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GEOTHE~L EXPLO~TION AND DEVELOPM~T DRILLING PROGRAElS 

FOR 50 HEAT FLOW HOLES AND A DEEP TEST WELL 

Richard N. Lane 

ABSTRACT 

Gruy Federal, Inc, 

This paper describes the  ~ n a g e m e n t  and 
d r i l l i n g  techniques used t o  d r i l l  50 hea t  
flow measurement holes on the  At lan t ic  
Coastal P l a in  between July 1, 1978 through 
January 28, 1979. The organization and 
l o g i s t i c  support required f o r  t h i s  e f f o r t  
are shown t o  be more important than d r i l l i n g  
techniques f o r  these shallow holes. 

The p lans  f o r  a geothermal test w e l l  
near Cr i s f i e ld ,  MD a r e  described i n  some de- 
t a i l  i n  the  second pa r t  of t h i s  paper. 

SHALLOW 1000 FEET HEAT FLOW HOLES 

The d r i l l i n g  of heat flow measurement 
holes on the  At lan t ic  Coastal P la in  was be- 
gun i n  l a t e  June, 1978 on behalf of t he  De- 
partment of Energy's Division of Geothermal 
Energy. D r .  J e r ry  Brophy is the program mana- 
ger f o r  DOE. D r .  Costain of Virginia Poly- 
technic I n s t i t u t e  and S ta t e  University had 
se lec ted  62 or ig ina l  sites a s  shown by the  
c i r c l e s  on f igu re  1 f o r  exploratory d r i l l i n g ,  
and the  Division of Geothermal Energy desired 
t o  have a l l  sites d r i l l e d  within s i x  months 
a f t e r  e f f ec t ive  date of the  contract  between 
W E  and Gruy Federal, Inc. A t  the end of 
January, 1979, Gruy Federal and its d r i l l i n g  
contractor,  Energy Service Company, had com- 
p le ted  50 hea t  flow test holes,  most of which 
were 1000 f e e t  deep, but with severa l  as deep 
as 2000 f e e t .  
d i ca t e  second pass holes which were d r i l l e d  t o  
d e t a i l  the in t e re s t ing  areas found i n  the  
f i r s t  pass d r i l l i n g .  

The t r i ang le s  on f igu re  1 in- 

During the  operations i n  Ekryland, V i r -  
g in ia ,  and North Carolina i n  October through 
January, t he  d r i l l i n g  team was ab le  t o  complete 
three  holes per week provided tha t  the  holes 
were not  more than 50 miles apart .  No moves 
were permitted a t  night nor on weekends i n  any 
of t he  s t a t e s .  
carefu l ly  planned i n  advance so t h a t  moves 
could be made on Monday morning, Wednesday and 
Friday afternoon. 

The moving schedule had t o  be 

This permitted a round the 

clock operation. 

Since the  At lan t ic  Coastal Plain 3s con- 
sidered a f r o n t i e r  operation by most of t h e  o i l  
w e l l  se rv ice  companies, including Halliburton 
and Christiansen, it was necessary t o  have dedi- 
cated Halliburton cementing and Christiansen 
coring crews accompany the  d r i l l i n g  r i g  on a 
da i ly  bas i s ,  thus providing serv ice  as needed 
with no t ranspor ta t ion  delays. 

The t i m e  required t o  d r i l l  a typ ica l  heat 
flow hole is shown i n  f igure  2. 
t h a t  ac tua l  d r i l l i n g  and coring time is about 
equal t o  moving attd r i g  up and r i g  down time, 
and the operation turned out t o  be a l o g i s t i c s  
problem, r a the r  than a d r i l l i n g  problem. In 
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--- order t o  complete a hole every three days, the 

organization of t h i s  team had t o  provide €or ad- 
vance leas ing ,  permitt ing,  and site preparation 
as shorn i n  f igu re  3, All a€ the people shown 
w e r e  i n  the f i e l d  fu l l  t i m e  with the  exception 
of t he  o f f i c e r  i n  charge. Col. 14cCain was ob- 
ta in ing  leases one s t a t e  ahead, Mr.Pau1 O'Connor 
was obtaining d r i l l i n g  and transportation per- 
=its da i ly  for t h e  r i g  and truck movements, &. 
Gfascock w a s  e i t h e r  preparing fu ture  sites, 
cleaning up pas t  sites, o r  helping pu l l  r i g  and 
heavy equipment out  of t he  mud. M r .  Radford and I 

M r .  Peace es tab l i shed  engineering headquarters 
convenient t o  the  r i g  operations as possible. 
The advance p a r t i e s  and 0x1 site management pro- 
r ided  an e f f i c i e n t  operation which resu l ted  i n  
reduced r i g  time, lower cementing and coring 
costs and yielded B hsle cos t  well  below t h a t  
which would have been obtained on a s ing le  w e l l  
serviced from West Virginia or Pennsylvania, 

I 
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FIGURE 3 

Figure 4 is a photograph of t he  r i g  en 
operation at Ocean City, MI) and a schematic of a 
completed hea t  flow hole is shown i n  f igu re  5 .  
The simple w e l l  head is used t o  in se r t  D r ,  Cos- 
t a i n ' s  temperature measuring device through the 
two-inch f u l l  opening valve a f t e r  temperature 
gradient and s t a t i c  temperature s t ab i l i zed ,  D r .  
Costain intends to continue measurements i n  
these holes €or one t o  two years. 

Two 25 foot  cores were attempted during the  
d r i l l i n g  of each w e l l .  Figure 6 shc-ws how the 
core was s e n t  t o  t h e  labora tor ies .  Cores were 
taken i n  a fVC l i n e r  of 30 f ee t  length and sawed 
i n  the  f i e l d  i n t o  five-foot lengths. Core re- 
covery was va r i ab le  due t o  the  predominance of 
unconsolidated sands i n  the  Atlantic Coastal 
Plain. However, it was a rare oceurence when no 
core w a s  reccvered front a hole. 

FIGURE 4 
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Table I summarizes the  test hole d r i l l i n g  . 
program t o  date. 

GRUY FEDERAL INC. 

SUWHARY OF HEAT FLOW HOLES 

VIRGIN I A 16 9 0 ' M L L  50 1000 1800 

NORTH CAROLINA 11 50'MELL 60 731 1066 

TOTAL 50 

TABLE 1 

DEEP TEST mLL 

From t h e  heat flow da ta  obtained from t h e  
w e l l s  shown i n  Table 1, a DOE Division of Geo- 
thermal Energy Selection Committee se lec ted  a 
s i te  a t  Cr i s f i e ld ,  MD f o r  a deep test w e l l  t o  
basement. The w e l l  w i l l  be approximately 5000 
f e e t  deep, the  hoped fo r  temperature near base- 
ment is predicted t o  be 800C, and it is planned 
t o  test a t  least three  aqui fe rs  within the  salt 
water region of the w e l l  f o r  chemical composi- 
t i o n  and flow. 

Figure 7 shows the  s i te  f o r  t he  deep test 
near Cr i s f i e ld ,  M). The test w e l l ,  C r i s f i e ld  
Airport  No. 1, w i l l  be located on property ad- 
jacent  t o  the runways a t  the  Cr i s f i e ld  Munici- 
p a l  Airport i n  Somerset County, Maryland. This 
property is  j o i n t l y  owned by the  City of Cris- 
f i e l d  and the  County of Somerset. The d r i l l  site 
w i l l  cover approximately 3/4 ac re  a t  t he  produc- 
t i o n  test w e l l  site and s l i g h t l y  less a t  the  dis- 
posal w e l l  site. 

Figure 8 shows the  w e l l  scgematic. A 17% 
inch casing w i l l  be run and cemented t o  the sur- 
face,  
imately 1800 f e e t  and 13-3/8 inch casing run and 
cemented t o  the  surface. 
be  d r i l l e d  t o  the  top of t he  basement estimated 
a t  5000 f e e t  and 9-518 inch casing set and ce- 
mented t o  a t  least 200 f e e t  i n s ide  13-318 inch 
easing, While d r i l l i n g  the  12-114 inch hole be- 
fo re  the  13-3/8 inch casing is, set, a t o t a l  of 
s i x  cores w i l l  be taken a t  the  d i sc re t ion  of the  
VPI&SU geologist. After t h e  9-5/8 inch casing 
has  been set, t he  w e l l  w i l l  be d r i l l e d  and cored 
approximately 700 f e e t  i n t o  the  basement. Upon 
reaching t o t a l  depth (approximately 5700 f e e t ) ,  
t h e  basement w i l l  be hydraulically fractured t o  
obtain a t  least two in j ec t ion  rates, u t i l i z i n g  a 

A 17% inch hole  w i l l  be d r i l l e d  t u  apprux- 

A 12-114 inch hole w i l l  

FIGURE 7 

-FEbfa$j, I NC., 

WELL SCHEMATIC 

FIGURE 8 

packer set i n  the  9-518 inch casing on 2-7/8 inch 
tubing. After f rac tur ing ,  t he  open ha le  w i l l  be 
plugged and any prospective producing zones w i l l  
be se l ec t ive ly  perforated and tested.  

Figure 9 shows the  w e l l  logs which w i l l  be 
run i n  the  upen hole and subsequently i n  the  
cased hole. 
a l l  ava i lab le  useful in fomat ion  about the ha l e  
and t h e  formation charac te r i s t ics .  

These logs were se lec ted  t o  y ie ld  
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COMPLETION 

The w e l l  w i l l  be completed a s  follows (see 

A permanent type packer w i l l  be set i n  the 

f igure  7)  : 

shoe j o i n t  o f  t he  9-518 inch casing and t h e  
open hole squeezed with 100 sacks Class H ce- 
ment, then 50 sacks Class H cement w i l l  be  
dumped on top of t he  packer. The zone o r  zones 
of i n t e r e s t  w i l l  be perforated u t i l i z i n g  shaped 
charges a t  a density of fou r  holes per foot .  
Only 20 feet of the  zone w i l l  be perforated on 
each t r i p  i n t o  the  w e l l .  Several zones w i l l  be 
perforated and tes ted  se lec t ive ly  by the  use of 
addi t iona l  d r i l l a b l e  packers-. F ina l  completion 
w i l l  depend on preliminary test r e su l t s .  

TESTING 

I n  each zone of i n t e r e s t  the following ana- 
l y t i c a l  techniques w i l l  be used t o  estimate the  
aqui fe r  proper t ies :  

1. Class ica l  pressure drawdown and buildup 
ana lys i s  t o  determine sk in  e f f ec t  (well bore 
damage) and permeability. 

PRESSURE 
RECORDER 

THERMOMETER i - ~  BY-PASS 

2. Non-linear regression ana lys i s  t o  deter- 
mine skin e f f e c t ,  permeability, and porosity.  

3. Core ana lys i s  t o  estim2.te t he  mean per- 
meability and porosity.  

4. Log ana lys i s  t o  estimate poros i ty  and 
n e t  porous thickness 

5. Single-phase, single-well numerical re- 
servoi r  simulator t o  h is tory  match the pressures 
and determine permeability, porosity and sk in  
e f f ec t .  

Given permeability and porosity,  t h e  hydro- 
l q g i s t  w i l l  be ab le  t o  compute t h e  transmissi- 
b i l i t y  and the  s torage  coef f ic ien t .  

S U ~ A C E  FACILITIES 

The sur face  f a c i l i t i e s  w i l l  cons is t  of a 
da t a  header, a l i qu id  meter, severa l  s e t t l i n g  
tanks, two cent r i fuga l  i n j ec t ion  pumps and two 
disposable car t r idge  f i l t e r s .  A schematic of 
these f a c i l i t i e s  i s  shown i n  f igure  10. The da ta  
header w i l l  be manifolded t o  measure se l ec t ive ly  
t h e  following proper t ies  of the flowing f lu id :  

o temperature 

0 PH 
o conductivity 

o sca l e  deposition 

o sand detection 

In  addition, a port  is provided t o  permit 
ease of sampling the  flowing f lu id .  To analyze 
t h e  composition of the f l u i d ,  a mobile chemical 
laboratory w i l l  remain on si te.  

The r e s u l t s  from t h i s  test well  should be 
ava i lab le  from the Division of Geothermal Energy 
i n  July o r  August, 1979. 
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