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SILICA DEPOSITION TESTS AT BROADLANDS

P.A. Taylor

Minis t ry of Works Development, Wairakei.

TESTS

During a series of s i l i c a

depos i t ion experiments were performed a t
Broadlands t o determine t h e f e a s i b i l i t y of
r e i n j e c t i n g un t rea ted geothermal water a t
temperatures o f about
s l i g h t s i l i c a depos i t ion d i d occur i n t h e
test p i p e l i n e s t h e r a t e of depos i t ion was
very s l o w and t h i s provided confi rmat ion
t h a t r e i n j e c t i o n of untreated geothermal
h o t water is a v i a b l e proposi t ion.

though

INTRODUCTION

Ppproximately of NPS

w i l l be  required f o r r e i n j e c t i n g

waste geothermal ho t water a t Rroadlands.
Experience h a s ind ica ted t h a t s i l i c a can
d e p o s i t from t h e s e waters and t h i s made i t
e s s e n t i a l to determine t h e t y of

r e i n j e c t i n g un t rea ted geothermal water,

chemists have s t u d i e d t h e
chemist ry of silica i n geothermal water
and i t is on t h e i r recommendation t h a t t h e

lowest separa to r p ressu res should be
w i l l waste water a t A t

t h i s temperature t h e water is s l i g h t l y super-
s a t u r a t e d with respec t t o silica t h e r e f o r e
depos i t ion can occur. The chemist ry and

k i n e t i c s of s i l i c a depos i t ion i s very complex

and beyond t h e scope of t h i s paper.

A s i l i c a depos i t ion test p l a n t was

cons t ruc ted a t Broadlands to provide

informat ion on how var ious l i q u i d and flow
c o n d i t i o n s a f f e c t s i l i c a deposi t ion. In
a d d i t i o n t w o f u l l - s i z e  r e i n j e c t i o n  p i p e l i n e s
w e r e and BR35-28,

test a l l a s p e c t s of t h e r e i n j e c t i o n of

separated geothermal water,

T h i s paper d e a l s with t h e r e s u l t s of

t h e s e tests from a p r a c t i c a l
v iewpoint.

The BR22 test p l a n t cons i s t ed of
t h r e e tube bundles, two hold-up-vessels
and a c o n t r o l l e d ve loc i ty vessel .

The tube bundles were designed to
s imula te r e i n j e c t i o n p i p e l i n e s - t o
have s i m i l a r f r i c t i o n head losses,
temperature loss and res idence t i m e .
Each tube bundle was made from 25 NPS
mild steel steam pipe and was long.

The hold-up-vessels were cons t ruc ted
so t h a t h o t water could b e held for
approximately 20 minutes be fo re being
passed i n t o a tube bundle. Each vesse l
w a s made from a leng th of 400 NPS

p i p e and t r a c e r tests gave res idence
t i m e s varying between 5 and 60 minutes
showing t h e f l o w was no t uniformal ly
d i s t r i b u t e d.

The c o n t r o l l e d v e l o c i t y v e s s e l
c o n s i s t e d of a sequence of long p ipes
varying i n diameter from 25 NPS to 250

NPS. The v e s s e l was cons t ruc ted t o
determine whether depos i t ion was a
func t ion of v e l o c i t y or turbulence.

The geothermal h o t water w a s
t o t h e test r i g s from T h i s bore

i s set up for experimental purpases and
is producing 57 with an enthalpy

of 1130

The two phase bore f l u i d is passed
i n t o a separa to r  ope ra t ing  a t 10
Both t h e separated water and steam are
discharged i n t o a s i l ence r . The h o t water
for experimental purposes was suppl ied
from a branch l i n e on t h e separated water

l i n e .  T h i s  suppl ied ho t water a t
The water w a s produced from a
s e p a r a t o r suppl ied with water. The

w a t e r w a s produced from a
s e p a r a t o r suppl ied with water.
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The pipe l ine w a s constructed
from 250 NPS steam pipe and was long.
Geothermal hot water w a s supplied from t h e

separator p l a n t and re in jec ted i n t o

t h e separator  pressure and t h e change i n
s a t u r a t i o n pressure of the water associated
with t h e temperature loss down the pipel ine.

The flow was maintained by u t i l i s i n g

The BR35-28 pipe l ine w a s constructed
from 250 NPS steam pipe and was long.
Geothermal hot water between
w a s supplied from BR35 separator p l a n t and
r e i n j e c t e d i n t o I n i t i a l l y the h o t
w a t e r w a s pumped along t h e  p i p e l i n e  by
t h e Peer less pump - a multi- stage c e n t r i-
fuga l pump. After several pump f a i l u r e s
t h e pump w a s withdrawn from t h e operat ion
and the flow w a s maintained by u t i l i s i n g
t h e separator pressure.

After the tests had been completed the

thickness of the deposi t ion was determined
by using a microscope.
consis t ing of i r o n sulphide and s i l i c a
formed on t h e pipe walls, The i r o n sulphide
is the product of the corrosion react ion 
between t h e pipe and t h e dissolved i n
the water and forms a hard black deposit.  
Generally the deposi t ion had a hard black
appearance but when scratched t h e white
silica deposi t could be seen. I n addit ion

ridges of silica formed i n t h e and
BR35-28 pipe l ine a s shown i n Fig 1.
r e s u l t summary of a l l these tests is shown
i n Table 1.

Generally

The

Fig 1. P r o f i l e of Deposition
i n BR35-28
Pipe l ines.

Flow
RESULTS

Each tube bundle and hold-up-vessel
operated f o r 1month a t a t i m e after which
t h e tube bundles and hold-up-vessels would
b e inspected i n t e r n a l l y and subsequent
tests proposed. The f u l l s c a l e rein-
j e c t i o n tests operated continuously a p a r t
from s h o r t shut downs f o r measurement
purposes.

Table 1. Result Summary

0.3mm high ridges
of pure

thick black
depos i t +
Pipewal1

o w
E

4 0

Tube Bundle 1.

Tube Bundle 2.

Tube Bundle 3.

Hold-Up-Vessel A.

Subsequent
Up-Vessel T e s t s ,

2 10 184

6 4.1 152

4.5 1.7 130

1 4.1 152

1

Control led Velocity
Vessel,

BR35-28

6

10

4.1 152

4.1 152

20 11.5 Very s l i g h t deposition.

18 12.8 0.25 Uniform black deposit.

1 9 12.4 0.26 Uniform black deposit.

17 24

1 7 24

19.5 26 

4.0 150 2500 8.7 0.4

Massive white s i l i c a deposi t ion
throughout vessel. Approx. 3mm
thick.

S o f t grey nodule type deposi t  
approx. l m m thick.

S l i g h t deposi t on small pipes.

Nodules of s i l i c a formed on 
l a r g e r diameter pipes.

Uniform black depos i t + r idges

of pure s i l i c a .

4.0 150 2500 10 0.24 Uniform black depos i t + r idges

of pure s i l i c a .



89

Taylor

DISCUSSION

Temperature should have a d i r e c t
e f f e c t on s i l i c a deposition a s it alters
t h e sa tura t ion  leve l  of s i l i c a . It was
expected t h a t a d e f i n i t e trend should
be apparent from these tests showing a
g r e a t e r deposition r a t e a t lower temp-
era tures . The s t r a i g h t tube bundle 
tests f a i l e d to give conclusive evidence
t h a t t h i s trend e x i s t s a s the tests
performed w i t h 130% and water
gave similar type and r a t e of
deposi on,

The effect t h a t turbulence has on
s i l i c a deposi t ion was studied by t h e
cont ro l led veloci ty vessel  a t I n
t h i s test, water was passed through a series
of d i f f e r e n t diameter pipes so t h a t t h e
rate of deposi t ion could be observed over
a range of Reynolds numbers varying from
8000 - 80000, There was a d e f i n i t e trend
i n t h a t t h e lower the Reynolds number the
g r e a t e r w a s t h e r a t e of deposition. This
deposi t ion w a s of the soft grey nodule type
as seen i n the hold up vessels. The
di f fe rence i n deposition is probably due
t o t h e scouring e f f e c t t h a t higher tu rbu len t
flows have on t h e pipewall. Therefore,
it is l i k e l y  t h a t  the deposi t ion t h a t
occurs i n low turbulence flows is only
weakly mechanically bonded together whereas
t h e deposi t ion t h a t occurs i n high tur-
bulence flows is more l i k e l y t o be r i g i d l y
at tached to t h e pipewalls and t h e p a r t i c l e s
of silica chemically bonded together. This
was p a r t l y confirmed by the  cont ro l led  

v e l o c i t y vessel because t h e r e was less
s i l i c a deposi t ion on the pipewalls i n t h e
higher tu rbu len t flow and the  depos i t  was
very hard .

There may be a secondary e f f e c t due

to turbulence t h a t tends t o promote
r a t e s , As t h e Reynolds number

increases t h e energy of t h e p a r t i c l e s of
silica i n t h e water increases which could
r e s u l t i n t h e  p a r t i c l e s  of s i l i c a s t r i k i n g
t h e wall a t higher ve loc i t i es , This
explains why more s i l i c a forms on pro-
t r u s i o n s to the flow the downstream
s i d e of t h e branches of tees, on t h e
upstream f a c e of o r i f i c e p l a t e s and on 
t h e downstream s i d e s of bends. This w a s
c l e a r l y seen on the f u l l s c a l e pipel ines.

I n addi t ion  grea te r  thicknesses of
s i l i c a w e r e found on the  cen t r i fuga l  pump

Again t h i s can be explained
by t h e increased turbulence t h a t occurs
i n a pump.

Residence t i m e is defined as t h e
t i m e taken for water t o pass from t h e
separa tor t o a poin t i n the  p ipe l ine ,  All
t h e tests showed t h a t increased s i l i c a

deposi t ion occurred with increasing

residence t i m e . This e f f e c t w a s seen
i n the tube bundles and i n the f u l l
s c a l e pipel ines.

The first hold-up-vessel test
resu l ted i n a massive white c r y s t a l l i n e
depos i t throughout the vessel. However
seven subsequent tests did not produce
t h e same deposi t ion even though a l l t h e
i n i t i a l operat ing parameters were modelled.
N o t being able t o determine the cause of
t h i s deposi t ion has caused considerable
concern. However it appears t h a t it was
a spurious r e s u l t and t h i s type of dep-
o s i t i o n should not occur i n a
vessel under normal operating conditions. 

The r a t e of s i l i c a deposi t ion i s one
of the most important parameters required
f o r the design of r e i n j e c t i o n pipel ines.
The full scale r e i n j e c t i o n tests provided
useful information on t h i s aspect as these

tests modelled the f u l l scale r e i n j e c t i o n
system more accurately.
th ick l a y e r of deposi t ion t h a t occurred
r i g h t through the  p ipe l ines  should be
regarded a s t h e bas ic iron-sulphide s i l i c a
depos i t t h a t i n i t i a l l y i n a p ipe l ine
and t h e thickness should not  increase a s
rap id ly over a longer period.
r idges of s i l i c a t h a t formed are more
l i k e l y t o be represen ta t ive of t h e manner
i n which s i l i c a w i l l depos i t over a longer
period.
effect on t h e f l u i d f r i c t i o n losses.

The uniform

However the

These r idges w i l l have a s i g n i f i c a n t

CONCLUSIONS

A s l i g h t increase i n s i l i c a deposi t ion
was noticed with lower separator
temperature. However no d e f i n i t e
t r a n s i t i o n temperature was detected
below which s i l i c a deposi t ion would
be a major problem.
silica deposi t ion over the range
130% - 180% w e r e s imi la r and should
not cause problems i n f u l l s i z e re-
in jec t ion pipel ines.

The r a t e s of

The tests suggest a design allowance
for s i l i c a deposi t ion of per
annum.

Turbulence w a s shown to have a two fold
e f f e c t on s i l i c a deposi t ion - bas ica l ly
as turbulence increases the  depos i t  
decreases. However turbulence produces
a secondary e f f e c t which tends t o
increase t h e r a t e of s i l i c a deposi t ion
a s seen i n the  ou ts ide  of bends. There
is probably an optimum value of Reynolds
number which w i l l r e s u l t i n the lowest
deposi t ion rate.

Low v e l o c i t i e s and long residence times
w e r e shown t o increase  the  rate of s i l i c a
deposi t ion and these types of
should be avoided i n t h e re in jec t ion scheme.




