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A l a r g e  f r a c t i o n  of t h e  low p r e s s u r e  
domes t i c  bo re s  i n  Rotorua s u f f e r  from 
c a l c i t e  s c a l i n g .  The problem i s  sometimes so 
s e v e r e ,  t h a t  w e l l s  have t o  be mechanica l ly  
reamed every  s i x  weeks. We have t e s t e d  t h e  
u s e  of  t h r e s h o l d  a n t i s c a l a n t s  t o  c o n t r o l  t h e  
c a l c i t e  d e p o s i t i o n .  The exper iment  r an  f o r  
o v e r  e i g h t  months and t h e r e  i s  no s i g n  of any 
c a l c i t e  b u i l d u p ,  e i t h e r  i n  t h e  w e l l  o r  i n  t h e  
s u r f a c e  pipework.  P r e v i o u s l y ,  t h e  w e l l  had 
r e q u i r e d  reaming every  t h r e e  months. 

I n t r o d u c t i o n  

One of t h e  most p e r s i s t e n t  problems i n  
t h e  e x p l o i t a t i o n  of geothermal  energy,  i s  
t h a t  of  c a l c i t e  s c a l i n g .  The problem i s  
a p p a r e n t  i n  many wa te r  dominated geothermal  
f i e l d s  around t h e  world.  The wors t  ca se  i s  
p robab ly  a t  K i z i l d e r e  i n  Turkey, b u t  c a l c i t e  
d e p o s i t i o n  remains a problem i n  Cinile, Japan,  
t h e  U . S . S . R . ,  P h i l i p p i n e s ,  some of t h e  U . S .  
f i e l d s ,  Mexico and Xew Zealand. In  New 
Zealand,  Ngawha, Kawerau and Broadlands 
e x p e r i e n c e  s e v e r e  c a l c i t e  s c a l i n g .  

C a l c i t e  d e p o s i t i o n  i s  a l s o  a major 
problem i n  t h e  sha l l ow  domest ic  w e l l s  of t h e  
Rotorua geothermal  f i e l d .  Of 5.350 w e l l s  i n  
t h e  Rotorua a r e a ,  n e a r l y  300 r e q u i r e  r e g u l a r  
maintenance f o r  t h e  e f f e c t s  of  c a l c i t e  
d e p o s i t i o n .  The c e n t r a l  and wes t e rn  s e c t i o n s  
of t h e  f i e l d  seem t o  be p a r t i c u l a r l y  
a f f e c t e d .  

Recen t ly ,  a method f o r  reducing  t h e  
amount of c a l c i t e  s c a l e  h a s  become a v a i l a b l e .  
T h i s  i n v o l v e s  i n j e c t i n g  a smal l  amount of a 
' t h r e s h o l d  a n t i s c a l a n t  ' i n t o  t h e  geothermal  
f l u i d  b e f o r e  f l a s h i n g .  The polymer i n h i b i t s  
t h e  growth of c r y s t a l  n u c l e i i ,  and i n c r e a s e s  
t h e  s o l u b i l i t y  of c a l c i t e .  Because of t h e  
p r a c t i c a l  d i f f i c u l t i e s  involved  i n  dos ing  t h e  
deep  (-1000 m )  w e l l s  a$ Kawerau and - 
Broad lands ,  it was dec ided  t o  t e s t  t h e  
e f f e c t i v e n e s s  of t h e  a n t i s c a l a n t  i n  one of 
t h e  more sha l low Rotorua w e l l s .  

Chemistrv of C a l c i t e  Formation 

C a l c i t e  (CaCO ) i s  unusual  i n  t h a t  it has  
r e t r o g r a d e  s o l u b i l i t y ,  i. e .  it becomes more 
s o l u b l e  w i th  a r e d u c t i o n  i n  t empera tu re .  I t ,  
may seem t h e r e f o r e ,  t h a t  a s  a geothermal  w e l l  
i s  d i s cha rged  and t h e  t empera tu re  i s  lowered,  
t h e r e  should  be no problem wi th  c a l c i t e  
d e p o s i t i o n ,  s i n c e  it  becomes more s o l u b l e  a t  
t h e  lower t e m p e r a t u r e .  Where t h e  f l u i d  i s  
c o n d u c t i v e l y  cooled w i thou t  stearn fo rma t ion ,  
t hen  t h i s  i s  t h e  c a s e .  

C a l c i t e  becomes more s o l u b l e  when 
d i s s o l v e d  carbon d i o x i d e  (C02)  i s  p r e s e n t  i n  
t h e  s o l u t i o n .  A s  b i c a r b o n a t e  (HC03-) and 

C02(a81 a r e  t h e  ammon s p e c i e s  p r e s e n t  a t  t h e  
geothermal  f l u i d s  , t h e  c a l c i t e  

e q u i l i b r i u m :  

PH s o l u b i l i t y  can b e s t  be r e p r e s e n t e d  by t h e  

Ca++ + 2HC03- = CaC03 + "2(aq)  + H2° 
When f l a s h i n g  t a k e s  p l a c e ,  a l a r g e  f r a c t i o n  
of  t h e  carbon d i o x i d e  p r e v i o u s l y  d i s s o l v e d  i n  
t h e  wa te r  i s  d i s t r i b u t e d  i n t o  t h e  vapour 
phase .  Th i s  lowers  t h e  s o l u b i l i t y  of 
c a l c i t e ,  which t h e n  c r y s t a l l i z e s  ou t  of 
s o l u t i o n  o n t o  t h e  c a s i n g .  The w e l l s  i n  t h e  
c e n t r a l  and wes t e rn  a r e a s  of  t h e  Rotorua 
geothermal  f i e l d  have a h igh  carbon d i o x i d e  
c o n t e n t  which e x p l a i n s  t h e  predominance of 
c a l c i t i n g  bo res  i n  t h e s e  a r e a s .  

Experiment a 1 

The t e s t  was c a r r i e d  o u t  a t  Bore RT855. 
Th i s  w e l l  i s  d r i l l e d  t o  a depth  of 130 m and 
cased  t o  1 2 0  m. The bo re  s u p p l i e s  h e a t  
energy r equ i r emen t s  f o r  s i x  households ,  and 
p r i o r  t o  t h e  t e s t  r e q u i r e d  reaming every  
t h r e e  months. Bore RT855 is a low p r e s s u r e  
bo re  which r e q u i r e s  a i r  l i f t i n g  t o  s t a r t ,  bu t  
i s  s e l f - s u s t a i n i n g  when f lowing .  This  
enabled  t h e  bore  t o  be e a s i l y  co l l apsed  and 
r e s t a r t e d  a f t e r  p e r i o d i c  i n s p e c t i o n s .  The 
s p e n t  geothermal  f l u i d  is  p iped  t o  a number 
of  r e i n j e c t i o n  o r  ' s o a k '  b o r e s .  Valves were 
f i t t e d  t o  t h e s e ,  t o  enab le  t h e  t o t a l  flow t o  
be measured. 

A sample of t h e  water  d i s cha rged  a t  
a tmosphe r i c  p r e s s u r e  as w e l l  a s  a steam 
sample were c o l l e c t e d .  The a n a l y s i s  a r e  
g iven  i n  Table  1. 

TABLE 1 

W.H.P. = 0.45 Bg,  Sep. P r e s s  = 0 . 3 5  Bg. 

Water S t e a m  

pH20  = 8.29 co2 = 1 0 9 5  mmoles/lOOmoles 
Li+ = 1 . 5  ppm , H2S = 164 

K+ = 24 

Na+ = 369 I 8  H2 = 1 2 . 1  
0, N2 = 68 

ca++ = 9.8 CHq = 3.7 
~ g + +  = 0.07 " 

c1- = 310 
 SO^= = 54 I 

B = 2 . 9  " 

si02 = 210 
H C 0 3 ( t )  = 2 9 1  

= 85  

I. 

I O  

I 8  

H 2 S  

The t empera tu re  o€ t h e  water  f eed ing  
RT855 has  been measured a t  1 2 5 ° C .  The 
wel lhead  p r e s s u r e  cor responds  t o  about  1 0 7 ° C .  
I t  i s  p o s s i b l e  t o  e s t i m a t e  t h e  degree of 
c a l c i t e  s u p e r s a t u r a t i o n  u s i n g  t h e  ana lyses  i n  
Table  1. The c a l c u l a t i o n s  show t h a t  t h e  
s o l u t i o n  i s  f o u r - f o l d  s u p e r s a t u r a t e d  w i th  
c a l c i t e  when f l a s h e d  t o  107°C. 
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The dosing used was FLOCON 247 It was thought that the blockage was due to 
manufactured by Pfizer aemicals and reaction with the galvanising zinc. Since 

plants. The manufacturers a dose was reinserted into the well, the well was 
rate of 4 gms per tonne of fluid. The 

originally designed for use in desalination this had been the dosing pipe 

restarted and dosing recommenced. 
measured bore discharge was - 50  tonnes/day, 
which required a dose rate of -10 mls/hour. 
Nith the equipment available, it was not 
possible to inject at this low rate, 
therefore the antiscalant was diluted to 1% 
v/v with water to enable more accurate 
metering of the solution. 

The wellhead cap was altered to take a 
dosing pipe, which initially consisted of 19 
m of galvanised 12 mm pipe, but was 
eventually changed to 19 m of 12 mm stainless 
steel pipe. A foot valve with a release 
pressure of 3 Bars was fitted to the bottom 
of the dosing pipe to stop siphoning of the 
dosing fluid and to stop geothermal fluid 
entering the dosing line. From temperature 
and pressure runs in the well, it was 
estimated that the dosing solution was 
introduced - 5  m below the flashing point. 
The dose rate was initially monitored by 
measuring the time taken to pump a known 
small volume of dosing solution. A coarser 
measurement was obtained by noting level 
changes in the bulk supply tank. The 
injection line pressure at the wellhead was 
1.20 Bg under normal running conditions. A 
schematic of the dosing apparatus is shown in 
Fig. 1. 

F i g .  1 :  Schematic of d o s i n g  e x p e r i m e n t .  

Prior to starting the experiment,. the 
well was reamed to 30 ft and the surface 
fixtures - pipes, valves, etc., were cleaned. 
The flowrate was measured at 86 tonnes/day 
and the dose rate was initially set at 3 ppm. 

Results -- 
Dosing with FLOCON 247 commenced in 1985. 

After only 12 days operation, the injection 
line pressure became very high. When the"'. 
bore was collapsed and the injection line 
inspected, it was found to be blocked with a 
brown sludge. The deposit was amorphous to 
x-rays and gave a 69.78 weight loss on 
ashing. The residual consisted of 50% iron 
and 30% zinc. There were no blockages in the 
above ground dosing lines, and the deposit 
seemed to form where the solution became 
heated by the well discharge. The foot valve 
release pressure was increased to prevent any 
possibility of the dosing solution flashing. 

During the next few weeks, the injection 
line pressure, was still rather variable and 
finally after 45 days total the well was 
collapsed for a full inspection. This showed 
that there was no detectable calcite in any 
of the surface pipework. As well, the 
control valve for the well was also calcite 
free: this had previously been a trouble 
spot for calcite deposition. The injection 
line was covered with a fine black deposit of 
sphalerite (zinc sulphide). The surface 
piping was covered with a fine deposit of 
pyrrhotite, wnich is a common corrosion . 
product encountered in geothermal systems. 
The dosing line was again almost completely 
blocked with a light brown sludge similar in 
appearance to that observed previously. The 
injection pipe was replaced by 12 cm 316 
stainless steel pipe, and the experiment was 
restarted. 

After only a further 15 days, the 
injection became blocked, and the deposit 
once again contained large amounts of iron. 
Since the stainless steel pipe was not 
corroded, it was reasoned that the iron was 
being dissolved in the steel storage tank and 
was reacting when it encountered the higher 
temperatures. Consequently, the steel tank 
was replaced by a plastic drum and a new 
dosing solution prepared. There were no 
further problems with blockages in the 
injection line. 

The bore was again inspected after a 
total running time of 127 days. Once again, 
there was no detectable calcite deposition 
and there was the same thin film of 
pyrrhotite present on all of the surface 
pipework. The control valve was completely 
clear of any deposition. 

Throughout the test to this stage, the 
pump settings were not altered. However, 
seasonal variations in the flow of the well 
(Fig. 2) meant that the dose rate was not 
constant and in the early stages, it was 
erratic due to the pipe blockages. In the 
latter stages of the first 127 days the 
dosing was regular and the does rate was -2.5 
PPm. 

Fig. 2: Measured o u t p u t  of R T 9 S 5 .  

For the final period, the dose rate was 
reduced to -1.9 ppin. The dosing ran smoothly 
till the end of the experiment after a total 
elapsed time of 233 days. After this time, 
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F i g .  3 :  C a l c i t e  s c a l e  p r o d u c e d  a f t e r  112  d a y s  
p r i o r  t o  d o s i n g .  

the bore was collapsed, and inspected. Very 
small (<1 mm) crystals of calcite had formed 
in the pipework downstream of the control 
valve, however these crystals were sparsely 
located and not very adherent. The valve was 
completely clear, and a 31/2" 'go-devil' run 
showed that the bore was clear to bottom 
hole. (The well is lined with 4' casing.) A 
test section of surface pipework had shown 
less than 0.05 mm decrease in diameter during 
the last 106 days of the experiment. There 
was no massive calcite scale. 

Discussion 

F i g .  4 :  P i p e  i n  same posi t ion a s  F i g .  3 a f t e r  
127 d a y s  o p e r a t i o n  w i t h  a n t i s c a l a n t .  

Before the experiment, RT855 required 
reaming and acid treatment approximately four 
times/year at an average annual cost of 
$2300. Dosing with FLOCON 247 has an annual 
running cost of $800. 

Two problem areas arise when scale-up to 
deep geothermal wells is contemplated. The 
first and most difficult is the method of 
injecting the antiscalant into the well below 
the point of flashing. The second problem is 
that the substance is decomposed slowly by 
higher temperatures and has a limited useful 
lifetime at temperatures in excess of 200°C. 
The latter problem could be solved by having 
low residence times in the dosing pipe, and 
this may place constraints on how the first 
problem is tackled. 

The FLOCON 247 has been very successful 
in completely inhibiting the growth of 
calcite scale, as is shown very dramatically 
in Fig. 3 and Fig. 4. There were no 
detrimental effects to the well, surface 
piping, environments or general use of FLOCON 
247. From the appearance of very small 
calcite crystals at the lower dose rate, we 
would assume that -2.5 ppm is a minimum dose 
rate for the particular well that we used. 

The dosing solution is moderately acidic 
and appears to attack carbon steel. 
Consequently, storage tanks must be 
constructed of some inert material. Pressure 
must be maintained in the dosing line, as the 
antiscalant is an aqueous solution and 
boiling has to be avoided. 

However, dosing of deep wells is 
economically attractive. The material costs 
amount to $52,00O/yr for a 250 tonne/hour 
well dosed at 3 ppm. This compares with 
$75,000 to ream the well - an annual event. 
As well, in the dosing system there is no 
reduction in production. 
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The price of FLOCON 247 varies, depending 
on freight rates and the U.S./N.Z. exchange 
rate. The estimate for the N.Z. selling 
price is NZ$8.75/kg. Assuming a dose rate of 
2.5 ppm and a well flow of 100 tonnes/day, 
then the cost of FLOCON addition is 
$2.20/day. The only other running costs are 
pump and injection line maintenance. Initial 
capital costs are -$1000. 




