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This review of the plans for a gas stimulation program 

by chemical-explosive fracturing (CEF) in the Canyon sands of the 

Val Verde-Kerr Basin in Sutton County, Texas also includes an 

assessment of the environmental effects of the proposed project. 

This document was prepared at the request of the Nevada Operations 

Office of the Energy Research and Development Administration, and 

is intended to provide the information and data required for an 

environmental assessment of the construction and testing program. 

This report was compiled from material provided by the 

Petroleum Technology Corporation of Redmond, Washington and Union 

Oil Company of Midland, Texas during a site visit in October, 1976. 
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ENVIRONMENTAL IMPACT ASSESSMENT: 

CHEMICAL EXPLOSIVE FRACTURING PROJECT, PETROLEUM TECHNOLOGY 

CORPORATION, SUTTY COUNTY, TEXAS 

ABSTRACT 

The Nevada Operat ions Of f i ce  of t h e  Energy Research and 

Development Administrat ion (ERDA) has  con t r ac t ed  wi th  Petroleum Tech- 

nology Corporat ion (PTC) t o  perform a gas s t i m u l a t i o n  program by 

chemical explos ive  f r a c t u r i n g  (CEF) i n  t h e  Canyon sands of t h e  Val 

Verde - Kerr Basin of Sut ton  County, Texas. This l e n t i c u l a r  t i g h t  

sand depos i t ,  underlying much of southwestern Texas, con ta ins  l a r g e ,  

volumes of n a t u r a l  gas .  To d a t e  t h i s  formation has  y ie lded  only 

marginal  amounts of gas because of i t s  low p o r o s i t y  and permeabi l i ty .  

The semi-arid environment of t h e  Aldwell/Sawyer f i e l d  i s  

cha rac t e r i zed  by dry a r royos  and x e r i c  vege ta t ion .  Populat ion i s  

sparse and sheep ranching i s  the primary occupatdon. Because of t h e  

ex i s t ence  of prev ious ly  d r i l l e d  o i l  and gas w e l l s ,  road and p i p e l i n e  

cons t ruc t ion  w i l l  be minimal. Impacts from t h i s ' t w o  w e l l  p r o j e c t  a r e  

expected t o  be minimal and be confined t o  temporary s u r f a c e  d i s r u p t i o n  

and increased  e ros ion  a t  t h e  we l l  s i t e .  



I. I n t r o d u c t i o n  

Recent concern regard ing  t h e  dwindling supply of our  n a t i o n ' s  

n a t u r a l  gas would tend  t o  j u s t i f y  any r e sea rch ,  development and demn- 

s t r a t i o n  p r o j e c t  which would i n c r e a s e  those  r e se rves . , .  The Canyon sands 

t i g h t  gas  formation of t h e  southwestern Texas Sonora Basin is  known t o  

have as much a s . 5  TCF of gas  i n  p l ace  over a s i x  county a r e a  (Fig.  1 ) .  

Th i s  gas  can b e s t  be recovered by use  of a n  optimized s t i m u l a t i o n  tech- 

nology which w i l l  unlock t h e  gas from t h e  t i g h t  sands formation. Stimu- 

l a t i o n  of t h e  wes tern  gas sands has  been at tempted i n  o t h e r  p a r t s  of t h e  

w e s t  (no tab ly  Utah and Colorado) us ing  nuc lea r  and massive hydrau l i c  f r ac -  

t u r  i n g  technologies .  

This  p r o j e c t ,  propo>sed by Petroleum Technology Corporat ion (PTC) 

of Redmond, Washington, is  a two w e l l  t e s t  t o  be  c a r r i e d  o u t  i n  Sut ton  

County, Texas. Work w i l l  b e  p e r f o m i d  i n  t h e  l e n t i c u l a r  t i g h t  sand £.orma- 

t i o n  of  the  V a l  Verde-Kerr Basin' t o  demonstrate  t h e  t e c h n i c a l  and economic 

f e a s i b i l i t y  of  chemical exp los ive  f r a c t u r i n g  a s  a method of increas . ing .gas 

d e l i v e r a b i l i t y  i n  t h a t  formation.  Technical  d e t a i l s  of t h e  demonstration 

p r o j e c t  a r e  o u t l i n e d  i n  t h e  PTC t e c h n i c a l  proposa l  "Canyon Gas Sand Ex- 

p l o s i v e  F rac tu r ing  Tes t  Program, Response t o  RFP No. 261-76-6". This  

p r o j e c t  w i l l  b e  funded i n  p a r t  by t h e  Energy Research and Development Admin- 

i s t r a t i o n  (ERDA) w i th  a u t h o r i t y  gran ted  by the  ~ n k r g y  ~ e o r ~ a n i z a t i o n  Act of 

1974. The a c t u a l  execu t ion  of t h e  p r o j e c t . w i l 1  be t h e  r e s p o n s i b i l i t y  of 

PTC, w i t h  a s s i s t a n c e  from t h e  Union O i l  Company. The e n t i r e  program f o r  

t h e  two we l l  s t i m u l a t i o n  w i l l  be  completed w i t h i n  a ni-ne month per iod  

from w e l l  site s e l e c t i o n  t o  product ion t e s t i n g  arid hook-up of t h e  w e l l  t o  

a' p i p e l i n e  system. 

The s i te  s e l e c t e d  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of chemical ex- 

p l o s i v e  f r a c t u r i n g  i s  t h e  Val Verde-Kerr Basin, which u n d e r l i e s  some 6500 

squa re  mi les  of southwest Texas (Fig.  2 ) .  Sands found a t  depths  ranging 

from 2600'-9000' i n  t h e  b a s i n  a r e  l i k e l y  candida tes  f o r  exp los ive  f r ac -  

t u r i n g  because: 1 )  t h e i r  t h i ckness  can exceed 1200'; 2) they  are sen- 

s i t i v e  t o  extraneous f l u i d s :  3) they produce gas a t  uneconomical 
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Fig. 1. Locations of major western tight gas deposits. The Canyon sands 
are found in the Sonora Basin in Southwest Texas. 
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Fig. 2. The Ozona-Sonora gas field in southwestern Texas. The experimental 
well is located within the smaller Sawyer field of Sutton County. 



t o  marginal r a t e s ;  (4) they  e x h i b i t  low u l t i m a t e  gas r ecove r i e s ;  and (5) 

they  conta in  l a r g e . p o t e n t i a 1  gas r e s e r v e s  and a r e  known t o  be  n a t u r a l l y  

f r a c t u r e d .  

. . 11. 0b jec t ives ' o . f  t h e  PTC Chemical Explosive F rac tu r ing  P r o j e c t  

There has  been inc reas ing  i n t e r e s t  i n  t h e  a r e a  of west Texas 

known a s  t h e  Aldwell/Sawyer f i e l d .  Since t h e  r i s e  i n  i n t r a s t a t e  gas  p r i c e s  . 

i n  Texas i n  1971, t h e r e  has  been a tremendous i n c r e a s e  i n  t h e  number of 

w e l l s  d r i l l e d  i n  t h e  Canyon sands and t h e  Strawn l imes  a t  7,000'-10,000'. 

The focus  of t h i s  PTC p r o j e c t  i s  t h e  Canyon sands d e p o s i t s  t h a t  occur  i n  

t h e  Val Verde-Kerr Basin, a n a t u r a l  gas sandstone r e s e r v o i r .  These sands 

a r e  d i s t r i b u t e d  over an a r e a  of 6500 square  mi l e s  and c o n s i s t  of a series 

of d e l t a i c  d e p o s i t s  of t i g h t  sands interbedded wi th  s h a l e s .  These sands 

a r e  c h a r t e r i z e d  a s  t i g h t ,  d i r t y ,  l e n t i c u l a r ,  water  s e n s i t i v e  sands,  t h a t  

are known t o  be  n a t u r a l l y  f r a c t u r e d .  Although t h e r e  have been cons ide rab le  

gas pay i n  t h i s  f i e l d ,  some of t h e  d r i l l e d  w e l l s  have f a i l e d  t o  produce 

due t o  t h e  " t i g h t "  n a t u r e  of t h e  d e p o s i t s  and t h e  low permeabi l i ty  of t h e  

formation. It is  proposed by PTC and Union O i l  t h a t  such a depos i t  would 

be a s u i t a b l e  candida te  f o r  experimentat ion wi th  t h e  PTC chemical exp los ive  

f r a c t u r i n g  technique t o  " l i b e r a t e "  t h e  n a t u r a l  gas r e se rves .  

The Energy Research and Development Adminis t ra t ion ' s  o b j e c t i v e s  

i n  funding such  a program inc lude :  

1 )  To determine which t i g h t  gas  formations can be e f f e c t i v e l y  

s t imula ted  us ing  chemicai exp los ives ;  

2) To experiment w i th  f r a c t u r e  t r ea tmen t s  which do no t  make use  

of proppant m a t e r i a l s  t o  keep , induced  f r a c t u r e s  open and which 

do not  r e q u i r e  t h e  use  of l a r g e  volumes of water ,  which might 

tend t o  f u r t h e r  p lug  t h e  r e s e r v o i r ;  

3) To c a l c u l a t e  t h e  economic f e a s i b i l i t y  of performing such chem- 

i c a l  exflosive t r a c t u r i n g  i n  t h e  Canyon sands of Texas; 

4) To determine t h e  opt imal  method of exp los ive ly  f r a c t u r i n g  t h e  

formation i n  terms of t h e  amount of exp los ives  and t h e  type  of 

t rea tment ;  and 



5) To further evaluate the safety factors associated with down- 

hole mixing of the PTC explosive as contrasted with the more 

traditional use of nitro-gel explosives in well completions. 

The purpose of the project's experimental design, which calls 

for the testing of two separate wells using different techniques, would be 

to obtain the maximum amount of information relating to the most effective 

method of stimulating this particular reservoir. Results will permit the 

direct comparison of the different completion techniques. Also the testing 

of more than one well in a given area will allow for the collection of com- 

plementary data with regards to the characteristics of the reservoir and the 

experimental results from the explosive stimulation. 

ERDA'S objectives will be realized in the form of a series.of 

deliverables which PTC will supply at the completion of the project. The 

Contractor shall supply: 

1) a complete set of logs from the two tested wells;' 

2) monthly technical progress reports and financial management 

statements; 

3) a.complete summary report on the results of the experimental 

treatment, and 

4) a final report which will include an economic evaluation of 

the project. 

PTC will also be requested to present the results of their tests at an . 

annual symposium sponsored by ERDA on the subject of enhanced gas recovery. 

II1,Proposed Action 

Petroleum Technology Corporation will carry out the proposed 

,two well test . program . within a period of nine months in the Aldwell/ 

Sawyer field in Sutton County, Texas. The wells will be drilled and 'tested 

on acreage leased by the Union Oil Company within the formation known as 

the.Canyon.sands of the Val Verde-Kerr Basin. This area of southwest Texas 

is already the site of intense exploitation of the gas resources, with as . 

many as 1500 gas wells being drilled and completed in this area since 1971. 



The first phase of the demonstration project is designed to 

evaluate the effectiveness of a staged CEF shot (Fig. 3-5). The 

second well- test is designed to compare the results of a simple borehole 

treatment, where all potential producing lenses are treated, to the re- 

sults obtained in the two-stage job in the first phase: 

Phase I: Open Hole Completion - Two stage Displacement CEF Test 
a) The first well will be drilled to a depth of approximately 7,450' 

in the Canyon sands of the AldwellISawyer field. Coring and 

logging and completion of the well will be performed; pre-stimu- 

lation production testing will be carried out. 

b) This well will then be stimulated using a two-stage CEF test. 

Each stage will treat a section of approximately 500' of the 

tight sand formation. Each of these sections will be treated 

with 15,000 lbs. of PTC-4 explosive of which 10,000 lbs will be . .. . .. 

injected into the formation; that is, a total of 30,000 lbs. will 

be used, 20,000 lbs. of which will be injected into the formation. 

c) The post-shot procedures will include pressure buildup and draw- 

down tests as well as short term and long term productivity tests 

to provide information for a technical and economic assessment 

of the stimulation process. 

Phase 11: Open-Hole Completion No. 2 - Single Stage Borehole CEF Test 
a) In the same Aldwell/Sawyer field a second well of depth 7,450' 

will be drllled, cored, loggcd and completed. 

b) This well will then be stimulated according to the program plan 

using 30,000 lbs. of PTC-4 explosive, following the usual pre- 

stimulation production tests. 

c) Following stim~lation~pressure build-up and drawdown tests, as 

well as short-tekm and long-term productivity tests will be per- 

formed to provide information for the economic and technical 

assessment of this particular technology. 

Site selection will be performed jointly by Union Oil, PTC and 



Pretest schematic - Deep Well 

AlciwelllSawyer Field, Sutton County, Texas 

Invert emylsion mud 

T.D. 7450 f t  

Fig. 3.  P r e - t e s t  s c h e m a t i c ,  deep. w e l l  t o  d e p t h  o f  '7450 i t .  
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1st stage treatment schematic - deep well displacement test; 
AldwellISawyer Field, Sutton county,- Texas! 

Downhole mixer at 100 f t  2 

2-318 in., 2000 psig W.P. 
EUE 8rd fiberglass tubing 

7 in., 20 and 23 Iblft casing 

Invert emulsion mud 

Multiconductor cable/ 

Heceiverlbooster canister1 

Plug back 10 ft wlcal seal; 

b 

i d  of tubing 5 f t  off bottom 

Fig. 4. First stage treatment schematic, deep wall displacement test. 
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2nd stage treatment schematic - deep well displacement test 
Aldwell/Sawyer Field, Sut ton County, Texas 

S.S. ancho'r seal assembly 

7 in., 20 and 23 

qv& ,0- Gravel tamp 

.... /Baker model "D" packer at 6190 

Baff le at.6495 f t  / 7' 
Receiverlbooster canister 

End 'of tubing 5 f t  o f f  bo t tom Sand and cer::?nt 

L y  nes inflatable bridge plug 
a t  6670 ft 

\seating nipple b Switch canister 

I 

I Enlarged borehole 
f rom 1 st stage 

h Mult iconductor cable 

F i g .  5. Second s t a g e  t r e a t m e n t  schemat ic ,  deep w e l l  d i s p l a c e m e n t  t e s t .  



t h e  ERDA Nevada Operat ions o f f i c e  personnel .  Probable s i t e s  w i l l  b e  

l oca t ed  on s p a r s e l y  wooded, r e l a t i v e l y  ' f l a t  rangeland w i t h i n  t h e  county 

of Sut ton.  

A t  t h e  s i t e  of each of t h e  two new w e l l s ,  a d r i l l i n g  pad and 

experimental  f r a c t u r i n g  a r e a  w i l l  be  cleared '  of vege ta t ion  and l eve l ed  

t o  a l low f o r  t h e  p o s i t i o n i n g  of machinery. Necessary roads  t o  t h e  d r i l l i n g  

s i t e  w i l l  be  l eve l ed  and graveled.  Th i s  w i l l  b e  of minor importance as 

t h e r e  a r e  numerous well-maintained company roads which a l low ready  a c c e s s  

t o  t h e  A l d w e l l ~ ~ a w ~ e r  f i e l d .  Each of t h e  c l e a r e d  d r i l l i n g  pads w i l l  be  

l e s s  than  one a c r e  i n  a rea .  This  type  of development and development re- 

l a t e d  d i s tu rbance  i s  common t o  t h i s  a r e a  of Texas, where o i l  and gas 

d r i l l i n g  h a s  been going on f o r  decades. 

The a c t u a l  d r i l l i n g  of t h e  w e l l s  w i l l  e n t a i l  a minimal impact 

on t h e  s u r f a c e  environment. A p i t  f o r  waste  c u t t i n g s  and d r i l l i n g  e f f l u e n t  

w i l l  b e  p re sen t  a t  each of t h e  s i t e s ,  b u t  t h e  s i z e  of t h a t  p i t  w i l l  be' 

l imi t ed .  . A i r  d r i l l i n g  w i l l  be used a t  t h e s e  s i t e s ,  r e s u l t i n g  i n  t h e  pro- 

duc t ion  of l i t t l e ,  i f  any, waste  mud. The o t h e r  obvious advantage of 

d r i l l i n g  wi th  a i r  i s  i n  terms of a c t u a l  d r i l l i n g  time. us ing  a i r  as t h e  

d r i l l i n g  medium, a w e l l  can be  spudded a t  a r a t e  of 500' - 800' per  day; 

whi le  wi th  mud t h e  r a t e  is about 30' - 100' p e r  day 

The f r a c t u r i n g  process  w i l l  e n t a i l  temporary d i s r u p t i o n  t o  t h e  

land  s u r f a c e  because of t h e  need t o  d e l i v e r  t h e  explos ive  components t o  

t h e  s i te  i n  l n r g c  tank  t rucks .  Graded rnnds a r e  necessary t o  a l low access .  

During t h e  a c t u a l  pumping of t h e  exp los ives  i n t o  t h e  formation t h e r e  w i l l  

b e  fou r  t r u c k s  loca t ed  a t  t h e  s i t e ' .  Tubing and p ip ing  s t r i n g s  w i l l  be  l a i d  

down from t h e  t rucks  t o  t h e  well-bore t o  d e l i v e r  t h e  chemicals.  There w i l l  

a l s o  b e . a  c o n t r o l  van p re sen t  t o  monitor t h e  ope ra t ion  and t o  record  r e l -  

evant d a t a  (F ig .  6 ) .  Seismic s t a t i o n s  may be s e t  up by r e p r e s e n t a t i v e s  of 

Sandia Corporat ion t o  monitor t h e  progress  of t h e  exp los ive  t rea tments .  

This  r eco rd ing  equipment w i l l  b e  removed a t  t h e  c l o s e  of t h e  experiment.  

Water requirements  f o r  t h e  d r i l l i n g  and f r a c t u r i n g  o p e r a t i o n s  



Typical equipment deployment a t  wellsite 

Data 



w i l l  be  minimal. Any water  s u p p l i e s  which w i l l  b e  needed may be  obta ined  

by t ruck ing  s u p p l i e s  i n  o r  by tapping  some of t h e  w e l l  and s p r i n g  water 

a v a i l a b l e  i n  t h e  Edwards l imes tone  and Kea formations.  
* 

, . Following t h e  de tona t ion  of t h e  explos ive ,  t h e  h o l e  w i l l  be  

* 
cleaned ou t  t o  t h e  top of t h e  rubble .  So l id  d e b r i s  w i l l  be temporar i ly  

s t o r e d  a t  t h e  s i t e  u n t i l  t h e  completion of t h e  ope ra t ion  and w i l l  t hen  b e  

t rucked from t h e  a r e a  and disposed of according t o  t h e  l a w s  of t h e  s t a t e  

governing s u r f a c e  reclamation.  

P i p e l i n e  ga ther ing  systems a r e  a l r eady  i n  e x i s t a n c e  i n  t h i s  

a r e a  of Texas due t o  prev ious  d r i l l i n g  of product ive  n a t u r a l  gas  w e l l s  i n  

t h e  Basin. Less than a  mi le  of new p i p e l i n e  per  w e l l  w i l l  b e  l a i d  under- 

ground t o  a l low f o r  t h e  c o l l e c t i o n  of gas  produced a s  a  r e s u l t  of t h e  ex- 

p l o s i v e  f r a c t u r i n g  t rea tment .  The proposed s i t e  of w e l l  /I1 i s  a c t u a l l y  

l oca t ed  1200' from a feeder  p i p e l i n e .  

I n  genera l ,  roads i n  t h e  a'rea a r e  passable  year  round and are 

adequately maintained by gas companies i n  t h e  a r e a  and by t h e  ranchers  who 

l e a s e  ou t  t h e  mineral  r i g h t s  t o  t h e i r  l and .  Some of t h e s e  roads  were b u i l t  

t o  accommodate t h e  heavy machinery and t rucks  which a r e  needed f o r  w e l l  

d r i l l i n g  e n t e r p r i s e s .  It w i l l  probably b e  necessary  t o  extend c e r t a i n  

s t r e t c h e s  of acces s  road t o  t h e  two s i t e s .  

I V .  Descr ip t ion  of t h e  Environment 

This area of southwestern Texas (Fig. 7)  i s  c h a r a c t e r i s t i c  

of c e n t r a l  Texas vege ta t ion  and landform: r o l l i n g  l ands ,  i n t e r r u p t e d  by d ry  

s t ream beds and ar royos ,  wi th  dry ,  scrubby vegeta t ion .  P r i n c i p a l  u se  of 

t h e  land  is  f o r  ranching and o i l  and gas d r i l l i n g .  The l a t t e r  i n d u s t r y  has 

been t h r i v i n g  i n  t h e  Val Verde-Kerr Basin f o r  s e v e r a l  decades. 

The wooded a r e a  of Sut ton  County c o n s i s t  of low growing jun ipe r  

and scrub  oak and willow. P l an t  cover  i s  s p a r s e  and is  cha rac t e r i zed  

p r i n c i p a l l y  by c e r t a i n  x e r i c  spec i e s ,  such as c a c t i  and mesquite,  and 

o p p o r t u n i s t i c  weedy spec i e s ,  such a s  goldenrod and broombrush. The few 

t r e e s  a r e  s t u n t e d  i n  growth and are d i s t r i b u t e d  widely. The s o i l  is  d ry ,  



Fig. 7 .  Topographic r e l i e f  of well  s i t e  area i n  Sutton County, Texas. The 
~ l d w e l l / ~ a w y e r  f i e l d  is the s i t e  of previous gas development. 



with  numerous rocky outcrops .  

Much of t h e  range a r e a  h a s  been c l e a r e d  t o  a l low f o r  e a s i e r  

access  t o  fo rage  f o r  t h e  sheep, angora goa t s ,  and c a t t l e  which g raze  t h e  

a r ea .  These l i v e s t o c k  have con t r ibu ted  t o  t h e  patchy d i s t r i b u t i o n  of t h e  

vegeta t ion .  A number of n a t i v e  animal s p e c i e s  have been i d e n t i f i e d  i n  t h e  

area: These inc lude :  j ack rabb i t ,  mule dee r ,  raccoon, r i n g t a i l ,  red-headed 

buzzard and wi ld  turkey.  These game animals a r e  occas iona ly  hunted by the.  

ranchers .  

The weather f o r  most of t h e  year  i s  h o t  and dry ,  a l though f l a s h  

f loods  have been known t o  f i l l  dus ty  draws dur ing  t h e  heavy, s easona l  r a i n s .  

The l and  and c l ima te  do no t  support  a g r i c u l t u r e ,  t hus  t h e  importance of 

ranching i n  t h e  a r ea .  Average r a i n f a l l  f o r  most of t h e  Basin is l i m i t e d  t o  

17" per  year .  

This  reg ion  of  Texas may be  c l a s s i f i e d  as semi-arid,  wi th  an 

extremely s p a r s e  populat ion.  The remoteness of t h e  Aldwell/Sawyer f i e l d  

w a s  considered t o  b e  an a s s e t  a s , a  l o c a t i o n  f o r  t h e  CEF t e s t i n g .  The pop- 

u l a t i o n  of t h e  county of Sut ton  is 3,175 o r  approximately 2 persons per  

square  mi le  of county a r e a .  The n e a r e s t  town t o  t h e  proposed w e l l s  is  

Sonora, t h e  county s e a t ,  l oca t ed  approximately 19 m i l e s  n o r t h  of t h e  Sawyer 

Ranch on r o u t e  277 (Fig. 2 ) .  This  town i s  se rv i ced  by a branch of 

t h e  Santa Fe r a i l r o a d  and may be  t h e  source  of some of t h e  l a b o r  r equ i r ed  

f o r  t h e .  p r o j e c t .  

The proposed s i t e  of t h e  f i r s t  experimental  we l l  i s  l o c a t e d  on 

ranching land  which has been l ea sed  from t h e  owner. q i s  l o c a t i o n  i s  sit- 

uated approximately 800 f e e t  from a l i g h t l y  used paved road and about  1200 

f e e t  from a c a l i c h e  ranch road. The n e a r e s t  dwel l ing  i s  t h e  Reick ranch  
+ 

house, approximately 1 112 mi les  away. Thsr.e a r e  no surrounding s t r u c t u r e s ,  

mines o r  nearby w e l l s  ( t h e  c l o s e s t  w e l l  be ing  Burns #15, l o c a t e d  112 m i l e  

away). According t o  s t a t e  law, w e l l  spac ing  must comply wi th  t h e  160 a c r e  

l i m i t .  This  l i m i t a t i o n  w i l l  b e  complied with.  The o t h e r  des igna ted  w e l l  

w i l l  be  l oca t ed  i n  an  even more remote l o c a t i o n  w i t h i n  t h e  f i e l d .  



Other populati,on cen te r s  i n  proximity t o  t h e  experimental sites 

include  an Angelo t o  the  nor th  (sheep c a p i t a l  of Texas) and Midland t o  t h e  

northwest headquarters  f o r  Union O i l  Company);. These towns w i l l  serve a s  - 
the  base of opera t ions  f o r  the  experimental program. . . 

w 
The AldwellISawyer f i e l d  i s  located  on a comparatively undissect- 

ed por t ion  of t h e  Edwards Pla teau formation. This topographic province 

averages about 2200' above sea l e v e l  and is  cut  by canyons and draws which 

may d i p  a s  f a r  a s  200' lower (Fig. 7 ) .  The surface  i s  immediately 

under la in  by a t h i c k  s e r i e s  of limestones of Glen Rose-Fredricksburg age. 

These limestones and deeper Cretaceous sands contain f r e s h  water suppl ies  

which may extend a s  deep a s  760' below the  surface  i n  the  Kea and Edwards 

formations. The w e l l s  w i l l  be cased through these  formations t o  prevent 

aqu i fe r  contamination. Numerous we l l s  have been dug i n t o  these  formations 

t o  a depth of 200' - 500' t o  obta in  water f o r  p r i v a t e  use, l ives tock  water- 

ing  and i r r i g a t i o n .  Most of t h e  r i v e r s  i n  the  a rea  a r e  dry f o r  a l a r g e  pa r t  

of t h e  year. The c l o s e s t  r i v e r  t o  the  experimental sites is Devil 's  River, 

loca ted  t o  t h e  south of Sawyer's Ranch. The Pecos River and Rio Grande flow 

through count ies  which ad jo in  Sutton t o  t h e  south and west. 

The underlying Canyon sands of w e s t  Texas a r e  deposi ts  of t i g h t  

sands interbedded wi th  shales .  The sands a r e  known t o  reach a thickness of 

12001, t h e  average depth being 6000' below'the surface.  Good q u a l i t y  nat-.  

u r a l  gas is  present  throughout t h i s  formation. Hundreds of wel ls  have been 

completed, mostly i n  t h e  l a s t  f i v e  years with production r a t e s  of between 

1-2 MMCFD. However, a number o f ' t h e  wel ls  d r i l l e d  have f a i l e d  t o  produce 

because of t h e  microdarcy permeabil i ty of t h e  sands.. These a r e  t h e  t a rge t  

formations 'for t h e  CEF program. An anomaly i n  t h e  formation has been noted 

s p e c i f i c a l l y .  To t h e  north of San 'Angelo the  Canyon sands a r e  known t o  

produce o i l  a t  a depth which is  character ized by 1 mi l l ida rcy  permeability 

t o  t h e  south. 

Land use i n  t h e  immediate v i c i n i t y  of t h e  experimental s i te  i s  

character ized by sheep grazing and wel l  d r i l l i n g .  Most of the  d r i l l i n g  

near  t h e  West Sawyer ranch has been done by independents who receive  farm- 

o u t s  from t h e  l a r g e r  companies and from t h e  ranch owners. There a r e  a 



number of w e l l s  a l r eady  loca t ed  i n  proximity t o  t h e  s i t e  of experimental  

w e l l  /I1 (Fig.  7 ) ,  wi th  t h e  c l o s e s t  be ing  loca t ed  112 mi le  from t h a t  

s i t e .  Because of t h e  importance of gas  product ion i n  t h i s  a r e a ,  s i t e s  w i l l  
. be chosen s o  a s  t o  minimize t h e  p o s s i b i l i t y  of damaging e x i s t i n g  w e l l s  
.- dur ing  t h e  CEF explos ive  t e s t .  

*, 
The n a t u r a l  gas p i p e l i n e  system w i t h i n  t h i s  r eg ion  of south- 

western Texas is extremely w e l l  developed and ex tens ive .  No s i te  w i t h i n  

t h e  Sawyer f i e l d  is  l e s s  than about 112 mi le  from a f eede r  l i n e  f o r  one of 

t h e  i n t r a s t a t e  o r  i n t e r s t a t e  p i p e l i n e s .  

There a r e  some r e c r e a t i o n a l  and a rcheo log ica l  f e a t u r e s  of t h i s  

reg ion  of Texas which should be noted. Approximately 30 mi l e s  n o r t h  of t h e  

Aldwell/Sawyer f i e l d  i s  loca t ed  t h e  Sonora Caverns, an  underground, l i m e -  

s t one  cave wi th  formations t h a t  a r e  a s  much a s  60 m i l l i o n  yea r s  o ld .  These 

caverns have been developed commercially as a t o u r i s t  a t t r a c t i o n  and are 

viewed yea r  round. Near t h e  Pecos River c e r t a i n  a r cheo log ica l  exped i t i ons  

have uncovered Indian  remains which have been recovered and preserved.  

Brachiopod f o s s i l s  a r e  a l s o  abundant i n  t h e  a r e a  and a number of f o s s i l  beds 

have been loca t ed  and preserved by a p a l e o t o l o g i c a l  l a b  loca t ed  i n  Midland, 

Texas. No such a r t i f a c t s  o r  f o s s i l s  have been found w i t h i n  a 10-20 r a d i u s  

of t h e  proposed experimental  s i t e s .  However, t o  i n s u r e  a g a i n s t  p o s s i b l e  

i n t r u s i o n  on an a rcheo log ica l  o r  pa l eon to log ica l  s i t e ,  a l l  d r i l l e r s  a r e  

d i r e c t e d  t o  consu l t  wi th  l o c a l  o f f i c i a l s  and t h e  app ropr i a t e  l a b s  p r i o r  t o  

i n i t i a t i o n  of a c t i v i t y .  

V. E f f e c t s  on the Environment ul: Llle Proposed Action 

There a r e  c u r r e n t l y  more than 1500 w e l l s  d r i l l e d  i n  t h e  Ozono- 

Sonora p lay  a r e a ,  many of which a r e  producing economic amounts of  gas .  

Current d r i l l i n g  and completion procedures  w i th in  t h i s  a r e a  of southwestern 

Texas i s  having no s i g n i f i c a n t  e f f e c t  upon t h e  environment of t h a t  a r ea .  The 

proposed two we l l  program is  expected t o  c o n t r i b u t e  l i t t l e  i n  t h e  way of en- 

vironmental  degradat ion.  The smal l  s c a l e  of t h e  program w i l l  r e s u l t  i n  only  

l i m i t e d ,  s i te  s p e c i f i c  impacts.  

This  p r o j e c t  w i l l  produce a l i m i t e d  environmental impact because 

o f :  t h e  small s c a l e  of t h e  opera t ion ,  making use  of 1-2 a c r e s  w i t h i n  Su t ton  

Cuuaty; the short dura t ion  of t h e  p r o j e c t  (9 months): t.he l i m i t e d  number 

of workers involved; t h e  l i m i t e d  land use  i n  t h a t  a r e a ;  t h e  s c a r c i t y  of 

popula t ion ;  and t h e  s e l e c t i o n  of a d r i l l i n g  and f r a c t u r i n g  program which 



w i l l  minimize d i s r u p t i o n  t o  t h e  surface .  

The a c t u a l  d r i l l i n g  process t h a t  w i l l  t ake  p lace  a t  each of 

t h e s e  w e l l  sites w i l l  d i s t u r b  l e s s  than 114 of t h e  one a c r e  s i t e  a rea ;  

approximately a 75' by 50' d r i l l i n g  pad w i l l  be  used. The f r a c t u r i n g  

process  w i l l  a l s o  be  contained wi th in  t h a t  l imi ted  a rea ,  the  only d i s -  

turbance being t h e  s i t u a t i o n  of tank t rucks  and pumping engines a t  t h e  

w e l l  s i t e .  

Construct ion a t  each of t h e  se lec ted  w e l l  s i t e s  w i l l  include the  

grading and extension of t h e  access roads, the  cons t ruct ion  of a small addi- 

t i o n a l  length  of feeder  p ipe l ine  and t h e  a c t u a l  l e v e l i n g  of t h e  d r i l l i n g  pad. 

This  a c t i v i t y  w i l l  r e s u l t  i n  increased su r face  eros ion,  increased no i se  

p o l l u t i o n ,  some a d d i t i o n a l  a i r  emissions, some d i s rup t ion  of animal and l i v e -  

s t o c k  h a b i t a t  and inconvenience t o  t h e  l o c a l  ranchers who use the  roads f o r  

t r anspor ta t ion .  However, as p a r t  of t h e  l e a s e s  granted t o  t h e  con t rac to r s  

t h e  ranchers a r e  requi red  t o  guarantee access  r i g h t s  a s  w e l l .  

Noise p o l l u t i o n  w i l l  r e s u l t  from t h e  a i r  r o t a r y  d r i l l  r i g  opera- 

t i o n  over a period of about two weeks. To a l imi ted  extent  t h e r e  w i l l  be 

some impact r e s u l t i n g  from t h e  downhole detonation of 30,000 l b s .  of ex- 

p los ives .  Since t h e  explos ive  w i l l  b e  pumped downhole under pressure ,  t h e  

n o i s e  from the  pumping engines w i l l  produce a temporary disturbance.  

A i r  po l lu t ion ,  over t h e  l imi ted  time period included i n  t h e  d r i l l -  

i n g  and f r a c t u r i n g  opera t ion ,  w i l l  be  produced from t h e  opera t ion  of the  d r i l l  

r i g ,  t h e  pumping engines and the  t r anspor t  vehic les .  

The use  of a i r  a s  t h e  d r i l l i n g  medium f o r  t h e  experimental w e l l s  

minimizes the  need f o r  water  t o  b e  used i n  t h i s  process. Concurrently, i t  

minimizes the  a r e a  on t h e  su r face  which must be reserved a s  a mud p i t  t o  re- 

ce ive  waste d r i l l i n g  water  and mud. The two chemical components which make 

up t h e  explosive mixture f o r  the  CEF process w i l l  b e  consumed i n  t h e  ex- 

p los ion  and thus  t h e i r  d i sposa l  presents  no problem. There w i l l  b e  no 

proppant added t o  t h e  f r a c t u r i n g  f l u i d ;  i t  i s  suggested t h a t  t h e  rubbiliza- 

t i o n  of t h e  formation r e s u l t i n g  from the  explosive charge should se rve  

t o  keep t h e  newly crea ted  f r a c t u r e s  open. The rubble  which w i l l  b e  produced 



i n  t h e  wel lbore  a s  a  r e s u l t  of t h e  explos ion  may o r  may not .  b e  cleaned o u t ,  

depending on t h e  p a r t i c u l a r  experiment i n  progress .  Following t h e  downhole 

b detonat ion ,  t h e  mixer w i l l  be  removed, a long  wi th  t h e  tub ing  which had been 
0 

used t o  t r a n s p o r t  t h e  chemical components downhole. Any of t h e  d e b r i s  which 
*. 

i s  removed from t h e  h o l e  p r i o r  ' t o  pos t - f r ac tu r ing  tests may b e  s t o r e d  on t h e  
J 

s i t e  and then  removed a t  t h e  completion of t h e  experiments.  

The a c t i v i t y  a t  the  experimental  s i t e  w i l l  r e s u l t  i n  some d i s -  

tu rbance  t o  t h e  l o c a l  popula t ion  of animals  due t o  temporary d i s r u p t i o n  of 

t h e  rangeland and the. gene ra l  h a b i t a t .  Given t h e  f a c t  t h a t  g raz ing  h a s  been 

going on i n  t h i s  a r e a  f o r  a  number of yea r s ,  much of t h e  p l a n t  cover has  

a l r e a d y  been destroyed.  This f a c t o r ,  a long wi th  t h e  d r y  n a t u r e  of t h e  s o i l ,  

ha s  r e s u l t e d  i n  patchy ground cover  over much of t h e  a r ea .  The d i s tu rbance  

of an a c r e  of s u r f a c e  w i l l ' t h u s  have minimal e f f e c t  upon t h e  amount and. 

q u a l i t y  of n a t i v e  animal h 'abi ta t .  The v a s t ,  unpopulated range a r e a  can 

r e a d i l y  suppor t  any i n d i v i d u a l s  which may be  d i sp l aced  a s  a  r e s u l t  of t h i s  

development. 

Construct ion of  a d d i t i o n a l  acces s  roads t o  t h e  w e l l  sites and t h e  

improvement of a l r eady  e x i s t i n g  roads  w i l l  r e s u l t  i n  some s m a l l  amount of 

d i s r u p t i o n  t o  t h e  surrounding land .  Most of t h e  a r e a  w i t h i n  t h e  f i e l d  

being considered f o r  development i s  loca t ed  i n  proximity t o  e i t h e r  a  ranch 

road o r  t o  one maintained by an o i l  o r  gas  developer .  The cons t ruc t ion  of 

a  s h o r t  span of a d d i t i o n a l  acces s  road would make use  of very  l i t t l e  addi-  

t i o n a l  land a rea .  Use of t h e s e  roads dur ing  t h e  a c t u a l  program may i n t e r f e r e  

t o  a l i m i t e d  e x t e n t  w i th  t h e  a c t i v i t i e s  of t h e  l o c a l  ranchers .  However, t h e  

a r e a  is s o  l a r g e  and t h e  popula t ion  so  low i n  Sut ton  County t h a t  t h i s  i n t e r -  

f e r ence  is  expected t o  b e  n e g l i g i b l e .  Increased  veh icu la r  t r a f f i c  w i l l  

r e s u l t  i n  an i n c r e a s e  i n  t h e  r a t e  of e r o s i v e  l o s s  of s o i l  a long  t h e  acces s  

roads.  Such t r a f f i c  w i l l  i n c r e a s e  t h e  l e v e l  of n o i s e  and a i r  p o l l u t i o n  

over  a  per iod  of time. 

L i t t l e  water ,  i f  any, w i l l  be  necessary  f o r  e i t h e r  t h e  d r i l l i n g  

o r  t h e  f r a c t u r i n g .  The d r i l l i n g  medium i s  a i r  and t h e  f r a c t u r i n g  f l u i d  i s  



composed. of two non-detonable chemical mixtures. A small mud p i t  con- 

s t r u c t e d  a t  t h e  d r i l l i n g  s i t e  w i l l  be  used t o  s t o r e  t h e  rock c u t t i n g s  and 
. . 

d e b r i s  r e s u l t i n g  from t h e  d r i l l i n g  process. 

The subsurface  a q u i f e r s  i n  t h i s  a r e a  a r e  located  from the  sur- 

f a c e  t o  760' below t h e  su r face ,  although most wel l  water is taken from 

s u p p l i e s  loca ted  between 200' - 500' i n  t h e  Edwards limestone and Kea 

formations. These a q u i f e r s  w i l l  be  protec ted  from contamination during 

t h e  d r i l l i n g  and f r a c t u r i n g  by casing through the  s p e c i f i c  zones. 

Most of t h e  explosive treatments of gas bearing formations re- 
( 

s u l t  i n  t h e  c r e a t i o n  of v e r t i c a l  f r ac tu res .  However, these  f r a c t u r e s  a r e  

propagated a t  such a depth,  6000' - 70001, t h a t  i n t r u s i o n  i n t o  a f resh-  

w a t e r  aqu i fe r  is  highly  unl ike ly .  Also, f r a c t u r e s  propagated i n  t h i s  way 

u s u a l l y  a r e  a t t enua ted  once another formation o r  rock type is  encountered. 

There may be  some concern regarding t h e  detonation of t h i s  l a r g e  

amount of explosive below ground and the  impact on su r face  s t r u c t u r e s  and 

nearby w e l l s .  The c l o s e s t  gas we l l  t o  the  f i r s t  experimental w e l l  is located 

1 / 2  mi le  away. The 160 a c r e  spacing should insure  t h a t  no previously d r i l l e d  

gas w e l l  i s  located  near  enough t o  t h e  experimental we l l s  t o  s u s t a i n  damage. 

The c l o s e s t  s t r u c t u r e  t o  t h e  f i r s t  experimental w e l l  i s  a ranch house, 

loca ted  a t  1 1 / 2  m i l e s  away. The second w e l l  i s  expected t o  be developed i n '  

an a r e a  even more remote from human hab i t a t ion .  Precautions w i l l  be  taken 

t o  avoid damage t o  any w e l l s  o r  s t r u c t u r e s  which may b e  located  near  t o  t h e  

experimental w e l l s .  

The experimental s t imula t ion  treatment w i l l  make use  of 30,000 

l b s .  of t h e  PTC explosive,  t o  be  detonated a t  a depth of between 6000' and 

7400' below t h e  surface .  The r e s u l t i n g  ground v e l o c i t y  should not  exceed 

0 . 1  inch/sec.  The U. S. Bureau of Mines has e s t ab l i shed  c r i t e r i a  f o r  

threshold  damage l e v e l s .  This l e v e l  has been set a t  a v e l o c i t y  of 2 inches/  

sec .  To document t h a t  t h e s e  l e v e l s  a r e ,  i n  f a c t ,  not  exceeded, Union O i l  

w i l l  i n s t a l l  seismic monitoring equipment a t  the  sites. Data obtained w i l l  

b e  used t o  eva lua te  t h e  performance of t h e  chemical explosive mixture. 



.The p re sen t  PTC system i s  d e f i n i t e l y  s a f e r  t o  personnel  than  

t h e  t r a n s p o r t i n g ,  handl ing .and  loading '  techniques involved i n  80% g e l  

and l i q u i d  n i t r o g l y c e r i n e .  This  i s  due t o  PTC1s unique downhole, below 

ground l v e l  mixing and manufacturing process .  Two non-detonable mater- 
w 

i a l s ,  a  f u e l  and o x i d i z e r  a r e  pumped from tank t rucks  t o  t h e  w e l l  head 
.,- 

and downhole some 100 o r  more f e e t  t o  a  mixer where they  r e a c t  and blend 
* 

t o  form the  explos ive  which i s  d i sp l aced  down t h e  tub ing  t o  t h e  forma- 

t i o n  t o  be t r e a t e d .  Only 112 l b  of explos ive  is  handled a t  t h e  s u r f a c e  

during t h e  b r i e f  time r equ i r ed  t o  load  t h e  command f i r e  and back up de t -  

ona tor  systems. The de tona to r s  a r e  loaded by 2 of PTC1s s k i l l e d  l i c e n s e d  

b l a s t e r s  and dur ing  t h i s  ope ra t ion  a l l  o t h e r  personnel  l eaves  t h e  w e l l  

s i t e  u n t i l  t h e  de tona to r s  a r e  downhole, w e l l  below ground l e v e l .  Fu r the r ,  

an in-house a n a l y s i s  performed by Hercules ,  I n c . ,  f o r  PTC i n d i c a t e d  t h a t  

t h e  r i s k  t o  workmen involved i n  CEF i s  equ iva l en t  t o  o r  l e s s  than  t h e  

r i s k  involved i n  any t y p i c a l  non-hazardous work s i t u a t i o n .  

This  r eg ion  of southwestern Texas i s  no t  s e i s m i c a l l y  a c t i v e .  

Any concern t h a t  such explos ive  t rea tment  might induce se i smic  even t s  i s  

not warranted. I n  many of  t he  gas w e l l s  d r i l l e d  i n  t h e  Aldwell/Sawyer 

f i e l d  va r ious  o t h e r  methods of s t i m u l a t i o n  of t h e  formation have been 

used wi th  no evidence of subsur face  movement. 

Because of t h e  smal l  s c a l e ,  experimental  n a t u r e  of t h i s  program, 

i t s  impact on t h e  socio-economic s t r u c t u r e  of t h e  a r e a  w i l l  be minimal. 

Workers a t  t h e  two w e l l s  w i l l  be  employees of PTC, brought i n  from 

Washington, and l o c a l  d r i l l i n g  crews suppl ied  by c o n t r a c t o r s  i n  Midland o r  

San Angelo. O f f i c i a l s  of Union O i l  w i l l  cvulr Irom t h e  headquar te rs  i n  

Midland. No a d d i t i o n a l  employment w i l l  r e s u l t  a s  a  consequence of t h i s  

p r o j e c t .  There w i l l  be no requirement f o r  a d d i t i o n a l  support  f a c i l i t i e s  

due t o  t h e  s h o r t  t ime span of t h e  p r o j e c t .  The w e l l s  w i l l  b e  d r i l l e d  con- 

s e c u t i v e l y ,  thus  r e q u i r i n g  a  minimum number of employees t o  be  p r e s e n t  

a t  t h e  s i t e  a t  any one time. The only d i s r u p t i o n  from t h i s  p r o j e c t  w i l l  

be  t h e  increased  t r a f f i c  and rloise which w i l l  r e s u l t  from t h e  proposed 

development. Use of some graz ing  land  might be pre-empted du r ing  t h e  



experimental phase. However, following the explosive treatment and post- 

fracturing stages, the equipment will be removed and the drill pad leveled 
" 

and rqseeded . 
.- 

Environmental impacts of the proposed project in Sutton County, "& 

  ex as will be relatively minor and limited in duration. Increased noise 

pollution, air pollution and accelerated erosion will result from the 

drilling and fracturing of the two experimental wells. Present land use 

might be disrupted temporarily; However, these impacts will be mitigated 

by the short time span of the project and the limited area needed for the 

development. 

' VI. Alternatives to the Proposed Action 

As is the case with most developmental projects, there are a 

number of alternatives to the PTC program which may be considered in lieu 

of the proposed CEF project in southwest Texas. These include development 

of different types of stimulation technologies, experimentation with ex- 

plosive fracturing under different conditions or in different locations, 

and the abandonment of the technology completely. 

Possible alternative stimulation technologies include well com- 

pletion using: conventional nitroglycerin gel explosives, hydraulic frac- 

turing of the formation, massive hydraulic fracturing , methanol, cryogenic 
< '  

or foam fracturing or nuclear explosive fracturing. In addition to these 

alternatives, large volume chemical explosive fracturing (CEF) may be con- 

sidered with reference to a different type of chemical mixture. 

Massive hydraulic fracturing has been tested in a number of 

different formations from the Devonian shales of West Virginia to the 

Western gas sands of the Uintah Basin as a method of stimulation of 

tightly held natural gas. Conventional hydraulic fracturing was initially 

used in well stimulation in 1949. These two types of stimulation tech- 

nologies are designed to bypass wellbore damage and to stimulate the 

specific zonc of interest. The use of a proppant material (sand or glass 



beads) is designed to permit the newly created fractures to remain open 

and to allow for the flow of gas through these artificially created 

fractures. One of the negative aspects of development of this technology 

would be the effects of Eluid retention on the formation, which may be 

composed of a high proportion of hydrous clays. Additional water absorbed 

in the tight pore spaces might be extremely difficult to remove, thus im- 

peding the flow of gas through the fractured formation. The consideration 

of cost effectiveness may also enter. into the decision to hydraulically 

fracture a formation. MHF treatments makeuseof large volumes of fluid 

(500,000 gallons) and sand proppant (million pounds) and treatment chemi- 

cals,all of which are costly. 

Experimental stimulation programs involving the use of methanol, 

gas and foam as the fracturing fluid have been carried out within the 

region of the Devonian shales. None of these experimental fracture treat- 

ments have been applied in the Canyon sands. However, there has been con- 

siderable experimentation with these various fracturing methods in other 

tight reservoirs in the Uintah and Piceance Basins and in the Devonian shales 

of the eastern U. S. These non-water fracturing treatments are particularly 

useful in formations which would tend to be damaged or plugged if a hy- 

draulic fracture treatment were used. 

The possibility of development of an alternate method of chemical 

explosive fracturing exists. Prior experience with conventional explosives 

has done much to point up the hazards associated with their use in such stim- 

ulation projects. Accidents have occurred in the past and the safety of 

workers is of concern. At the present time, the PTC Astro-Flow I1 explosive 

program has been proven safe in field and laboratory tests. The concept of 

downhole mixing of nonexplosive components to form a detonable material 

would appear to be the safest method of delivering the explosive to the for- 

mation. In surface handling and transportation such a method must be con- 

sidered to be superior to conventional explosive methods. 

Another explosive technology, natural gas stimulation using 

nuclear explosives,has been tested at Kio Blanco, Colorado. This technology 



does not appear appropriate for use in the ti.ght gas formations of Texas 

at the present time. 

Alternate siting of the PTC experimental work might be considered 

for some other area within the AldwellISawyer field in Texas. Although this 

alternative may appear to be acceptable, strong arguments might be made for 

development in the area specified in the technical submission presented by 

PTC. This area of Sutton County, Texas may be considered as a desirable 

location for development of the experimental wells for a number of reasons: 

proximity of the site to ranch roads and an extensive pipeline system; 

limited potential use of the land for other purposes; proximity of producing 

gas wells to allow for production comparisons; and scarcity of population 

thus limiting the potential for disturbance. Chemical explosive treatments 

of other tight formations are also being carried out in the Devonian shales 

of West Virginia and Kentucky. This type of program in a different, tight 

formation will permit evaluation of the general utility of this stimulation 

procedure in different types of reservoirs. 

An argument against development of the potential gas reserves of 

the Canyon sands might be furthered by those who would prefer to see efforts 

directed towards development of some alternate source of energy, i. e., 

coal gasification, oil shale or geothermal resources. It is preferable 

that a number of alternate energy sources be developed simultaneously to 

allow for rapid accumulation of energy reserves in the United States. The 

environmental hazards associated with the CEF technology would appear to be 

less severe than those of many other energy development technologies. Also 

the clean burning characteristics of natural gas make it an acceptable 

energy source in terms of the environmental consequences of energy use. 

A final objection to the increased recovery of natural gas re- 

sources using this type of stimulation technology might be made by conser- 

vationists who argue that the remaining fossil fuel reserves in the U. S. 

should be conserved for future generations. Such a philosophy would leave 

untapped an estimated 5 TCF of gas resources that are estimated to be con- 

tained in this region of the Canyon sands alone. The extension of this 



technology t o  o t h e r  r e s e r v o i r s  i n ,Texas  would unlock s i g n i f i c a n t l y  more 

of t h i s  resource.  The need f o r  increased  energy s u p p l i e s  i n  t h e  ve ry  

n e a r  f u t u r e  by t h e  U. S. and t h e  undes i r ab le  a l t e r n a t i v e  of r e l i a n c e  upon 

fo re ign  supp l i e s  of f o s s i l  f u e l s  would argue s t r o n g l y  a g a i n s t  t h i s  a l t e r -  

n a t i v e .  

V I I .  Mi t iga t ing  F a c t o r s .  

Because of t h e  l i m i t e d  s c a l e  of t h i s  experimental  p r o j e c t ,  (2 

gas w e l l s  developed wi th in  Sut ton  County, Texas) impacts t o  t h e  environ- 

ment a r e  expected t o  be  minimal. It is  a l s o  important  t o  n o t e  t h a t  t h i s  

a r e a  o f ' sou thwes t  Texas has been t h e  s i t e  of r e sou rce  e x p l o i t a t i o n  f o r  a 

number of years .  O i l  and gas d r i l l i n g  is  common i n  t h e  a r e a ,  wi th  as many 

a s  525 w e l l s  per  year  being d r i l l e d , w i t h i n  t h e  10,500 square  mi l e  Ozona- 

Sonora p lay  a rea .  Thus, t h i s  program, as o u t l i n e d  by PTC, w i l l  n o t  rep- 

r e s e n t  a novel  e n t e r p r i s e  i n  t h i s  a r e a .  

Surface impacts a r e  expected t o  be  t h e  only  ones which w i l l  r e -  
. , 

q u i r e  some s o r t  of m i t i g a t i n g  measures t o  guard a g a i n s t  p o s s i b l e  environ- 

mental degrada t ion .  I n  t h i s  d ry ,  s p a r s e l y  vegeta ted  a r e a ,  e r o s i o n  of  t h e  

s o i l  might present  a problem due t o  increased  v e h i c u l a r  a c t i v i t y .  To min- 

imize t h e  impact of t h e  d r i l l i n g  and f r a c t u r i n g  ope ra t ions  on t h e  l and ,  

PTC and i ts  c o n t r a c t o r s  w i l l  t ake  a number of precaut ions .  S i t e s  w i l l  be  

s e l e c t e d  i n  l o c a t i o n s  which w i l l  b e  r e a d i l y  a c c e s s i b l e  from e x i s t i n g  ranch 

roads.  The f i r s t  designated s i t e  i s  known t o  be loca t ed  ad jacen t  t o  an  

a s p h a l t  road on Sawyer ranch proper ty .  S i t e s  removed from dwel l ings  w i l l  

be favored. One s e l e c t e d  s i t e  i s  w i t h i n  1 112 mi les  of t he  n e a r e s t  ranch 

house; t he  second s i t e  w i l l  be more remote. I n  each of t h e  t e s t  l o c a t i o n s ,  

roads l ead ing  t o  t h e  wellhead a r e a  w i l l  b e  cordoned o f f  du r ing  the  exper i -  

mental de tona t ion .  A l l  dwell ings w i t h i n  a 200 f e e t  r a d i u s  of t h e  w e l l s  w i l l  

be evacula ted  p r i o r  t o  t h e  explosion.  I f  r equ i r ed ,  a d d i t i o n a l  r e i n f o r c e -  

ment of nearby s t r u c t u r e s  w i l l  i n s u r e  a g a i n s t  damage r e s u l t i n g  from t h e  

underground explosion.  The 160 a c r e  w e l l  spac ing  requirement  w i l l  i n s u r e  

a g a i n s t  s i t i n g  of t h e  two p r o j e c t  w e l l s  unacceptably c l o s e  t o  o t h e r  producing 

w e l l s  i n  t h e  a r ea .  Thus no damage w i l l  r e s u l t  from t h e  de tona t ion  of t h e  



30,000 lbs. of explosives. 

The actual drilling and fracturing process will result in the 

surface disturbance to a total of less than 1 acre (probably less than 

114 acre per well). This area will be reclaimed and reseeded following the 

fracturing process and post-fracture monitoring in accordance with regula- 

tions of the State Department of Natural Resources. 

Any disruption of the plant or animal life which may result from 

this development will be limited in duration and extent. Following the 

drilling, explosive and clean-up phases of the experiment, the sites will 

be leveled, reseeded and the debris removed. ,Most of the vegetation in 

this area is composed of a low concentration of bushes (mesquite) and weeds. 

Since these plants were originally invading species on the disturbed range- 

land,,they will readily repopulate the well area once the project is com- 

pleted. 

The use of air drilling virtually eliminates the need for mud 

pits., The absence of waste water to be recovered fromthe wells and dis- 

posed of on the site make this method of stimulation preferable'to a hy- 

draulic treatment. 

From a socio-economic viewpoint, impacts should be minimal, if 

not altogether absent. No new personnel will be relocated in the area on 

a permanent basis. There will be no additional burden placed on existing 

community facilities as a result of this experimental program. 

Oil and gas production is one of the principal uses of land in 

this part of Texas. Current drilling and cotupletion activity in this area 

has to date had no significant effect upon the environment of Sutton County. 

It is reasonable to expect that the addition of two more such wells will not 

contribute to environmental degradation in this area. 

VIII. Irretrievable and Irreversible Commitment of Resources 

Certain of the materials and chemicals which will be used in this 

chemical explosive fracturing project will be irretrievably lost during the 

course of the experiment. These include: 30,000 lbs. of PTC explosives per 



w e l l  (PTC-4: hydrazine,  ammonium perchlorate/ammonium n i t r a t e ) ,  command 

and timed de tona to r s ,  200-800 f e e t  of tub ing  below t h e  packer ,  t h e  pac.ker, 

wiper p lugs ,  b a f f l e  and s e a t i n g  n i p p l e ,  which a r e  pos i t i oned  below t h e  

packer.  I n  a d d i t i o n ,  any gas which i s  produced from t h e  two t e s t  w e l l s  

w i l l  b e  de l ive red  i n t o  a nearby p i p e l i n e  and w i l l  b e  consumed commercially. 

These are re se rves  which could conceivably b e  conserved f o r  u s e  by f u t u r e  

consumers. That small amount, of gas which w i l l  be  f l a r e d  dur ing  t h e  clean-  

ou t  of t h e  wel lbore  w i l l  l i kewise  be  l o s t ,  a s  w i l l  b e  t h e  f u e l  expended by 

t h e  d r i l l i n g  r i g s  ( a i r  r o t a r y ) ,  t r u c k s  and compressor engines which w i l l  b e  

ope ra t ing  dur ing  t h e  pumping and d r i l l i n g  s t a g e s  of  t h e  ope ra t ion .  

During t h e  per iod  of  ope ra t ion  t h e  use  of t h e  l and  f o r  i t s  primary 

purpose of graz ing  by l i v e s t o c k  w i l l  b e  s a c r i f i c e d .  This ,  however, i s  b u t  a 

temporary l o s s  of u se  of t h a t  smal l  amount of land .  

The e f f o r t s  of ERDA personnel  involved i n  t h i s  j o i n t  i ndus t ry /  

ERDA p r o j e c t  w i l l  a l s o  b e  committed t o  t h i s  p r o j e c t  i n s t e a d  of t o  another  

type  of energy development p r o j e c t .  

I X .  Adverse'Environmental Impacts Which Cannot Be Avoided 

Because of t h e  n a t u r e  of t h e  l and  t o  be  used dur ing  t h e  PTC/ 

Union O i l  CEF p r o j e c t  i n  Texas, t h e  impacts a s s o c i a t e d  wi th  t h i s  develop- 

ment w i l l  be  e s s e n t i a l l y  nonex i s t en t .  The minor impacts which w i l l  accomp- 

any t h e  development of  t h e  two planned w e l l s  must b e  t o l e r a t e d  over  t h e  

l i m i t e d  per iod  of t ime planned f o r  t h e  p r o j e c t  ( F i g .  8) i n  o rde r  t o  

a l low f o r  t e s t i n g  and development of t h i s  type  of s t i m u l a t i o n  technology. 

These impacts w i l l  be  i n  terms of increased  s u r f a c e  d i s r u p t i o n  wi th in '  t h e  

l imi t ed  a r e a  of we l l  development, increased  e ros ion  of t h e  land  s u r f a c e  and 

heightened n o i s e  and a c t i v i t y  l e v e l s  dur ing  t h e  a c t u a l  per iod  of t e s t i n g .  

Surface d i s r u p t i o n  w i l l  b e  i n  t h e  form of l i m i t e d  road grading  i n t o  t h e  two 

~ i t c o ,  use  of the roads Iur veh icu la r  t r a f f i c ,  and p r e p a r a t i o n  of t h e  d r i l l -  

ing pad (approximately 114 a c r e  pe r  w e l l ) .  Minor i n c r e a s e s  i n  t h e  l e v e l  

of a i r  p o l l u t a n t s  w i l l  r e s u l t  from t h i s  increased  a c t i v i t y  i n  t h e  a r e a ,  



1. Using available geological & imagery 
data. s21ect well location. Finalize 
drilling, coring. logging, dr i l l  stem 
Testing & casing programs. Review 
previous test results. 

2. Move rotary r -g o n  location, drill. core. 
EST, log and complete we!l. Finalize 
treatment design & procedures. Move 
out rotary. 

3. T r a n s ~ o r t  PTC personnel t o  base station 
i n  West Texas. Prepare & checkout 
equipnent. 

4. Using c m p l e t i o n  rig, run fiberglass & 
stainless tubing strings, mixer & packer. 
lnstall & test ~ e l l h e a d  assembly. 

5. Load units at base station t o  comply w i th  
Texas weight laws & move units on loca- 
tion. Complete necesvry chemical 
loa3ir.g at well. Manufacture, displace 
and detonate explosive i n  well. 

6. Return PTC equipment t o  West Texas base 
station or Appalachian base station and 
personnel to Seattle. 

7. Pull downhole eqr~ipment out  of  well. 
then c leanou wellbore as required. 

8. Run short-term production tests. Gather 
& analyze d x a .  Continue monitoring 
production aher r ~ e l l  is connected t o  
pipe1ir.e. 

9. Prepare & submit monthly and final 
reDorts. 

Fig. 8. Schedule f o r  PTC Chemical Explosive Frac tur ing  Program.in Sutton 
County, Texas 



from increased  v e h i c l e  use  and engine ope ra t ion  dur ing  d r i l l i n g  and pump- 

i n g  of t h e  explos ives  mixture.  Of n e c e s s i t y ,  some smal l  amount of range- 

land  w i l l  be  d i s rup ted  temporari ly .  Limited n a t u r a l  animal and p l a n t  

h a b i t a t  w i l l  be  d i s tu rbed  al though much of t h e  a r e a  i s  a l r eady  devoid of 

vege ta t ion .  

The extremely l i m i t e d  ground cover (some low growing scrub  oak 

and jun ipe r ,  wi th  a s soc i a t ed  weedy cover)  w i l l  b e  d i s rup ted  dur ing  s i te  

p repa ra t ion ,  d r i l l i n g ,  road cons t ruc t ion  and p i p e l i n e  ex tens ion  ( i f  nec- 

e s s a r y ) .  This  w i l l  a l s o  r e s u l t  i n  t h e  i n t e r r u p t i o n  of c u r r e n t  land use  

i n  terms of graz ing  f o r  l i v e s t o c k .  This  impact w i l l  a l s o  b e  of l i m i t e d  . 

dura t ion  and of  n e g l i g i b l e  consequence. 

X. Cost Bene f i t  Analysis  

The PTC p r o j e c t  f o r  t h e  ehemical exp los ive  s t i m u l a t i o n  of 

n a t u r a l  gas  d e p o s i t s  i n  t h e  Canyon sands of Texas might r e s u l t  i n  t h e  wide- 

spread u s e  of t h e  technology t o  " l i b e r a t e "  more of  t h e  t i g h t l y  he ld  gas i n  

t h i s  formation and i n  o t h e r  low permeabi l i ty  r e s e r v o i r s .  A s  of t h e  p re sen t  

time, a  number of  w e l l s  i n  t h i s  formation a r e  producing marketable  quant i -  

t i e s  of gas (100 - 900 MCFD). The southern  reg ion  of t h e  Edwards P la t eau  

formation is known f o r  t h i s  t i g h t ,  m i l l i d a r c y  permeabi l i ty ,  wh i l e  a s i m i -  

l a r  formation t o  t h e  n o r t h  is  known t o  con ta in  o i l  and gas  r e se rves .  Thus 

t h e  success  of s t i m u l a t i o n  technology i n  t h i s  p a r t  of Texas could i n c r e a s e  

t h e  r e se rves  o f  n a t u r a l  gas by more than  5 TCF. 

I n  view of t h i s  p o t e n t i a l  f o r  development of t h e  r e sou rce ,  i t  

is  important  t o  cons ider  t h e  r e l a t i v e  b e n e f i t s  which might acc rue  from such 

a p r o j e c t .  These cons ide ra t ions  must b e  weighed a g a i n s t  t h e  a c t u a l  c o s t s  

of t h e  program i n  terms of  l and  use,  funds expended f o r  t h e  development and 

p o t e n t i a l  environmental. degradat ion.  

With r e f e rence  t o  t h e  c o s t s  of  t h e  two we l l  program, ERDA has 

committed approximately 213 of t h e  t o t a l '  cos t  o r  $751,806. The Petroleum 

Technology Corporat ion (PTC), c o n t r a c t o r  i n  t h i s  p r o j e c t , w i l l  p rovide  t h e  

ba lance  of  t h e  funds,  subcont rac t ing  wi th  Union O i l  of C a l i f o r n i a  f o r  min- 



e r a 1  r i g h t s  a c q u i s i t i o n  and s i te  se lec t ion .  I n  terms of expense of mater ia ls ,  

t h e  following w i l l  be expended during t h e  process: 60,000 l b s .  of PTC-4 ex- 

p los ive ,  de tonators  used t o  f i r e  t h e  explosives and w e l l  packers 'and asso- Y 

c i a t e d  equipment. The gas recovered from the  two w e l l s  w i l l  be col lec ted  

i n  nearby p i p e l i n e  systems and transported t o  customers, e i t h e r  r e s i d e n t i a l  'r 

o r  commercial. This gas  w i l l  be a cos t  of t h e  program i n  terms of i ts  

being l o s t  , a s  f u t u r e  reserves .  

The t i m e ,  e f f o r t ,  funding and personnel reserved by ERDA f o r . t h i s  

p r o j e c t  a r e  being d ive r ted  from use i n  some o the r  p ro jec t  which might be  

sponsored by t h e  Division of O i l  and Gas f o r  t h e  development of an a l t e r n a t e  

source of energy. Valuable r i g  t i m e  w i l l  be expended d r i l l i n g  t h e  experi- 

mental w e l l s ,  which may not  be economically productive. This time might be  

b e t t e r  spent d r i l l i n g  i n  fieldswhich a r e ' r e l i a b l e  i n  terms of cons i s t en t  

production. 

The a d d i t i o n a l  cos t  which must be included i n  t h i s  accounting 

would be  concerned with t h e  short- l ived environmental d i s rup t ion  which w i l l  

necessa r i ly  accompany t h i s  development. Surface use of the  land f o r  graz- 

ing  would be pre-empted over a shor t  period of ' t ime and over a l imi ted  area.  

However, t h e  proposed program can be assessed a s  b e n e f i c i a l  i n  

t e r m s  of t h e  o v e r a l l  program t o  develop f o s s i l  f u e l  reserves  wi th in  t h e  

United S ta tes .  The p o s i t i v e  benef i t  t o  t h i s  s t r a t e g y  would be  t o  decrease 

our r e l i a n c e  on fore ign sources of f u e l  (Canadian gas, Mideast o i l  and im- 

ported LNG). P o t e n t i a l  b e n e f i t s  of t h e  PTC program could u l t imate ly  in- 

clude t h e  c o l l e c t i o n  of t h e  gas trapped i n  t h e  t i g h t  formatiomof Texas. 

The extension of t h i s  technology t o  o ther  t i g h t  r e se rvo i r s  i n  t h e  U. S. 

would f u r t h e r  enhance t h e  worth of t h i s  program. This form of energy is  

valuable  i n  terms of i t s  c lean burning c h a r a c t e r i s t i c s ,  l imi ted  amount of 

r e f i n i n g  necessary p r i o r  t o  use and the  minimal amount of environmental 

d i s rup t ion  which accompanies d r i l l i n g ,  c o l l e c t i o n  .and use of n a t u r a l  gas. 

The presence o'f e s t ab l i shed  p ipe l ine  systems i n  t h i s  a rea  of Texag make 

t h e  p ro jec t  a t t r a c t i v e  i n  terms of t ranspor t ing t h e  produced gas t o  market 

e a s i l y  and cheaply. The gas which is present ly  being co l l ec ted  i n  o ther  



r eg ions  of t h e  Sawyer f i e l d  i s  p a r t i c u l a r l y  f r e e  of contaminants ( T a b l e  

I ) ,  having no H S c o n s t i t u e n t .  This  w i l l  make t h e  southwest Texas r e s e r v e s  2 
p a r t i c u l a r l y  a t t r a c t i v e  t o  both  producers  and consumers. 

Should t h e  funds a l l o c a t e d  f o r  t h i s  p r o j e c t  be  d i v e r t e d  t o  pro- 

grams designed t o  i n c r e a s e  s u p p l i e s  of o t h e r  energy sources  ( i .  e . ,  c o a l ) ,  

environmental degradationwould be  of g r e a t e r  concern. The u l t i m a t e  b e n e f i t  

of t h i s  program would be  t o  i n c r e a s e  r e s e r v e s  of n a t u r a l  gas  and t o  g ive  

i n d u s t r y  i n c e n t i v e  t o  experiment wi th  advanced technology t o  accomplish t h i s  

end. An increased  supply of n a t u r a l  gas  would c o n t r i b u t e  t o  i n d u s t r i a l  

energy supply s t a b i l i t y  and would reduce t h e  n e c e s s i t y  of cu r t a i lmen t s  

i n  s e r v i c e  t o  i n d u s t r i a l  and r e s i d e n t i a l  customers. The product ion  of addi- 

t i o n a l  n a t u r a l  gas  s u p p l i e s  i n  t h i s  a r e a  of t h e  count ry  could b e  viewed as 

t h e  opt imal  method of spending l i m i t e d  government RD&D funds because of t h e  

a l r e a d y  e x i s t i n g  p i p e l i n e  system as a method of t r a n s p o r t a t i o n  t o  a r e a s  of 

i n t e n s i v e  energy use,  t h e  exper ience  i n  t h i s  a r e a  wi th  gas d r i l l i n g  and pro- 

duc t ion ,  and t h e  p o t e n t i a l  f o r  a p p l i c a t i o n  of t h e  technology t o  o t h e r ,  near- + 

by formations.  

The PTC program could r e a l i s t i c a l l y  provide  informat ion  r e l a t i n g  

t o  t h e  geology of t h e  formation and t h e  opt imal  f r a c t u r i n g  technology t o  

be  appl ied  t o  t i g h t  formations.  This  in format ion ,  i n t e g r a t e d  wi th  r e s u l t s  i 

from o t h e r  enhanced gas recovery p r o j e c t s  be ing  c a r r i e d  ou t  throughout t h e  

U. S., might w e l l  prove u s e f u l  i n  s e l e c t i n g  t h e  opt imal  f r a c t u r i n g  tech- 

nology f o r  u se  i n  t h e  va r ious  low permeabi l i ty  formations.  

P o t e n t i a l  b e n e f i t s  of t h i s  p r o j e c t  i n  t e r m s  of r e sou rce  recovery 

may be  considered t o  g r e a t l y  outweigh t h e  c o s t s  of t h e  PTC program i n  terms 

of economics and environmental degrada t ion .  I n  view of  t h e s e  compelling 

arguments, t h e r e  s h o u l d b e n o  reason f o r  de lay ing  o r  postponing t h e  CEF test- 

- i n g  i n  t h e  Canyon sands of Texas. 

X I .  P o t e n t i a l  C o n f l i c t s  w i th  S t a t e ,  Regional o r  Local  P l ans  and Programs 
7 

The p o s s i b i l i t y  of a c o n f l i c t  a r i s i n g  a s  a r e s u l t  of t h e  planned 

program i n  Sut ton  County, Texas has  been v i r t u a l l y  e l imina ted  due t o  t h e  

d r i l l i n g  exper ience  of a l o c a l  subcon t r a to r ,  Union O i l ,  whose headquar te rs  



Table, I: Gas arialysis/Sawyer 15-2 

Constituent Mole/% 

"2s 
co, . . 

N2 
Methane 

Ethane 

Propane 
lsobutane 

N-tju tane 

Iso-pentane 

Heptones + 

nil 

6.08 
1.33 



is  located  i n  Midland, Texas. Agencies of t h e  s t a t e  of Texas which a r e  

empowered t o  r e g u l a t e  gas and o i l  development have been consulted regarding 

necessary permits and regula t ions  with reference  t o  t h i s  experimental pro- 

gram. I n  general ,  t h e  widespread d r i l l i n g  of gas and o i l  we l l s  i n  the  

FJ 
s t a t e  of Texas had made t h e  procedures f o r  obta in ing t h e  necessary permits  

V p a r t i c u l a r l y  e f f i c i e n t .  

F ie ld  t e s t i n g  using high'explosives-  is  regulated by Texas ' s t a t e  

law regarding use  and handling of such dangerous ma te r i a l s .  The i n t e g r i t y  

and q u a l i t y  of  t h e  subsurface and su r face  water supp l i e s  of t h e  a r e a  i s  

t h e  r e s p o n s i b i l i t y , o f  t h e  S t a t e  Publ ic  Health Service and water resource 

board. The s t a t e  and l o c a l  governing bodies and regula tory  agencies a r e  

accustomed ' t o  deal ing  with t h e  environmental consequences of development 

of mineral resources and a r e  w e l l  organized t o  supervise  such development. 

Federal r egu la t ions  have now es tabl i shed s t r i n g e n t  l i m i t s  on 

poss ib le  contamination of subsurface aqu i fe r s  o r  mineral bearing forma- 

t ions .  Casing down t o  1600' i n  both of t h e  t e s t  wel ls  w i l l  i n su re  aga ins t  

t h i s  s o r t  of contamination during t h e  d r i l l i n g  and f rac tu r ing .  

The a rea  which w i l l  be developed under t h e  PTC program i s  

cur ren t ly  being used by p r i v a t e  owners a s  rangeland f o r  l ives tock .  How- 

ever,  it is  common p r a c t i c e  f o r  p r i v a t e  landowners t o  l e a s e  t h e  mineral  

r i g h t s  t o  t h i s  land t o  o i l  .and gas developers. There a r e  severa l  gas wel ls  

a l ready d r i l l e d  wi th in  t h e  112 mile of t h e  proposed s i te  of t h e  PTC'devel- 

opment. The d is turbance  of less than an a c r e  during t h e  n ine  mnnth period 

w i l l  have v i r t u a l l y  no e f f e c t  on t h e  g r a z i n g . a c t i v i t y  c u r r e n t l y  going on i n  

t h i s  a rea .  

A t  t h i s  t i m e  t h e r e  a r e  no known plans o r  proposals by p r i v a t e  

I owners o r  s t a t e  and l o c a l  agencies f o r  use of t h e  adreage uxider considera- 

t ion .  The l a c k  of paved roads, inadequate su r face  water supp l i e s  and t h e  

) 
s c a r c i t y  of population i n  t h i s  a r e a  of Sutton County make t h e  land ill 

s u i t e d  f o r  most o the r  a c t i v i t i e s .  U s e  of t h i s  l imi ted  acreage f o r  gas de- 

velopment would appear t o  be the  optimal  use of t h e  land. 



X I I .  Rela t ionship  of Short  Term Use t o  Long Term Product iv i ty  

Should t h e  proposed PTC/Union O i l  p ro jec t  prove successful  i n  
t 

s t imula t ing  a d d i t i o n a l  gas production i n  the  t i g h t ,  l e n t i c u l a r  Canyon sands 

of southwestern Texas, t h e  p o t e n t i a l  f o r  increas ing t h e  n a t u r a l  gas reserves  

of t h e  United S t a t e s  w i l l  be  considerably enhanced. The app l i ca t ion  of the  
' .i 

CEF technology could be  extended t o  o the r  t i g h t  r e se rvo i r s ,  including t h e  

t i g h t  gas sands of t h e  Rocky Mountain Basins and t h e  t i g h t  shales  which 

charac te r i ze  t h e  Devonian formations of t h e  eas te rn  U. S. Additions t o  t h e  

supply of domestic n a t u r a l  gas reserves  would be p a r t i c u l a r l y  important 

during t h i s  period of acu te  shortage and curtai lments t o  indust ry  and homes. 

Also, t h e  c lean  burning c h a r a c t e r i s t i c s  of n a t u r a l  gas increase  t h e  impor- 

tance  of t h a t  source of energy, p a r t i c u l a r l y  with respect  t o  compliance with 

environmental s tandards  regula t ing a i r  qua l i ty .  

It has  been est imated t h a t  t h e r e  may be more than 5 TCF of gas 

wi th in  t h e  s i x  county a r e a  of Texas which make up the  Canyon sands region. 

The estimates of p o t e n t i a l  reserves  i n  t h e  o the r  t i g h t  formations through- 

o u t  t h e  United S t a t e s  range even higher;  285 TCF f o r  t h e  Devonian Shales 

and 600 TCF f o r  t h e  t i g h t ,  western gas sands. Any technology which would 

al low producers t o  economically exp lo i t  t h i s  resource would con t r ibu te  t o  

the  s t a b i l i z a t i o n  of t h e  U. S. resource base. 

Also, t h e  a b i l i t y  of indust ry  t o  plan f u t u r e  production schedules 

would be improved should t h i s  add i t iona l  supply of gas become ava i l ab le . .  

This s h o r t  term use of t h e  rangeland of Sutton County, Texas f o r  

t h e  d r i l l i n g  and s t imula t ing  of two gas wel ls  w i l l  have only s l i g h t  impact 

i n  an a r e a  where gas w e l l s  have been d r i l l e d  f o r  severa l  decades. I n  the  

s h o r t  run some p o t e n t i a l l y  important da ta  regarding t h e  geology of t h e  for-  

mation and t h e  a p p l i c a b i l i t y  of CEF t o  we l l  s t imula t ion i n  t h a t  formation 

may be recorded. Such information might provide the  b a s i s  f o r  determining 

an optimal f r a c t u r i n g  technology i n  t h e  Canyon sands. This, i n  turn ,  would 

inc rease  t h e  t o t a l  r e se rves  of n a t u r a l  gas. I n  conjunction wi th  two addi- 

t i o n a l  CEF test programs being ca r r i ed  out  by PTC i n  West Virginia and Ken- 



tucky, this project might serve to demonstrate the applicability of this 

technology in different types' of reservoirs. However, this experimental 

program might demonstrate the ineffectiveness of the CEF stimulation 

method in the tight sands of Texas. In that case a limited amount of time 

and money will have been expended. 
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