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ABSTRACT 

T h i s  paper p r e s e n t s  a case h i s t o r y  of t h e  
d r i l l i n g  and completion of a shal low over- 
p re s su red  geothermal w e l l ,  Utah State 
72-16, s i t u a t e d  i n - - t h e  Roosevel t  Geother- 
mal F i e l d ,  Beaver County, Utah. The prob- 
lems encountered and t h e  techniques  used 
i n  completing t h i s  w e l l  are r e p o r t e d  t o  
assist  o t h e r  o p e r a t o r s  i n  safely d r i l l i n g  
and completing i n  such shal low,  over-pres- 
su red  resources .  The tasks of g r e a t e s t  
d i f f i c u l t y  w e r e  1) the running of the 
9-5/8" product ion cas ing  and 2) remedying 
t h e  consequence of an i n d i c a t e d  imperfec t  
cementing of t h e  13-3/8" s u r f a c e  cas ing .  
P a t i e n c e ,  coo l ing  of t h e  w e l l ,  and care-  
fully performed and eva lua ted  cement jobs 
w e r e  t he  techniques  employed which con- 
t r i b u t e d  t o  the success fu l  completion of 
t h e s e  t a sks .  

T h i s  paper p r e s e n t s  a case h i s t o r y  of t h e  
d r i l l i n g  and completion of  a shal low over- 
p re s su red  geothermal w e l l ,  Utah State 
72-16 ,  s i t u a t e d  i n  t h e  Roosevelt  Geother- 
m a l  F i e l d ,  Beaver County, Utah. The prob- 
l e m s  encountered and t h e  techniques  used 
i n  completing t h i s  w e l l  are r e p o r t e d  t o  
assist o t h e r  o p e r a t o r s  i n  sa fe ly  d r i l l i n g  
and completing i n  such shal low,  over-pres-  
sured  resources .  The t a s k s  of g r e a t e s t  
d i f f i c u l t y  w e r e  1) t h e  running of the 
9-5/8" product ion cas ing  and 2)remedying 
t h e  consequence of an i n d i c a t e d  imperfec t  
cementing of t h e  13-3/8" s u r f a c e  cas ing .  

Utah State 72-16  was spudded October 2 2 ,  
1976 i n  Sec t ion  1 6  of t h e  Roosevel t  Geo- 
thermal  F ie ld \by  Thermal Power Company, 
Operator  f o r  a j o i n t  account  w i t h  O'Brien 
Resources Corporat ion.  A 12%'' hole was 
d r i l l e d  to 85 f e e t  i n  coarse g r a n i t e  a l l u -  
vium, and then opened t o  2 6 " .  Conductor 
c a s i n g  of 20" diameter  w a s  cemented a t  85  
f e e t  with 200 s acks  of cement. A 20" 
Hydril blowout p reven te r  (BOP) was f langed  

to t h e  conductor and a 17%" bit was used 
t o  d r i l l  below t h e  shoe of t h e  20" ca s ing .  
D r i l l i n g  pene t r a t ed  unconsol idated g r a v e l ,  
g r a n i t e  fragments and a pebble conglomex- 
ate of s i l i c i f i e d  g r a n i t e  f ragments ,  when 
a t  312 f e e t  t he  w e l l  began to flow. The 
Hydr i l  w a s  used t o  shut- in  t h e  well, which 
r e g i s t e r e d  25 psig su r face  p r e s s u r e .  
D r i l l i n g  proceeded p a s t  312 f e e t  w i t h  mud 
weighted t o  13.5 pounds per  g a l l o n  (ppg) 
An a l luv ium/grani te  i n t e r f a c e  at 425 feet  
w a s  d r i l l e d  without  i n c i d e n t ,  b u t  du r ing  
a d e v i a t i o n  survey at 5 1 4  f e e t ,  t h e  w e l l  
flowed aga in .  D r i l l i n g  was cont inued  
down t o  585 feet us ing  14.5 ppg mudl 
although mud r e t u r n s  w e r e  reduced or c u t  
t o  13.6 ppg and hea ted  as h igh  as 186'F. 
It was decided t o  weight t h e  mud t o  15.2 
ppg, run 'casing, and cement t h e  h o t ,  mud- 
c u t t i n g  zones behind pipe.  

The 13-3/8" s u r f a c e  cas ing  was cemented 
a t  580 f e e t w i t h  400  sacks of cement w i t h  
good r e t u r n s  t o  su r face  by 2345 hours on 
November 1, 1 9 7 6 ,  Within 3% hours  t h e  
annulus  between t h e  20" and 13-3/8" 
c a s i n g  commenced flowing water ,  which w a s  
s topped with t h e  Hydri l .  Before t h e  
annulus  could be cemented from the t o p ,  a 
new seep  developed ou t s ide  t h e  20" c a s i n g  
i n  t h e  c e l l a r  bottom. F i n a l l y ,  cement 
w a s  a p p l i e d  both down the  annulus  and i n  
t h e  cellar bottom and a cement bond log 
(CBL) and temperature  log  were run .  

There a r e  two ( 2 )  components of a cement 
bond l o g ;  t h e  ampl i f i ed  cas ing  bond por- 
tion ( C B ) ,  and t h e  v a r i a b l e  d e n s i t y  l o g  
(VDL). Both p o r t i o n s  must be i n t e r p r e t e d  
f o r  a c o r r e c t  de te rmina t ion  o f  t h e  cement 
bond. Reading t h e  CB po r t ion  of t h e  l o g  
of t h e  13-3/8" s u r f a c e  cas ing  a l o n e ,  t h e  
bond could  be i n t e r p r e t e d  as being  exce l -  
l e n t  from s u r f a c e  to 1 0 0  f e e t ,  f a i r  f r o m  
1 0 0  f e e t  t o  2 6 0  f e e t ,  and e x c e l l e n t  b e l o w  
260  f e e t .  I n t e r p r e t i n g  t h e  t w o  ( 2 )  l o g s  
t o g e t h e r ,  however, r e v e a l s  t h a t  from 0 
f e e t  t o  22 f e e t  t h e r e  i s  only  a fair bond , -  

l f r o m  22 f e e t  t o  270 feet a very poor bond, 
and from 270 f e e t  to bottom a poor bond 
c o n s i s t i n g  of a cement shea th  r e s t i n g  
( n o t  bonding) a g a i n s t  t h e  formation.  
Th i s  l a t t e r  phenomenon is  r evea led  by t he  
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poor a c o u s t i c a l  a r r i v a l s  i n  t h e  VDL log.  
Such a r r i v a l s  are termed poor when the  
v e r t i c a l  l i n e s  of t h e  VDL a r e  r e l a t i v e l y  
undis turbed.  I n  t h e  l o g  of  t n e  13-3/8" 
s u r f a c e  cas ing ,  only t h e  sha rp ,  evenly 
spaced s i g n a t u r e  of t k t e  c a s i n g  c o l l a r s  i s  
p r e s e n t ,  i n d i c a t i n g  t k a t  t h e  cement shea th  
was incompletely bonded t o  t h e  formation.  
Pe r fo ra t ing  and squeeze cementing behind 
t h e  cas ing  was n o t  employed i n  t h e s e  c i r -  
cumstances f o r  s e v e r a l  p r a c t i c a l  reasorts . 
D r i l l i n g  proceeded below t h e  13-3/8" sur -  
face cas ing  wi th  a r ead iness  t o  make an 
immediate abandonment of  t h e  w e l l  i f  
f u r t h e r  adverse ci rcumstances r equ i r ed  it. 

While d r i l l i n g  ahead wi th  heav i ly  s a l t e d  
water, t h e  w e l l  k icked gas  and some steam 
a t  633 f e e t .  A f t e r  k i l l i n g  t h e  w e l l  wi th  
1 4 . 1  ppg mud, it was decided t h a t  f u r t h e r  
d r i l l i n g  would u t i l i z e  mud t o  c o n t r o l  t h e  
w e l l ' s  p ressure .  However, use of  d r i l l i n g  
mud had i t s  own drawbacks because t h e  high 
h e a t  throughout t h e  w e l l  caused t h e  coagu- 
l a t i o n  of b a r i t e  and g e l ,  making it very 
d i f f i c u l t  t o  resume mud c i r c u l a t i o n  a f t e r  
any i n t e r r u p t i o n  of  d r i l l i n g .  Furthermore, 
t h e  1 4 . 1  ppg mud w a s  cons t an t ly  be ing  c u t  
i n  weight by a d d i t i o n a l  h e a t  and geother- 
m a l  f l u i d  en t ry .  It  was f i n a l l y  found 
t h a t  a mud weight of  15.2 ppg w a s  requi red  
t o  p reven t  f l u i d  e n t r y  and r educ t ion  of 
mud weight. 

While weight ing up t h e  mud a t  633 f e e t ,  t h e  
w e l l  w a s  t e s t e d  t o  determine i f  t h e  w e l l  
w a s  s u f f i c i e n t l y  product ive  t o  m e r i t  com- 
p l e t i o n .  Tes t ing  was performed through 
t h e  d r i l l i n g  s t a c k  and choke manifold,  
us ing  t h e  method of  James. This  technique 
was s u c c e s s f u l l y  employed a t  both  633 and 
836 f e e t  and proved i n s u f f i c i e n t  produc- 
t i v i t y  t o  complete t h e  w e l l  a t  such depths .  

On November 15,  1976, whi le  d r i l l i n g  a t  
1245 f e e t ,  t h e  d r i l l i n g  s t r i n g  torqued up 
and then  spun free, accompanied by a loss 
o f  mud c i r c u l a t i o n .  Some 300 b a r r e l s  of 
lost. c i r c u l a t i o n  material  (LCM) , g e l ,  and 
b a r i t e  was pumped down w i t h  no r e t u r n s .  
While bu i ld ing  up a new supply of mud, t h e  
w e l l  was t e s t e d ,  and t h e  readings  of pres-  
s u r e  and temperature  i n d i c a t e d  t h a t  a 
major h o t  water and steam flow had been 
encountered; t h e  w e l l  w a s  ready f o r  cc,m- 
p l e t i o n .  However, completion ope ra t ions  
a g a i n s t  t h e  wel lhead ' s  p re s su re  of  250 ps ig  
over  h y d r o s t a t i c  presented  tremendous prob- 
l e m s .  
t h e  e n t r y  a t  1245 f e e t ,  and t h e  wel lbore  
hea t  a lone  caused a s i g n i f i c a n t  decrease 
i n  d e n s i t j  of  mud s t a t i c a l l y  r e s t i n g  i n  
t h e  wel lbore .  These problems wi th  t h e  mud, 
coupled wi th  a r e luc t ance  t o  temporar i ly  
c l o s e  a p o t e n t i a l l y  product ive  zone wi th  
cement p lugs ,  fo rced  t h e  used of  "snubbing" 
equipment to .  remove t h e  d r i l l i n g  s t r i n g  
from t h e  hole .  This  l abor ious  ope ra t ion  

Even 15.2 ppg mud was be ing  c u t  by 

a lone  r equ i r ed  seven ( 7 )  days t o  se t -up  
and perform. 

The g r e a t e s t  problem th rea t en ing  t h e  s a f e  
completion of Utah S t a t e  72-16 however, 
w a s  t h a t  of  running t h e  9-5/8" product ion 
cas ing .  Pressurc c o n t r o l  while  running 
and cementing i s  impor tan t  f o r  a sound 
primary cement job.  Even i f  a plug  w a s  
s e t  above t h e  main zone a t  1245 f e e t  t o  
i s o l a t e  i t ,  it w a s  f e a r e d  t h a t  t he  mud 
could  be c u t  and hea ted  by t h e  upper 
zones, and a loss of  p re s su re  c o n t r o l  
occur .  Add i t iona l ly ,  should  the  cas ing  
be run s u c c e s s f u l l y ,  t h e  h igh  tempera- 
t u r e s  a t  such shal low dep ths  could cause 
t h e  cement t o  f l a s h  set dur ing  i t s  
a p p l i c a t i o n ,  prevent ing  a complete or 
s a t i s f a c t o r y  bond. Considerable  t i m e  was 
devoted t o  analyzing t h e s e  problems and 
t h e i r  p o s s i b l e  s o l u t i o n .  However, on 
November 25, 1976, a stream of ho t  water 
and steam appeared approximately 25 f e e t  
southwest  of t h e  wel lhead and commenced 
t o  flow s t e a d i l y  a t  about  15  ga l lons  pe r  
minute. This  event  prompted the  elec- 
t i o n  t o  run and cement a s t r i n g  of pro- 
duc t ion  cas ing .  

The e f f o r t  t o  run 9-5/8" product ion cas ing  
commenced wi th  t h e  s e t t i n g  of  a br idge  
p lug  a t  1 1 4 4  f e e t  i n  t h e  open-hole. The 
p lug  f a i l e d  t o  seal o f f  t h e  pressure  com- 
p l e t e l y ,  as d id  a p i l l  of 1 2 %  LCM dropped 
on i t  i n  an  a t tempt  t o  seal of p o s s i b l e  
l eaks .  Two ( 2 )  a t tempts  w e r e  made t o  
p l ace  a 75 l i n e a l  f o o t  p lug  of cement on 
tne plug: n e i t h e r  a t t empt  succeeded. 
Despi te  t h e s e  se tbacks ,  however, much had 
been l e a r n e d  by now about  how t o  deal wi th  
t h e  w e l l .  Foremost of t h e s e  lessons  were 
t h e  advantages gained by cool ing  t h e  w e l l  
w i th  water before  a t t empt ing  ope ra t ions  
wi th  mud. The cool ing  promised sav ings  
of  mud and rubber components of t h e  BOP 
from t h e  h e a t  of t h e  w e l l .  Accordingly, 
while  mixing up heavy mud, t h e  w e l l  w a s  
cooled by c i r q u l a t i n g  water through open- 
ended d r i l l  p ipe  "hung" n e a r  t h e  p lug .  
When t h e  15.5 ppg mud w a s  mixed, it w a s  
pumped i n t o  t h e  w e l l  and d i sp laced  t h e  
water. The wellhead p res su re  was reduced 
t o  zero  and remained s a f e l y  so f o r  several 
hours .  This process  of "cool ing  and 
k i l l i n g "  proved e s s e n t i a l  i n  the running 
and cementing of t h e  9-5/8" product ion 
cas ing .  

On December 1 6 ,  1976 a slow (11 hour) pro- 
cess o f  washing and reaming w a l l  cake down 
t o  t h e  p lug  w a s  s t a r t e d .  Following this 
reaming, f o r  15% hours  t h e  w e l l  was cooled  
by c i r c u l a t i n g  water through t h e  d r i l l  
s t r i n g ,  and up t h e  annulus  of  t he  w e l l .  
I n  r a p i d  success ion ,  t h e  water was d i s -  
p laced  wi th  16.3 ppg mud, t h e  d r i l l i n g  
s t r i n g  pu l l ed  o u t ,  and t h e  rams of t h e  
Sha f fe r  BOP'S changed t o  handle cas ing .  
The 9-5/8" product ion c a s i n g  s t r i n g  w a s  

588 
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modified t o  use t h e  "cool  and k i l l "  method 
to  provide a good cement job. The s t r i n g  
sequence was a f l o a t  shoe, one (1) j o i n t  
of p ipe ,  a f l o a t  c o l l a r ,  a second j o i n t  of 
p i p e  w i t h  a c e n t r a l i z e r ,  a " s t ab - in"  f l o a t  
c o l l a r ,  a t h i r d  j o i n t  o f  pipe w i t h  a cen- 
t r a l i z e r ,  and t h e  remaining 24 joints of 
casing;  The cas ing  w a s  run i n  t h r e e  ( 3 )  
hours and t h e  shoe s e t  at 1098 feet below 
Kelly Bushing. Immediately, t h e  mud was 
d isp laced  and water again c i r c u l a t e d  
through t h e  hole ,  t h i s  t i m e  f lowing down 
through t h e  cas ing  and shoe and up t h e  
annulus between t h e  cas ing  and t h e  w a l l  
o f  t h e  hole.  This cool ing  cont inued - 2 0  
hours ,  then t h e  water  w a s  d i sp l aced  wi th  
1 6 . 4  ppg mud, and mud w a s  c i r c u l a t e d  out-  
s i d e  the 9-5/8" product ion c a s i n g  f o r  % 
hour t o  condi t ion the  hole .  Next, open 
ended d r i l l  p ipe  w a s  run t o  t h e  ' s tab- in"  
f l o a t  c o l l a r  and 15.5 ppg cement s l u r r y  
wi th  40% s i l i ca  f l o u r  was pumped through 
t h e  annulus between cas ing  and open hole.  
O v e r  100% excess  cement w a s  used so t h a t  
cement r e tu rns ,  although c u t  by w a t e r  a t  
f i r s t ,  f i n a l l y  had t h e  same weight  as t h a t  
cement en te r ing  t h e  w e l l .  I t  i s  be l i eved  
t h a t  c a r e f u l  s e l e c t i o n  and c o n t r o l  of 
cement s l u r r y  weight w a s  of s p e c i a l  impor- 
tance  i n  the  circumstances a t  Utah S t a t e  
72716. Upon completion of cementing, t h e  
d r i l l  pipe was backed o u t  of t h e  "s tab- in"  
c o l l a r ,  the  mud d i sp laced  o u t  of t h e  
cas ing ,  and cool  water c i r c u l a t e d  i n  t h e  
c a s i n g  t o  prevent  t h e  f l a sh ing  of cement 
o u t s i d e  the  9-5/8" product ion cas ing .  
Three ( 3 )  f l oa t  valves  provided t r i p l e  
insurance  t h a t  t h e  heavier  cement would 
stay i n  place and remain undis turbed while  
s e t t i n g  up. The c i r c u l a t i o n  of t h e  w a t e r  
up t h e  annulus between the d r i l l  p i p e  and 
c a s i n g  was a c r i t i ca l  cool ing ope ra t ion  
which continued for 2 2  hours a f t e r  t h e  
cement was emplaced. For a f i n a l  t i m e  t h e  
w e l l  w a s  k i l l e d  wi th  15.0 ppg mud and an 
expansion spool  and master va lve  f langed 
onto t h e  product ian cas ing  on December 2 0 ,  
1 9 7 6 .  

The e f f ec t iveness  of t h i s  elaborate pro- 
cedure on t h e  9-5/8" product ion cas ing  w a s  
immediately i n v e s t i g a t e d  with a CBL. 
Bonding was f a i r  t o  good from 20 feet  t o  
86  feet, and e x c e l l e n t  to very good f r o m  
80 f e e t  t o  5 4 8  f e e t .  This reg ion  shows 
e x c e l l e n t  cement bonding t o  t h e  13-3/8" 
su r face  cas ing  a s  evinced by t h e  s t rong  
"formation a r r i v a l s "  i n  t h e  VDL. From 5 4 8  
f e e t  t o  1098 feet ,  t h e  cement bonding i s  
very good as shc,wn by both t h e  l o w  ampli- 
tude o f  the-CB and t b e  continuous forma- 
tion a r r i v a l s  i n  t h e  VDL. Some mico- 
annulus e f f e c t  is  s h o w n  by t h e  moderate 
formation a r r i v a l s  of t h e  VDL (moderate 
meaning the  first. few a r r i v a l  l i n e s  are 
gene ra l ly  undis turbed) .  However, a mico- 
annulus does n o t  gene ra l ly  cause  a loss of 
hydraul ic  seal. I n  s h o r t ,  t h e  major i ty  of 

t h e  9-5/8" production cas ing  CBL is of a 
textbook q u a l i t y .  

Utah State 72-16 w a s  c leaned o u t ,  deepened 
9 more f e e t  t o  a t o t a l  depth of 1254 f e e t  
ar-d ccjmpleted wi th  two ( 2 )  wellhead g a t e  
va lves  on December 31, 1976. S t i l l  t o  be 
co r rec t ed ,  however, were t h e  consequences 
of t h e  poor 13-3/8" surface casing cement 
job ,  manifested by khe cons tan t  15 gpm of 
geothermgl w a t e r  flowing from t h e  seep  
near  t h e  wellhead. Considerable a n a l y s i s  
aga in  preceded a c t i o n .  O n  February 7,  
1 9 7 7 ,  a grout ing program f o r  t he  w e l l  w a s  
i n i t i a t e d .  Two i n i t i a l  v e r t i c a l  d r i l l  
ho le s  t o  6 5  f ee t ,  l oca t ed  about 1 0  f e e t  
from t h e  wellhead, f a i l e d  t o  take s e a l a n t  
and s t o p  the  seep.  Consequently, e f f o r t s  
w e r e  then re -d i rec ted  towards s e a l i n g  off 
t h e  13-3/8" su r face  cas ing  cement shea th  
a t  t h e  shoe of t h e  2 0 "  su r face  cas ing .  
An angle  hole ( G - 3 )  d i r e c t e d  towards t h i s  
t a r g e t  success fu l ly  found t h e  seep condui t ,  
b u t  grout ing wi th  Geoseal proved i n e f f e c -  
t i v e  and the  hole  w a s  plugged and aban- 
doned. A fou r th  angle  hole s u f f e r e d  t h e  
same f a t e ,  and was abandoned. A f i f t h  
angle  hoLe ( G - 5 )  i n t e r c e p t e d  the  seep's 
condui t  again,  so e f f e c t i v e l y  t h a t  t h e  
e n t i r e  s eep ' s  flow would e x i t  G-5. 
Attempts t o  cement ( i n s t e a d  of g rou t )  t h e  
seep  from G-5 only caused t h e  cement t o  
e x i t  t h e  seep and n o t  se tup .  This l e d  to 
t h e  f i n a l  hole ,  G - 6 ,  which also i n t e r c e p t e d  
t h e  seep ' s  condui t .  Cement was pumped 
through G-6 while G-5 w a s  allowed t o  f l o w .  
Cement appeared i n  both G-S and t h e  seep 
using a 3( to  1 m i x  of water and Por t l and  
I d e a l ,  Type 1A cement. G-5 was gradua l ly  
c losed  i n  while pumping down G-5 cont inued 
and t h e  water-to-cement r a t i o  w a s  
decreased markedly. As t h e  s l u r r y  r a t i o  
w a s  f u r t h e r  decreased,  pumping p res su res  
began t o  bu i ld  and the sp r ing  stopped 
flowing a l toge the r .  A f t e r  two ( 2 )  hours 
of  pumping a 0.75 t o  1 s l u r r y  r a t io  at 70 
p s i g ,  no f u r t h e r  i n j e c t i o n  a t  t h a t  pres -  
s u r e  was poss ib le .  This near  classic 
"squeeze job", us ing  220 sacks of cement, 
stopped the  seep and a l l  gas flows i n  the 
w e l l ' s  cellar. T h e  six (6) grout  w e l l s  
w e r e  capped and Utah State 72-16 w a s  com- 
p l e t e d  and ready for t e s t i n g .  O n  a 22- 
hour flow test  i n  e a r l y  A p r i l  1977, the 
w e l l  flowed f r o m  a r e s e r v o i r  of 468OF 
w a t e r  a t  t o t a l  mass flow rates up t o  
approximately 1,300,000 pounds per  hour.  
No su r face  seepages w e r e  found subsequent 
t o  t h i s  tes t .  The w e l l  i s  presen t ly  shut -  
i n  awai t ing f u r t h e r  t e s t i n g  o r  product ion 
use.  A l l  wellbore d a t a  from Utah S t a t e  
72-16 is now a v a i l a b l e  t o  the  pub l i c  a t  
t h e  Universi ty  of Utah Research I n s t i t u t e  
i n  S a l t  Lake Ci ty .  

I n  conclusion,  t h e  h i s t o r y  of Utah State 
72-16 i l l u s t r a t e s  t h r e e  ( 3 )  major 
r e q u i s i t e s  for d e a l i n g  wi th  a shal low,  
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over-pressured w e l l .  F i r s t ,  such a well 
poses  problems unique to  t h e  w e l l  and i t s  
geologic  s e t t i n g .  S o l u t i o n s  t o  t h e s e  
problems a r e  probably n o t  obvious.  Con- 
s i d e r a b l e  thought ,  d i s c u s s i o n  , and exper i -  
mentat ion i s  r e q u i r e d  for t h e  discovery 
of t h e s e  problems' s o l u t i o n s .  P a t i e n c e ,  
then  i s  t h e  f i r s t  requirement  f o r  com- 
p l e t i n g  such wells, even though such 
pa t i ence  can be q u i t e  expensive.  Secondly,  
cool ing  of a shallow, over-pressured geo- 
thermal well i s  a va luab le  t o o l  i n  com- 
p l e t i n g  such wells. Keeping the well cool 
(1) saves  the mud from h e a t  and f l u i d  
e n t r y  degrada t ion ,  ( 2 )  a i d s  i n  a proper  
primary cement job, and (3) prolongs t h e  
life of srch s u r f a c e  equipment as rotating 
head rubbers  and BOP r a m s .  I n  gene ra l ,  
cooling t h e  well buys the o p e r a t o r  
increased  s a f e t y  and g r e a t e r  o p e r a t i o n a l  
f l e x i b i l i t y .  F i n a l l y ,  w e l l s  like Utah 
State  72-16 r e q u i r e  a good primary cement 
job on each c a s i n g  s t r i n g .  This  i nvo lves  
c a r e f u l  a t t e n t i o n  to  s u f f i c i e n t  coo l ing  
and c e r e n t  s l u r r y  weight  and cement 
volumes to i n s u r e  a good cement shea th .  
The €allow-up of a good cement job should 
inc lude  a d e f i n i t i v e  a p p r a i s a l  of the job 
befo re  proceeding w i t h  t h e  well. 

I n  summary, p a t i e n c e ,  coo l ing ,  and care- 
f u l l y  performed and e v a l u a t e d  primary 
cement jobs, are recommended i n  any 
e f f o r t s  t o  complete sha l low,  over-pres- 
sured  geothermal w e l l s .  

My a p p r e c i a t i o n  and thanks are extended 
to M r .  Royce "Buddy" Bowden, formerly of 
Loffland Bro the r s ,  Inc. and now of Thermal, 
who devised t h e  l*cool  and k i l l "  technique 
which Fermi t ted  t h e  safe completion of 
Utah Stake  72-16; t o  o t h e r  members of t h e  
geothermal o p e r a t i o n s  s t a f f  of Thermal, 
and t o  O'Brien Resources Corporat ion and 
Amax Explora t ion ,  I n c .  f o r  permission t o  
publ i sh .  
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