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Contr ibuting abou t  25 percen t  of a l l  t h e  energy  ever  produced in t h e  United 

S ta t e s ,  Texas has fo r  50 years  led  t h e  na t ion  in energy  production. Historical ly,  t h e  

Texas production has  been chief ly  f rom nearly equal amoun t s  of c r u d e  oil and  natural  

gas,  augmented  by smal ler  amoun t s  of na tu ra l  gas  liquids, uranium, coal ,  and lignite. 

Despi te  t h e  l a rge  and high level  of production, t h e  S ta t e ' s  endowment  of 

remaining energy reserves and  resources i s  considerable--several t imes  t h e  to ta l  

production t o  da te .  But  t h e  f u t u r e  proport ions and quant i t ies  of energy fue l s  will not  

be--indeed canno t  be--the s a m e  as in t h e  past .  Whereas production t o  d a t e  h a s  been 

largely f rom conventionally produced oil and  na tura l  gas,  fu ture  production mus t  come  

in g r e a t e r  pe rcen tages  f rom t h e  solid fuels--coal, l igni te ,  and  uranium--and from 

unconventional sources  of gas ,  synthe t ic  gas,  enhanced or t e r t i a r y  r ecove red  oil, 

syn the t i c  liquids, and geo the rma l  waters .  The  beginnings of t h e  sh i f t  t o  o t h e r  fuel 

sources  a r e  already in t h e  making. The production of oil, na tura l  gas,  and na tu ra l  gas 

liquids has declined s ince  1972. During th i s  s a m e  period both uranium and  lignite 

production in Texas have  quadrupled. 

Cumula t ive  Production of Energy in Texas 

The  cumula t ive  production of energy in Texas is just under 500 quads (quadrillion 
2 Btu's ) (Q)  or t h e  equivalent  of abou t  90 billion barrels  of oil ( t a b l e  1). C r u d e  oil has 

been t h e  leading cont r ibutor  at 42  billion barrels  or approximate ly  47 p e r c e n t  of t h e  

t o t a l  produced energy.  Natura l  g a s  produced in Texas  has amoun ted  t o  212 trillion 

cubic  f e e t  (TCF), t h e  energy equiva lent  of m o r e  than  38 billion ba r r e l s  of oil. Natural  

gas  liquids have cont r ibuted  abou t  9 pe rcen t  of t h e  t o t a l  o r  8.1 billion bar re ls .  The 

~ a s e d  on tes t imony originally presented  t o  t h e  Texas  House Of Representa t ives  

Inter im C o m m i t t e e  on Energy Resources,  February  16, 1978. 

* ~ ~ u i v a i e n c i e s  for  quads  a r e  given in t a b l e  2. 



ba lance  of t h e  historic  energy  production in Texas,  while s ignif icant ,  has  been s m a l l  

r e l a t ive  t o  oil and gas  production;  20 million pounds of uranium ( u 3 0 8 ) ,  140 million 

tons  of l igni te ,  and 25 million tons  of bi tuminous coal  cons t i t u t e  t h e  equivalent  of 

abou t  1.2 billion barrels  of oil o r  less t h a n  2 pe rcen t  of t h e  t o t a l  his toric  production of 

Texas  energy. 

Table  1. Cumula t ive  production of Texas  energy through 1977. 

Conventional  
Production Units  

Barrels  of Oil Quads 
or Oil Equivalent (Quadrillion 

Crude  Oil 42 billion ba r r e l s  42 billion barrels  233 

Na tu ra l  Gas 212 trillion cub ic  f e e t  38.2 billion barrels  212 

Na tu ra l  Gas Liquids 8.1 billion ba r r e l s  8.1 billion barrels  45 

Uranium 20 million pounds 720 million barrels  4 0 

Lignite  140 million s h o r t  tons  324 million barrels  1 . 8  

Bituminous Coal  25  million sho r t  tons  90 million barrels  0 . 5  

Rese rves  and Resources: Definition of Te rms  

The  t e r m s  "reserve" and  "resource" a r e  o f t e n  used in terchangeably  in casua l  

communicat ion.  Y e t  i t  is useful,  and  indeed necessary,  t o  def ine  t h e s e  te rms w i t h  

s o m e  precision if they a r e  t o  have meaning and utility. Rese rves  a r e  quant i t ies  of 

energy  measured  in barrels ,  cubic f e e t ,  British the rma l  units ,  quads, pounds, t ons ,  

megawa t t s ,  megawa t t  centur ies ,  and t h e  like, which a r e  known t o  exis t  wi th  a 

signif icant  deg ree  of geologic assurance ,  and which can  b e  recovered  wi th  exis t ing  

technology under cu r ren t  economic  conditions. Resources  a r e  measu red  in s imi l a r  

quan t i t i e s  but ,  in con t r a s t  t o  reserves,  (1) a r e  e i t h e r  known wi th  s ignif icantly l e s s  

d e g r e e  of geologic ce r t a in ty ,  (2) or  c a n  be e x t r a c t e d  only under m o r e  favorable  

economic  conditions, (3) o r  a r e  r e t r i evab le  only by use of improved technology,  (4) o r  

have  a l l  t h r e e  of t hese  charac ter i s t ics .  Resources  must  m o v e  t o  t h e  r e s e r v e  ca t egory  

b e f o r e  they c a n  be  produced, and c a n  so move  only through discovery,  through 

increasing technological  feasibi l i ty,  or  through increasing economic  feasibi l i ty (fig. 1). 



Table 2. Texas  energy  reserves  and  resources  (in quadrillion Btu's). 

Identified Reserves  

Measured Indicated o r  Infer red  

u Crude  oil 4 7 Crude  oil 47 'z Natu ra l  gas  6 2 Natura l  g a s  6 0 
o Natura l  gas  liquids 13  Natura l  g a s  liquids 
c 

13 
o Uranium 24 Uranium u 

4 0 
w Near-surface l igni te  8 7 

Near-surface coa l  7 

TOTAL 24 0 TOTAL 16 0 

Subeconomic Resources  

-;;; Ter t ia ry  oil 60 Geo the rma l  wa te r  9 5 
.s Near-surface l igni te  3 6 Geopressured m e t h a n e  5 5 

Deep-basin l igni te  260 Ter t ia ry  oil 10  
G Asphalt and  oil sha le  5 

TOTAL 35 6 TOTAL 165 

- Ter t i a ry  oil 6 0 Ter t ia ry  oil 10 
fd 
c Deep-basin l igni te  
.4 

390 Geo the rma l  wa te r  9 5 
Deep-basin coa l  4 7 Geopressured me thane  55 

2 
J2 

Subtotal  497 Sub t o t a l  160 
3 

WI 
Uranium (breeder)  1600 Uranium (breeder)  2800 

TOTAL 2177 TOTAL 2960 

Undiscovered Resources  

Economic Subeconomic 

Crude  oil 60  Ter t ia ry  oil 
Na tu ra l  gas  225 
Natura l  gas  liquids 48 Subtotal  
Uranium 6 5 

TOTAL 398 Uranium (breeder)  4550 

TOTAL 4575 

1 Q = 1 quadrillion Btu's 
= 180 million barrels  oil and gas  liquids 
= 1 TCF na tu ra l  gas  
= 77 million shor t  t ons  lignite 
= 50 million short  tons  coa l  
= 2500 shor t  tons  uranium (LLVR) 
= 25 shor t  tons  uranium (breeder)  
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Figure I. Classification of reserves and resources. 



In p rac t i ce ,  t h e  t e r m s  reserves  and resources  a r e  variously qual if ied t o  r e f l ec t  

varying degrees  of geologic c e r t a i n t y ,  resul t ing in such  common  t e r m s  as measured ,  

proven, indicated,  or  in fer red  reserves ,  or hypothe t ica l  or specu la t i ve  undiscovered 

resources;  resources a r e  a l so  qual if ied t o  r e f l ec t  varying d e g r e e s  of e c o n o m i c  and  

technologica l  feasibi i i ty .  

Calculat ion,  evaluat ion,  and a s se s smen t  of r e se rves  and r e sou rces  a r e  essent ia l  

ingredien ts  both in pr iva te  planning and in public policy. Nonetheless ,  i t  mus t  b e  

emphas ized  t h a t  such  ca lcu la t ion  is an  i nexac t  sc ience .  R e s e r v e  calculat ions,  t h e  

most  def in i t ive  s t a t e m e n t  of quant i ty  based  on maximum avai lab le  da ta ,  c a n  vary  15  

t o  20 pe rcen t  for t h e  s a m e  reserve ,  even  when equal ly c o m p e t e n t  professionals  a r e  

making t h e  calculat ions.  Resource  e s t i m a t e s  can  va ry  a n  order  of magni tude  o r  more,  

depending on t h e  amoun t  of d a t a  ava i lab le  or used or  on t h e  spec i f ic  assumpt ions  

made .  The  numbers in resource  ca lcu la t ions  have  meaning  only if assumpt ions  made  

a r e  explici t ly  s ta ted .  Rese rves  a r e  ana logous  t o  money in t h e  b a n k  or  at l e a s t  t o  well- 

secured  loans. Resources,  in c o n t r a s t  t o  reserves,  a r e  subject  t o  many var iab les  such 

as geologic knowledge, recovery  technology,  and economics.  

Finally, reserves  a r e  no t  s t a t i c  quant i t ies .  Commonly expressed  as year-end 

f igures ,  t hey  a r e  a funct ion of t h e  r a t e  of product ion and  t h e  r a t e  at which resources  

move  through discovery and  changing technologic o r  economic  condit ions t o  t h e  

r e se rve  ca tegory .  For  example ,  year-end reserves  of Texas oil  and  na tu ra l  g a s  have 

been declining s ince  t h e  l a t e  1960's because  t h e  r a t e  of product ion has e x c e e d e d  t h e  

r a t e  a t  which r e se rves  have  been added  through discovery a n d  through changing 

economic  and  technological  condit ions.  

The  R e s e r v e  and Resource  Base of Texas Energy 

The  following compr ises  t h e  known e l emen t s  of t h e  Texas energy r e s e r v e  and  

r e sou rce  base:  

(1) Crude  oil, recoverable  by pr imary  and secondary  techniques  

(2 )  Crude  oil, recoverable  by enhanced  o r  t e r t i a r y  techniques  

(3 )  Natura l  gas,  conventional ly recoverable  

(4) Unconventional  gas ,  including me thane  gas ,  p resent  in solution in geopres- 

sured,  geo the rma l  wa te r ,  and syn the t i c  gas ,  r ecove rab le  by gas i f ica t ion  of 

l igni te  and  b i tuminous  c o a l  

(5)  Natura l  g a s  liquids 

( 6 )  Lignite  and  bi tuminous coa l  



(7) Geo the rma l  waters ,  in geopressured reservoirs  o r  aqui fers  with in t e r -  

med ia t e - t empera tu re  w a t e r s  

(8) Uranium 

(9) Synthe t ic  liquids, f rom coal ,  l ignite, rock asphalt ,  t a r  sands, and  oil sha l e  

Crude  Oil: Reserves  and Resources  

Approximately 180 billion bar re ls  of oil h a v e  been discovered in p l ace  in Texas.  

Of th is  amount  nearly 60 billion ba r r e l s  will be  recovered by  primary a n d  secondary  

production techniques.  To da t e ,  nearly 42 billion barrels  h a v e  been produced,  leaving a 

1977 year-end measured  reserve  of just under 8.5 billion  barrel^.^ C u r r e n t ,  measu red  

reserves  a re  at t h e  lowest  level  s i n c e  t h e  ea r l i e s t  days of Texas oil history. T h e  

history of year-end reserves  shows a gradual  annual  r ise in quant i ty ,  reaching  a peak  of 

15.3 billion bar re ls  in 1951. From 1951 through 1967, r e se rve  addi t ions  genera l ly  

m a t c h e d  production so t h a t  year-end reserves  remained essential ly s table;  1967  

reserves  were  9 5  pe rcen t  of t h e  peak reached in 1951. S ince  1967, r e se rve  addi t ions  

have averaged only about  one-half of production,  resulting in a sharp dec l ine  in a n n u a l  

year-end reserves;  c u r r e n t  reserves  a r e  barely half of t h e  peak  reached in 1951 (fig. 2). 

The fu tu re  leve l  of measured  year-end reserves  of c r u d e  oil will depend on t h e  

following: (1) t h e  volume of addit ional ,  identif ied reserves  classed as inferred a n d  

indicated,  (2) t h e  volume of oil remaining a s  undiscovered resources,  (3) t he  r a t e  of  

drilling and t h e  r a t e  of finding t h e  remaining undiscovered oil, and (4) t h e  e x t e n t  to 

which oil in p l ace  can  b e  recovered by enhanced technology and  methods,  in c o n t r a s t  

t o  recovery by primary and secondary methods. 

In addit ion to  measured  r e se rves  (cal led proved reserves  by t h e  Amer ican  

Pet ro leum Inst i tute) ,  t h e  U. S. Geological Survey (USGS) r e p o r t s  addit ional ,  ident i f ied  

reserves  in t h e  ca t egor i e s  of indica ted  and  inferred.  Indicated reserves  include bas ic ,  

addit ional  reserves  f rom known reservoirs  ava i lab le  through fluid inject ion;  ex t r ap -  

o l a t ed  volume for  indica ted  reserves  in Texas  is approximately 2 billion barrels .  

Inferred reserves  include quant i t ies  t h a t  should b e  eventual ly added t o  known f i e lds  

through extension,  revision, and new reservoirs; ex t r apo la t ed  volume for  i n fe r r ed  

reserves  in Texas is approximately 6.5 billion barrels.  Infer red  r e se rves  r ep resen t  

s ta t i s t ica l ly  t h e  volume by which in i t ia l  discoveries  tend t o  increase wi th  subsequent  

development and production drilling. Because t h e  ave rage  s i ze  of n e w  field dis- 

cover ies  is decreasing,  i t  is1 likely t h a t  t h e  inc rease  in r e se rves  th rough  subsequent  

3 ~ s  repor ted  by t h e  Amer ican  Pe t ro l eum Inst i tute .  

6 



Reserve Decline 

/ YEAR-END RESERVES 1 D..r.A,.n+:m- m - n l : - ~  

ANNUAL PRODUCTION ..a. ........ ......... ....... .... .......... 
......a. ............................. 

RESERVES ADDED 

f PRODUCTION 
I\ 

t h 
\ / --- ---_ 1' \\//\\ /I \\ \, Breakeven - I / - -1 \ . ~ ~ , , ~ p ' ~ ~  

\ I 
\ 
\ / 

'\ 

1' 
\ 

\- -1 \//'\\ , / 
\-4 

Figure 2. Texas crude oil production and reserve trends. 



development  and production drilling may be  less in t h e  fu tu re  t h a n  i t  has b e e n  

historically. Consequently,  t h e  r epor t ed  volume of infer red  reserves m a y  be opti-  

mist ic .  But assuming t h a t  infer red  reserves  a r e  a t  6.5 billion barrels ,  t h a t  indica ted  

reserves  a r e  abou t  2 billion barrels ,  and  t h a t  measured  reserves  a r e  8.5 billion bar re ls ,  

t h e  t o t a l  identif ied c rude  oil reserves  would b e  17 billion bar re ls ,  or 15  t i m e s  c u r r e n t  

annual  production. 

A second major  considerat ion in fu tu re  r e se rve  levels is t h e  volume of yet-to-be- 

discovered,  recoverable oil. No spec i f ic  ca lcula t ions  have been  r epor t ed  for Texas,  

though severa l  e s t i m a t e s  have  been m a d e  for t h e  United S t a t e s  a s  a whole and fo r  

c e r t a i n  subdivisions of t h e  United Sta tes .  Ext rapola ted  f r o m  these  calculat ions,  

e s t i m a t e s  of yet-to-be-discovered, recoverable  c r u d e  oil in Texas  range  f rom abou t  6 

t o  20 billion bar re ls  and have  a mean of approximately 11 billion ba r r e l s  (Miller a n d  

o thers ,  1975). 

Given t h e  extens ive  drilling t h a t  has  occurred  in Texas  t o  depths a t  which o i l  i s  

commonly found, t h e  conserva t ive  s ide  of these  e s t ima tes  m a y  be  more  probable. A 

t o t a l  resource  f igure  (measured ,  indica ted ,  and inferred r e se rves  plus undiscovered 

resources)  thus would range  f rom a b o u t  23 t o  37 billion ba r r e l s  and h a v e  a mean of 

abou t  27 billion barrels.  This compares  with a historic  cumula t ive  production of 42  

billion barrels.  While an undiscovered resource of approximate ly  11 billion barrels  i s  

y e t  a subs tant ia l  explorat ion t a r g e t ,  t h e  r a t e  a t  which t h e s e  undiscovered resources  

c a n  become  producible reserves  is c r i t i ca l  in modifying c u r r e n t  production trends in  

t h e  nea r  fu ture .  

For t h e  past  f ive  years ,  Texas production of c r u d e  oil h a s  declined a n  average  of 

abou t  2.6 pe rcen t  per year .  Measured year-end reserves h a v e  decl ined at an e v e n  

m o r e  dras t ic  r a t e  of a b o u t  6 pe rcen t  annually. Since 1920 a n  ave rage  of about 860 

million barrels  of recoverable  oil have  been  found e a c h  year in Texas; during this s a m e  

57-year  period, production of c rude  h a s  averaged abou t  710 million b a r r e l s  per yea r .  

These historical  averages,  however,  d o  not  r e f l e c t  t h e  m o r e  recent  t rends .  In t h e  

heyday of discovery, f rom 1925 to  1944, ave rage  annual  r e s e r v e  addit ions amounted  t o  

1.5 billion barrels ;  during t h e  period 1945 t o  1933, this a v e r a g e  dropped t o  about  a 

billion barrels  per  year ,  roughly equiva lent  t o  a v e r a g e  annual  production during t h a t  

period. But s t a r t i ng  in 1954 and continuing through 1963, a v e r a g e  annual  discovery of 

c rude  oil decl ined,  dropping to  only 350 million barrels,  roughly one-third of t h e  

exist ing production ra tes .  Then f r o m  t h e  early s ix t ies  unt i l  t h e  present ,  production 

c l imbed to a record  1.3 billion bar re ls  in 1973; a v e r a g e  annual  discoveries  amounted  t o  

60 million barrels ,  one- twent ie th  of t h e  ave rage  r a t e  of production (fig. 3). 
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Figure 3. Historic relationship: exploration drilling, oil and gas discoveries, and oil and gas finding rates, Texas. 



The subs tant ia l  reduct ion  in volume of reserves  added e a c h  year ,  s t a r t i ng  in t h e  

1950's and continuing t o  t h e  present ,  is due  primari ly t o  a d e c r e a s e  in discovery r a t e ,  

and no t  t o  a major  dec rease  in c u r r e n t  explorat ion ac t iv i ty  r e l a t ive  t o  e a r l y  years. In 

r ecen t  years  t h e  amount  of oil  discovered per f o o t  of explora tory  dri l l ing has b e e n  

approximately four bar re ls  per  foot .  If only t h a t  portion of explora tory  drilling 

c red i t ed  to  oil well  comple t ions  and a prora ted  port ion of t h e  recorded d ry  holes a r e  

considered,  t h e  oil finding r a t e  is a b o u t  10 bar re ls  per  foot .  Although low, the  r e c e n t  

r a t e  of finding has remained relat ively s t ab le  and should r ema in  so into t h e  immedia t e  

fu ture .  There is l i t t l e  basis for  project ing a s ignif icant  dec l ine  in t h e  r a t e  of f inding 

over t h e  next  f e w  years .  Increased drilling will thus inc rease  t h e  volume of oi l  

discovered,  assuming t h e  finding r a t e  remains s t ab le ,  but  discovery a l o n e  will m o s t  

likely not  be suf f ic ien t  t o  modify signif icantly t h e  general ly declining t r e n d  in c r u d e  

oil production. 

To da te ,  approximately 180 billion barrels  of oi l  have been  discovered in place;  if 

t h e  yet-to-be-discovered recoverable  volume of c rude  oil i s  11 billion barrels,  a n  

addit ional  35 billion ba r r e l s  will b e  discovered in place. (Assuming a 32-percent  

recovery by pr imary  and secondary recovery techniques,  a t o t a l  of approximate ly  7 0  

billion barrels  will b e  recovered ,  leaving abou t  145  billion barrels  in place.) This  

volume, obviously, cons t i t u t e s  a ma jo r  potent ia l  t a rge t  f o r  recovery.  Enhanced 

recovery  techniques  a r e  avai lable t o  recover  a s ignif icant  port ion of t h i s  oil, but s u c h  

techniques cos t  substant ial ly more  than  c a n  be o f f s e t  by exis t ing  oil pr ices .  A r e c e n t  

analysis published by t h e  National Pe t ro leum Council  (NPC) (1976) concluded t h a t  a 

signif icant  volume of oil could be recovered  by using advanced recovery techniques. 

A t  a pr ice  of $25 per  ba r r e l  (1976 dollars), an e s t i m a t e d  addit ional  9 billion barrels  of 

Texas  crude  could b e  recovered  f rom known fields be tween now and y e a r  2000 through 

enhanced oil recovery  (EOR) techniques. Under t h e s e  assumptions,  approximately 8 0  

million barrels  a year  could b e  produced in 1980, 300 million barrels  in  1985, 5 7 0  

million barrels  in 1990, and up to  590 million ba r r e l s  in 1995. The rea f t e r ,  production 

through EOR would decl ine t o  about  540 million bar re ls  in 2000. 

Clear ly ,  t h e  volume in  oil remaining  in p l a c e  is huge. There a r e ,  of course ,  

physical l imits  t o  recovery  even wi th  enhanced techniques.  A subeconomic  resource  

base  a t  approximately 30 billion bar re ls  is ca l cu la t ed  here,  assuming t h a t  a n  addit ional  

20 percent  of t h e  exist ing and to-be-discovered oil in place, n o t  recoverable  by p r imary  

and secondary methods,  c a n  u l t imate ly  b e  recovered  by enhanced methods. T h e  

volume actual ly t o  be recovered  is heavily dependent  on p r i ce  and f u t u r e  technology. 

For example,  under provisions of t h e  National  Energy Plan, 1977 (NEP), which p r i ces  



t e r t i a r y  oil a t  c u r r e n t  world price,  a l i t t l e  less t han  one-half t h e  amount  projected by 

NPC through 2000 would be  recovered  (Fisher and o thers ,  1978). 

Texas  oil production will cont inue  t o  decl ine a t  leas t  for  t h e  immedia t e  future.  

Since decl ine began in  1973, i t  has ave raged  2.6 pe rcen t  annually; t h e  l a rges t  decline 

was  last  yea r  (1977) and amoun ted  to  4.3 percent .  Continued increased drilling may  

slow somewhat  t h e  r a t e  of production decl ine,  but  barr ing a s ignif icant ,  y e t  unlikely, 

improvement  in t h e  r a t e  of finding, new discoveries  and r e s e r v e  addit ions probably 

canno t  s tabi l ize production at levels  comparable  t o  cu r ren t  production. Stabi l izat ion 

of production,  possibly a t  a leve l  of a b o u t  80 p e r c e n t  of c u r r e n t  production,  could 

occur,  bu t  such stabi l izat ion would requi re  t e r t i a ry  production at levels pro jec ted  by 

NPC at  a price of $25 per ba r r e l  (1976 dollars) and,  as well, a continued,  aggressive 

drilling program. 

Natura l  Gas: Rese rves  and Resources  

By t h e  end of 1977, approximately 330 T C F  of na tu ra l  g a s  had  been discovered in 

Texas; 212 TCF or nearly 65  percent  of t h a t  discovered t o  d a t e  has a l r eady  been 

produced. Identified measured  reserves  a r e  repor ted  by the  Amer ican  Gas  Association 

(AGA) a t  about  6 2  TCF; to  th is  amount  t h e  USGS assigns an addit ional  60 T C F  car r ied  

a s  identif ied,  infer red  reserves.  

Whereas t h e  recovery  of oil by conventional  me thods  a v e r a g e s  about  3 2  percent  

of t h e  original oil in place,  recovery r a t e s  of na tu ra l  g a s  a r e  much  higher, commonly 

up to  85  pe rcen t  or higher. As a resul t ,  t h e r e  is less  opportunity t o  apply enhanced 

recovery techniques--beyond conventional  methods--to na tura l  g a s  as t h e r e  is t o  c rude  

oil. Exceptions a r e  ce r t a in  t i gh t  geological  fo rma t ions  such as t h e  Devonian shales, 

t he  sandstones in t h e  Rocky Mountain basins, as well a s  ce r t a in  Texas  format ions .  

As with oil, t h e  year-end identif ied reserve  quant i ty  of na tura l  g a s  i s  dynamic 

and changing. It is t h e  t r end  in reserve volume and t h e  f ac to r s  control l ing th i s  t rend  

t h a t  assume impor t ance  even g rea t e r  t h a n  t h e  absolu te  reserve  number. T e x a s  year- 

end reserves  of na tu ra l  gas  gradually increased  f r o m  t h e  ear ly  days of oi l  and gas  

explorat ion and reached a peak  of 125 T C F  in 1967. Cur ren t  reserves  of 6 2  TCF a r e  

t h e  lowest  in long-term history and a r e  less  than  50 percent  of peak  reserves  existing 

10 yea r s  a g o  (fig. 4). This r a t h e r  d ra s t i c  decline in measured r e se rves  is d u e  simply t o  

t h e  r a t e  of production outpacing t h e  r a t e  of reserve addition. Unti l  the  e a r l y  19501s, 

addit ions t o  reserves  substant ial ly exceeded  production. F rom 1952 th rough  1967 

reserves were  added at a r a t e  general ly equal  t o  production,  even  though production 
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Figure 4. Texas natural gas production and reserve trends. 



doubled during t h a t  period. Since 1967, however, r e se rve  addi t ions  have  averaged no  

more  than  15 pe rcen t  of production. Because of t h i s  drop  in r e se rve  addit ion,  fur ther  

worsened by t w o  yea r s  (1973 and 1975) of negat ive  revisions amount ing  t o  nearly 2.5 

TCF,  t h e  s ignif icant  decl ine in production t h a t  began in 1973 was  inevi tab le  (fig. 4). 

Since peak p roduc t io i~  in 1972, Texas  production of na tura l  g a s  has declined 24 

percent ,  or  an  annual  ave rage  of 4.8 percent .  

Although r e c e n t  declining t rends  in year-end reserves  and in production a r e  

dras t ic ,  several  f a c t o r s  r e l a t ive  t o  Texas na tura l  g a s  could a r r e s t  these  t rends  and  

even lead  t o  s tabi l ized or  increased  levels  of fu tu re  production. Indeed, t h e  fu ture  of 

Texas na tura l  gas  s eems  considerably brighter  t han  t h e  f u t u r e  of Texas  c rude  oil 

production. 

For one, t h e  subs tant ia l  increase  in drilling in Texas  over t h e  past  f i v e  yea r s  h a s  

led t o  a 26-percent increase  in t h e  number of gas wel l s  (35,231 in  1972 compared  wi th  

44,432 in 1977) and a 20-percent  increase  in  number of producing fields (9,406 in 1972 

compared  wi th  11,317 in 1977), according t o  t h e  1977 Annual Repor t  of t h e  Texas 

Railroad Commission Oil and Gas  Division. Fur thermore ,  r e c e n t  increases  i n  drilling 

ac t iv i ty  a r e  beginning t o  show in reserve  additions, which in 1977 amoun ted  t o  4.3 

TCF, t h e  highest addition pos ted  s ince  1967 and b e t t e r  t han  half t h e  t o t a l  reserve  

addit ion of 8.3 T C F  posted for  t h e  period of 1968 t o  1976. 

Secondly, t h e  identif ied reserves  (measured  plus inferred)  a r e  larger  f o r  natural  

gas t han  for  oil (21.5 billion bar re ls  of oil  equivalent  of gas  ve r sus  16.5 billion barrels  

of  oil), and the  p e r c e n t  of t o t a l  identif ied reserves  already produced is less  for gas  

than for  oil  (64 pe rcen t  for  gas,  72  pe rcen t  for  oil). 

Thirdly, e s t i m a t e s  of yet-to-be discovered na tu ra l  gas  a r e  higher t h a n  those  for  

oil. According t o  f igures ex t rapola ted  f r o m  USGS (Miller and o thers ,  1975) e s t ima tes ,  

a n  undiscovered resource  ranging f rom 9 0  t o  225 T C F ,  with a s t a t i s t i ca l  m e a n  of about  

150 TCF, exists  in Texas. These  f igures a r e  approximately 2.5 t i m e s  g r e a t e r  in oil 

equivalency than similar  e s t i m a t e s  for oil. National  e s t i m a t e s  m a d e  by t h e  Potent ia l  

Gas Agency (1977) a r e  about  t w i c e  t h e  nat ional  e s t i m a t e s  of t h e  USGS, and  a t  leas t  

some  basis ex is t s  for  cha rac t e r i z ing  t h e  USGS e s t i m a t e s  a s  conservat ive.  T h e  average  

depth of explorat ion wells is abou t  6,000 f e e t ;  cur rent ly ,  only a b o u t  1 p e r c e n t  of a l l  

explora tory  drilling is at dep ths  g r e a t e r  t han  15,000 f ee t .  While hydrocarbons in t h e  

liquid s t a t e  (crude oil) occur a lmost  exclusively a t  dep ths  where mos t  of t h e  historical  

drilling has  taken  place,  hydrocarbons in  t h e  gaseous s t a t e  m a y  exist t o  depths in  

excess of 25,000 feet. Consequently,  even  in a r e a s  extensively drilled a t  shallow 

depths,  such a s  t h e  Texas basins, a s igni f icant  pa r t  of t h e  potential ly gas-prone section 



in oil and gas  basins is relat ively untested.  Accordingly, a n  e s t i m a t e  of 225 T C F  o f  

undiscovered gas,  t h e  higher USGS es t ima tes ,  seems reasonable.  Certainly,  t h e  

f requency of potent ia l  reservoir  rock is less  at g r e a t e r  depths (due  to  l ower  

permeabil i t ies)  in c e r t a i n  basins like t h e  Texas Gulf Coast .  Fu r the rmore ,  at depths  i n  

excess  of 15,000 f e e t ,  c o s t s  of drilling and complet ion a r e  s ignif icantly higher. F o r  

example,  cos t  of t h e  ave rage  deep  well in Texas in 1976 (below 15,000 f e e t )  was a b o u t  

$2.24 million, whereas  cos t  of t h e  ave rage  well be tween 5,000 and 7,500 f e e t  w a s  

approximately $175,000 (American Pet ro leum Ins t i tu te ,  1977). 

Finally, al though t h e  r a t e  of f inding for  na tu ra l  gas, as for  oil, is subs tant ia l ly  

lower than in ear l ie r  years, t he  gas  finding r a t e  has  s t ayed  at higher levels--about 

t w i c e  t h a t  of oil (fig. 3). Fu r the rmore ,  while a fu tu re  inc rease  in t h e  oil finding r a t e  

does  not  seem likely, an improved gas  finding r a t e  i s  possible w i t h  deeper drilling. 

In addition t o  conventional  g a s  sources,  o t h e r  potent ia l  sources of gas  i nc lude  

me thane  in solut ion in geopressured geothermal  w a t e r s  and synthe t ic  g a s  derived f r o m  

l ignite  and coal.  These potent ia l  sou rces  a r e  considered in following sec t ions  of t h i s  

repor t  on l igni te  and geo the rma l  resources.  

Therefore ,  t h e  volume of remaining reserves  (62 TCF)  plus e x p e c t e d  r e sources  

(approximately 225 TCF) and a reasonable finding r a t e  t h a t  possibly could i m p r o v e  

o f f e r  a potent ia l  basis for  a r res t ing  production decline in conventional ly recovered  

na tu ra l  gas, thus  s tabi l izing production at a subs tant ia l  level ,  or  even increasing t h e  

c u r r e n t  level  of production. Obta in ing  any of  t hese  possibilities will requi re  

s ignif icant  increases  in t h e  volume and depth of explora tory  drilling, which a r e  b o t h  

highly sensi t ive t o  na tura l  g a s  prices. 

Natura l  Gas Liquids: Reserves  and Resources  

Natura l  g a s  liquids (NGL), largely liquid pe t ro leum gas ,  e thane ,  na tu ra l  gasoline, 

and isopentane,  a r e  products  s epa ra t ed  as liquids f rom produced na tura l  gas.  Cumula-  

t i v e  Texas production of NGL through 1977 has  amounted  t o  about  8.1 billion b a r r e l s  

f rom a to t a l  na tu ra l  gas  production of 212 TCF. Reserves and  resources of NGL a r e  

d i rec t ly  a funct ion  of na tu ra l  gas  r e se rves  and resources.  Assuming t h a t  t h e  h i s to r i c  

a s  well a s  t h e  r ecen t  NGL/gas ra t io  of 26 bar re ls  per  MMCF holds, NGL reserves a n d  

resources  a r e  as follows: 



Identified Reserves  

Measured 

Inferred 

Undiscovered Resources  

G a s  

62  T C F  

60 T C F  

225 TCF 

TOTAL 

2.4 
billion ba r r e l s  

2.3 
billion ba r r e l s  

8.7 
billion ba r r e l s  

13.4 
billion ba r r e l s  

Lignite  Coal: Reserves  and Resources  

Lignite  or low-rank coa l  occurs  extensively in t h e  Coas ta l  PIain portion of  Texas 

and is principally concen t r a t ed  in East  Texas. Lignite  is found mainly in t h r e e  

geologic formations:  t h e  \Xiilcox, t he  Yegua ,  and t h e  Jackson. T h e  most ex t ens ive  and 

b e t t e r  g rade  depos i t s  a r e  in t h e  Wilcox of East  Texas. 

Lignite  and bituminous coa l  were  t h e  principal energy fue l s  in Texas  during t h e  

l a t t e r  pa r t  of t h e  19th cen tu ry  and through t h e  1920's. With t h e  advent  of oil and  

na tura l  gas,  coal  was displaced as a s igni f icant  fue l  source. T h e  re turn  t o  l igni te  as a 

fuel  began in t h e  middle 19501s, and by t h e  ear ly  19701s, as  n a t u r a l  gas  b e c a m e  less  

abundant  and more  expensive, in teres t  i n  lignite as a fue l  f o r  power generat ion 

increased  dramat ica l ly .  To da t e ,  about  140 million tons  of Texas  l igni te  h a v e  been  

produced, and nearly half t h a t  production has  been  posted s i n c e  1970. Based on t h e  

capac i ty  of mines and plants  now in opera t ion  plus those  scheduled t o  be in operat ion,  

Kaiser  and Cooper (1978) p ro j ec t  1985 production of Texas l igni te  at about  65  million 

tons. About 90 percent  of t h i s  production will g o  t o  support  a n  ins ta l led  power 

genera t ion  capac i ty  of abou t  12,000 MW, about  30 pe rcen t  of the  S ta t e ' s  1985 

pro jec ted  e l ec t r i ca l  demand;  t h e  ba lance  will be used in the  industrial s e c t o r .  The  

s igni f icant  sh i f t  t oward  l igni te  as a power genera t ion  fue l  is r a t h e r  direct ly a function 

of t h e  abundance of t h e  resource,  t h e  p r i ce  of na tura l  g a s  in t h e  i n t r a s t a t e  marke t ,  t h e  

avai labi l i ty of na tu ra l  gas,  and t h e  exis t ing  S t a t e  policy as a r t i cu l a t ed  in  Texas  

Railroad Commission Docket  600, e f f e c t i v e  December  1975. 

Calcula t ions  and e s t i m a t e s  of Texas  lignite reserves  and resources  historically 

have  been  made by The Universi ty of Texas  a t  Aust in Bureau of Economic Geology 

(BEG). These f igures  have been  t h e  sou rce  o r  basis o f  ca lcula t ions  also r e p o r t e d  by t h e  



U. S. Bureau of Mines (USBM), t h e  U. S. Geological  Survey (USGS), and t h e  U. S. 

Depa r tmen t  of Energy (DOE). The f i r s t  s ignif icant  ca lcula t ion  was made  in 1955 

(Perkins and Lonsdale) followed by ca lcula t ions  m a d e  by Fisher  (1963), Kaiser (1974), 

and most  recent ly  by Kaiser  (1978). The  Bureau of Economic Geology is cu r r en t ly  

(1978) conducting de ta i led  reserve  and resource  calculat ions,  based in p a r t  on indus t ry  

drilling da t a ,  for  t h e  Texas Energy Advisory Council.  

Trends of these  e s t i m a t e s  h a v e  been toward  an upward revision of r e s e r v e  

volume, largely due  t o  t h e  avai labi l i ty of more  d a t a  and g r e a t e r  geologic synthes is  

wi th  t ime.  R e c e n t  e s t i m a t e s  ( ~ a i s e r ,  1974, 1978) have distinguished be tween nea r -  

su r f ace  lignites, those under less t han  200 f e e t  of cover ,  and deep-basin lignites, t h o s e  

a t  depths  g r e a t e r  t han  200 f e e t .  Values r epor t ed  for t h e  near -sur face  lignites a r e  

considered identif ied resources,  based on ac tua l  measu remen t  and re l iab le  geologic  

inferences .  A portion of t h e s e  ( to  dep ths  of 150 f e e t )  a r e  designated a s  reserves  based  

on cu r ren t  recovery  f ac to r s ,  land avai labi l i ty,  and economics.  The deep-basin l igni tes ,  

l ikewise, a r e  identif ied bu t  a r e  not  designated as reserves  because  the i r  r ecove ry  

depends on m o r e  favorable  economics and improved technology.  In t h e  fu ture ,  i t  i s  

likely t h a t  l igni te  now classed a s  resources,  including both  deep-basin and c e r t a i n  

near-surface deposi ts ,  will move t o  t h e  reserve ca tegory .  

Near-sur face  lignite, as noted previously, is t h a t  l igni te  under less  t h a n  200 f e e t  

of cover.  An excel len t  understanding of regional  geology combined wi th  tangib le  

ev idence  of l igni te  occurrences  (outcrops,  ea r l i e r  and c u r r e n t  mine workings, and  

boreholes) provides t h e  basis  for  reserve  e s t ima tes .  Es t imat ion  rests on such geologic 

ev idence  a s  s t ra t igraphic  occurrence ,  sand-body geometry ,  anc i en t  deposi t ional  envi-  

ronments ,  regional  dip, and project ion up-dip f r o m  t h e  deep  basin. These  da ta  a l low 

determinat ion  of potent ia l  a c r e a g e  underlain by lignite; where  a la rge  amoun t  of d a t a  

exists ,  ac tua l  productive ac reage  m a y  b e  ca lcula ted .  The  ra t io  of productive t o  

potent ia l  a c r e a g e  is t hen  applied t o  potent ia l  a c r e a g e  in s imi lar  geologic  set t ings.  

Lignite  thickness assigned is typical  for  t h e  a r e a  under considerat ion.  In all  cases 

1,750 tons lacre- foot  is used. 

The  most r e c e n t  BEG e s t i m a t e  of near -sur face  lignite resources  w a s  published in 

January  1978 by Kaiser .  In-place l igni te  resources amount  t o  12,197 mil l ion short t o n s  

(158 Q),  excluding l igni tes  in s eams  less t han  3 f e e t  thick. Reserves ,  lignite t h a t  

c a n  be  economical ly recovered  today,  a r e  e s t i m a t e d  assuming su r face  mining t o  150 

feet, a n  illegal f r ac t ion4  of LO percent ,  and a recovery  f a c t o r  of 85  percent .  Under  

4 ~ n c l u d e s  such unavailable l igni te  a s  t h a t  beneath  urban areas ,  highways, and  rivers. 



t hese  assumptions, s t a t ewide  reserves  a r e  set a t  6,740 million shor t  t o n s  (87 Q). 

Inclusion of l igni te  benea th  150 and 200 f e e t  of cove r  would increase  cu r ren t  reserves 

by 2.8 billion shor t  tons  (36 Q). Heat ing  values assigned to t h e  Wilcox, Jackson,  and 

Yegua lignite-bearing geologic uni t s  a r e  7,000, 5,000, and  6,000 Btu/lb., respect ively.  

Deep-basin l igni tes  a r e  those t h a t  occur  at depths  g r e a t e r  t han  200 f ee t .  These  occur 

extensively throughout  t he  Texas  Coas t a l  Plain and h a v e  been mapped using logs and 

records  f rom more  t h a n  3,000 oil and g a s  wells. These  deep-basin l igni tes  were  f i rs t  

de l inea ted  by t h e  BEG in 1974 (Kaiser) and  a r e  ca l cu la t ed  t o  r ep resen t  approximately 

100,000 million tons. 

These  l igni tes  will b e  recoverable  only by in s i tu  recovery methods;  underground 

or deep-mining is possible but  unlikely due  t o  inherent  problems in underground mining 

in unconsolidated sediments .  The  kind of recovery closest  t o  near - te rm commercia l -  

izat ion is in s i tu  gasif icat ion.  Current  technology l imi ts  t h e  process  t o  2,000 f e e t ,  and 

consequently t h e  resource  base  is set a t  40 billion t o n s  or t h a t  port ion of t h e  resource  

occurring at depths  ranging f r o m  200 t o  2,000 f e e t .  In s i t u  gasif icat ion requires 

gasif icat ion of a l igni te  s eam underground t o  recover  t h e  products  a s  a low-Btu gas  

(carbon monoxide and hydrogen diluted w i t h  nitrogen). The hea t ing  value assigned is 

6,470 Btu/lb., a weighted a v e r a g e  based on near -sur face  l igni te  values by  geologic 

unit .  Thus, a ton of lignite so  burned will  yield t h e  equivalent  of  about  130 MCF of 

gas. If 50 pe rcen t  of t h e  approximately 40 billion t o n s  of deep-basin l igni tes  in  place 

at depths  f rom 200 t o  2,000 f e e t  were  recovered ,  t o t a l  yield would be 2 ,600 TCF of 

syn the t i c  gas. As such, syn the t i c  gas  has  a Btu value a b o u t  one- ten th  t h a t  of 

conventional  na tu ra l  gas;  t he  gasified c o a l  resource base  is t h e  energy equivalent  of 

about  260 TCF or 260 Q of conventional  gas. The development of advanced techniques 

t o  gasify l igni te  in p lace  down t o  depths of 5,000 f e e t  would i n c r e a s e  this resource  t o  

t h e  energy  equivalent  of 650 T C F  of conventional  n a t u r a l  gas. 

In conclusion, recoverable  reserves of Texas l igni te ,  ca l cu la t ed  t o  b e  6.7 billion 

tons,  a r e  considerable. Lignite  resources  potential ly recoverable  at higher prices or 

with improved technology could  increase  t h e  reserve  volume e ight fo ld  and,  of course, 

provide a n  even g r e a t e r  ingredient  in t h e  energy  f u t u r e  of Texas. 

As a measure  of the  volume of Texas lignite reserves  and t h e  energy production 

they  will support ,  we may consider  t h e  volumes needed t o  suppor t  t he  12,000 M W  of 

pro jec ted ,  installed, l igni te-generat ing capac i ty  by 1985. The genera t ion  of 1,000 MlV 

of e l ec t r i c i t y  requires about  5.5 million tons  of l igni te  per year .  Maintenance  of 

12,000 MW of capac i ty  through normal 30-year plant  lives will require just under 2.0 

billion tons  of l igni te ,  or abou t  30 p e r c e n t  of t h e  presently identif ied reserve. 



Bituminous Coal: Reserves  and  Resources  

Bituminous coal  occu r s  in t h e  nor th-cent ra l  par t  of t h e  S t a t e  and a t  a f e w  

local i t ies  along t h e  Rio Grande  in South Texas and  in Trans-Pecos Texas. Although n o t  

nearly a s  abundant ,  t h e  Texas  bi tuminous coals  a r e  higher in hea t  va lue  than T e x a s  

lignites, occur in  relat ively th in  seams,  and  a r e  commonly high in sulfur  content .  

Total  h is tor ic  production of bi tuminous coa l s  in Texas has  amoun ted  t o  abou t  2 5  

million tons. None has  been  mined in r ecen t  years ,  nor is any  bi tuminous coal  n o w  

being mined in t h e  Sta te .  However,  a mine which will produce  about  300,000 tons  p e r  

year  is now opening in South Texas nea r  Laredo where bi tuminous (so-called c a n n e l  

coals)  will b e  produced for  industr ial  use. Kaiser  and Cooper  (1978) pro jec t  a t o t a l  

1985 bi tuminous coa l  production of abou t  3 million tons, which will b e  used in t h e  

industr ial  s ec to r  specif ical ly for  ro t a ry  kiln hea t ing  in c e m e n t  manufac ture .  

Bituminous coals  a r e  not  a s  wel l  de l inea ted  as Texas lignites; e s t i m a t e s  h e r e i n  

a r e  based on repor ts  of t h e  USGS (Mapel, 1967) and t h e  BEG (Evans, 1974). Near-  

su r f ace  s t a t ewide  resources  (0 t o  200 f e e t )  a r e  set a t  790  million tons  and a r e  

ca lcula ted  by tak ing  20 p e r c e n t  of t h e  resources  t o  depths of 1,000 f e e t .  Reserves  a r e  

e s t ima ted  assuming s u r f a c e  mining t o  150 f e e t ,  a n  illegal f rac t ion  of 10  percent ,  a 

recovery  f a c t o r  of 80  percent ,  and 20 p e r c e n t  lost i n  washing. Under t h e s e  

assumptions reserves  a r e  s e t  a t  330 million tons  (6.5 Q). Heating va lue  assigned i s  

10,000 Btu/lb. The  deep-basin r e source  in p l a c e  is 4,700 million tons ,  of which 5 0  

pe rcen t  o r  2,350 million tons  (47 Q) i s  potential ly recoverable,  most  probably by in s i t u  

or  in p lace  recovery  methods. 

Given t h e  relat ively small  r e source  base of Texas bituminous coals, t h e i r  

occurrence  in thin seams,  and  their  high sulfur con ten t ,  near -sur face  mining of t h e  

coa ls  will most likely b e  for  relat ively small  volume industr ial  use where  a heat  v a l u e  

higher than those  obtained from l ignites  is required.  The  potential  f o r  recovery ,  

whether  by deep  mining or by in s i t u  recovery,  of t h e  deep-basin bi tuminous c o a l  i s  

severe ly  r e s t r i c t ed  by seam thickness. 

Uranium: Reserves  and Resources  

Uranium, t h e  fuel  for  nuclear  r eac to r s ,  occu r s  in t h r e e  known a r e a s  of t he  S ta t e :  

t h e  Coas ta l  Plain (mainly concen t r a t ed  in South Texas), Trans-Pecos Texas ,  and Nor th  

Texas. Sustained commerc ia l  production has b e e n  l imited t o  South T e x a s  where  a 



cumula t ive  S t a t e  production of abou t  20 million pounds or approximately 10,000 tons  

has been  produced. 

Es t ima tes  of nat ional  r e se rves  and resources a r e  compiled by  t h e  D e p a r t m e n t  of 

Energy (formerly Energy Resea rch  and Development Administrat ion and Atomic 

Energy Commission) and a r e  based on d i f f e ren t  cos t  levels (most  recent ly  $15.00, 

$30.00, and  $50.00) per  pound of ~ ~ 0 ~ . ~  Historic  uranium reserves  and resources  have 

been divided into t h e  following ca tegor ies :  (1) ore reserves,  based on  a c t u a l  measure-  

ment  d a t a  and equivalent  t o  identif ied,  measured reserves;  (2) probable resources,  

quant i t ies  in known dis t r ic t s  based on geologic inference ,  (3) possible resources,  and (4) 

specula t ive  resources. 

O r e  reserves  for  Texas ( identif ied,  measured  reserves)  a r e  given a s  54,000 tons 

of U3O8 by DOE (1978), based on a $50.00 per  pound c o s t  level. This f igure compares  

with unofficial industry e s t i m a t e s  ranging f rom 50,000 t o  75,000 tons.  The  D O E  figure 

includes reserves recoverable  by solution mining. The  r a t e  of explora tory  drilling for  

uranium continues high; in 1971, 5.8 million f e e t ,  equal  t o  25 p e r c e n t  of t h e  1977 oil 

and gas  exploratory footage ,  was  drilled. 

Basing ca lcula t ions  on a n  analysis of ERDA figures,  Dickinson (1976) reported 

100,000 tons a s  probable resources,  a va lue  here  included a s  infer red  reserves .  In 

addition, an  undiscovered (possible and specula t ive  resource)  quant i ty  of uranium is 

e s t i m a t e d  at approximately 160,000 tons. 

No uranium reserves  a r e  a t t r i bu ted  at this point  t o  a r e a s  of North Texas  and 

Trans-Pecos Texas. Assessment is now underway in those  two  a r e a s  a s  wel l  as o ther  

a r e a s  of t h e  S t a t e  by t h e  BEG in cooperat ion with t h e  USGS and DOE. It  should be  

emphas ized  tha t  t h e  e s t i m a t e s  of possible and  specula t ive  resources  a r e  just that-- 

possible and speculat ive.  If explorat ion programs in t h e  f ront ie r  a r e a s  of Texas--North 

Texas Permian and Triassic, East  Texas, South Texas Carr izo  and  Wilcox, a n d  Trans- 

Pecos  volcanics--prove successful ,  c u r r e n t  e s t i m a t e s  would b e  quickly outda ted;  

likewise, poor resul ts  f rom explorat ion in these  a r e a s  would leave  cu r ren t  possible and 

specula t ive  resource  e s t i m a t e s  inflated.  

All reserve  and resource  values a s sume  ut i l izat ion of uranium in l ight-water  

r eac to r  (LWR) technology. I f ,  however,  a breeder  technology is employed t h e  energy 

yield f rom Texas uranium would b e  increased about  60  t o  80  fold. 

5 ~ s t i m a t e d  opera t ing  and forward  cap i t a l  c o s t s  a r e  used; prof i t s  and sunk c o s t s  a r e  

excluded and, accordingly,  c o s t  ca t egor i e s  a r e  not r ep resen ta t ive  of  prices. 



Geothe rma l  Resources  

Potential ly s ignif icant  sources of energy in Texas  a r e  geo the rma l  wa te r s ,  

subsurface  format ion  w a t e r s  occurring a t  t empera tu re s  above  t h e  n o r m a l  geo the rma l  

gradient .  These range f r o m  t h e  low- t o  i n t e rmed ia t e - t empera tu re  w a t e r s  assoc ia ted  

wi th  hot  springs in t h e  Trans-Pecos and  Cen t r a l  Texas  a r e a s  t o  t h e  higher t e m p e r a t u r e  

w a t e r s  in abnormally pressured (geopressured) zones  in t h e  Texas Gulf Coast  Basin. 

The low- t o  i n t e rmed ia t e - t empera tu re  geo the rma l  wa te r s  (general ly be tween  45' a n d  

1 0 0 ~ ~ )  have potent ia l  ut i l izat ion la rge ly  r e s t r i c t ed  t o  loca l  s p a c e  hea t ing .  A v e r a g e  
0 t empera tu re s  of t h e  geopressured geo the rma l  waters ,  by c o n t r a s t ,  range  f rom 140 to 

180°c,  thus they  have  t h e  potent ia l  for  s t e a m  energy ( through f lash separa t ion  o r  

through use of binary sys tems)  a s  well  as for  a t  l ea s t  some mechanica l  energy  b e c a u s e  

of high pressures assoc ia ted  with such  waters .  In addit ion,  t h e  geopressured 

geothermal  w a t e r s  of t h e  Gulf Coas t  Basin con ta in  me thane  g a s  in solut ion,  which i s  

also a potential ly recoverable  energy source. 

The  Trans-Pecos and most of t h e  Gulf Basin resources  have been  r ecen t ly  

assessed by t h e  BEG, and a program is  cur rent ly  underway t o  assess t h e  Cen t r a l  T e x a s  

geo the rma l  resource.  However,  a t  th is  t i m e  prel iminary resource  e s t ima tes  a r e  

establ ished only for  t h e  Texas  Gulf Basin a rea ,  and  until t e s t  well d a t a  a r e  obta ined ,  

resource  volumes for  this  a r e a  must b e  infer red  f r o m  geologic evidence.  (Drilling of a 

t e s t  well in Brazoria  County began in l a t e  June, 1978.) 

Low- t o  In termedia te-Tempera ture  Geo the rma l  Wate r s  

Geothermal  resources of Trans-Pecos a r e  l oca t ed  along t h e  Rio Grande  b e t w e e n  

El Paso and Presidio where  the re  a r e  about  20 ho t  springs or  wells in  Texas a n d  

Mexico. The hot  wa te r s  resul t  f rom circulat ion of ground wa te r  t o  dep ths  of 1 to 

3 ki lometers  in a n  a r e a  of high t h e r m a l  gradient .  Maximum t e m p e r a t u r e s  a r e  

4 7 ' ~  (117 '~)  and  8 0 ' ~  (176 '~ )  for ho t  springs and  wells in Texas  and 9 0 ' ~  (194'~)  f o r  

hot  springs in Mexico within 5 ki lometers  of t h e  border. Subsurface t e m p e r a t u r e s  

e s t i m a t e d  f rom chemica l  composit ion of t he  hot  waters  r ange  from 6 0 ° c  ( 1 4 0 ~ ~ )  t o  

1 6 0 ' ~  (320 '~) .  Still higher t e m p e r a t u r e s  may exist  but  canno t  be  proven wi thou t  

more  subsurface  informat ion  (Henry, 1977). Prel iminary assessment  of geo the rma l  

resources  of t h e  Trans-Pecos a r e a  h a v e  recent ly  been comple t ed  by t h e  Bureau of 

Economic Geology (Henry, 1977). 



Presently identif ied t empera tu re s  of t h e s e  hot  w a t e r s  a r e  t o o  low for  establ ished 

e l ec t r i ca l  genera t ion  methods.  Development  of heat-exchange sys tems t h a t  employ 

low boiling t e m p e r a t u r e  fluids would b e  necessary  be fo re  t h e  hot  wa te r s  could b e  used 

for  power generat ion.  The hot  wa te r  could now be used for  s p a c e  o r  process heat ing,  

bu t  t h e  low population densi ty and high annual  t empera tu re  of t h e  most  promising 

a rea ,  which is a round Presidio, l imi t  this  use. 

In Cen t r a l  Texas, along t h e  Balcones and associa ted  Luling-Mexia-Talco faul t  

sys tems,  which t r end  nor theas t  t o  southwest  across Cen t r a l  Texas,  abnormally hot  

w a t e r s  have  been produced for  decades.  Waters ,  such as those t h a t  flow f r o m  wells a t  

Marlin, Texas, a r e  highly sal ine (3,770 ppm) and exhibi t  su r f ace  t empera tu re s  of  about 

6 5 ' ~ .  Well depths  a r e  from general ly 2,500 t o  3,000 f e e t .  

Undoubtedly, h o t t e r  wa te r s  occur a t  g rea t e r  depths.  For example ,  t e m p e r a t u r e s  

of 1 1 6 ' ~  have  been repor ted  f rom deep,  saline aqu i f e r s  in t h e  Luling f a u l t  zone in 

Atascosa County. O the r  hot  wel l s  have been  repor ted  f rom t h e  Balcones z o n e  in t h e  

Waco and Austin areas.  These hot  w a t e r s  occur within aqui fers  of C r e t a c e o u s  a g e  

(Trinity Sands, Edwards Formation),  but t h e  u l t ima te  source  of t h e  thermal ly  anoma- 

lous w a t e r s  may b e  f rom deeply buried Cre t aceous  and Jurass ic  rocks in t h e  East 

Texas Basin, or f rom older, s t ruc tura l ly  complex rocks  of Pa leozoic  age  within t h e  

deeply buried Ouachi ta  foldbelt  sys tem t h a t  l ies  benea th  t h e  f au l t  zones, or f r o m  both. 

The potent ia l  low-tempera ture  geothermal  fa i rway defined by the  Cre t aceous  

aquifers ,  t h e  complex faul t ing,  and the  z o n e  of abnormally ho t  and saline wa te r ,  is 

about  500 miles long and 75 mi les  wide. It ex tends  f r o m  Grayson, Fannin, a n d  Lamar 

Count ies  along t h e  Red River  southwestward  through t h e  vicini t ies  of Hillsboro, Waco, 

Temple,  Austin, and  San Antonio t o  t h e  Mexican border  in Kinney and Maverick 

Counties. If this geo the rma l  resource  c a n  b e  accu ra t e ly  defined in a rea ,  depth ,  and 

the rma l  levels, i t s  use in space  hea t ing  s y s t e m s  by c i t i e s  within t h e  fairway could be  

specif ical ly evaluated.  Approximately 40,000 square miles  ac ros s  Cen t r a l  Texas  a r e  

potential ly underlain by anomalously hot  waters .  Assessment of these  resources  is 

cur rent ly  underway by t h e  BEG in cooperat ion with t h e  DOE; r e su l t s  of th is  s tudy are  

scheduled for  publicat ion in 1979. 

No resource  e s t i m a t e s  a r e  presented  at this t i m e  for  t h e  low- t o  i n t e rmed ia t e -  

t e m p e r a t u r e  geothermal  w a t e r s  of C e n t r a l  Texas and Trans-Pecos Texas ;  such 

e s t i m a t e s  a r e  awai t ing  fu r the r  s tudy and assessment.  In this  a r e a  potent ia l  use of 

geo the rma l  wa te r s  is r e s t r i c t ed  t o  local s p a c e  hea t ing  and canno t  b e  used t o  g e n e r a t e  

e l e c t r i c a l  energy t h a t  could b e  s tored  or  t ranspor ted .  



Geopressured-Geothermal Waters: The rma l  Energy and Methane  Gas 

Several  geologic format ions  in t h e  Texas Gulf Coas t  Basin c o n t a i n  zones of 

w a t e r s  t h a t  have  abnormally high t e m p e r a t u r e  and pressure. These zones  have  a n  

a r e a l  ex t en t  of more  t h a n  25,000 square  miles  and a r e  up t o  8,000 f e e t  thick.  

Occurring at depths  of 10,000 t o  20,000 f e e t  and g r e a t e r ,  they cons t i tu te  t h e  

geopressured geothermal  resource of t h e  Texas Gulf Coast .  Average t empera tu re s  of  

t h e s e  wa te r s  a r e  approximately 300 '~ ;  ave rage  reservoir  pressures a r e  about  10,000 

psi; ave rage  sal ini t ies  range  f rom 25,000 t o  50,000 ppm. 

Methane gas  appears  t o  occur  in solution in the  wa te r s ,  the  sa tura t ion  l eve l s  

depending on salinity, t empera tu re ,  and  pressure.  Average concen t r a t ions  of m e t h a n e  

g a s  a r e  judged t o  range  f r o m  34 t o  47 cubic  f e e t  pe r  bar re l  of water .  

Energy is potential ly recoverable  f rom these  geopressured reservoi rs  in t h r e e  

forms:  (1) t h e r m a l  energy resulting f r o m  e l eva ted  t empera tu re s ,  (2) mechanica l  ene rgy  

a s  a function of reservoir  pressures, and  (3) m e t h a n e  gas in solution in t h e  geo the rma l  

waters .  

Published e s t i m a t e s  of onland Gulf Basin geo the rma l  resources,  of which a b o u t  

65  percent  a r e  assumed t o  occur in Texas, vary  widely;  in s e v e r a l  i n s t ances  

exceptional ly high est imates--up to  105,000 Q or 105,000 T C F  of m e t h a n e  gas alone-- 

have  been repor ted .  These  e s t i m a t e s  bea r  l i t t l e  o r  no r e l a t ion  t o  t echn ica l  f a c t s  as 

now understood. 

In 1975 t h e  U. S. Geological Survey published e s t i m a t e s  of t h e  Gulf C o a s t  

geothermal  resource.  The to t a l  in-place resource  ex t r apo la t ed  for onland Texas w a s  

r epor t ed  a s  follows: 

Thermal  energy 26,150 Q 

hlle t hane  14,425 Q 

Mechanical  energy  120 Q 

TOTAL 40,695 Q 

The  USGS fu r the r  repor ted  recovery  volume of t h e  in-place r e source  at 3 levels: 

3.3 percent  recovery  based on a well  spacing ranging f rom 1.9 t o  2.9 km;  2.1 p e r c e n t  

recovery  based on  a well spacing ranging from 2.3 t o  2.9 km;  and 0.5 p e r c e n t  r ecove ry  

based on a well  spacing ranging f rom 4.8 t o  7.1 km.  It  should b e  pointed o u t  that  a 3.3 

p e r c e n t  recovery by USGS ca lcula t ions  would requi re  t h e  drilling of 26,000 wells,  

near ly  10 pe rcen t  t he  number of a l l  oil  and gas  wells ever  dri l led in t h e  Gulf C o a s t  



Basin, and t h a t  t h e s e  geo the rma l  wells would b e  substant ial ly deepe r  t han  t h e  average,  

previously drilled oil and gas wells. 

As follows, recoverable  volume ex t r apo la t ed  for  Texas is repor ted  by t h e  USGS 

in quads: 

Thermal  energy  

Methane 

Mechanical  energy  ignored - 2 5 ignored  

TOTALS 1,325 Q 870  Q 195  Q 

The USGS e s t i m a t e s  of recoverable  energy f r o m  Texas geo the rma l  resources,  

while conserva t ive  compared  wi th  ce r t a in  e s t ima tes ,  a r e  huge, nonetheless .  As a point 

of r e f e rence ,  t h e  3.3-percent recovery of 1,325 Q repor ted  by t h e  USGS is  2.7 t imes  

g rea t e r  t han  al l  t h e  energy e v e r  produced in Texas and i s  equal t o  8 0  percent  of all  t h e  

energy ever  produced in t h e  United Sta tes .  

Three  yea r s  a g o  t h e  Bureau of Economic Geology undertook,  under c o n t r a c t  with 

ERDA (now DOE), an  extens ive  geologic assessment of Texas geopressured geo the rma l  

resources  (Bebout and o thers ,  1978). Most of t h a t  geologic a s ses smen t  is now 

comple te .  Records  of abou t  3,000 well logs were  studied, hundreds of c o r e s  were  

examined,  and numerous w a t e r  samples  were  t e s t ed ;  t h e  various geopressured 

geo the rma l  zones as well as c r i t i ca l  pa rame te r s  w e r e  mapped extensively and in 

detai l .  

The  Bureau of Economic Geology has  defined, on t h e  basis of this m o r e  detai led 

assessment ,  severa l  fundamenta l  f ac to r s  which a r e  c r i t i ca l  t o  resource  assessment  y e t  

which d i f fer  s ignif icantly f r o m  assumptions made  by t h e  USGS in ca lcula t ing  their  

e s t ima tes .  For example ,  t he  volume of potent ia l  reservoir  sand mapped by t h e  BEG is 

less t h a n  half t h a t  assumed by t h e  USGS; ave rage  t e m p e r a t u r e s  a r e  about  10  percent  

less; ave rage  porosity values a r e  about  1 5  percent  lower;  a v e r a g e  pressures a r e  about  

12  pe rcen t  less; and  ave rage  sal ini t ies  a r e  about  55 percen t  g rea t e r .  BEG determi-  

nat ions,  based on a much m o r e  extens ive  evaluat ion of avai lable da t a ,  have  t h e  e f f e c t  

of s ignif icantly reducing t h e  s i z e  of this  in-place and thus  recoverable  resource .  BEG 

e s t i m a t e s  a r e  a s  follows: 



In-Place Resource  3.3% Recovery  

Thermal  energy 2825 Q 9 5  Q 

Natura l  g a s  (methane)  1630 Q 2.22 
TOTAL 4,455 Q 150 Q 

The BEG current ly  e s t i m a t e s  t h a t  both  in-place and recoverable  resources a r e  

approximately 11 pe rcen t  of those  r epor t ed  by t h e  U. S. Geological  Survey in 1975. 

BEG es t ima tes  assume no  s igni f icant  w a t e r  will b e  derived f r o m  surrounding 

sha les  and t h a t  exsolution of gas  and gas  caps  within t h e  reservoir  will not occur .  

However, t o  t h e  e x t e n t  t h a t  such processes  might  occur or  t h a t  recovery might  e x c e e d  

3.3 pe rcen t  of t h e  resource  in place,  an  addit ional  95  Q of t h e r m a l  ene rgy  and 55 Q of 

me thane  gas, o r  a t o t a l  geopressured geo the rma l  resource of 300 Q, is e s t ima ted .  I t  

should be emphasized t h a t  both t h e  USGS and BEG e s t i m a t e s  a r e  based  on geologic  

ev idence  and inference.  

As a p a r t  of t h e  BEG assessment ,  a tes t - s i te  prospect  w a s  de l inea ted  in Brazor ia  

County  and is now (July 1978) being drilled. This well, which will b e  t e s t ed  over  a 

two-year  period, is absolutely c r i t i ca l  t o  a sce r t a in  b e t t e r  t h e  product ive  r a t e  and  

capac i ty  of t h e  geo the rma l  sys tems and t o  improve  rel iabi l i ty of c u r r e n t  r e source  

e s t i m a t e s  based on geologic inference.  A number  of f a c t o r s  will s e r v e  e i the r  to 

inc rease  or t o  decrease  t h e  volume of recoverable  energy over  cur rent  e s t ima tes .  If 

subs tant ia l  volumes of w a t e r  c a n  b e  produced f r o m  t h e  surrounding sha les ,  in addit ion 

t o  wa te r  f rom t h e  aquifer ,  resource e s t i m a t e s  will increase.  If gas  s a tu ra t ion  is h igher  

t han  ant ic ipa ted ,  or if g a s  exsolves and accumula t e s  a s  g a s  caps  within the  t a p p e d  

reservoir ,  t he  energy  yield will be higher. On t h e  o ther  hand,  if reservoir  pe rme-  

abi l i t ies  a r e  lower (and BEG determinat ions  at this  point  indica te  permeabi l i t ies  

throughout  much of t he  resource  a r e a  t o  be  only a f rac t ion  of those assumed by t h e  

USGS) energy yields over a given period of  t i m e  will b e  lower t h a n  c u r r e n t  e s t ima tes .  

Tes t  drilling, therefore ,  is requi red  t o  a sce r t a in  t h e  potent ia l i ty  of T e x a s  

geopressured geo the rma l  resources. What s e e m s  clear  a t  this  poin t  i s  t h a t  t h e  

exceptional ly high e s t i m a t e s  ear l ie r  repor ted  a r e  no t  war ran ted  but  t h a t  a s igni f icant  

r e source  t a r g e t  is, nonetheless ,  present .  



Concluding Observations: The  Future  of Texas  Energy 

While the  t o t a l  production of Texas energy t o  d a t e  s tands  at just 500 Q, t h e  

identif ied reserve  base--measured, indicated,  and inferred--stands a t  a b o u t  400 Q 

( tab le  2). There also exis t s  an  identif ied,  bu t  subeconomic resource  base e s t i m a t e d  t o  

b e  about  650 Q. To these  two  ca t egor i e s  a n  e s t ima ted  yet-to-be-discovered resource  

of abou t  420 Q c a n  be  added for  a grand t o t a l  reserve and  resource  base  of a b o u t  1,475 

Q, or nearly t h r e e  t i m e s  t h e  historic ,  cumula t ive  production. If a b reede r  reac tor  

technology, which would resul t  in more  use  of uranium reserves  and resources,  is 

pe r f ec t ed ,  and if as a m a t t e r  of policy i t  is ut i l ized,  t h e  t o t a l  reserve  and resource  

base would b e  increased  approximately sevenfold t o  10,500 Q, o r  20 t imes  t h e  historic, 

cumula t ive  production. 

Despi te  t he  s ignif icant  volume of ene rgy  y e t  t o  b e  developed, i t  is likely t h a t  t h e  

fu tu re  level  of energy  production in t h e  S t a t e  canno t  m a t c h  t h e  highest  levels  of past  

energy production, though under appropr ia te  c i r cums tances  i t  can c o m e  close. 

Without quest ion,  t h e  fu tu re  mix of Texas energy  production will d i f fe r  f rom t h e  past  

( tables 2, 3, and 4). For example ,  pe t ro leum (oil, na tura l  gas ,  natural  g a s  liquids) 

makes  up nearly 99 percent  of t h e  h is tor ic  production of Texas energy;  however,  i t  

cons t i t u t e s  only 50 pe rcen t  of t h e  remaining measured  reserves  and  only 30 pe rcen t  of 

t he  e s t i m a t e d  remaining energy  resource base. 

Lignite, by con t r a s t ,  has cont r ibuted  only a b o u t  0.4 p e r c e n t  of h i s to r i c  Texas 

energy production; i t  represents ,  however,  a s tagger ing  40 pe rcen t  of both  t h e  

measured  reserve  and resource  base. Uranium production t o  d a t e  has been  only 0.8 

percent  of cumula t ive  production, but  uranium rep resen t s  10 p e r c e n t  of t h e  measured 

r e se rve  and will b e  substant ial ly more if breeder  technology is utilized. Geo the rma l  

resources--hot w a t e r  and  me thane  gas--are y e t  to con t r ibu te  t o  production, b u t  their  

e s t i m a t e d  volume cons t i tu tes  near ly  20 p e r c e n t  of t h e  resource  base.  

With subs tant ia l  e f fo r t s  in gas  well  drilling and wi th  major  success in enhanced 

recovery  of oil, Texas  oil and gas  production can  s tab i l ize  for  t h e  near  t e r m  at levels 

close t o  t h e  cu r ren t  levels of production;  na tura l  g a s  production could conceivably 

increase  under appropr ia te  p r i ce  incent ives  to  encourage  deep  drilling. However, 

severa l  r ecen t  s tudies  have indica ted  t h a t  deep  gas  drilling and rapid development  of 

t e r t i a r y  oil most likely will no t  occur  under p re sen t  or proposed energy  policy. 

Fur ther  main tenance  of t he  ro le  of energy  production in the  Texas  economy will a lso 

depend t o  a g rea t  e x t e n t  on continued,  rapid, immed ia t e  development  of near -sur face  

l igni te  and uranium reserves.  Longer t e r m  ma in tenance  of ene rgy  production levels 



Crude  Oil 

Na tu ra l  G a s  

Table  3. Pas t  and  fu tu re  mixes  of T e x a s  energy.  

% Tota l  
% Cumula t ive  % Measured Ident if ied 

Product ion Rese rves  Reserves  % Resource  

Na tu ra l  G a s  Liquids 9.1 5.5 6.6 3.0 

Uranium 0.8 10.2 16.2 4.1 

Lignite  C o a l  0.4 36.9 22.0 43 .0 

Bituminous C o a l  0.1 3 .O 1.8 2.9 

Geothe rma l  Water  0.0 0.0 0.0 18.8 
and Methane  

Tab le  4. Cumula t ive  product ion of Texas  energy 
r e l a t i ve  t o  remain ing  r e se rves  and resources.  

Remain ing  Remain ing  
Cumula t ive  Energy % T o t a l  Energy % T o t a l  
Product ion Classed as Rese rve  Classed as Resourc  1 5 Quads Reserves ,  Q Produced Resource ,  Q Produced 

C r u d e  Oil 233 92 71.7 225 42.3 

Natu ra l  G a s  212 120 63.9 225 38.1 

Natu ra l  G a s  Liquids 4 5 26 63.4 4 8 37.8 

Uranium 3 4.0 6 4 6.0 6 5 3.1 

Lignite  1.8 8 7 2.0 686 0.2 

Bituminous Coa l  0.5 7 6.6 47 0.9 

Geothe rma l  Water  0.0 0 --- 300 --- 
and Methane  

Includes cumula t ive  product ion plus remain ing  reserves.  

Includes cumula t ive  product ion plus remain ing  reserves  plus remain ing  resources.  

Excludes b reede r  technology. 



will depend on e f f e c t i v e  development  of deep-basin lignite, geo the rma l  resources ,  and 

breeder  technology for  increased uranium uti l izat ion,  a l l  of which fur ther  depend  on a n  

immedia t e  and vigorous research  and development  e f fo r t .  
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