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ABSTRACT 

Scal ing o f  we l ls  represents a major problem t o  
many geothermal power p lan ts .  Geothermal br ines 
contai  n d i  ssolved mineral s t h a t  have a h igh  
tendency t o  p r e c i p i t a t e  i n  c r i t i c a l  areas. I n  
p a r t i c u l a r ,  formation and growth o f  calcium 
carbonate scales are harmful t o  operations by 
r e s t r i c t i n g  b r ine  f low and causing a decrease i n  
power generati  ng e f f i  c i  ency. Removal o f  the 
scal e involves. t ak ing  the we1 1 off-1 i ne and 
physi cal  l y  c l  eani ng the  deposits downhol e.. 
This process restores the we l l  e f f i c i e n c y  bu t  i s  
extremely c o s t l y  and t ime consuming. 

This paper explores the  technology behind how 
polymeric an t isca lan t  addi t.ives e f f e c t i v e l y  and 
economically prevent downhole scale formation 
and a l low f o r  uninterrupted, e f f i c i e n t  power 
generation. 
techniques and r e s u l t s  from geothermal 
developers i n  the  Imperial  Val ley,  Cos0 Hot 
Spr i  ngs, Steamboat Springs and Beowawe resource 
areas w i l l  a lso  be discussed. 

Feeding methods, moni t o r i  ng 

INTRODUCTION 

Calcium-based scale p r e c i p i t a t i o n  i s  a common 
problem i n  geothermal f l u i d s  and br ines.  The area 
most prone t o  sca l ing  i s  a t  the  f l a s h  p o i n t  
i ns ide  geothermal wel ls.  Re in jec t ion  pumps, 
l i n e s  and equipment can a lso  be suscept ib le t o  
scale formation. An accumulation o f  these 
adherent deposits can r e s u l t  i n  r a p i d  reduct ion 
o f  b r i ne  f low, loss  o f  e f f i c i e n c y  and eventual 
i n t e r r u p t i o n  o f  wel l  product ion o r  p l a n t  
operation. 

One o f  the most common causes o f  sca l ing  i n  
geothermal f l u i d s  i s  the  r e l a t i v e  i n s o l u b i l i t y  o f  
calcium carbonate. The presence o f  the calcium 
i o n  and bicarbonate a l k a l i n i t y  i s  common i n  
almost every water source. When the  temperature 
of the water increases, the bicarbonate breaks 
down t o  carbonate and combines w i t h  calcium by 
the  fo l l ow ing  react ion:  

As  the ho t  b r i ne  r i s e s  toward the surface i n  a 
we l l ,  an equ i l i b r i um i s  reached between the 
pressure and b o i l i n g  p o i n t  o f  the b r ine  which 
causes f l ash ing  t o  occur. The l i q u i d  b r i ne  a t  
the f l ashpo in t  there fore  experiences an increase 
i n  so l i ds  concentrat ion. I n  addi t ion,  carbon 
d iox ide  i s  l i be ra ted  which along w i t h  the 
previous f a c t o r  d r ives  the above equ i l i b r i um 
reac t ion  t o  the r i g h t  and causes p r e c i p i t a t i o n  o f  
cal  c i  um carbonate scal e. 

Other commonly encountered deposits i n  geothermal 
operations are metal su l f i des  and s i l i c a  scales. 
This paper, however, w i l l  discuss cont ro l  o f  
cal  c i  urn carbonate scal e only.  

I n  the  absence o f  e f f e c t i v e  an t isca lan t  reagents, 
expensive c l  eani ng techniques are requi  red t o  
res to re  scaled we l ls  t o  f u l l  production 
e f f i c i ency .  Thi s 1 nvol ves tak ing  the we1 1 
o f f - l i n e  and e i t h e r  d i sso l v ing  the scale w i t h  an 
ac id i c  so lu t i on  o r  mechanical ly removing scale 
from the a f fec ted  areas. Nei ther op t ion  i s  
a t t r a c t i v e  due t o  cost  and downtime 
considerations. The development o f  polymer 
technology over the l a s t  few years has enabled 
p lan ts  t o  feed these reagents i n  the low p a r t  per 
m i l l i o n  range and e f f e c t i v e l y  prevent o r  minimize 
scale formation. A p roper ly  t reated system can 
now t y p i c a l l y  f unc t i on  f o r  many months o r  even 
years wi thout i nte r rup t i on  f o r  cleaning due t o  
cal  c i  um carbonate scale. 

I n  formulat ing an e f f e c t i v e  maintenance program 
t o  combat the problems o f  scale formation, there 
are a number of steps t h a t  can be taken t o  
opt imize t h i s  goal. Although most a l l  b r ines  are 
scale forming i n  nature, due t o  spec i f i c  
opera t i  ng parameters and d i  f ferences i n b r ine  
makeup charac ter is t i cs ,  some may be f a r  more 
severe than others. A complete b r i ne  analysis,  
both before and a f t e r  f lash ing ,  i nc lud ing  calcium 
concentrat ion, a l k a l i n i t y ,  s i l i c a ,  pH and t o t a l  
d issolved so l i ds  should be determined. This 
informat ion,  along w i t h  the  temperature and 
pressure o f  the  geothermal f l u i d ,  w i l l  help 
determine the best treatment approach. A h i  s to ry  
o f  we1 1-scal i n g  seve r i t y  from production reports,  
ho le  c a l i p e r  logs and r i n g  gauge runs i s  a l so  
he lp fu l  i n  fo rmula t ing  an ef fect ive an t i sca lan t  
maintenance program. 
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The second step i n  formulat ing a successful 
an t i sca lan t  treatment program i s  the  se lec t ion  o f  
a cost-ef fect ive reagent t h a t  i n h i b i t s  the 
formation o f  these troublesome deposi t s .  
are a number o f  d i f f e r e n t  generic mater ia ls  
ava i lab le ,  each w i th  inherent strengths and 
weaknesses. A f u l l  discussion w i  11 f o l  low. 
Feeding o f  an t isca lan t  reagents downhole i s  a 
d i f f i c u l t  task and has i t s e l f  evolved i n t o  a 
s c i  ence. Typi cal  methods w i  11 be de ta i  1 ed. 

There 

The l a s t  face t  o f  a scale cont ro l  program i s  
monitor ing i t s  ef fect iveness. This represents 
the c r i t e r i o n  by which success o r  f a i l u r e  can be 
judged and i s  an area i n  which new developments 
are cons tan t ly  being made. Monitor ing techniques 
t h a t  upgrade our a b i l i t y  t o  measure ef fect iveness 
w i l l  a lso  be discussed. 

Treatment Prosrams 
The t r a d i  t i o n a l  treatment f o r  sca l ing  water has 
been t o  use reagents t h a t  a c t  t o  sequester 
( s o l u b i l i z e )  the calcium ca t i on  and prevent i t  
from e x h i b i t i n g  i t s  normal p roper t i  es. Now, 
reagents termed "threshold" i n h i b i t o r s  are used 
t o  cont ro l  la rge  numbers of metal cat ions a t  
substoichiometric concentrat ions. The exact 
mechanism o f  t h i s  " threshold e f f e c t "  i s  no t  w e l l  
understood; however, t h i s  phenomenon a1 lows la rge  
volumes o f  geothermal f l u i d  t o  be economically 
t reated. 

A we1 1 known approach t o  cont ro l  1 i n g  calcium 
based deposits has been the use o f  
organophosphorous compounds. Examples o f  two 
commonly used phosphonates are depicted i n  Figures 
1 and 2. 
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Figure 1. Aminomethylenephosphonate (AMP) 
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Figure 2. 1 Hydroxyethyl i dene-1 , 1 
diphosphonate (HEDP) 

These compounds are re fe r red  t o  as AMP and HEDP 
phosphonate. Normally, they are fed  a t  
r e l a t i v e l y  low dosage ra tes  and are o f ten  blended 
w i  t h  polymeric compounds t o  increase t h e i r  
ef fect iveness. Phosphonates can func t ion  
e f f e c t i v e l y  as an t isca lan ts  bu t  have the drawback 
o f  breaking down t o  orthophosphate and causing 
add i t iona l  deposits. This breakdown o r  reversion 

i s  dependent on the type o f  phoshphonate, time, 
temperature and b r ine  cha rac te r i s t i cs .  

More recent ly ,  the technology o f  deal ing w i t h  
cal  c i  um carbonate has turned compl e t e l y  t o  
polymer1 c type materi  a1 s wi th  carboxyl i c o r  
sul f on i  c ac id  funct ional  i ty. 
would be po lyacry la te ,  polymethacrylate, 
polymal e l  c anhydride, sulfonated polystyrene, as 
w e l l  as copolymers o f  various types. These 
compounds func t ion  by c r y s t a l l i n e  d i s t o r t i o n ,  
d ispersion and mod i f i ca t ion  mechanisms. Anionic 
polymers, such as sodium polyacrylate,  which have 
a long extended charge network, become adsorbed 
i n t o  a growing c rys ta l .  The ove ra l l  ne t  negat ive 
charge then r e s u l t s  i n  mutual p a r t i c l e  
repuls ion. 
molecular weight o f  a polymer i s  important. 
h igh a molecular weight w i l l  r e s u l t  i n  p a r t i c l e  
b r idg ing  and f l o c c u l a t i o n  ra the r  than 
dispersion. A polymer w i t h  too low a molecular 
weight w i l l  no t  func t ion  e f fec t i ve l y  as a c r y s t a l  
modif ier  and loses a c t i v i t y  as shown i n  Table 1. 

Examples o f  t h i  s 

I n  achieving t h i s  dispersion, the  
Too 

Table 1. 
scale reduc t ion  eff icacy 

Re la t ion  o f  molecular weight f a c t o r  t o  

Polymer 
Concen- S c a l e  

Mw t r a t i  on Reduction 

Po 1 
Po 1 
Pol 
Pol 
Pol 
Pol 
Pol 
Po 1 

yacry l  i c Acid 20,000 
yacry l  i c Acid 10,000 
yac ry l  i c Acid 5,000 
ymethacryl ic Acid 10,000 
ymethacryl ic Acid 5,000 
ymaleic Anhydride 10,000 
ymaleic Anhydride 5,000 
ymaleic Anhydride 5,000 

52 
61 
71 
62 
68 
85 
98 
97 

I t  has been determined through extensive research 
and cos t  comparisons o f  various polymer types 
t h a t  the  optimum molecular weights f o r  polymers 
used i n  prevent ing scale are between 1.000 and 
10,000. A l l  three types o f  polymers have been 
found thermal ly  s tab le  under condi t ions 
encountered i n  geothermal w e l l s .  

Other fac to rs  t h a t  a f f e c t  the e f f i cacy  o f  a 
polymer on ca l  c i  um carbonate scal e formation are  
the type and o r i e n t a t i o n  o f  the func t iona l  
groups. For example, polymers w i t h  complex s ide  
chains may no t  be very e f f e c t i v e  f o r  the con t ro l  
o f  compounds w i t h  small c r ys ta l  11 ne s t ruc tu res .  

This i s  due t o  s t e r i c  hindrance e f fec ts ,  which 
prevent a r e l a t i v e l y  la rge  polymer s t ruc tu re  from 
adsorbing onto a small c r ys ta l  matr ix.  Polymer 
func t iona l  groups t h a t  have been most e f fec t i ve  
fo r  con t ro l  o f  mineral scales are the carboxylate 
and sul fonate va r ie t i es .  Dosages requl  red  t o  
cont ro l  downhole scale formation vary widely, 
dependi ng on b r ine  and we1 1 chara ter i  s t i  cs , 
temperature, type o f  polymer ( f u n c t i o n a l i t y ) ,  
molecular weight and degree o f  a c t i v i t y .  Dosages 
can range from one p a r t  per m i l l i o n  o r  less  up t o  
10 parts per m i l l i o n .  Structures o f  polymer 
types commonly used f o r  con t ro l  o f  calcium 
carbonate scale are depicted i n  Figures 3, 4 
and 5. 
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Figure 4. Polymethacrylate 

Figure 5. Polymaleic Anhydride 

FEEDING METHODS 

One o f  the  most d i f f i c u l t  aspects o f  downhole 
a n t i  scal ant  treatment i s feeding the reagent 
through thousands o f  f e e t  o f  tubing i ns ide  the 
we1 1. A t y p i c a l  geothermal we1 1 head consists o f  
the casing head expansion spool , wing valves, 
master valves, f l o w l i n e  and crown valve as 
depicted i n  Figure 6. 

, CROWN VALVE 

I l l  

+ MASTER VALVE 

+ MASTER VALVE 

WING VALVE - 4 I + EXPANSION SPOOL 
I 

VASKA , KELLOGG 

Feeding a n t i  scal ant  reagents downhol e 1 s an area 
o f  developing and changing technology and wh i le  
there  are many var ia t ions ,  a t yp i ca l  method i s  
shown i n  Figure 7. 

F i r s t ,  the  we l l  and we l l  head need t o  be modif ied 
t o  a l low the  an t isca lan t  t o  be fed i n t o  the  we l l  
bore 200-400 f e e t  below the lowest encountered 
scale formation as noted n Figure 7. 

CAPILLARY TUBING 

P EXPANSION SPOOL 

CASINGHEAD - 
SURFACE CASING 

PRODUCTION CASING 

I 
I 
I I  
I I  
I I  
I I  
I I  I I  

LINER - ; ; 
I 1  
I 1  I I  . .  

Figure 7. Geothermal we l l  w i t h  an t i sc lan t  feed 
below f lashpo in t .  

Thi s requl  res  pumpi ng the reagent through 
3.000-5,000 f e e t  o f  s ta in less  steel  c a p i l l a r y  
tubing, usua l l y  1/4" O.D. x 0.035" wal l ,  t h a t  i s  
lowered i n t o  the  wel l  bore through a l u b r i c a t o r  
mounted on the  we l l  head crown valve o r  an 
expansion spool wingvalve as shown i n  Figure 6. 
The end o f  the c a p i l l a r y  tub ing  t o  be inser ted  
i n t o  the  we l l  bore has a weight ca l l ed  a s inker 
bar which i s  attached t o  the  c a p i l l a r y  tubing v i a  
the mixing chamber. The purpose o f  the mixing 
chamber i s  t o  a l low the  an t isca lan t  reagent t o  
e x i t  the  tub ing  and f l ow  i n t o  the wel l  bore where 
i t  mixes w i th  the  geothermal f l u i d  and prevents 
scal i ng deposi t s .  

The surface feed equipment consists o f  a high 
pressure chemical metering pump, chemical storage 
tank and a metering gauge t o  measure the reagent 
feed ra te .  

CASING HEAD 

I 

Figure 6. Geothermal we l l  head. 
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Feeding an t isca lan ts  t o  surface l i n e s  i s  a 
r e l a t i v e l y  simple task. 
fed f a r  enough ahead o f  the sca l ing  area t o  a l low 
f o r  s u f f i c i e n t  mixing. This can best be achieved 
using an i n j e c t o r  q u i l l  and a chemical feed pump. 

The reagent should be 

MONITORING TECHNIQUES 

Many attempts t o  judge the ef fect iveness o f  
adding chemical treatment t o  geothermal b r ines  
have been made. A common t e s t  consists of merely 
monitor ing calcium concentrat ions across a system 
t o  measure loss o f  calcium ions due t o  
p r e c i p i t a t i o n .  Unfortunat l  ey, t h i  s method has 
many inherent l i m i t a t i o n s .  Es tab l i sh ing  an 
accurate basel ine f o r  the calcium leve l  o f  the 
b r ine  i s  o f ten  d i f f i c u l t  due t o  va r ia t i ons  i n  
b r i ne  charac ter is t i cs .  Add i t iona l l y ,  w i t h  the  
volumes o f  b r i ne  involved, a r e l a t i v e l y  minor and 
d i f f i c u l t - t o - d e t e c t  reduct ion o f  calcium (1  ppm 
o r  less) could mean sca l ing  i s  occurr ing.  
Another, more e f f e c t i v e  way t o  measure downhole 
sca l ing  i s  by running ca l i pe r  logs o r  r i n g  
gauges. These methods g ive  accurate readings o f  
we l l  bore reduct ion bu t  requ i re  removal o f  the  
an t i sca lan t  capi 1 l a r y  tubing f o r  several hours. 
During t h i s  period, the wel l  i s  no t  protected and 
s i g n i f i c a n t  sca l ing  can occur. 

The simplest and most inexpensive method t o  
monitor scale bui ld-up i s  the use of scale 
coupons, which u t i l i z e  a re t rac tab le  i n j e c t o r .  
The t e s t  specimen consists o f  a s ta in less  s tee l  
tube w i t h  holes i n  i t s  surface. These scale 
coupons are placed i n t o  the b r ine  f l ow  and w i l l  
show v i s u a l l y  on inspect ion whether the  system 
i s  scal ing.  

A key element i n  e a s i l y  in t roduc ing  the specimen 
t o  the  system i s  the i n j e c t o r  assembly. This 
device makes use o f  a re t rac tab le  i n j e c t i o n  rod 
t h a t t  draws the scale coupon w i t h i n  the thread 
housing. I n  t h i s  way, a simple gate valve i n  a 
c i r c u l a t i n g  l i n e  can serve as the sampling p o i n t  
w i th  the  coupon being inser ted  i n t o  the  b r i n e  
so lu t i on  f low a f t e r  the  housing has been 
t ightened down and the valve opened. This 
procedure al lows f o r  rap id  i n s t a l l a t i o n  w i t h  no 
major p ip ing  a l t e r a t i o n s  and a lso  makes f o r  easy 
inspec t ion  on a regu la r  basis. Scale bu i ldup i s  
monitored e a s i l y  and on a continuous basis. 
Adjustments can be made i n  reagent dosage and the 
e f f e c t s  measured by inspect ing the t e s t  
specimens. A s ingu la r  advantage t h i s  type o f  
monitor ing device o f f e r s  i s  the a b i l i t y  t o  
measure various por t ions  of the system w i t h  
separate i n jec to rs .  

This method i s  simple and e f f e c t i v e  bu t  l i m i t e d  
t o  areas o f  the system t h a t  are e a s i l y  accessible 
such as b r ine  r e i n j e c t i o n  l i nes .  Several new 
and unique methods are cu r ren t l y  being t r i e d  t o  
monitor downhol e scale formation so t h a t  
an t i sca lan t  reagent dosages can be adjusted 
accordingly. A t  t h i s  w r i t i ng ,  i n s u f f i c i e n t  data 
are y e t  ava i lab le  t o  comment on these methods. 

CONCLUSION 

E f f e c t i v e  downhole and equipment scale cont ro l  
can be economically achieved by feeding low 
dosages o f  polymeric a n t i  scalant reagents t o  the 
geothermal f 1 u i  d. 
techniques are  being r a p i d l y  ref ined t o  opt imize 
dosage ra tes  and insure  t h a t  we l ls  and equipment 
are maintained a t  maximum product ion capaci t ies.  

Feedi ng and moni t o r i  ng 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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