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e) The reservoir invasion of solid corrosion 
products, decay products of mud 
.additives and/or other.chemica1 react 
products can impai injectivity (or 
productivity). 

W 

of Solids due 

mud filtrate with the reservoir bri 

cessitate the proper remov 
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W from the mud or drilling fluid prior 

. 10. The thermodynamic instability caused by th 
mud filtrate with the formation fluid can creafe.a 
potential for CaS04, SrS04 and/or Bas04 type skins 

the removal 
rom the drilxing fluids (if he- reservoir 
ontains the- ions of alkaline earth -metals 

are native to the formation due to the interaction . 
between these solid materials and certain ionic species 



Y 16. The high-temperature behavior of many drilling fluid 
additives used in oilfield operations.is uncertain a t  

operations should b 
tial -pressure betwee 

precise damage calculations. 
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8 .  The water  used ' fo r  d r i l l i n g  mud formulat ion should 
con ta in  a very  low S04-- ion concen t r a t ion  and should 
have a f a i r l y  low pX va lue  i f  t h e  r e s e r v o i r  b r ine  
c o n t a i n s  a p p r e c i a b l e  concen t r a t ions  of d i v a l e n t  ions  
( p a r t i c u l a r l y ,  Caw,  Sr++ and Ba++ ions )  a s  u s u a l l y  
found i n - t h e  g o e t  
States.  

9. The make-up water  
c a r e f u l l y  chosen. 

. which is chemical 
. f lu ids , .  s p e c i a l  w 

prope r  mixing of 
the p r e c i p i t a t i n g  of undes i r ed  water compounds by 
of chemicals  and 
products  prior t o  
f o r  d r i l l i n g  f l u i d s .  

Y 

. . -  

e selected. 
so t h a t  . t h e  h igh  tempqratures  of t h e  geothermal 

. -  

ion  w e l l s  should alway 
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frequent c l a i m s  to  t h e  contrary and, (b) some of t h e s e  
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CI "successfu l"  o p e r a t i o n s  may u s e  damaged i n j e c t i o n  w e l l s  even 
wi thout  t h e  r ecogn i t ion  or knowledge of t h e  o p e r a t o r ,  
t h e s e  damage problems can be r e l a t e d  t o  chemical damages c r e a t e d  
dur ing  w e l l  d r  

The purpose of he  p r e s e n t  r e p o r t  is t o  review l i t e r a t u r e  
on t h e  damages 
complet ion of geothermal i n j e c t i o n  w e l l s ,  (b) t o  e v a l u a t e  our  own 
l a b o r a t o r y  s t u d i e s  under t h i s  p r e s e n t  c o n t r a c t  as f a r  as t hey  
re la te  t o  d r i l l i n g  o p e r a t i o n s  
s o l u t i o n s  t o  prevent  or r epa i  

- experience.  Even though t h e  
s w e l l  as chemical'darnages, 
a r i o u s  damages of chemical o r i g i n .  

Many of 

l i n g  and completion 

h a t  a r e  a n t i c i p a t e d  dur ing  t h e  d r i l l i n g  and v 

5.0 VARIOUS TYPES OF DAMAGES 
. _ _  DRILLING OPERATTONS 

The damages t 
and geothermal o p e r a t i a n s  have t h e i r  o r i g i n  in t h e  v a r i o u s  
p h y s i c a l  and chemical i n t e r a c t i o n s  between t h e  components of t h e  
d r i l l i n g  muds and t h e  components of t h e  geothermal formations,  
Glenn _and Slusser f9,lOJ and Nicholson- [ll] have summarized some 
of t h e  v a r i o u s  f a c t o r s  c o n t r i b u t i n g  t o  the damage t o  geothermal 
well.6.4uring and/or a f t e r  t h e  w e l l - d r i l l i n g  and completion 

1. The r e s e r v o i r  rock is porous and, normally h i g h l y -  
permeable ahd/or c o n t a i n s  pronounced f r a c t u r e s ,  

i l l i n G  f l u i d s  to enter t h e  r e s e r v o i r ,  
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f 2. The reservoir is under relatively low pressure and the 
drilling fluids are often applied at external pressures 
higher than the reservoir pressure during drilling, thus ' w 

drilling fluids 

- 3. fluids entering 
suspended particles. 
and liquids will generate a host of undesired reactions 
either through their own thermodynamical instability or 
through chemical interactions between the various 

' components of the invading drilling fluids and th 

Both the entering suspended solids 
V 



PAGE 11 

t h e  formation. 

the-dr  i 1 lin 
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chemical r e a c t i o n s  between the.mud f i l t r a t e  and t h e  
r e s e r v o i r  b r ine .  

The d i saggrega t ion  of c l a y  minera ls  t h a t  a r e  n a t i v e  t o  
t h e  formation caused by c e r t a i n  i o n i c  s p e c i e s  conta,ined 
i n  t h e  mud f i l t r a t e .  

Y 

3. 
- 

Y 
4. 
' 

The convent iona l  ope ra t ing  methods aimed a t  overcoming 
c o r r o s i o n  of d r i l l i n g  equipment a t  high temperature  i n  
t h e  presence of h igh ly  s a l i n e  geotherm 

OF DRILLING F L U I D S  

s temperatures  encountered 
s h i p  be tween- the-na ture  o f -  
c e n t r a t i o n  w i t h i n  t h e  mud. 

- 

-_ 

d r i l l i n g  ope ra t ions .  

- 

- -- 

suspended mud s o l i d  may a l r eady  d r a s t i c a l l y  change a s  a f u n c t i o n  
of t empera ture  and time even wi thout  any f u r t h e r  complicat ing 
f a c t o r s .  

.. 
clr' 
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As t h e  mud comes i n  c o n t a c t  w i t h  t h e  reser r m a t e r i a l s  under 
d r i l l i n g  c o n d i t i o n s ,  a d d i t i o n a l  and, poss i  , more dras t ic  
changes of t h e  s o l i d  p r o p e r t i e s  may occur. 
o r i g i n a l  mud may invade t h e  r e s e r v o i r ,  t h u  

Y 

t h e  r e s e r v o i r  may e n t  
anges of  t h e  s o l i d  

d r i l l i n g  f l u i d s .  
r i l l  b i t  and f r i c  
a s e  can a l s o  have l a r  
s w i t h i n  these d r i l l i n g  f l u i d s ,  

c a r r i e d  back 
ies. So l ids  

i n  t h e  d r i l l i n g  f l u i d s  is f u r t h e r  
a )  some s o l i d s  may form a mud cake 

enough t o  i 

her, t h e  ope ra to  
on, p a r t i c u l a r l y ,  t h e ’  s o l i d  c o n t e n t  

a t  .any t i m e  du r ing  a g iven  d r i l l i n g  opera t ion .  H e  may see-a need 

t h i n  t h e  wel lbore o r  w i th in  a f r a c t u r e )  and 
ade  t h e - p o r e  of t h e  

- 

3. With r e s e r v o i r  f l u i d s  o r  s o l i d s , a f t e r  being exposed t o  

Y 
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t h e s e  r e s e r v o i r  m a t e r i a l  

The numerous a d d i t i v e s  used d u r i n  

Y d r i l l i n g  ope ra t ions .  

ope ra t ions . - in  a 
eothermal f i e l d  and t h e  l a r g e  v a r i e t y  of d i f f e r e n t  r e s e r v o i r s  or 
e l l b o r e  c o n d i t i o n s  g e n e r a t e s  a h o s t  of complex chemical 
eactions which ,can  l e a d  t o  an i n f i n i t e  number of d i f f e r e n t  

chemical damages.. X t  is impossible  t o  name a l l  t h e  p o s s i b i l i t i e s  
for  t h e s e  chemical r e a c t i o n s  and t h e  subsequent1 

. .  
W 

t h e  pores.  The 

escribei3 above, some. of t h  
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- .  _ _  _ _  _. 

1. The d i f f e r e n t i a l  pressure between wel lbore and 

2. The por s i z e  d i s t r i b u t i o n  near  t h e  entrance i n t o  t h e  

3. The s i z e  d shape d i s t r i b u t i o  t h e  p a r t i c l e s .  

4. The f o r c e s  between t h e  p a r t i c l  s u r f a c e  w i t h i n  

w reservoir. 

r e se rvo i  r. 
. .  

V 

f t h e  r e se rvo i r .  

media and t h e  subsequent 
i d s  has  a l s o  been done a s  - 

t h e . p o r e s  through t h e  p r e c i p i t a t i o n  of  s a l t s  which occurs because 
of t h e  thermodynamic i n s t a b i l i t y  o f  t h e  e n t e r i n g  f l u i d s  and t h e  
r e a c t i o n s  between mud f i l t r a t e  and r e s e r v o i r  br ine .  Thus, 

- --x- - - - 

i n  t h i s  paragraph. 

mixing w i t h  t h e  chemical ly  incompatible  r e s e r v o i r  f l u i d s  (see 
S e c t i n  5.2.1.2.2) . As . t h e  CaSO4 s o l u b i l i t y  dec reases  wi th  < 

i nc reas ing  i n  temperature ,  t h e  f i l t r a t e  i n  t h e  pores  is now 

w 
- 
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i l t r a t e  of t h e  d r i l l i n g  mud 



3 .  

cy can occur and w i l l  subsequent ly  l e a d  t o  very s imi la r -problems.  
Qui te  o f t e n ,  water  s o l u b l e  carbonates ,  b icarbonates  o r  hydroxides 
are  added to  t h e  d r i l l i n g  f l u i d s .  The r e s u l t i n g  high C03-- 

03-- and/or OH-- con ten t  of these d r i l l i n g  f l u i d s  renders  
i l l i n g  f l u i d  f i l t r a t e  invading t h e  r e s e r v o i r  extremely 

ncompa t i ble w i t h  many geotherma 1 e s e r v o i r  f l u i d s ,  I For 
l u e  of  10 or even 11 i n  t h  d r i l l i n g  mud w i l l  d e f i n e t e l y  
chemica l ly  induced damage i n  a r e s e r v o i r  such a s  t h e  
Currier or va r ious  Ni l and  l e a s e s  i n  t h e  Imper ia l  Val ley,  

- C a l i f o r n i a ,  'These r 
of va r ious  d i v a l e n t  
w i t h  t h e s e  f i l t r a t e s  

d rox ide  s c a l e s  i n  

u a n t i t a t i v e  d i s c u s s i o n  of t h e  chemical problems ( s u l f a t e  s c a l e )  
ue  t o  mixing of incompatible  waters  has  been d iscussed  
r ev ious ly  as  p a r t  of t h e  p re sen t  c o n t r a c t  {16 through 181. Some 
xper imenta l  work r e l a t e d  t o  t h e  va r ious  a s p e c t s  of d r i l l i n g  
i l t r a t e  is being done by t h e  i n v e s t i g a t o r s  of Sandia 
a b o r a t o r i e s  [3] 

sides t h e  pred 
xtremely important  i n  determining t h e  n e a r  wel lbore  damage due 
o ' t he  mixing of the d r i l l i n g  mud f i l t r a t e - - a n d  t h e  r e s e r v o i r  
l u i d s .  These two f a c t o r s - a r e ,  (1 

amount of f i l t r a t e  t h a t  irivaded t h  
rni+xing p ropor t ions  o f  t h e  two Hate 
have 'used r a d i o a c t i v e  techniques  u 
determine t h e  d r i l l i n g  mud f i l t r a t  
formation water, -Using t h i s  techn  
invas ion  was determined. I n  a s i m  
ore samples c a n ' b e  determined by 

- - f u l l y  publ i shed  

, 

r i l l l n g  oper  
on  t h e  d i s p e r s i o n  equat ion ,  Some 
p e r t i n e n t  t o  t h e  r i l l i n g  mud f i l  

i n  t h e  lit a ture  on t h e  mi 
hrough 271, However, t o  
i q u e s  have been used  f o r  

damages in t h e  f i e l d .  
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5.2.2 DISAGGREGATION OF CLAY MINERALS 
-7 

C e r t a i n  c l a y  minera 
ext-remely s e n s i t i v e  t h e  va r ious  ion ic  specie 
of t h e  d r i l l i n g  mud t r a t e .  These c l a y  miner 

This ,  i n - t u r n ,  can  cause damage t o  t h e  porous media 
r e s e r v o i r  by a chemical a l t e r a t i o n  of t h e - r e s e r v o i r  
Specif,ic informat ion  related t o  t h i s .  type  o chemical damage has 

-been -found' f n  t h e  - - l i t e r a t u r e  which is:d e c t l y  a p p l i c a b l e  t o  
thermal d r i l l i n g  opera t ions .  There 1.s a ons ide rab le  amount 
l i t e r a tu re  r e l a t e d  t o  t h e  c l a y  minera ls  and he damage caused 
these c l a y  mine ra l s  - i n  o i l f  i e l d  opera t ions .  

h a t  are  n a t i v e  t o . t h e  formation may 

_ _  d i s a g g r e g a t e  upon c i n  c o n t a c t  with these ionic  spe  

T h i s  i nf orma t ion,  
however,.cannot be d i r e c t l y  t r a n s f e r r e d  t o  t h e  i s c u s s i o n  of 
c l a y s  i n  geothermal ope ra t ions .  The c l a y s  found i n  geothermal 

rom those  found i n  
i l f i e l d  formations.  A l s o ,  t h e  high t p e r a t u r e  r e a c t i o n s  

l e a d i n g  t o  v a r i o u s  r e s e r v o i r  damages may be q u i t  
. the  l o w  temper ture r e a c t i o n s  i n  o i l  

Montmori l loni te  c l a y s  a r e  commonly f 
f i e lds .  I n  geothermal f i e l d s ,  on t h e  other hand, 
montmor i l lon i te ,  montmori l loni te  mixtures ,  and montmori l loni te  

ixed-layers  are  comparat ively r a re .  Espec ia l ly  under t h e  h igh  
erature c o n d i t i o n s  of a geotherm -resewor they  may have - -  

een  completely converted t o  non-expanding phases such a s  i l l i t e  
nd c h l o r i t e .  
i l l i t e s  and c h l o r i t e s )  show cons iderable  - ion  exchange c a p a c i t i e s  

. d r i l l i n  f i l t r a t e  ;damage. 

a t i o n s  are- s u b s t a n t i a l l y  d i f f e r e n t  

- 

These converted c l a y s  and 'c lay- type  compounds 

& _  which have serious . imp l i ca t ions  i n  caus in  hemi ca 11y induced 

a c h l o r i t e  zone a t  h igher  
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Id However, i t  should be mentioned t h a t  c h l o r i t e s  (no 
a r e  t h e  more common c l a y s  for most h igh  temperature  ge 
formations,  

The non-expand l e  c l a y s  such a s  c h l o r i t e s  and i l l i t e s  can absorb  
enough water  i n  t h e i r  c h a r a c t e r i s t i c  p l a t e l e t - t y p e  s t ruc ture  and 
consequent ly ,  t h u s  making t h e  p l a t e l e t s  a s iW s l i p  and c l e a v e  
t h e  o r i g i n a l  c l a y  p a r t i c l e s  i n t o  sma l l e r  p a r t i c l e s .  I l l i t e  and 
c h l o r i k e ,  normally bonded by K+ -ions, can degrade and lose  t h e  
ions by l each ing  -when--exposed t o  s l i g h t l y  a c i d i c  fresh water. 
A f t e r  t h e  removal of potassium i o n s ,  i l l i t e  w i l l  expand t o  24 A 
(normally 9.5 A) [31]. Even i t h e  ind iv idua l  p a r t i c l e s  of these 
c l a y s  do n o t  d i s i n t e g r a t e ,  a l l  
d e f l o c c u l a t i o n ,  a cond i t ion  wh e i n  agglomerated mas 

f l o c s )  a r e  broken up and d i spe r sed ,  t h u s  lead ing  t o  moveable 
i n e s  w i t h i n  t h e  r e s e r v o i r .  The presence of s a l t  water  i n  t h e  

l a y s  are  sub jec t  t o  

- - rock  pores  make t h e  c l a y s  t o  e x i s t  i n  f locculated c o n d i t i o n ,  
Neesham [33] has  shown wi th  SEM microgr 
appearance o'f some of t h e s e  c l a y  f l o c s .  
exists i n  discrete, p l a t e - l i k e  p a r t i c l e s  sca 
pore  system. I l l i t e ,  ch lo r i t e  and montmoril lonite,  on t h e  o t h e r  
hand, a r e  a t t a c h e d  t o  pore w a l l s  t o  form a r e l a t i v e l y  cont inuous 
and - th in  (less than  12 microns) coa t ing  ("pore-lining") o r  extend 
f a r  i n t o  or  completely a c r o s s  a pore o r  pore t h r o a t  t o  create a 
b r idg ing  effect. T h i s  mic roporous - s t ruc tu re - i s  comparat ively - 

e a s i l y  broken down, when fresh water (such a s  d r i l l i n g  mud 
f i l t r a t e )  e n t e r s  the rock, t h e  c l a y s  w i l l  be i n  a de f loccu la t ed  
condi t ion .  The ind iv idua l  p a r t i c l e s  w i l l  then  be ep t r a ined  by 

. 
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reactions and subesequent chemical alterations of these 
additives. 0 

- 

. _. -- 

States -for I high-temperature-geothermal applications .- Instead, 
sepiolite and attapulgite'clays are used in-.drilling of 
geothermal wells. Very little information on the chemical 
Idamaging effects due to sepiolite and attapulgite clay particles 
seems to be available, On the otherhand, recent literature 
contains information on the hydrothermal transformation of 
sepiolite and attapulgite to smectite type clays i.eot the 
normally non-swelling clays (e.g., sepiolite) because now 
swellable clays 4e.g. smectites, e,g. stevensite). Such 
transformation is favo'rable for drilling o tions because of - 

V the resulting alteration of ~ the rheologica operties of the - 
drilling fluids [8 ] .  However, there is co erable disagreement 
among the various stud on the hydrother transformation of 
sepiolite [35,43]. Of table importance hi s transformation 
is the existance of a species 'of clay, namely the stevensite, 

presence of various alkali'ne metals on the hydrothermal 

. .  - 

to these, several other precautionary methods can be utilized to 
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minimize the  d r i l l i n g  damage. They are a s  follows: 

‘ l i q u i d  components of the  d r i l l i n g  mud 
n so t h a t  they a r e  chemical ly  compatible with  

source water is 
e waters o n l y - a f t e r  
. t h e s e  f l u i d s  into  

t t h e  formation 

poss ib le . .  -- 

s df carbonates  and 

- _ _  __ 

. . 

- 

- -- 
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- Geothermal Applications",  SPE 10238, paper presented a t  
t h e  56th Annual F a l l  Technical Conference of SPE of 
AIME, San Antonio, Texas, October 5-7, 1981. 
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