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ABSTRACT

cooling water systems provide
the proliferation of organisms reducing operating

increasing plant maintenance systcms
tu fouling and Induced

Corrosion (MIC) due to presence o f scveral groups of
which obtain their energy the oxidation of gases

in geothermal Although chemical speciation in gcothemial
water he in most cooling systems

o f the will upon
factors chemistry. condenser

activity. The latter may have a
profound upon I and concentrations of sulphate and

in particular. Within the draft cooling
concrete areas "nut reach"
bactericides cooling Within the w f

tower arid the wall be
the direct (bactericides via spray gun.

I.

I'hc nccd matcrials geothermal
cooling systems is w e l l within geothermal
industry particularly whcn concrete is an essential as is
the casc with cooling towers

are the
corrosiun of in structures.

in water
physical and chemical

in particular sulphidc
in the systcm alsu

influencc o n system

phusphorus is for
Although sourced makeup in
in where additional up is

required and sourced or thcn
introducing phosphate to can a

upon biological growth

corrosion in Ohaaki cooling has becn to
concern only areas of

particular significant corrosion occurred at the "tidal
nf the pond wall (Figure to

(Figurc rnnf ut distribution canal 3) hcncc
these now been a n coating. similar
corrosion mechanism hcen the internal
surface of the tower shell. and while does the dcgrce
of'
installation gun tu for application of
to all hcen us means of

2. OF

Geothermal cooling ability
acidic ais a the sulphur

bacteria. Hactcria. like organisms, rcquire essential 
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Ohaaki this deficiency is made up for by the stations location
within an agricultural and where dust, pollen
and insects appear to provide phusphorus for the needs of
micro-organisms. the dosing o f phosphate based corrosion 
inhibitors has been known t o enhance of sulphur

bactcria. 1980)

large through the system, with constant
blowdown ahout tonnes per hour. likewise no protection
from The majority organisms in such are
bacteria rather than and hence not affccted flow.

it is bacteria which invariably responsible for
what fouling that exists.

groups of bacteria commonly in gcothemial systems we:

Producers

extreme conditions slime producing bacteria. such as 
Pseudomonas and Aerohactcr, together with filamentous
occlude cooling tower packs and heat reducing their 

Within these slime layers a habitat exists which
to a large extcnt protected its surroundings and as

conscqucnce organisms, which may not be able to as
planktonic bacteria are to proliferate and construct their

with a different that
the layer. In gcothermal systems these

may trap sulphur particles and hence sulphur oxidising
hactcria. As a result such able to become much more 
acidic than the adjacent circulating cooling water. 

Sulphur Bacteria

existence of sulphur frum the prcsence
sulphidc in geothcnnal are aerobic

which obtain their cncrgy vie number of
oxidation of a number of reduced sulphur species.

These steps via both chemical and biological
with oxidation products, particularly sulphur. 

via the and sulphate predominating
from oxidation. sulphate can hencc. bc

of SOB activity. Sulphur bacteria
particularly in geothermal systems where may be

highly and highly conditiuns
developing not only in the cooling water itself, but also at sites
the zonc ofthe tower away from the action
Nitrogen Bacteria

possess the ability to nitrogen gas
ammonia. include the

algae which cnmmonly found in
draught cooling lowers in the o f tough sheets to
the inner surface of shell In natural draught cooling towers.

activity of in CW systcms stems
from both the presencc of ammonia and that
produced from the action of nitrogen fixers. Nitrification is
proccss by which ammonia is oxidised, generally completely to
nitrate. Oxidation occurs in steps.

he (4)I s by bacteria
by the species

liberated in the oxidation of ammonia to and in
buffered acid conditions can inhibit nitrification. 

bacteria neutral alkaline conditions 
Thcir importance stems from their ability to reduce what are initially
high on fresh surfaces 9 12) to a level which will
allow bacteria lo

2.2 Bacterial Control

can bc intn two groups oxidising
and nun oxidising. In stems oxidising biocides
such as chlorine arc used Non oxidising

are normally used in gcothcrmal systems in order to avoid
the oxidation of hydrogen sulphide to sulphur. Sulphur in
commonly present as a result atmospheric
though this is in its all is

for oxidation and in system total oxidation 
would result in the o f about 270 t omes sulphur

- daunting

Particulate sulphur system has deposited most
surfaces in contact with liquid phase. build up o f sulphur in

the cooling tower (Figure 1 ) has
resulted in some particularly concrete corrosion. The
ability of sulphur oxidising bacteria free sulphur evident
here with surfacc ic below the deposit) as as resulting

corrosion rille about in some a period of six
months 3 demonstration of corrosion in areas
reach biocides dosed the watcr.

The use of nun hiocides requires screening trials hc
out prior to many quitc in their

the species hactcria which in
given In addition organic such
-3 hydrolyse under
conditions while others and
are much morc resistant. arc by ammonia

sulphide.

the most important issue considering biocides is the
that their use needs to targeted sessile organisms rather

than planktonic floating) bacteria. Such organisms 
majority nf bacteria in circulating cooling system and are of

thosc fur the fouling and which we
control. organic biocides of the

protcctive laycr, component all such
and the of a is the penetration

intn film.

3. I'HE CW SYSTEM

3.1Concrete

Tlic cooling is from resistant
Portland and pumice required being 

available the site. previous testing indicated that the
of pozzolan significantly reduced sulphate induced
and associated with acid attack Bruce 

(1982) pnintcd thai "strong sulphuric acid 
all constituents Portland cement to prnducc salts

of calcium. iron and aluminium and also silica gel". In
circumstances it will also cause expansion. reactions between
sulphuric acid and calcium compounds in the ccmcnt me s h o w

&

3.2 Watcr
As suggested, coding watcr chemistry is dependent not only 
the partitioning geothermal gases within direct contact condcnscrs 
but also upon the activity of bacteria within the system. Typical

system chemistry, shown in Tahle 1, is typical fur
systcms dosed with bactericides hencc with 

activity "under control".

(7)

3.3 Vapour Chemistry

'Ihe second is performed by bactcria such as
unlike the first no intermediates involved. Nitrite is

to he more inhibited than ammonia oxidation at high
resulting in accumulation under conditions in

cxccss (Hall 1942) Nitrifying bacteria grow nn
probably due the capacity of the

This an important cunsideration two hydrogen ions are

within systems arid cooling towers in
all the essential to bacterial growth such as

heat, gases NH,) and other essential nutrients. On
the other hand few towers provided with the of

those areas fact that bacterial and algal growth
h a w a effect on efficiency of the tower and its

ability to corrosion.
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