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GEOTHERMAL FIELDS USING 'CORROSOMETER' METHOD.
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ABSTRACT

Instantaneous and continuous corrosion r a t e s
can be monitored by a 'Corrosometer' method.
This method can read i ly  be  adapted t o so lve
problems on corrosion i n geothermal f lu ids . I n
t h i s paper, a var ie ty of geothermal case s t u d i e s
are presented, demonstrating the value of t h i s
rapid corrosion assessment. These include a
study of the e f f e c t of pressure on corrosion
rate i n some geothermal f l u i d s a t Broadlands, an
inves t iga t ion of rapidly corroding bleed pipes 
and connections a t Broadlands wel l BR 32, a
study of the e f f e c t s of geothermal steam cond-
ensate ve loc i ty on the corrosion r a t e of mild
steel a t Wairakei, and corrosion i n h i b i t o r
monitoring of high pressure steam transmission
l i n e s a t Wairakei.

INTRO ON

The method f o r monitoring
corrosion of carbon steel as described below
has been extensively used i n the geothermal
f i e l d s of New Zealand.
can be used independently of o ther geothermal
corrosion monitoring techniques (L ich t i and
mezoglu, though the i n t e r p r e t a t i o n of
r e s u l t s can be more pos i t ive when addi t iona l
information i s made ava i lab le from es tab l i shed

techniques such as chemical ana lys i s , coupon
exposures etc. Carbon steel corrosometer probes

are f u l l y sealed, compact, and can be e a s i l y
i n s t a l l e d i n high temperature high
pressure (-30 geothermal f l u i d s . The
Corrosometer method provides continuous, r e l i a b l e ,
instantaneous corrosion rate readings, and shows
good s e n s i t i v i t y  t o  the var ia t ions i n conditions
i n a system. 

The Corrosometer system

The Corrosometer system cons i s t s of a probe
Operation of the probe is based onand a meter.

the r e s i s t a n c e of an
exposed sensing element as i t s cross- sect ional
a rea is reduced by corrosion. The instrument
compares t h i s increasing res i s tance t o the
constant r e s i s t a n c e value of a protected reference
element. By measuring the r a t i o of the two
res i s tances , temperature changes t h a t equally
a f f e c t both elements are cancelled out . The
r e s i s t a n c e r a t i o s , reported a s d i a l readings are
d i r e c t l y proport ional t o the thickness of the

element. Consecutive d i a l readings are

taken t o generate a graph of d i a l readings versus 
t i m e from which metal corrosion rates can be
calculated.

The following corrosion case s t u d i e s
demonstrate the scope of the corrosometer probes
as research t o o l s , t h e i r use t o assess trouble
spots , and t h e i r value as corrosion control
monitors i n geothermal f l u i d s .

EFFECT OF PRESSURE ON CORROSIVITY OF GEOTHERMAL

DS

The corrosion rates and the s u s c e p t i b i l i t y
t o stress corrosion of turbine blade and ro tor
steels are present ly being evaluated a t Broad-
lands i n condensate 300 aerated
condensate w e t low pressure
steam 126 10% wetness). These
f l u i d s contain geothermal gases such a s

and H2. The s o l u b i l i t y of these
gases i n condensate and hence the chemistry of
the corrosive f l u i d is af fec ted by pressure,
w e l l as by and the p a r t i a l
pressure of the gases. A reduction i n pressure
would normally r e s u l t i n decreased gas so lub i l i-
ties and lower the  cor ros iv i ty  of the  so lu t ions .  
However, q u a n t i t a t i v e predict ions can not at
present be made from avai lab le knowledge of the
corrosion chemistry .

Carbon steel corrosometer probes w e r e
se lec ted t o quantify the e f f e c t of reduced
condensate pressures t o atmospheric (100
and w e t steam pressure t o sub-atmospheric (13
For w e t steam at t h i s vacuum condition, the
temperature a t s a t u r a t i o n was
the f l u i d ve loc i ty of the 13 steam environ-
ment w a s 34 whi l s t t h a t of t h e test a t 126

was
in the Broadlands corrosion r i g and the

Ohaki geothermal p i l o t p lan t condenser 'S-Bend'.
The descript ion of the r i g and the 'S-Bend',
operat ion condit ions and the d e t a i l e d chemistry
of these environments are published elsewhere.
(Braithwaite and L i c h t i , 1979; Soylemezoglu,
1980).
durat ion depending on t h e probes reaching a steady

I n addit ion,

The experiments were conducted

The probe exposures were up t o 20 days,



28

ENVIRONMENT CONOE AERATED STEAM
CONDE

PRESSURE 310

CORROSION RATE 190 45

EXPERIMENT

1

The short- term exposures of carbon s
corrosometer probes i n the above environments
gave a r a p i d and r e l i a b l e i n d i c a t i o n of t h e
e f f e c t s of reduced pressu re on c o r r o s i v i t y .

PRESSURE TEMPERATURE FLOW RATE FLOW VELOCITY CORROSION 
I

69 6.78 2500 900

BROADLANDS WELL BR 32 CORROSION OF BLEED PIPES
AND FITTINGS

69

Well BR 32 is l o c a t e d t o t h e E a s t of t h e
Waikato River i n t h e nor th- eas te rn s e c t o r of
t h e Broadlands geothermal f i e l d , and appears t o
be on t h e boundary between h o t and cold under-
ground water. The w e l l w a s d r i l l e d t o
and s o l i d cased t o wi th a s l o t t e d cas ing
below t h i s l e v e l . The downhole water temperature
a t 465m l e v e l is around b u t t h e s u r f a c e
temperature of ho t water drops t o A flow
of 250 of h o t water a t occurs on
b leed discharge.
t h e 600m depth a t t o can b e desc r ibed
as a s l i g h t l y ac id sodium bica rbona te water.
Below 600m t h e water becomes inc reas ing ly more
s a l i n e with ch lo r ide concen t ra t ions of 1050 ppm.
Af te r i n i t i a l discharge t h e w e l l w a s l e f t on
continuous slow bleed (about 40 The
water discharged during t h e b leed ing has very
l i t t l e hydrogen su lph ide (about 2 and it

comes e n t i r e l y from t h e upper zone of sodium
bica rbona te water. (Mahon, 1978).

The water chemist ry down t o

79 0.7

Severe  corrosion of t h e  b l e e d  pipes ,
reducers , j o i n t s and t e e p ieces were repor ted
by the f i e l d maintenance s t a f f  a f t e r  about 1
y e a r on bleed, and these components had t o b e
replaced. The form o f even, genera l  co r ros ion  or
wide, f l a t bottomed p i t s t o a depth of approx-

observed on v i s u a l examination
(Figure 1). This seve re  co r ros ion  of t h e mild
steel components appeared t o  b e  abnormally high
f o r oxygen- free geothermal f l u i d s , i n which mild

steel cor ros ion rates of less than 100
would be expected. The rap id  co r ros ion  was
suspected t o b e  e i t h e r  due t o water v e l o c i t y i n

t h e b l e e d pipes a c c e l e r a t i n g cor ros ion , o r d i s s-
olved oxygen i n ground water e n t e r i n g  t h e  bore
and a c c e l e r a t i n g cor ros ion .

-

Figure 1 : A tee p iece removed from Broadlands
BR 32 b leed  p ipe  connections showing
t h e s e v e r i t y of corrosion.

A carbon steel corrosometer probe w a s
i n s e r t e d i n t o t h e wel l bleed p ipe t o determine
t h e cor ros ion rates a t va r ious flow discharge
rates. T e s t condi t ions and r e s u l t s of t h e
cor ros ion r a t e determinat ion experiments are
given i n Table 2 .

172 83 6.29 2100
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On of the bore head a f t e r quenching
of t h e bore, v i sua l examination and measurement 
of t h e bore casing thickness a t access ib le
l o c a t i o n s indicated the absence of severe
corrosion, thus el iminat ing the p o s s i b i l i t y of
oxygen contamination. I t w a s concluded t h a t
t h e v e l o c i t y of the bore f l u i d w a s t h e main
f a c t o r con t ro l l ing t h e rate of corrosion. Low

bleed w a t e r v e l o c i t i e s were as a
method of con t ro l l ing bleed pipe corrosion.

Soylemezoglu

the highly turbulent  flows (Re = (McAdam,
1979) had an important r o l e on the r a t e of the
severe corrosion.  
flow of the condensate o r i n h i b i t i n g the corrosive 
condensate i n the HP l i n e s would r e s u l t i n reduced
pipe l ine corrosion rates.

Hence reducing o r l i m i t i n g the

WAIRAKEI STEAM PIPELINES CORROSION - EFFECT
OF CONDENSATE VELOCITY

Severe corrosion damage of
diameter high pressure steam transmission
l i n e s a t Wairakei w a s f i r s t observed i n 1977.
The occurrance, nature , mechanisms and
preven t ive measures of t h i s corrosion have been
s t u d i e d by numerous workers.
B r a i thwai te, 1979; Giggenbach, 1979; James,
1980; Stacey, 1980; McAdam, 1980; Thain, 1980).
Condensate veloci ty and turbulence were
considered t o have a r o l e i n the p ipe l ine
cor ros ion mechanisms. A corrosometer monitoring 
program us ing condensate from a catchpot of t h e
HP L- line w a s i n i t i a t e d t o inves t iga te t h e
e f f e c t of condensate ve loc i ty i n a small diameter
pipe on carbon steel corrosion r a t e s .

(Page 1978;

t

0U

e

100

Reynolds number

2,500 5,000
I I I

One of t h e two steam traps on t h e condensate
po t a t Anchor 4 / 5 was i s o l a t e d and condensate
w a s drained through a co l lec t ion pot , which

a constant of flow.
r i g made o u t of mild s t e e l steam pipes, with
e n t r y  p o i n t s  f o r a corrosometer probe, 
condensate i n l e t and o u t l e t , w a s then connected

t o the c o l l e c t i o n pot.
t h e test r i g t o be operated a t HP l i n e pressure
of 900 Condensate flow d i r e c t i o n i n the
r i g w a s p a r a l l e l t o the corrosometer probe
measuring element. Different condensate
v e l o c i t i e s were achieved by changing the s i z e of
t h e p ipes around the corrosometer probe, and
supplying a constant condensate flow at a l l times.
Condensate v e l o c i t i e s of 1.7, 3.4, 6.7, 13.5,
20.6 (maximum) were used during the tests.
The c i r c u l a r nature of the test r i g and c e n t r a l
l o c a t i o n of corrosometer probe permitted the
Reynolds number t o be computed f o r  t h e  v e l o c i t i e s  
used during the t e s t s . Re = d diameter
of test r i g corrected f o r loss of cross- sect ional
area due t o presence of corrosometer probe, v
t h e condensate ve loc i ty and k i n e t i c v i s c o s i t y

t h e condensate a t test temperature). Carbon
s corrosion r a t e s were determined a t each
v e l o c i t y using corrosometer probes exposed f o r
20 days.

A s p e c i a l

and

This arrangement allowed

Figure 2 i l l u s t r a t e s the e f f e c t of changing
condensate ve loc i ty on corrosion r a t e .
r e s u l t s are aga ins t  the  ca lcu la ted  
Reynold's numbers tes t ing .
r a t e i n almost s tagnant  hot  condensate w a s
extremely low, but i t was found t o increase
l i n e a r l y wi th increasing ve loc i ty and turbulence.

The

The corrosion

This simulated study ind ica ted t h a t a c t u a l
condensate v e l o c i t y i n the HP l i n e s and

0 Reynolds

10 20

Condensate I -
Figure 2: Ef fec t of Wairakei steam condensate

ve loc i ty and turbulence on corrosion
rate of carbon steel.

STEAM PIPELINES - CORROSION INHIBITOR
MONITORING

Extensive evaluat ion of the corrosive cond-
i t i o n s wi th in t h e Wairakei p ipe l ines and
increased understanding of t h e corrosion mechan-
isms r e s u l t e d i n severa l proposals f o r the
i n j e c t i o n of s y n t h e t i c and n a t u r a l corrosion
i n h i b i t o r s as a v i a b l e means of c o n t r o l l i n g the
observed corrosion. Methods used t o monitor the
e f f e c t s of s e l e c t e d i n h i b i t o r s included
meter probes, hydrogen probes, chemical ana lys i s
as w e l l as visual examinations and ul t rason ic
'D' meter thickness measurements.
methods were success fu l i n iden t i fy ing high metal
corrosion rates, bu t only the corrosometer method
proved capable of providing a q u a n t i t a t i v e
instantaneous measure of the e f f e c t of p a r t i c u l a r
i n h i b i t o r s while t h e p ipe l ine was i n operation.

of these

Carbon steel corrosometer probes were
inse r ted i n t o the HP L- line by using a s p e c i a l
i n s e r t i o n r i g which allows t h e probe t o be placed 
i n t o t h e l i n e , w h i l s t under f u l l pressure. One
t h i r d of t h e measuring element of t h e corrosometer
probe was exposed t o steam flow while  the remain-
i n g port ion w a s located i n condensate. A typ ica l
corrosometer probe p l o t of t h e corrosion i n the
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uninhibi ted p ipe l ine shown i n Figure 3. An

i n i t i a l high r a t e of corrosion at 150
decreased to 50 a f t e r the formation of a
pro tec t ive  f i lm i n 13 days.

Three types of i n h i b i t o r s have been used.
These were a filming amine (octadecylamine)
suppl ied by Catoleum Ltd., under the brand name
of Alfloc 190, a phosphate con t ro l chemical
(tri- sodium phosphate), and bore f l u i d from the
geothermal f i e l d i t s e l f .

Octadecylamine i n j e c t i o n s were conducted
over a period of f i v e months.
were set a t 1 ppm ( p a r t per  mi l l ion  by weight
of t h e t o t a l flow of steam) and later changed
t o 0.4, 0.1 and 0.6 during the course of t h e

A typ ica l corrosometer probe r e s u l t
obtained using 1 ppm i n j e c t i o n  l e v e l  is
i l l u s t r a t e d i n Figure 3. The i n i t i a l corrosion
rate of 120
l e v e l of 75
had no e f f e c t on the steady state corrosion rate
observed by the corrosometer probe.
analyses of p ipe l ine condensate indicated no

s i g n i f i c a n t change i n conduct ivi ty , ammonia,
o r dissolved i r o n concentrat ions. V i s u a l exam-
i n a t i o n on shutdown of the p i p e l i n e revealed
l i t t l e o r no evidence of corrosion inh ib i t ion .
(Stacey and Bacon, 1979). This confirmed the
r e s u l t s obtained by corrosometer probes, 

I n j e c t i o n  l e v e l s  

decreased to a steady state
Different i n j e c t i o n l e v e l s

Chemical

Tri-sodium phosphate i n j e c t i o n s were comm-
enced i n an attempt t o provide cont ro l of the
condensate. I n i t i a l w a s observed t o be about
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6 . 5 .
sodium phosphate a of about 8 was achieved.

Corrosometer probe r e s u l t s f o r two i n j e c t i o n
periods are i l l u s t r a t e d i n Figure 3.
corrosion rate of 125 decreased t o a low
value of 10 within 6 days of i n j e c t i o n .
When the i n j e c t i o n w a s stopped a f t e r 10 days, the
observed low corrosion rate continued f o r 2 days
and w a s then followed by a rapid sharp increase
i n the corrosion r a t e  t o  270

in jec t ion of tri- sodium phosphate, t h e
same previous l e v e l of 10 was achieved. A

s e c t i o n of the L-line used f o r these tests w a s
then replaced because of excessive previous
corrosion. The new s e c t i o n has been protected by
cont inuing addi t ions of tri- sodium phosphate a t a

rate of 0.5 and corrosometer probe
has aga in shown a long term steady state rate of
less than 10

With a 0.5 i n j e c t i o n r a t e of tr i-

An i n i t i a l

With t h e

The use of bore f l u i d w a s a l s o considered
f o r corrosion i n h i b i t i n g a f t e r a s e r i e s of chem-
ical analyses along the HP l i n e s revealed an 
inverse r e l a t i o n between t h e presence of s i l ica
i n condensate and pipe l ine corrosion, (Stacey, 

1980). Scale samples from
wi th in t h e p ipe l ine showed a similar trend
(McAdam, 1980). S i l i c a o r o t h e r cons t i tuen t s i n
bore f l u i d could a c t as corrosion i n h i b i t o r s i n
areas such as bore casings, w e l l head equipment 
and transmission l i n e s .
tests have been conducted i n HP J- line. Although
corrosometer probes are not used f o r t h i s exper-
iment, a hydrogen co l lec t ion patch (McAdam, 1980)
a t t h e ou ts ide of the pipe located opposi te  an

Bore f l u i d i n j e c t i o n

Injection
stopped

Injection
started

Pipe-line
shut down

CR 50

CR= 150 NO INHIBITOR ADDITION

Long time exposure steady state

10

I

10 20 30 150

Figure 3: Graphical p resen ta t ion of Wairakei HP L-line corrosion i n h i b i t o r r e s u l t s .
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a c t i v e corroding area has produced q u a l i t a t i v e
r e s u l t s which a r e s i m i l a r i n t r end t o those of
t h e L- line tri- sodium phosphate i n j e c t i o n ,
i n d i c a t i n g  t h a t  bore f l u i d is a n a t u r a l co r ros ion
i n h i b i t o r i n t h i s system.

CONCLUSION

The cases c i t e d i n t h i s r epor t have demon-
s t r a t e d t h e a b i l i t y of corrosometer probes
t o provide q u a n t i t a t i v e assessment of a v a r i e t y
of cor ros ion problems encountered i n geothermal
f l u i d s . The corrosometer probe r e s u l t s are
a v a i l a b l e as t h e experiments progress and changes
i n c o r r o s i v i t y a r e read i ly observed.
t h e s e reasons t h a t the use of t h i s moni tor ing
technique is f i rmly e s t a b l i s h e d i n the New Zealand
geothermal power development areas, and it is
recognised t h a t i t w i l l cont inue t o be a va luab le
method of cor ros ion monitoring.

I t is f o r
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