Deve l opQe n t  Admi n i s tr a t ion ( ERDA ) contr a c t  wi th 
the Pe trol e um E ng i neer i ng Depar tme n t  at Lou i s i a n a  S t a te Un i ver s i ty 
( LSU ) , Ba to n  Roug e . 3 As a r e s ul t  of tha t  work , 6 3  pr ospe c t ive 
ar e a s  wer e  fo und , and a f ter pr e l iminary r a n k i ng , the f ive mos t  prom
i s i ng pr os pe c t s  wer e  mapped and s t ud i e d  in de ta i l . The s t ud y  i nd i 
ca ted tha t the be t ter pr ospe c t s  wer e  g e ner al l y  l oc a te d  i n  the we s t
ern hal f o f  souther n Lo u i s i ana . 4 Poorer s and devel opme n t  i n  the 
e a s tern hal f was the r e a son LSU d owng r ad e d  the pr o s pe c ts i n  that 
are a .  

Da ta on the s e  pr ospe c t s  i n  Tex a s  and Lou i s i an a  ar e l i s ted i n  
Tabl e D-1 i n  Appe nd ix D .  The se 1 1  pr ospe c ts h ave e s t ima ted total 
gas i n  pl a ce o f  6 .7 tr i l l i on cub i c  fee t .  

Al thoug h  th e s e  pr ospe c t s  repr e se n t  only a fr a c t ion of the total 
r e sour c e , the s t udy par t i c ipants sel e cted them for analys i s  beca us e  
they repr e s e n t  the l arge s t  and mo s t  pr omi s i ng r e servo i r s  i d e n t i f ie d  
b y  Depar tme n t  o f  Energy ( DO E ) -sponsored s t ud ie s .  I f  d e vel opmen t  o f  
t he geopr e s s ured br ine r e sourc e i s  to occur , i t  wi l l  probably b e  
s tarted i n  the s e  area s . 

l Be bout � Dor fma n , a nd Agag u ,  1 9 7 5 ;  Bebo u t � Lo uck s , Bo s c h , and 
Dor fman , l 9 t 6 ;  B e bo u t , Lo ucks , and Gr egory , 1�7 8 . 

2unp ub l i shed r e por t by Be bo u t , Gr eg ory , Loucks , a nd We i s e . 

3 Hawk i n s , 1 9 7 5 ; Ba s s ioun i and Bernard , 1 9 7 8 . 

4These are i d e n t i f ied i n  the Sep tember 1 9 7 9  DOE p ubl i ca t ion 
en t i tl ed " Ge opr e s s ur e d  Geothermal Re servo ir s . "  
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Th ere are , o f  course , g eopre ss ured forma t i on s  i n  other par t s  o f  
the Un i ted States i n  add i t ion to the s e  Tert i ary a g e  d e pos i t s  a l on g  
t h e  Gu l f  Coas t . In the deep M i s s i s s i pp i  Sa l t  b a s i n  ( o f M i s s i s s ipp i 
and Alabama ) ,  the Smackover and ad j acent  forma t ions are g e op re s
s ured . These are h ighly f a u l ted; o ne we l l  c o u l d  d ra i n  only a l im
i ted vol ume . Deep forma t ions i n  the San Joaq u i n  b a s i n  i n  C a l i forn i a  
and the Arkoma bas i n  o f  Arkansas and Ok l ahoma are some t imes g eopres
s ured . However , the se forma t ions are gene r a l ly o f  l ow perme ab i l i ty .  
Th e Wi nd River , P i ceance , Green River , U i nt a , and B i g  Horn ba s i n s  o f  
Mon tana , Wyomi ng , Colorado , a n d  Utah con t a i n  geopre s s ur ed forma
t ions . Th e s e  are u s ua l ly o f  e x treme ly l ow permeab i l i t y . Th e maj or 
aqu i fe r  in th i s  area of the Un i ted States  i s  the M i s s i s s i pp i a n  ( Mi s
s ion Canyon ) forma t ion . Th i s  aqu i fer i s  no t g eopre s s ured . Th e 
Tu scaloos a-Woodb i ne format ion a long the Gul f  Coas t  i s  o f te n  g eopre s
s ur ed . I n some case s , t h i s  forma t i on i s  h ig h l y  pe rmeab l e . However , 
i t  i s  u s u a l ly h ighly f a u l ted . Thu s , i nd iv i d u a l  acc umu l a t ions o f  
b r i ne wo u l d  usua l ly b e  too sma l l  t o  b e  o f  i n t e re s t  for g eopre s s ured 
br i ne prod uc t io n . Other sma l l  geopre s s ured acc umul a t ion s are fo und 
in M i c h ig an and Ar i zo na . F i g ure 1 s hows the l o c a t ion o f  g eopres
s ured br i ne forma t ions i n  the Un i ted S t a te s . 

I t  i s  the op i n ion of the geolog i s t s  par t ic ipat i ng i n  th i s  s tudy 
that the g eopre s s ured format ions a long the Gu l f  Co a s t  form by f a r  
t h e  l arge s t  a n d  mos t  l i ke ly t o  b e  commerc i a l  t a rg e t  o f  a l l  the ge e
pre s sured forma t ions i n  the Un i ted S t ate s . 

Th i s  s tud y was a l so con f ined to onshore g eopre s s ured d epo s i t s . 
Al tho ugh the geopre s s ured re source i s  known to e x t e nd i n to the of f
s hore , d r i l l ing and ope r a t i ng costs are so much h ig he r  o f f shore than 
onshore that onshore d eve lopmen t  wo uld c e r ta i nly proce ed f i r s t . From 
the resul ts o f  th i s  s t ud y's e conom i c  analyse s ,  i t  appe a r s  d oub tful  
that  any o f f s hore d eve lopme nt of  g eopre s s ured b r ine re s e rvo i r s  co uld 
be carr ied out  for the $ 9 . 0 0 per MCF max imum pr i c e  e x am i ned i n  th i s  
report . ( Se e  Append i x  C for d e ta i l s  o n  r eg ion a l  g e o l ogy and pro s
pect eval u a t ion . ) 

RESERVO IR PERFORMANC E 

Un s t e ady- s tate r e s e rvo i r  mod e l s  were d eve loped for e a c h  prospe c t  
u s ing the g eo l og i c  a n d  r e s e rvo i r  d a t a  f rom Ta b l e  D-1 . Prod u c t ion/ 
pre s s ure performance for e ach prospe c t  was pred ic ted u s i ng the fo l 
l ow i ng cr i t e r i a : 

• Max imum br i ne prod uc t ion rates o f  3 0 , 0 0 0 , 5 0 , 0 0 0 ,  and 7 0 , 0 00 
barre l s  per d a y  ( B/D ) per wel l 

• Max imum we l l  l i fe o f  2 5  years 

• S i ngl e- and mul t i pl e-we l l  d eve lopme n t . 

( See Append i x  D for a complete d i sc u s s ion o f  r e s e rvo i r  e ng i ne e r ing . )  
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DRI LLING PROGRAMS 

Ind i v i d ual de ta il ed deve l opme nt we l l  pr og r ams and cos t e s t ima tes  
wer e  made for two pr ospe cts  i n  Loui s iana w i t h  d e p t h s  o f  1 3 , 5 0 0  and 
1 7 , 7 0 0  fee t ,  r e spe ct ivel y ,  and for two pr o s pe c t s  in  Tex a s  wi th 
depths of 1 3 , 5 0 0  and 1 6 , 5 0 0  fee t ,  r e s pe c t i ve l y .  The se cost  e s t i 
ma tes wer e  ex trapol a te d  t o  o ther pr ospe c t s . 

The dr il l i ng pr og r ams ar e q u i te s imi l ar to conve n t ional o i l  and 
gas dr il l i ng wi th the except ion tha t the g e opr e s s ur e d  br i ne progr ams 
req u ire l arger d iame ter ( 5  1/2- i nch ) t ub i ng i n  order to accommoda te 
the h ig h  vol ume wa ter pro d uc t ion con templ a ted . 

Dr il l i ng cos t s  va ry fr om $ 1 6 6  per foot for the s h al l ower wel l s  
( about 1 2 , 0 0 0  fee t ) to $ 2 7 2  per foot for the de eper wel l s  ( 1 7 , 0 0 0  
fee t ) .  The se cos t s , wh i ch are appr ox ima te l y  2 5  per ce n t  h ig her than 
conve n t ional dr i l l i ng cos ts , r e s ul t  from the l arger t ub i ng , c a s i ng , 
and rel a ted e q uipme n t  r eq u ir eme n t s . ( Se e  Appe nd ix E for d e ta i l s on 
dr i l l i ng and we l l  cos ts . ) 

PRODUCTION AND WATER D I SPOSAL FAC I L I T I E S  

Prod uc t ion fac i l i t i e s  wo ul d cons i s t  o f  l ar g e - c apac i t y  g a s/water 
separ a tor s , g a s  compr e s s ion fac il i t ie s ,  wa ter hol d i ng tank s  and 
trea t i ng fac il i t ie s ,  wa ter i n j e c t ion pump s , and m ul t i pl e , shal l ow ,  
h ig h -r a te wa ter d i spo s al we l l s . Fue l woul d be obta ined from n a t ur al 
gas  prod uc t ion . Ga s woul d be d e l i vered to the p ur ch a s e r  a t  the wel l 
s i te a t  8 0 0  po und s  per square i nch g a ug e  ( ps ig ) .  

Beca use of the d i s tance of 2 mil es or mor e  be twe e n  we l l s , e ach 
wel l woul d r eq u ir e  separ a te pr o d uct ion , wa ter d i s posal , and s al e s  
facil i t i e s . ( Se e  Appe nd ix F for d e ta il ed d e scr ipt ion s of prod uc 
t ion and wa ter d i s posal fac i l i t ie s . )  

WATER D I SPOSAL METHODS 

Three me thods for water d i spo s al wer e  i nve s t ig a te d : 

• D i spo s al into br ine aq u i fer s us i ng s hal l ow d i spos a l  wel l s  

• Pre s s ur e  ma i n tenance by d i spo s al o f  br i ne i n to the pr od uc i ng 
hor i zon 

• Transpor tat ion via p i pe l i ne and d i s po s al i n to the G ul f  of 
Mex i c o . 

D i sposal  i nto shal l ow br i ne aq u i fe r s  wa s s e l e c ted for the fol 
l owing r e a sons : 

• I t  i s  the conve n t ional me thod o f  d i s posal  used on the G ul f  
Coa s t . 

• I t  i s  e nv ironme n tal l y  acceptabl e .  
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• I t s f uel r eq u ireme n t s  are economi cal - - 2 c ub i c  f e e t  per 
barr e l  i n j e c ted . 

( Se e  Appe nd ix F for a d i s cus s ion and cos t s  o f  s ubs ur face water d i s
pos al . )  

Pre s s ur e  ma i n tenance or par t i al pr e s s ur e  ma i n te nance i nto the 
prod uc i ng r e servo i r s  is not fea s i bl e  for the fol l owi ng r e a sons : 

• I n j e c t i on pre s s ur e s  are h ig h . 

• F ue l  r e q u i r eme n ts cons ume a s ubs tan t i a l  par t o f  the 
r e cover abl e g a s  ( 5 0 per cent or mor e ) .  

• The cos t of i n j e c t ion we l l s  and h ig h -pr e s s ur e  i n j e c t ion 
pumps i ncr e a s e s  the i nve s tme n t  ope ra t i ng cos t s  a nd the r e 
q u ired g a s  pr i ce beyond the $ 9 . 0 0 per M C F  upper l im i t  for 
th i s  s t ud y . 

( Se e  Appe nd ix G for a d i s c u s s ion and c o s t s  o f  pre s s ur e  ma i n te nance . )  

D i s po s a l  of the wa ste wa te r i n to the Gul f  o f  Me x i c o  i s  no t a 
v i ab l e  a l terna t ive because o f  the e nv i ro nme n t a l l y  o bj ec t ionabl e , 
h ig h l y  d i s so lved sol id conte n t  o f  the produced b r i n e  and the h ig h  
c o s t  of p i pe l i n e s  a nd f ac i l i t ie s  for the w id e ly s paced b r ine wel l s . 
( Se e  Appe nd i x  F for fac i l i ty cos ts and Appe nd i x  I f o r  the ope r a t i ng 
expense of water d i s po s al i n to the Gul f o f  Mex ico . )  

ART I F I C IAL L I FT 

The use o f  ar t i f i c i al l i f t  for br i ne pro d uc t i on is not feas i bl e .  
The h ig h  f ue l  r eq u ireme n ts and p ump capa c i ty l im i ta t ion s  r e s ul t  i n  
marg inal e conom i c s  a t  b e s t ,  us i ng a g a s  pr ice o f  u p  to $ 9 . 0 0 pe r 
MCF . ( Se e  Appe nd i x  F for the cos ts of ar t i f i c i al l i f t . ) 

GEOTHE RMAL POTEN T I AL 

Oppor t un i ty for the conve r s i on o f  geothe rmal energy to e l e c tr i c
i ty is  l im i te d . For a 10  percent  ROR in g e o the rmal e q u i pme n t , the 
fol l ow i ng cr i ter i a  mus t be me t :  

• M i n imum br i ne prod uct ion r a t e s  of 4 0 , 0 0 0  B/D per wel l  

• M i n imum s ur face fl owi ng t emper a t ur e  o f  2 7 0 ° F or h ig he r  

• M i n imum l i fe o f  con s tant prod uc t ion o f  1 0  year s w i th n o  
d e c l i ne . 

Of the 1 1  prospe c t s  e x amined i n  d e t a il , o n l y  f ive wou l d  me e t  the 
min im um requ i r eme n t s . The se f ive prospe c t s , i f  d evel oped , wo ul d 
g ener a te a to tal o f  1 9 . 1  meg awa tts  ( mW )  o f  powe r from e ig h t  separate 
wel l  l oc a t i on s . 
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Th i s  repo r t  does not e x am i n e  the po s s ib i l i ty o f  u s ing the g eo
thermal energy for proj ec t s  s uch as space hea t i ng or l ow-g rade i n
d u s tr i a l  he a t . I n  any c a s e , the use o f  he a t  energ y  wo u l d  no t have 
wide appl icat ion because o f  the marsh l oc a t io n  o f  many of the pro s
pe�t s . ( Se e  Appe nd ix H fo r a d e ta i l ed d i scu s s ion o f  geothermal 
po ten t i al . )  

HYDRAULIC POTENT IAL 

We l lh e ad pr e s s ur e  d e c l i n e s  immed i a te l y  f rom i ts i n i t i a l  l ev e l  
and i s  ve ry shor t-l ived , thereby c re a t i ng a h ig h  r a te o f  amor t i z a
t ion and obso l e sc ence fo r i nve s tme n t  i n  f ac i l i t i e s  fo r u t i l i za t i on 
of hyd r a ul i c  energ y . For t h i s  re a son , conve r s ion o f  h yd r a u l i c  e n
ergy i n to e l ec tr i c  e nergy fo r s a l e  o r  into me chan i c a l  energy for 
lease operat ion ha s o n l y  minor po ten t i a l  w i t h i n  the marg i n  of e rro r 
o f  t h i s  eva l ua t io n  a nd wa s no t con s id ered i n  the e conom i c  eva l u a
t ion s . ( Se e  Append ix H for a d e ta i l ed d i s c u s s ion o f  h yd ra ul i c  
pote n t i a l . )  

PRODUC ING RATES AND RECOVE RABLE RES E RVES 

Four separate c a s e s  we re u s ed to e s t ima te f u t ure prod uc t ion and 
recove rable r e serve s from the 11 iden t i f ied pro s pe c t s : 

• Mos t  Opt im i s t ic Case 

5 0 , 0 0 0  B/D per we l l  max im um i n i t i a l  r a te . So l u t i o n  
ga s/wa te r  ra t io from Table D-1 . 

• Uppe r Med i a n  Case 

3 0 , 0 0 0  B/D per we l l  max imum i n i t i al r a te . So l u t ion 
g a s/wa ter r a t io f rom Tabl e  D- 1 .  

• Lowe r Med i a n  Case 

5 0 , 0 0 0  B/D per we l l  max imum i n i t i a l  rate . So l u t io n  
ga s/water r a t io equal s  hal f  the amoun t l i s ted i n  Tab l e  
D-1 . 

• M i n imum Case 

3 0 , 0 0 0  B/D pe r we l l  max imum i n i t i a l  r a te . So l u t i o n  
ga s/wa te r  r a t io equal s  h a l f  t h e  amoun t l i s ted i n  T ab l e  
D-1 .  

Al though f iv e  of the 1 1  prospec t s  are e s t imated to b e  capa b l e  o f  
h igher max imum fl ow r a te s ,  pro j e c t s  wer e  l imi ted t o  5 0 , 0 0 0  B/D 
bec ause : 

• F l ow r a te s  i n  e x c e s s  o f  5 0 , 0 0 0  B/D show e ar ly d e c l ine for 
mos t  prospe c t s . 
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• H ig h  t ub i ng vel oc i ty i n  ex ce s s  of 2 5  fee t per s e cond wo ul d 
be expe c ted to r e s ul t  i n  ser i ous d ownhol e corro s ion and 
eros ion pr obl ems . 

The 3 0 , 0 0 0  B/D max imum fl ow r a te s  per we l l  we r e  used a s  s e n s i 
t iv i ty r un s  to a c c o un t  for l e s s  than the expe c te d  val ue s o f  perme 
a b i l i ty x t h i ckne s s  fr om Tabl e D-1 . 

The l ower med i a n  and min imum case sens i t iv i ty pr o j e c t i on s  us i ng 
one-h a l f of the sol ut ion g a s  per barrel o f  br ine e s t ima te d  i n  Tabl e 
D- 1 have been s upported by r e ce n t  prod uc t i on te s t s  cond uc ted a t  
Aus t i n  B ayou i n  Tex as and F a i r f ax Fos ter S u t ter No . 2 and Be ul a h  
S imon No . 2 i n  Lou i s iana . H igher -than-a n t i c i pa ted con c e n tr a t ions o f  
d i s sol ved sol ids i n  t h e  br ines  were obser ved a n d  r e por ted i n  d i s
sol ve d  g a s/wa ter r a t i os of appr ox ima te l y  2 5 , 2 2 . 5 ,  and 2 2 . 6 cub i c  
fee t per barrel . The s e  val ues are s ubs tan t i al l y  l e s s  than pr o j e c 
t ions based upo n  e s t ima ted wa ter sal i n i t i e s  i n  Tabl e D-1 . 

Gas re serve s per wel l  wer e e s t ima ted for a l l  c a s e s  a s s um i ng the 
wel l s  pr od uced to d e pl e t ion by na t ur a l  fl ow or h ad a 2 5 -year max imum 
l i fe . 

Re covery fac tor s a s  a fr a c t ion of or ig i na l  g a s  i n  pl a c e  for the 
1 1  ide n t i f ie d  prospe c t s  ranged fr om a l ow o f  1 . 4  per c e n t  at the 
Cande l ar i a Prospe c t  to a h ig h  of 4 . 9  per c e n t  at the Rocke f e l l er 
Re f ug e  Pr ospe c t . 

The pr ed i c ted recove ry fac tor s fr om the mod e l  s t ud i e s  are based 
upon the known compr e s s ib i l i ty of br ine for the temper a t ur e  and 
pre s s ur e  of e a ch r e servo i r  ( val ue s  are near 2 . 2  x l o - 6  ps i - 1 ) ,  
an a s s umed rock por e  vol ume compr e s s i b i l i ty of 5 . 0  x l o - 6  p s i - 1 , 
and an a s s umed cr i t i cal g a s  s a t ur a t ion o f  3 per c e n t  o f  pore vol ume . 
For al l pr ospe c t s , the mod e l  s t ud i e s  reve al ed t h a t  bu i l d up of free 
g a s  d ue to pr e s s ur e  r e d uc t ion r ea ched a max imum of l e s s  than 1 pe r 
ce n t  o f  por e  vol ume . S i nce th i s  max imum i s  l e s s  than t h e  3 per cent  
requ ired for the  g a s  to move , free  gas  fl ow canno t oc c ur . Ver t i c al 
g as fl ow c annot cr eate a g a s  cap , a nd the r a t io of pr oduced g a s  to 
pr od uc e d  wa ter decl i ne s  throug hout the l i fe of e a c h  wel l . 

Ro ck compr e s s ib il i ty has a s ig n i f i c a n t  e f fe c t  on r e cove ry e f f i 
c ie ncy , and t h e  va l ue chosen by t h e  s t ud y  par t i c ipants  i s  bel ieved 
to be r e a sonabl e and pos s ibly opt imi s t i c . Re c e n t  l abor a tory te s t s  
by the Un iver s i ty o f  Tex a s  o n  geopr e s s ur ed s ands tone cor e s  i n d i ca te 
that rock c ompr e s s ib il i ty c o ul d  be as l ow as 1 . 8  x l o - 6 . F ur ther , 
the NPC bel i eve s tha t the 3 per cent  cr i t i ca l  g a s  s a t ur a t i on used i n  
t h e  mod el s t ud i e s ,  wh i ch i s  b a s e d  upon e x te n s i ve r e s e r vo ir e ng ineer
i ng ex per i e nce , is  r e a sonabl e .  ( Se e  Appe nd i x  D for f ur ther d i s c us
s ion of r e servo ir per formance . )  
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ECONOM I C S  

The d i scounted c a s h  f l ow r a te of re t ur n  o n  t h e  1 1  pr ospe c t s  
s t ud i e d  was cal c ul a ted w i th the fol l owi ng econom i c  a s s umpt ions : 

• I nve s tme nts 

Land a cq u i s i t ion a t  $20  per acre 

Ge ophys i cal a t  1 mil e gr id per pro s pe c t ,  $ 8 , 0 0 0  per mile  

Wel l  cost  ( Appe nd ix E )  

Fac il i ty cost  i n c l ud i ng wa ter d i s po s a l  ( Appe nd ix F )  

Geothermal , where appr opr i a t e  ( Appe nd ix H )  

• Reve n ue 

Ga s ,  var ied fr om $ 2 . 5 0 to $ 9 . 0 0 pe r MC F 

El e c tr i c  power corr e l ated with  g a s  pr i ce for g a s  used to 
g e ne r a te e l e c tr i c  powe r , a s  fol l ows : 

$ 2 . 5 0/MCF g a s  = 4 . 5¢ per k i l owa t t-hour ( kWh ) 

$ 9 . 0 0/MC F  g a s  = 1 3 . 3¢ pe r kWh 

• Expense 

Gas operat ions , $ 3 2 0 , 0 0 0  per ye ar per we l l  pl us 2 . 9¢ per 
barrel var iabl e ( Append ix I )  

Geothermal , 0 . 5¢ per kWh 

Royal ty , 1/6 

• Taxe s  

4 6 %  fed e r al income t ax r a te 

2 %  s t a te income t ax r a te 

1 0 %  t ax cred i t  for tang ibl e s  

Intang ibl e s  -- expe nsed 

Add i t i onal e nerg y  -- 1 0 %  on tang i bl e s  

( See Appe nd ix J for de ta il ed data and cal c ul a t ion r e s ul ts for the 1 1  
prospe c t s  s t ud i e d . )  
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POTENTIAL FOR TECHN I CAL IMPROVEMENTS 

The po ten t i al for tech n i cal impr oveme n t s  wo ul d be e xpe c te d  to 
par al l el the expe r ience o f  conve n t ional d e e p  g a s  wel l  dr i l l i ng . 
Whe ther or not deeper dr i l l i ng wo ul d e nl arge the r e s our ce i s  g e ol og 
i c al l y  uncer t a i n . For the pr ospe c t s  eva l ua ted , the smal l amount o f  
usabl e g e o t he rmal e nergy conta i ne d  i n  the br ine neg a te s  the po ten
t i al be ne f i ts o f  te chn i ca l  improveme n t s  tha t  may be e x pe c te d  i n  g e o
therma l  e nerg y devel opme n t . 

PROJECTI ONS OF FUTURE GAS PRODUCT I ON AND RES E RVES TO THE YEAR 2 0 0 0  

Based on the r e s ul t s o f  the e conomic s t ud y  o f  t h e s e  1 1  pr o s 
pe c t s , a deve l opme n t  pr ogr am wa s pro j e c te d  i ncorpor a t i ng a r i s i ng 
scal e o f  g a s  pr ice s wh i ch accommod a ted the 1 0  per c e n t  r a te o f  r e t ur n  
cr i ter i on . By t h i s  pr oced ur e , the be s t  e conom i c  pr ospe c t s  wer e  
dr i l l ed f i r s t .  Af ter these e conomi c pr ospe c ts h ad bee n  d evel oped , 
i t  wa s a s s umed that f u t ur e  unde s ig n ated pr os pe c t s  wo ul d be d evel ope d  
compar abl e t o  t h e  l a s t  e conomic pr ospe c t  dr i l l ed . 

The r a te o f  d e ve l opme n t  o f  the prospe c t s  i n  the mos t  opt imi s t ic 
case i s  based upo n  the fol l ow i ng : 

• The deve l opme n t  of the l l  ide n t i f ied pr o s pe c t s  from 1 9 7 9  to 
1 9 8 5  i s  in r e a sonabl e con formance wi th the DOE De s ig ne d  Wel l  
Te s t  Ser ie s sche d ul e .  

• The ma s s ive g e ophy s i c al , g e o l og i cal , a nd l e a s i ng e f for t r e 
q u ired by i n d us try t o  prog r am e x pl or a t ion a n d  d evel opme n t  o f  
un ide nt i f ied pros pe c t s  wi l l  be tr ig g e r e d  o n l y  by d emon s tr a ted 
s ucce s s  o f  the DOE te s t s . 

• The i n i t i a l  we l l  dr i l l ed on each pr ospe c t  wo ul d r eq u i r e  a 
min imum of one ye ar of te s t i ng and r e servo ir e va l ua t ion 
be fore sched ul i ng add i t ional dr i l l i ng on t h a t  pro s pe c t . 

• Pro s pe c t  e va l ua t ion and d evel opme n t  w i l l  b e  sl ow be c a use 
mos t  pr ospe c t s  s t ud i ed wo ul d s uppor t only one or two pr o
d uc i ng we l l s .  

The r e s ul t s  of t h i s  mos t  op t im i s t i c c a se , tog e t h e r  wi th the 
uppe r med i a n , l owe r med i an , a nd min imum c a s e s , are pre sen ted i n  F ig
ures 2 and 3 and Tab l e s  1 throug h 4 .  The und e s ig na ted pro s pe c ts 
repre s e n t  an important par t o f  the pro j ec t ion s . Of the 9 6  we l l s  
d r i l l ed i n  the mo s t  opt im i s t i c case , 7 0  o f  the we l l s  we r e  d r i l l ed on 
und e s ig na ted prospec t s . The r e s e rve pro j e c t ion for th i s  c a s e  of 5 6 8  
b i l l ion cub i c  fee t i nc l ud e s  3 5 0  b i l l ion cub i c  fe e t  from und e s ig na ted 
prospe c t s . 

For a max imum g a s  pr ice of $ 9 . 0 0 per M C F  a nd a 1 0  per c e n t  ROR ,  
the pr o j e c ted g a s  prod uc t ion wo ul d  be 8 1  MMCF/D by the year 2 0 0 0  for 
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DeveloEment 

Year Prospect 

1979 Austin Bayou 

1980 Rockefeller Refuge 
LaFourche Crossing 

1981 Rockefeller Refuge 
LaFourche Crossing 
SE Pecan Island West 

1982 Rockefeller Refuge 
SE Pecan Island East 
Atchafalaya Bay East 

1983 Atchafalaya Bay East 
Atchafalaya Bay West 
Johnson's Bayou 
Clinton 
Eagle Lake 

1984 Atchafalaya Bay West 
Johnson' s Bayou 

1985 Candelaria 
Johnson's Bayou 

1986 Undesignated* 

1987 Undesignated* 

1988 Undes ignated* 

1989 Undes ignated* 
through 
1999 

TABLE 1 

Drilling, Production, and Reserve Schedule 

No. 
Wells 
Drilled 

1 

1 
1 

2 
1 
1 

3 
1 
1 

1 
1 
1 

1 

1 
4 

1 
3 

5 

5 

5 

5/yr 

10 Percent ROR, Most OEtimistic Case 
(Constant 1979 Dollars) 

Production R eserves 
Cum . Initial Reserves Cum . Reserve 
Wells Gas Rate Added Additions 
Drilled Year (MMCF/D) (BCF) (BCF) 

1 1980 1. 9 12 12 

1981 2.5 21 
3 1. 8 15 48 

1982 5.0 35 
1. 8 4 

7 1. 6 13 100 

1983 7.2 26 
1. 6 7 

12 1. 3 10 143 

1984 1. 4 6 
1. ,0 9 
0.9 8 
1.3 4 

17 1. 4 3 173 

1985 1. 1 3 
22 3.6 20 196 

0.8 6 
26 1986 2.7 16 218 

31 1987 4.5 25 243 

36 1988 4.5 25 268 

41 1989 4.5 25 293 

96 1990 4. 5/yr 25/yr 568 

568 

Max. Power Cum . 

Price Added Power 
($/MCF) (mW) (mW) 

4. 00 2.7 2.7 

2.9 
4.00 1.3 6.9 

5.00 5.8 

5.00 2.3 15. 0 

2. 8 

6.00 1. 3 19. 1 

8.00 None 

8.00 None 19. 1 

8.00 
8.oo None 19. 1 

8.00 None 19. 1 

9.00 None 19. 1 

9.00 None 19. 1 

9.00 None 19. 1 

9.00 None 19. 1 

*Undesignated prospects assumed to be identical to Johnson's Bayou prospect (Computer Run L24), 
This case would require the drilling of 70 wells to develop 350 billion cubic feet of reserves on 

undesignated prospects. 
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TABLE 2 

Drilling, Production, and Reserve Schedule 
10 Percent ROR, U£Eer Median Case 

(Constant 1979 Dollars) 

DeveloEment P roduction R eserves 
No. Cum .  Initial Reserves Cum. Reserve Max. Power Cum .  
Wells Wells Gas Rate Added Additions Price Added Power 

Year P rospect Drilled Drilled Year (MMCF /D) (BCF) (BCF) ($/MCF) (mW) (mW) 

1979 Austin Bayou 1 1 1980 1.1 9.4 9.4 5.00 None None 

1980 Rockefeller Refuge 1 1981 1. 5 8.5 
LaFourche Crossing 1 3 1. 1 8.6 26.5 5.00 None None 

1981 Rockefeller Refuge 2 1982 3.0 17 
LaFourche Crossing 1 1. 1 8.6 
SE Pecan Island West 1 7 1.0 6.6 58.7 6.00 None None 

1982 Rockefeller Refuge 2 1983 3.0 17 
SE Pecan Island East 1 1. 0 6.4 
SE Pecan Island West 1 1.0 6.6 
Atchafalaya Bay East 1 12 0.8 3.7 92.4 7.00 None None 

1983 Rockefeller Refuge 2 1984 3.0 17 
Atchafalaya Bay East 2 1. 6 7.4 
Candelaria 1 0.8 6.0 
Clinton 1 18 0.8 3.6 126.4 8.00 None None 

1984 Rockefeller Refuge 2 1985 3.0 17 
Atchafalaya Bay East 1 0.8 3.7 
Atchafalaya Bay West 1 0.7 3.7 
Eagle Lake 1 23 0.8 2. 7 153.5 9. 00 None None 

1985 Rockefeller Refuge 1 1986 1. 2 8.5 
Atchafalaya Bay West 3 27 1.8 11. 1 173. 1 9.00 None None 

1986 Undesignated* 4 31 1987 2.4 16.4 189.5 9.00 None None 

1987 Undes ignated* 4 35 1988 2.4 16.4 205.9 9.00 None None 

1988 Undesignated* 4 39 1989 2.4 16.4 222.3 9.00 None None 

1989 Undesignated* 4/yr 83 1990 2.4/yr 15.4/yr 402.7 9.00 None None 
through 
1999 402.7 

*Undesignated prospects assumed to be identical to Atchafalaya Bay West prospect (Computer Run L19). 
This case would require the drilling of 56 wells to develop 229.6 billion cubic feet of reserves on 

undesignated prospects. 
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D eve lopment 

Year P rospect 

1 979 Austin Bayou 

1 980 Rocke fe l l er Refuge 
LaFourche Crossing 

1 9 8 1  Rocke feller Ref uge 
LaFourche Cross ing 
SE Pecan I s land We st 

1 982 Rocke feller Ref uge 
Atchafal aya Bay We st 

1 98 3  Rockefe ller Refuge 

1 984 Undesignated* 

1 98 5  Undesignated* 

1 986 Undes ignated* 

1 98 7  Undesignated* 

1 988 Undesignated* 

1 989 Undes ignated* 
through 
1 999 

TABLE 3 

Drill ing , Produc tion , and Re serve Schedule 
1 0  P ercent ROR, Lower Median Case 

( Constant 1 97 9  Do l lar s )  

No . 
Wel ls 
D ri l led 

1 

2 

2 

2 

2 

2 

2 

2 

2 /yr 

Cum . 

We lls 
D ril led 

3 

6 

9 

1 1  

1 3  

1 5  

1 7  

1 9  

2 1  

4 3  

P roduction 

Year 

1 98 0  

1 98 1  

1 982 

1 9 83 

1 984 

1 98 5  

1 98 6  

1 98 7  

1 98 8  

1 989 

1 99 0  

Initial 
Gas Rate 
( MM::F /D) 

1 .  0 

1 .  2 
0 . 9  

1 .  3 
1 • 1 
0 . 8 

2 . 5 
0 . 7  

2 . 3 

1 .  4 

1 .  4 

1 .  4 

1 .  4 

1 .  4 

1 .  4/yr 

Reserves 
Re serves 

Added 
( BCF ) 

7 

1 1  
8 

1 1  
3 
7 

1 7  
5 

8 

1 0  

1 0  

1 0  

1 0  

1 0  

1 0 /yr 

2 3 7  

Cum . Re serve 
Addit ions 

( BCF ) 

7 . 0 

2 6 . 0 

4 7. 0 

69 . 0 

7 7 . 0 

8 7 . 0  

9 7 . 0 

1 0 7 . 0 

1 1 7 . 0  

1 2 7 . 0 

2 3 7 . 0 

Max. 
Price 

( $ /MCF ) 

5 . 0 0  

6 . 0 0  

8 . 0 0  

8 . 0 0  

8 . 0 0  

9 . 0 0  

9 . 0 0  

9 . 0 0  

9 . 0 0  

9 . 0 0  

9 . 0 0  

Power 
Added 
( mW )  

2 . 7 

2 . 9 
1 .  3 

2 . 9 

2 . 3 

5 . 7 
1 .  3 

None 

None 

None 

None 

None 

None 

None 

cum . 
Power 
( mW )  

2 . 7 

6 . 9 

1 2 . 1 

1 9 . 1 

1 9 .  1 

1 9 .  1 

1 9. 1 

1 9 .  1 

1 9 .  1 

1 9 .  1 

1 9 .  1 

*Undesignated prospects assumed to be identical to Atchafalaya Bay We st pro spec t  us ing so l ut ion gas in 
Table D- 1 x . 5 ( Computer Run L 1 1 ) .  

Th is case would require the dri l l ing of 32 we l l s  to dev elop 1 60 bil l ion cub ic feet of reserves on 
unde s ignated prospects . 



TABLE 4 

Dri l l in g ,  Produc tion , and Reserve Schedule 
1 0  Percent ROR , Minimum C ase 

( Constant 1 979  Dol l ar s )  

Development P roduction Reserves 
No . Cum .  Initial Reserves Cum . Reserve Max . Power Cum .  
Well s  Well s  Gas Rate Added Additions Pr ice Added Power 

Year P rospect Drilled Dri l led Year ( MMCF /D) ( BCF ) ( BCF ) ( $ /MCF ) ( mW )  ( mW )  

1 979 Austin Bayou 1 1 1 980  0 . 6  5 5 1 0 . 00 None None 
f-J \.0 

1 980 Rockefeller Refuge 1 2 1 98 1  0 . 7 4 . 5 9 . 5 8 .  00 None None 

1 98 1  Rockefel ler Refuge 3 5 1 982 2 . 2 1 3 . 5 2 3  8 .  0 0  None None 

1 982 Rockefel ler Re fuge 3 8 1 983 2 . 2 1 3 . 5 36 . 5 8 .  00 None None 

1 983 Rockefel ler Re fuge 3 1 1  1 984 2 . 2 1 3 . 5 50  8.  00 None None 

5 0  



the mo s t  op t im i s t i c  case . The ul t ima te g a s  r e c overy for t h i s  case 
woul d be 5 6 8  b il l i on c ub i c fee t .  

ENVI RONMENTAL CONS I DERAT IONS 

Pr od uc t ion from g e opr e s s ur e d  br i ne re servo ir s wo ul d have an im
pact on the e nvir onme n t  s imil ar to conve n t ional g a s  pr od uc t ion w i t h  
two pos s ibl e ex c e p t i on s : l arg e vol ume g e opr e s s ur ed wa ter pr od uc t ion 
coul d  r e s ul t  i n  l a nd s ubs ide nce and/or i n  i ncre a s ed te c ton i c  a c t iv
i ty al ong growth f a ul t s .  E i ther of the s e  eve n t s  coul d r e s ul t  i n  the 
e ar l y  abandonment of a pr o j e c t .  ( Se e  Appe nd ix K for a f ur ther d i s 
c u s s i on of e nv ir onme n tal cons ider a t i on s . ) 

LEGAL CON S I DERAT IONS 

No case l aw i n  Tex a s  or Lou i s i ana deal s s pe c i f i c al l y  wi th q ue s 
t ions r e l a t i ng to owner s h i p and the r ig h t  to pr oduce g e o thermal en
erg y . I t  appea r s  to be the consens us o f  those who have s pe c ul a te d  
o n  the s e  q ue s t ions that i n  Lou i s i ana t h e  pr e se n t  owner s  o f  m i neral  
i n tere s ts or  l ea s e s may ne i ther own nor have the  r ig h t  to  pr o d uce 
g eo the rma l e nergy . Those who have spe c ul a ted on what the f u t ur e  
hol ds i n  Tex a s  wi th r e s pe c t  to s uch q ue s t ions are even l e s s  cer ta i n  
i n  the ir pr ognos t i cat ions . ( Se e  Appe n d i x  L for a s ummary of the 
arg ume n t s  pr e va i l i ng in the c urrent l eg al l i ter a t ur e . )  

As ide fr om the q ue s t ion o f  owne r s h ip and ope r a t i ng r ig h t s , o ther 
l eg al pr obl ems can be fore seen. I f  the s ur face owne r  i s  d e term i ned 
to be owner of the g eo the rmal energy , those r ig h t s  may con fl i c t  w i th 
the r ig h t s  of the m i neral owner , a s  for exampl e i n  those i n s tances 
i n  wh ich the e nergy o f  a g a s  r e servo ir i s  a f fe c te d  by the prod uc t ion 
of g eopr e s s ur e d  br ine , or in wh i ch the g e opr e s s ur ed br i ne cont a i n s  
me thane . Conver s e l y , i f  i t  i s  de termined t h a t  t h e  owner o f  the min
eral s own s the geo thermal e nerg y , ex t e n s ive use  o f  the s ur f ace wh ich 
may be req uired may confl i c t  wi th the s ur f ace owner ' s  r ig h t s . 

W i t h  the c ur r e n t  s ta te of the j ur i s pr ud e nc e , i t  wo ul d s e em tha t 
the oper a tor wo ul d concl ude ag r e eme n ts wi th both the m i ner al and 
s ur f ace owner i n  or der to d evel op geothermal energ y . 

S i nce ve r y  l arge are a s  may be a f fec ted by the pr od uc t i on o f  geo
thermal e ne rg y , l e a s i ng of sma l l  tr acts  may pr ove onerous a nd the 
un i t i za t ion s t a t us o f  Lou i s i ana and Tex a s  doe s no t o f fer a compl e te 
sol u t i on . Under Lo u i s i ana ' s  Geothe rmal E nergy Re so ur c e s  Ac t ,  g eo 
thermal energ y  fal l s  under the ex i s t i ng Lo u i s i an a  Con s er va t io n  Ac t ,  
wh i c h  pr ovide s for un i t s  tha t ar e compr i se d  of a n  a r e a  wh i ch can be 
e f f i c ie n tl y  and e conomical l y  dra ined by one wel l . The a c t  a l so a uth
or i z e s  pool -w ide un i t s  upon ag r eeme n t  of 7 5  per c e n t  o f  the work i ng 
i n ter e s t  and r oyal ty owner s .  The ope r a tor o f  a un i t  appe ars to be 
l imi te d  i n  r e coupme n t  of devel opme n t  and ope r a t i ng cos ts to whatever 
pr od uc t ion may be s e c ur ed . I f  a l arge area and ma ny tr a c ts are i n
vol ve d , the r i s k  that the ope r a tor mus t  bear may be pr oh i b i t ive . 
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Tex a s  doe s not h ave comp ul sory un i t i z a t ion , b u t  r a ther r e l i e s  on 
spa c i ng orde r s  o f  the Ra i l r oad Commi s s i on wh i c h , i n  e f fe c t ,  r e
quires  an oper a tor t o  h ave con trol of or par t i c ip a t ion by work ing 
intere s t  owner s  with i n  mi n imum pre scr i bed are a s. 

I t  appe ar s tha t ,  under the pr e va il i ng sys tems o f  both s t a te s  r e 
spe c t ing pool i ng , vol untary un i t  opera t ion s  wi l l  b e  required and the 
r i sk-taker wil l h ave to obta i n  owne r s h i p  r ig h t s  o f  s ig n i f i c a n t  s i ze 
w i th in the pool ed are a  to j us t i fy the ex pl or a t ion and devel opmen t  o f  
geothermal r e sour c e s .  

No twi ths tand i ng the re so l ut ions by the c o ur t s  w i th r e s pe c t  to 
owner s h i p  and ope r a t i ng r ig h t s  under ex i s t i ng t i tl e s , i t  wo ul d 
appear that n ew and i nnova t ive l eg i sl at ion wil l be needed i n  or der 
to r e d uc e  the l e as ing probl ems inher ent i n  deve l op i ng g e o t he rmal 
energ y . 

CRITICAL TECHN I CAL FACTORS , R I SK , AN D UNC ERTAI NTY 

Geol og i c  

The known g e o l og i c  fac tor s have b e e n  d e f ined f o r  the 1 1  i d e n t i 
f i ed pr ospe c t s  by the g e ol ogy a nd e ng i neer i ng d epar tme n t s  o f  LSU and 
Texas  Un iver s i ty. 

In add i t ion , the Southe a s t  Pe can I s l and pro s pe c t  wa s i n te n s i v e l y  
analy zed b y  the s t udy par t ic ipan t s. Geo l og i c  unce r ta i n t ie s  wh ich 
rem a i n  inc l ud e  un id e n t i f ied faul t barr i e r s  and d eg ree of s and con
t i nu i ty over the very l arge d ra i n age are a s  r eq u i r ed for econom i c  
d eve l opme n t. Other eng i n e e r i ng and geolog i c  fac to r s  wh i c h  have 
uncer ta i n ty i nc l ud e : 

• Ne t sand th i ckne s s  

• Perme a b i l i ty 

• Rock compr e s s ib i l i ty 

• Wa ter sal i n i ty 

• Degree o f  g a s  s a t ur a t ion 

• Perme ab il i ty r e d uc t ion with pre s s ur e  r e d uc t ion . 

Each of the 1 1  prospe c t s  was analy zed us i ng a Mon t e  Car l o  model 
to de term i ne its  chance for a 1 0 , 1 5 ,  a nd 20  per c e n t  ROR a s  a f un c 
t ion o f  g a s  pr ice . ( Se e  Appe nd ix M for d e t a i l s  o f  t h e  Mon t e  Car l o  
s imul a t ion . ) 

Th i s  r i sk a nal y s i s  i nd i ca te s  that three pr ospe c t s  ( Johnson•s 
Bayou , Rocke fel l er Re f ug e , and Aus t i n  Bayo u )  h ave a 7 5  per ce n t  
chance of obt a i n i ng a 1 0  per cent  ROR a t  g a s  pr i ce s  of $ 9 . 0 0 per M C F  
or l e s s , and s eve n o f  t h e  1 1  pr ospe c t s  h ave a 5 0  per c e n t  chance o f  
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obta i n i ng a 1 0  perc e n t  ROR u s i ng the same pr i c e  c r i te r ia ( At cha
f a l aya B ay E a s t ,  Joh n so n ' s  Bayou , LaFourche Cro s s i ng , Ro cke fe l l e r  
Re f ug e , So u th e a s t  Pe c an I s l and We s t , a nd Au s t i n Bayo u ) . 

Th i s  analys i s  i nd i c ates that the three b e s t  pro s pe c ts a r e  
Rocke fe l l e r  Re f ug e , John so n ' s  Bayou , a n d  Aus t i n  Bayou . 

Me chan i c a l  R i sk s  

Mec han i c a l  probl ems c an ser iou s ly a f fe c t  the l o ng ev i t y  o f  pro
d uc t i o n  and the econom ic s  o f  a geopr e s s ured b r i n e  pro j e c t .  No pro
d uc t ion expe r ience e x i s t s  for a h ig h  vo l ume g e opre s s ured b r i ne wel l .  
I f  and to wh a t  e x t e n t  s and prod uc t io n  wi l l  become a probl em a t  the se 
h igh r a te s is unknown . In add i t ion , recent te s t s  by the DOE a t  the 
Fa ir fax Fo s te r  S u t te r  No . 2 we l l  in Lou i s i an a  and the Pl e as an t  Bayo u  
No . 2 we l l  a t  Aus t i n  Bayou in Texas i nd i c a te the po ten t i a l  for se
r ious downhol e c orros ion and sc a l i ng probl ems b e c a u s e  o f  d i s so lved 
c a rbon d iox ide . The pre sence of c arbon d iox id e  i n  the d i s so lved g a s  
d epr e s sed the p H  o f  t h e  br ine to l ev e l s  of 6 or l e s s . Because  of 
the h igh r a te s o f  pro d uc t ion requ i red , trea tme n t  to preve n t  d ownhol e 
corros ion wo u l d  be e x treme l y  d i f f i cul t ,  i f  no t impo s s ib l e . 
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APPENDIX A 

Request Letter 
and 

Description of the 
National Petroleum Council 



Department of Energy 
Washington, D.C. 20585 

Dear Mr. Chandler: 

June 20, 1978 

An obj ective of the energy supply initiatives of the 
President's energy policy is to promote domestic energy pro
duction from unconventional sources as well as from conven
tional sources. One of the areas to be encouraged is the 
recovery of natural gas from unconventional. sources. 

In the past, the National Petroleum Council has provided 
the Department of the Interior with appraisals on the extent 
and recovery of the Nation's oil and gas resources through 
such studies as Future Petroleum Provinces, u. S. Energy Out
look, Ocean Petroleum Resources, and Enhanced Oil Recovery. 

Therefore, the National Petroleum Council is requested to 
prepare, as an early and important part of its new relation
ship with the Department of Energy, a study on unconventional 
sources of natural gas to include deep geopressured zones, 
Devonian shale, tight gas sands, and coal seams. Your analy
sis should assess the resource base and the state-of-the-art 
of recovery technology. Additionally, your appraisal should 
include the outlook for costs and recovery of unconventional 
gas and should consider how Government policy can improve the 
outlook. 

For the purpose of this study, I will designate the Deputy 
Assistant Secretary for Policy and Evaluation to represent 
me and to provide the necessary coordination between the 
Department of Energy and the National Petroleum Council. 

Sincerely, 

\::\� �. AL�·-- --- � � James R. � 

Mr. Collis P. Chandler, Jr. 
Chairman, National Petroleum 

Council 
1625 K Street, N. W. 
Washington, D.C. 20006 

Secretary 

A- 1 



D E S C R I PT I ON OF THE NAT I ONAL PETROLEUM COUNC I L  

I n  May 1 94 6 , the Pre s id e n t  s ta t ed i n  a l e t te r  to the Secre t ary 
of the In ter ior t h a t  he had been impr e s s ed by the con t r i b ut i on mad e 
t hro ug h g ov e r nme n t/ i ndu s try cooperat ion to the s uc ce s s  o f  the Wor l d  
W a r  I I  p e t ro l e um prog ram . H e  fe l t  t h a t  i t  wo u l d  b e  b e ne f i c i a l  i f  
th i s  c lo s e  r e l a t ion s h i p  were t o  be con t i n ued a nd s ug g e s t ed tha t the 
Se cretary of the I n te r ior e s tab l ish an i nd u s t ry o rg an i za t ion to ad
v i se the Secre tary on o i l and natural ga s mat t er s . 

P ur s uant to t h i s  reque s t ,  Inter ior Secre tary J .  A .  Kr ug e s t a b
l i shed the Na t ional Pe tro l e um Co unc i l  ( N PC ) on Ju ne 1 8 ,  1 94 6 .  I n  
Oc tob e r  1 9 7 7 ,  t h e  De par tment o f  Energy was e s t a b l i s h ed and th e 
C o unc i l ' s  f un c t ions we re transferred to the new d epartm en t . 

The purpo se o f  the NPC i s  solely to adv i s e , i n fo rm ,  a nd make 
recomme nd a t ions to the Secre tary o f  Ene rg y  on an y ma t te r , reque s ted 
b y  h im ,  r e l at i ng to pe tro l e um or the pe t ro l e um i nd us try . The Co un
c i l i s  s ub j e c t  to the prov i s ions of the Fed e r a l  Adv i sory Comm i t t e e  
Ac t o f  1 9 7 2 . 

Ma t te r s  wh i c h  the Secre tary o f  Energy wo u l d  l ike to have con
s id e r e d  by the Counc i l  are s ubm i t t ed as  a reque s t  i n  the fo rm o f  a 
l e tter o u t l in i ng the nature and scope o f  the s t udy . The reque s t  i s  
then re ferr ed t o  the N PC Ag e nd a  Comm i t te e , wh ic h make s a recomme n
d a t ion to the Counc i l . The Co unc i l  r e s e rv e s  the r ig h t  to d ec i d e  
whe ther or no t i t  w i l l  con s ider a n y  ma tter re ferred t o  i t . 

Ex ampl e s  o f  rec e n t  maj or s t ud ie s  und e r taken by the NPC a t  the 
reque s t  of the De par tment of the I n te r ior and the De par tment o f  
Ene rgy i nc l ud e : 

• P e trol e um R e source s U nd e r  the Ocean F loor ( 1 9 6 9 ,  1 9 7 1 ) 
L aw o f  the S e a  ( 1 9 7 3 ) 
Ocean P e t ro l e um Re sources ( 1 9 7 4 ,  1 9 7 5 ) 

• E nv i ronmen t a l  Conservat ion -- T he O i l  and G a s  I nd u s t r i e s  
( 1 9 7 1 , 1 9 7 2 ) 

• U . S .  E n e rgy O u t l ook ( 1 9 7 1 , 1 9 7 2 ) 

• Emergency P repared ness  for I nterrupt i on o f  P e trol e um I mpor t s  
i n to the U n i ted S tates  ( 1 9 7 3 ,  1 9 7 4 ) 

• P e t ro l e um S torage for N a t ional S ec ur i ty ( 1 9 7 5 ) 

• P o te n t i a l  f o r  E ne rgy C onservat ion i n  the U n i t ed S ta te s :  
1 9 7 4 - 1 9 7 8  ( 1 9 7 4 ) 
P o te n t i a l  for E nergy C on serva t ion in the U n i ted S ta t e s : 
1 9 7 9 - 1 9 8 5  ( 1 9 7 5 ) 

• E nhanced O i l  Recovery ( 1 9 7 6 ) 
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• Ma t e r i a l s a nd Manpower Requ i reme n t s  ( 1 9 7 9 ) 
• P e t rol e um S torage & T ra n spo r t a t ion C apa c i t i e s  ( 1 9 7 9 ) .  
The NPC d oe s  n o t  concern i t s e l f w i th t r a d e  p r ac t i ce s , nor does 

it e ng ag e  i n  any o f  the u s ual trade a s soc i a t i o n  ac t iv i t i e s . 

Member s o f  the N a t i o n a l  Pe trole um Co unc i l  are appo i n t e d  by the 
Se cretary of Energy and repre s e n t  a l l  segmen t s  of pe t ro l e um i n t e r
e s t s . The N PC i s  headed by a Cha i rman a nd a V i c e  Cha i rman who are 
e l ec ted by the Co unc i l . Th e Co un c i l  i s  s uppo rt e d  e n t i re l y  b y  v o l 
un tary con t r i b u t i o n s  from i t s memb er s .  
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NATI ONAL P ETROLEUM COUNC I L  
MEMBERS H I P  

Jack H .  Ab ernathy 
Vice  Cha i rman 
E n te x , Inc . 

Jack M .  Al len , Pre s id e n t  
Alpar Re source s ,  Inc . 

Rob e r t  o .  And e r son 
Ch a irman o f  the Board 
Atlan t i c  R i ch f i e l d  Company 

R .  E .  Ba i l ey 
Ch a i rman a nd 

Ch i e f Execut ive Of f i c e r  
Conoco I n c . 

R .  F .  Baue r  
Cha i rman o f  t h e  Board 
Globa l M a r i ne I n c . 

Robe r t  A .  Be l f e r ,  Pre s id e n t  
Be l c o  Pe t ro l e um Corporat ion 

Harol d  E .  Be rg 
Cha i rman o f  the Board a nd 

Ch i e f  Exe cut ive Of f i ce r  
Ge t ty O i l  Compa ny 

John F .  Booko u t  
Pre s id e n t  and 

Ch i e f  E x e c u t ive O f f icer 
Sh e l l  Oil  Compa ny 

w .  J .  Bowe n 
Ch a i rman o f  the Boa rd 

and Pre s id e n t  
Transco Compan i e s  I n c . 

Howard Boyd 
Cha i rman of the 

E xe c u t ive Commi t tee 
The E l  Paso Company 

I .  Jon Brum l ey 
Pre s id e n t  and 

Ch i e f  Execu t ive Of f i c e r  
Southl and Royal t y  Company 

1 9 8 0  

A- 4 

Th eod ore A .  Bur t i s  
Cha i rma n , Pre s i d e n t  and 

C h i e f  E x e cu t ive O f f i c e r  
S un Compa ny , Inc . 

Jame s ,  C .  C a l away , Pre s id e n t  
Sou thwe s t  M i n e ra l s , I n c . 

John A .  Carve r , J r . 
Direc tor o f  the Na t ur a l  

Re sou r c e s  Program 
Col l ege o f  Law 
Un ive rs i ty of De nve r 

C .  Fred C h amb e r s , Pre s id e n t  
C & K Pe t ro l e um ,  I nc . 

Col l i s  P .  Chand le r , J r . 
P re s id e n t  
Chand l e r  & As soc i a te s , I n c . 

E .  H .  C l a rk ,  J r . 
Cha irman o f  the Board 
Pre s i d e n t  a nd 

Ch i e f  E x e cu t ive O f f i c e r  
B ake r I n te rn a t ion a l  

Edw i n  L .  Cox 
O i l  a nd Ga s Producer 

Roy T.  Dur s t  
Con s ul t i ng Eng i ne e r  

Jame s w .  Emi son , Pre s i d e n t  
We s tern Pe t ro l e um Company 

Jame s H .  Evan s ,  Ch a i rman 
Un ion Pac i f i c  Corpora t i o n  

John E .  Faher ty , Pre s id e n t  
Crown O i l  a n d  Chem i c a l  Company 

Frank E .  F i tz s immo n s  
Gene r a l  Pre s id e n t  
I n terna t i on a l  Bro the rhood 

o f  Te ams t e r s  



John S .  Fos ter , Jr . 
V i c e  Pre s id e n t  
Sc ience a n d  Te chnology 
TRW I n c . 

R .  I .  Ga l l and 
Cha i rman of the Boa rd 
Ame r i c an P e t ro f i na ,  I n corpo r a ted 

C .  c .  Garv i n , J r . 
Cha i rman of the Boa rd 
Exxon C o rpor a t ion 

Jame s F .  Ga ry 
Cha i rman and 

Ch i e f  Exe c u t ive O f f i c e r  
Pa c i f i c  Re sourc e s ,  I n c . 

Me l v i n  H .  Ge r t z , Pre s id e n t  
Guam O i l  & Re f i n i ng Compa ny , I n c . 

R i ch ard J .  Gon z a l e z  

Robe rt F .  Go s s , P r e s i d e n t  
O i l , Chemi c a l  and A t om i c  Wo rke rs 

I n ternat ional Un i o n  

F .  D .  Got twa l d , Jr . 
Ch ie f Exe c u t ive O f f i ce r , 

Ch a i rman o f  the Board a nd 
Cha i rman o f  Exe c u t i ve Commi t te e  

Ethyl C o rpo r a t ion 

Dav i d  B .  G r aham 
Dep u ty Gen e r a l  C o un s e l  
Ve l s i col C hemi c a l  C o rpora t i o n  

Maur i c e  F .  Granv i l l e 
Cha i rman o f  the Board 
Te xa c o  I n c . 

Frede r i c  c .  Ham i l to n , Pre s id e n t  
Ham i l ton Bro t h e r s  O i l  Comp a ny 

Armand Hamme r 
Cha i rma n o f  the Board and 

Ch i e f  Exe c u t ive Of f i cer 
Oc c id e n ta l  Pe t ro l e um Corpo r a t ioJ 

Jake L. Hamon 
Oil and Ga s Prod uce r 

John P .  Harb i n  
Cha i rma n o f  the Board and 

Ch i e f  E x e c u t ive Of f i ce r  
Ha l l i bur ton Company 
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Fred L .  Har tl e y  
Ch a i rma n  a n d  Pre s id e n t  
Un i o n  O i l  Compa ny o f  Ca l i forn i a  

Joh n D .  Ha u n , Pre s i d e n t  
Ame r i c a n  A s so c i a t i o n  

o f  Pe t ro l e um Geo log i s t s  
cjo Geol ogy De p a r tme n t  
Col o r ad o  S c hool o f  M i ne s  

De n i s  Haye s 
E x e c u t ive D i r e c tor 
So l a r  Ene rgy Re s e a r c h  I n s t i t u t e  

H .  J .  Hayne s 
Ch a i rman o f  t he Bo a rd 
Stand ard O i l  Company 

of C a l i forn i a  

Robe r t  A . He f ne r  I I I  
Ma nag i ng P a r t n e r  
GHK C ompa ny 

Ro be r t  R .  He r r i ng 
Ch a i rman o f  the Boa rd a n d  

Ch i e f  E x e c u t ive O f f i ce r  
Hou s to n  Na t ur a l  Gas Corpora t io n  

Leo n He s s  
Ch a i rma n o f  t h e  B o a rd a nd 

Ch i e f E xe cu t i v e  O f f i c e r  
Ame rada He s s  Corpo r a t ion 

Ru th J .  H i ne r fe l d , P r e s i d e n t  
Le a g ue o f  Wome n Vot e r s  

o f  t h e  U n i ted S t a te s  

H .  D .  Hoopma n 
Pre s i d e n t  and 

Ch i e f  E x e c u t ive O f f i c e r  
Mar a t ho n  O i l  Compa n y  

Ma ry H ud so n , Pre s i d e n t 
Hud s o n  O i l  Compa ny 

Pro f e s sor He n ry D .  J a c oby 
D i r e c tor , Cen te r  fo r Energy 

Po l i cy Re s e a rc h  
Ma s s a c h u se t t s  I n s t i t u t e 

o f  Te c h n o l ogy 

John A .  K a ne b ,  P r e s id e nt 
North e a s t Pe t ro l e um 

I nd u s t r i e s ,  I n c . 



J ame s L .  Ke t e l s e n  
Cha i rman and 

Ch i e f E x e c u t ive Of f i ce r  
Tenneco I n c . 

Thomas L .  K imb a l l 
Exe c u t ive V i c e  Pre s id e n t  
N a t ional W i l d l i fe Federat ion 

George F .  K i rby 
Cha i rman of the Board 
Te xas  E a s tern 

Transmi s s ion Corpora t ion 

Joh n T.  K l i nke f u s , Pre s ident 
Be rwe l l  Energy , Inc . 

Char l e s  G .  Koch 
Cha i rman a nd 

Ch i e f  Execu t ive O f f i c e r  
Koch Industr i e s ,  Inc . 

Joh n H .  L i c h t b l a u  
Execu t ive D i rector 
Pe t ro l e um Indus t ry 

Re search Found a t ion , I n c . 

Jerry McA fee 
Cha i rman of the Boa rd 
Gu l f  O i l  Corpo r a t ion 

Paul  W .  MacAvoy 
The M i l ton Ste inbach Pro fes sor o f  

Orga n i z a t ion a n d  Manag eme n t  
and Econom i c s  

T h e  Yale  S c h o o l  o f  Org a n i z a t i on 
a nd Manag eme n t  

Ya l e  Un ive rs i ty 

Pe ter MacDonal d , Ch a i rman 
Counc i l  o f  Ene rgy Re source Tr i be s  

D .  A .  Mc Gee , Cha i rma n 
Ke rr-McGe e Corpo r a t ion 

John G . McM i l l i a n  
Cha i rman and 

Ch ie f Execut ive O f f icer 
Nor thwe s t  Al as kan 

P i pe l i ne Compa ny 

Cary M .  Mag u i re , Pre s id e n t  
Magu i r e  O i l  Company 
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C .  E .  Ma rs h ,  I I  
Pres i d e n t  
Mal l ar d  O i l  & Gas Company 

w .  F . Ma r t i n  
Ch a i rman o f  the Board 
Ph i l l i p s  Pe t ro l e um Company 

Dav id C .  Mas s e l l i 
Energy Po l i cy D i re c tor 
Fr i ends o f  the Earth 

F .  R .  Maye r 
Ch a i rman o f  the Board 
Exe te r  Compa ny 

C .  John M i l l e r , Par tne r 
M i l l e r  Brothers 

Jame s R.  Mo f fe t t ,  P r e s i d e n t  
McMoRa n  Explor a t ion Company 

Kenne th E .  Mon t ag u e  
Imme d i ate P a s t  Ch a i rman 

o f  the Board 
GCO M i ne r a l s  Comp any 

J e f f  Mo n tg ome ry 
Cha i rman o f  the Board 
K i rby Expl orat ion Comp any 

R .  J .  Mo ran , Pr e s i d e n t  
Mo ran Bro s . , I nc . 

Robe r t  Mo sbache r 

C .  H .  Murphy , Jr . 
Ch a i rman o f  the Bo ard 
Murphy O i l  Corpora t io n  

Joh n H .  Murre l l  
Ch i e f  E x e cu t ive O f f i ce r  and 

Ch a i rman of Exe c u t ive Commi ttee 
DeGolye r  and MacNaug h ton 

I r a S . No rd l i ch t  
Ho l t zma nn ,  W i s e  & S h epard 

R .  L .  O ' Sh i e l d s  
Cha i rman a n d  

Ch i e f  E x e cu t ive O f f i cer 
Panhand l e  Ea s tern 

P i pe L i ne Company 



John G .  Ph i l l i p s  
Cha i rman of t h e  Board and 

Ch i e f  Exe cut ive Of f i cer 
The Lou i s i ana Land 

& Explorat ion Compa ny 

T .  Boone P i cke n s , Jr . 
Pr e s id e n t  
Mesa Petro l e um Compa ny 

L .  Frank Pi t t s , Owner 
P i tts O i l  Company 

Rosema ry S .  Poo l e r  
Cha i rwoman a nd 

Exe cu t ive D i re c tor 
New Yo rk State 

Con s ume r Protec t ion Board 

Do nald B .  R i ce , Pre s id e n t  
Ra nd Corpora t ion 

Corbin  J .  Robert son 
Ch a i rma n o f  the Bo ard 
Qu intana Pe tro l e um Corporat ion 

Jame s C .  Ros apepe , Pre s id e n t  
Rosapepe , Fuc h s  & As soc i a te s  

Henry A .  Rose nberg , Jr . 
Cha i rman of the Board and 

Ch i e f  Ex ecu t ive O f f i cer 
Crown Central Pe t ro l e um 

Corporat ion 

Ned C .  Ru s so 
Co nsul tant o f  Pub l i c Re l a t ions  
Stab i l -Dr i l l  Spec i a l t i e s , I n c . 

Robe r t  v .  Se l lers 
Cha i rman of the Board 
C i t ie s  S e rv i c e  Company 

Robe r t  E .  Seymour 
Cha i rman o f  the Board 
Conso l id a ted Na t ur a l  Ga s Company 

J .  J .  S immo n s , Jr . 
Pre s ident 
S immo ns Royal ty Company 

Theodore S nyd e r ,  J r .  
Pre s id e n t  
S i erra C l ub 
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Cha r l e s  E .  Spahr 

John E .  Swear i ng e n  
Ch a i rma n o f  t h e  Board 
Standard O i l  Company ( I nd i ana ) 

Rob e r t  E .  Thoma s 
Cha i rma n o f  the Board 
MAPCO Inc . 

H .  A .  True , Jr . 
Partner 
True O i l  Company 

Mar t i n Ward , Pre s i d e n t  
Un i ted As soc i a t ion o f  Jou rneyme n 

and Appre n t i c e s  o f  the 
P l umb i ng and P i pe F i t t i ng 
I n d u s t ry o f  th e Un i te d  S tate s  
a nd Canada 

Rawl e igh Wa rne r ,  J r . 
Cha i rman o f  the Board 
Mob i l  Corpo r a t ion 

J .  N. Wa rren 
Cha i rman o f  the Board 
Go l d r u s  Dr i l l i ng Co . 

John F .  Wa rren 
I nd e pend e n t  O i l Ope r a to r/Prod uce r 

Lee C .  Wh i te 
Fo und i ng P re s id e n t  
Cons ume r  Energy Counc i l  

o f  Ame r i c a  

Al ton w .  Wh i tehou s e , Jr . 
Ch a i rman o f  the Board and 

Ch i e f  E x e cu t ive O f f i ce r  
The Stand ard O i l  Company ( Oh i o ) 

Jos eph H .  W i l l i ams 
Ch a i rma n of the Bo ard and 

Ch i e f Exe c u t ive O f f i c e r  
Th e W i l l i ams Compan i e s  

Robert  E .  Y a ncey , Pres i d e n t  
As h l and O i l , I nc . 
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Study Group Rosters 



NATI ONAL PETROLEUM COUNC I L  

G EOPRE SSURED BRI NES TASK GROUP 
OF THE 

COMMI TTE E ON 
UNCONVENT I ONAL GAS SOURC E S  

CHAIRMAN 

Thoma s w .  S toy , Jr . 
Vice Pres id e n t  
O i l  and Gas D i v i s ion 
Un ion Oil Compa ny o f  Cal i forn i a  

GOVERNMENT COCHA I RMAN 

Don C .  Ward 
Sen ior Te chn i c a l  Ad v i so r  
Bartl e s v i l l e  E nergy Technology 

Cen t e r  
u . s .  Departme n t  o f  Ene rgy 

SECRETARY 

Joh n H .  Guy , IV 
D i r e c tor , Comm i t te e  Ope r a t i o n s  
Nat ional Petro l e um Counc i l  

* 

J .  Donald C l ark 
Reg ional Re se rvo i r  Eng i n e e r  
Un ion O i l  Company o f  Cal i fo r n i a  

J .  D .  Combe s  
Sen io r  Dr i l l i ng Co n s ul tant 
Chev ron U . S . A . , Inc . 

Dr . Myron H .  Dor fman ,  Cha i rman 
Pe tro l e um Eng i ne e r i ng Depar tmen t  
Un ivers i ty of Tex a s  a t  Aus t i n  

Dor i s  Falke nhe i ne r  
Immed i a t e  Pas t Reg ional 

Vice Pre s id e n t  
Gul f Coa s t  Are a  
S ierra C l ub 

Leo w .  Hough 
Con s ul t i ng Geolog i s t  
Departme n t  o f  Pe tro l e um 

Eng i neer i ng 
Lou i s iana S tate U n i ve r s i ty 

Charle s  E .  Jone s 
Manager o f  Spec i a l  Pro j e c t s  
Mob i l  G C  Corporat ion 

* 
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E .  J .  Lang h e tee 
Vice Ch a i rman o f  the Board 
The Lou i s i ana Land & 

Ex pl or a t ion Company 

Richard C .  L i nd wal l 
Manag e r  o f  P l a n n i ng a nd Val ua t ion 
Geo the rma l D iv i s ion 
Un ion O i l  Compa ny of C a l i fo r n i a  

Dav i d  E .  Powl ey 
Senior Re s e arch As soc i a t e  
Amoco Prod uc t ion Company 

Ph i l i p  L .  Rando lph 
As soc i at e  D i re c tor 
Unconve n t ional N a t ur a l  Ga s 

Re search 
I n s t i t u te o f  G a s  Te chnol ogy 

L .  H .  S awa t sky 
Se n ior S ta f f  Geolog i c a l  Eng i neer 
She l l  O i l  Company 

F .  R .  Wade 
Pe t ro l e um Con s ul tant 



J .  Ke i t h  We s th us i ng , D i re c tor* 
Geopre s s ur e  Pro j e c t s  Of f i ce 
u . s .  Departme n t  o f  E nergy 

Pro f e ssor Rob e r t  L .  Wh i t ing 
Pe t ro l e um Eng ineer i ng Depar tment 
Tex a s  A & M  Un ive r s i ty 

We l do n  0 .  W i n s a u e r  
Re se rvo i r  Eng i ne e r i n g  Coord i n a tor 
Ex xon Company , U . S . A .  

SPEC IAL ASS I STANTS 

E rrol Ande r so n  
Reg ional Coun s e l  
Un ion O il Company o f  Cal i fo r n i a  

W il l i am P .  Purcel l  
Plann ing Eng i n e e r  
U n i o n  O i l  Company o f  Cal i forn i a  

* Replaced Benn i e  G. D i Bona 
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L e e  c .  Vog e l  
Se n io r  Re s e arch As soc i a t e  
Un ion O i l  Company o f  C a l i fo r n i a  

Lou i s  H .  Wr ig h t  
Se n io r  P ro j ec t  Eng i n e e r  
Ex x on Compa ny , U . S . A .  



NAT I ONAL PETROLEUM COUNC I L  

COMMI TTEE ON 
UNC ONVENTI ONAL GAS SOURC E S  

CHAI RMAN 

John F .  Booko u t , Pr e s id e n t  
and Ch i e f  Ex e cu t i ve O f f icer 

Shel l O il Company 

EX OFF I C I O  

C .  H .  M ur phy , Jr . 
Cha irman 
Nat ional Pe trol e um C o unc il 

GOVERNMENT COCHA I RMAN 

R .  Do b i e  L a ng e n kamp 
Dep u ty As s i s ta n t  Secre tary 
Re so ur ce Devel opme n t  a nd 

Oper a t ions 
Re sour ce Appl i ca t ions 
u . s .  Depar tme n t  of Energy 

EX OFF I C IO 

H .  J .  H ayne s 
V i ce C h a irman 
Na t i onal Pe trol e um C o un c i l  

SECRETARY 

Mar shal l W .  N i chol s 
Ex e c u t ive D irec t or 
Na t ional Pe tr ol e um C o un c i l  

R .  E .  Ba il ey 
Cha irman and 

Ch i e f  Exe cut ive O f f icer 
Conoco I nc . 

Rober t A .  Bel fer , Pr e s id e n t  
Bel co Pe trol e um Corpor a t ion 

Howard B oyd 
Cha irman of the Exe c u t ive 

Commi ttee 
The E l  Paso Company 

John A .  Carver , Jr . 
Dir e c tor of the Na t ur al 

Re sour c e s  Prog r am 
Col l ege o f  Law 
Un iver s i ty of Denver 

Col l i s  P .  Chandl er , Jr . 
Pre s ide n t  
Chand l er & Assoc i a te s , I nc . 

* * 
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Edward W .  Er i ckson 
Prof e s sor of Econom i c s  a nd 

Bus ine s s  
Nor th Carol i na S t ate U n iver s i ty 

John s .  Fo s ter , Jr . 
V i c e  Pre s i d e n t  
S c i e n c e  a nd Te chnol ogy 
TRW Inc . 

Fr eder i c  C .  Hami l ton , Pre s ident 
Ham i l ton Br other s Oil  Company 

John D .  H a un , Pr e s id e n t  
Amer i c a n  As so c i a t i on o f  Pe trol e um 

Geol og i s ts 
cjo Geo l og y  Depar tme n t  
Colorado Schoo l  o f  M i ne s  
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REG I ONAL GEOLOGY AND PROSPECT EVALUA T I ON 

The ma j or poten t i al areas of i n tere s t  for geothermal , g e opr e s 
s ur e  e nergy are l oc a ted al ong t h e  nor thwe s tern r im of the G ul f  of 
Mex ico i n  southern Lou i s i ana and Tex a s  ( F ig ur e  C -1 ) . Much is  known 
about the Ter t iary s ands tone r e s er vo irs  i n  the se ar e a s  from mor e  
than 1 0 , 0 0 0  pene tra t ions to expl or e  for and d e ve l op prol i f i c gee
pre s s ur ed oil  and gas  r e servo irs  ( F ig ur e  C - 2 ) . 

REGI ONAL GEOLOGY 

The southern Lou i s iana and Texa s  geopr e s s ur e d  tre nd , i n  wh i ch 
the po t e n t i al are as occ ur , r ange s i n  w i d th from 5 0  to 7 0  mil e s  
nor thward from the coas t .  The pr ospe c ts iden t i f i e d  to d a te are al l 
Ter ti ary i n  ag e and are par t of a fl uv i al d el t a i c  and mar i ne d epo
s i t ional sys tem . D ur i ng ear l y  Ter t iary t ime ( Eocene and Ol igocene ) 
the pr imary are a  of depos i t i on occur r e d  al ong the Tex a s  coas tal 
area . Th i s  depocen ter s h i f ted i n to Lou i s i ana d ur i ng l a te r  Ter t i ar y  
Miocene and Pl i ocene t ime . I n  th i s  depos i t ional e nv ironme n t , 
wedge s of sands and cl ays th i ckened to the south a s  the r e s ul t  o f  
contempor aneous moveme n t  along g r owth faul t s  a nd t h e  unde r l y i ng 
s al t .  Total sed ime n t  th i ckne s s ,  incl ud i ng shal e s  and sands al ong 
th i s  trend , ar e repor ted up to 5 0 , 0 0 0  fee t ;  howe ver , the a c t ual 
sand t h i ckne s s  that c o ul d  be con s idered prospe c t i ve is in the or der 
of 5 0 0 to 1 , 0 0 0  fee t .  O ther wa ter -be ar i ng s ands are pre se n t  in the 
geopre s s ured i n t e r val s ,  but because of d i s con t i n u i t i e s  ( i . e . , 
faul t i ng , s tra t ig r aph i c  var i a t ions ) ,  l ow tempe r a t ur e s  and pr e s 
s ur e s ,  and poor permeab il i t i e s  and poro s i t ie s , the i r  contr i b ut ion 
to a geothermal , geopr e s sur e br i ne gas r e covery pr o j e c t  wo ul d not 
be s ig n i f icant . 

The Texa s  Ol ig oce n e  Fr i o  prospe c t s  wer e  d e l i ne a ted i n  a r e
g ional a s s e s sme n t  repor ted by the B ur e a u  of Econom i c  Geol ogy . l 
Other prospe c t s  i n  the Ol igocene Vi cks b urg and Eocen e  Wil cox have 
al so been eval ua ted . 2 Br oad r eg i onal s t ud i e s  of the Tex a s  tr e nds 
wer e fol l owed by d e ta iled  l ocal i nve s t ig a t ions r e s ul t i ng i n  a Fr i o  
s i te sel e c t ion i n  t h e  Br azor i a  Fa irway ; th i s  pr os pe c t  i s  c ur r e n tl y  
be i ng dr il l ed . 

The i nve s t ig a t ion of the geothermal , g e opre s s ur e d  r e s o ur ce o f  
southern Lou i s iana sands wa s i n i t iated i n  1 9 7 5  a s  t h e  r e s ul t  of an 

lBebou t , Dor fma n , and Ag ag u ,  1 9 7 5 ;  Be bou t , Lo uck s , Bo sch , and 
Dor fman , 1 9 7 6 ;  Bebo u t , Loucks , a nd Greg ory , 1 9 7 8 . 

2unpubl i shed r epor t by Be bout , Gr eg ory , Louck s , a nd We i s e . 
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Figure C- 1 .  Geopressure Brine Gas Prospects. 

NOTE: Modified from Bureau of Economic Geology Report No. 91 and LSU Study. Bassiount and Bernard. 
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ERDA contr a c t  w i th the Pe trol e um Eng ineer i ng Depar tme n t  a t  
Lou i s i a n a  State Un iver s i ty ( LSU ) , Ba ton Roug e . 3 A s  a r e s ul t  o f  
tha t work , 6 3  prospe c t ive are a s  wer e  found , a nd a fter pr el im i nary 
r anki ng , f ive of the mos t  pr omi s i ng prospe c ts wer e  mapped a nd s t ud 
ied i n  d e ta il . The s tudy i n d i cated tha t the be t te r  pr os pe c ts we re 
general l y  l oc a ted i n  the we s tern hal f of southern Lou i s i ana . Poor 
e r  s and devel opme n t  i n  the eas ter n hal f wa s the r e a son LSU d own 
g r aded the prospe c ts i n  tha t are a . 

Geop re s s ure s i n  the Te xas prospe c t s  range i n  d epth f rom 1 0 , 5 0 0  
to 1 2 , 0 0 0  f e e t ,  and i n  Lou i s iana from 8 , 7 4 0  to 1 4 , 5 0 0  f e e t .  T em
pe ratur e s  a re generally h igher in the Te x a s  s e d imen ts ( i n the order 
of 3 0 0 ° F ) . I n  Lou i s i ana , t emper a t ures range from 2 3 0 ° F  to 3 2 0 ° F .  
N e t  s ands th i ckn e s s  i n  one of the b e t t e r  Texas F r io prospe c t s  a t  
B razor i a  range s from 1 0 0  t o  1 , 0 0 0  f ee t .  I n  Lou i s i a n a , t h e  M iocene 
s and t h i ckne s s  i n  one of the be tter prospe c ts is in the s ame range . 
Other data regard i ng the va r i ou s  prospe c t s  i n  both Te xas and 
Lou i s iana anal y ze d  in  th i s  repo r t  are l i s te d  in  Table D-1 i n  
Appe nd i x  D .  

PROS PECT EVALUATION -- SOUTHEAST PECAN I S LAND 

For t h i s  s t udy , wha t  was per ce ived to be one o f  the be s t  pro s 
pe c t s  wa s analyzed i n  s ig n i f i cant de t a i l . Two i ndepende n t  ap
proache s wer e  used i n  eval ua t i ng the Pe can I sl an d  prospe c t . The 
area wa s sel e c ted by LSU a s  one of the top pr os pe c ts i d e n t i f ie d  i n  
the ir s t udy a nd has bee n  t h e  s ub j e c t  o f  a d e ta il e d  s t ud y  b y  tha t 
g roup . Abo u t  the t ime re s ul ts of the LSU s t ud y  on t h i s  pr ospe c t  
wer e  p ubl i shed by Bass i o un i  and Ber nard i n  Oc tober 1 9 7 8  ( bu t  w i th
out the bene f i t  of th i s  p ub l i shed i nforma t ion ) ,  the are a  wa s ide n 
t i f ied by the N P C  s t udy par t i c i pan ts and ten ta t i ve l y  sel e c te d  a s  a 
pro j e c t  are a .  F i nal sel e c t i on of the are a  for the pr o j e ct wa s mad e  
be c a use i t  conta i ns a l arge vol ume o f  th i ck , corr el a t ive sand zone s 
w i th h ig h  pr e s s ur e s  and tempe r a t ur e s  l oc a te d  i n  a r el a t ively un
fa ul te d  are a .  

The prospe c t  i s  l ocated i n  the souther n  par t of Vermil ion Par 
i sh al ong the geopr e s s ur e  trend of sou ther n Lou i s iana . I t  i s  an 
i n ter f ie l d  are a  bounde d  by Pe can I sl and f ie l d  to the nor thwe s t ,  the 
Fr e shwater Bayo u g a s  f ie l d  to the nor th , a nd the Verm i l i on Ar e a  
Bl ock 1 6  f ie l d  t o  t h e  sout h . The f i el d s  a r e  s e pa r a te s tr uc t ural 
e n t i t i e s  and are separ ated from the pr o j e c t  are a  by boun d i ng down 
to the south f a ul t s ( F ig ur e  C- 3 ) . The l imi t i ng f a ul t  to the nor th 
( Fa ul t  A )  has a throw of 7 0 0  fee t ; to the south the pr o j e c t  area i s  
l imi ted by Fa ul t B w i th a thr ow o f  3 0 0  fee t .  The s e  fa ul t s  are the 
typ i cal e a s t-we s t  s tr ik i ng down to the south growth fa ul t s ,  a nd 
based on pre s s ur e  a nd g eolog i c  i n forma t ion , are cons idered to be 
seal i ng . Seve r a l  mi nor nonseal i ng f a ul t s ar e pr e s e n t  wi th i n  the 
prospe c t . 

3Hawk i n s , 1 9 7 5 ; Ba s s i o un i  and Ber nard , 1 9 7 8 . 
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The LSU gr oup d i v i d e d  the pr ospe c t ive M iocene sands i n to three 
s tr a t igraph i c  i n t e r val s ,  as shown in F ig ur e  C - 4 . I sopa c h  and 
s tr uc t ur e  map s  wer e  con s tr u c t e d  on all zone s ; howe ve r , o nl y  the 
s tr uc t ur e  map on the top ( or upper ) I n t e r val A and the compo s i te 
s and i sopa ch of al l thr e e  i n terva l s  are i ncl uded i n  t h i s  r e por t 
( F ig ur e  C- 5 ) . A l i s t  of the wel l s used i n  th i s  s t udy i s  shown i n  
Tabl e C - 1 . 

The M i ocene s ed ime n t s  i n  the Southe a s t Pe can I sl a nd pr o s pe c t  
cons i s t  of al terna t i ng s ands and shal e s .  The s a n d s  are pr edom i 
nantl y f i ne -g r a ined , s il ty sands wh i ch i n  some ar e a s  g r ad e  i n to 
f i ne -g r a i ned , c l ean s a nd s . The gross  sand zone s c a n  be corre l a te d  
ove r  the e n t ir e  are a ; howe ve r , i nd i v i d ual s and bod i e s  a r e  not con
t i n uous and do not form a uni form b l a n ke t .  T h i ckne s s  var i a t ion s of 
the ind i v i d ual s and bod i e s  wi th i n  the thr e e  i n terval s mapped are 
common , and i n  s ome i n s tances the sands d i sappear compl e te l y .  

An i nd e pe nd e n t  e va l ua t ion by the NPC s t udy par t i c i pa n t s  o f  the 
s ands i n  th i s  are a  i nd i ca ted that the Q a nd R Sands ( eq u ival e n t  to 
the upper two s and bod ie s  in S tr a t igr aph i c  Inter va l  B of the LSU 
s t ud y ) appeared to have the be s t  con t i nu i ty .  A s tr uc t ur e  map on 
the top of the Q Sand { F ig ur e  C - 6 ) i nd i c a te s the s ame approx imate 
o utl i ne but  a t  a s l ig h tl y  l ower e l eva t ion .  F ig ur e  C - 7  s hows the 
correl a t i ve na t ur e  of the sand , the con t i n uous n a t ur e  o f  the g r os s  
zone , b u t  the poor cor r el a t ion of th i nner i nd iv i d ual sand un i t s . A 
compos i te i sopach of the two sand bod i e s  ( F ig ur e  C - 8 ) shows a t h i ck 
ne t sand , up to 9 0 0 fee t i n  the we s te r n  por t ion of the pr o s pe c t , 
th inn i ng to approx ima te l y  1 5 0  f e e t  to the e a s t . Perme ab i l i ty ,  po
ros i ty ,  sal i n i ty ,  pr e s s ur e , tempe r a t ur e , a nd me thane g a s  d a ta wer e  
b a s e d  o n  t h e  LSU g r oup f i nd i ngs and o n  d a ta s uppl i e d  by var i o us 
s t ud y  par t ic ipan t s . The se da ta are tabul a t e d  b e l ow : 

Poros i ty :  
Perme ab i l i ty :  
Sal i n i ty : 
Temper a t ur e : 
Pre s s ur e : 
D i s so l ve d  Ga s : 

2 0  per cen t 
1 0  mi l l idar c ie s  ( md )  ( 2  md - 5 0  md ) 
1 0 0 , 0 0 0  par ts per m i l l io n  
3 0 0 ° F  
1 3 , 5 0 0  po und s  per s q uare i n c h  
3 5  s ta ndard cub i c  f e e t  p e r  barre l  

C - 6  



WEST 
, ... 

lOO 

A 10 
HUMBLE OIL CO. (127308) 

HUMBLE FEE NO. 31 
.C. 7, Tl71, It If 

T.D. 11,000' 

12 
HUMBLE OIL CO. (129033) 

VUA NO. I 
S£C. ''· TI1S, lUI!: (S..tt Loc..l 

T.O. 11,100' 

o -----

lOO 

400 

100 

1100 

1000 

1100 

1400 

1000 

1100 

0000 

uoo 

1400 

11100 

11000 

5100 

DEI'IlATMENT OF ENEIIGY 
COff'TlllACT NO. l!:r-?a-aoo&-qae 

SOUTHEAST PECAN ISLAND GEOPRESSURE ENERGY PROSPECT 
VERMILION PAAISH, LOUISIANA 

13 
QUINTANA (148421) 

S. L. �900 NO. I 
S[C. t4, Tt1S, RIE 

T.D. la,!OO' 

17 
HUMBLE OIL C O.  1133084) 

SIMMONS NO. I 
SEC. IS, Tl73, Rtf 

t:O. 1:0,530' 

14 
UNION OIL CALlE' (120860) 

SIMMONS NO. G·l 
lfC. Z, Tl11, IIIU: 

T.D. 11,513' 

A' 

EAST 
, ... 

200 

200 

400 

eoo 
1100 

1000 

llOO 

1400 
1100 

11100 

1000 

uoo 

1400 

11100 

3200 

3400 

31100 

4000 

4100 

4400 

4000 

4100 

11000 

Figure C-4. East-West Stratigraphic Section A-A ' .  o1oo 

C - 7  

� STRATIGRAPHIC INTERVAL ··• � STRATIGRAPHIC INTERVAL "8" 

- STRATIGRAPHIC INTERVAL "C" 

HORIZONTAL SCALE : NONE 

0400 



() 
I 00 

R. I W. R. I E .  

" ,. T 20 �:, 1 1-.1--1 -1 I I 
30 ���fir. u 

24 

T. 
1 7  
s. 

" 
>10 �\�'-0 o " 

,. ,s\..P. 
v�c�>� " 

oz11-- _..,...----e- eoo' _ 

� � . too·� - �� / rnA��·oo·-� 
C F4l/t.. 22 

.._ 

VERMILION BLOCK 16 i�oo "-J:I 
FIELD AREA 

2<0'
+ - lYAse 

>7 0 1�,$00' TO 

R. 2 E. 

>O 

" 

" 26 01 >O 
7 I 

,/-.. =t' ........,.. j 
0 ��. ·n· ;o 

• f- - - - - - � 

a' 

R. 3 E. 

I I I I ' I 19 j 11,000'T o 0 I 
_ _ _ _ _ _ _  ..J _ _ _ _ _  _ 

of 
G IJ �,f 

I 
20 I o I 

V E R M I L I O N  A R E A  0 lf, SOO' T.D. 

DEPARTMENT OF EN ERGY 
CONTRACT NO, Ey - 76- 5005 - 4889 

SOUTHEAST PECAN ISLAND GEOPRESSURE ENERGY PROSPECT 
VERM ILION PARISH, LOUI S I A NA 

R. I W. R. I E .  

Figure C-5. Composite Net Sand 
Isopach Map (Total Stratigraphic 

Intervals A. B, and C). 

EXPLANATION 

o18 Well Location &.... Identification Number 
160'+ Actual Sand Value (Entire Interval Not Penetrated) 
39!)' Total Sand Value 

1$,HO' ro. Total Depth SCALE - FEET 

R. 2 E. R . 3 E. 

T 
1 6  
s. 

T 
1 7  
s. 



TABLE C- 1 

Wells Used in the Southeast Pecan Island Prospect Evaluation 
Vermilion Parish 

Map 
No . Well  Identification 

1 .  Stone Oil Corp . ( 1 48544 ) *  
Audubon Sec . -Simmons #2 
Sec . 26,  T 1 6S ,  R2E ( No Log) 
T . D.  1 6 , 345 ' 

2 .  J. P .  OWen ( 883 1 9 )  
La .  Furs #G 1 
Sec . 2 9 ,  T 1 6S ,  R2E 
T . D .  1 5 , 200 ' 

3 .  Union Oil Co . of Calif . ( 84876 ) 
La . Furs #J2 
Sec . 3 2 ,  T 1 6S,  R2E 
T . D . 1 5 , 248 ' 

4 .  Union Oil of Calif .  ( 1 33365 ) 
La . Furs #C 1 2  
Sec . 3 3 ,  T 1 6S ,  R2E 
T . D .  1 8 , 2 1 4 ' 

5 .  Signal Petro . ( 1 46080 ) 
Simmons #2 
Sec . 35,  T 1 6S, R2E 
T . D.  1 5 , 4 1 2 '  

6 .  Tidewater Oil ( 7374 5 )  
Mcilhenny #B-1  
Sec . 36 ,  T 1 6S ,  R7E 
T. D .  1 5 , 4 0 0  I 

7 .  Consolidated Ga s  ( 1 2 7279 ) 
Nicks Lake # 1  
Sec . 3 0 ,  T 1 6S ,  R3E 
T . D.  1 5 , 437 ' 

8 .  Pan Am ( 1 00857 ) 
National Audubon Soc . # 1  
Sec . 3 1 , T 1 6S ,  R3E 
T . D .  1 5 , 0 1 2 ' 

*Conservation Department serial number . 

C-9  

Map 
No . Well  I dentification 

9. Humble Oil ( 93 64 7 )  
Humble Fee # 2 3  
Sec . 4 ,  T 1 7S ,  R 1 E  
T . D .  1 8 , 662 1 

1 0 .  Humble Oil ( 1 27 3 0 8 )  
Humble Fee #3 1 
Sec . 7 ,  T 1 7S ,  R1E  
T. D .  1 9 , 0 0 0 ' 

1 1 .  Humble Oil Co . ( 1 2 1 50 2 ) 
Humble Fee # 2 6  
Sec . 8 ,  T 1 7S ,  R 1 E  
T . D .  1 9 , 0 1 2 '  

1 2 . Humble Oil ( 1 29 0 3 3 ) 
VUA # 1  
Sec . 1 6 ,  T 1 7S ,  R1E  ( Surf . lac . )  
T. D .  1 9 , 20 0 ' 

1 3 . Quintana ( 1 4842 1 ) 
S .  L .  5 90 0  # 1  
Sec . 2 4 ,  T 1 7S ,  R 1E 
T . D .  1 8 ,  1 00 '  

1 4 . Union Oil Calif.  ( 1 2 086 0 ) 
Simmons #G- 1  
Sec . 2 ,  T 1 7S ,  R2E 
T. D .  1 8 , 3 73 ' 

1 5 . Union Texas ( 1 42 44 2 ) 
La . Fur s  # 1  
Sec . 3 ,  T 1 7 S ,  R2E 
T . D .  1 7 , 790 ' 

1 6 . Sinclair Oil ( 74698 ) 
Mcilhenny # 1  
Sec . 1 0 , T 1 7S ,  R2E 
T . D .  1 6 , 95 1 ' 



TABLE c-1 ( continued) 

Map 
No . Well  I dentification 

1 7 . Humble Oil ( 1 33084 ) *  
Simmons # 1  
Sec . 1 5 , T 1 7S ,  R2E 
T . D .  2 0 , 530 ' 

1 8 .  Kilroy Co . of Texa s ( 90 82 0 ) 
Mcilhenny Est .  #C- 1  
Sec . 2 0 ,  T 1 7 S ,  R2E 
T . D . 1 5 , 50 9 '  

1 9 . A.  H .  Bruner ( 8 1 603 ) 
National Audubon Soc . # 1  
Sec . 4 ,  T 1 7S ,  R3E 
T . D .  1 6 , 00 0 ' 

2 0 .  Kilroy Co . of Texa s ( 963 1 ) 
White #B- 1 
Sec . 5 ,  T 1 7S,  R3E 
T . D.  1 5 , 694 ' 

2 1 .  Ocean Drlg.  ( 1 36970 ) 
S. L .  3843 #3 
Vermilion Blk . 6 
T . D .  1 9 , 650 ' 

2 2 .  Ocean Drlg.  ( 95463 ) 
S .  L. 3 843 # 1  
Vermilion Blk . 6 
T . D .  1 5 , 654 ' 

2 3 .  Humble Oil ( 76450 ) 
S .  L .  3 5 1 0  # 1  
Vermilion Blk . 8 
T . D .  1 6 , 500  I 

2 4 .  Ocean Drl g .  ( 93 0 6 1 ) 
S .  L. 3844 # 1  
Vermilion Blk . 8 
T .  D .  1 5 , 40 8 '  

2 5 .  Exchange Oil ( 1 4 1 332 ) 
S .  L .  5907 # 1  
Vermilion Blk . 8 
T . D .  1 7 , 500 ' 

*Conservation Department serial number . 

C - 1 0 

Map 
No . Well  I dentification 

2 6 .  Amoco ( 1 39360 ) 
S .  L .  8 6 1  #7  
Vermilion Blk.  1 4  
T . D .  1 6 , 36 7 ' 

2 7 .  Pan Am ( 1 08990 ) 
S .  L .  862 #5 
Vermilion Blk . 1 5  
T . D .  1 5 , 5 00 ' 

2 8 .  Ocean Drlg . ( 1 0 1 098 ) 
S .  L .  3843 #2 
Vermilion Blk. 6 
T . D .  1 5 , 90 0 ' 

2 9 .  Humble Oil & Refg.  Co . ( 7 8653 ) 
S .  L .  3 5 1 2  # 1  
Vermilion Blk . 6 
T . D .  1 5 , 50 0 ' 

3 0 .  Ocean Drl g .  ( 95464 ) 
S .  L .  3846 # 1  
Vermilion Blk.  1 2  
T . D .  1 5 , 80 0 ' 

3 1 .  J .  P. Owen et al ( 94232 ) 
La . Furs "J" #2  
Sec . 5 ,  T 1 7 S ,  R2E 
T . D . 1 3 , 5 1 0 '  

3 2 .  Union Oil Co . of Calif.  ( 6 05 1 1 )  
La .  Furs 11 C"  #9 
Sec . 3 4 ,  T 1 6S ,  R2E 
T . D .  1 4 , 1 0 8 '  

3 3 .  Union Oil of Calif .  ( 1 0 8 1 7 1 ) 
La . Furs 11 c 11 # 1 1  
Sec . 4 ,  T 1 7 S ,  R2E 
T . D .  1 3 , 37 0 '  

3 4 .  Humble Oil & Refg . Co . ( 42877 ) 
La .  Furs . "H"  # 1  
Sec . 2 7 ,  T 1 6S ,  R2E 
T . D .  1 3 , 02 0 ' 



TABLE C-1 ( Continued)  

Map 
No.  Well I dentification 

35.  Diversa , Inc . ( 89333 ) *  
Humble Oil # 1  
Sec . 7 ,  T 1 7S ,  R2E 
T. D. 1 3 , 725 1 

36.  Monterey ( 82 823 ) 
Mc ilhenny Est . # 1  
Sec .  1 8, T 1 7S,  R2E 
T. D. 1 3 , 675 1 

3 7 .  Union Texas �tural Gas ( 87876 ) 
Mc ilhenny # 1  
Sec  • 1 7 , T 1 7S ,  R2E 
T. D. 1 3 , 770 1 

38. Kilroy Oo .  of Texas ( 85802 ) 
Vermil ion Ph . Sch .  Brd .  # 1  
Sec. 1 6, T 1 7S, R2E 
T. D. 1 3 , 755 1 

39.  Union Oil of Calif .  ( 80 83 0 ) 
Mc ilhenny Est . #A- 1  
Sec . 1 9, T 1 7S ,  R2E 
T. o. 1 3, 550 1 

4 0 .  Wacker Oil Oo .  ( 86638 ) 
La . Furs #: 1  
Sec. 1 2 , T 1 7S,  R 1E 
To Oo 1 3 , 5 1 8 1  

4 1 .  Exxon Corp. ( 1 42426 ) 
Exxon Fee #46 
Sec . 29, T 1 6S ,  R1E 
T. D. 1 2 , 900 1 

42.  Exxon Corp . ( 1 1 8'835 )  
Exxon Fee # 2 5  
Sec . 2 ,  T 1 7S,  R 1W 
T. D. 1 5 ,  1 1 1 ' 

43 .  Exxon Corp . ( 1 2293 9 )  
l!:xxon Fee #2 9 
Sec .  2 ,  T 1 7S ,  R1W 
T. o .  1 8, 500  I 

*Conservation Department serial number . 

C - 1 1  

Map 
N o .  Well I dentification 

44. Exxon Corp. ( 1 248 1 9 )  
Exxon Fee #32 
Sec . 1 1 ,  T 1 7S ,  R 1W 
T. o. 1 7 '  1 86 I 

4 5 .  Exxon Corp . ( 1 2 8788 ) 
Exxon Fee # 3 5  
Sec . 1 1 , T 1 7S,  R 1 W  
T. D. 1 8 , 068 1 

46. ODECO ( 89558 ) 
s. L. 3 7 62 # 1  
Vermilion Blk .  5 
To Do 1 5 , 5 0 0  1 
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APPENDIX D 

Reservoir Engineering 



RESERVO I R  ENG INEERI NG 

DESCRI PT I ON OF COMPUTER MODEL 

Eval ua t ion of the br i ne- and g a s -prod uc i ng po te n t i al of the 
Tex a s  a nd Lou i s iana g e opr e s s ur e d  ge othermal pr ospe c t s  wa s per formed 
ut il i z i ng a one -d ime n s ional , r ad i al fl ow , " ta n k "  model . The mode l  
wa s de s ig ned t o  ma i nt a i n  a vol ume tr i c bal a n c e  ove r  e ach t ime s te p  
of the cal c ul a t i on pr oce d ur e  t o  a s s ure r e pr e s e n t a t ive pre s s ur e /  
prod uc t ion behav i or . The model accoun ted f o r  g a s  l i ber a t i on i n  the 
reservo i r , wa ter pr od uc t i o n , and expans ion of free g a s , wa ter , and 
the re servo ir rock . An i terat ive pr oced ur e  empl oy i ng sma l l  t ime 
s teps wa s empl oyed to cal c ul a te i n s ta n taneous fl ow r a te s  a n d  
pre s s ur e s  a s s um i ng p s e udos teady-s tate fl ow i n  a bounded , f i n i te 
dra i n ag e  are a ,  sl ightly c ompr e s s ibl e , rad i a l  fl ow sys tem . The cal 
cul a t ion pr oced ur e  con t i nued u n t il fl ow to a g i ven we l l head pr e s 
s ure coul d  n o  l onger be ma i n ta i ned or unt il a s pe c i f ied n umber o f  
t ime steps had bee n  e x e cuted . 

Comp utat ional proced ur e s  we re i ncl ud e d  for both s i ng l e -pha s e  
a n d  two-phase r ad i al fl ow through por ous med i a . I n  a l l  c a se s , the 
aqui fer wa ter was a s s umed to be satur a ted w i th d i s sol ve d  g a s  a t  
i n i t i al re servo ir cond i t ions  o f  temper a t ur e , pre s s ur e , and sal i n i ty 
w i th no fr ee g a s  pha se i n i t ial ly pr e se n t . The per i od of s i ng l e 
phase fl ow woul d  the n ex i s t  fr om i n i t i al cond i t io n s  un t i l  the l i b
era ted g a s  r eached the eq u il i br i um s a t ur a t i on . I n  a l l pr od uc t i o n  
c a s e s  eval ua ted , t h e  free g a s  s a t ur a t i on r ema i ne d  wel l  bel ow the 
a s s umed eq u il i br i um s a t ur a t ion of 3 per c e n t  thr o ug hout the n a t ur al 
fl ow per iod . Fre e  g a s  s a t ur a t ion wa s l e s s  than 1 per c e n t  i n  e very 
case eval ua ted and u s ua l l y  rema i ned bel ow 1 / 2  per c e n t  over 2 5  
ye ar s .  S i nce eq u il i br i um g a s  s a t ur a t ion wa s n e ver me t ,  two-pha se 
flow wa s not cons idered by the model . L i kew i s e , s i nce free g a s  
s a t ur a t ion r ema i hed l ow thr oughout the n a t ur a l  fl ow per i od , r e d uc 
t ion of wa ter perme ab i l i ty d ue t o  g a s  s a t ur a t ion was mi nor a n d  w a s  
n o t  i ncl ud ed i n  t h e  c omp uta t ions . 

The comp uter model  a l so cons ider e d  wel l  bor e hyd r a ul i c s . S i nce 
ther e are a number o f  po s s i bl e t ub i ng s i z e s  wh ich mig h t  normal l y  be 
ut il i zed in s uch pro d uc i ng wel l s , comp uter r un s  wer e  mad e  o n  one of 
the prospe c t s  us i ng t ub i ng s i ze s  of 4 1/2 , 5 1 / 2 , a nd 7 i nche s . 
Fr om those r un s  i t  wa s e s t ima ted tha t 4 1/ 2 - i n ch t ub i ng wo ul d pl ace 
unaccep tabl e cons tr a in ts on da ily pr od u c t ion r a te s  wh il e 7 - i nch 
t ub i ng woul d  probably not be requ ired at d e s i r ed and s u s t a i nabl e 
produc i ng r a te s . I t  wa s de c ided , there fore , tha t the s ub s eq ue n t  
computer r un s  o n  a l l  o ther prospe c t s  wo ul d cons ider o n l y  5 1/ 2 - i nch 
prod uct ion t ub i ng . 

RES ERVO I R  PROPERTI E S  OF TEXAS AND LOU I S IANA PRO S PE CTS 

To pr ed i c t  the pre s s ure and prod uc t io n  s c he d ul e s  for the Te x a s  
and Lo u i s i an a  g e opr e s s ur ed prospe c t s  throug h t h e  u s e  of a comp uter 
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model  and to compl e te the e conom i c  eval uat ion o f  t h e s e  pros pe c ts , 
i t  was nece s s a ry to d e r ive a number o f  d e scr i p t ive r e se r vo ir par am
e ter s for use i n  the se anal y se s . Parame ter s ut i l i ze d  for prospe c t s  
i n  th i s  s t udy are s ummar i zed i n  Tabl e D - 1 . F l u id pr oper t i e s  s uc h  
a s  wa ter v i scos i ty ,  wa ter dens i ty , a nd wa ter forma t io n  vol ume f a c 
tor wer e  de termi ned fr om corre l a t ions c ommonly u t i l i ze d  i n  the 
pe trol e um i nd u s try . 

D i s sol ved Ga s Conte n t  

De term i na t i on o f  the d i s sol ved me thane content o f  the r e servoir 
br ines wa s based on the e x pe r ime n tal d a ta o f  C ul be r son and 
McKe t ta l a nd S ul t anov , Skr i pka , a nd Nam i o t . 2 The s e  r e s e a r cher s 
ex ami ned me thane sol ub il i ty i n  p ur e  wa ter a s  a f un c t ion o f  tempe r a 
t ur e  a n d  pr e s s ur e . Add i t ional r e search , i nc l ud i ng a r e ce n t  s t udy 
by Haa s , 3 has i nd i c a ted tha t d i s sol ved sal t s  r e d uce me thane sol 
ub i l i ty i n  water and tha t the reduc t ion i s  i n  the order o f  1 5  to 2 0  
per ce n t  a t  5 0 , 0 0 0  par ts per mil l ion NaC l  and 3 0  t o  4 0  per cent  a t  
1 0 0 , 0 0 0  par t s  per m i l l ion NaC l . Haas ' emp ir i ca l  r e l a t i on s  for 
me thane sol ub i l i ty in p ur e  wa ter wer e  a l so i n  q u i te cl ose agr e eme n t  
w i th thos e  of t h e  two pr ev i ousl y me n t ioned s t ud i e s  ove r  t h e  r ange 
of pre s s ur e s  and temper a t ur e s  o f  i nter e s t  i n  the pre se n t  s t udy . 
For the comp uter model  r un s  on each pr ospe c t , the i n i t i al d i s sol ve d  
g a s  con tent  o f  the wa ter was spec i f ied i n  the i np u t  d a ta a n d  wa s 
then a u toma t i cal l y  ad j u s ted by the mod e l  i n  a ccor d a nce w i th the ex 
per imen tal data a s  the r e servoir pr e s s ur e  was l owered . 

Sys tem Compr e s s i b i l i ty 

The fr act i on o f  wa ter i n  pl ace wh i ch can be prod uced by d e pr e s
s ur i ng an aq u i fer by n a t ur al fl ow is pr imar i l y  d e pe nd e n t  on the 
compr e s s i b i l i ty o f  the system . , Th i s  c ompr e s s i b il i ty is the s um of 
phy s i c al phenome na wh i ch contr i bute to ma i n ta i n i ng pr e s s ur e  a s  
wa ter i s  wi t hdr awn fr om the re servo i r . The s pace vac a ted by pr o
d uc ed wa ter is  f il l e d  by a comb i na t i on of : 

• Wa ter expan s ion ( I tem 1 )  

• Rock e xp an s ion man i fe s ted a s  a decrease i n  e f fe c t ive 
poros i ty ( I t em 2 )  

lc ul ber son , 0 . L . , a nd McKe tta , J .  J . , " Ph a s e  E q u i l i br i a  i n  
Hydrocar bon Wa ter Sys tems I I I  - - the Sol ub i l i ty o f  Me thane i n  Wa ter 
at Pre s s ur e s  to 1 0 , 0 0 0  p s i a , "  Tr ansac t ions A I ME 1 9 2 , 1 9 5 1 ,  pp . 
2 2 3 - 2 2 6 . 

2s ul tanov , R . G . ; Skr ipka , v . G . ; and Namio t ,  A .  Y . , " Sol u
b i l i ty of Me thane i n  Wa ter at H ig h  Tempe r a t ur e s  and Pr e s s ur e s , "  
Ga zova i a  Promyshl e nnos t ,  Vol . 1 7 ,  1 9 7 2 , pp . 6 - 7 . ( i n Rus s ian ) 

3Haa s , J .  L . , Jr . ,  An Emp i r ical Eq ua t ion w i th Tabl e s  o f  
Smoo thed Sol ub i l i t i e s  o f  Me thane i n  Wa ter and Aq ueo us Sod i um 
Chl or ide Sol ut ions up to 2 5  We ig ht Per ce n t , 3 6 0 ° C , and 1 3 8  MPa , 
U . S . Geol og i c al S ur vey , Re s ton , Virg i n i a ,  1 9 7 8 . Ope n- F i l e Repor t 
No . 7 8 -1 0 0 'l . 

D-2 



TABLE D-1 

PROSPECT EVALUAT I O N  S U M MARY 

Net Sand Thickness Dissolved 
Top of Bottom of Average at Recommended Average Average Average Average Average Average Methane 

Location Geological Geopressure Sand I n terval Bulk Volume Area Thickness Well Site Depth Temperature Pressure Permeability Porosity Salinity Content 
Prospect Name (Parish or County) Physiography Zone ( Feet) (Feet) ( ft3 X 1 09)  ( s q .  miles) (Feet) (Feet) ( Feet) I·F) • � (md) � (ppm) ISCF/bbl) 

I .  Lou isiana 

Atchafalaya Bay St. Mary & Marsh & Miocene 
Terrebonne Bay 

East 1 1 ,675 1 5,500 496 56 320 340 1 5,200 270 1 2 , 1 60 20 26 1 07,000 29 
West 1 1 , 1 20 1 4 ,600 555 90 220 600 1 3 ,300 240 1 0,640 30 26 1 07,000 23 

Johnson's Bayou Cameron Marsh & 
G u l f  Miocene 8,740 1 3 ,500 1 ,600 46 1 ,250 1 ,550 1 1 ,400 230 9,500 1 00 31  95,000 20 

LaFourche LaFourche & 
tJ Crossing Terrebonne Land Miocene 1 3 ,850 1 7 ,000 332 33 360 650 1 5,000 270 1 2,900 20 25 45,000 36 
I Rockefeller Marsh & w Refuge Cameron G u l f  Miocene 1 4 ,500 1 7 ,500 946 78 435 1 ,400 1 6,500 320 1 4 ,200 20 23 56,000 51  

S. E . Pecan Is land Vermil l ion Marsh & Miocene 
East G u l f  1 3 ,700 1 6,500 1 52 22 250 380 1 5,563 300 1 3 ,500 1 0  20 1 00,000 35 
West 1 3 ,400 1 7 ,700 351  46 275 980 1 5,565 300 1 3,500 1 0  20 1 00,000 35 

I I .  Texas 

Austin Bayou Brazoria Land & Marsh F rio 1 2,000 1 7 ,000 360 1 8  7 1 5  900 1 4 ,500 3 1 5  1 1 ,600 20 1 6  60,000 40 
Candelaria Kenedy Land F ri o  1 0,700 1 3 ,500 588 44 480 700 1 2,000 275 9,750 5 1 5  . 75,000 28 
Clinton DeWitt Land Wilcox 1 0 ,500 1 2,000 222 1 1  700 700 1 1 ,500 275 8,250 20 1 6  60,000 28 
Eagle Lake Colorado Land Wilcox 1 2,000 1 2,900 1 60 1 0  575 575 1 2 ,450 3 1 5  9,335 20 1 3  90,000 30 

" Temperatures determ i ned from well logs corrected for mud circu latiOn . 



• G a s  evo l ve d  from s o l u t i on i n  the r e s e rvo i r  wa t e r  w i th 
depre s s ur i ng ( I t em 3 )  

• Water migr a t i ng i n to the rese rvo i r  pore space from s h a l e s  
s ur round i ng and i n te rbedded w i t h  the re s e rvo i r  rock ( I tem 4 )  

• Decrease i n  e f fe c t ive po ros i ty caused by subs i d e n ce 
( I tem 5 ) . 

I t ems 3 ,  4 ,  and 5 u s ual ly con t r i bu t e  l i t tl e  to ma i n te nance of 
pre s s ur e  in mod e r a te d ep th , normal ly pre s sured aq u i fe r s , and these 
aqu i fe rs a re u s ua l ly s t imul a ted con s ide r i ng o n l y  I tems 1 and 2 .  
Adequate compre s s i b i l i ty d a t a  are ava i lable fo r wa te r , b u t  d a ta for 
rock compre s s ib i l i ty i n  the geopre s s ured range are sparse . The 
ava i l able d a t a  i nd i ca te somewh a t  h ig he r  rock compr e s s i b i l i ty i n  
ge opre s s ured rese rvo i r s  than i n  normal ly pre s s ured re s e rvo i r s , but  
pre s e n t  data i s  not s u f f i c i e n t  for accurate ly e s t ima t i ng repre sen
tat ive value s  for a par t i cular re s e rvo i r . A l though a w i d e  range of 
rock compre s s i b i l i ty v a l u e s  has appe ared i n  the l i t e r a t ur e  o n  
ge opre s s ured aqu i fe r s , s ome h ave b e e n  p ure ly spe c ul a t i ve . I n  the 
a bs en ce o f  mo re de f i n i t ive d a t a ,  there fore , a rock po re volume 
compre s s ib i l i ty va l ue of 5 . 0  x l o- 6 ps i -1 wa s u s ed i n  the NPC 
s tudy . 

I tem 3 can be s ig n i f icant i f  the aqu i fe r  wa te r i s  s a t ur a ted 
with gas a t  or i g i n a l  cond i t ions and de pre s s ur i ng is carr i ed to a 
leve l we l l  be low o r ig i n a l . The e f fe c t  of I t em 3 wa s i n c l ud e d  i n  
t h e  NPC s t udy , wh i l e  pos s ib l e  pre s s ure ma i n te nance by I t ems 4 and 5 
was not i nc luded . 

There are d i f fe re n t  op i n ions regar d i ng the impo r t a n c e  of I tem 4 
i n  ma i n t a i n ing pre s s ure . S h a l e s  h ave some pe rme ab i l i ty ,  but  i n  
norma l ly pr e s s ur e d  re servo i rs , t h i s  pe rme ab i l i ty i s  s o  sma l l  that 
it  can be n e g l e c ted . Abno rmal ly pre s s ured s h a l e s  t e nd to h ave more 
perme ab i l i ty b e c au se h ig h  f l u id pre s s ure has preven ted ove rbu rd e n  
s tre s s e s  from sque e z i ng wa ter from the pore s tr uc t ure t o  t h e  e xtent  
that th i s  occurs  i n  norma l pres sure env i ronme n t s . W i th h ig h e r  per
me ab i l i ty in abnorma l ly pre s s ured s h a l e s  and w i th l arge pre s s ure 
grad i e n t s  wh i ch wi l l  occur as these re s ervo i r s  are produce d , some 
water w i l l  migrate i n to the re s e rvo i r  sands f rom s h a l e s  i n  imme 
d iate prox im i ty to the rese rvo i r  rock . One a uthor h a s  a t t r i bu te d  
s ign i f icant pre s s ure ma i n te nance t o  th i s  source i n  a n a ly z i ng the 
depl e t ion of abnorma l ly pr e s sured ga s re servo i r s . 4 

Pre s s ure ma i n t e nance from decre a s e s  i n  e f fe c t ive po ros i ty due  
to  s ubs idence h ave been reported for a numbe r of f i e l d s  i nc l ud i ng 
W i lm i ng to n  and seve r al Ven e z u e l a n  f ie ld s . Re s e r vo i r  rock s ub s i 
dence i s  a t t r i butable - to rearrangemen t  a n d  to crush i ng o f  s an d  
g ra i n s . The se f a ctors wou l d  tend to decrease we l l  produc t iv i ty 
and , i n  s e vere i n s tance s ,  coul d  cause cas i ng f a i l ure . 

4wal lace , w .  E . , "Water Produc t ion f rom Abnorma l ly Pre s s ured 
Gas Re se rvo i rs i n  South Lou i s iana , Par t  I I , " Procee d i n g s  o f  the 
Second Sympos i um on Abnorma l Subsurface Pre s s u re , Lou i s i an a  S tate 
Unive r s i ty , B a ton Roug e , Louisiana , Janua ry 30 , 1 9 7 0 . 
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Ther e are , the r e for e , ma j or un cer t a i n t i e s  regar d i ng s y s tem com
pre s s i b il i ty .  Mor e l abora tory and f ie l d  d a ta are needed to a s s e s s  
the e f fe c t  o f  the var iou s  components o f  sys tem compr e s s i b i l i ty on 
geopr e s s ured aq u i fer per formance . Based on c ur r e n t l y  a va il abl e 
d a ta , however , i t  i s  fel t that the sys tem compr e s s i b il i ty val ue 
ut il i zed in th i s  s t udy is r e a sonabl e . 

Other Re servo i r  Par ame ter s 

Other r e servo i r  and fl u id de scr i p t ive pr oper t i e s  for the Te xas  
and Lou i s iana g e opr e s s ur ed pr ospe c t s  we re de term i ne d  from eval ua
t ion r e por t s  pr e par ed for the u . s .  Depar tme n t  o f  Energy , D i v i s ion 
of Geothermal Energ y ,  by r e searcher s a t  Lo u i s i ana S t a te Un ive r s i ty 
( LSU ) 5 and the Un i ve r s i ty o f  Texa s . 6 , 7 , 8 , 9  The s e  r e s e ar cher s 
util i ze d , a s  the ir pr ima ry sour ce of d a ta , we l l  l og s  from we l l s  
with i n  the pr ospe c ts and i n  the immed i a te s ur r o und i ng are a , a n 
al y z i ng and corr e l a t i ng the l og s  t o  devel op g e ol og i c  i nforma t i on i n  
the form of cros s s e c t i on s , s tr uc t ur al map s , and i sopa c h  map s . 
Other pr ospe c t  i n forma t ion , s uc h  as  r e servo ir temper a t ur e ,  pr e s
s ur e , sal i n i ty , por os i ty ,  and pe rmeab il i ty ,  wer e  d e ve l oped u s i ng 
we l l  l og s , cor e s , a nd d a ta fr om dr i l l i ng r e por t s . 

5Bernar d , W .  J . , Eval ua t ion o f  F ive Pote n t ial  Geopr e s s ur e  
Geothermal Te s t  S i tes  i n  Southern Lo u i s i ana , Pe trol e um Eng i neer i ng 
Depar tme n t , Lou i s i ana S tate Un iver s i ty ,  Ba ton Roug e , Fe br u ary 1 9 7 9 . 
Con tr ac t S t ud y  EY- 7 6 -S- 0 5 - 4 8 8 9  pr epared for U . S .  De par tme n t  o f  
Energ y , D iv i s ion of Geotherma l Energy . 

6Be bout , D .  G . ; Loucks ,  R .  G . ; and Gr eg ory , A .  R . , Geopr e s 
s ured Geo thermal Fa irway Eval ua t ion and Te s t -Wel l S i te Loc a t �o n , 
Fr io Forma t i on , Tex a s  Gul f Coa s t , Bur e a u  of Econom i c  Geolog y , 
Un i ver s i ty o f  Tex a s  a t  Aus t i n , Jan uary 1 9 7 8 . Contr ac t S t ud y  
EY- 7 6-S- 0 5 -4 8 9 1- 4  pr epar ed for U . S .  Depar tme n t  o f  Energy , D i v i s ion 
of Geothermal Energ y . 

7Bebout , D .  G . ; Gave nd a , v .  J . ; and Gr egory , A .  R . , Geo ther
mal Re sour c e s , W i l cox Gro up , Tex a s  G ul f Coa s t , Bure a u  of E conomic 
Ge ol og y , Un iver s i ty o f  Tex a s  a t  Aus t i n , Jan uary

" 
1 9 7 8 . Contr a c t 

S t udy EY- 7 6-S - 0 5 - 4 8 9 1 - 3  pr epar e d  f or u . s . Depar tme n t  of Energ y , 
Divis ion of Geothermal Energ y . 

8 Be bout , D .  G . ; Gr egory , A .  R . ; Lo uck s , R .  G . ; a n d  We i s e , B .  
R . , A Prospe c tus , Geopr e s s ured Geo thermal Pro s pe c ts and Te s t -Wel l 
S i te s , Wil cox Gr o up and Fr io Forma t ion , Tex as G ul f Coa s t , B ur e a u  o f  
Econom i c  Geol ogy , Un iver s i ty o f  Tex a s  a t  Au s t i n , December 1 9 7 8 . 
Prepar ed for u . s .  Depar tme n t  o f  Energ y , D i v i s i on o f  Geo therma l  
Energ y . 

9 Loucks , R .  G . , Geothermal Re sour c e s , Vicksburg Forma t ion , 
Tex as Gul f Coa s t , B ur e a u  o f  Economi c Geol ogy , Un i ver s i ty o f  Tex a s  
a t  Aus t i n ,  January 1 9 7 8 . Contr act S tudy EY- 7 6- S - 0 5 - 4 8 9 1- 2  pr epared 
for u . s .  Depar tme n t  o f  Energy , D i v i s ion o f  Geo thermal Energ y . 
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For e a ch o f  the Lou i s i ana pr os pe c t s , the LSU eval u a t i on repor t 
pr o v id e s  a g e neral de scr ipt ion o f  the pr ospe c t  wi th regard to i t s  
s ur f ace g e ogr aph ic l oc a t i on , a geolog i c  d e scr i p t ion o f  the pr ospe c t  
ar e a , a nd a g e ner al s tr a t igr aph i c  d e scr ipt i on o f  t h e  g e opr e s s ur e d  
sed ime n t s  i n  the pr ospe c t . The LSU eval ua t ion r e por t a l so s pe c i 
f i e s ,  for each pr ospe c t ,  i ts ne t sand vol ume , areal  ex t e n t ,  top and 
bot tom o f  sand i n terval , a nd aver ag e  d e p th a s  the s e  par ame ter s we r e  
de termined from s t r uc t ur e  a n d  i s opach maps a nd g eo l og i c  cr o s s  
s e c t ion s . 

Add i t i onal l y , LSU r e searchers de term i ned "from ne t s and i sopach 
maps the s and th i ckne s s  at a s i te wh i c h  wa s r e c omme nd e d  as the l o
cat i on for a te s t  we l l  i n  each prospe c t  are a . Th a t  th i ckne s s  wa s 
u t i l i zed a s  the ne t s a nd t h i ckness i n  al l s i ngl e -prod uc i ng -wel l 
comp uter mod e l  pr e d i c t ion r un s  in  the NPC s t ud y . Where pr ed i c t ion 
i nvol ved the d evel opme n t  of  the prospe c t  w i t h  mor e  than one pr od uc
i ng wel l , the sand t h i ckne s s  used in the mod e l  w a s  the ave r ag e  ne t 
sand t h i ckne s s  de termined by d i v i d i ng the r e s e r vo i r  b ul k  vol ume by 
the a r e a  o f  the pr ospe c t . 

Da ta val ue s e s t ima ted from conve n t ional we l l  l og s  for e a ch o f  
t h e  Lou i s iana pr ospe c t s  i ncl uded ave r ag e  sal i n i ty ,  aver ag e  pre s 
s ur e , top of g eopr e s s ur e , a nd average temper a t ur e . Pr e s s ur e s  we r e  
e s t ima ted fr om shal e r e s i s t i v i ty ind i c a t ions o n  t h e  wel l  l og s . Tem
pera t ur e  r e ad i ng s  from l og s  wer e  corre cted to und i s t ur be d  r e servoir 
temper a t ur e s ,  to  a c c o un t  for mud c ir c ul a t ion e f fe c t s , us i ng a g e n 
e r al l y accep te d  Ame r i ca n  Assoc i a tion of Pe tr ol e um Geol og i s ts ( AAPG ) 
cor r e c t ion r e l a t ionsh i p .  Other data va l ue s  e s t ima te d  fr om wel l 
l og s  and/or s id ewa l l  c or e s  i ncl ud ed ave r ag e  perme a b i l i ty and por os
i ty .  Permea b i l i ty val ue s  c i ted by the LSU repor t s  wer e  cons idered 
to be  h ig h  for use a s  aver ag e val ue s  over the total  ne t s and th i ck
ne s s  and wer e  ad j us ted d ownward by the s t udy par t i c i pa n t s , based on 
oil and gas pr oduc t i on exper i en ce in  the are a s .  

For a l l  Lou i s iana pr ospe c t s  wi th the e x c e p t i o n  o f  S o u the a s t  
Pe can I sl and , d a t a  val ue s  d e te rmined by LSU r e s e ar cher s a s  d e 
s cr i bed above wer e  u t i l i z e d  i n  the comp uter mod e l  r u n s . I n  the 
case of  the Southe a s t  Pe can I sl and prospe c t ,  h owever , a separ a te 
exam i n a t ion wa s per forme d by the geolog i s ts par t i c i pa t i ng i n  the 
NPC s t ud y . Val ue s  used in the Pe can I sl and comp uter r un s  for r e 
ser v o i r  bul k vol ume , areal ex te n t ,  top and bot tom o f  sand i n terval , 
aver ag e  depth , a nd expec ted th i ckn e s s  a t  the r e c omme n d e d  te s t  wel l  
s i te wer e  de termi ned from g e ol og i c  ma ps pr epar e d  by the s t ud y  par 
t i c ipan t s . Other val ue s used i n  the Pe can I sl and mod e l  r un s  wer e  
e i ther t ake n d ir e c tl y  fr om t h e  LSU repor t o r  wer e a d j u s ted somewha t 
to a c c o un t  for the d i f ference i n  ave r ag e  depth be twe e n  the two geo
l og i c  mode l s .  

Four Tex a s  pr ospe c t s  for wh i ch s u f f i c ie n t  d a ta we r e  ava i l a bl e  
i n  the Un i ver s i ty o f  Tex a s  e va l ua t ion r e por t wer e  e x ami n e d  us i ng 
the comp uter mode l  to e s t ima te the ir br i ne - a nd g a s -pr od uc i ng po 
ten t i al s .  The Un i ver s i ty o f  Tex as r e por t wa s br oken d own i n to sev
eral par ts ,  e a ch cove r i ng a s epar a te geol og i c  forma t ion : o ne par t 
covered the Fr i o  pr ospe c t s , wh i l e  another cove r e d  W i l cox Gr oup 
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pr ospe c t s , a nd a th ird d i scus sed pr ospe c t s  i n  the Vick s b urg Forma 
t ion . Geol og ic s tr uc t ur e  and i sopa ch map s  wer e  not i n c l ud e d  i n  the 
Tex a s  repor t and prope r t ie s  we re , ther e for e , n e c e s sar ily d r awn from 
tex t ual in forma t ion , d a ta tabl e s ,  and g eo l og i c  cr o s s  se c t ions i n
cl ud ed in the repor t .  O f  the Tex a s  s i tes , the Aus t i n  Bayo u , Fr i o  
Format ion prospe c t  r e ce ived t h e  mos t  e x tens ive cover ag e , wh il e 
in forma t ion on the other Tex a s  pr ospe c t s  wa s pr e s ented i n  l e s s  
de t a il . 

In s everal case s ,  prospe c t  bul k  vol ume s wer e  r e d uced fr om the 
val ue s g i ve n in the Un ive r s i ty of Tex a s  r epor t s  to e x cl ud e  from the 
re servoir vol ume those sands wh ich were i nd i c a te d  by the e val ua t ion 
repor ts to be of ve ry l ow perme a b i l i ty or not wi th i n  the g e opr e s 
s ured zone . Con seque n tl y , i t  wa s ne ce s sary t o  al ter the a ver ag e 
re servo ir prope r t ie s  of the pr ospe c t s  to con form w i th the change in 
average depth of the r e servoir s .  S i nce the t a b ul a ted d a ta wer e  
o f ten pr e se nted a s  a r a ng e o f  val ues ove r a n  i n terva l  o f  depth , i t  
wa s gene r al l y  pos s ibl e t o  interpol ate wi th i n  the g iven r ang e t o  the 
new ave rag e  de p th . 

Da ta val ue s  pr e se n ted in the Tex a s  r epor t s  we r e  g e n e r a l l y  d e 
vel oped by me ans o f  the s ame analyt ical pro ce d ur e s  d e s cr ibed above 
for the Lo u i s i ana pr ospe c t s  u s i ng we l l  l og s , c or e s ,  a nd dr il l i ng 
repor t i n forma t ion . As i n  the case o f  the Lou i s iana pro s pe c t s , 
perme ab i l i ty va l ue s  pr e s e n ted i n  the Texa s  eva l u a t ion repor ts we re 
con s idered by NPC s t udy par t i c ipants to be too h ig h  to be appl ied 
as ave rage perme a b i l i ty val ue s  over the e n t ir e  ne t s and th ickne s s . 
Pe rmeab il i t i e s  wer e  there fore decr e ased i n  accor dance w i th the 
exper ience o f  s t udy par t ic i pants fam i l i ar w i th the pro s pe c t  are a s . 

PRODUCTI ON EVALUAT I ON OF LOU I S IANA PROSPECTS 

F ive Lou i s iana g e opr e s s ured br ine pr ospe c t s  wer e  e va l ua ted by 
comp uter mode l  for th i s  s tudy . The aq u i fer pr oper t ie s  u t il i ze d  i n  
the computer mode l  for e a c h  o f  the prospe c ts wer e  s ummar i zed i n  
Tabl e D-1 . Mos t o f  the pr oper t ie s  l i s ted we r e  t ake n d ir e c tl y  from 
data pre s e n ted i n  the e va l ua t ion o f  the f ive pos s ibl e te s t  s i te s  
pr epared by LSU s t a f f  member s .  Parame t e r s  u t il i ze d  i n  mod el i ng the 
Southea s t  Pe can I sl and pr ospe c t ,  howe ver , wer e  d e termined fr om 
ind u s try d a t a  and from the geolog i c  i n terpr e t a t ion by the geol o
g i s t s  par t i c i pa t i ng in the NPC s t udy . I n  the c a s e  o f  s ever al o f  
the pr ospe ct s , the d i s so l ve d  na tur al g a s  conte n t  of the br ine wa s 
changed somewhat fr om the LSU d a t a  ( us ual l y  i n  the d ir e c t ion o f  a 
h ig her g a s  content ) ,  to r e fl e c t  the pr obabl e s a t ur a te d  g a s  con te n t  
a t  re servo ir tempe r a t ur e , pre s s ure , and wa ter sal i n i ty .  Al l com
puter r un s  con s ide r e d  only a pr oduc t ion t ub i ng s i z e  of 5 1/2 inches 
and a rock pore vol ume c ompr e s s i b il i ty of 5 . 0  x l o - 6  p s i - 1 . 

The computer mode l  was r un to de termi n e , for e a ch o f  the pr o s
pe cts , i ts br ine - a nd ga s-pr oduc ing capab i l i ty a t  i n i t ial r at e s  of 
3 0 ,  5 0 , and 70 MB/D per wel l  for s i ng l e -wel l  a nd m ul t i pl e -wel l  con
f ig ur a t ions ; th i s  pr oce s s  i nvol ve d  6 1  mod e l  r un s . Ta bl e  D-2 l i s t s  
s ummary in forma t ion for e a c h  o f  the pro s pe c t s . The pro d uc t io n  
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TABLE D-2 

Louisiana Geopres sure-Geothermal P rospect P roduction Summary 

Brine Total Gas Produced Gas Produced 
Production Computer Number of Length of Constant Per We l l  Dur ing as Percentage of 

Rate Run Produc ing Flow Per iod Natural Flow Period* Original Gas 
Pros,Eect �) Number Wells ( Years ) ( BCF ) In P lace 

Atchafal aya Bay East 70 , 0 0 0  L 1  1 0 1 1 . 42 1 .  8 

5 0 , 0 0 0  L 2  1 7 1 1 . 27 1 .  8* 
L 3  2 3 8 . 73 2 . 7 

3 0 , 0 0 0  L4 1 25+ 7 . 69 1 .  2 
L5 2 2 2  7 . 3 7 2 . 3 
L6 4 1 1  5 . 3 7  3 . 3 
L7 6 7 3 . 80 3 . 6 
L8 8 6 2 . 85 3 . 6  
L9 1 0  4 2 . 2 8 3 . 6  0 I 

CX) 
Atcha falaya Bay West 7 0 , 0 0 0  L 1 0  1 0 1 0 . 55 1 .  8 

5 0 , 0 0 0  L 1 1 1 1 7  9 . 8 1  1 .  7 *  
L 1 2  2 0 6 . 40 2 . 2 

3 0 , 0 0 0  L 1 3  1 2 5 +  6 .  1 9  1 .  1 
L 1 4  2 1 8  5 . 77 2 . 0 
L 1 5  4 9 4 .  1 1  2 . 8  
L 1 6  6 6 2 . 95 3 . 0 

Johnson ' s  Bayou 70 , 0 0 0  L 1 7  1 25+ 1 2 . 70 0 . 7* 
L 1 8  2 1 9  1 2 . 1 9  1 .  4 
L 1 9  4 9 1 o .  1 5  2 . 3  
L20 6 6 8 . 1 1  2 . 8 

*Natural flow period of 2 5  years or less if aquifer pressure depletes sooner . 



TABLE D-2 ( continued)  

Brine Total Gas Produced Gas Produced 
Produc tion Computer Number of Length of Constant Per We l l  Dur ing as Percentage of 

Rate Run Produc ing Flow Period Natural Flow Period* Original Gas 
Pros;eect ( B /D ) Number We lls ( Years ) ( BCF ) I n  P lace 

Johnson ' s  Bayou 5 0 , 0 0 0  L2 1 1 2 5 +  9 . 1 5  0 . 5 
L22 2 25+ 8 . 93 1 .  0 
L23 6 1 7  7 . 6 1  2 . 6 
L24 8 1 3  6 . 29 2 . 9  
L25 1 4  7 3 . 6 1 2 . 9 

3 0 , 0 0 0  L26 1 25+ 5 . 53 0 . 3 
L2 7 2 25+ 5 . 46 0 . 6 
L28 1 2  1 9  4 . 2 1  2 . 9  
L29 1 4  1 6  3 . 60 2 . 9 
L30 1 8  1 2  2 . 8 1  2 . 9 
L 3 1  24 9 2 . 1 0  2 . 9 

0 L32 30 I 7 1 .  69 2 . 9 
1.0 

La Fourche Crossing 7 0 , 0 0 0  L 3 3  1 3 1 7 . 1 6  3 . 2  

5 0 , 0 0 0  L34 1 1 8  1 5 . 56 2 . 9 *  
L35 2 6 1 0 . 44 3 . 9  

3 0 , 0 0 0  L36 1 2 5 +  9 . 93 1 .  8 
L37 2 2 1  9 . 1 8  3 . 4  
L38 4 1 0  5 . 73 4 . 2 
L39 6 7 3 . 84 4 . 3 
L40 8 5 2 . 88 4 . 3 

Roc kefeller Refuge 7 0 , 0 0 0  L4 1 1 25+ 3 1 . 34 1 . 7 * 
L42 2 4 2 5 . 90 2 . 8 

*Natural flow per iod of 25 years or less if aqui fer pressure depl etes sooner . 



TABLE D-2 ( continued)  

Brine Total Gas Produc ed Gas Produced 
Produc tion Computer Number of Length of Constant Per We l l  Dur ing as Percentage of 

Rate Run Produc ing Flow Period Natural Flow Per iod* Original Gas 
Prospect ( B /D ) Number We lls ( Years ) ( BCF ) I n  Place 

Rocke feller Refuge 5 0 , 0 0 0  L43 1 2 5 +  2 2 . 68 1 . 2 * 
L44 2 25+ 2 1 . 99 2 . 4  
L45 4 1 3  1 8 . 45 4 . 0 
L46 6 8 1 4 . 3 9 4 . 6 
L47 8 6 1 1 . 2 9 4 . 8 

3 0 , 0 0 0  L48 1 2 5 +  1 3 . 78 0 . 7 
L4 9 1 0  1 4  9 . 0 2  4 . 8 
L50 1 4  1 0  6 . 48 4. 9 
L 5 1  2 0  7 4. 54 4 . 9  

t1 
I 

1-' SE Pecan Island East 70 , 0 0 0  L52 1 0 7 . 2 8 4 . 0 0 

5 0 , 0 0 0  L 5 3  1 1 7 . 2 7  4 . 0 

3 0 , 0 0 0  L 54 1 1 2  6 . 95 3 . 8  
L 5 5  2 4 3 . 87 4 . 3 

SE Pecan Island We st 70 , 0 0 0  L56 1 2 1 4 . 44 3 . 5 

5 0 , 0 0 0  L57 1 1 5  1 3 . 53 3 . 2  
L58 2 0 7 . 3 3  3 . 5 

3 0 , 0 0 0  L59 1 25+ 9 . 0 3  2 . 2 
L60 2 1 0  7 . 07 3 . 4  
L 6 1  4 5 4. 42 4. 2 

*Natural flow period of 2 5  years or less if aquifer pre ssure depletes sooner . 



r a te , comp uter r un number , n umber of pr od uc i ng we l l s , and l e ng th of 
the cons tant fl ow per iod are g ive n .  Table  D-2 a l so l i s t s , for e a c h  
o f  the se ca se s , t h e  total g a s  pr oduced p e r  we l l  d ur i ng 2 5  ye ar s of 
na t ur al fl ow ( or unt il the e nd o f  the na t ur a l  fl ow per iod i f  pre s 
s ure depl e t i on occur re d  i n  l e s s  than 2 5  ye ar s ) and tha t total pr o
d uct ion as a per ce n t ag e  of the or ig i nal g a s  in pl ace . In each o f  
the s i ng l e -we l l  pr od uc t ion cases , the n e t  s and th i ckne ss u s e d  i n  
the mode l  was the expec ted th i ckne s s  a t  t h e  r e c ommended wel l  s i te 
as  de term i ned from ne t sand i sopach map s .  I n  e a ch o f  the mul t i pl e 
wel l  prod uc t i on case s ,  the ave r ag e  ne t s and t h i c kne s s , a s  d e te r 
mined fr om the va l ue s  for bul k vol ume a nd areal ex t e n t , wa s used i n  
the computer mod e l . 

PRODUCT I ON EVAL UAT ION OF TEXAS PROSPE CTS 

Four Tex as geopr e s s ur ed br i ne pr os pe c t s  we r e  eval uated by com
p uter model for th i s  s t udy . The aq u i fe r  proper t i e s  ut i l i zed in the 
comp uter model for each of the pr ospe c t s  we r e  s ummar i z e d  in Tabl e 
D-1 . The s e  pr oper t ie s  wer e  der ived pr imar i l y  fr om r e search r e por t s 
on the pr ospect s pr epared by the B ur e a u  of Econom i c  Geol ogy a t  the 
Un iver s i ty of Tex a s  a t  Aus t i n . A smal l amo un t of add i t ional ind us
try d a ta was al so ava i l abl e and was u t il i ze d  in  the de term i n a t ion 
of re servoir pr oper t ie s , a s  wa s the input of s e ve r al NPC s t udy par
t i c ipan ts who are fami l i ar w i th the pr ospe c t  are a s . The d i s sol ve d  
na t ur al g a s  conte nt o f  the g e opr e s s ured br i n e  wa s ad j us ted to r e 
f l e c t  s a t ur a tion cond i t ions a t  the tempe r a t ur e , pr e s s ur e , a nd sa
l i n i ty of the ind i v i d ual prospe c t  r e servo ir s .  As wa s the case  in  
the pr e v i o u s  eval uat ion of the Lou i s i ana pr ospe c t s , o nl y  5 1/2- i nch 
prod uct ion t ub i ng and r o ck pore vol ume compre s s ib il i ty o f  5 x 
l o- 6  p s i - 1 wer e  con s idered in the mo del  r un s . 

The comp uter mod e l  wa s r un to de term i ne the br i ne - a nd g a s
pr od uc i ng capab i l i t ie s  of each o f  the pr ospe c t s  over 2 5  ye a r s  a t  
i n i t i al produc i ng r a te s  o f  3 0 ,  5 0 , a nd 7 0  M B/D per we l l  for s i ng l e 
wel l  and mul t i pl e -wel l  con f ig ur a t ion s ; th i s  proce s s  i nvol ved 1 6  
mode l r un s . Table  D- 3 l i s t s  s ummary i n forma t ion for each o f  the 
pr ospe c ts . The prod uc t i on r a te , comp uter r un n umber , n umber o f  
prod uc i ng wel l s , a n d  l e ng th o f  the con s tant fl ow per iod a r e  g i ven 
as wel l  as  the total g a s  pr od uced per wel l  d ur i ng a n a t ur a l  fl ow 
per iod of 2 5  year s or l e s s  i f  pr e s s ur e  d e pl e t i on occur r e d  sooner . 
Ga s prod uc t ion , as  a per cen tag e  o f  or ig i nal g a s  i n  pl ace a t  s a t u
r a ted cond i t ions , i s  al so pr ovided i n  Tabl e D-3 . For the s i ngl e 
wel l  prod uc t ion c a se s , the ne t s and t h i ckne s s  used i n  the mod e l  wa s 
the ex pected t h i ckne s s  a t  the recomme nded we l l  s i te a s  d e termined 
fr om net sand i sopa c h  map s . I n  the mul t i pl e -wel l  pro d uc t ion c a se s , 
the net sand th i ckne s s  u t i l i ze d  in the comp uter r u n  was the ave r ag e  
ne t sand t h i ckne s s  a s  d e termined fr om val ue s g ive n for b ul k  vol ume 
and areal ex te n t . 
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TABLE D-3 

T exas Geopressure-Geothermal Prospect Production S ummary 

Brine Total Gas Produced Gas Produced 
Produc tion Computer Number of Length of Constant Per We l l  Dur ing as Percentage of 

Rate Run Produc ing Flow Period Natural Flow Period* Original Gas 
Prospect ( B /D ) Number Wells ( Years ) ( BCF ) In P lace 

Austin Bayou 7 0 , 0 0 0  T 1  1 2 1 3 . 70 3 . 5 

5 0 , 000  T 2  1 1 2  1 3 . 24 3 . 4 
T 3  2 5 7 . 25 3 . 8  

3 0 , 0 0 0  T4 1 25+ 9 . 99 2 . 6  
T5 2 1 4  7 . 2 2  3 . 7 
T6 4 7 3 . 62 3 . 7 

Candelaria 7 0 . 0 0 0  } 1 0 6 .  72 1 .  6 

0 T7 
I 5 0 , 0 0 0  1 0 6 .  72 1 .  6 I-' 

N 
3 0 , 0 0 0  T 8  1 9 6 . 56 1 .  5 

T9 2 0 4 . 3 1  2 . 0 

Cl inton 7 0 , 0 0 0  T 1 0  1 0 3 . 95 2 . 3 

5 0 , 00 0  T 1 1  1 1 3 . 94 2 . 3 

3 0 , 0 0 0  T 1 2  1 8 3 . 92 2 . 3 
T 1 3  2 4 1 .  96 2 . 3 

Eagle Lake 7 0 , 0 0 0  T 1 4  1 0 2 .  96 2 . 8 

5 0 , 00 0  T 1 5  1 1 2 . 95 2 . 8  

3 0 , 0 0 0  T 1 6  1 6 2 . 95 2 . 8 

*Natural flow period of 25 years or less if aquifer pressure depl etes sooner . 



APPENDIX E 

Drilling and Well Costs 



Louisiana Prospects 

Atchafalaya Bay 
East 
West 

John son' s Bayou 

LaFourche Crossing 

Rocke feller Refuge 

SE Pecan Island 
East 
West 

Texas Prospects 

Austin Bayou 

Candelaria 

Clinton 

Eagle Lake 

TABLE E-1 

Producing Well Cost Summary 
( Constant 1 979 Dollar s )  

Total 
Total Depth Well  Cost 

1 5 , 500 Ft $3 , 50 0 , 0 0 0  
1 4 , 600 3, 2 0 0 , 0 0 0  

1 3 , 500 2 , 6 7 0 , 0 0 0  

1 7 , 0 0 0  4 , 1 0 0 , 00 0  

1 7, 500  4, 2 5 0 , 0 0 0  

1 6 , 500 4 , 00 0 , 0 0 0  
1 7, 700  4, 2 9 0 , 0 0 0  

1 7, 000  4, 63 0 , 0 0 0  

1 3 , 500  2 , 2 8 0 , 0 0 0  

1 2 , 000  2 , 0 0 0 , 0 0 0  

1 2 , 900  2 , 2 0 0 , 0 0 0  

E-1 

Co st/ 
Foot 

---

$225 
220  

1 98 

242 

242  

242 
242 

2 7 2  

1 6 9  

1 66 

1 70 



TABLE E-2 

Drilling Programs and Cost E stimates 
( Constant 1 979 Dollar s )  

Johnson ' s  Bayou Prospect,  Louisiana 

Top Geopressure 
Total Depth 

Tangibles 

26" Conductor 
2 0 "  Surface casing 
1 3  3/8 "  Intermediate 
9 5/8 " Production 
5 1 /2 " Tubing 
Xmas Tree 

Subtotal 

I ntangibles 

Location and Move 
Rig 5 0  Days , $ 7 ,  000/Day 
Mud 
Logging and Perforating 
Bits 
Rental Equipment 
Fuel and Water 
Trucking 
Coring 
Geology and Engineering 
Well Supplies 
Cementing 

Subtotal 
Contingency 

( 20%  of Total)  

Total 

E - 2  

8, 700  Ft 
1 3 , 50 0  

1 , 800  Ft 
8 , 700  

1 3 , 500  
9 , 0 0 0  

$ 1 0 , 0 0 0  
80 , 0 0 0  

3 1 0 , 0 0 0  
4 1 0 , 00 0  
1 5 0 , 0 0 0  
1 50 , 0 0 0  

$ 1 , 1 1 0 , 00 0  

$ 1 0 0 , 0 0 0  
350 , 00 0  
2 0 0 , 0 0 0  
1 3 0 , 000  
8 0 , 0 0 0  
20 , 0 0 0  
2 0 , 0 0 0  
20 , 0 0 0  
2 0 , 0 0 0  
5 0 , 0 0 0  
2 5 , 0 0 0  

1 0 0 , 0 0 0  
$ 1 , 1 1 5 , 0 0 0  

445 , 0 0 0  

$ 2 , 6 7 0 , 0 0 0  



TABLE E-2 ( continued)  

Southeast Pecan I sland Prospect West , Louisiana 

Top Geopressure 
Total Depth 

Tangibles 

26 " Conductor 
1 3  3/8 "  Surface Casing 
9 5/8 "  Intermediate 
7 "  Liner 
5 1 /2 "  Tubing 
Xmas Tree 

Subtotal 

Intangibles 

Location and Move 
Rig 1 0 0 Days , $ 7 , 0 0 0 /Day 
Mud 
Logging and Per forating 
Bits 
Rental Equipment 
Fuel and Water 
Trucking 
Coring 
Geology and Engineering 
Wel l  Supplies 
Compl . and Spec . Services 
Cementing 

Subtotal 
Contingency 

( 20%  of Total)  

Total 

E - 3  

1 3 , 40 0  Ft 
1 7 ' 700  

3 , 0 0 0  Ft 
1 3 , 400 
1 7 ' 500 
1 5 , 000  

$ 1 0 , 000  
1 0 0 , 00 0  
535 , 0 0 0  

5 0 , 0 0 0  
2 0 0 , 000  
1 50 , 0 0 0  

$ 1 , 04 5 , 000  

$ 1 0 0 , 000  
7 0 0 , 0 0 0  
400 , 000  
3 5 0 , 0 0 0  
1 00 , 0 0 0  
1 0 0 , 0 0 0  

5 0 , 0 0 0  
5 0 , 0 0 0  
4 0 , 000  

2 2 5 , 0 0 0  
40 , 000  

1 5 0 , 0 0 0  
225 , 0 00  

$ 2 , 5 3 0 , 0 0 0  

7 1 5 , 0 0 0  

$ 4 , 2 9 0 , 0 0 0  



TABLE E-2 ( continue d )  

Austin Bayou Prospect , Texas 

Top Geopressure 
Total Depth 

T angibles 

2 6 "  Conductor 
20 " Surface Casing 
1 3  5/8 " Intermediate 
9 5 /8 " Production 
7 "  Liner 
5 1 /2 "  Tubing 
Xmas Tree 

Subtotal 

Intangibles 

Location and Move 
Rig 1 4 0 Days , $ 7 , 2 0 0 /Day 
Mud 
Logging and Per forating 
Bits 
Rental Equipment 
Fuel and Water 
Trucking 
Coring 
Geo logy and Engineering 
Well Supplies 
Compl . and Spe c . Services 
Cementing 

Subtotal 
Contingency 

( 2 0 %  of 'lbtal ) 

Total 

E -4 

1 0 , 20 0  Ft 
1 6 , 50 0  

1 '  3 0 0  Ft 
8 , 5 0 0  

1 4 , 50 0  
1 6 , 50 0  
1 5 , 0 0 0  

$ 1 0 , 0 0 0  
5 0 , 0 0 0  

2 95 '  0 0 0  
4 9 5 , 0 0 0  

6 0 , 0 0 0  
2 0 0 , 0 0 0  
1 5 0 , 0 0 0  

$ 1 , 26 0 , 0 0  

$ 2 0 0 , 0 0 0  
1 , 0 0 8 , 0 0 0  

4 0 0 , 0 0 0  
2 5 0 , 0 0 0  

5 0 , 0 0 0  
5 0 , 0 0 0  

1 2 5 , 0 0 0  
60 , 0 0 0  
2 5 , 0 0 0  

1 5 0 , 0 0 0  
3 0 , 0 0 0  

1 0 0 , 0 0 0  
1 5 0 , 0 0 0  

$ 2 , 59 8 , 0 0 0  

7 7 2 , 0 0 0  

$4 , 63 0 , 0 0 0  



TABLE E-2 ( continue d )  

Candelaria Prospect , Texas 

Top Geopres s ure 
Total Depth 

T angibles 

1 3  3/8 "  Sur face cas ing 
9 5 /8 "  Production Cas i ng 
7 " liner 
5 1 /2 "  Tubing 
Xmas Tree 

Subtotal 

I ntangibles 

Location and Move 
Rig 80 Days , $5 , 00 0 /Day 
Mud 
Logging and Per forating 
Bits 
Rental Equipment 
Fuel and Water 
Truc king 
Coring 
Geology and Engineering 
Well Supplies 
Compl . and Spec . Services 
Cementing 

Subtotal 
Contingency 

( 2 0 %  of Total ) 

Total 

E - 5  

1 0 , 7 0 0  Ft 
1 3 , 50 0  

2 , 0 0 0  Ft 
1 0 , 7 0 0  

3 ,  0 0 0  
1 0 , 5 0 0  

$ S Q  1 Q Q Q  
24 0 , 0 0 0  

60 , 0 0 0  
1 3 0 , 0 0 0 
1 5 0 , 0 0 0  

$ 63 0 , 0 0 0  

$ 1 0 0 , 0 0 0  
4 0 0 , 0 0 0  
2 0 0 , 0 0 0  
1 3 0 1 Q Q Q  

3 0 , 0 0 0  
4 0 , 0 0 0  

1 0 0 , 0 0 0  
2 0 , 0 0 0  
2 0 , 0 0 0  
65 , 00 0  
3 5 , 0 0 0  
6 0 , 0 0 0  
7 0 , 0 0 0  

$ 1 , 2 7 0 , 0 0 0  

3 8 0 , 0 0 0  

$ 2 , 280 , 0 0 0  
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PRODUC T I ON AND WATER D I SPOSAL FACI L I T I ES 

DESCRI PTION OF FAC I L I T I ES 

For a typ i cal g e opr e s s ured br i ne s  pro j e c t ,  prod uc t ion fac i l i 
t i e s  wo ul d cons i s t  of  l arge �capac i ty g a s/wa ter s epar a tor s ; g a s  com
pr e s s ion fac il i t ie s ;  wa ter hol d i ng ta nks and tre a t i ng f a c i l i t ie s ; 
water inj e c t ion pump s ; and mul t ipl e ,  s hal l ow ,  h ig h-r a te wa ter d i s
posal we l l s .  F ue l  wo ul d be obta i ned fr om n a t ur al g a s  prod uc t ion . 
Gas wo ul d be del i ve r ed to the pur chaser a t  the we l l  s i te a t  8 0 0  
po unds per square i n c h  g a ug e  ( ps ig ) . Because o f  the d i s tance o f  2 
mi l e s  or more be twe e n  wel l s , e ach we l l  wo ul d r eq u ir e  s epar a te pr o
d uct ion , water d i s posal , and sal e s  fac il i t i e s . De ta i l e d  schema t i c s  
o f  prod uct ion and wa ter d i spo sal fac i l i t ie s  ar e pr e se n te d  i n  F ig 
ure s  F-1 through F - 3 . Cost e s t ima te s  for these f a c i l i t ie s ,  ex c l ud 
ing thos e for g e o therma l , are shown i n  Tabl e F - 1  a nd F ig ur e F - 4 . 

PRODUCTION METHODS - - ART I F IC IAL L I FT 

The use o f  ar t i f i c i al l i f t  for br i ne prod uc t io n  wa s de termi ned 
not to be fe a s ibl e .  The h ig h  f ue l  req u ireme n t s  and p ump capac i ty 
l imi tat ions r e s ul t  i n  marg i nal e conomi c s  a t  bes t ,  us i ng a g a s  pr ice 
of up to $ 9 . 0 0  per MCF . Tabl e F-2 pr e se n t s  ar t i f i c i al l i f t cos t 
data . 

WATER DISPOSAL METHODS 

Thr ee me thod s for wa ter d i spo s al wer e  i nve s t ig a ted : 

• D i spo s al into br ine aq u i fers u s i ng s hal l ow d i s pos al we l l s  

• Pre s s ur e  ma i n te nance by d i s po s al o f  br i ne i n to the pr od uc i ng 
hor i zo n  ( Se e  Appe nd ix G for compl e te d i s c u s s ion ) 

• Tr anspor t a t i on via  p i pe l i ne and d i s posal  i n to the G ul f  o f  
Mex i c o . ( See Tabl e F - 3  for cos t e s t ima te s ) 

Di spo s al in to shal l ow br i ne aq u i fer s wa s s e l e c ted for the fol 
l owing r e a son s : 

• I t  i s  the conve n t ional me thod o f  d i s posal  used on the G ul f 
Coas t .  

• I t  i s  environme n tal l y  accep tabl e .  

• I t s  f ue l  r eq u ireme n t s  ar e e conom i c al - - 2 c ub i c  fee t per 
barrel  i n j e c ted . 

F - 1  



S UB SURFACE WATER D I S POSAL FAC I L I TY REQUI REMENTS AND COSTS 

Fo r th i s  s t ud y , one prospe c t  wa s e x am ined in s ig n i f i c a n t  d e t a i l  
t o  d e te rmine the fac i l i ty requi r eme n t s  a n d  co s t s  a s soc i a ted w i t h  
w a t e r  d i spo s a l  i n to shal l ow br ine aqu i f e r s . 

P rospe c t , Loca t ion , Terra i n  

Th e pro spe c t  s e l e c ted wa s So uth e a s t  Pe can I s l and . Th e pro spe c t  
i s  located i n  sou thern Lou i s i ana in a mars h-type e nv i ronmen t .  

Prod u c t ion Rate  

Three prod uc t ion r a te s were con s idered a s  typ i c a l  c a s e s . Ra te s 
o f  2 0 , 0 0 0 , 4 0 , 0 0 0 , and 6 0 , 0 0 0 B/D were g iven a s  s t and ard d i spo s a l  
quant i t ie s . I t  was a s s umed t h a t  t h e  s a l t  wa ter wo u l d  be r e l a t ively 
f ree of  hyd rocarbons b u t  wo u l d  have norm a l  charac te r i s t i c s  concern
i ng corros ion and tre a t i ng requ i reme n t s  pr ior to i n j e c t ion . 

We l l  D epth 

The ave r age s a l t  wa ter d i spo s a l  depth for th i s  area is approx i
mately 2 , 0 0 0 f ee t .  However , inj ec t ion quan t i t ie s  are u s ua l ly much 
l e s s  than 2 0 , 0 0 0  barr e l s  o f  wa ter per d ay pe r we l l . I n j ec t ion wel l 
d epth wa s l owe red to 3 , 5 0 0 f ee t  to e n s ur e  t h a t  cost  e s t imate s wo uld 
i nc l ud e  an a l lowance to d r i l l  thro ugh clean s ands in  the 5 0 - f oo t  
th i ckne s s  rang e . Th i s  wo u l d  al low the we l l  bore to t ake the re
q u i re d  2 0 , 0 0 0  barre l s  of wa ter per d ay a s  we l l  as l e ave h ig he r 
s an d s  as  po s s i b l e  re comp l e t ion cand id a te s . 

D i spo s a l  P r e s sure 

Based upon the phys i c a l  p i p i ng l ayo u t , d is tanc e s  f rom pumps to 
i n j e c t ion wel lheads , and i n j e c t ion we l l  cond i t ions , d i s po s a l  pre s
s ur e s  wo uld range f rom 1 5 0 to 3 0 0  p s ig . 

We l l-Cos t E s t imate 

We l l  d epth wa s a s s umed to be 3 , 5 0 0  f ee t . A c a s ing prog ram 
i n c l ud in g  1 3  3 /8 - inch cas i ng s e t  thro ugh the f r e s h  wa ter s and s , 
1 0  3 /4 - inch c a s ing s e t  as  total d epth , and 7 - i nc h  c a s i ng se t as  the 
i n j e c t ion s t r i n g  was c hosen to accommod ate h igh i n j ec t ion r a t e s . 
Th e comp l e t ion wo u l d  inc l ud e  grav e l  pac k i ng and a s c re e n/ l ine r as
s embly . The to t a l  cos t  i nc l udes a l l we l lh e ad e q u i pmen t  and s a f e t y  
a n d  control dev i c e s  requ i red for a n  i n j e c t ion we l l  l o c a t ion . 

S ur f a c e  F ac i l i ty C o s t  - - S tructure 

A concrete p l a tform wa s s e l e c ted for mar sh- type terra i n . Th e 
cos t  i nc l ud e d  i n s t a l l at ion l abor and transpor t a t ion to the propo sed 
locat ion . Th e cost  o f  po ss ible  dredg ing to the l o c a t ion wa s not 
i nc l ud e d ;  a mor e  d e f i n i te area wo uld h ave to be d e f ined to e s t ima te 
d redg i ng co s t s . L i v ing quarters and commu n i c a t ions equ i pment were 
a l so not i nc l ud e d ;  the general locat ion of the pro s p e c t  s ugge s t s  
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tha t dayl i g h t  manned ope r a t ions wo ul d be norma l , wi th cal l ou ts a t  
n ight for e q u i pme n t  s h u td own s i t ua t i on s . I f  l iv i ng q uar ter s  wer e  
cons idered e s s e n t i al , pl a t form s i ze woul d h av e  to be i ncre a s ed t o  
accommoda te t h e  bu il d i ng . 

S ur face Fac il i ty Cos t  -- S tor ag e 

The mos t  s ucce s s f ul sal t wa ter d i sposal t a nk s tr uc t ur e s  h ave 
been we l de d  s teel tanks coa ted i nternal l y  wi th coal tar e pox y . The 
typ i c al fac il i t ie s  i nc l ud e  a 1 , 5 0 0 - 2 , 0 0 0  bar r e l  separ a t ion a nd se t 
tl i ng tank . Prod uced s and c a n  be j e t te d  from t h i s  ve s se l  to a 
smal l wash t a nk . Chemi cal s can be added from the m ix t a nk to c l e a n  
the sand pr i or to f i nal d i scharge . Sal t wa ter coul d fl ow fr om t h e  
se t tl i ng t a nk i n to a l arger hol d i ng t a nk . Re ten t ion t ime i s  t h e  
ma j or cons ider a t ion whe n s i z i ng t h e  separ a t ion a nd s e t tl i ng tank . 
The hol d i ng t a nk s h o ul d  be s i zed to accommod ate a n t i c ipated p ump 
r a te s .  I n  some ins tances i t  may be d e s i r a bl e  to have 1 0 0  per c e n t  
d upl icat ion o f  b o t h  t h e  s e t tl i ng ta nk a n d  s tor ag e t a nk . Th i s  wo ul d 
occur i f  no down t ime coul d be tol era ted d ur i ng c l e a no u t  oper a t ions 
or tank ma i n te na nce . Dupl i c a te tanks wer e  n o t  i n c l ude d  in  cos t 
e s t ima t e s  for the three c a s e s . Cont i nuou s  ope r a t ions wo ul d r e q u ir e  
n o t  onl y d upl i c a te ve s se l s  b u t  al so t h e  add i t ional pl a t form nece s 
sary to con ta i n  them . 

S ur face Fac il i ty Cos t  -- Pumps 

For e as e  of compar i so n  a nd s impl i f i ca t ion , i d e n t i c al p umps wer e  
sel e c ted for e a c h  pr od uc t ion r a te case . For t h e  p ur po s e s o f  th i s  
s t udy , a l l  cos t e s t ima t e s  we r e  based upon a n  O i l we l l  A-3 6 8  pl u ng e r  
pump dr i ve n  by a Wa uke sha 2 8 9 5  e ng i ne . A more d e ta i l e d  s t udy wo ul d 
l ike l y  r e ve al tha t fewer and l arger pumps wo ul d be mor e  pr a c t i c al 
i n  the 6 0 , 0 0 0  B/D c a se . Each case al l ows one un i t  a s  a s ta nd by for 
rou t i ne ma i n te nance as we l l  as un an t i c ipa ted p ump d own t ime . 

Fuel Usage 

Fuel r e q u ireme n ts ar e ba sed upo n  the fol l ow i ng r e l a t i o n s h i p s : 

( l }  Horsepower = ( B/D ) ( d i scharg e pre s s ur e ) 
5 3 , 7 6 0  ( pump e f f i c i e n cy ) 

( 2 }  B t u/Day - ( hor s e power } ( 2 4 ) ( 8 , 0 0 0 ) 

The se r e l a t ionsh ips r e s ul t  i n  a f ue l  usage o f  approx i ma te l y  1 . 5  
cub i c  fee t of g a s  for e a ch barrel of wa ter d i spo s a l . 
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FLOW L I N E  

SALES 
GAS TO S A L ES M ETER 

�----------------��� 
800 PSI 

S EPARATOR 

C O M P R ES S O R  

P R O D U C I N G  
WELL 

225 PSI 
S EPARATOR 

G AS T O  S A L ES 

P R O D U C I N G  
WELL 

B R I N E  TO WATER D I S POSAL SYSTEM 

Figure F- 1 . Production Facility (No Geothermal). 

SALES POWER T O  
S A L E  G A S  TO SALES M ET E R  

�------r-----------------------------�'�----�·� 
"' 

800 P S I  
S EPARAT O R  

COMPRESSOR 

225 PSI 
S EPARAT O R  1---B_R�I_N:..=E:...J 

WO R K I N G  
FLU I D  

WOR K I N G  FLU I D  
P U M P  

G EN ERATOR 

C O O L I N G  WATER 

C O O L I N G  WAT E R ""'i _____ _.l 
P U M P  C O O L I N G  

TOWER 

B R I N E  TO WATER D I S POSAL FACI L I TY 

Figure F-2. Production Facility (Including Geothermal). 
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SWD WELL 
NO. 1 

SWD WELL 

N O . 2 

PRODUCED B R I N E  

2 ,000 B B L  

SAN D 

S EPAR ATI O N  

AN D S ETT L I N G  

TAN K 

5,000 BBL 
H O L D I N G  TAN K 

D I SCHAR G E  MAN I FO L D  

300 PS I 

200 B B L  

SAN D WASH 

TAN K  

SWD W E L L  

N O. 3 

C L EAN 
SAN D 

D I SC H A R G E  

SWD WELL 
N O . 4 

Figure F-3. Subsurface Water Disposal Facility (60,000 BID Capacity Louisiana; 
30,000 BID Capacity Texas). 
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TABLE F-1 

P roduction and S ubsurface Water D i sposal Facility Cost E stimates 
( Constant 1 979 Dollar s )  

Louisiana Prospects 2 0 , 0 0 0  B /D 4 0 , 0 0 0  B /D  

Location $ 2 5 0 , 0 0 0  $ 2 5 0 , 0 0 0  

Separators , Tanks and 
Pumps 96 0 , 0 0 0  1 , 4 0 0 , 0 0 0  

Labor 24 0 , 0 0 0  2 8 0 , 0 0 0  

Transportation 1 0 , 0 0 0  1 5 , 0 0 0  

Pipi ng ,  Valve s , & Fitti ngs 3 0 , 0 0 0  5 0 , 0 0 0  

Gas Compress ion 1 0 0 , 0 0 0  1 0 0 , 0 0 0  

Disposal Wel l s* 6 0 0 , 0 0 0  9 0 0 , 0 0 0 

Subtotal $ 2 , 1 9 0 , 0 0 0  $ 2 , 9 9 5 , 0 0 0  
Contingency ( 1 0 % )  2 2 0 , 0 0 0  2 9 5 , 0 0 0  

Total $ 2 , 4 1 0 , 0 0 0  $ 3 , 2 90 , 0 0 0  

Texas Prospects 2 0 , 0 0 0  B /D 4 0 , 0 0 0  B /D 

Location $ 1 0 0 , 0 0 0  $ 1 0 0 , 0 0 0  

Separators , Tanks and 
Pumps 960 , 0 0 0  1 , 40 0 , 0 0 0  

Labor 240 , 00 0  2 80 , 0 0 0  

Transportation 1 0 , 0 0 0  1 5 , 0 0 0  

Piping , Valve s ,  & Fittings 3 0 , 0 0 0  50 , 0 0 0  

Gas Compression 1 0 0 , 0 0 0  1 0 0 , 0 0 0  

Di spo sal We llst 9 0 0 , 0 0 0  1 , 5 0 0 , 0 0 0  

Subtotal $2 , 34 0 , 0 0 0  $ 3 , 44 5 , 0 0 0  
Contingency ( 1 0 % )  2 3 0 , 0 0 0  3 4 5 , 0 0 0  

Total $2 , 57 0 , 0 0 0  $ 3 , 790 , 0 0 0  

*2 0 , 0 0 0  B/D/we l l ;  $3 0 0 , 0 0 0/we l l ;  1 standby well . 
t 1 0 , 00 0  B/D/we l l ;  $3 0 0 , 0 0 0 /wel l ;  1 standby we l l . 
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6 0  , 0 0 0  B /D 

$ 2 5 0 , 0 0 0  

1 , 90 0 , 0 0 0  

3 2 5 , 0 0 0  

2 0 , 0 0 0  

6 0 , 0 0 0  

2 0 0 , 0 0 0  

1 , 2 0 0 , 0 0 0  

$ 3 , 9 5 5 , 0 0 0  
395 , 0 0 0  

$ 4 , 3 5 0 , 0 0 0  

60 , 0 0 0  B /D 

$ 1 0 0 , 0 0 0  

1 , 90 0 , 0 0 0  

3 2 5 , 0 0 0  

2 0 , 0 0 0  

60 , 0 0 0  

2 0 0 , 0 0 0  

2 , 1 0 0 , 0 0 0  

$4 , 70 5 , 0 0 0  
465 , 0 0 0  

$ 5 , 1 70 , 00 0  
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3 , 670 2 0 , 0 0 0  
4, 550 1 5 , 00 0  
8 , 1 80 1 0 , 0 0 0  

20 

LOUISIANA 

30 40 50 60 
WATER PRODUCTION RATE (MB/D) 

Figure F-4. Facility Cost vs. Water Production Rate. 

TABLE F-2 

Artificial L ift* 
( Constant 1 97 9  Dollar s )  

Prod . Fuel Sales 
Gas Gas Gas 

( MCF /D )  ( MCF /D ) ( MMCF /D ) 

4 0 0  2 3 0  1 7 0 
3 0 0  2 2 0  2 0  
2 0 0  2 1 5  

* Assumptions : 

Casing : 9-5 /8 "  
Maximum hp : 1 , 02 0  
Fuel : 2 0 0  MCF/D for l ift plus 

1 . 5  cu ft/bbl for water dispo sal 
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70 80 

Oper . Oper . 
Cost Cost 

( $ /Day ) ( $ /MCF ) 

1 , 2 0 0  7 . 0 5  
9 0 0  1 1 . 25 



7 
TABLE F-3 

Production and Water Di spo sal Fac i l ity Co st Estimates 
( D i scharge into Gulf of Mexico ) 

( Constant 1 979 Do llar s )  

Rate 

Location 

Separators & Tanks 

Labor 

Transportation 

Piping & Valves 

Gas Canpres s ion 

Pumps 

5 Miles 1 0 "  Line 

Subtotal 
Contingency ( 1 0 % ) 

Total 

F - 8  

5 0 , 0 0 0  B /D  

$ 2 5 0 , 0 0 0  

5 0 0 , 0 0 0  

2 0 0 , 0 0 0  

1 0 , 0 0 0  

4 0 , 0 0 0  

1 0 0 , 0 0 0  

4 0 0 , 0 0 0  

2 , 0 0 0 , 0 0 0  

$ 3 , 5 0 0 , 0 0 0  
3 5 0 , 0 0 0  

$ 3 , 85 0 , 0 0 0  
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PRESSURE MAI NTENANCE 

I t  wa s fo und tha t pr e s s ur e  ma i n te nance or par t i al pre s s ur e  ma i n
tenance into the pr od uc i ng re s ervo i r s  i s  not fe a s ibl e for the fol 
l owi ng r e a sons : 

• I n j e c t ion pre s s ur e s  are h ig h . 

• Fuel req u i reme nts con sume a s ubs t an t i a l  part  of the re cov
e rable gas ( 5 0 perce nt or more ) .  

• The cos t  of i n j e c t ion wel l s  and h ig h-pr e s s ur e  i nj e c t ion 
pumps i ncre a s e s  the i nve s tme n t  ope r a t i ng cos t s  a nd the r e 
q u ired g a s  pr i ce beyond the $ 9 . 0 0 per M C F  upper l im i t  for 
th i s  s t ud y . 

PARTIAL PRES SURE MAI NTENANCE EVALUAT ION 

I n  order to eval uate the ove r al l  po tent ial of pr e s s ur e  ma i n te 
nance , cal c ul a t ions wer e  made r egar d i ng par t ial pre s s ur e  ma i n t e 
nance for the Southe a s t  Pecan I sl and and Johnson ' s  Bayo u pr ospe c t s . 
Pr od uc t ion and pre s s ur e  data g ener a te d  by the c omp uter mod e l  are 
d e scr i bed i n  Append ix D .  Add i t ional cal c ul a t ions we r e  mad e  to e s 
t ima te pre s s ur e s  t o  b e  encountered i n  r e i n j e c t i ng the pr od uced vol 
ume s of wa ter ; the s e  d a ta pr ovide a bas i s  for e s t ima t ing hor se power 
and

. 
f uel r e q u ir eme n t s  for pre s s ur e  ma i n te na nce . Tabl e s  G-1 a nd G-2 

s ummar i z e  pr e s s ur e  ma i n te na nce and i nve s tme n t  data for the two 
i n je c t ion-wel l c a s e s  for these pr ospe c t s  a t  a prod uc t io n  r a te o f  
5 0 , 0 0 0  B/D . 

Re i n j e c t ion wa s ex am i ned u t il i z i ng from one to four i nj e c t ion 
wel l s  per pr od ucer . I n  accor dance wi th s t udy par t i c ipan t  j udgmen t ,  
on� y 5 1/ 2 - i nch t ub i ng wa s con s idered i n  the i n j e c t ion wel l s . For 
the pre s s ur e  ma i n te nance c a s e s  ex ami ned , the d a t a  in Tabl e s  G- 3 a nd 
G- 4 incl ude , a t  the spe c i f ied r a te s : t ub i ng f r ic t ion pr e s s ur e  
drop , i n j e c t ion s and face pr e s s ur e , and i n j e c t io n  wel l he ad pre s s ur e . 
Cal cul a t ion me thodol ogy i s  de scr i bed i n  th i s  a ppe ndix . Tabl e G- 3 
s ummar i ze s  i n j e c t ion data for the Pe can I sl and prod uc t i on case pr e
sen ted i n  Comp uter Run L57  and Tabl e G- 4 s ummar i z e s  tha t for the 
John son ' s  B ayou prod uc t ion case of Run L 2 3 . 

Wa ter pr oper t ie s  a t  i n j e c t ion cond i t ions wer e  e s t ima ted fr om 
cor re l a t ions . At a wa ter sal i n i ty of 1 0 0 , 0 0 0  ppm NaC l , br ine v i s
cos i ty a t  appr ox ima t e l y  1 5 0 ° F  i n j e c t ion t emper a t ur e  wa s e s t ima ted 
to be 0 . 4 8 c e n t i po i se ( cp )  and br i ne d e n s i ty wa s e s t ima ted to be 
8 . 9 5 po unds per g al l on . Wa ter v i scos i ty ut il i ze d  in the c omputer 
prod uc t io n  mode l  wa s a f un c t ion of tempe r a t ur e ;  for Pe can I sl and i t  
wa s 0 . 2 2 cp a nd for Johnson ' s  Bayou i t  wa s 0 . 2 7 cp . 
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TABLE G-1 

SE Pecan I s land West Pressure Maintenance Data 

Production Rate 
Inj ection Rate 
Aver age Re servo ir Pres s ure at Onset of 

Pressure Maintenance 
Producing Solution Ga s/Water Ratio 

At Inj ection Rate of 2 5 1 0 0 0  B/D/We l l : 

Sur face Pressur e  
Sandface Pres s ure 
Fue l Requirements 

Investment ( Constant 1 97 9  Dollar s ) :  

2 Inj ection Wel ls 
Pumps ( 1 0  Operating 1 2 Standby·) 
Tanks 
In j ection Line 

Total 

Operating Expense 
plus 

Sales Gas 

G- 2 

5 0 1 0 0 0  B/D 
50 1 0 0 0  B/D 

1 0 1 50 6  psi 
3 1  cu ft/bbl 

6 1 7 0 0  psi 
1 3 1 3 6 0  psi 

2 7  cu ft/bbl 

$ 8 1 94 0 1 0 0  0 
5 1 40 0 1 0 0 0  

1 0 0 1 0 0 0  
6 3 4 1 0 0 0  

$ 1 5 1 0 74 1 0 0 0  

$ 3 2 0 1 0 0 0 /year 
5¢/bbl 

4 cu f t/bbl 
2 0 0  MCF/D 



TABLE G-2 

Johnson ' s  B ayou Pressure Maintenance Data 

Production Rate 
In j ection Rate 
Aver age Re servo ir Pres sure at Onset of 

Pressure Ma intenance 
Producing Solution Gas/Water Ratio 

At Inj ection Rate of 2 5 , 0 0 0  B/D/We l l : 

Sur face Pressur e  
Sandface Pres s ure 
Fuel Requirements 

Inve stment ( Constant 1 979 Dollar s ) :  

2 Inj ection Wel ls 
Pumps ( 6  Operating , 2 Standby ) 
Tanks 
Inj ection Line 

Total 

Operating Expense 
plus 

Sales Gas 

G- 3 

5 0 , 0 0 0  B/D 
50 , 0 0 0  B/D 

6 , 76 0  psi 
1 7  cu ft/bbl 

2 , 0 1 0  psi 
6 , 8 8 5  psi 

1 0  cu ft/bbl 

$ 5 , 3 0 0 , 0 0 0  
3 , 60 0 , 0 0 0  

1 0 0 , 0 0 0  
6 3 4 , 0 0 0  

$ 9 , 63 4 , 0 0 0  

$ 32 0 , 0 0 0 /year 
5 ¢/bbl 

7 cu f t/bbl 
3 5 0  MCF/D 



Case : 

TABLE G-3 

Pressure Maintenance 
P roduction We l l s  at Recom.m.ended Well S ite , SE P ecan I sland West 

Computer Run: 

Total Inj ection Rate 
Average Re servoir Pre ssure at 

On set of Pres s ure Maintenance 
Average Re servoir Productivity Index 
Produc ing Ga s/Water Ratio at On set 

of Pre ssure Ma intenance 

Inj ection Case : 

1 Inj ection Well 

Rate ( B/D/wel l )  
t.P f ( tub ing ) * ( psi ) 

Sandface Pre s s ure ( ps i )  
wel lhead Pre ssure ( ps i )  

2 Inj ection We l l s  

Rate ( B/D/we l l )  
t.Pf ( tubing) ( ps i )  

Sandface Pre ssure ( ps i )  
Wel lhead Pres s ure ( ps i )  

3 Inj ection Wells 

Rate ( B/D/well )  
t.Pf ( tubing)  ( ps i ) 

Sandface Pres s ure ( ps i )  
Wellhe ad Pressure ( ps i )  

4 Inj ection Wel l s  

Rate ( B/D/we l l )  
t.Pf ( tubing) ( ps i )  

Sandface Pre s sure ( ps i )  
Wel lhe ad Pre s s ur e  ( ps i )  

L57 

5 0 , 0 0 0  B/D 

1 0 , 50 6 p s i  
3 2 . 6 B/D/psi 

3 1  cu ft/bbl 

5 0 , 0 0 0  
2 , 2 5 9  

1 4 , 886 
9 , 90 3  

2 5 , 0 0 0  
5 8 2  

1 3 , 360 
6 , 7 0 0  

1 6 , 66 6  
2 7 0  

1 2 , 696 
5,  724 

1 2 , 50 0  
1 54 

1 2 , 23 5  
5 , 1 4 7  

tub ing friction pres s ure drop . 
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TABLE G-4 

Pressure Maintenance 
case : P roduction and Injection Wel l s  at Average S and 

Thicknes s  Locations , Johnson ' s  B ayou 

C omputer Run : L2 3 

Total Inj ection Rate 5 0 , 0 0 0  B/D 
Aver age Reservo ir Pressure at 

On set of Pressur e  Maintenance 
Average Re se rvo ir Product ivity Index 
Produc ing Gas/Water Ratio at On set 

of Pre s s ure Maintenance 

Inj ection ca se : 

1 

2 

3 

4 

Inj ection Wel l  

Rate ( B/D /we l l )  
6P f ( tubing) * ( ps i )  

Sandface Pressur e  
Wellhead Pres s ure 

Inj ection Wells 

Rate ( B/D/we l l )  
6Pf ( tub ing) ( ps i )  

Sandface Pre s s ure 
Wellhead Pressure 

Inj ection Wel l s  

Rate ( B/D/we l l )  
6Pf ( tubing) ( ps i )  

Sand face Pressure 
Wellhead Pres s ure 

Inj ection Wells 

Rate ( B/D/wel l )  
6Pf ( tub ing )  ( ps i )  

Sandface Pre ssure 
We llhe ad Pressure 

( ps i )  
( ps i )  

( ps i )  
( ps i )  

( ps i )  
( p s i )  

( ps i )  
( ps i )  

6 , 760 p s i  
3 5 5  B/D/ps i  

1 7  cu Ft/bbl 

5 0 , 0 0 0  
1 ,  6 5 5  
7 , 0 1 0  
3 , 3 64 

2 5 , 0 0 0  
4 2 6  

6 , 8 8 5  
2 , 0 1 0  

1 6 , 66 7  
1 95 

6 , 84 3  
1 ,  7 3 7  

1 2 , 50 0  
1 1 3 

6 , 8 2 2  
1 ,  6 3 4  

tub ing friction pre s sure drop . 
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Cal c ul a t ion Me thodol og y 

The i n j e c t i v i ty i ndex ( I )  wa s e s t ima ted by ad j u s t i ng the pr o
d uc t i v i ty i ndex ( J )  c omputed by the computer mode l  for the i ncrease 
i n  wa ter v i scos i ty ( � ) at  l owe r temper a t ur e  and for a d e c r e a s e  i n  
n e t  s a nd th i ckne s s  ( h )  where ne ces sary : 

The s ubscr ipts  p 
c a se s ,  r e s pe c t ive l y .  
Pe can I sl a nd ( �p/�i ) 

I = 
J (:0(:�) bbl/day/p s i  

and i re fer t o  the pr od uc t ion a nd i n j e c t ion 
As indi cated i n  the pr e v ious d i sc u s s ion , for 

= 0 . 2 2 = 0 . 4 6 wh i l e  ( h i /hp ) var i e d  
0 . 4 8 

fr om l to appr ox ima te l y  l/2 d ue to the wide var i a t ion i n  ne t s and 
th i ckne s s . For Johnson ' s  Bayo u ( �p/�i ) = 0 . 5 6 a nd 
( h i/hp ) = 1 . 0  s i nce the ave r ag e  sand t h i ckne s s  wa s ut il i ze d  i n  
both pr od uc t i on a nd i n j e c t ion we l l s . 

Ex c e s s  pr e s s ur e  above r e servo ir pr e s s ur e  ( Ps - P f ) wh ich 
c a us e s  a g iven i n j e c t ion r a t e  wa s then e s t ima ted for the  i n j e c t ion 
wel l s  fr om the de f i n i t ion of i n j e c t iv i ty i ndex : 

I = 
I n j e c t ion rate ( B/D ) 

Ps - P
f ( p s i ) 

where the i n j e c t iv i ty index and the i nj e c t ion r a te per we l l  ar e 
known . The sandface pre s s ur e , Ps , wa s then cal c ul a ted a s  aver ag e  
re servo i r  pr e s s ur e  ( from comp uter output ) pl u s  ex ce s s  pr e s s ur e . 

I n j e c t ion we l l head pr e s s ur e , Pwh r i s  r e l a te d  to sandface 
pre s s ur e  by the r e l a t ionsh i p : 

Pwh = Ps + � Pf ( t ub i ng ) - fl u id s ta t ic head ( ps i ) 

WATER I NJECTION FAC I LI TY REQU I REMENTS AND COSTS 

For t h i s  s tudy , e s t ima te s we re mad e  of the cos t o f  i n j e c t i ng 
s a l t  wa ter at rates of 2 0 , 0 0 0  B/D and 4 0 , 0 0 0  B/D . I n j e c t io n  
pre s s ure s of 2 , 0 0 0  t o  6 , 0 0 0  p s ig i n  1 , 0 0 0  p s i i ncreme n t s  were 
exami ned . The s a l t  water wo uld requ i re p i pe l i ne transpo r t  l m i l e  
t o  t h e  d i sposal  loc a t ion . I t  wa s a s s umed that the f ac i l i t i e s  
de scr ibed i n  the S ub s ur f a c e  Wa ter D i s po s a l  Fac i l i ty Requ i r eme n t s  
and Cos t sect ion o f  Append i x  F wou l d  b e  u t i l i ze d  t o  t rans f e r  the 
s a l t  water through the 1-mi l e  l i ne to the d i s po s a l  l o c a t ion . 

Prod uc t ion Rat e s  

Two sal t wa ter i n j e c t ion r a te s , o f  1 0 , 0 0 0  B / D  a nd 2 0 , 0 0 0  B/D , 
wer e  s e l e c ted a s  typ i c al d i s posal r a te s .  
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Di sposal Pr e s s ur e s  

Ra te s o f  2 , 0 0 0  t o  6 , 0 0 0  p s ig i n  1 , 0 0 0  ps i i n creme n t s  we re 
exami ned . These pre s s ures we re a s s umed to be we l lhead i n j e c t io n  
pre s s ure s .  Al l pump s i z i ng and p i p ing we re b a s e d  upon t h e  pre s 
s ure s me a s ured a t  the we l lhead . 

S ur face Fac i l i ty Cos t  -- Pumps 

Oilwel l Qui n t upl ex pl ung er pumps wer e  sel e c ted a s  ex ampl e s  for 
the purpo s e s  of cos t e s t ima t i ng . Mode l s  B- 5 2 8 and B - 5 3 8  powered by 
Wa uke sha L- 7 0 4 2  e ng i ne s  c o ul d  be ut il i zed t hr o ughout the pr e s s ur e  
rang e . Pump pl ung er s ubs t i t ut ion and var y i ng the r evol ut ions per 
mi nute al l owed cover i ng the e n t ire l i ne o f  appl i c a t ions wi th the 
two p ump un i t s .  I n j e c t ion p ump data are l i s te d  i n  Tabl e s  G- 5 and 
G-6 . 

Inj ection 
Pressure 

(psig) 

2 , 0 0 0  

3 , 0 0 0  

4 , 0 0 0  

5 , 0 0 0  

6 , 0 0 0  

TABLE G-5 

I njection Pumps 
( 1 0 , 0 0 0  B/D ) 

( Constant 1 979 Dollar s )  

Fue l  Usage 
Pump Type and Number (Btu/D ) 

Oilwel l 5 3 8  Quintuplex 
1 Operating 96 X 1 06 

1 Standby ( 9. 6  cu ft/bbl )  

Oilwell 538 Quintuplex 
1 Operating 1 2 0  X 1 06 

1 Standby ( 1 2 cu ft/bbl)  

Oilwell 5 2 8  Quintuplex 
2 Operating 1 88 X 1 06 

1 Standby ( 1 9 cu ft/bbl)  

Oilwel l 528 Quintuplex 
2 Operating 2 1 5  X 1 06 

1 Standby ( 2 1  cu ft/bb l )  

Oilwell 528 Quintuplex 
2 Operating 2 4 1  X 1 06 

1 Standby ( 24 cu ft/bb l )  
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Pump 
Cost 

$ 80 0 , 0 0 0  

80 0 , 0 0 0  

1 , 3 50 , 0 0 0  

1 , 35 0 , 0 0 0  

1 , 35 0 , 0 0 0  



Injection 
Pressure 

( psi g) 

2 1 0 0 0  

3 1 0 0 0  

4 1 0 0 0  

5 1 0 0 0  

6 1 0 0 0  

TABLE G-6 

Injection Pumps 
( 2 0 1 0 0 0  B/D ) 

( Constant 1 979 Dollar s )  

Pump Type and Number 

Oilwel l 5 3 8  Quintuplex 
2 Operating 
1 Standby 

Oilwell 538 Quintuplex 
2 Operating 
1 Standby 

Oilwell 528 Quintuplex 
4 Operating 
1 Standby 

Oilwel l 528 Quintuplex 
4 Operating 
1 Standby 

Oilwell 528 Quintuplex 
4 Operating 
1 Standby 

Fuel Usage 
( Btu/D ) 

1 92 x 1 o6 

( 9. 6  cu ft/bbl )  

2 4 0  X 1 06 

( 1 2 cu ft/bbl )  

3 76 X 1 06 

( 1 9 cu ft/bbl )  

4 3 0  X 1 0 6 

( 2 1  cu ft/bbl)  

4 82 X 1 06 

( 24 cu ft/bbl )  

S ur face F a c i l i ty Cos t  -- Pl a t form 

Pump 
Cost 

$ 1 1 35 0 1 0 0 0  

1 1 350 1 0 0 0  

2 1 25 0 1 0 0 0  

2 1 250 1 0 0 0  

2 1 250 1 0 0 0  

I f  the d i s posal l oc a t ion i s  a s s umed to be 1 mil e from the sal t 
wa ter ha ndl i ng f a c i l i ty ,  i t  wo ul d be mo s t  pr act i c al to u t i l i ze the 
pumps d e scr ibed in Appe nd ix F to tr ans fer the sal t wa ter at l ow 
pr e s s ur e  to a hol d i ng tank l ocated a t  the po i n t  of i n j e c t ion . From 
the hol d i ng t a nk the sal t wa ter c o ul d  be i n j e c ted a t  h ig h  pre s s ur e  
by pumps as d e scr ibed in t h i s  d i sc u s s ion . T o  transpor t sal t wa ter 
a t  h igh pr e s s ur e  thr o ugh the 1-mil e l i ne for i n j e c t io n  wo ul d r e 
q u ire much mor e  hor s epower a s  we l l  as  f ue l . I n  th i s  d i sc us s ion i t  
i s  a s s umed that the h ig h-pr e s s ure pumps wo ul d b e  l oc a ted a t  the i n
j e c t ion s i te .  Th i s  woul d r eq u ire a pl a t form conta i n i ng p umps and a 
hol d i ng ta nk s imil ar to the pl a t form de scr ibed i n  Append ix F for a 
2 0 , 0 0 0  to 4 0 , 0 0 0  B/D fac il i ty .  I n  a ny case , l oc a t i ng the i n j e c t ion 
pumps as cl ose as pr act ical to the d i s posal  s i te w i l l  con s e r ve both 
hor sepower and f uel . 

F uel Usag e  

F u e l  cons umpt ion wa s cal c ul ated u s i ng a r a te o f  8 , 0 0 0  B t u  per 
hor sepower per ho ur or 8 s tandard c ub i c  fee t per hor sepower pe r 
hour . The var i ed f ue l  r a te s from ide n t i cal mach i ne s  are a f unc t ion 
of a c t ual r evol u t ions per min ute and appl ied l oad i ng whe n  pl ung e r  
s i z e s  are chang e d . 
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Fl owl i ne Cos t 

The fl owl ine s i z i ng wa s based upo n  a max imum ve l oc i ty o f  1 0  
fee t per s e cond and mi n im i z i ng the pre s s ure d r op to the d i s posal  
l ocat ion . The pr e s s ur e  drop wa s hel d to 30  p s ig for the l i ne . As  
de scr ibed above , the fl owl ine cos ts ar e based upon l ow-pr e s s ur e  
( l e s s  than 2 , 0 0 0  p s ig ) serv i c e  t o  the i nj e c t ion s i te where h ig h 
pre s s ur e  p umps woul d  r a i se the s al t wa ter pre s s ur e  for i n j e c t ion . 
Fl owl i ne cos t e s t ima te s are as  fol l ows : 

• 2 0 , 0 0 0  barr e l s  per day 

S i ze = 6 i nch O . D .  Sched ul e 80 M i n imum Pre s s ur e  Drop 
@ 3 0 0  GPM = 0 . 5  ps i/1 0 0  fee t  

Cost = $ 6 3 4 , 0 0 0  

• 4 0 , 0 0 0  barre l s  per day 

S i ze = 8 i nch O . D . Sched ul e 8 0  M i n im um Pre s s ur e  Drop 
@ 6 0 0  GPM = 0 . 5  ps i/1 0 0  fee t 

Cost = $ 8 9 8 , 0 0 0  
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GEOTHERMAL AN D HY DRAUL IC ENERGY ASSES SMENT 

CONCLUS ION S  

Po te n t i al g eo thermal a n d  hyd raul ic powe r prod uc t io n  from g ee
pre s s ured re se rvo i r s  h a s  been re por ted to be o f  g re a t mag n i t ud e . ! 

Howev e r , c a l c ul a t ions u s i ng reasona b l e  e s t im a t e s  for r e s e rvo i r  
parame ters r ev e a l  a po ten t i a l  for the g e n e r a t ion o f  o n l y  l im i te d  
amoun t s  o f  cost- compe t i t iv e  energ y .  Br ine prod uc t io n  r a t e s  per 
wel l  mus t  be i n  th e 5 0 , 0 0 0  B/D rang e  wh ich , ove r  a 2 0 -year wel l 
l i fe , wo uld dra i n  a reservoir wi th a s ur face area o f  1 0  t o  4 0  
square mi l e s . 2 As a consequenc e , powe r pl a n t s  are l im i t ed to 
s ing l e  we l l  s i tes  and no econom i e s  of s c a l e  are po s s i b l e . Be cause 
of these l im i t a t i on s , the cost  o f  e l e c t r i c i t y  g e n e r a t ed from th e 
g eo thermal por t ion o f  the re source for the c a s e s  e x am ined i s  e s t i
mat ed to be from 1 0 0 t o  1 5 0  perce n t  o f  the cos t  o f  new g enerat ion 
from convent ional source s ( T a b l e  H-1 ) .  Th e c o s t  o f  powe r from the 
hyd r a ul ic por t ion of the re source is e s t ima t ed to be only 4 0  t o  7 0  
percent o f  tha t from conv ent ional source s ,  b u t  the hyd ra u l ic re
source i s  of l im i t ed mag n i t ud e  and wo u l d  be rap id l y  d e p l e ted . 

D I S CUSS ION 

G eothermal E ne rgy A s s e s smen t  

Th e i ncremental econom i c s  o f  g eothermal powe r prod uc t io n  from 
i nd iv idual  g eopre s s ured b r i ne wel l s  was a s s e s s ed for three repr e
s e n t a t i v e  tempe r ature and we l l- rate c a s e s . The powe r co s t  e s t i
mate s for act ual  re se rv o i r s  s hown i n  Tab l e  H - 1  we re then d e r ived by 
the s ame proce d ur e s . Th e powe r g e ne r a t ing fac i l i t y  in t h e s e  c a s e s  
d o e s  no t b e a r  any o f  t h e  cos t  o f  explora t ion , d r i l l i ng ,  f l u id d i s
po sal , o r  ov erhead . Tab l e s  H- 2 a nd H- 3 s how the c o s t  o f  powe r cal
c ul at ed on the b a s i s  o f : ( 1 )  1 9 7 9  dol l ar s �  ( 2 )  1 5  pe rc e n t  ROR � ( 3 )  
8 5  percent capac i ty f a c tor � a nd ( 4 )  ope r a t ing expe n s e s  o f  $ 4 4 , 0 0 0 
per year pe r mW o f  capac i t y  ( l /2t per kWh a t  1 0 0 percen t  capac i t y  
f ac tor ) . Th e s e  c a l c ul a t ions we re mad e for b o t h  f l a s hed s t e am and 
b inary conv e r s ion s y s t ems . F ig ure s H- 1 and H- 2 are s c h ema t ic s  o f  
the se sys tems . 

!Ho use ,  P . A . , e t  a l . ,  " Po te n t i a l  Powe r Ge ner a t ion a nd Ga s 
Prod uc t ion from G u l f Coa s t  Geopre s s ure Re s e rvo irs , "  Lawr e n c e  
L i vermore Laboratory , 1 9 7 5 . 

2Wh i te h e ad , W . R . , and McMul l an , J . H . , " Econom i c s  o f  Ele c
t r ical  Ene rg y  Prod uc t ion from Ge opre s s ured Aqu i fe r s  in So uth 
Lou i s i an a , "  1 97 6 .  
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TABLE H-1 

Co st of El ectric ity Generated From Geothermal En ergy in 
Geopres sured B rine Reservoirs* 

( Con stant 1 979 Do l l ar s )  

Re servoir Wa ter Flow 
Li fe Rate Temp .  Output Inv .  

Louisiana P rospects ( Y ears ) ( B /D )  ( o F )  ( mW )  ( mW )  

Atc hafal aya Bay 
East 7 5 0 , 0 0 0  2 6 6  1 .  3 3 , 7 3 0  
West 5 0 , 0 0 0  2 3 6  None None 

Johnso n ' s Bayou 5 0 , 0 0 0  2 2 6  None None 

LaFourche Crossing 2 0  5 0 , 0 0 0  2 66 1 .  3 3 , 7 3 0  

Ro cke fe l l er Re fuge 1 5  5 0 , 0 0 0  3 1 6  2 . 88 5 , 6 1 0  

S E  Pe c an Is l and 
Ea st 3 0 , 0 0 0  2 96 None None 
We st 2 0  5 0 , 0 0 0  2 96 2 . 2 9  4 , 9 5 0  

T exas P ro spects 

Austin Ba you 3 0 , 0 0 0  3 1 0  None None 
1 2  5 0 , 0 0 0  3 1 0  2 .  7 1  5 , 43 0  

Candelaria 3 0 , 0 0 0  2 70 None None 

Cl inton 3 0 , 0 0 0  2 7 0  None None 

Eagle La ke 3 0 , 0 0 0  2 7 0  None None 

* For comparison , gas pr ice vs . elec tric power cost is shown below : 

Gas Price 
( $ /MCF ) 

$ 2 . 0 0  
2 . 5 0  
3 .  5 0  
5 . 0 0  
7 .  0 0  
9 . 0 0  

Electr icity Value 
( ¢/kWh ) 

4 . 0 
4 . 5 
6 . 0 
8 . 0 

1 o .  7 
1 3 . 3 

1 0 %  ROR 
Powe r 

Cos t  
( ¢/kWh ) 

6. 7 9  
None 

None 

4 . 75 

3.  65 

None 
3 . 7 3  

None 
3 . 98 

None 

None 

None 

The $ 2 . 0 0 /MCF gas pr ice vs . 4 . 0�/kWh elec tric power pr ice is based upon 
current condit ion s .  The correlations between h igher gas pr ices and electric power 
prices are based upon the assumption that 1 /3 of e l ec tric power pr ices is directly 
r elated to f uel costs , and 2 /3 of the cost i s  ba sed upon capital i nve s tment and 
operating expense . 
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TABLE H-2 

P l ant I nv e s tmen t  and Cost o f  E l e c tr i c i ty for 
G eothe rmal E ne rgy R e cove ry 

Ne t Powe r 
( � ) 

Inve s tment 
( $ /kW ) 

Case 1 ( 2 9 0 ° F wel l he ad , 6 0 , 0 0 0  B/D ) 

B i nary 2 . 6 5 2 , 0 4 9  

Ste am 1 . 2 7 2 , 0 7 9  

Case 2 ( 2 8 4 ° F wel l head , 4 0 , 0 0 0  B/D ) 

Bi nary 1 . 6 1 2 , 4 4 7  

Steam 0 . 7 9 2 , 4 4 7  

Cas e  3 ( 2 8 2° F wel l he ad , 2 0 , 0 0 0  B/D ) 

Binary 0 . 7 8 3 , 1 7 3 

Steam 0 . 3 7 3 , 0 4 8  

Co s t  o f  Powe r  
( ¢/kWh ) ( $ /MMB tu )  

4 . 9 6 1 4 . 5 0 

5 . 0 2 1 4 . 7 0  

5 . 8 3 1 7 . 0 5  

5 . 8 3 1 7 . 0 5  

7 . 4 0 2 1 . 6 3  

7 . 1 5 2 0 . 9 8  

Further d e ta i l s o n  the c al c ul at ions upon wh i c h  the c o s t s  i n  
Tabl e  H - 2  are b a s ed a r e  s hown i n  Tabl e H- 3 .  I n  add i t ion t o  t h e  a s
s umpt ions ment ioned abov e , these co s t s  are based o n  c e r ta i n  tax a s
s umpt ion s  wh ich are g iven i n  Tab l e  H -1 1 .  The c ap i t a l  cos t s  ar e 
bas i c al ly d e r iv ed from recent ( spr i ng 1 9 7 9 ) f i rm q uo t e s  for s im i l ar 
equ i pme n t , correc ted to mi d-1 9 7 9  doll ars . A 1 5  per c e n t  con t i ng ency 
has a l so been i n c l ud ed i n  the f ig ure s . S i te prepa r a t ion c o s t s  are 
a s s umed to be borne by the me thane prod uc t ion f ac il i ty . 

The s e  cap i t a l  cos t s  are very h ig h  compared to conv e nt ional ge n
e r a t i ng fac i l i t ie s  pr imar i l y  because o f  the re l a t iv e l y  smal l s c a l e  
of t h e  geo the rmal pl ants  i n  t h e  c a s e s  eval ua ted . W i th t h e  po s s ibl e 
e xcept ion o f  the b inary t urb i ne , a l l  o f  the e qu i pment i s  prov en , 
convent ional , and ava i l abl e . The 1 9 7 9  cos t  o f  new g en e r a t i on from 
convent ional sources i s  in the range o f  4 to 5t per kWh . 3 On 
th i s  bas i s , Case 1 i s  j us t  barely compe t i t iv e . Genera t ion co s t s  
for t h e  o ther c a s e s  ( lowe r tempe r atures and f l ow r a te s ) a r e  not 
compe t i t ive w i th powe r from conven t ional source s .  

3 " Economic Analyses of Geotherma l Ene rgy Dev e l opme n t  i n  
Southern Cal i forn i a , "  Dra f t  report under Stan ford Re s e arch 
I ns t i tu te Pro j e c t  ECU 5 0 1 3 , Novembe r 1 9 7 6 . 
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TABLE H-3 

C ost of E lectricity F rom Geothermal E nergy in Geopres sured B rine Resources 
( Con stant 1 97 9  Dollar s )  

C ase 1 Case 2 Case 3 
B inar:t S team B inary S team B inary S team 

Temperature ( °F)  290 2 9 0  2 84 2 84 2 82 2 8 2  

Working Fluid Isobutane Isobutane I sobutane 

Brine Rate ( B/D ) 6 0 , 0 0 0  6 0 , 0 0 0  4 0 , 0 0 0  4 0 , 0 0 0  2 0 , 0 0 0  2 0 , 0 0 0  

( Lb/hr ) 9 1 7 , 70 0  9 1 7 , 7 0 0  6 1 4 , 1 0 0 6 1 4 , 1 0 0 3 0 7 , 4 0 0  3 0 7 , 4 0 0  

Optimum Flash Pre ssure ( ps i a )  3 0  28 2 8  

Gross Power ( mW) 3 . 3 1  1 .  3 5  2 . 0 2  0 . 84 0 . 98 0 . 4 0  

( Btu/lb Brine )  1 2 . 3  s . o 1 1 . 3 4 . 7 1 o. 9 4 . 4 

Net Power ( mW) 2 . 6 5  1 .  2 7  1 .  6 1  0 . 7 9  0 . 7 8  0 . 3 7  

( Btu/lb Brin e )  9 . 9 4. 7 9. 0 4 . 4 8. 7 4. 1 

Heat Exchanger Area ( Ft2 ) 5 , 0 0 0  5 , 0 0 0  4, 0 0 0  4, 0 0 0  3 , 0 0 0  3 , 0 0 0  

Operating Expen se ( $ /yr ) 1 1 6, 0 0 0  5 5 , 0 0 0  7 0 , 0 0 0  3 5 , 0 0 0  3 4 , 0 0 0  1 6, 0 0 0 

Inve stment ( $ )  5 , 42 9 , 0 0 0  2 , 64 6 , 0 0 0  3 , 94 0 , 0 0 0  1 , 92 4 , 0 0 0  2 , 4 7 1 , 0 0 0  1 , 1 3 6 , 0 0 0  

( $/kW) 2 , 049 2 , 0 7 9  2 , 447 2 , 447 3 , 1 73 3 , 0 4 8  

Cost o f  Power ( ¢/kWh ) * 
4 . 96 5 . 02 5. 83 5 . 83 7 . 40 7 .  1 5  

( $ /MMBt u )  
1 4 . 50 1 4 . 70 1 7 . 0 5  1 7 . 0 5  2 1 .  63 2 0 . 98 

* Assumptions : 

1 5 percent ROR, 85 percent capacity factor 
1 /2 ¢/kWh operating expense based on 1 0 0 percent capacity facto r .  



The co s t  o f  powe r var i e s  wi th f l ow rate  for the two sys tems , a s  
i s  s hown i n  F ig ur e  H- 3 .  The co s t  c a l c u l a t ions s how t h a t  t h e  b i nary 
cyc le sys tem is s l i g h t l y  s uper ior to the f l a s hed s t e am a t  6 0 , 0 0 0 
B/D ; bo th cos t  the s ame a t  4 0 , 0 0 0  B/D ; and the f l a s h ed s te am i s  
s omewh a t  more econom i cal  a t  2 0 , 0 0 0  B/D .  Ot her geo thermal e conom ic 
s t ud ie s  h ave s hown s ig n i f icant co s t  advant ag e s  for b i nary c ycl e 
sys tem s , e spe c i a l ly i n  the 3 0 0° F o r  l e s s  temper a t ur e  rang e .  How
eve r , sma l l ( le s s  than 1 0  mW ) b i nary t urb i n e- g e n e ra tors are re l
a t iv e l y  more expe ns i v e  than smal l s te am turb i ne s . Th i s  h a s  s h i f ted 
the b i nary c yc l e  powe r pl ant i nve s tmen t  cos t  i n to the s ame rang e  a s  
f l a s hed steam sys tems . For the 2 0 , 0 0 0 B/D c as e , t h e  i n e l as t ic co s t  
o f  t h e  very sma l l b i nary t urb ine h a s  re s ul t ed i n  a h ig h e r  i nves t
men t than for the f l ashed s te am sys tem . 

P o ten t i al T echnological Advance s  

Th ere i s  unprov en , b u t  theore t i c a l l y  po ss i b l e , g eo th e rmal e n
e rg y  recov e ry te chno l ogy wh i c h  m i g h t  b e  more e f f ic i e n t  and l e s s  e x
pens i v e  than that pre s e n t l y  av a i l ab l e . A t o t a l  f l ow impu l se t ur
b ine , a s  propo s ed by the Lawre nce L iv e rmore Labora tory , may a p
proa c h  the e f f i c i e ncy o f  b inary cyc l e  system s . 4 A r e a sonab l e  
cos t  e s t imate for a to ta l- flow type powe r g e n e r a t ion s y s tem wo uld 
b e  compa r a b l e  to tha t of  a f l ashed s te am sys tem for the s am e  brine 
flow rate . For c ompa r i son , the  above a s s umpt ion s wer e  appl i ed t o  
the three c a s e s  i nv e s t ig ated . The re s u l t s  a r e  s ummar i ze d  i n  Tab l e  
H- 4 .  

P o te n t i a l  E conom i e s  o f  S ca l e  for Geothermal P ower P rod u c t ion 

De sp i te the po ten t i al e conom i e s  o f  scale of u s i n g  1 0 -2 0  mW 
g eo the rmal powe r pl ants ( vs .  the 1-3  mW u n i t s  u s ed i n  th i s  an
alys i s ) , they are more than o f f s e t  by the add ed co s t  of the br in e 
g at he r i ng and br ine d ispo sal sys tems for mul t ipl e-we l l  f ac i l i t ie s . 
The i nve s tmen t  for the 2 9 0 ° F wel l he ad , 6 0 , 0 0 0  B/D , 2 . 6 5 mw b inary 
c yc l e  s i ng l e-we l l  f ac i l i ty wa s e s t imated a t  $ 2 , 0 4 9  p e r  kW , o r  $ 5 . 4 
m i l l ion . A pl a n t  u s i ng the b r i ne from f ive we l l s  o f  t h i s  s i z e  
wou l d  g enerate approx imate l y  1 3 . 2 5  mW a nd cost  abou t  $ 1 , 3 2 0  per kW , 
o r  $1 7 . 5  m i l l ion . The economy-o f- s c a l e  s av i ng s  are e s pe c i al ly 
l arg e for the b inary t urb ine-g enera to r  un i t , wh i c h  d rops from $ 4 4 0  
per kW to only $ 1 7 0 per kW for the l arge r  pl an t .  Howeve r ,  e ac h  
we l l  wo uld h av e  to d ra i n  a l arg e are a . As s um ing a f iv e  s po t  we l l  
s pac i ng w i t h  1 6  square m i l e s  pe r wel l , 1 6  m i l e s  o f  prod uc t ion l i ne s  

4Au s t in , A . L . , " Pr ospe c ts for Ad vances i n  Ene rg y  Co nv er s ion 
Techno l og ie s  for Geo the rmal Energy Dev e l o pmen t , " Lawrence L i v e rmore 
Labora tory , 1 9 7 5 .  
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Figure H-3. Cost Comparison of Flashed Steam vs. Binary.* 

* SOURCE: Table H-3. 

TAB LE H-4 

Potent i a l  E conom i c s  of T o t a l  F l ow I mp u l s e  T u r b i n e s  
f o r  Geothermal E ne rgy Recovery 

( Ba s ed on Br i n e  Cond i t i on s ,  Econom i c  As s umpt ions , and Ne t Powe r o f  
B i nary Cyc l e  Sys tems from T a b l e  H - 3 ) 

1 00,000 

Ne t 
Power 
( mW ) 

To t a l  
Co s t  Co s t  
( MM$ ) ( $ /kW ) 

Co s t  o f  Powe r 
( ,C/kWh -

1 9 7 9  Do l l a r s ) 

C a se 1 

( 2 9 0 ° F wel l h ead , 6 0 , 0 0 0  B/D ) 
2 . 6 5 2 . 6 4 9 9 6  2 . 6 8 

C a s e  2 

( 2 8 4 °  F we l l he ad , 4 0 , 0 0 0 B/D ) 
l .  6 1  l .  92 1 , 1 9 2  3 . 1 0 

C a se 3 

( 2 8 2 ° F wel lhead , 2 0 , 0 0 0  B/D ) 
0 . 7 6 1 . 1 4 1 , 5 0 0  3 . 6 9 

The se f ig ures a re q u i te a t t rac t ive when compared w i t h  the c urren t 
1 9 7 9  c o s t  o f  new g enera t ion by conv ent ional mean s . 
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a re nee d ed . P i pe d i ameter i s  d epend e n t  on the f l ow r a t e , l eng th , 
and h e ad l o s s : 

= gpm2 x 1 f t  
1 , 0 0 0  X h X m i  

whe re h = head loss  i n  ps i/per m i l e  

For h = 1 0  ps i pe r m i l e , the incom i ng br i ne l i ne s wo uld b e  1 8  
i nc he s  i n  d iam e te r . 

Hope ful ly , r e i n j ec t ion i s  i n  shal l owe r format ions  w i th t h i c k , 
pe rme ab l e  s and l ayer s , a nd the se wel l s  w i l l  not need to be a s  
w i d e l y  spaced . As s um ing fo ur i n j ec t ion we l l s  a n d  o n l y  2 m i l e s ' 
separat i on be twe e n  i nj ec t ions , 5 . 7  m i l e s  o f  o u tgo i ng p i pe ar e 
needed . For h = 1 0  p s i  pe r m i l e , the i n j ec t io n  l in e s  w i l l  be 2 0  
inches i n  d i ame te r .  E s t ima t i ng the i n s t al l ed cos t o f  i ns ul a t e d  
p ipe to be $ 5 . 0 0 per i n . - f t ,  t h e  total p i pe c o s t s  $ 1 0 . 6  m i l l ion , 
wh ich wo uld br i ng the cos t  o f  the e n t i re fac i l i ty t o  $ 2 8 . 1  m i l l ion , 
o r  $ 2 , 1 2 0  per kW . Red uc ing the spac i ng b e twe e n  i n j e c t i o n  we l l s  to 
1 m i l e  o n l y  d rops the to t a l  cost  t o  $ 2 , 0 1 0  per k W .  No s ig n i f ican t 
s av ing s are po s s i b l e  u n l e s s  the prod uc t ion we l l  spac i ng s  c a n  b e  
r ed uced . 

Hyd ra u l i c  Energy A s s e s sme n t  

The econom i c s  o f  e l ec tr ic i ty g e ne r a t ion from t h e  hyd ra u l i c  en
e rgy i n  geopre s s ured br ine r e s e rvo irs were a s se s s ed for two c a s e s  
o f  s ing l e  we l l s  wh i ch fl owed 5 0 , 0 0 0  and 7 5 , 0 0 0  B/D ,  r e s pe c t iv e l y . 
The f i r s t  case i s  b a s ed on the aqu i fer prope r t ie s  o f  Southe a s t  
Pecan I s l and We s t , a nd the se cond case repr e s e n t s  a h ig h e r  f l ow 
rate but s horter l i fe aqu i fe r . The prod uced br ine in i t i al ly 
re ache s the we l lh e ad wi th a cons id e r ab l e  hyd ra ul i c  head . Dur i ng 
the l i fe o f  the we l l ,  the pre s s ure d e c l i n e s  s te ad i ly , w i th pre s s ur e  
ma i n tenance eve n tual ly requ i red t o  ma i n t a i n  a cons tan t prod uc t ion 
rate . Powe r may be genera ted by flowing the br i n e  in  reve r s e  
throug h a f ive- s tage centr i fug a l  pump wh ich a c t s  a s  a t urb i ne . The 
output wa s a s s umed to d r ive other pumps d i rec tly a nd wo uld t h u s  no t 
requ i re a generator . The opt im um t urb i ne s i ze i s  a fun c t ion o f  the 
in i t i a l  flow r a t e , the d e c l ine rate , the req u i red r a te of re t urn , 
a nd the r e l a t io n sh i p  b e twe e n  ne t powe r produc t io n  a nd the hyd ra ul ic 
t urb ine cos t . The opt im i zed re s ul t s  s hown i n  Tab l e  H - 5  s ug g e s t  
tha t the cost  o f  powe r from t h i s  sour c e  i s  compe t i t iv e  wi th powe r 
from c o nven t ional sourc e s . 

Th e s e  cal c ul a t ions are mad e on the s am e  b a s i s  a s  the g eothermal 
e n e rg y  a s s e s smen t  c a se s . The c ap i t a l  e s t imate s s hown here are 
qu i te spe c ul a t iv e , b u t  even at a 5 0  percent  h i g he r  i nv e s tm en t , the 
cos t  o f  power is l e s s  t h a n  3� per kWh for bo th c a se s . F u l l  powe r 
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und er Case s 1 a nd 2 i s  only av a i l ab l e  for the f i r s t  seven and two 
ye ars , re spec t iv e ly . After tha t , the ava i l ab l e  hor s e powe r d e c l i ne s  
qui te rap i d ly d ue to the d e c l i n i ng r e s e rvo i r  pre s s ur e  ( S e e  T a b l e  
H-1 1 ) .  

TAB LE H - 5  

E conom i c s  of Power Generat ion f rom Hyd rau l i c  E ne rgy o f  
G e opr e s s u red B r ine R e s e rvo i r s  

C a s e  1 C a s e  2 

I n i t i al F l ow Ra te ( B/D ) 5 0 , 0 0 0  7 5 , 0 0 0  

I n i t i a l  F l ow Ra te ( Ga l lons per 
M i n u t e  [ gpm] ) 1 , 4 5 8  2 , 1 8 7  

L i f e  ( Year s ) 1 6  1 0  

I n i t i a l  Ne t Powe r ( hp )  1 , 1 0 0  1 , 3 0 0  

I nve s tmen t  ( $/k W ) 4 5 3  4 1 2  

Cos t  o f  Powe r ( ,C/kWh ) 1 .  7 2  2 . 0 5  

Cos t  o f  Powe r ( $ /MMBt u )  5 . 0 0 6 . 0 0 

Potent i a l  T e chno l og i c a l  Advances 

The f iv e- s t ag e  c e n tr i f ug al pump u s ed for the h yd ra ul i c  powe r 
generat ion c a s e s  was a s s umed to hav e a 7 0  p e r c e n t  e f f i c iency . Th e 
max imum obta inable e f f ic i ency w i th a t urb i ne d e s ig n ed spec i f i c a l l y  
for th i s  process  i s  probably no more than 9 0  p e r c en t . I n  a l l  
l i kel i hood , however ,  s uch a t urbine wo uld a l so b e  s ig n i f ican t l y  
more expe n s iv e  than a centr i f ug al pump . Th u s , pro spe c ts for 
advances i n  h ydra ul i c  e n e rgy recovery appe ar l im i ted . 

METHODOLOGY AND S UPPORT ING DATA 

G eo thermal E ne rgy A s s e s smen t  

C os t i ng 

C os t  C a l c u l a t i on Equat ion . B i nary Turb ine and Ge ne r a tor . 

$ = 7 2 5 , 0 0 0  ( mw ) 0 . 4 

( Ba sed on conv er s a t ions wi th an El l iott  Company r e pr e sen t a t iv e . )  
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C o s t  C al cu l a t ion Equ a t ion . S t e am Turb ine and Ge ne r a tor . 

$ = 3 2 0 , 0 00 ( P f  x mw ) 0 . 7  
p 

where Pf = 9 5  p s i a  

( Ba s ed o n  recen t [ s pr i n g  1 9 7 9 ] f i rm q uo te s  for t urb ine g en e r a tors 
in the 1 - 1 0  mW s i ze rang e . )  

C o s t  C a l c u l a t i on Equation.  Cond e n s e r s  and Hea t  Exc ha ng er s . 

$ f t2 = C f e • 4 3 8 3  l n  ( Ps ) - 0 . 1 2 9 7  

whe re Ps = s he l l  s id e  pre s s ur e s  

For s he l l  s id e  pre s s ure s � 5 0  p s i a , l e t  Ps = 5 0 .  C f i s  a 
correc t ion f a c tor based on contracted pr i c e s  and i n f l at i o n . C f = 
2 . 1 6 .  ( Take n  from " Re source Ut i l i za t io n  Ef f ic i e ncy Improveme n t  o f  
Geotherma l B i nary Cyc l e s , "  K .  E .  Starl i ng e t  a l . ,  1 9 7 8 . )  

C o s t  C a l c u l a t ion Equ a t ion . Cool ing Towe r . 

$ = 8 8 9  ( g pm ) 0 . 6 

T h e  expone n t i a l  i s  from " Pr oc e s s  Pl an t  Es t imat i ng Ev al ua t ion and 
Con t ro l , "  K .  E .  Guthr i e , P ag e  3 4 1 ,  1 9 7 4 .  The cons tant i s  b a s ed o n  
r e c e n t  f i rm q uo te s  corr e c ted for i n f l a t ion to m id- 1 97 9  dol l ar s . 

C o s t  C al c u l at ion Equa t ion . Va cu um Compre s so r . 

$ = 1 , 5 8 0 ( hp ) 0 . 8  

The exponent i al i s  from G u th r i e , Pag e 1 6 5 .  The cons ta n t  i s  b a s e d  
o n  r e c e n t  f i rm quo te s  corrected f o r  i n f l at ion to m i d- 1 97 9  dol l ar s . 

C o s t  C al c u l a t ion Equa t ion . Rec yc l e  P umps a nd Dr ive r s . 

Pr i c e s  are taken from " Ca p i t a l  Cos t  Es t ima t i ng "  by K .  E .  
G u thr i e , Pag e 1 2 6  o f  the Ma rch 2 4 ,  1 9 6 9 , i s s ue o f  C hemi c a l  E n
g ineer i ng .  The pr i c e s  h ave been ad j us ted to re f l e c t  recent f i rm 
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quo tes and are corre c ted for i n fl at ion by appl y i ng a correc t ion 
fac tor o f  9 . 6 .  

F ac i l i ty Cos t  Ca l c u l a t ion Procedure . The to t a l  p l a n t  cos t i s  
the s um o f  the fol l ow i ng : ( 1 ) total cos t of ma j or eq u i pme nt 
( t urb i ne plus  gene r a tor , e x change rs , condens e r s , coo l i ng towe r ,  
vacuum compre s so r ,  and ma i n  pumps and d r iv e r s ) ;  ( 2 )  m i sc e l l aneous 
equipme n t , cons t r uc t ion , and e ng i nee r i ng ; and ( 3 )  15  pe rcent con
t i nge ncy . The m i s c e l l a neous amo unt is based on the fol low i ng powe r 
l aw e xpre s s ion : 

$ = 1 , 7 9 0 , 0 0 0  (� � . 7  
2 , 5 o oj 

The base case  param e te r s  noted below we r e  used  to c a l c ul a te the 
cos t  of the maj or equ i pmen t  of a 2 . 5  mw f l a s h ed s te am f ac i l i ty .  

F l ow Ra te ( lb/hr ) 

En thalpy ( Bt u/ l b ) 

Fl ash Pr e s sure ( ps i a )  

Gross Powe r ( kW )  

Ne t Powe r ( kW )  

Va c u um Compr e s sor ( hp )  

Coo l ing Wa ter ( l b/hr ) 

Coo l ing Wa ter ( gpm ) 

Conde n s e r  ( l b/hr ) 

Coo l ing Wa ter Pumps 
( � P x g pm )  

Tot a l  Maj or Equ i pmen t  

M i s c . Equ i pmen t  & 
Con s t r uc t ion ( 2  x Ma j or 

Equ i pmen t )  

1 5  Per c e n t  Cont i ng e ncy 

To t a l  Pl an t Cos t  

2 6 3 , 0 0 0  

5 0 0  

9 5  

2 , 5 0 0  

2 , 4 4 5 . 8  

7 . 9  

1 , 1 0 0 , 0 00 

2 , 1 96 

1 , 0 4 6 , 0 0 0  

6 6 '  0 0  0 

$ 8 9 5 , 0 0 0 

$ 1 , 7 9 0 , 0 0 0  

$ 4 0 3 , 0 0 0  

$ 3 , 0 8 8 , 0 0 0  

Cal cul a t ions by th i s  method are i n  agreement w i th a c tual  p l a n t  
cos t s  i n  t h e  1 - 1 0  m W  rang e . 
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Two t ime s that cos t wa s then s e t  as  the con s tant  for the powe r law 
equa t ion . I n  the case o f  a 2 . 5  mW plan t ,  the g ro s s  powe r capac i ty 
term i s  one a nd the cos t o f  the rema i n ing eq u i pme n t , c o n s truc t i on 
and e ng i nee r i ng equa l s  the con s tant or two t ime s the ma j o r equ i p
me n t .  Other s i ze p l a n t s  wi l l  have h ighe r or lowe r mi s c e l l a neous  
cos ts than th i s  pl an t ,  a s  d e te rmined by the i r  g r o s s  powe r capac i ty .  
For e xample , i n  Table H - 8  for Case l ,  3 0  ps i a  fl a s h  pre s s ur e , the 
rema i n i ng m i sce l l ane ous equ i pmen t  and con s t r uc t ion cos t is c a l cu
l a ted as fo l low s : 

$ = 1 , 7 9 0 , 0 0 0( 1 , 3 5 1 . 9) 0 . 7  
2 1  50  0 o 0 

= 1 ,  7 9 0 , 0 0 0  ( . 6 5 )  

= 1 , 1 6 4 , 0 0 0  

B in a ry Cyc l e  C o s t  C al c u l a t ions 

S e l e c t ion of the Work i ng F l u id . S tarl i ng et a l . 5 , 6 , 7 fo und 
tha t  the min imum pla n t  cos t  a t  a we l lh e ad t empe r a t ure o f  3 0 0 ° F  wa s 
w i th a 5 0/ 5 0  m i x ture o f  i sobutane/ i sope n t an e . Howe ve r , the i r  cos t  
equa t ions re s ul t  i n  a n  e s t ima ted 1 9 7 9  cos t o f  $ 1 , 0 0 0 , 0 0 0  for a 
g ro s s  3 0  mW tur b i ne generator set . E l l io t t  Company h a s  e s t ima ted 
tha t smal l ( 1  to 5 mW ) b i na ry t ur b i ne-ge ne r a to r s  w i l l  cost from 
$ 8 4 0 , 0 0 0  to $ 9 9 0 , 0 0 0 .  For the low e nd o f  th i s  range , turb i ne
genera tor cos t s  will  be we l l  ove r 5 0  pe rcent of  the  ma j o r  eq u i pmen t  
cos t .  Th us , cos t eq uat ions i n d i c ate t h a t  to mi n im i z e the i nve s t
me n t , b i n a ry t urb i ne e f f i c i e n cy mu s t  be a t  the  max imum . S t ar l i ng 
h a s  s hown tha t  the mos t  energy e f f i c ie n t  work i ng f l u id a t  3 0 0 ° F  i s  
i sobutane . There for e , a t  3 0 0 ° F , i sobutane i s  the f l u id o f  c ho i c e  
for sma l l  b i n a ry cyc l e  un i ts .  A t  lowe r tempe r a t ur e s ,  prop ane/ 
i sobutane m i xt ure s are probably sl i gh t ly more e f f i c i e n t .  Howeve r ,  
1 0 0  pe rce n t  i so bu t ane wa s a s s ume d to be the work i ng fl u id for th i s  
s t udy . The fol l owi ng va lues  for i so buta ne a re obta i ned from 
S tarl i ng e t  a l . :  

Temp . _( o F )  
3 0 0  

3 5 0  

4 0 0  

Gross Powe r 
( B tu/ l b  B r ine ) 

1 4 . 1  

2 3 .  0 

3 0 .  7 

Ne t Power 
( B t u/ l b  B r i ne ) 

1 1 . 4  

1 8 . 4  

2 4 . 1  

5s t ar l ing , K . E . , e t  a l . ,  " Re so urce Ut i l i za t i o n  Ef f i c i e ncy 
Improv emen t  o f  Geothe rmal B i nary Cyc l e s , Pha se I , "  Un ivers i t y  o f  
Okl ahoma , 1 9 7 6 . 

6 starl ing , K .  E . , e t  a l . ,  " Re so urce Ut i l i z a t ion Ef f ic i en cy 
Improvement o f  Ge othe rmal B i nary Cyc l e s , Ph a s e  I I , "  1 9 7 6 . 

7 starl ing , K .  E . , e t  a l . , " Re so urce Ut i l i z a t ion Ef f ic i e ncy 
Improv ement o f  Ge othermal B i nary Cyc l e s , Ph ase I I I , .. F i nal  Repo r t , 
1 9 7 8 .  
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Ne t and g ross  powe r at o ther tempe ratures we re o b ta i ned by e x tra
pol a t ion o f  the s e  v a l ue s . S im i l ar ly , the mate r i al bal ance d a ta i n  
Table H- 6 f or 2 . 5  mW n e t  i sobutane b inary cyc le un i ts a t  3 0 0° F and 
3 5 0 ° F we re used to s i ze e q u i pment for the b i nary c a s e s  eval ua t ed i n  
t h i s  s t ud y . Th e d a t a  from Ta b l e  H - 6  are p l o t ted i n  Fig ure s H-4 
thro ugh H- 8 .  The s e  c urve s  are used to s i ze the e q u i pmen t for th e 
b i nary cyc l e cases  that are eval uated i n  th i s  repor t .  

B i nary Cyc l e  Equ ipment S i z ing P rocedure . Fo r a g iven we l l head 
temperat ure , the maj or e q u i pme nt can be s i zed u s i ng the c urve s  i n  
F i g ure s H-4 throug h  H-8 . 

• Bi nary Turb ine Ge ne ra tor . Th e s i ze o f  the b inary t urb ine
generator s e t  is ob t a i ned us i ng F ig ure H - 4 , as fo l l ows : 

Power mW = gross Btu/lb br ine x b r i ne ra te l b  x 2 . 9 3 x l o -7 mW 
hr B t u  

TABLE H-6 

Material Balance Data 

300  

Isobutane/Brine Ratio ( Lb/lb Brine) o .  728 

Exchanger Heat Load ( Btu/lb Brine)  1 1 4. 4 

Exchanger Transfer Coeff  ( Btu/hr Ft2 oF)  1 0 4. 7 

Exchanger Shell Side Pressure ( psia)  300 

Exchanger Log ( Mean 6 T )  38 

Cooling Water/Brine Ratio ( Lb/lb Brine ) 5. 89 

Condenser Heat Load ( Btu/lb Brine)  1 0 0 . 3  

Condenser Transfer Coeff  ( Btu/hr Ft2 °F) 1 2 9. 7 

Condenser Shell Side Pressur e  ( psia)  82 

Condenser Log ( Mean 6 T )  20  

Condenser Outlet Isobutane Temp .  ( °F) 1 1 0  

Working Fluid Pump 0 P ( ps i )  235 

Cooling Water Pump 6 P ( ps i )  3 0  

H - 1 3  

T emperature ( °F )  
350  

1 .  048 

1 54. 7 

1 04 . 7 

450 

46 

7. 33 

1 3 1 . 7  

1 2 9. 7 

84 

25 

1 1 2 

385 

30 

400 

1 .  34 

1 99. 7 

1 04. 7 

550  

54 

9. 1 9  

1 63 .  1 

1 2 9. 7 

86 

30  

1 1 5  

485 

30  
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The f l ow rates  are converted from barr e l s  p e r  d a� to pound s pe r 
hour by us i ng the corre l a t ions d eve l oped by Di t tma n . A re s e r
vo ir of 1 0  wt % total d i ssolved sol ids  ( TDS ) i n  the br ine has  been 
a s s umed for all case s .  The cos t of the b i na ry t urb i n e-generator 
s e t  can now b e  c a l cu l a ted u s i ng the cos t equa t ions . 9 

• He at Ex chang e r s . The s tand ard s he l l  and t ub e  h e a t  e x
chang e r s  are s i z ed from F i g ure H- 5 ,  wh ich s hows s pe c i f i c  
heat trans f e r  area ( f t2/ lb/hr br i ne ) v s . we l l he ad tem
perat ure . The c urve wa s d e r ived from the r a t io o f  t he h ea t 
l oad ( Bt u/ lb b r i ne ) ove r  the heat trans f e r  rate 
( Bt u/ h r/ f t2 x l og mean T ° F ) . 

Ex c hang er f t2 = 

Spec i f ic heat tran s fer area f t2 x b r i ne r a t e  l b/h r 
lb/hr 

• Cond enser .  Th e cond enser , wh i c h  is s i ze d  in the s am e  manner 
a s  the heat exchang e r s , is al so a s s umed to b e  of s tand ard 
s he l l  and tube cons truc t ion . Th e e x c hang e r  and cond en s e r  
cos t s  i n  $ / f t 2 a r e  t h e n  c al c ul a t ed from t h e  c o s t  e qu a
t ion . 9 Th e she l l  s id e  pressure ( Ps ) i s  o b ta i ned from 
F ig ure H- 6 .  

• Coo l i ng towe r . For a g iven wel l he ad tempe r a t ure , the c oo l 
i ng towe r i s  s i zed from F i g ur e  H-7 , a s  f o l l ows : 

Cool i ng wa ter rate ( gpm ) = coo l i ng wate r- to- br i n e  ra t io x b r ine rate 
8 . 3 5 l b/gal x 6 0  m in/ hr 

• Wor k i ng Fl u i d  Pump . Th e working f l uid  pump is s i ze d  by 
m ul t i pl y i ng the pre s s ure head req u i r e d  ( F ig ure H - 6 ) by th e 
working f l u i d  r a te . Th i s  rate i s  c a l c u l a ted a s  fo l lows : 

Work i ng f l u id r a t e ( g pm ) = i-C4 - to- b r i ne ra t io x b r i ne rate 
i-C 4 d en s i ty l b/gal x 60  m i n/ h r  

T h e  i sobut ane- to- br ine rat io i s  d e te rm ined from F i g ure H - 8 . T h e  
i sobutane dens i ty i s  for the cond e n s e r  o u t l e t  t emperat ure . 

• Coo l ing Wa ter Pump . The coo l ing wa ter pump i s  s i ze d  by 
m ul t i pl y i ng the pre s s ure head requ i r e d  ( 3 0 ps i )  by the c oo l
i ng wa ter rate as cal cul ated abov e for the coo l i ng towe r . 

8n i ttrnan , G . L . , " Ca l cul at ion o f  Br ine Prope r t ie s , "  Lawrence 
L ive rmore Labora tory , 1 9 7 7 .  

9co st equa t ions i n  th i s  sec t ion are tho se noted e ar l i e r  i n  
the Cos t  Cal c ul a t ion Eq uat ions s e c t ion . 
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R e s u l t s . Th e re s ul ts o f  the b inary c yc l e  s i z i ng and co s t i ng 
c a l c ul a t ions are s hown i n  Tab l e  H- 7 .  

F l ashed S te am C o s t  C a l cu l a t ions 

The ma ter i a l  bal ances i n  Table H - 8  for the f l a shed s te am cost 
c al c ul a t ions we re g enerated by f l ashed s te am computer mod el s .  Th e 
to tal pl ant cost  was then c a l c ul a ted a t  var ious f l a s h  pre s s ur e s  to 
d e term in e  the econom i c  opt im um for each c a s e . Th e s e  r e s u l ts are 
pre s e n t ed i n  Tab l e s  H - 8  t hro ug h  H -1 0 .  The i nv e s tment co s t  a s  a 
f un c t io n  o f  f l ash pre s s ur e  has been p l o t ted i n  F i g ure H - 9 . 

E conom i c  S en s i t iv i ty Analys i s  

Th e e f f e c t  o f  c hang es i n  ROR , c ap i t a l  i nv e s tment , c apac i ty 
f ac tor , and ope ra t i ng expe n s e  on power pr ice was i nve s t iga ted fo r 
Ca s e  1 ( 2 9 0° F we l l he ad and 6 0 , 0 0 0  B/D b r i ne rate ) . To s ummar i ze ,  
every 1 . 0  per c e n t  increase i n  ROR or i nve s tment re s ul t ed i n  a 0 . 9  
per c e n t  increase i n  the pr i c e  o f  e l e c tr i c i ty .  A 1 . 0 p e r c e n t  
increase i n  ope r a t i ng e xpen s e  re s ul ted i n  a 0 . 1 perce n t  power pr ice 
i ncreas e . A 1 . 0 percent d ecrease i n  capac i ty fac tor near the base 
case v a l ue re s ul t ed i n  a 1 . 0 percent i n c re a s e  i n  powe r pr ice . The 
c a l c ul a t ions we re mad e u s i ng an e conom i c  analys i s  comput e r  prog ram . 
The r a ng e  o f  v a r i a b l e s  exami ned and the f ix ed a s s umpt ion s are s hown 
i n  Tab l e  H- 1 1 . F ig ur e s  H-1 0 and H-11  are  e x ampl e s  o f  the type o f  
i n fo rmat ion ava i l ab l e  for the case . Th i s  i s  fol l owed by Tabl e 
H-1 2 , wh i c h  pre s e nt s  a cond ensed summary o f  the o utput for a s i ng l e  
s e t  o f  c a l c ul a t ions . 

F i n al ly , al l o f  the sens i t iv i ty analyses  for the c a s e  are s um
mar i ze d  i n  the " sp i d er d iag ram "  o f  F i g ur e  H-1 2 .  Wi th t h i s  d iagram , 
the e f fe c t  o f  pe rcentag e  c hang e s  i n  the var i ab l e s  i nve s t i g a t ed o n  
the co s t  o f  powe r , c an b e  seen . The s te eper the s l ope o f  a c urv e , 
the more sens i t ive the cos t  o f  power to chang e s  i n  tha t var iabl e . 
From th i s  i t  can be conc l ud ed that v ar i a t ions i n  the ope r a t i ng ex
pen s e  are r e l a t ive l y  un importan t , but that v a r i a t i on s  in the r e
q u i red ROR , the s i ze o f  the i nv e s tmen t ,  and the capac i t y  fac to r  
h av e  prono unc ed e f fe c t s  on t h e  cos t o f  powe r .  T h e  conc l us ion s  
wo u l d  be s im i l ar for C a s e s  2 a nd 3 a nd the f l a shed s t e am 
f ac il i t i e s . 

Hyd raul i c  E n e rgy A s s e s sment 

C o s t i ng 

C o s t  C a l c u l a t ion P rocedure . The d a t a  for the s e  t wo h yd ra u l i c  
powe r g enerat ion c a s e s  we re based on the aqu i fe r  prope r t ie s  o f  
Southeas t Pecan I sl and We s t . The pre s s ure d e c l i n e  rate a nd av a i l
a b l e  hor sepowe r are shown i n  Tabl e  H-1 3 . To f ind the m in imum cost  
o f  powe r , a var i e t y  o f  p ump s i ze s  we re i nve s t ig a t ed for  each case . 
To tal i n s tal l ed c ap i t a l  cost  wa s a s s umed to b e  three t im e s  the 
hyd r a ul i c  t urb ine cos t .  The cos t  o f  power for e ac h  p ump s i ze wa s 
then d etermined w i th the e conom ic s  prog ram . Th e s e  r e s ul ts are 
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plotted for the h igher f l ow rate case i n  F i g ur e s  H- 1 3  a nd H- 1 4 . 
The se c urve s i nd i c a te that the opt imum t urb i ne s i ze var i e s  w i th the 
requ i red ROR but not w i th chang e s  i n  the capac i ty fac tor . The mos t  
econom i c a l  pump s i ze was found t o  be 1 , 1 0 0  hp f o r  Cas e 1 and 1 , 3 0 0  
hp for Case 2 .  The opt imal resul ts are s ummar i zed i n  Tabl e  H- 1 4 . 
The e f fe c t s  of i nve s tme n t ,  ROR ,  capac i ty fac tor , and ope r a t i ng e x
pense we re ag a i n  i nve s t ig ated i n  the sens i t iv i ty analys i s . The s e  
re s u l t s  a r e  s ummar i z ed i n  t h e  s p i d e r  d i ag r am o f  F i g ur e  H - 1 5 wh ich 
i nd icates that costs are mos t  sens i t ive to capac i ty fac tor w i th a 
1 pe rcent change i n  tha t var iable near the base  v a l ue , re s ul t i ng i n  
a 1 . 0  percent change i n  the cos t  o f  powe r . Th e other var i a b l e s  are 
l e s s  sens i t ive , w i t h  a 1 . 0  pe rcent change in i nve s tmen t ,  ROR ,  an d 
ope ra t i ng expense r e s u l t ing i n  a 0 . 6 5 percent , 0 . 4 5 percen t , and 
0 . 3 5  percent change i n  the cos t o f  powe r , re s pe c t i v e ly . Tabl e  H -1 5 
con ta i n s  a condensed summary o f  the output from Case  1 .  

S i z i ng and C o s t  C al cu l a t ion . Powe r g en e ra t ion equa t ion : 

hp = . 0 0 0 0 1 7  X Q X 1] X ( � p )  
where Q = flow rate ( B/D ) 

.,., = e f f i c i e ncy ( • 7 0 ) 

� p  = av a i l ab l e  pre s s ur e  ( ps i  a )  

hp = av a i l ab l e  hor sepowe r  a t  the s h a f t  

Hyd raul i c  turb ine cost equa t ion : 

$ = 1 0 , 2 5 0  ( h p ) 0 . 4 2  

( So urce : Di s c u s s ions w i th Pac i f i c  P umps , a d iv i s ion o f  
Dr e s s e r  I n d u s tr i e s , In c . ) 

The t urb i ne i s  a s s umed to be a mul t i s t ag e  c e n t r i f ug a l  p ump w i t h  
f low reversed and hors epowe r av a i l able at t h e  s h a f t  t o  d r iv e  pro
cess  equipmen t .  
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TABLE H-7 

Binary Cyc l e  ca ses 
C ost C alculation S ummary 

C ase 1 C a s e  2 C a s e  3 
Wellhe ad Temperature (2 90 ° F )  ( 284 ° F )  ( 282 ° F )  

Wor ki ng Fluid Isobutane I sobutane I sobutane 

Brine Rate ( B/D ) 6 0 1 0 0 0  4 0 1 0 0 0  2 0 1 0 0 0  

( Lb/h r )  91 7 1 700 6 1 4 1 1 00 3 0 7 1 4 0 0  

Gross Po we r  ( kW )  31 307  2 1 024 982 

( Btu/lb br in e )  1 2. 3  1 1 . 25 1 o. 9 

Net Po wer ( kW )  21 649 1 1  6 1 0  779 

( Btu/lb Brin e )  9. 85 8. 95 8. 65 

Heat Exchanger Area ( Ft 2 > 2 5 1 740 1 6 1 980 81 450 

Conden ser Area ( Ft 2 ) 351 1 0 0 2 3 1 370  1 1 1 67 0  

Wor ki ng Fluid Pump ( 6 p * gpm) 4791 500 2 7 7 1 4 0 0  1 3 2 1 4 0 0  

Coo l i ng Water Pump ( 6 p * gpm) 3081 300  2 0 0 1 400  991 4 0 0  

Coo l i ng Water ( gpm )  1 0 1 280 61 680 3 1 3 1 0  

Costs ( T housand C onstant 
1 979 Dollar s )  

He at Exchanger 56 1 354 1 74 

Turbine and Generator 1 1 1 70 96 1 720  

Conden ser 370 246 1 2 3  

Cool ing Tower 227 1 75 1 1 5 

Working Fl ui d  Pump 1 30 82 47 

Coo l in g  Water Pump 86 64 39 

Total Ma j or Equipment 2 1 544 1 1 882 1 1 2 1 8  

Remainin g  Eqpt . & Constr . 21 1 77 1 1 544 93 1 

Contingency ( 1 5% ) 708 5 1 4  322 

Total Co st 51 429 3 1 94 0  2 1 47 1  

Investment/Net kW 2 1 049 2 1 447  3 1 1 73 
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TABLE H-8 

Flashed steam Material Balances and 
Cost OEtimization Calculation S ummar� 

CASE 1 *  

Flash Pressure ( ps ia) 20 25 28 30 t 32 35 40 

Gross Power ( kW) 1 1 739. 6 1 1 560. 0  1 1 444. 5 1 1 351. 9 1 1 269. 0 1 1 13 1 . 9  906. 9 

Net Power ( kW) 1 1 640. 5 1 1 47 1 . 6  1 1 36 1 .  5 1 1 2 72. 5  1 1 192. 8 1 1 060. 3 842. 3 

Cooling Water ( gpn) 2 1 72 4  2 1 200 1 1 93 7  1 1 760 1 1 6 1 0  1 1 383 1 1 050 

Condenser ( MM Btu/hr) 52. 241 42. 4 1 1 3 7. 4 1 1  33. 72 7 30. 787 26. 443 20. 02 7  

( Ft2 ) 1 8 1 660 15 1 150 13 1 360 12 1 050 1 1  1 000 9 1 440 7 1 150 

Cooling Water Pump 
( P * gpm) 82 1000 661000 58 1000 53 1000 481000 4 1 1 500 3 1 1 500 

Costs ( T housand Constant 
0:: 19 79 Dollars) 
I 

N 
I-' Turbine and Generator 1 1 403 1 1 1 12 9 74 886 8 10 702 548 

Cooling Tower 102 90 83 79 75 68 58 

Condenser 196 1 60 1 4 1  1 2 7  116 99 75 

Vacuum Compressor 20 20 20 20 20 20 20 

Cooling Water Pumps 34 30 28 25 24 2 1  19 

Total Maj or Equipment 1 1 755 1 1 412 1 1 246 11 137 1 1 045 9 10 720 

Re maining Eqpt. & Constr . 1 1 389 1 1 287 1 1 2 1 9  1 1 164 1 1  1 1 4  1 1  028 881 

Contingency ( 1 5 % )  472 405 3 70 345 324 291 240 

Total Plant Cost 3 1 6 1 6  3 1 10 4  2 1 835 2 1 646 2 1 483 2 1 229 1 1 84 1  

Cost/Net kW 2 1 205 2 1 109 2 1 083 2 1 079 2 1 082 2 1 102 2 1 186 

*Cas e 1 :  290 °F ;  259 . 3  Btu/Ib ; 6 0 1 000 B/D.  

toptimum . 
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N 
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Flash Pressure (psia) 

Gross Power ( kW) 

Net Power ( kW) 

Cooling Water ( gpm ) 

Condenser (MM Btu/hr) 

(Ft2 ) 

Cooling Water Pump ( � P * gprn ) 

C osts (Thousand C onstant 
1 979 Dollars) 

Turbine and Generator 

Cooling Tower 

Condenser 

Vacuum Compressor 

Cooling Water Pu mps 

Total Maj or Equipment 

Remaining Eqpt. & Constr. 

Contingency ( 1 5 % )  

Total P l ant Cost 

Cost/Net kW 

TABLE H-9 

Flashed Steam Material Balances and 
C ost Optimization Calculation S ummary 

CASE 2 *  

2 5  28 t 30 

92 1.6 838. 1 773.0 

865. 9 786. 1 723.3 

1 1 300 1 1  120 1 1 00 5  

24.899 2 1 1 487 20. 144 

8 1 890 7 1 670 71 1 90 

3 9 1 000 33 1 600 30 1 200 

769 665 596 

66 60 55 

94 8 1  75 

1 5  1 5  1 5  

20 1 9  1 8  

964 840 759 

890 833 78 7 

2 78 2 5 1  232 

2 1 132 1 1 924 1 1 778 

2 1 462 2 1 44 7  2 1 458 

*Case 2 :  284 ° F ;  253 .2 Btu/lb ; 40 1 000 B/D . 

toptim urn .  

32 3 5  

7 1 4 . 0 6 1 8. 5  

666 . 5 5 74. 1 

904 754 

1 7.292 14. 4 1 1  

6 1  180 5 1 1 50 

2 7 1 100 22 1 600 

54 1 460 

53 47 

65 54 

15 1 5  

17 1 6  

6 9 1  592 

74 5 673 

2 1 5 1 90 

1 1 65 1  1 1 45 5  

2 1 478 2 1 533 



TABLE H-1 0 

Flashed Steam Material Balances and 
Cost Optimization Calculation S ummary 

CASE 3 *  

Flash Pressure ( psia) 2 0  25 28 t 3 0  32 

Gross Power ( kW) 5 08.4 440.3 397.5 364.4 334.3 

Net Power ( kW) 477.5 4 1 3. 1 372. 0 34 0. 1 3 1 1. 1 

Cooling Water ( gpm) 795 62 1 532 474 423 

Condenser ( MMBtu/hr) 15.253 1 1 .892 1 0. 186 9. 069 8. 089 

( Ft2 ) 5, 450 4, 25 0 3, 64 0  3, 24 0 2, 890 

Cooling Water Pump ( D. P * gprn )  23, 8 0 0  1 8, 60 0  1 6, 0 0 0  14, 2 0 0  1 2, 70 0  

::r: Costs ( T housand Constant 
I 1979 Dollars) 1\.) 

w 
Turbine and Generator 593 459 395 353 3 1 8  

Cooling Tower 49 42 38 35.5 33 

Condenser 57 45 38 33.5 3 0  

Vacuum Compressor 8 8 8 8 8 

Cooling Water Pumps 16 1 4  1 3  1 2  1 2  

Total Maj or Equipment 723 568 492 442 4 0 1  

Remaining Eqpt. & Constr. 587 53 1 494 465 438 

Contingency ( 1 5 % )  196 165 1 5 0  136 126 -

Total Plant Cost 1, 506 1 , 264 1, 136 1, 045 965 

Cost/Net kW 3, 156 3, 059 3, 048 3, 067 3, 1 02 

*Case 3 :  282 °F ; 251 . 1  Btu/lb ; 2 0, 000 B/0 . 

toptirnurn . 
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TABLE H-1 1 

S ensitivity Analysis Variables* 
( Constant 1 97 9  Dollar s )  

Capac ity Factor 
( P ercent ) 

65 

80 

85 

1 00 

Operating 
Expense 
( ,¢/kWh 

C apacity) 

0 . 2 5  

0 . 3 75 

o . s o  

1 .  0 

*Tax assumptions : 

2 0  percent investment tax credit 
1 5  percent depletion allowance 
50 percent tax rate 
Sum-of-year s-digits depreciation 

over the 2 0 -year life o f  the facil ity 

Investment 
( $ /kW) 

1 1 02 5  

1 1 53 7  

2 1 049 

3 1 0 74 
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TABLE H-1 2 

Economic Analys is : Case SUmmary 
B inary cxc le Facil ity 

( Thousand Constant 1 979 Dollar s )  

( For 2 90 •F ,  60 , 0 0 0  B/D , 1 5 %  ROR, 85% Capac ity Factor , 
1 /2 ¢/kWh Operating Expense/Cost of Powe r 4. 96 ¢/kWh ) 

Net Taxab le Tax u. s .  N e t  Cash 
Year I nvestment Revenue D epr . Depl . o,ee r .  Ex,e. I ncome C redits Tax Flow 

5 , 429 0 0 0 0 0 1 , 0 8 6  - 1 , 0 86 - 4, 3 4 3  

2 0 979 5 1 7  1 4 7  1 1 6 1 99 0 99 7 6 3  

3 0 979 4 9 1  1 4 7  1 1 6 2 2 5  0 1 1 2 7 5 0  

4 0 979 465 i 4 7  1 1 6  2 5 0  0 1 2 5  7 3 7  

5 0 9 7 9  439 1 4 7  1 1 6 2 76 0 1 3 8  724 

6 0 979 4 1 4  1 4 7  1 1 6 3 02 0 1 5 1  7 1 2  

7 0 979 388 1 4 7  1 1 6 328 0 1 64 699 

8 0 979 3 62 1 4 7  1 1 6 354 0 1 77 686 

9 0 979 3 3 6  1 4 7  1 1 6 3 8 0  0 1 90 6 7 3  

1 0  0 979 3 1 0  1 4 7  1 1 6 4 0 6  0 2 0 3  6 6 0  

1 1  0 979 2 84 1 4 7  1 1 6 4 3 1  0 2 1 6  6 4 7  

1 2  0 979 259 1 4 7  1 1 6 4 5 7  0 229 634 

1 3  0 979 2 3 3  1 4 7  1 1 6  4 83 0 242 62 1 

1 4  0 979 2 0 7  1 4 7  1 1 6 5 0 9  0 2 5 4  6 0 8  

1 5  0 979 1 8 1  1 4 7  1 1 6 5 3 5  0 2 6 7  595 

16 0 979 1 5 5 1 4 7  1 1 6 5 6 1  0 280 582 

1 7  0 979 1 2 9  1 4 7  1 1 6 587 0 293 569 

18 0 979 1 0 3  1 4 7  1 1 6 6 1 2  0 3 0 6  5 5 6  

1 9  0 979 78 1 4 7  1 1 6 638 0 3 1 9  543 

2 0  0 979 52 1 4 7  1 1 6 664 0 3 32 5 3 1 

2 1  0 979 26 1 4 7  1 1 6 690 0 3 4 5  5 1 8  

Total* 5 , 429 1 9 , 5 73 5 , 429 2 , 93 6  2 , 320 8 , 887 1 , 086 3 , 3 5 8  8 , 4 6 5  

*Totals may not add as a result of rounding . 
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Figure H- 1 2. Sensitivity Analysis Summary Cost of Power vs. A Variable. 

H - 2 9  



Year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

TABLE H-1 3 

Hydraulic Pressure Decline Rates 

Case 
( 5 0 1 000  

Available 

� p  E.E 
3 1 064 1 1 82 3  

2 1 865 1 1 70 5  

2 1 666 1 1 586 

2 1 46 7  1 1 468  

2 1 269 1 1 30 5  

2 1 070 1 1 232  

1 1 873  1 1  1 1 4  

1 1 675 997 

1 1 478 879 

1 1 282 763 

1 1 086 646 

890 530  

695 4 1 3  

50 0 298 

306  1 82 

1 1 3 67 

1 
B/D ) 

M mWh/yr 
@ 85% 

Capacity Factor 

1 8 . 220 

1 7 . 04 1 

1 5 . 85 1  

1 4 . 672 

1 3 . 043 

1 2 . 3 1 3  

1 1 . 1 34 · 

9. 965 

8. 785 

7 . 626 

6. 456 

5 . 297 

4. 1 1 8  

1 .  8 1 9 

1 .  8 1 9 

0 . 670 

H - 3 0  

Case 
( 7 5 1  000 

Available 

� p  

1 1 7 75 

1 1 594 

1 1 4 1 4  

1 1 234 

1 1 054 

874 

695 

5 1 5  

336 

1 56 

E£ 
1 1 584 

1 1 42 3  

1 1 262 

1 1 1 0 1  

94 1 

780 

62 0 

460 

3 0 0  

1 3 9  

2 
B/D ) 

M mWh/yr 
@ 85% 

Capacity Factor 

1 5 . 83 1  

1 4 . 222 

1 2 . 6 1 3  

1 1 . 004 

9 . 405 

7 . 796 

6.  1 97 

4 . 598 

2 . 998 

1 . 389 
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Figure H- 1 3. Cost of Power vs. Hydraulic Turbine Capacity. 
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TABLE H-1 4 

Hydraulic Energy Assessment Results 

Flow ( B/D ) 

Well Life with nP>O ( yr ) 

Turbine Operating Conditions 

Design ll P  ( psi ) 

De sign hp ( hp)  

( Btu/lb brine ) 

Required Area ( Ft2 ) 

Costs (Thousand Constant 
1 979 Dollars ) 

Turbine 

Misc . Eqpt . & Constr . 

Contingency ( 1 5% )  

Total Cost 

Operating Expense ( M  $/year ) 

Cost of Power* ( ¢/kWh ) 

Equivalent ( $ /MMBtu) 

Assumptions : 

1 5 percent ROR 
85 percent capac ity factor 

Case 1 

5 0 , 000  

1 6  

1 ,  850 

1 ,  1 0 0  

6. 5 

2 0 0  

1 94 

388 

87 

669 

64 

1 .  72 

5 . 00 

Case 2 

7 5 , 0 0 0  

1 0  

1 ,  460 

1 ,  300 

5. 2 

250 

208 

4 1 7  

94 

7 1 9  

76 

2 . 05 

6 . 00 

1 /2 ¢/kWh operating expense based on 1 0 0  percent capacity factor 
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Figure H- 1 5. Hydraulic Power Sensitivity Analysis Summary Cost of Power vs. D. Variable. 
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TABLE H-1 5 

Economic Analys i s : Case Summary 
Hldraulic Power Generation 

( Thousand Constant 1 97 9  Do l l a r s )  

CASE 1 

( For 5 0 , 00 0  B/D , 1 5 %  ROR, 8 5 %  Capacity Factor , 
1 /2 �/kWh Operating Expense/Cost of Power 1 . 72 �/kWh ) 

Net Taxabl e  Tax u . s .  N e t  cash 
Year I nve stment Revenue D epr . D epl . Ope r .  Exp. I n come C redits Tax F low 

669 0 0 0 0 0 1 34 - 1 34 - 5 3 5  

2 0 1 90 79 23 6 5  0 0 1 2  1 1 3  

3 0 1 90 7 4  2 6  6 5  2 3  0 1 3  1 1 2 

4 0 1 90 69 2 8  6 5  2 6  0 1 4  1 1 1  

5 0 1 90 64 2 8  65 28 0 1 6  1 0 9 

::r: 6 0 1 90 59 2 8  6 5  3 3  0 1 9  1 0 6 
I 

w 7 0 1 90 5 4  U1 2 8  6 5  3 7  0 2 1  1 0 4 

8 0 1 90 4 9  28 65 4 2  0 2 4  1 0 1  

9 0 1 72 4 4  2 6  6 5  4 7  0 1 9  8 9  

1 0  0 1 52 3 9  2 3  6 5  3 7  0 1 2  7 4  

1 1  0 1 3 2 3 4  1 6  6 5  2 5  0 8 5 9  

1 2  0 1 1 1  3 0  9 6 5  1 6  0 4 4 2  

1 3  0 9 1  2 5  1 65 9 0 1 2 6  

1 4  0 7 1  2 0  0 6 5  1 0 -7 1 3  

1 5  0 5 1  1 5  0 6 5  - 1 3 0 - 1 4  

1 6  0 0 1 5  0 0 -28 0 -3 3 

1 7  0 0 0 0 0 0 0 0 0 

Total* 669 2 , 1 0 7  669 2 6 5  9 0 5  2 83 1 34 5 5 2 8  

*Totals may not add as a resul t of rounding . 
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TABLE I-1 

Operat·ing Expense 
( Gas Production and Subsurface Water Disposa l )  

( Constant 1 979 Dollar s )  

Fixed Cost 

Labor 
Transportation 
Special Tests 
Laboratory 
Field Supervis ion 

Subtotal 
Overhead ( 20 % )  

Total 

Variable Cost 

Producing We ll Repair 
Disposal Well Repair 
Pump Maintenance 
Chemical 
Well Treating 

Geothe.nnal 

Subtotal 
Overhead ( 2 0 % ) 

Total 

TABLE I-2 

Operating Expense 

$ /Year 

$ 1 0 0 , 0 0 0  
4 0 , 0 0 0  
5 0 , 0 0 0  
25 , 000 
50 , 0 0 0  

$265 , 000 
55 , 0 0 0  

$320 , 0 0 0 /yr 

1 .  00 
. 33 
• 50 
. 3 0 
. 30 

2 . 43 
.47 

2 . 90 ¢/bbl 

0 . 5¢/kWh 

( Gas Production and Gulf of Mexico Disposal ) 
( Constant 1 979 Dollar s )  

F ixed Cost 

Labor 
Transportation 
Spec ial Tests 
Laboratory 

Subtotal 
Overhead ( 2 0 % )  

Total 

Variable Cost 

Producing Well Repair 
Pump Maintenance 

Geothe.nnal 

Subtotal 
Overhead ( 2 0 % )  

Total 

I - 1  

$ /Year 

$ 1 0 0 , 0 0 0  
40 , 0 0 0  
5 0 , 0 0 0  
25 , 0 0 0  

$2 1 5, 0 0 0  
45 , 0 0 0  

$2 6 0 ,  0 00/yr 

1 . 0 0 
. 2 5  

1 .  25 
. 2 5  

1 . 50¢/bbl 

0. S.t/kWh 
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E CONOM I C  EVALUATI ON 

ECONOM I C  E VALUATI ON PARAMETERS 

A s tandard se t o f  e conomic parame ters was employed i n  the N PC ' s  
analys e s  o f  four unconv ent ional gas source s , a s  f o l l ows : 

• Ba s i s  

- Ja nuary 1 ,  1 9 7 9 , d ol lars h e l d  con s tant  

• De s ired Ou tput 

Ad d i t ions to ul t imate recovery , by year , to the year 2 0 0 0  
a s  a f un c t ion o f  g a s  pr ice and s tate o f  techno l ogy 

Prod uc t ion r a te s , by year , to the yea r  2 0 0 0  

• Gas Pr i c e  

Pr ice at po i n t  o f  s al e . Al l cap i t a l  t o  that  po i n t , s uch 
as compr e s s ion and gather i ng l in e s , s h o u l d  be i nc l uded in 
the evaluat ion . 

The l owe s t  gas pr ice to be con s idered i s  that wh i c h  g ives 
a 10 percent ROR , a f te r  tax , for be s t  pro spe c t , t ak i ng 
r i sk i n to accoun t .  The upper l im i t  i s  $ 9 . 0 0  per M C F  fo r 
1 , 0 0 0 B t u  pe r cub ic foot o f  g as . F i na l  c a l c u l a t ions 
s hould b e  mad e for $ 2 . 5 0 ,  $ 3 . 5 0 ,  $ 5 . 0 0 ,  $ 7 . 0 0 ,  and $ 9 . 0 0  
pe r MCF .  

• Ca s e s  

Current technol ogy -- l ike ly to evolve and improve d ur ing 
norma l ope r a t i on s ; th i s  i s  the base c a s e . 

Improved techno logy -- e f fe c t  and t im i ng to be d e termi n ed 
for each g a s  source based on ana l y s i s  o f  pro b l em s  and 
improvemen t s  l i ke ly w i th l a rge i nd u s try/g ove r nmen t  r e
searc h ,  d ev el opment ,  and t e s t i ng prog ram s . 

• Other Pa rame ters  

Roya l ty 
al ly to be 

to be chosen as typ i c a l  for e a c h  are a ; gener
i n  the rang e  o f  1 /8 t o  1/6  

Taxe s -- 4 6 %  federal income tax r a te 

2 %  s tate income tax r a t e  

8 %  ( o f prod uce r  reve nue ) prod uc t io n , s eve r
ance , and prope rty tax 
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1 0 %  federal investment tax c re d i t  on tang i b l e  
equ i pmen t  

1 0 %  add i t ional e n e rgy proper ty tax  c r ed i t  on 
tang ible  equipment u s e d  to prod uce gas f rom 
g eopre s s ured br ine s and pl aced i n  s e rv ice i n  
the �e r iod Se ptembe r 3 0 ,  1 9 7 8 , t o  Ja nuary 1 ,  
1 9 8 3  

Depl e t ion a l l owanc e - - s ta t u tory rate s to be compared 
w i th 50  perce n t  o f  n e t  income and c o s t  d e p l e t ion in 
cus tomary c omputat ion 

Sta tu tory d e p l e t ion a l l owance of 1 0  pe r c e n t  on v a l ue of 
gas prod uced from g eopre s s ured br ine we l l s  d r i l led i n  the 
per iod Septembe r 3 0 ,  1 9 7 8 ,  to January 1 ,  1 9 8 4 1 

Statu tory d e p l e t ion a l l owance on v a l ue o f  hot wa ter pr o
duced i f  u s ed for g eo thermal purpo se s ,  a s  f o l l ows : 

Ov erhead 

1 9 7 9 , 1 9 8 0  2 2 %  
1 9 8 1  2 0 %  
1 98 2  1 8 %  
1 9 8 3  1 6 % 
1 9 8 4  and there a f te r  1 5 %  

1 0  percent o f  inve s t ed c ap i t a l  
2 0  percent o f  d i r e c t  opera t i ng expe n se 

Tre a tmen t  o f  cos t s  for tax purpo se s  

Expe n s e  i n tang ible  d r i l l i ng and d e v e l o pmen t  co s t s  

Cap i ta l i ze tang ible e q u i pmen t  and wr i te o f f  b y  mos t 
favorabl e  treatment und e r  current tax l aws and 
r eg u l a t ion s 

Tre a t  l ea s e hold and explor a t ion cos t s  i n  mos t  
favorabl e  manner pe rm i tted by c ur r e n t  tax l aws and 
reg u l a t ions 

Tre a tmen t  o f  d ry hole cos t s  and other r i s k s . Burden s u c
ces s f ul we l l s  w i th the i r  share o f  d ry h o l e  co s t s , u n s uc
ces s f ul e xplorat ion , l easehold , and other nonrecov erabl e 
cos t s . 

Rat e s  o f  r e t urn ( ROR ) 

Ba se case 1 0  percent , a f te r  tax 

Al so , c ompute add i t ions to ul t imate r ecovery for 1 5  
and 2 0  percent ROR for examp l e  case s 

lAs s umed to cont i n ue to the ye ar 2 0 0 0 . 
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I n fl a t i on rate ( for the pur po s e s  of comp u t i ng tax e s ) i s  8 
per ce n t .  

Unce r ta i n ty i n  e s t ima te s  - - for the f i n al r e por t ,  s how 
the band o f  un cer t a i n ty around c ur ve s  o f  add i t i ons to 
ul t ima te recove r y  vs . t ime ,  a nd ar o und c ur ve s  of pos s i bl e  
prod uc t ion r a te vs . t ime . 

ECONOM IC CALCULATI ONS - - 1 1  I DENT I F I ED PRO S PECTS 

Di scoun ted cash fl ow rates o f  re t ur n  wer e  cal c ul a ted for e ach 
of the 1 1  ide n t i f ied prospe c t s  based on the e conom i c  a s s umpt ion s 
l i s ted i n  the Economics  s ubsect ion o f  th i s  vol ume ' s  F ind i ng s  s e c 
t ion . The e conomi c d a ta used for t h e  seve n Lou i s i ana pr ospe c t s  ar e 
l i s ted i n  Tabl e J-1 ; the data for the fo ur Tex a s  pr ospe c t s  ar e 
l i s ted i n  Tabl e J- 2 . 

The a f te r -tax r a te o f  r e t ur n  vs . g a s  pr ice r e s ul t i ng from the 
economic cal c ul a t i on s  for the s e ven comp uter r un s  on the Tex a s  
pros pe c t s  i s  shown i n  F ig ur e s  J - 1  throug h J- 7 . T h e  s ame i n forma
t ion for the 2 3  computer r un s  on the Lou i s i ana pr o s pe c ts is shown 
in F ig ur e s  J - 8  thr oug h J- 3 0 .  

For the 1 1  prospe c t s , gas rates and rese rve s v s . g a s  pr ice s 
we re calcul a ted for the four produc t io n  c a s e s  exam i ne d  ( Mo s t  Op t i
mi s t ic , Uppe r Med i a n , Lowe r Med i an , and M i n imum ) . The re s ul ts a t  
1 0 , 1 5 ,  and 2 0  pe rce n t  ROR a r e  l i s ted i n  Tab l e s  J- 3 through J - 5 . 
Gas pr ice c a l c u l a t ions were made at the three e x amined r a t e s  of re
turn and are g iven for the four product ion cases in Table J- 6 . 
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y I ,j:>, 

Prospect 

Atchafalaya Bay 
East 

West 

Johnson ' s  Bayou 

Run 
No. 

L2 
L 3  
L6 

L 1 1  
L 1 2  
L 1 �  

L 18 
L19  
L22 
L24 
L 28 

LaFourche Crossing L34 
u� 
L 37 

Rocke feller Refuge L44 
L4� 
L46 
L49 

SE Pecan I s land 
East 

West 

L�3 
L �4 

L � 7  
L59 
L60 

Water 
Rate 

(MB/0) 

�0 
�D 
30 

50 
50 
30 

70 
70 
50 
50 
30 

50 
50 
30 

50 
50 
50 
30 

50 
30 

50 
30 
30 

Drainage Land 
Area lnv . 

(Acres ) � 

3 0 , 000 
1 7 , 000 

9 , 000 

2 1 ,000 
2 1 , 000 
1 4 ,000 

1 4 , 000 
7 , 000 

1 4 ,000 
4 , 000 
3 , 000 

1 2 ,000 
1 0 , 000 
1 0 ,000 

2 5 , 000 
1 2 , 000 

9 ,000 
5 , 000 

9 , 000 
9 , 000 

8 , 000 
8 ,000 
8 , 000 

600 
400 
200 

530 
700 
350 

350 
1 80 
350 
1 00 

75 

300 
250 
250 

600 
300 
2 2 5  
1 25 

230 
230 

200 
200 
200 

Geophysics 
Cost 
(M $ )  

400 
200 
1 00 

400 
200 
1 00 

200 
1 00 
200 

50 
30 

400 
200 
200 

200 
1 00 

70 
40 

200 
200 

200 
200 
1 00 

TABLE J-1 

Economic Data - Louisiana Prospects 
(Constant 1 979 Dol lars)  

Wel l  F a c i l ity Flow 
Cost Cost Temp. 

� � .ITL 
3 , 500 
3, 500 
3 , 500 

3 , 200 
3 , 2 00 
3 , 200 

2 , 670 
2 , 670 
2 , 6 70 
2 , 670 
2 , 670 

4 , 1 00 
4 , 1 00 
4 , 1 00 

4 , 2 50 
4, 250 
4 , 250 
4 , 2 50 

4 , 000 
4 , 000 

4 , 290 
4 , 290 
4 , 290 

3 , 800 
3 , 800 
2 , 800 

3 , 800 
3 , 800 
2 , 800 

4 , 900 
4 , 900 
3 , 800 
3, 800 
2 , 800 

3 , 800 
3 , 800 
2 , 800 

3 , 800 
3 , 800 
3 , 800 
2 , 800 

3 , 800 
2 , 800 

3 , 800 
2 , 800 
2 , 800 

266 
266 
266 

236 
236 
2 36 

226 
226 
226 
226 
226 

266 
266 
266 

3 1 6  
3 1 6  
3 1 6  
3 1 6  

296 
296 

296 
296 
296 

Geothermal 
lnv . 
(M $ )  

3 ,  730 
None 
None 

None 
None 
None 

None 
None 
None 
None 
None 

3, 730 
None 
None 

5 , 61 0  
5,  6 1 0  

None 
None 

None 
None 

4 , 950 
None 
None 

So l .  Gas 
( Cu Ft/Bbl )  

29 
29 
29 

23 
2 3  
2 3  

20 
2 0  
2 0  
2 0  
20 

38 
38 
38 

51 
51 
5 1  
5 1  

3 5  
35 

3 5  
3 5  
3 5  

Sales 
Gas/Well 

(MCF /0) 

1 , 350 
1 , 350 

81 0 

1 ,050 
1 , 050 

630 

1 , 260 
1 , 260 

900 
900 
540 

1 , 800 
1 , 800 
1 , 080 

2 ,450 
2 , 450 
2 ,450 
1 , 4 70 

1 , 650 
990 

1 , 650 
990 
990 

Operating Expense 
Power Var i a b l e  and 
Output Gas Geotherma I 

( kWh/Bb l )  (M $/Y r )  ( ¢'/Bb l )  

0 . 62 
None 
None 

None 
None 
None 

None 
None 
None 
None 
None 

0 . 62 
None 
None 

1 .  38 
1 . 38 
None 
None 

None 
None 

1 . 1 0  
None 
None 

320 
320 
320 

320 
320 
320 

320 
320 
320 
320 
320 

320 
320 
320 

320 
320 
320 
320 

320 
320 

320 
320 
320 

3 .  2 
2 . 9 
2 . 9 

2 . 9  
2 . 9  
2 . 9 

2 . 9  
2 . 9 
2 . 9  
2 . 9 
2 . 9  

3 . 2 
2 . 9  
2 . 9 

3 . 6  
3 . 6  
2 . 9  
2 . 9  

2 . 9 
2 . 9 

3 . 4  
2 . 9  
2 . 9  

Da ily Sales Elect . 
No.  of Rate Gas Power 
We lls (MCF/0 ) (BCF ) � 

1 
2 
4 

1 
2 
4 

4 
6 

8 
1 2  

1 
2 
2 

4 
6 

1 0  

1 ' 3 50 
2 , 700 
3 , 240 

1 , 050 
2 , 1 00 
2 , 520 

5 , 040 
7 , 560 
1 , 800 
7 , 200 
6 , 480 

1 , 800 
3 , 600 
2 , 1 60 

1 0 . 4  
1 6 . 0  
1 9 . 6  

8 . 9  
1 1 . 6 
1 4 . 8 

4 3 . 2  
5 3 . 4  
1 5 . 6  
44 . 0  
4 4 . 4  

1 .  3 
None 
None 

None 
None 
None 

None 
None 
None 
None 
None 

1 4 . 6  1 .  3 
1 9 . 4  None 
1 7 . 2  None 

4 , 900 4 2 . 0  5 . 8  
9 , 800 7 0 . 0  1 1 . 5  

1 4 , 700 81 . 6  None 
1 4 , 700 85. 0 None 

1 , 650 
990 

1 , 650 
990 

1 , 980 

6. 7 None 

6 . 4  None 

1 2 . 6  2 . 29 
8 . 5  None 

1 3 . 2  None 



TABLE J-2 

Economic Data - Texas Pros�ects 
( Constant 1979 Do l la r s )  

Oeerat ing E x�ense 
Water Drainage Land Geophys i cs Well F ac i l i ty F l ow Geothermal Sales Power Var i a b l e  and Da i l y  Sales E lect . 

Run Rate Area Inv . Cost Cost Cost Temp. Inv.  Sol.  Gas Gas/Wel l  Output Gas Geothermal No. of Rate Gas Power 
Prospect No. (MB/D) (Acres ) .i!:1_!l (M $ )  .i!:1_!l ___it:U_L J...:Q__ (M $ )  ( C u  Ft/Bb l )  (MCF /D) ( kWh/Bbl )  ( M  $/YR) ( ¢/Bbl ) Wells (MCF/D ) (BCF ) � 

Austin Bayou T 2  so 9 , 000 230 200 4 , 630 4 , SOO 3 1 0  S ,430 40 1 , 900 1 . 3 280 3. S 1 1 , 900 1 2 . 4  2 , 1 71 
T4 30 9 , 000 2 30 200 4 , 630 3,  200 3 1 0  None 40 1 ' 1 40 None 280 2 . 9  1 1 ' 1 40 9 . 4  None 

y I Candelaria T 8  30 1 9 , 000 480 400 2 ,  280 3 , 200 270 U1 None 28 780 None 280 2 . 9  1 780 6 . 0  None 

C linton T 1 1  so 7 , 000 1 70 1 00 2 , 000 4 , 500 270 None 28 1 , 300 None 280 2 . 9 1 1 , 300 3 . 6  None 
T 1 2  30 7 ,000 1 70 1 00 2 , 000 3 , 200 270 None 28 780 None 280 2 .9 1 780 3 . 6  None 

Eagle Lake T 1 5  50 6 ,000 1 SO 1 00 2 , 200 4 , 500 270 None 30 1 ,400 None 280 2 . 9 1 1 , 400 2. 7 None 
T 1 6  30 6 , 000 1 50 1 00 2 , 200 3, 200 270 None 30 840 None 280 2 . 9  1 840 2. 7 None 
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Figure J- 1 1 . Atchafalaya Bay West Run Ll l .  
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Figure J-26. SE Pecan Island East Run L53. 
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Figure J-28. SE Pecan Island West Run L57. 
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Figure J-29. SE Pecan Island West Run L59. 
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Figure J-30. SE Pecan Island West Run L60. 
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TABLE J-3 

E leven Identified Prospects -- Rate of Return vs . Gas Price 
( 1 0 Percent Rate of Return)  

( Constant 1. 979 Dollar s )  

Most Optimistic Case ( Maximum Rate 5 0 , 0 0 0  B/D; Solution Ratio from Tables J- 1 and J-2 ) 

Gas Initial Gas Electric 
Price No . Gas Rate Reserves Power 

( $/MCF ) Wells ( MMCF/D ) ( BCF ) ( mW )  

2 . 50 2 4 . 9  4 2  5 . 8 
3 . 00 4 9 . 8 70 1 1 . 5  
4 . 00 9 2 0 . 0  1 22' 1 7 . 8  
s .. oo  1 1  2 3 . 1 1 36 1 9 . 1 
6 . 00 1 4  2 7 .  1 1 58' 1 9 . 1 
7 . 00 H >  30 . 2  1 78· 1 9. 1 
8 . 00 25  3 8 . 9  2 1 8  1 9 . 1 
9 . 00 25  38. 9 2 1 8  1 9 . 1 

Upper Median Case ( Maximum Rate 3 0 , 000  B/D ; Solution Ratio from Tables J-1 and J-2 ) 

4 . 00 None None None None 
5 . 00 1 3  1 8  1 1 1 None 
6 .  o.o 1 6  2 1  1 3 1  None 
7 . 0 0  2 0  24 1 52 None 
8 . 00 22 26 1- 58 None 
9 . 00 27  29 1 73 None 

Lower Median Case ( Maximum Rate 5 0 , 0 0 0  B/D; 50  Percent Solution Ratio from Tables J- 1 
and J-2 ) 

3 . 00 None None None None 
4 . 00 4 5 . 0  39' 1 1 . 5  
5 . 00 6 6 . 0  53  1 3 . 8  
6 . 00 9 1 0 . 0  69 1 6 . 5  
7 . 00 9 1 7 . 8  
8 . oo 1 1  1 1 . 8  77 1 9 . 1 
9 . 00 1 1  1 1 . 8  77 1 9. 1 

Minimum Case ( Maximum Rate 3 0 , 0 0 0  B/D ; 50 Percent Solution Ratio From Tables· J- 1 
an.d J-2 ) 

8 . 00 
9 . 00 

1 0 . 00 

t o  
1 0  
t 1  

7 . 3 
7 . 3 
7 . 9  

J - 1 8  

45 
45 
5 0. 
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TABLE J-4 

E leven I dentified Prospects -- Rate of Return vs . Gas Price 
( 1 5 Percent Rate of Return) 

( Constant 1 979 Dollar s )  

Most Optimistic Case ( Maximum Rate 5 0 , 0 0 0  B/D ; Solution Ratio from Tables J- 1 and J-2 ) 

Gas Initial Gas Electric 
Price No . Gas Rate Reserves Power 

( $ /M9F ) Wells ( MMCF /D ) ( BCF ) _( mW)  

3 . 00 None None None None 
4 . 00 5 1 1 . 7  82 1 3 . 8  
5 . 00 1 0  2 2 . 1 1 26 1 7 . 4  
6 . 00 1 1  2 3 . 4 1 36 1 9 .  1 
7 . 00 1 3  2 6 . 4  1 49 1 9 . 1 
8 .  00 1 7  3 0 . 5 1 78 1 9 . 1 
9 . 00 25 38 . 4 2 1 2  1 9 . 1 

Upper Median C ase ( Maximum Rate 3 0 , 000  B/D ; Solution Ratio from Tables J- 1 and J-2 ) 

5 . 00 1 0  1 4. 7  85 
6 . 00 1 3  1 8 . 0 1 1 2  
7 . 00 1 6  2 1 . 0  1 :'3 1 . 2  
a .  oo 2 1  24 . 3 1 42 . 0 
9. 00  23 2 5 . 9  1 48 . 3 

Lower Median Case ( Maximum Rat e  5 0 , 0 0 0  B/D; 50  Percent Solution Ratio from Tables J- 1 
and J-2 ) 

5 . 00 4 4 . 9 39  1 1 .  5 
6 . 00 5 5 . 7 46 1 4 . 2  
7 . 00 8 8 .. 9 6 1  1 6 . 5 
8 . 00 9 9 . 8  69 1 7 . 8  
9 . 00 1 1  1 1 .  6 77  1 9 . 1 

Minimum Case ( Maximum Rate 3 0 , 0 0 0  B/D ; 5 0  Percent Solution Ratio from Tables J-1 
and J-2 ) 

9. 00  1 0  7 . 3 49 
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TABLE J-5 

E leven I dentified P rospects -- Rate of Return vs. Gas P rice 
( 2 0  Percent Rate of Return) 

( Constant 1 97 9  Dollar s )  

Most Optimistic Case ( Maximum Rate 5 0 , 00 0  B/D ; Solution Ratio from Tables J - 1  and 
J� ) 

Gas 
Price 

( $ /MCF ) 

4 .  0 0  
5 . 0 0  
6 .  0 0  
7 . 0 0  
8 .  0 0  
9 . 0 0  

No . 
Wells 

4 
8 

1 0  
1 1  
1 2  
1 4  

Initial 
Gas Rate 
( MM2F /D ) 

9 . 8 
1 8. 2  
2 2 .  1 
2 3. 1 
24. 5 
2 6 . 8 

Gas 
Re serves 

( BCF ) 

7 0  
1 0 7 
1 2 6 
1 3 1  
1 3 7 
1 50 

Electr ic 
Power 
( mW )  

1 1 .  5 
1 6 . 5  
1 6 . 5  
1 9 . 1 
1 9. 1 
1 9 . 1 

Upper Median Case ( Maximum Rate 3 0 , 0 0 0  B/D ; Solution Ratio from Tables J - 1  and J -2 ) 

6 . 0 0  
7 .  0 0  
8 . 0 0  
9 . 0 0  

1 0  
1 3  
1 6  
1 7  

1 4. 7  
1 8. 0 
2 1 . 0  
2 1 . 8 

85 
1 1 2 
1 3 1  
1 3 7  

Lower Median Case ( Maximum Rate 5 0 , 00 0  B/D ; 5 0  Percent Solution Ratio from Tables 
J - 1  and J -2 ) 

6. 0 0  
7 .  0 0  
8 . 0 0  
9 . 0 0  

4 
5 
8 
9 

4. 9 
5 . 7 
8. 9 
9. 8 

3 9  
4 6  
6 1  
6 9  

1 1 . 5 
1 4 . 2 
1 6 . 5  
1 7. 8  

Minimum Case ( Maximum Rate 3 0 , 0 0 0  B/D ; 50 Percent Solution Ratio from Tables J-1 and 
J � )  

9. 0 0  None None None None 



TABLE J-6 

Eleven I dent if ied Prospects -- Rate of Return vs . Gas Price 
( Constant 1 97 9  Dol lars ) 

Most 0Et imistic Case 
( Maximum Rate 5 0 , 0 0 0  B/D ; Solution Ratio from Table s  J - 1  and J-2 ) 

Gas Price ( $ /MCF ) Initial Gas Electric Or ig . 
1 0 % 1 5 % 2 0 %  Gas Rate Re serves Power No . GIP Recovery 

Run No . Prospect ROR ROR ROR ( MMCF/D ) ( BCF ) ( mW )  Wells ( BCF ) ( % )  

L44 Rockefe l ler Refuge 2 . 5 0 3 . 1 0  3 . 7 0 4 . 9  4 2  5 . 8  2 
L4 5 Rockefeller Refuge 2 . 6 0 3 . 1 0  3 . 7 0 9 . 8  7 0  1 1 .  5 4 
L46 Rocke fel ler Refuge 3 . 2 0  3 . 6 0 4 . 1 0  1 4 . 7 82 None 6 1 , 89 0  4 . 3  

L34 LaFourche Cros sing 3 . 5 0 4 . 3 0  5 . 2 0  1 .  8 1 5  1 .  3 
L35 LaFourche Crossing 4 . 3 0  4 . 9 0  5 . 6 0  3 . 6  1 9  None 2 5 3 6  3 . 5 

L57 SE Pecan I sland West 3 . 4 0 4 . 1 0  5 . 0 0  1 .  6 1 3  2 . 3  1 4 1 1 3 .  1 
C..j 
I 

N L2 Atchafalaya Bay East 4 . 4 0 5 . 4 0 6 . 5 0  1 .  3 1 0  1 .  3 1 
1-' L3 Atchafalaya Bay East 5 . 5 0 6 . 4 0 7 . 2 0  2 . 7  1 6  None 2 634 2 . 5  

L53 SE Pecan Island East 5 . 4 0 6 . 3 0  6 . 9 0 1 . 6 7 None 1 1 82 3 . 8  

L 1 1  Atchafalaya Bay We st 6 . 0 0  7 . 2 0  8 . 4 0 1 .  0 9 None 
L 1 2  Atchafalaya Bay We st 7. 5 0  8 . 6 0  - - 2 . 1 1 2  None 2 5 86 2 . 0  

L22 Johnson ' s  Bayou 6 . 7 0 7 . 9 0 -- 1 .  8 1 6  None 2 
L24 Johnson ' s  Bayou 7 . 40 8 . 2 0  - - 7 . 2  44 None 8 1 1 8 1 4  2 . 4  

T2 Austin Bayou 3 . 2 0  3 . 9 0  4 . 7 0  1 .  9 1 2  2 . 7  1 3 9 1  3 . 0  
T 1 1 Cl inton 7 . 0 0 7 . 7 0  8 . 4 0  1 .  3 4 -- 1 1 7 1 2 . 3  
T 1 5  Eagle Lake 7 . 9 0 8 . 60 -- 1 .  4 3 -- 1 1 06 2 . 8  

T8 Candelaria 6 . 4 0 7 . 4 0  9. 0 0  0 . 8 6 -- 1 4 2 0  1 . 4 
3 8 . 9 2 1 8  1 9 .  1 2 6  7 , 1 4 1  3 . 0 5 



TABLE J-6 ( continued) 

U;e;eer Median Case 
(Maximum Rate 3 0 , 0 0 0  B/D ; Solution Ratio from Tables J- 1 and J-2 ) 

Gas Price ( $/MCF ) Initial Gas Electric Orig . 
1 0% 1 5 % 2 0 % Gas Rate Re serves Power No . GIP Recovery 

Run No . Prospec;:t ROR ROR ROR ( MMCF/D ) ( BCF ) ( roW) Wells ( BCF ) ( % )  

L49 Rockefeller Refuge 4 . 1 0  4 . 7 0 5 . 4 0 1 4 . 7  8 5  - - 1 0  1 , 8 9 0  4 . 5 

L 3 7  LaFourche Crossing s . o o 6 . 0 0  7 ·. 0 0  2 . 2  1 7 . 2  - - 2 5 3 6  3 . 2  

L54 SE Pecan Island East 5 . 90 6 . 8 0 8 . o o  1 . 0  6 . 4  -- 1 1 8 2  3 . 5 

L60 SE Pecan Island West 5 . 9 0  6 . 9 0 8 . o o 2 . 0  1 3 . 2  -- 2 4 1 1 3 . 2  

(..j T4 Austin Bayou 4 . 90 6 . 0 0  .7 . 0 0  1 • 1 9 . 4  -- 1 39 1 2 . 3  I 
N 
N T8 Candelaria 6 . 4 0 7 . 6 0 9 . 0 0 o . 8  6 . 0  -- 1 4 2 0  1 .  4 

L6 Atchafalaya Bay East 7 . 0 0  8 . o o  - - 3 . 2  1 4 . 8  -- 4 6 3 4  2 . 3  

T 1 2  Clinton 7 . 1 0  8 . 1 0  -- o . 8  3 . 6  -- 1 1 7 1  2 . 1 

T 1 6  Eagle Lake 7 .  5 0  8 . s o  -- o . 8  2 . 7  - - 1 1 06 2 . 5  

L 1 5  Atchafalaya Bay We st 9 . 0 0 -- - - 2 . 5 1 4 . 8 - - 4 586 2 . 5 
2 9 . 1 1 7 3 .  1 2 7  5 , 3 2 7  3 . 2  



TABLE J-6 ( continued) 

Lower Median Case 
( Maximum Rat e  5 0 , 0 0 0  B/D ; 5 0  Percent Solution Ratio from Tables J - 1  and J-2 ) 

Gas Price ( $ /MCF ) In itial Ga s E l ectric Orig . *  
1 0% 1 5% 2 0 % Gas Rate Re s e rve s Power No . GIP Recovery 

Run No . Prospect ROR ROR ROR ( MMCF/D ) ( BCF ) ( mW )  We l l s  ( BCF ) ( % )  

L44 Rockefel ler Refuge 3 . 80 4 . 8 0 5 . 9 0  2 . 5  2 2  5 . 8  2 
L4 5 Rocke feller Refuge 3 . 8 0 4 . 8 0  5 . 8 0  4 . 9  3 9  1 1 . 5  4 
L46 Rockef e l ler Re fuge 6 . 0 0 7 . 0 0 8 . 0 0  7 . 3  4 7  - - 6 9 4 5  4 . 9  

C.j L 3 4  LaFourche Crossing 6 . 0 0  7 . 3 0 8 . 8 0 0 . 9  8 1 .  3 1 I 
N L3 5 LaFourche Crossing 7 . 4 0  8 . 4 0  - - 2 . 0  1 1  - - 2 2 6 8  4 . 1 w 

L5 1 SE Pecan I sland Wes t  5 . 0 0  6 . 3 0  7 . 7 0  0 . 8  7 2 . 3  1 2 0 5  3 . 4  

L2 Atchafalaya Bay Ea s t  7 . 3 0  9 . 0 0  - - 0 . 7  5 . 0 1 .  3 1 3 1 7  2 . 1 

T2 AuStin Bayou 4 . 7 0 5 . 7 0 6 . 8 0 1 . 0 7 . 0  2 . 7 1 1 95 3 . 6 
1 1 . 8  7 7  1 9 .  1 1 1  1 , 9 3 0  4 . 0  

* 5 0  percent solution ratio from Table s J - 1  and J-2 . 
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TABLE J-6 ( continued )  

Minimum Case 
( Max imum Rate 3 0 , 0 0 0  B/D ; 50 Percent Solution Ratio from Table s  J - 1  and J-2 ) 

Gas Price ( $/MCF ) Initial Ga s El ectr ic 
1 0% 1 5% 2 0 % Gas Rate Re serves Power No . 

Run N o .  Prospect ROR ROR ROR ( MMCF/D ) ( BCF ) ( mW )  We l l s  

L 4 9  Rocke fel l er Re fuge 7 . 2 0 8 . 3 0 1 0 .  0 0 7 . 3  4 5  - - 1 0  

T4 Austin Bayou 1 0 . 0 0  -- - - 0 . 6 5 -- 1 
7 . 9  5 0  1 1  

* 5 0  percent solution ratio from Tables J-1 and J-2 .  

Or ig . *  
GIP Recovery 
( BCF ) ( % )  

945 4 . 8  

1 9 5 2 . 6 
1 , 1 4 0 4 . 4  
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E NVI RONMENTAL CONS I DERATI ON S  

Prod uc t ion. from g eopre s s ured br i ne re servo i r s  would h ave a n  im
pact on the env i ronme n t  s im i l a r  to conve n t ional ga s produc t io n  w i th 
two pos s ible  except i on s : l arge vo l ume g e opre s s ur e d  wa ter pro d u c 
t ion cou l d  re s ul t  i n  l and s ubs i d e nce and/or i n  i n c re ased t e c ton i c  
act i v i ty along g rowth f a ul t s . E i ther o f  the s e  even t s  could re s u l t  
i n  the e arly abandonme n t  o f  a proj e c t .  

The env i ronme n ta l  aspe c t s  o f  l arge - s c a l e  g a s  recove ry f rom gee
pre s s ured and hyd ropre s s ured aqu i fers we re re ported to the Depar t
me n t  o f  Ene rgy by the S upply-Te c h n i c a l  Ad v i sory Task Fo rce on Non
conve n t ional Nat ur a l  Ga s Re source s .  The e n v i ro nme n ta l  se c t ion o f  
the i r  repo r t  i s  reprod uced i n  th i s  appe nd i x . I n  add i t ion , a l i s t
i ng o f  pote n t i a l  impac t s  was prepared by the G u l f Coas t  Reg iona l 
Vice-Pre s id e n t  o f  the S i erra C l ub , who was an NPC s tudy par t i c i 
pan t .  Th i s  l i s t  appears  i n  the fol l ow i ng se c t i on o f  th i s  appe nd i x . 

POTENT IAL IMPACTS 

It appe ars that the po t e n t i al d i re c t  adve r s e  impac t s , both 
s hort- t e rm and long-te rm ,  are  i n  the  fol l ow i ng a r e a s : 

• Wa ter pol lu t i o n , i nvol v i ng both s ur face and g round . Th i s  
area inc l ud e s  m i g r a t ion t o  o r  impact  o n  h a z a rdou s wa s te 
s to r age re s e rvo i r s , o f  wh i ch both Tex a s  and Lou i s i ana h ave 
qu i te a numbe r .  

• A i r  po l l u t ion . 

• No i se po l lu t i on .  

• S ubs idence . 

• I nd uced se i sm i c i ty ,  i nc l ud ing faul t a c t iv a t ion . 

• Ae s the t i c  con s id e r a t i on s . 

• Land u se , i nc l ud i ng archaeol og i c a l  s i te s .  

• Veg e t a t ion , i n c l ud i ng con s iderat ion o f  endangered spec i e s , 

• F i sh and w i ld l i fe and the i r  hab i ta t , i n c l ud i ng con s i d e r a t ion 
o f  e ndangered spec i e s . 

• C u l t ural  pa t t e r n s .  

The s e  d i re c t  impa c t s  are o f  concern both d ur i ng d ev e lopmen t  and 
dur i ng u t i l i z a t ion o f  the re sour ce . 
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Po te n t i al adverse ind irect impac ts , a s  we l l  a s  ad v e r s e  s e con
d ary impacts , should a l so be con s ide red . 

ENVI RONMENTAL ASPECTS OF LARGE SCALE GAS RECOVERY F ROM GEOPRES S URE 
AND HYDROPRES S URE AQU I F ERS l 

I nt rodu c t i on 

Th i s  s e c t ion i s  concerned w i th the var ious e nv i ronme n t al pro b
l em s  that  probably w i l l  ar i s e  w i th the d e v e l opme n t  of any l ar g e  
scale gas recovery progr am from e i ther geopre s s ured or h yd ropre s
s ur e d  aqu i fe r s  a long the M i ocene trend o f  southern Lo u i s i ana . 

E nv i ronme n tal A spe c t s  

Whe n  con s iderat ion i s  g iven t o  l arge s c a l e  g a s  recovery f rom 
t he s e  aqu i fe r s  i t  probably shoul d be e nv i s ioned as a s e r i e s  o f  
sma l l e r  scale pro j e c t s . Our focus w i l l  b e  o n  one o f  the s e  " smal l er 
p ro j ec ts "  wh i c h  typ i c al ly could be e xpec ted to prod uce some 5 0  
m i l l i on c ub ic f e e t  o f  me thane a s soc i a ted w i th upwa rd s o f  on e 
m il l io n  barre l s  o f  b r i ne per d ay . 2 Th e prod uc t io n , proc e s s i ng , 
and d i s pos i ng o f  the s e  l a rg e  vol ume s o f  b r i ne from s uch a proj ec t 
w i l l  r e s u l t i n  several probl em s  from an e nv i ronm e n t a l  s tandpo i n t . 
The two mos t  s ig n i f icant probl ems w i l l  be : ( 1 )  the pos s i b l e  
s ub s idence o f  t h e  l and sur face i n  t h e  immed i a te v ic i n i ty o f  the 
prod uc i ng we l l s , and ( 2 ) the d i spos a l  of the l arge vol ume o f  
produced br ine . Le s s e r  env i ronmental prob l em s  may b e  thermal 
pol l u t ion , air pol lu t ion , no i se , and l and u s e  con s iderat i on s . 

Wi th the r emova l  o f  l arge vol ume s o f  wa ter from e i ther a ge e
pre s s ured or hyd ropre s s ured aqu i fe r  ove r  an e x tended pe r iod o f  
t ime , there i s  a s trong probab i l i ty that the area around the pro j 
e c t  w i l l  expe r i e n c e  con s iderable s ub s i d en c e . Sur face s ub s i d ence 
has been a prob l em in many areas where l a rge vol ume s o f  wa te r ( o r  
o i l ) have been removed . Th i s  can be par t i c u l ar l y  troub l e some i n  
l ow r e l i e f ,  l ow e l evat ion coa s t a l  are a s  - - typ i c a l  o f  the Miocene 
Be l t  o f  southern Lo u i s i ana . S u b s i d ence o f  any appr e c iab l e  d e g ree 
i n  the s e  s wampy , coa s t a l  areas could be e x t remel y  bo ther some , eve n 
i n  an undevel oped reg ion . 

lN a t ional Gas S urvey , Re por t  to the F e d e r a l  E nergy Reg u l atory 
Comm i s s ion by the S upply-Te chn i ca l  Ad v i sory Task Force on Noncon
vent ional Na tur a l  Gas Reour ce s ,  Sub-Task Force 1 - - Gas D i s so l ve d  
i n  Wate r , DOE/FERC - 0 0 2 9 , March 1 9 7 9 . 

2 Large s t  pro j e c t  from Nat ional Pe t ro l e um Counc i l  s t udy i s  
Johnson ' s  Bayou , w i th 4 0 0 , 0 0 0  barre l s  o f  wa ter per d ay from e ig h t  
we l l s . 
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Th i s  g eog raph i c  area ( the M i ocene trend o f  southern Lo u i s i ana ) 
i s  thought to be ase i smi c ; howeve r , the r emov a l  o f  l a rg e  vol ume s o f  
water ,  w i th the r e s u l tant dras t ic reduc t io n  o f  r e s e rvo i r  pre s sures , 
conce ivably could a c t ivate some o f  the g rowth f a u l t s  i n  the s e  aqu i 
fers . Subseque n t l y , i t  i s  al so po ss i b l e  t h a t  s uc h  f a u l t movemen t s  
could re s ul t  i n  s ur f ace ad j us tmen t s . Damage d ue to s uc h  moveme n t s  
would probably b e  l im i ted t o  t h e  immed iate a r e a  where the pro j e c ted 
fault pl ane ( s ) i n tersec t the s ur f ace . 

Conce r n i ng the d i s pos a l  o f  l arge vol ume s o f  br i ne , the e a s ie s t  
d i spo sal  me thod wou l d  be t o  d i s charg e t o  ne arby s ur face wa t e r s  or 
into the Gul f of Mex ico . Th i s  undoub t e d l y  wo u l d  be the mo s t  adva n
tag eous from an ope r a t i ng and econom ic s tandpo i n t . Th i s  d is po sa l  
me thod , however ,  would ra i se e nv i ronme n tal prob l ems a s soc i a ted w i t h  
the d i f fe rence i n  compo s i t ion o f  the prod uced br ine a n d  t h e  rece iv
i ng wa te r . There is a l so the probab i l i ty that the tempe rat ure o f  
the d i spo sed b r i ne wi l l  be con s id erably h igher than that  o f  the 
rece i v i ng wa te r , thus r e s u l t i ng in " th e rmal po l l u t ion . "  S trong 
obj e c t ions could be expe c ted from both commerc i a l  and spo r t  f i sher
men , as we l l  a s  r e g u l a tory author i t ie s . 

A second and a mor e  envi ronme n ta l ly acceptab l e  d i s po s a l  me thod 
wou l d  be to i n j ec t  the b r i ne into shal lowe r ,  normal pre s s ured 
aqu i fe r s  w i th a s e r i e s  o f  d i spo s a l  we l l s . 3 From an ope r a t i ng and 
e conom i c  standpo i n t  th i s  has  g re a t  d i s advantag e s . A h ig h  c apac i ty 
d i s po s a l  we l l  may hand l e  a s  much a s  1 0 , 0 0 0  barr e l s  per d ay w i t h  
s u i table h ig h  pre s s ure pump s . Th us , a proj e c t  s u c h  a s  th i s  wo u l d  
req u i r e  a l arge ne t work of a c t ive d i spos a l  we l l s ( pl u s  s tand- by o r  
reserve we l l s )  w i th the a s soc i a ted sur face i n s ta l l at i o n s , i nc l ud ing 
h ig h-pre s s ure pumps wh ich wo uld be requ i red to e f fe c t  s a t i s fac tory 
i n j e c t ion rate s . 

3Th ese aqu i fe r s  are normal pre s s ured br i n e  aqu i fe r s  und e r l y i ng 
fres h-wa ter zone s . 
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APPENDIX L 

Legal Considerations 



LEGAL CONS I DERA'I' IONS 

DI SCUSS I ON 

Th i s  appe nd i x  wil l focus on the l egal probl ems i n c i d e n t  to the 
ownership of or the r ig h t  to expl o i t  hot , h ig h l y  pre s s ur e d  aq ui f er s  
ex i s t i ng under the G ul f Coas t  of  Lo u i s i ana and Tex a s  wh i ch conta i n  
a we t s te am sour ce w i th s ig n i f icant amo un t s  of  me thane ex i s t i ng i n  
sol ut ion . There for e , al l re ference s  t o  g e o thermal e nergy used 
herea fter i n  th i s  paper s houl d be unders tood to d e no te hot , h ig h 
pre s s ured wa ter conta i n i ng s ig n i f icant amo unts o f  me thane , and not 
hot , dry s te am or an anhydrous ho t rock s tr a ta . 

I n  the abse nce o f  case l aw i n  Tex a s  or Lou i s iana e s tabl i sh i ng 
owner ship of geo thermal energy as inc ident to a ny par t i c ul ar type 
of i n ter e s t  in pr ope r ty , one must ex am i n e  the own er s h i p  concepts 
appl i cabl e to the var i o us i n tere s t s  and de termine wh i ch i n ter e s t  i n  
proper ty wo ul d seem mo s t  l i ke l y  to be ve s te d  w i th owne r s h i p  of g e o
the rmal energ y . 

Publ i c  Owner s h i p  vs . Pr i vate Owner sh ip 

At the outse t ,  one must d e c ide whe ther g e o therma l  energ y l i e s  
w i th i n  the publ i c  doma i n  or the pr ivate doma i n . Wi tho u t  expl or i ng 
the i s s ue i n  de t a il , one may feel reasonabl y con f id e n t  tha t  ne i ther 
Tex a s  nor Lou i s iana wo ul d a s ser t owne r s h ip in i ts sove r e ig n  capac
i ty as aga i n s t  those par t i e s  a l r e ady pos s e s s i ng owne r s h i p  r ig h t s  in  
the pr oper ty . 

In Tex a s , the s ta te own: s " t he wa ter of the or d i nary • • •  under
fl ow • • •  of e ve ry fl owi ng r i ver , na t ur al s tr e am and l ake • . • •  " See 
TEX . WATER CODE ANN . § 5 . 0 2 l ( a ) . The owner s h i p  o f  undergr ound 
wa ter , de f i ned a s  e s s e n t i al ly per col a t i ng s ubs ur f ace wa ter and e x 
cl ud i ng s ub terr anean s tr e ams and the under f l ow o f  r ive r s ,  i s  re cog 
n i zed as be i ng ve s ted i n  the owner of the l and and h i s  l e s se e s  and 
a s s ig ns .  TEX . WATER CODE ANN . § 5 2 . 0 0 2 .  Geopr e s s ur ed wa ter s , be i ng 
e s sent i al l y  s tab il i zed i n  por ous s tr a t a , are not l i ke l y  to be con
s idered a de f ined underground s tream . Fur ther , no case s h ave ar i s 
en where i n  the . boundar i e s  of  an undergr o und s tre am have been shown 
so as  to ve s t  owner s h i p  i n  the s ta te . l Tho ug h the ge o thermal 
wa ter s do not techn i c al ly f i t  w i t h i n  the d e f i n i t ion o f  " under
ground wa ter " for pur po s e s  of Ar t i cl e § 5 2 . 0 0 2  of  the Tex a s  Wa ter 
Code so as to ve s t  owne r sh i p  i n  the l andowne r , i t  i s  m uc h  mor e 
probabl e tha t s uch wo ul d be the r e s ul t ra ther than a j ud i c ial d e 
termi na t ion tha t  s uch wa ter s a r e  ve s ted i n  the s ta te . 

In Lou i s iana , r unn i ng wa ter 2 and the s e a 3 are con s idered as 
bel ong i ng to the s ta te . Howe ver , Ad ams vs . Gr ig s by , 1 5 2  So • . 2d 
( 6 1 9 ) ( La .  App . 2d  C ir . 1 9 6 3 ) ,  i n  de termi n i ng the owne r s h i p  of s ub
terrane an wa ter s ,  h e l d  tha t the r ig h t  to appr opr i a te underground 
wa ter ·is  an i n tegr al par t of  the owner s h ip of the l and . F ur ther , 



the Lou i s i ana Ge othermal Energy Re sour c e s  Ac t of 1 9 7 5 ,  i n  ex t e nd i ng 
the pro v i s ions of the Loui s i ana Cons€rva t io n  Ac t to al l g e o thermal 
oper a t ions , i n c l ud i ng pr ov i s ions for un i t i z a t io n  of m i ne r al i n te r 
e s ts a n d  al l oc a t ion o f  produc t ion among the var i o us pr ope r t y  own
e r s , s tr ong l y  impl i e s  that the r ig h t  to expl o i t  g·e o thermal e nergy 
is ve s ted i n  the owner o f  the l and under wh i ch i t  is f ound . 4 
Th us , tho ug h  the ex pl or a t ion and pr oduc t ion of g e o thermal e nergy i s  
s ub j e c t  t o  e x tens ive r eg � a t ion by the s ta te , t h e  r ig h t  to ex pl o i t  
g e o thermal e nergy i n  Lo u i s i ana and the r ig h t  to own the r e sour c e  i n  
Texas i n  al l probab i l i ty wil l b e  h e l d  t o  b e  pos s e s se d  b y  t h e  owner 
of the l and . 

Of cour se , the owner s h i p  of cer ta i n  l a nd s l ie s  wi th in the pub 
l i c doma i n .  F ur ther , cer ta i n  of the l an d s  conveyed by the s ta te or 
federal sover e ig n  are s ub j e c t  to s ta t utory r e serva t ion . S 

S ur face Owner v s . M i neral Owner 

I n  l arge par t , th€ i s s ue of owner s h i p  o f  the g e o t he rmal e nergy 
wil l be be twe e n  the owner o f  the s ur face e s ta te and the owner o f  
the s ubs ur fa ce ( or mi ner al ) e s tate . 6 O f  cour s e , whe n  the l and i s  
owned i n  fee a nd has  not been severed hor i zontal l y  i n to the s ur f ace 
and mi ner al e s ta te s , or o therw i s e  bur d e ned , there is no q ue s t io n  a s  
t o  iden t i ty o f  t h e  par ty o r  par t i e s  pos se s s i ng t h e  r ig h t  t o  e x pl o i t  
the ge othermal e nerg y .  

TEXAS 

'I'her€ i s  a s ubstan t i al vol ume o f  case l aw i n  Tex a s  con s tr u i ng 
the scop€ of a conveya nce of " o il , g a s  a nd al l other mi neral s . "  
The term " o ther miner al s "  does not i n c l ude s ubs tanc e s  wh i c h , though 
techn i cal l y  a mi ner al , are not rare or excep t i onal i n  na t ur e , a nd 
wh i ch ex i s t  a s  ou tcr opp i ng s  or compone n ts o f  the s ur face and are so 
closely r e l a te d  phys ical l y  to the s ur fa ce as to be par t of i t .  
Th us , s and , g r avel , l ime s tone , and cal iche wo ul d no t be encompa s s e d  
i n  a grant o r  r e serva t i on o f  " o il , g a s  a n d  other m i neral s . "  
He i na t z  vs . Al l e n , 2 1 7  S . W .  2d 9 9 4  ( Tex . Sup . 1 9 4 9 ) ; San Jac i n to 
Sand Co . vs . Southwe s·ter n  Bel l Tel e phone Co . ,  4 2 6  S . W .  2d 3 3 8  ( Te x . 
C iv .  App . 1 9 6 8 ) .  

The ba s ic te s t  by wh i c h  Texas cour t s  mus t a n a l y z e  the scope o f  
the conveyance of � o il , g a s  and other mi neral s "  wa s e s tabl i shed i n  
Acker vs . G u i n n ? ( here i na f ter re ferred to a s  the Acker c a se ) and 
e x tended i n  Ree d  vs . Wyl i e 8 ( here i na f ter r e ferr e d  to a s  the Ree d  
case ) .  I n  hol d i ng that iron ore wa s not par t o f  the " o il , g a s  and 
o ther m i neral s "  conveyed in a 1 9 4 1  deed , the S upr eme Cour t i n  the 
Acker case r e a soned tha t the par t i e s  to a mineral l ea s e  or d e e d  
usual l y  t h i nk of t h e  m i ner al e s tate a s  incl ud i ng val ua bl e s ub 
s tanc e s  that a r e  r emoved fr om the g r o und b y  me ans o f  wel l s  o r  m ine 
sha f t s , and thoug h  th i s  m i neral e s ta te is dom i n a n t  and i ts owne r  i s  
e n t i tl ed t o  make r e a sonabl e u s e  of t h e  s ur face for t h e  prod uc t io n  
o f  m i neral s , i n  t h e  abse nce of the expr e ss con tr ary i n te n t ion , a 
gra�t or r e�e r va t ion o f  " mineral s "  or rt mineral  r ig h t s "  shoul d  not 
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be con s tr ued to i ncl ud e a s ubs tance that mus t be r emove d  by me thods 
that wil l , i n  e f fe c t , cons ume or depl e te the s ur face e s t a te . 

The Acker case wa s fol l owe d b1 W il l i ford vs . Sp i e s , 9 Dubo i s  
vs . JacobslO and Reed v s . Wyl i e . l A d iv i d e d  S upr eme Cour t i n  
the Reed case , i n  a f f irming the j udg me n t  o f  the C o ur t  o f  C i v i l  Ap
peal s rema nd i ng the case to tr ial cour t for d e term i n a t ion o f  the 
fact i s s ue a s  to the coal and l ig n i te in q ue s t i o n , r e a f f irmed the 
Acker dec i s ion , and s ta ted : 

Acker vs . G u i nn s tand s for the r ul e  t h a t  a 
s ubs tance i s  not a ' mi neral ' i f  s ubs tan t i al 
quant i t i e s  o f  that s ubs tance be so near the 
s ur face tha t the pr od uc t ion wil l e n t a i l  the 
s tr i pp i ng away and s ubs tant i al de s tr uc t i on 
o f  the s ur f ace . Tha t  be i ng the c ir c ums tance , 
and there be i ng no contrary a f f irma t ive ex 
pre s s ion i n  the i n s t r ume n t , i t  control s the 
con s tr uc t ion o f  the i n s tr ume n t  as to the 
s ame s ubstance a t  al l depths • 

• • .  the s ur face owner mus t prove tha t ,  a s  o f  
the date of the i n s tr ume n t  be i ng con s tr ue d , 
i f  the s ubs tance near the s ur face had be e n  
ex trac ted , that ex tr act ion wo ul d nece s s ar i l y  
have cons umed or d e pl e ted the l and s ur f ace . 

There for e , a s ur face owner coul d  arg ue for an ex te n s ion o f  the 
g eneral i n te n t  theory l 2  of Acker and Reed . Th i s  arg ume n t  wo ul d 
c i te the myr i ad b ur d e n some s tr uc t ur e s  that woul d be ne c e s s ar y  to 
har n e ss and expl o i t  the hot , h ig hl y  pr e s s ur ed wa ter and the pos 
s ibl e s ubs idence and f a ul t i ng o f  the s ur face a s  not  w i th i n  the 
"general inte n t "  of the par t ie s  to the or ig i nal i n s tr ume n t  of con
veyance . Acker woul d then apply , and a cour t  wo ul d c l a s s i fy the 
g eothermal r e so ur ce a s  i nc id e n t  to the s ur f ace e s t a te . 

Howe ver , s uc h  an arg ume n t  woul d not be a l og i cal ex tens i on of 
the Acker doc tr ine . F ir s t  o f  al l , the fact tha t e x pl o i ta t i on o f  
"mineral s "  by the mineral intere s t  owner mig h t  i nter f er e  wi th the 
s ur f ace owne r ' s  e n j oyme n t  o f  h i s  e s tate s h o ul d  not be e q ua te d  w i th 
a " cons ump t ion or depl e t ion of the s ur face"  wi th i n the me a n i ng o f  
Acker . Acker , Reed , W il l i ford , l 3  and Dubo i s l 4  a l l  deal t w i th a 
s ubstance wh i ch wa s l ocated so near to the s ur f ace a s  to cons t i t ute 
the s ur face i ts e l f .  The me thane l ocated in the g e o thermal r e s o ur c e  
cannot l og i cal l y  be cons idered t o  b e  i n  th i s  phy s i cal po s t ur e . 
There for e , the arg umen t  that the s ur face owner had e s tabl i shed 
"owne r s h i p "  of the g e othermal r e sour ce by v i r t ue o f  the Acker doc 
tr ine woul d not appear to be conv i n c i ng . 

A se cond arg ume n t  a s ur face owner c o ul d  a s s e r t wo ul d be based 
upon Rob i nson vs . Rob b i n s  Pe trol e um ,  5 0 1  S . W ·. 2d 8 6 5  ( Tex . S up . 
1 9 7 3 ) ( here i na f ter re ferred to a s  the Rob i nson c a s e ) . The cour t  i n  
the Rob i nson · case , i n  f i nd i ng _ that the l e s s e e  had n o  impl i ed r ig h t  
to· use or increase the b urden on the s ur face e s ta te for the be ne f i t  
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o f  o t h e r  l ands and ho l d i ng that the s ur f ac e  own e r  wa s e n t i t l ed to 
d amag e s  for the propo r t ion of that water prod uced f r om the l e a s e d  
l and wh i c h  wa s consumed ( i n j e c ted for wa ter f l ood p ro j e c t ) f o r  pro
d uc t ion of o i l for l ands  ou t s ide the l e as e , s t a te d : 

I t  has been dec ided that wa ter i s  par t o f  t h e  
s ur f ace e s ta te accord i ng t o  the ord i na ry and 
normal use  of the words convey i ng or re s e rv i ng 
mi neral s . S u n  O i l  Company vs . Wh i take r , 4 8 3  
s . w .  2 d  8 0 8  ( Te x . 1 9 7 2 ) . • • •  we are no t 
a t tracted to a rul e that wou l d  c la s s i fy wa ter 
accord i ng to a mineral conta i n ed i n  
s o l u t ion . l 5  

The s ur f ace owne r  cou l d  assert owners h ip of the g e o t h e rma l re
source a s  i nc i d e n t  to h i s  owne rsh i p  of the wa t e r  i t s e l f .  H oweve r ,  
i t  s ho u l d  be noted that i n  th i s  case the S upreme Cour t ,  i n  d i c t a , 
s ta ted : 

I f  a mineral i n  so l u t ion or s u s pe n s ion wer e  
of such v a l u e  or character a s  to j u s t i fy 
prod uc t ion of the wa ter for the e xtrac t ion 
a nd u s e  of the mi neral con te n t , we wo u l d  
h ave a d i f fe r e n t  c a s e . The s ubs tance e x 
t r ac te d  mig h t  we l l  b e  the prope r ty o f  the 
mi n e r a l  owne r ,  and h e  might be e n t i tl ed to 
u s e  the wa ter for purpo s e s  of produc t ion o f  
the minera l . l 6  

As s umi ng the pre s e nc e  of s u f f i c i e n t  conce n t ra t i on s  o f  me thane 
w i th i n the geotherma l wa ter as to make the me thane comme rc i a l ly 
va l uable i n  a nd of i t se l f , the mineral i n tere s t  own e r  could va l id ly 
a s s e r t  i t s  own e rs h i p  of th i s  " mi ne ra l " by v i r tue o f  i t s  fee i n ter
e s t  i n  t h e  mi neral e s ta te . Because of the phys i c a l  i ncons i s tenc i e s  
b e twe e n  the s ubs tances cons idered i n  t h e  Acker l i ne o f  case s a nd 
the geopre s s ured re s e rvo i rs i nvol ved i n  t h i s  f a c t  s i t u a t ion a s  
noted above , t h e  Acker doc t r i n e  wou l d  not b e  cons t rued so a s  to 
d e ny owners h i p of the " mi nera l "  in the mine r a l  i n t e re s t  owne r .  
Furthermore , the rat i onale  empl oyed i n  the ge n e r a l  i n te n t  t e s t  
would s e em t o  f avor t h e  mineral i n t e re s t  owne r .  S i n c e  e xpl o i t a t ion 
o f  t he geotherma l resource wou l d  involve the d r i l l i ng of we l l s  muc h 
i n  t he s ame manner a s  o i l and gas are e xplo i ted , t h i s  me t hod o f  
e xp l o i t a t i on wou l d  seem t o  f a l l  w i th i n  the g e n e r a l  i n t e n t  o f  the 
part i e s l 7  that the mineral owne r wa s granted a n  e s tate in the 
v a l u a b l e  s ub s t ances us ua l ly removed f rom t h e  g round by me ans of 
we l ls or mine s h a f t s . l 8  

The type of phys i c a l  d e s t r uc t ion o r  con s umpt io n  o f  the s ur f ace 
e s ta te found to  be  a paramount con s i d e r a t i o n  i n  t h e  Acker l i ne of 
cases is not pre sent  in geothe rmal ope ra t i on s .  Ra t he r ,  t h e  i s s ue 
i s  mor e  prope r ly c a tegor i z e d  under the rub r i c  of e x c e s s ive us e or 
in ter ference wi th the s urface es tate . By v i rt ue of the c l a s s i f i c a
t ion of the i n t e r e s t  of the mi neral owne r  or l e s s e e  a s  the domi nan t 
e s tate a nd the i ntere s t  of the s ur f ace own e r  o r  l e s sor a s  the 
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serv i e n t  e s tate , the mi neral i n tere s t  owner h a s  the impl i e d  l eg al 
r ight  to use however m uc h  of the s ur face e s ta te a s  i s  r e a sonab l y  
nece ssary t o  i t s  oper a t ions . H umbl e O i l  & Re f i n i ng Company v s . 
Wil l iams , 4 2 0  s . w .  2d 1 3 3  ( Tex . 1 9 6 7 ) ,  h e l d  tha t a ca use o f  a c t ion 
for damag e s  ex i s t s  on behal f of the s ur f ace owner i f  the l e s see ' s  
use of the s ur face i s  neg l ig e n t  or i f  s uch use i s  n o t  " r e a sonabl y 
nece s sary "  to the l e s se e ' s  oper a t i on s . The S upr eme Cour t i n  Ge t ty 
O i l  Company vs . Jone s , 4 7 0  S . W .  2d 6 1 8  ( Tex . 1 9 7 1 ) ,  h owe ve r , found 
that if the l e ssee ' s  use s ubs tant ial l y  i n ter f er e s  wi th a pr e 
ex i s t ing u s e  by the s ur face owner l 9  and r e a sonabl e a l terna t i ve s  
are ava i l abl e to the l e ssee , r e asonabl e usag e  o f  the s ur f ace e s ta te 
by the l e s se e  may require adopt ion of a l e s s  i n j ur i ous a l terna t i ve 
by the l e s see . S un O i l  Company vs . Wh i taker , 4 8 3  s . w .  2d 8 0 8  ( Tex . 
1 9 7 2 ) , i n  hol d i ng t h a t  the l e s see had the r ig h t  to free use of s o  
much of t h e  fr e s h  wa ter under l y i ng t h e  l e a se ( for a wa ter fl ood 
pro j e c t ) as wa s r e a sonabl y neces sary to prod uce o il fr om i ts o il 
wel l s , l imi ted the Ge t ty O i l  Company vs . Jone s de c i s ion to s i t ua
t ions in  wh i c h  there are r e a sonabl e al ter n a t ive me thods ava i l abl e 
to the l e ssee on the l e ased pr em i se s  ( emph a s i s  adde d ) to accompl i sh 
the purpose s of the l e a se . 

Once a cour t  f i nds that owne r s h i p  o f  the g e o the rmal r e so ur ce 
l ie s  i n c i d e n t  to the mi ner al e s tate , the l e s sor cannot r e ad i l y  as
sert a cause of a c t i on for i n ter ference w i th h i s e n j oyme n t  o f  the 
s ur f ace e s tate . The pr od uc t ion , ga ther i ng , a nd pr oce s s i ng eq uip
me n t  tha t wil l probabl y be requir ed to e f f i c ie n tl y  e x pl o i t  the g e o
thermal r e sour ce may ex ceed that burde n pl aced upon the s ur f ace 
e s tate i n c ident to e x pl or a t ion and prod uc t ion o f  o i l  a nd g a s . How
ever , as s t a te d  i n  S un O i l  Company vs . Wh i taker , 

The r ig h t s  impl ied from the g r a n t  are impl i ed 
by l aw i n  al l conveyance s o f  the mineral e s
tate and , a b s e n t an expr e s s  l imi t a t ion ther e 
on , are not to be al tered by ev idence tha t 
the par t ie s  to a par t i cul ar i ns tr ume n t  of 
conveyance d id not i n te nd the l eg al cons e 
que n c e s  o f  the g r a n t . 2 0  

F i nal ly ,  Kenney v s . Tex as Gul f S ul ph ur Co . ,  3 5 1  S . W .  2 d  6 1 2  
( Tex . C iv .  App . - Waco 1 9 6 1 , wr i t  re f ' d . )  r e l i eved the l e s see fr om 
l iabil i ty for damag e s  when a r e a sonably nece s s ary me thod of ex tr ac
t ion o f  miner a l s  c a used s ur face s ubs idence . 2 1  

I n  s ummary , the ex i s tence o f  commer c i a l  q ua n t i t ie s  o f  me thane 
found in the g e othermal r e so ur c e  w i l l pr obably ve s t  t i tl e  a s  to 
s uch me thane in the mine r al i n te r e s t  owner . F ur ther , in order to 
prod uce the me t hane to wh i ch the miner al i n ter e s t  owne r  is en
t i tl ed , the ho t ,  h ig h -pre s s ur e d  wa ter will a l so h ave to be pr o
d uced . Whe ther t he mi neral i n te r e s t  owne r  woul d be e n t i tl e d  to a l l  
o f  the be ne f i t s r e s ul t i ng fr om the e x pl o i ta t ion o f  th i s  by-prod uc t 
i s  a moo t q ue s t ion . Howe ver , t h i s  anal y s i s  h a s  bee n  pr ed i c a te d  
upon t h e  ex i s tence o f  commer c i al l y  val uabl e me thane i n  s uf f i c ie n t  
quant i t i e s  a s  t o  j us t i fy devel opme n t  o f  t h e  g e o thermal r e source . 
I t  migh t s e em ineq u i tabl e to de ny the owner o f  the s ubs ur f ace wa ter 
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any o f  the bene f i ts r e s ul t i ng from expl o i ta t i on o f  the s ub s ur f ace 
wa ter for its  e nergy po te n t i al a s ide from the e x pl o i ta t ion o f  i t s 
me thane con te n t ,  b u t  a cour t may f i nd i t  d i f f i cul t to d i f fer e n t i a te 
s uch e x pl o i ta t ion o f  the ho t ,  h ig h -pr e s s ur e d  wa ter from the l e s 
see ' s  r ig h t  under S un O i l  Company vs . Wh i taker to use s uc h  amoun t s  
o f  the s ubs ur face wa ter a s  a r e  nece s sary to the e n j oyme n t  o f  t h e  
m i n e r a l  e s tate . 2 2  

LOU I S IANA 

The cour t s  i n  Lou i s i ana , i n  determ i n i ng whe th e r  a s e rv i t ude or 
lease g ives to i ts own e r  the r ight to e xpl o i t  a s pe c i f i c  m i ne r a l , 
h ave empl oyed a numbe r o f  j ud i c i al canons i n  a cons i s te n t  manne r .  
Th i s  approach h a s  f avored more o f  a d e te rm i n a t ion o f  the s pe c i f i c  
i nt e n t  o f  the part ie s than the ge neral i n t e n t  te s t  used i n  Texa s . 

The c a nons of contr a c t ual cons tr uc t i on i n  Lou i s iana d i f fer i n  
some ways fr om those used in Tex a s  cour t s .  The d o c tr i ne of e j usdem 
g e ner i s2 3 i s  appl ied i n  Lou i s i an a , wh i l e  i t  wa s s pe c i f i c al l y  r e 
j e cted by the Tex a s  S upr eme Cour t  i n  t h e  Acker case . The Tex a s  
cour ts h ave not a l l owed ex tr i n s i c  evidence t o  b e  admi t te d  a s  to the 
i nten t of the par t i e s  a t  the t ime of the conveya n c e  i n  t h e  Acker 
l ine o f  c a se s ,  wher e a s , the Lou i s iana cour t s  admi t e v id e nce as to 
the c ir c ums tanc e s  e x i s t i ng a t  t he t ime of the contract and t he s i t 
ua t ion of t h e  par t ie s  a t  t h a t  t ime . 2 4  I n  add i t i o n , C i v i l  Code 
Ar t i cl e 7 5 3  r eq u ire s t h a t  b ur de ns on the l a nd be narrowl y con
s tr ued . See Del a h o u s s aye vs . Landry , 3 La . Ann . 5 4 9  ( 1 8 4 8 ) . 

The appl i c a t ion o f  the Lou i s iana canons o f  c o n tr a c t ual con
s tr uc t ion and the ex i s t ing C iv i l  Code l eg al pr e s umpt ions wo ul d 
probab l y  r e s ul t  i n  a d e termin a t ion tha t the r ig h t  to e x pl o i t  the 
g eothermal energy for i ts h e a t  and pr e s s ur e  i s  not incl ud e d  a s  
r ig h t  i n c ide n t  to a mi ner al ser v i t ude or l e a s e . 2 5  I t  wo ul d b e  
d i f f ic ul t  for a cour t us i ng these con s tr uc t ional de v i c e s  to f i nd 
that the par t i e s  to s uch i n s tr ume n t s  i n tended or e ve n  con t empl ated 
the expl o i tat ion o f  a s ub s t ance wh i ch may h ave no t bee n  kn own to 
e x i s t  a t  the t ime o f  exe cut ion or wh i c h  even now ca nnot be s h own to 
be c l e ar l y  capabl e o f  comme r c i al expl o i t a t ion . 2 6  

Abs e n t  these j ud i c ial cons id e r a t ions , the ser v i t ud e  owner or 
l e s se e  woul d s e em to h ave ava il ab l e  a l og i cal  arg ume n t  to the e f
fect  t h a t  be cause me thane i s  but  " na t ur al ga s "  d i s sol ve d  i n  gee
pr e s s ur e d  wa ter , the serv i t ude owner or  l e s see has  the r ig h t  to 
produce s uch g a s , 2 7  r eg ardl e s s  of ma nner in w h ich i t  mus t be pr o
d uced . This con te n t ion i s  more per s ua s i ve than the arg ume n t  a va il 
abl e t o  the l e s�ee a ttemp t i ng to cl a im t he r ig h t. to s tr ip m i ne l ig 
n i te ; h oweve-r , even a narrow appl·i c a  t ion of the l eg al . d o c tr ine s  
con s i-s t�n tl y ap·pl i e.d i n · the Hol l oway , Del-aho us s aye ,  a nd · s im i l ar 
ca ses woul d · rnake. i t  d i.f f<i cul t for a l e s see to ·s uc"c-e ss f ul ly prove 
tha-t the _par t i e s· " i n t e nded " to - convey the r ig h t  to expl o i t  me thane . 

- -:_ • I • 
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CONCLUS I ON 

An anal y s i s  o f  case  l aw i n  Tex a s  i nd i ca t e s  tha t owne r s h i p  of 
geothermal energy as d e f ined i n  the i n trod uc tory par agr aph o f  th i s  
appe nd ix wo ul d probably ve s t  i n  the mi neral i n tere s t  owne r  a s  op
posed to the s ur face owner . A s imil ar analys i s  o f  Lo u i s i a na c a s e  
l aw i nd i c a te s  tha t pr e s e n t  mi neral s erv i t ud e  owner s  a nd l e s s e e s  
pr obab l y  do not pos s e s s  the r ig h t  t o  e x pl o i t  t h e  g e o thermal energ y . 

Obviousl y , with  no j ur i sd i c t ional c a s e s  e x i s t i ng wh i ch are d e 
terminat ive o f  the i s s ue , l i t ig a t ion w i l l be nece s s ary t o  r e sol ve 
the i s s ue ;  f ur thermor e ,  r e sol u t ion o f  th i s  i s s ue w i l l  cer ta i n l y  not 
el imi n a te al l o f  the pr oducer ' s  probl ems . Ve ry s ub s t a n t i a l  l eg a l  
probl ems r e l a t i ng t o  t h e  ope r a t ion o f  a v i abl e g e o t h e rmal pro j e c t  
wil l rema in .  

Any anal ys i s  of owner s h ip of geothermal r e so ur ce s  m u s t  make 
men t ion of Geothermal K i ne t i c s , Inc . vs . Un ion O i l  Company o f  
Cal i for n ia , 1 4 1  C al . Rp tr . 8 7 9  ( 1 9 7 8 ) . I n  t h i s  c a s e  i nvol v i ng own 
e r s h i p  o f  g eothermal r e sour ce s  ex i s t i ng i n  a form d i f fer i ng fr om 
that anal y ze d  i n  th i s  append ix , name l y  s t e am ,  a C a l i for n ia D i s tr i c t  
Cour t  o f  Appe al s , i n  a f f irmi ng the tr i al co ur t ,  h e l d  tha t a g e neral  
grant of " al l  mi neral s ,  i n ,  o n  or  under " the pr ope r ty conveyed i n  a 
1 9 5 1  deed incl uded a g r a n t  o f  geothe rmal r e s o ur c e s ,  i nc l ud i ng s te am 
ther e fr om . 

I n  an anal y s i s  wh ich re cog n i ze d  and appl i e d  the doctr i ne s  a nd 
rat ional e s  used i n  the Tex a s  cases analy zed h e r e i n ,  t he c o ur t  made 
the fol l ow i ng po i n t s : 

1 .  A g r a n t  shoul d be con s tr ued to convey the broad e s t  
pos s ibl e e s ta te , a n d  the g eneral i n t e n t  o f  the par 
t i e s  wa s to g r a n t  t he owner of the mi neral e s ta te 
the r ig h t  to e x tr a c t  val uabl e re s o ur c e s  from the 
e ar th .  Ther e for e , the geothermal r e so ur c e s  s houl d 
fol l ow the mineral e s ta te . 

2 .  Prod uct ion o f  e nergy fr om geothermal e ne rg y by mea n s  
of we l l s  i s  a nal ogous t o  prod u c t i on o f  e nergy from 
o ther miner a l s  s uch a s  o il and na t ur a-l g a s . 

3 .  Re cog n i z i ng the g e neral i n te n t  te s t  e s tabl :i shed i n  
Acker vs . G u i n n , the cour t noted t h a t  the tr i al 
cour t  fo und that the expl o i ta t ion o f  g e o th ermal r e 
sour ce s  d oe s  not s ubs tan t i al l y  d e s tr oy the s ur f ace 
of the pr oper ty . 

Us i ng l ang uag e a nd r a t i onal e very s imil ar to tha t empl oyed by 
the S upr eme Cour t of Tex a s  i n  the Acker l i n e  of c a se s , the cour t 
stated : 

The par t ie s  to the 1 9 5 1  g r a n t  h ad a g e ne r a l  
i n te n tion t o  convey those comme r c i al l y  val u
abl e ,  underg r o und , phys i cal r e s o ur c e s  o f  t h e  
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prope r ty .  They e xpe c ted that the e n j oyme n t  
o f  th i s  i n te r e s t  would not d e s troy the s ur
face e s tate a nd wou l d  i nvolve re source s d i s
t i n c t  from the s ur face so i l . I n  the a b s e nce 
o f  a ny expr e s se d  s pe c i f i c intent to the con
trary , the scope o f  the mine r a l  e s t a t e , a s  
i nd i ca ted by the par t ie s ' g e n e r a l  i n t e n t i on s  
a n d  e xpe c t a t i on s , i nc l ud e s  t h e  geothe rma l 
re sour c e s  unde r l y i ng the prop e r ty . "  

I n  add i t i on to ho l d i ng tha t the geothermal re sour c e s  a r e  part  
o f  the mineral e s ta t e , the  court  conc l uded t h a t  geotherma l wa t e r  
a l so was a p a r t  o f  the m i n e r a l  e s tate . I n  re cogn i z ing that some 
s t a te s , inc l ud i ng Texa s ,  h ave he l d  tha t  the owne r sh ip o f  s ub s ur face 
water is ve s te d  i n  the sur face e s tate , the cour t  d i s t i ng u i shed such 
s ub s ur face wa ter from the wa ter and s t e am componen t s  of g e o the rma l 
re sourc e s . Re cogn i z i ng that there i s  a ge o l og i c  ba s i s  for d i s t i n
g u i sh i ng the g round water sys �em wh ich or i g i n a t e s  from a nd i s  re
p le n i shed by r a i n fal l from the geothe rmal w a t e r  sy s tem wh i c h  is  cut  
o f f  from s uch wa ters  by a th i ck mine r a l  cap , and no t i ng t h a t  the  
r a t ional e  fo r recogn i z i ng the  r ig h t s  o f  the s ur f ace e s ta te to the  
gro und water sys t em is  large ly i n appl i c ab l e  i n  the case  of  geo the r
ma l wa te r ,  the cour t con c l ud e d  that geotherma l w a t e r  i s  a m i ne r a l  
and t h u s  not a p a r t  o f  the wa ters i nc l uded i n  t h e  s ur face e s ta te . 
I t  i s  appare n t  tha t , i n  l arge par t ,  the cour t  wa s a ttemp t i ng to 
avo id a fragme n t a t ion of the owne r s h i p  or e xplo i t a t ion r ig h t s  re
l a t i ng to geo therma l r e sour ce s based upo n  the phy s i ca l  type of  geo
the rmal e ne rgy . Hope f ul ly ,  s uch an approa c h , whe ther re s ul t i n g  i n  
f u l l  own e rs h ip i n  the s ur face owne r  o r  m i ne r a l  i n t e re s t  own e r , w i l l  
be fol lowed by courts i n  Lou i s i ana and Texa s . 
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NOTES 

lcomme n t ,  " Geothe rmal Re sour ce Devel opme n t  i n  Tex a s , " 2 9  
BAYLOR L .  REV . 9 9 3  ( 1 9 7 7 ) . 

2R . S .  9 : 1 1 0 1  

3R . S .  4 9 : 3  

4Harrel l ,  H il l , P i ke , a nd Wi l k i ns , Leg al Probl ems I nher e n t  i n  
the Devel opme n t  o f  Geopr e s s ured and Geothermal Re s o ur c e s  1 n  
Lo u i s iana , F i nal Repor t pr epar ed for u . s .  De par tme n t  o f  Energy 
( 1 9 7 8 ) . ( Re ferred to her e i na f ter a s  Harrel l ) .  

5The q ue s t ion o f  owners h ip of geotherma l re sou r c e s  a ro s e  i n  
the case o f  Un i ted S tates vs . Union O i l  Company o f  C a l i forn i a , 5 4 9  
F .  2 d  1 2 7 1  ( 9 t h  C i r .  1 9 7 3 ) , where i n  the N i n th C i r cu i t  C o u r t  o f  
Appe a l s , i n  r eve r s i ng the l owe r cour t d e c i s ion , h e l d  that the 
Un ited S ta te s , in a re s e rva t ion o f  coal and other mineral s , d id by 
s uch re s e rva t ion re ta i n  owne rsh ip in the geo the rma l re source . How
eve r , the de c i s ion wa s based upo n  s ta t u tory cons truc t ion o f  the 
S tock Ra i s i ng Home s te ad Ac t ,  4 3  U . S . C . A .  § 2 9 9  ( 1 9 7 0 ) , u s ing i ts 
leg i s l a t ive h i s tory .  Thus , t h i s  de c i s ion i s  of l i t t l e  va l ue i n  
de termin i ng t h e  publ i c  ownersh i p  vs . pr i va t e  owne r s h i p  i s sue , or i n  
the s ur face owner vs . m i neral owner i s sue . 

6A few c omme n t s  concer n i ng the na t ur e  o f  the l a nd owne r ' s  in
ter e s t  i n  o il and gas  in pl ace be ne ath h i s  l and shoul d be made at  
th i s  j un c t ur e . De s p i te the  var i a t ion i n  the  c l a s s i f i c a t ion scheme s  
empl oyed by the var ious a u thor i t i e s  i n  th i s  are a  of l aw ,  o n e  can 
val idl y  cl as s i fy the l and owner ' s  intere s t  under e i ther an owner s h i p  
in pl ace theory o r  a non-owne r s h ip ( or ex cl u s ive r ig h t ) theory . 
Texas cour t s , i n  adhe r i ng to the owner s h i p  i n  pl ace theory , hol d 
that the l a nd owner has  t i tl e  to the under l y i ng o i l  a nd g a s  to the 
s ame ex tent a s  he owns a ny o ther under l y i ng minera l s  and tha t the 
inter e s t  in o i l  and g a s  is a real i n tere s t  s ub je c t to owner s h ip , 
severance , and s al e  wh il e embedded i n  the sands or r o cks be ne a th 
the s ur f ace . See  S tephe n s  County v s . M id -Kan s a s  O i l  and Gas Co . ,  
1 1 3  Tex . 1 6 0 , 2 5 4  S . W .  2 9 0 ,  2 9  A . L . R  5 6 6  ( 1 9 2 3 ) . Th u s , s in c e  the 
l andowner i n  Tex a s  is d eeme d to have fee s impl e t i tl e  to al l min
er al s , incl ud i ng o il and ga s ,  wh ich under l ie the s ur f ace , he may 
e f fect  a hor i zo n tal severance by conveyance or r e serva t ion of the 
mineral i ntere s t  fee s impl e . S imil ar ly , unde r  the typ ical  o il and 
g a s  l e ase prov id i ng for a f ix e d  term and so l ong ther e a f ter as 
prod uc t ion con t i n ue s , a fee s impl e de terminab l e  is cr e a ted i n  the 
l e s see . See S tephens County ,  s upra . 

Lou i s iana cour t s ,  o n  the other hand , fol l ow the non-own er s h i p  
theory and hol d tha t mine r al s are i n s u scept i bl e  o f  owne r s h ip apar t 
from the l a nd u n t i l  r e d uced to po s s e s s ion . Ar t i c l e  6 o f  the 
Lou i s iana Miner al Cod e ( R . S .  3 1 : 6 )  pr o v i d e s  tha t " the l and owner has 
the ex cl us ive r ig h t  to ex pl or e and deve l op h i s  pr oper ty for the 
pro d uct ion o f  s uc h  mi ner a l s  ( i . e . miner a l s oc c ur r i ng na t ur al l y  in 
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l iq u id or g a seous  form or el eme n t s  or compo unds i n  sol u t ion , emul 
s ion or a s soc i a t ion w i th s uc h  miner al ) and to r e d uce them to po s 
s e s s ion and owner s h i p . Thus , a gran t ,  r e serva t i on , o r  l e a s e  o f  o i l  
and g a s  carr i e s only the r ight to ex tr a c t  s uch minera l s  fr om the 
so il . The ba s i c  m i neral r ig h t s  that may be c r e a t e d  by a l andowner 
are the mineral s e r v i t ud e , the mi ner al r oyal ty , and the mi neral 
l e ase . R . S .  3 1 : 1 6 .  

7Acker vs . G u i nn , 4 5 1  S . W .  2d 5 4 9 , a f f ' d . , 4 6 4  S . W .  2d 3 4 8  
( Tex . S up .  1 9 7 1 ) .  

8 Ree d  vs . Wyl i e , 5 5 4  S . W .  2d 1 6 9  ( Tex . S up . 1 9 7 7 ) . 

9w il l i for d vs . S p ie s , 5 3 0  s . w .  2d 2 1 7  ( Tex . C iv .  App . 1 9 7 5 ) ,  
hel d tha t a r e serva t ion of an intere s t  i n  o i l , g a s , and o ther m i n 
e r a l s  d id n o t  i n c l ude coal a n d  l ig n i te tha t wo ul d ( emph a s i s  added ) 
be mined and r e cove r e d  by ope n p i t  or s tr ip m i n i ng me thods . 

l O oubo i s  vs . Jacobs , 5 5 1  s . w .  2d 1 4 7  ( Tex . C i v . App . 1 9 7 7 ) , 
hel d tha t a re s e r va t ion of a r oyal ty i n tere s t  i n  o il , g a s , and/or 
o ther m i ner al s  d id not re serve any s ubs tance tha t mus t ( empha s i s  
added ) be pr od uced by me thods wh ich w i l l  i n  e f fe c t  cons ume or d e 
pl e te the s ur f ace e s ta te . 

l lNote 1 0 , s upr a .  

1 2The phr a se " g e neral i n tent theory " i s  mer e ly a conve n i e n t  
d e vi ce for r e ferr i ng t o  the r a t ional e o f  the c o ur t  i n  Acker tha t 
the g e neral i n t e n t  o f  the par t ie s  wa s not to i n c l ud e  a s ub s tance 
tha t mus t be r emove d by me thods tha t w il l , in e f fe c t , cons ume or 
depl e te the s ur f ace e s tate . 

l 3Note 1 1 , s upr a . 

l 4Note 1 2 , s upr a . 

l 5Rob in son , a t  8 6 7 . Howe ver , the mineral  r e ferred to i n  the 
i n s tan t case was s al t .  

1 6 rd . ,  a t  8 6 7 . 

1 7 comme n t , Note 1 ,  s upr a a t  1 0 0 7 . 

1 8 see Ree d  vs . Wyl ie , No te 1 0 ,  s upra . 

1 9The s ur face owner had pr e v i ously i n s tal l ed a s e l f-pr ope l l ed 
irr ig a t ion sys tem req u ir i ng an oper a t i ng c l earance of 7 fe e t . 
Though two o ther l e s see s h ad fo und me thods to d e ve l op the i r  i n te r 
e s t s  wh i ch d id n o t  i n terfere w i th the irr ig a t i on sys tem , Ge t ty 
dr il l e d  two i n ter fer i ng wel l s  and ins tal l ed p ump i ng un i t s  r eq u ir i ng 
c l e ar ance s ubs t a n t i al l y  i n  e x c e s s  of 7 f ee t .  

2 0s un O i l  Company vs . Wh i taker , 4 8 3  S . W .  2d ( Te x . 1 9 7 2 ) , a t  
8 1 1 .  
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2 1The cour t r e cog n i z e d  that s ubs idence i s  a nece s s ary and 
inevi tabl e r e s ul t  o f  use o f  th e Fr a s ch Proce s s , the only c omme r 
c i al ly known me thod of pr od uc i ng s ul p h ur i n  t h e  r eg i on o f  t h e  G ul f 
Coas t ,  and noted tha t the pl a i nt i f f ' s  r ig h t  to have her l and fr e e  
of s ubs idence wa s one of  the r ig h ts d i spo s ed of b y  her pr e d e c e s sor 
in t i tl e , whe n  the l e ase wa s made . 

2 2of cour se , the impl i ed r ight o f  use o f  the s ur face e s ta te 
has al way s been cons tr ue d  i n  a s i tuat ion wh er e i n  the s ur f ace use 
was neces sary to as s i s t  i n  re cove r i ng the mineral be i ng e x pl o i ted . 
In th i s  case , be s ide s h av i ng th i s  q ual i ty ,  the s ur f ace u s e  wo ul d 
re s ul t  i n  a by-prod uc t  pos s e s s i ng commer c i al val ue a s  a n  e nerg y 
source in i t sel f .  

2 3The r ul e  of ejusdem g e ner i s  is a r ul e of cons tr u c t ion to a id 
in a scer ta i n i ng the me a n i ng of a s ta t ute or wr i t ten i n s t r ume n t  
where by an e nume r a t ion o f  spe c i f i c s ub s tance s or t h i ng s  fol l owed by 
a more general word or phr a s e  i s  to be h e l d  to r e fer to t h i ng s  or 
s ubs tances of a l i ke na t ur e  or k i nd . 

2 4 Holloway Gravel v s . McKowen , 2 0 0  L a . 9 1 7 , 9 So . 2d 2 2 2  
( 1 9 4 2 ) . The S u pr eme Cour t ,  i n  hol d i ng that a r e s e rva t ion o f  " a l l  
the mine rals , o i l , a nd g a s , "  d i d  not i n c l ud e  the r ig h t  t o  mine 
grave l depos i t s , employed those concepts i n  l imi t ing the scope of 
the term " m i neral . "  A s im i l ar appr oach wa s take n i n  R i v e r  Rouge 
M ineral s ,  I nc . vs . E ne rg i e s  Re sources of M i nnesota , 3 3 1  So . 2d 8 7 8  
( La .  App . 2d C i r . 1 9 7 6 ) , wr i ts den ied 3 3 7  So . 2 d  2 2 1 , ( 1 9 7 6 ) , i n  
wh i ch case the court used the pr inc i pl e s  fol l owed i n  the Ho l loway 
case to f i nd t h a t  the s t r i p m i n i ng of l ig n i te wa s no t inc l u d e d  
with i n  t h e  te rms o f  a n  " o i l , gas a n d  a l l  other mine r a l s "  l e as e . I n  
add i t ion t o  not i ng tha t the s t r i p  m i n i ng of t h e  l ig n i te wo u l d  ren
der tha t por t ion of the s ur face unusable for other purpos e s ,  and 
that the l e a se d id no t con t a i n  prov i s ion s appropr i a te for s t r i p 
min i ng , the court conc l uded that i t  was un l i ke ly the pa r t i e s  would 
have inc luded l ig n i te w i th i n the me a n i ng of " o t he r  mine r a l s " a t  the 
t ime the lease was e x e c uted . 

2 5Harrel , 6 ,  s upr a a t  6 7 . 

2 6 Id . , a t  6 7 .  

2 7 In Re ich vs . Comm i s s ioner of Internal Re ve n ue ( 1 9 6 9 ) ,  5 2  
T . C . 7 0 0 , a f fd . ( 9 th C ir .  1 9 7 2 )  4 5 4  F .  2d 1 1 5 7 , the Tax C o ur t  con
cl uded that geothermal s te am pr od uced from the g eysers i n  Cal i fo r 
n i a  was a g a s  for p ur po s e s  of t h e  o il a n d  g a s  depl e t i on a l l owa nce 
i n  the Inter n al Reve nue Code . Howe ver , th i s  d e c i s ion , ba s e d  upon 
s ta t utory construc t ion , woul d have l i t tl e or no pr e ce d e n t i a l  val ue 
i n  r e sol ving the i s s ue s  posed i n  th i s  appe nd ix . 
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R I SK ANALYS I S  

MONTE CARLO S IMU LAT ION OF ELEVEN GULF COAST PROSPECTS 

Th i s  append i x  pre sents  re s ul t s  of the Mon t e  Carlo s imul a t ion of 
g as produc t ion from 11 geopre s s ured brine pros pe c t s  s t ud i ed by the 
Na t i onal Pe trol e um Counc i l . The ob j e c t ive of these s imul a t ions wa s 
to d e f i n e  gas pr ices needed to prov i d e  econom i c a l ly feas i b l e  rates 
of re t ur n  ( ROR ) on i nve s tments i n  the se r i sky ven t ure s .  

Be cause the chance for pro j e ct f a i l ur e  ( de f ined as  a negat ive 
ROR ) wa s h igh , i n  ma ny c ases the ave rage pros pe c t  ROR ' s we re not 
me an i ngf ul . The re fore , th i s  repor t pre s e n t s  c urve s wh i ch s h ow the 
probab i l i ty tha t a g iv e n  prospe ct wi l l  ach ieve spe c i f i ed m i n imum 
ROR goa l s . Re s ul t s  are in the form of plo t s  of the chanc e s  that  a n  
i nve s tme nt i n  a g i ve n prospe c t  wi l l  ach i eve a t  l e a s t  ze ro pe rcent 
ROR ( s ucces s ) ,  1 0  pe rcen t ,  1 5  pe rcen t ,  or 2 0  perc e n t  ROR . 

Monte Carlo Program 

Th i s  pro j ec t  used t h e  Bonner and Moor e  " Pl ann i ng and Analy s i s  
o f  Uncer ta i n  S i tuat ion" ( PAUS ) computer prog r am . F i gure M-1 i s  a 
schema t i c  d i ag r am o f  the  Mon te Carlo s imul a t ion s c h eme for the 
Sou theast Pe can I s l and pros pe c t  wh i ch wa s i n i t i al ly s tud i ed in de
ta i l . I n  general te rms , the Mon t e  Carlo me t hod uses probab i l i ty 
d i s t r ibu t ions of uncer ta i n  fac tors to ge ne r a te a l i ke ly range of 
pro j e c t  econom i c s . The me thod wo rks as  fol l ows . F i rs t , a s pec i f i c 
number i s  d rawn a t  random from the ove ra l l  range of va l ue s  for each 
important fac tor . The se rand om d r aws are comb i ned i n to a s i ng l e 
economi c va luat ion w i th i ts r e s ul t ing re turn on i nv e s tme n t . Th i s  
process  i s  repe a ted h und reds o r  thous ands of t ime s . The f i n a l  re
s u l t  ( i n t h i s  case a r a te of re t urn ) is saved f rom e a ch run . The 
PAUS output is a plo t  of the d i s tr i but ion of the s e  ROR ' s  b i a sed by 
the sys tema t i c  s e l e c t ion from amo ng the range of po s s i bl e  i nput 
var i ab le s .  

S imulat ion of Geolog i c  I nput Var i ab l e s  

I n  order t o  r un a Mon t e  C a r l o  s imul a t ion , the r a nge o f  e ac h  
i nput fac tor mu s t  be known . A c ommonly u s e d  me thod i s  to make 
three e s t imates for each fac tor . Pro j e c t  geolog i s ts are a s ked for 
" op t im i s t i c "  ( h ig h ) , " pe s s im i s t i c " ( l ow ) , a nd " mo s t  l i ke ly " ( mod e ) 
va lue s  for the importan t var i ab l e s .  

Ta ble M-1 pre sents  the Na t ional Pe tro l e um Counc i l  s tudy par t ic
ipant e s t imate s of the l i ke l y  v a l ue rang e s  for g e o log i c  v a r i ab le s 
i n  the l l  g eopr e s s ured b r i ne g as pro spe c t s . The s e  v a l u e s  we re 
arr ived at a f t e r  very care f ul ana l ys i s  of each pro s pe c t  by e xper t 
g eolog i s t s  in  the area . These e s t imates  are the low , mos t l ike ly , 
and h igh parame ter s  de scr ibed above . A s i ng l e  r un con s i s ts o f  
1 , 0 0 0  random draws f rom the re s u l t i ng be t a  d is tr i b u t ions . Table 
M- 2 l i s t s  the average and s tandard d ev iat ion for geo log i c  var i ab l e s  
a f te r  1 , 0 0 0  Monte C a r l o  tr i al s . 
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Figure M- 1 .  Geopressured Gas Prospect, " Monte Carlo " Simulation. 
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TABLE M-1 

Geopressure Gas Simulation Geologic Factors 

Net Pa Permeab i l i t� Drainage Radius Rock Compressib i l i t� Gas Solub il it� 
Low L ik e ly  H igh 

Low Likely High Low L ikely H igh Low L ikely High Low L ikely H igh ( . 4 )  ( O . B )  ( 1 . 2 )  
Prospect (Feet ) ( Feet ) ( Feet ) (md ) � (md ) (Feet ) ( F eet ) ( Feet ) ( x  1 0-6 ) ( x  1 0-6 ) ( x  1 0-6 ) ( Cu F t /Bbl )  ( Cu F t /Bbl )  ( Cu F t /Bb l ) 

Atchafalaya Bay 
East 1 00 320 340 5 20 95 3 ,000 7 , 900 21 ,ooo 2 . 5  5 . 0  1 0 . 0  1 2  23  35  
West 50 220 600 1 0  30 1 00 3, 000 7 , 1 40 1 7 , 000 2 . 5  5 . 0  1 0 . 0  9 1 8  28 

Johnson ' s  Bayou 500 1 , 250 1 , 550 50 1 00 300 3, 000 7 , 350 1 8 , 000 2 . 5  5 . 0  1 0 . 0  1 2  2 3  35 

LaFourche C r ossing 100  360 650 5 20 70 3 , 000 6 , 1 80 1 2 , 7 50 2 . 5 5 . 0  1 0 . 0  1 5  30 46 

� Rockefeller Refuge zoo 435 1 , 400 1 0  2 0  80 3 , 000 6, 600 1 4, 666 2 . 5 5 . 0  1 0 . 0  2 0  41 61 I 
w 

SE Pecan Is land 
East 100  250 380 5 1 0  50 3 , 000 5 , 700 1 1 ,000 2 . 5  5 . 0  1 0 .0 1 4  28 4 2  
West 1 00 27 5 980 5 1 0  5 0  3 , 000 6, 500 1 4 , 000 2 . 5  5 . 0  1 0 . 0  1 4  28 42 

Austin Bayou 1 00 7 1 5  900 5 20 60 3, 000 5 , 700 1 1 , 000 2 . 5  5 . 0  1 0 . 0  1 6  32 48 

Candelaria 1 00 480 700 1 5 60 3 , 000 6 , 930 1 6 , 000 2 . 5  5 . 0  1 0 . 0  1 1  22 34 

C l i nton -- 700 -- 5 20 1 00 3 , 000 5 , 500 1 0 , 000 2 . 5  5 . 0  1 0 . 0  1 1  2 2  34 

Eagle Lake -- 575 - - 5 20 500 3, 000 5 , 300 9, 500 2 . 5  5 . 0  1 0 . 0  1 2  24 36 



TABLE M-2 

Geopressure Gas S imulation Averages and 
Standard Deviations for Geolo�ic Factors 

Radius Gas 
Pay Thickness Permeability Geom. Compressibility Solubility 

Prospect ( Feet ) ( md)  ( Feet ) 1 /]2Si X 1 0 -6 (Cu Ft/Bbl ) 

� Std. Avg. Std. Avg. Std. Avg. Std. Avg. Std. 
Atchafalaya Bay 

East 2 83 39 3 0  1 5  9 , 3 4 0  2 , 957 5 . 4 1 .  2 2 3  4 
West 2 5 2  9 1  38 1 5  8 ,  1 5 0  2 , 3 0 0  5 . 4 1 .  2 1 8  3 

Johnson 1 s Bayou 1 ,  1 70 1 75 1 24 42 8 , 460 2 , 465 5 . 4 1 .  2 2 3  4 

:s: LaFourche Crossing 362 92 2 6  1 1  6 , 785 1 ,  60 0 5 . 4 1 .  2 3 0  5 
I � 

Rockefeller Re fuge 5 5 2  1 97 2 8  1 2  7 , 3 92 1 ,  9 1 8 5 . 4 1 .  2 4 1  7 

SE Pecan Island 
East 245 47 1 6  7 6 , 1 66 1 , 3 1 6  5 . 4  1 .  2 2 8  5 
west 360 1 4 5 1 6  7 7 , 2 1 1 1 ,  809 5 . 4 1 .  2 2 8  5 

Austin Bayou 6 3 9  1 3 3 24 9 6 , 1 66 1 , 3 1 6  5 . 4 1 .  2 3 2  5 

Candelaria 4 5 0  1 0 0 1 4  1 0  7 , 84 0  2 , 1 3 7 5 . 4 1 .  2 22 4 

Cl inton 7 0 0  -- 3 2  1 5  5 , 790 1 ,  1 72 5 . 4 1 .  2 22 4 

Eagle Lake 5 7 5  -- 80 77 5 , 576 1 , 088 5 . 4 1 .  2 24 4 



PAUS output i n c l ude s pl ots o f  the fr eque n cy d i s tr i but ions o f  
a l l  geolog i c  i np u t  var i a bl e s  a s  we l l  as  t h e  r e s ul t i ng d i s tr i b u t ion 
of pro j e c t  ROR ' s .  For the s ake o f  br e v i ty , t h i s  r e por t pre se n t s  
only c urve s wh ich s ummar i ze the r e s ul t  o f  chang i ng g a s  pr i c e s  from 
$ 2 . 0 0 pe r MCF thr oug h  $ 1 6 . 0 0 pe r MCF . 

Like l y  S uc c e s s  or F a i l ure o f  a Given Pr ospe c t  

F ig ur e  M - 2  il l us tr a te s  a typ i ca l  output from a s uc c e s s f ul 
prospe c t . 

-1 00% 

SMALL 

N EGAT I V E  AREA 

FAI LU R E  CASES 

0 

AVE R A G E  
R O R  

S U C C ESSFU L CASES 

+1 00% 

Figure M-2. ROR Distribution, Largely Successful Prospect. 

I n  gener al terms , the fr eq ue ncy d i s tr ibut i on of ROR ' s i s  a 
bel l -shaped c ur ve with the aver ag e  pr ospe c t  ROR l oc a ted near the 
peak or mos t  l ike l y  val ue . The t a i l s  of the c urve r e pr e se n t  the 
probably ex tr eme r ange s  o f  pr o j e c t  outcome s .  On the l e f t , the pe s
s im i s t i c  outcome s comb i ne to g i ve l ow ,  some t ime s neg a t ive ( me a n ing 
l e s s ) ROR ' s .  

For the p ur po s e s  of th i s  d i s cus s ion a neg a t ive ROR i s  cal l ed a 
" fa il ur e "  ( s haded area ) .  Obv iousl y  one wo ul d not choos e to par t i c 
ipa te i n  a pr ospe c t  l i ke l y  to r e s ul t  i n  a ne t l os s .  T h e  r e l a t i ve 
s i ze of the s haded are a  d e term i ne s  the ch ances for a f a i l ur e  to 
o c c ur . I n  F ig ur e  M - 2  the l arge par t o f  the ROR c ur ve on the pos i 
t ive s id e  ind i ca te s  h ig h  pr obab i l i ty for s uc ce s s . 

F ig ur e  M - 3 i l l u s tr a te s the ROR d i s tr i bu t i on for a pr ospe c t  
wh ich i s  l i ke l y  t o  f a il . 

I n  th i s  c a s e , random dr aws i n  t h e  Mon t e  Car l o  s im ul a t ion r e 
s ul ted i n  many c omb i na t ions o f  l ow val ue s for geol og i c var i abl e s . 
When th i s  oc c ur s  ( and e s pe c i al l y  a t  l ow g a s  pr i ce s ) the pro j e c t  
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Figure M-3. ROR Distribution,Prospect Likely to Fail. 

l o s e s  mo ney wi th a neg a t ive ROR . The shaded area ( r epr e se n t i ng 
chance s for f a i l ur e ) be come s l arge and , a s  the l e f t  ta i l  approa che s 
- 1 0 0 % , t he ROR pr ogr am bl ows up . Th i s  r e s ul t s i n  a " sp i ke , "  or 
me a n i ng l e s s  ROR val ue s , al l pl o t ted a t  - 1 0 0 % .  Whe n  nega t i ve ROR ' s 
occur , the aver ag e  pr o j e c t  ROR ' s are not me a n i ng f ul . Th i s  happe ned 
o f t e n  in the pr ospe c ts in t h i s  r e por t .  

Mon te Car l o S imul a t ion Re s ul ts 

S imul a t ion r un s  wer e  made to de termi ne gas pr i c e s  wh i ch wo ul d  
r e s ul t  i n  1 0 , 1 5 ,  a nd 2 0  per ce n t  ROR ' s . However , the a bove d i sc u s 
s ion expl a ins why aver ag e  ROR ' s  a r e  o f te n  n o t  mea n i ng f ul . For th i s  
r e a son i t  was dec ided t o  r ephr ase the r e s ul t s i n  the fol l ow i ng 
form . 

The pr obab il i ty of a ch i e v i ng a t  l e a s t  a g ive n m i n imum per cen t
age ROR as a g oal wa s comp uted ; th i s  e l i m i n a te s the need to cons id 
er or aver age mea n i ng l e s s  n e g a t i ve ROR ' s .  As a cutoff  r e ference 
poi n t , a pr o j e c t  wa s arbi trar i l y  d e f ined a s  a " s uc ce s s "  whe n  i t  
ach i eved a t  l ea s t  a pos i t i ve ROR .  Th i s  i s  the s ame a s  c al l i ng for 
at l e a s t  a pos i t ive und i scounted cash fl ow some t ime wi t h i n  the l i fe 
of the pro j e c t . I n  add i t i on ,  s imul a t ion s wer e  r un to f i nd and pl o t  
the chance s tha t  e ach pr ospe ct wil l a ch ieve g oal s of a t  l e a s t  1 0 , 
1 5 , or 2 0  per ce n t  ROR .  

S imul a t ions for al l 1 1  pr ospe c t s  wer e  r un a t  pr i c e s  r ang i ng 
from $ 2 . 0 0 per M C F  to $ 1 6 . 0 0 per M C F . F ig ur e s  M - 4  thr oug h  M - 1 4 
pr e s e n t  the r e s ul t i ng pl o t s  of the chance for ach i e v i ng the g i ve n 
ROR g oal s vs . g a s  pr i ce s . 

For the p urpo s e s  of il l us trat i on , Fig ur e  M - 4  i s  d i s c u s s e d  i n  
de ta il . Th i s  f ig ur e  pr e s e n t s  the re s ul ts o f  the Eas t Atcha fal aya 
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Bay pr ospe c t . The four cur ve s  l a be l e d  zero percen t ,  1 0 ,  1 5 ,  a nd 2 0  
per ce n t  ROR repr e s e n t  min imum re t ur n s  on i nve s tme n t  goal s .  Each 
curve pre s ents the cha nce tha t  the pr os pe c t  w i l l ach i eve the g i ve n 
goal a s  a f un c t ion o f  g a s  pr ice . The 5 0/ 5 0  chance i s  s hown a s  a 
broke n l i ne a cr os s  the cen ter of the f ig ur e . 

To f i nd the m i n imum pr ice r eq u ired for 5 0/ 5 0  chance of s uc ce s s , 
s impl y dr aw a ver t i cal l i ne downwar d fr om the po i n t  a t  wh i ch the 
zero per c e n t  c urve cro s s e s  the 5 0/ 5 0  l i ne .  Th i s  c or r e sponds to g a s  
pr ice s of about $ 7 . 5 0 per MCF . S imil ar l y , a 5 0/ 5 0  c hance for a t  
l e a s t  a 1 0  per cent  ROR r eq u ir e s  abou t $ 9 . 2 0 per M C F  o f  g a s . 

F i nal l y ,  i n  or der to show how ROR ' s  be h ave around a par t i c ul ar 
goal , F ig ur e  M-1 5 was i n c l uded . Th i s  i s  a s im ul a t ion pr i n t  pl o t  o f  
the d i s tr i but ion of ROR ' s for t h e  1 , 0 0 0  case s a t  $ 9 . 2 0 p e r  MCF of 
gas for th i s  pr ospe c t .  

Th i s  pl o t  shows the fr equenc i e s  a t  wh i c h  var i o u s  ROR ' s oc c ur i n  
1 , 0 0 0  Monte Car l o  s imul a t i on s  sel l i ng g a s  a t  $ 9 . 2 0 p e r  M C F . The 
ver t i cal ax i s  is the c o un t  ( out of 1 , 0 0 0  tr i al s ) o f  o u tcome s  i n  
each ROR i n terval . For ex ampl e ,  I n terva l  1 i s  0 - 2  pe r c e n t  ROR ,  I n 
terval 2 i s  2 - 4  per ce n t  ROR , e tc . 

The sp ike on the l e f t  s id e  of F ig ur e  M - 1 5 i s  the number o f  
fa i l ur e  cases al l pl otted a t  a n  ROR equal to zero per c e n t .  Th i s  
spike s hows tha t there i s  about a one i n  thr e e  ch a nce ( 3 6 . 8  pe r 
cen t )  for f a i l ur e  ( zero or neg a t i ve ROR ) o f  th i s  pr ospe c t  even a t  
$ 9 . 2 0 per MCF of g a s . The r ema i n i ng i nter va l s  show appr ox ima te l y  
bel l -shaped d i s tr i but ion o f  pos i t i ve ROR ' s  pe a k i ng somewhere ar ound 
the 1 4 - 1 6 per cent ROR i n terval . 

The tabl e on the r ig h t  s id e  of Fig ur e  M - 1 5 g ive s i n terval fre
q ue n c i e s  and cum ul a t ive per cen t age s .  For ex ampl e , nex t to I nter val 
6 ( l ower l im i t  = 10 per cent ) a cumul a t ive per cen t ag e  of 5 0 . 4  i s  
seen . Th i s  g ive s a 5 0/ 5 0  chance for a t  l ea s t a 1 0  per cen t ROR cor
respo nd i ng to one po i n t  on the 10 per c e n t  ROR c ur ve shown in F ig ur e  
M-4 . 

Other po in t s  on th i s  f ig ure can be found i n  a s im i l a r  fash ion . 
Th i s  type o f  ROR plot s h ows the e n t ire range o f  pos s i b l e  outcome s 
for a prospe c t  a t  one pr ice . Howeve r ,  i t  i s  not  prac t ic a l  to 
reprod uce th i s  f ig ure for a l l  pos s ible  pr i c e s  and eve ry pro s pe c t .  
For t h i s  reason i t  wa s d e c id e d  to pre s e n t  the pl o t ted r e s ul t s  as  
was done in F ig ure s M-4 through M-1 4 . 
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Figure M-4. Atchafalaya Bay East Prospect. 
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Figure M-5. Atchafalaya Bay West Prospect. 
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Figure M-7. LaFourche Crossing Prospect. 
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Figure M -8. Rockefeller Refuge Prospect. 
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Figure M-10. SE Pecan Island West Prospect. 
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Figure M - 12. Candelaria Prospect. 
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Figure M-13. Clinton Prospect. 
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Figure M-14. Eagle Lake Prospect. 
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Figure M-15. Sample Simulation Plot. 




