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1.0 ABSTRACT 

I n j e c t i v i t y  losses i n  geothermal ope ra t ions  g e n e r a l l y  a r i s e  due 
t o  near  wel lbore damage caused during va r ious  s t a g e s  of  any 
geothermal ope ra t ion .  Such damages have t o  be repa i red  through 
s t i m u l a t i o n  techniques ,  It  is not  bel ieved t h a t  a r e l i a b l e  
s t i m u l a t i o n  technology exis ts  a t  t h i s  t i m e .  

Various t y p e s  of  chemical s t i m u l a t i o n  methods have been 
cons idered .  High pH f l u i d s  seem t o  be a l o g i c a l  choice f o r  some 
wel lbore  and/or r e s e r v o i r  s t i m u l a t i o n s ,  However, forming of  
secondary d e p o s i t s  and c r e a t i n g  of  new r e s e r v o i r  damages due  t o  
chemical r e a c t i o n s  between t h e  rock m a t e r i a l  and these 
s t i m u l a t i o n ~ f l u i d s  make it adv i seab le  not  t o  cons ider  any of 
these h igh  pH f l u i d s  i n  h i g h  temperature geothermal r e s e r v o i r s .  

l u i d s  having a n e u t r a l  pH can  be s u c c e s s f u l l y  used i n  chemical 
t i m u l a t i o n  methodsmonly i n  a v e r y  f e w  and r a r e  ins tances .  Low 

pH f l u i d s ,  i.e. a c i d s ,  have by fa r  t h e  best  chance t o  be used f o r  
these chemical s t i m u l a t i o n  jobs .  The major p a r t  of  t h i s  r e p o r t  
is concerned w i t h  a c i d i z i n g  techniques f o r  geothermal i n j e c t i o n  
wells. 

Acid jobs  i n  a geothermal f i e l d  can be 
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3. Composition, chemical r e a c t i v i t y ,  i n j e c t i o n  r a t e s  and 
amounts o f  a c i d ,  spearhead and ove r f lu sh  s t a g e s ,  . 

4.  Type of  w e l l  completion, depth  and i n j e c t i v i t y  of  open 
i n t e r v a l ,  and ,ava i lab le  hardware, 

5, Temperatures o f  a c i d s ,  spearheads,  ove f l u s h e s ,  wel lbore 
i n t e r v a l s  and rock m a t e r i a l s  before ,  dur ing  and a f t e r  
t h e  s t i m u l a t i o n  job ,  

6 ,  Time of l i f e  o f  i n j e c t i o n  w e l l ,  i.e. 

( a )  Immediately a f t e r  d r i l l i n g ,  completion 
and/or work 

b) A f t e r  s tanding  without r e i n j e c t i n g  or 

c) Aiter prolonged p e r i o d s  of r e i n j e c t i o n .  

The p r e s e n t  r e p o r t  d e s c r i b e s  
f o r  an experimental  and t h e  rou t ine  s t i m u l a t i o n  o f  i n j e c t i o n  
we l l s ,  A r a t h e r  pragmatic approach is used t o  d e s c r i b e  our 
thoughts ,  some r e c e n t  f i e l d  experiences and t h e  resu l t s  of  some 
l a b o r a t o r y  work . 

he a c i d i z i n g  techniques  t o  be used 

, 2 .0  SUMMARY AND CONCLUSIONS - 

1, St imula t ion  o f  geothermal i n j e c t i  
r equ i r ed  because o f :  

a)  N a t u r a l l y  l o w  i n j e c t i v i t y  o r  
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4 .  Many of t h e  problems r e l a t e d  t o  those  i n j e c t i o n  well 
s t i m u l a t i o n  j o b s  t h a t  use chemicals ( inc luding  a c i d s )  
a r e  g e n e r a l l y  underest imate  by t h e  geothermal indus t ry ,  
The p r e c i s e  type amount and l o c a t i o n  of t h e  damaging 
m a t e r i a l s  a r e  g e n e r a l l y  not  nom.  Without t h i s  
in format ion ,  a optimized s t i m u l  
designed and/or executed. 

5 .  I n j e c t i v i t y  losses i n  geothermal ope ra t ions  
ar ise  because of near  wel lbore damage, The damage is a 
r e s u l t  of t h e  v a r i o u s  s t a g e s  of  a geothermal opera t ion .  
These v a r i o u s  s t a g e s  a r e ,  (a) t h e  d r i l l i n g  and 

ion j o b  can not  be 

6, The plugging mater i  
i n j e c t i o n  wells a r e  
damaging m a t e r i a l s  c 

- 
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8,  Acidizing of i n j e c t i o n  we l l s  c o n s i s t s  .of removing the  
f l o w  obs truc t ions  created by the  damaging m a t e r i a l s ,  
The majori ty  of the  known and/or suspected damaging 
m a t e r i a l s  can be removed from i n j  c t i o n  wells by means 
o f  a c i d i z i n g .  

D i f f erent  o b j e c t i v e s  and techniques apply f o r  9 .  

I a)  Pilot or  experimental 
jobs 

a b l e  i n  some ins tances .  

- 

- 

.- 

I 
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1 4 .  Some f l o w  experiments were conducted to  determine the  
e f f e c t i v e n e s s  of a c i d i z i n g  the  porous media that  are  
invaded by s e p i o l i t e  p a r t i c l e s ,  Both HC1 and HC1-HF . a s  

formation, 

a g i v e n  set of 
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1. If a l l  t h e  f l u i d s  en te r ing  t h e  formation a r e  p rope r ly  

2. I f  a l l  t h e  formation components a r e  known. 

3. If a l l  t h e  reac t iof i s  among t h e  v a r i o  components a r e  

c h a r a c t e r i z e d .  

known a t  t h e  various cond i t ions  of  t h e  r e i n j e c t i o n .  

Normally, t h e  o p e r a t o r  l a c k s  t h i s  information i n  its e n t i  

a t t e r  what type  of source causes  t h e  damage, many i n j e c t i o n  
s w i l l  have t o  be s t imu la t ed .  

e thods  of s t i m u l a t i o n  is t h rough  t h e  u s e  of  ac ids .  The des ign  
f a c i d f z i n g  t o  s t i m u l a t e  i n j e c t i o n  w e l l s  would r e q u i r e  a 
nowledge o f  t h e  type ,  amount and l o c a t i o n  of t h e  damage. 

High and n e u t r  

One of t h e  more promising 

p r e s e n t  r e p o r t  describes t h e  information needed i n  a c i d i z i n g  
d e s i g n  t o  s t imu la t e .  i n j e c t i o n  wells. 
have a chance for  success o n l y  i n  a few rare cases .  
a t t e m p t s  a l s o  to t a k e  a look a t  these f l u i d s .  

5 . 0  OBJECTIVE OF CHEMICAL STIMULATION OF - GEOTHERMALTNJECTORS 
eothermal i n j e c t i o n  wells a r e  prone f r ( a )  having a n a t u r a l l y  
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5 . 1  REPAIR OF MAN-MADE DAMAGE AFTER WELL , - 
DR I L L I N ~ A N D  COMPLETION - 

The newly d r i l l e d  or completeed geotherm 
d i f f e r s  d r a s t i c a l l y  rom t h e  same w e l l  

eat-depleted b r i n e  re in j ec t ed .  The 
r i l l i n g  and comple on o p e r a t i o n s  € 4 1  which is q u i t e  d i f f e r e n t  
rom t h e  damage cau by a prolonged and f a u l t y  i n j e c t i o n  of  t h e  
ea  t -depleted b r i n e  e c t i o n  5.2) .  In a d d i t i o n ,  t h e  temperature  
n t h e  w e l l  and i n  r e s e r v o i r  w i th in  t h e  v i c i n i t y  of t h e  w e l l  

may be h igh ,  a t  t h i s  time t h u s  r equ i r ing  s p e c i a l  p recaut ions .  
- Dispers ion  of t h e  damaging m a t e r i a l s  (caused by d r i l l i n g  and 

completion ope ra t ion )  i n t o  t h e  r e s e r v o i r  and t h e  need f o r  
back-flowing t h e  chemical r e a c t i o n  products  from a s t imu la  
job  may a l s o  r e q u i r e  s p e c i a l  cons ide ra t ions .  To e v a l u a t e  t h e s e  

ER PROLONGED 

er a prolonged r e i n j e c t i o n  of heat-depleted geothermal b r i n e  
o r  t h e  i n j e c t i o n  of imported water ,  t h e  r e s e r v o i r  is cons ide rab ly  

- 

- - 

- 
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w e l l s  a t  v a r i o u s  s t a g e s  of t h e  w e l l  l i f e .  

expected i n  i n j e c t i o n  wells and t o  p o s t u l a t e  va r ious  
ways of r e p a i r i n g  t h e  damages. 

2. To c h a r a c t e r i z e  t h e  n a t u r e  of t h e  va r ious  damages 

3. To describe a c i d i z i n g  a s  a way of c leaning  t h e  i n j e c t i o n  
wells. 

4. To describe some l a b o r a t o r y  s t u d i e s  on a c i d i z i n g  damage 

5 .  To d e s c r i b e  me l a b o r a t o r y  s t u d i e s  

caused by s e p i o l i t e  w i t h  HC1 and HC1 

, c o r e s  due  t o  d r i l l i n g  mud p a r t i c l e  invasion followed by 
a c i d  i z i n g  . 
of i n j e c t i o n  w e l l s  ( s p e c i f i c a l l y  t h e  do's and don ' ts  of 
a c i d i z i n g  ope ra t ions )  . 

-- 6. To describ-e t h e  a c i d i z i n g  des ign  p r i n c i p l e s  i n  a c i d i z i n g  

6 . 0  MAJOR SOURCES OF DAMAGE TO INJECTION WELLS - - - 
The damage t o  i n j e c t i o n  wells can occur a t  every  st 
geothermal o p e r a t i o n ,  s t a r t i n  d r i l l i n g  and 
completion o p e r a t i o n s ,  go a 1  product ion ,  and 
u t i l i z a t i o n  and, f i n a l l y ,  n j e c t i o n  ope ra t ions .  
The v a r i o u s  a spec tk  o f  t h  l y  described f-n t h i s  
s e c t i o n  t o  s e r v e  a s  ion  w e l l  s t i m u l a t i o n  
des ign .  

def ined  a s  t he  

- 

60 1 DRILL-ING AND COMPLETION OPERATIONS - 
The damage t o  i n j e c t i o n  wells dur ing  d r i l l i n g  o p e r a t i o n s  a r i s e  
due  t o  t h e  invas ion  of d r i l l i n g  mud components i n t o  t h e  porous 
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format ion  [ 4 ] .  
l i q u i d  phase of t h e  mud ( inc luding  d isso lved  spec ie s )  and a 

uspended s o l i d  phase s u c h  a s  c l a y  p a r t i c l e s  and chemical 
d d i t i v e s  ( inc lud ing  f l u i d  l o s s  agen t s ,  c o r r o s i o n  i n h i b i t o r s ,  
tc.). In a d d i t i o n ,  o t h e r  e x t e r n a l  p a r t i c u l a t e  mat te r  ( such  a s  

The components of t h e  d r i l l i n g  mud c o n s i s t  of  t h e  

c o r r o s i o n  products ,  d r i l l  c u t t i n g s ,  etc.,) can 

ages caused by: 
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1 

i n j e c t i o n  w e l l s .  This  damage has its o r i g i n  from both phys ica l  
and chemical e f f e c t s  s i m i l a r  t o  t h e  ones mentioned i n  s e c t i o n  
6.1. However, it should be mentioned he re  t h a t  t h i s  
c l a s s i f i c a t i o n  is somewhat a r b i t r a r y  a s  most of t h e  damage from 
r e i n j e c t i o n  occurs through a combination o f  phys ica l  and chemical 
e f f e c t s .  

The m a j o r i t y  o f  t h e  damages t o  t h e  i n j e c t i o n  w e l l  dur ing  
r e i n j e c t i o n  o p e r a t i o n  a r i s e s  from t h e  plugging of t h e  pore spaces  
by suspended p a r t i c l e s .  There a r e  inumerable sou rces  o f  
suspended p a r t i c l e s  i n  t h e  brines a s  descr ibed in an e a r l i e r  

1 report 111. Some f i e l d  s t u d i e s  involving suspended p a r t i c l e  
measurement and monitoring i n  a geothermal ope ra t ion  a t  t h e  
Mercer 2 geothermal w e l l  showed t h a t  t h e  m a j o r i t y  o f  t h e  
suspended p a r t i c l e s  e n t e r i n g  t h e  i n j e c t i o n  w e l l  c o n s i s t  of s i l i c a  

These suspended p a r t i c l e s  can e v e n t u a l l y  
of t h e  r e s e r v o i r ,  and 
31. I n  a d d i t i o n  to t h e  
e other: chemica l ly  

ese b r ines .  a r e  a s  follows: 

I 

compounds [ 6 ] .  

1. Various chemical 

I 

i 
! 

I 

I 

i 

; 
I 

i 
i 
~ 

I 
~ 

I 
I 
I 

i 
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are  two common methods o f  chemical s t imu la t ion .  They are:  

1. Acidizing 

2. Use of chemicals  o the r  than a c i d s  

I The nex t  paragraphs describe t h e  chemical r e a c t i v i t y  of va r ious  
s t i m u l a t i o n  f l u i d s  a s  it a p p l i e s  t o  t h e  st u l a t i o n  of t h e  
i n j e c t i o n  wells. 

70 1 CHEMICAL REACTIVITY OF VARIOUS STIMULATION - FLUIDS 

In  p r i n c i p l e ,  a p r o p e r l y  selected s t i m u l a t i o n  
chemica l ly  or p h y s i c a l l y  remove a damaging ma 
harming t h e  remaining rock mat r ix .  Unfortunately,  v e r y  f e w  
s t i m u l a t i o n  f l u i d s ,  i f  any, can be used without  harming t h i s  
remaining rock mat r ix .  These secondary damages can be caused by 
t h e  fol lowing r e a c t i o n s :  

1. The r e a c t i o n  pr u c t s  from t h e  chemical r e a c t i o n s  
between s t i m u l a t i o n  f l u i d s  and damaging m a t e r i a l s  a r e  
r a t h e r  i n s o l u b l e  and form new plugging m a t e r i a l s .  

2. The s t i m u l a t i o n  f l u i d s  may a l s o  r e a c t  w i t h  t h e  n a t i v e  -~ 

r e a c t i o n s  by: 
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7.1.1 U T I L I Z A T I O N  OF H I G H  pH STIMULATION 
FLUIDS 

-7 

To u t i l i z e  a h igh  pH s t i m u l a t i o n  f l u i d  f o r  geothermal i n j e c t i o n  
wells p r e s e n t s  a l u r i n g  temptat ion f o r  an opera tor .  The  s o l i d  
s i l i c a ,  one of t h e  major sou rces  f o r  i n j e c t o r  plugging is h i g h l y  
s o l u b l e  i n  many h igh  pH f l u i d s .  Also, many rock m a t e r i a l s  are 
chemicaly not  a t t acked  by these f l u i d s ,  thus  e l imina t ing  t h e  
danger  o f  gene ra t ing  a rock mat r ix  problem, Unfortunately,  t h e  
n a t i v e  r e s e r v o i r  f l u i d s  a s  w e l l  a s  t injected b r i n e  is o f t e n  
h i g h l y  s e n s i t i v e  t o  a h i g h  pH value.  
f r e q u e n t l y  assumed, b u t  t h e  h i g h  con n t r a t i o n  of d i v a l e n t  and 
t r i v a l e n t  ions i n  the  b r i n e s  w i l l  cause  a major secondary 
problem, 
scales is t h e  consequence of t h e  chemical r e a c t i o n s  be 
pH s t i m u l a t i o n  f l u i d  and r e s e r v o i r  o r  i n j e c t i o n  b r i n e ,  
s c a l e s ,  p a r t i c u l a r l y  t h e  hydroxides (e.g. iron, magnesium, 
manganese, ctc.), are extremely f l u f f y  and voluminous i n  t h e  
po res  even i f  t h e  amounts a r e  on1 v e r y  small .  

Not t h e  high b r i n e  TDS, as 

The p r e c i p i t a t i o n  of hydroxide and b a s i c  carbonate  

1.2 U T I L I Z A T I  OF NEUTRAL pH STIMULATION - 
FLUIDS 

f l u i d s  having a n e u t r a l  pH may a l s o  h a v e ' a  po ten t ia l  
f o r  i n j e c t i o n  w e l l  s t i m u l a t i o n s  without  genera t ing  a s e v e r e  
secondary damage. However, these f l u i d s  a r e  a l s o  not  wi thout  

some n e u t r a l  pH f l u i d s  which could be e x c e l l e n t  
s o l v e n t s  for c e r t a i n  types  of damaging ma te r i a l s .  For example, 

excellent c h e l a t i n g  agen t s  f o r  t h e  ions  of t h e  a l k a l i n e  e a r t h  
metals. Thus,  CaSO4, SrS04 and BaSO4 s c a l e s  could be removed by 
s o l u t i o n s  of t h e s e  'ma te r i a l s  i n '  n e u t r a l  o r  near  n e u t r a l  pH water  

__ _._- 
' EDTA (e.g. Vetsene 100) and n i t r i l o t r i a c e t i c  ac id  s a l t s  a r e  

_- - 

1. Removal o f  s o l i d  f low o b s t r u c t i o n s  (damage m a t e r i a l )  
from t h e  wellbore or from t h e  re ,servoir  i n  t h e  v i c i n i t y  
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of  t h e  wellbore.  

c r e a t i n g  new flow channels  through t h e  damaged p o r t i o n  
of t h e  r e s e r v o i r  by leaving  t h e  o r i g n a l  damage m a t e r i a l  
a s  a new 'rock matr ix" .  

2, Dissolving of po r t ions  of t h e  r e s e r v o i r  rock, t h u s  . _  

I echanisms o r  any combination mechanisms could 
l e a d  t o  a s u c c e s s f u l  s t i m u l a t i o n  o f  a 

The l i t e r a t u r e  on v a r i o u s  s t i m u l a t i o n  methods, 
i d i z i n g  o f  petroleum we l l s  have been reviewed 

r e p o r t  [12] .  
w e l l s  ( i nc lud ing  water i n j e c t i o n  and d i sposa l  wells) is t o o  l a r g e  
t o  be g iven  again.  
g e n e r a l  a s p e c t s  of a c i d i z i n g  are g iven ,  
r e p o r t  [13] by VR described a l s o  t h e  problems a s soc ia t ed  w i t h  
t r a n s f e r i n g  t h e  ac id  s t i m u l a t i o n  technology from t h e  petroleum 
i n d u s t r y  t o  geothermal product ion wells (see a l s o  [ 1 6 ] ) .  T h i s  
l a t t e r  r e p o r t  [13] a l s o  c o n t a i n s  some gene ra l  comments on t h e  
f e a s i b i l i t y  of a c i d i z i n g  geothermal i n j e c t i o n  wells. 

mal i n j e c t i o n  w e l l .  

The number of r e fe rences  on a c i d i z i n g  of o i l f i e l d  

Only a f e w  references [10,11] descr ib ing  t h e  
A recently prepared 

- -  

- - 

- 

mechanical methods.  
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i 
3, Formic acid , I 

I 

As mentioned above, t h e  l i t e r a t u r e  on a c i d i z i n g  of l o w  
t e m p e r a t u r e  pe t ro leum  wells is voluminous and has been reviewed 

1 
4. Acetic a c i d ,  1 1 

! 
I 

i x t u r e s  of t h e  above f o u r  acids .  i 
1 
~ A r e c e n t  report [ l5 ]  by Vetter Research on a c i d i z i n g  g i v e s  t h e  

r e s u l t s  o f  a l a b o r a t o r y  s t u d y  of t h e  r e a c t i o n s  of ac ids  w i t h  
calcium c a b o n a t e ,  k a o l i n ,  s e p i o l i t e  and two fo rma t ion  m a t e r i a l s  
a t  geothermal t e m p e r a t u r e s .  Only l imi t ed  d a t a  was o b t a i n e d  f o r  
t h e  r e a c t i o n  of HC1 w i t h  t h e s e  m a t e r i a l s .  The r e p o r t  p r o v i d e s  
t h e  basic i n f o r m a t i o n  for  t h e  s e l e c t i o n  of acids ( h y d r o c h l o r i c  

- -  

- - 

required d e t a i l s ,  t h e  o p e r a t o r  may g a i n  new and c r i t i c a l  
i n f o r m a t i o n  d u r i n g  t h e  e x e c u t i o n  of t h e  o r l y "  or wrongly 
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- designed j o b  t h u s  demanding s p e c i a l  a t t e n t i o n  t o  be paid t o  t h e  
execut ion  d e t a i l s  o f  t h e  job.  

F i n a l l y ,  a p r o p e r l y  designed and executed ac id  j o b  may or may not  
resu l t  i n  a d e s i r e d ,  assumed 'and/or expected inc rease  o f  t h e  
i n j e c t i v i t y  f o r  a number of reasons (see 7.2.3). This c a l l s  f o r  

thorough e v a l u a t i o n  of t h e  j o b  a s  ou t l ined  l a t e r  (see Sec t ion  

1 

- .  - . -  

7.2.1 D E S I G N  0 --- 
I Normally, t h e  o p e r a t o r  l a c k s  s u f f i c i e n t  de i ls  on ( a )  t h e  type ,  

l o c a t i o n  and amount o f  damaging m a t e r i a l s  and (b) a l l  p o s s i b l e  
chemical and phys ica l  r e a c t i o n s  between t h e  in j ec t ed  ac id  
S o l u t i o n  and t h e  v a r i o u s  l i q u i d  and s o l i d  m a t e r i a l s  p r e s e n t  i n  . 

1 (see e a r l i e r  i n  th i - s  r e p o r t )  can cause t h e  p r e c i p i t a t i o n  of new 

I t h e  o r i g i n a l  rock mat r ix .  This l a c k  of information causes  major 
1 - job  d e s i g n  problems. In a d d i t i o n ,  secondary r e a c t i o n  products  

I t e r i a l s ,  t h u s  causing new damage. 

I Laboratory experiments  a s  t hose  escr ibed  i n  t h i s  p re sen t  and 

I 

I 

ano the r  report [15] can be used o somewhat overcome t h e  l a c k  o f  . 
in format ion  o n  t h e  primary and 
However, even t h e s e  l a b  tests still l e a v e  t h e  ope ra to r  with t h e  
common d e s i g n  problem t h a t  he does not  know t h e  c o r r e c t  type ,  
l o c a t i o n  and amount of t h e  damaging ma te r i a l s .  

To overcome t h e s e  d ign  problems, t h e  ope ra to r  may have t o  
d e s i g n  a p i l o t  a c i d  s t i m u l a t i o n  j o b  which should be designed,  

in format ion  for  a subsequent job.  e des ign  of  t h i s  p i l o t  o r  
experimental  job should be q u i t e  d i f f e r e n t  from t h e  subsequent  

condary chemical r e a c t i o n s  . I 
1 
1 
j 

1 executed and eva lua ted  for  noth in  s e  b u t  t o  g a i n  t h e  requi red  

t ine- type  s t i m u l a t i o n  j o b  based upon 
t h e  two d i f f e r e n t  jobs.  

he chemical reac 
and n a t i v e  rock 

job. It is then  assumed t h a t  t h e  damage caused by t h e s e  
p a r t i c l e s  through s e t t l i n g  i n  a l a r g e r  d i s t a n c e  from t h e  wel lbore  
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w i l l  cause  o n l y  a minor new damage. 

assumption may be i n c o r r e c t .  Fine p a r t i c l e s  may flow a 

permanent damage c o l l a r s .  It may become i m p  s ib le  to remove 
-. t h e s e  damage c o l l a r s  a t  a l a t e r  t i m e .  Due to t h e  d i s t a n c e s  and 

a s s o c i a t e d  pore  volume involved i n  t h i s  damag c o l l a r  removal, 
t h e  amounts of ac id  and/or other  chemicals.may become v e r y  l a r g e  
and economical ly  unaffordable .  Thus,  t h i s  damage may become 
i r r e p a i r a b l e  and permanent . 

- Laboratory experiments r e c e n t l y  performed [3 ]  i n d i c a t e  t h a t  t h i s  - . 

_ c o n s i d e r a b l e  d i s t a n c e  from t h e  wel lbore where they  can form 

7 .2 .  1.2 BACK-FLOWING OF WELLS AFTER STIMULATION -- 
- Based upon t h e  comments made above, it may be more adv i seab le  t o  

back-flow the '  w e l l  a f t e r  a s t i m u l a t i o n  job-.and be fo re  r o u t i n e  
I n j e c t i o n  o p e r a t i o n s  a r e  resumed. .Even though t h i s  method is 

a f e r ,  it may no t  be p o s s i b l e  t o  back-flow - t h e  w e l l .  I n  most 
a s e s ,  a r t i f i c i a l  l i f t  w i l l  be requi red  €or --an in t e r im  back-flow, 

t h u s  adding cons ide rab le  c o s t  t o  t h e  o v e r a l l  job. 

7.2.2 EXECUTION OF THE STIMULATION J O B  -- - 
I 

I 
The proper  execut ion  of an acid s t i m u l a t i o n  j o b  cannot be 

veremphasized . Personal experience i n  superv is ing  o r  eva lua t ing  
numerous ac id  jobs [12,13,15,16,17] showed t h a t  t h e  p r o p e r t i e s  of 
t h e  s t i m u l a t i o n  f l u i d s  de l ive red  t o  t h e  w e l l  s i t e  h a r d l y  ever  
a g r e e  w i t h  t h e  designed f l u i d  p r o p e r t i e s .  However, t h i s  is o n l y  
.one of t h e  problems r e l a t e d  t o  a pro 

More impor tan t ,  t h  xecu t ion  of an 
t o  e v a l u a t e  q u i c k l y  t h e  r e l a t ion  o f  wellhead p r e s s u r e  v s  ac id  
i n j e c t i o n  r a t e  a s  a func t ion  of time o r  cmmula t ive  volume of 
i n j e c t e d  a c i d .  This on- s i t e  eva lua t ion  should always be an 

- _  

Un fa r t una t e l  
st fmula t ion  - 

- 

f l a shed  and 

convent iona 
i n j e c t i o n  well. Na tu ra l ly ,  t h e  d u r a t i o n  of s u c h  a method would 
be much longer  than  t h e  convent ional  s t i m u l a t i o n  job. An ac id  
i n j e c t i o n  r a t e  o f  t h e  o rde r  of  a few g a l l o n s  per m i n u t e  would be 
a p p r o p r i a t e  i n s t ead  of  i n j e c t i o n  r a t e s  on t h e  o rde r  of one or two 

1 amounts of a c i d s  t o - t h e s e  
h e  f l a shed  f l u i d s  in s t ead  of 
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b a r r e l s  per m i n u t e  i n  convent ional  s t i m u l a t i o n  job. 

wellhead p r e s s u r e s ,  ac id  i n j e c t i o n  r a t e s  and times during t h i s  
a c i d  i n j e c t i o n .  

'Here aga in  proper  execut ion  would r e q u i r e  a monitoring of t h e  
- 

7 2.3 EVALUATION OF THE STIMULATION -- 
The 'normal" e v a l u a t i o n  method of a s t i m u l a t i o n  job  is based upon 
t h e  d i f f e r e n c e  of t h e  i n j e c t i v i t y  be fo re  and a f t e r  t h e  job. Even 
though t h i s  seems t o  be a l o g i c a l  way t o  eva lua te  and/or judge 
t h e  job ,  t h i s  way has  major flaws: 

1. The o p e r a t o r  no a t  t he  optimum 

i n c r e a s e  of i n j e c t i v i t y  would be apprec ia ted  b u t  cou 
be o n l y  a f r a c t i o n  of t h e  theo r  
i n c r e a s e  df i n  j ect i v  i ty.  

2. - I f  any of t h e  i n  a t i o n  a v a i l  
. d e s i g n  and (b) f t h e  job exe 

. i n c r e a s e  o f  i n j e c t i v i t y  is means, t h a t  any 

incomplete,  t h i s  
incomplete information.  

c t o r s  w i th in  a given  w e l l  

nces  could 

1. S t a t i c  Experiments r e l a t e d  ' t o  t h e  r e a c t i o n  of HCl and 

. .  
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HC1-HF mix t  es w i  t h  s e p i o l  i t e  . 
2. Flow Experiments involving t h e  a c i d i  

sands tone  c o r e s  damaged by s e p i o l i t e  p a r t i c l e s .  

experiments  a r e  descr ibed  i n  t h i s  s ec t ion .  

8 . 1 STATIC EXPERIMENTS 

The purpose of t h e s e  s t a t i c  experiments is t 
e f f e c t s  o f  v a r i o u s  ac id  concen t r a t ions  a t  two d i f f e r e n t  
tempera tures  on t h e  s ep io l i t e  c l a y  p a r t i c l e s .  Experiments were 

t a t  90°C and 150'C using 

u a n t i f y  t h e  

following ac ids :  

1% HF,  15% HCI  5% HC1 + 3% HF. 

-- were r e a c t  i t e r  p o r t i o n s  of s o l u t i o n s  
con ta in ing  C and 150°C. e r e a c t a n t s  were 
placed i n  ombs and hea t o  a p p r o p r i a t e  
tempera t u r  e s o l u t i o n s  were f i l tered and 
analyzed for  v a r i o u s  i o n i c  specie . The s o l i d s  were analyzed by 
x-ray d i f f r a c t i o n  (XRD) , scanning e l e c t r o n  microscopy ( S E M ) ,  and 
ene rgy  d i s p e r s i v e  x-ray spectrome ry '  ( E D X S ) .  XRD, SEM, and EDXS 

l s o  performed on an unt rea ted  s e p i o l i t e  sample €or  
i son ,  A sample o f  un t r ea t ed  s e p i a l i t e  was-d iges ted  and 

- -  - 
y Tnduct ively Coupled 

u t i o n s  were made 

is -a hydrated magnesiu . Aluminum an 
o s t  common s u b s t i t u t i n g  t h e  s e p i o l i t e  s 

The varying composition o f  t h e  s 

-. . 

d ' t o  a c i d i z i n g  
p i o l i t e  and a 

b l y  amorphous 

i d  t r e a t e d  samp e XRD p a t t e r n  of  
e shows a hump f r  o 28 degrees. T h i s  

s d e r i v e s  from minute  concen t r a t ions  of 
ample and a r e  amplif ied i n  t h e  ac id i zed  
bsence of o t h e r  c r y s t a l l i n e  compounds. 
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Energy d i s p e r s i v e  x-ray a n a l y s i s  of a l l  t h e  ac id  t r e a t e d  s o l i d s  
i n d i c a t e  t h a t  t h e  r e s i d u a l  s o l i d s  a r e  s i l i c a .  Table 1 shows a 
EDXS spectrum of un t r ea t ed  s e p i o l i t e .  Tables  2 m 3 - a r e  EDXS 
spectrum of t y p i c a l -  r e s i d u a l  s o l i d s  aft-diz- w i t h  HCl or 
HCl /HF mix tu res ,  r e spec t ive ly .  These d a t a  i n d i c a t e  t h e  removal 
of magnesium, aluminum, and i r o n  upon a c i d i z i n g  thu  leaving  o n l y  
s i l i c a  i n  t h e  remaining s o l i d  phases. 

8.1.2.2 ANALYSIS OF - 
The d a t a  of t h e  chemical 
a r e  shown i n  Table 4. From t h e s e  d a t a ,  it is ev iden t  t h a t  
i n c r e a s i n g  t h e  concen t r a t ion  ,of HF has  no effect  on 
magnesium a l r e a d y  leached o u t  by a 15% HC1 s o l u t i o n .  

a s  a pronounced effect  o n  inc reas ing  t h e  d i s s o l u t i o  
hases (see Figure  2) .  me effect of increas ing  t h e  temperature  
s - a -  s l i g h t  i n c r e a e e  of t h e  amount of-mag-nesium and si1 i c a  

leached i n t o  s o l u t i o n .  The concen t r a t ion  l e v e l s  of aluminum and 
i r o n  leached by a 15% 1 s o l u t i o n  remain unchanged by e i ther  
i n c r e a s i n g  t h e  concen t r a t ion  
temperature .  

e amount of 
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damage t o  t h e  porous media by s e p i o l i t e  
t h e  p r e s e n t  experiments ,  Berea sandston 
u s e d ) .  

damaged cores (15% HC1 and 15% €IC1 - 3% HF were used).  
2. The second s e t  o f  expe r i  n t s  cons i s t ed  of a c i d i z i n g  t h e  

The d e t a i l s  of these experiments a r e  described i n  t 

The f i r s t  se t  o f  exp  r i m e n t s  were conducted by pum 
suspens ion  of f i n e  ( sma l l e r  than  1 i c ron  i n  diameter)  s e p i o l i t e  
par t ic les  i n  water  through t h e  Ber sandstone c o r e  plugs. The 

urpose of these expe iments was t o  simulate t h e  damage t o  porous 
edia by t h e  invas ion  of s e p i o l i t e  p a r t i c l e s .  The second s e t  of 
xperiments  were cond cted by pumping ac id  (HC1 o r  HCL-HF 
i x t u r e )  through t h e  damaged cores. The purpose of these l a t t e r  

r i m e n t s  t o  - r e p a i r  t h e  damage 

e appara tu  sed i n  conduct ing '  t h e  n t s  c o n s i s t s  of  
f o u r  r e s e r v o i r s .  Reservoir  1 con ta ins  kerosene which is pumped 
by means of a metering pump a t  a predetermined r a t e .  Kerosene is 

- 

overburden p r e s s u r e  of  1000 p s i a .  I n i t i a l l y ,  t h e  c o r e  was 
s a t u r a t e d  by flowing deionized water through it u n t i l  t h e  i n l e t  
p r e s s u r e  reached a cons t an t  value.  T h i s  i nd ica t ed  t h a t  t h e  
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permeab i l i t y  o f  t h e  c o r e  had reached a s t a b l e  value. Then t h e  
s e p i o l i t e  p a r t i c l e  suspension was pumped through t h e  core a t  a 
c o n s t a n t  flow r a t e .  When t h e  i n l e t  p re s su re  reached a va lue  of 
600 p s i ,  t h e  experiment was discontinu-ed and t h e  c o r e  was taken  
o u t  f o r  examination using procedures  s i m i l a r  t o  t h e  ones 
described i n  t h e  mentioned r e p o r t  [3] .  Another s i m i l a r  c o r e  was 
then  mounted and t h e  experiment was repeated u n t i l  t h e  i n l e t  
p r e s s u r e  a g a i n  reached 600 p s i .  T h i s  second co re  was subjec ted  
t o  a c i d i z i n g .  The a c i d i z i n g  was done by pumping ac id  u n t i l  t h e  
p r e s s u r e  r e a c  ed s l i g h t l y  above 600 p s i .  Then, t h e  c o r e  was 
shut - in  €o r  a s h o r t  time ( u s u a l l y  a m i n u t e )  t o  a l low t h e  a c i d  t o  
r e a c t  w i t h  t h  damaged region. T h i s  procedure was rep  
s e v e r a l  times. Eventua l ly  t h e  i n l e t  p re s su re  dropped 
s u b s t a n t i a l l y .  T h e ' c o r e  w taken o u t  and e 

he above pr  edure  was re a t e d  a t  fou r  dSf 
i t h  two d i f f e r e n t  ac ids  (HC1 and HC1-3% 
sed  a re  0 .4 ,  1.0 5 and 10 m l / m i n .  The 
he  t e s t s  have an verage p o r o s i t y  of 0.3% and p e r m e e b i l i t i e s  i n  

t h e  range of 100 200 md. Using of  i t h e r  of t h e  a 
r e s t o r e d  t h e  damage caused by t h e  s e p i o l i t e  p a r t i c l e s  
t h e  presence  of HF i n  t h e  a c i d  mixtures  r e su l t  i n  a s eve re  
d i s i n t e g r a t i o n  of t h e  c o r e  m a t e r i a l .  
unconsol idated.  T h i s  could have a s e v e r e  impact on t h e  formation 
through formation c o l l a p s e .  

The co res  a c t u a l l y  become 
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