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Abstract

In June 1999 Koeberg's unit started to experience adverse operating conditions which were later ascribed to
blockages in the hollow conductors of the generator stator. These blockages were attributed to copper oxide
plugs which developed progressively during the following year and culminated in reduced power operation.
Many attempts were made to address the plugging by implementing various off-line and on-line cleaning
processes. Subsequent to a successful on-line cleaning operation, the unit was returned to full power and the
chemistry regime for the stator cooling water system was changed to allow for operation at an elevated pH.

This paper discusses Koeberg's experience with copper oxide blockages, describes the initial indications of the
problem and the impact on the operating parameters. The remainder of the paper focuses on the actions taken
to address the deteriorating situation and the different cleaning methods implemented to remove the copper
oxide deposits. The paper concludes with the current status of the unit generator stator and the lessons
learned during the resolution of this problem.

INTRODUCTION Li Aerated operation, maintaining dissolved
oxygen levels > 4 mg/kg (ppm)

Koeberg NPS consists of two 965 MW, PWR Li Neutral pH.
Westinghouse design units situated 30 km north of
Cape Town on the west coast. The turbo generators The water chemistry has always remained
were manufactured by Alstom Power and are a 4- normal, with no previous excursions outside of the
pole hydrogen cooled generator with water-cooled normal operating specifications, being recorded. The
stator. The electrical output is 1072 MVA generating resin used in the mixed bed demineraliser is of
at 24kV and 50 Hz. nuclear grade quality and is changed out routinely

during every refuelling outage.
During 1999 and 2000, Koeberg experienced

plugging in the hollow conductors of unit generator
stator. This was the first time an incident of this SYSTEM DESCRIPTION
nature had arisen at Koeberg, and initially the
collective knowledge of the parties involved was The stator cooling water system supplies cooled,
insufficient to address the problem. International filtered and demineralised water to the stator and
operating experience provided the grounds for terminals of the generator. The cooling water is
developing this knowledge base contributing to the circulated by one of two 100% centrifugal pumps
final resolution of the problem. taking suction from a buffer tank. The water is

cooled by two 50% heat exchangers. After filtration,
Background via both 50% on-line filters, the cooling water is split

into two flow-paths as shown in figurel:
Unit 1 was commissioned in 1983 and until 1999,

few maintenance interventions were made on the Li Flow path A: 95 % of the total flow, at a flow
stator cooling water system. On one occasion rate of 138 m 3/h, supplies the stator and
"black" water was reportedly drained from the terminals of the generator in a once through
terminal connections and an incident of a waterbox configuration
leak was discovered and repaired. Poor pump Li Flow path 13: 5 % at a flow rate of 7 M3 /h is
performance has been reported during recent years directed through a mixed bed demineraliser
with pump replacements taking place. for the removal of ionic impurities to maintain

water of the highest purity
Since unit operation commenced, the chemistry

regime had always been: The water from both these flow paths is discharged
back to the buffer tank.
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the investigation as inspections had produced no
INITIAL INDICATIONS OF BLOCKAGES evidence and the slow deterioration of the operating

parameters seemed to point to the gradual
In June 1999, the operating department received development of the copper oxide plugs.

a high AT alarm (temperature between the highest
bar temperature and average bar temperature The other indications at this time included an
exceeded 10 C) A number of the bar temperatures increase in the inlet water pressure to the stator. A
were elevated and trending over a period of several decision was taken to continue operating the unit
months indicated a deteriorating situation. until the next planned shutdown, which was the

refuelling outage, scheduled for April 2000. The
Possible reasons for the elevated temperatures decision was based on:

were evaluated. The heat loss produced i the
stator, as a result of generating an electrical current, Li the risks associated with an on-line chemical
is evacuated by the stator cooling water system. The clean
elevated temperatures were therefore an indication i the understanding that a mechanical
that not all the heat loss was being removed and the backflush would be the most successful
possibility of flow restrictions in the hollow approach to ensure removal of copper oxide
conductors existed, either as a result of freign deposits
material or copper oxide blockages. ci the fact that the development of the copper

oxide plugs was understood to be a slow
process.

Further evidence was the increased frequency of
dosing to maintain the dissolved oxygen level above
the minimum specification, indicating that the
dissolved oxygen in the system was being
consumed either by reaction with copper or being
displaced by hydrogen. Although hydrogen may be
expected to collect in the buffer tank as a result of
diffusion through the teflon hoses, the amount
detected was negligible. The oxygen dosing
frequency increased from approximately once per
month in 1998 to once every 10 days towards the
end of 1999.

02R 01R The sampling frequencies for the chemistry
parameters were increased at this time. However
the water chemistry did not support the deteriorating
situation in the bars as both the system conductivity

P and soluble copper levels remained low.

ACTIONS TAKEN PRIOR TO THE
REFUELLING OUTAGE

Flo During the latter part of 1999, the stator bar
temperatures and the inlet stator water pressure
continued to increase. It eventually became

-- ------------- necessary to reduce the flow rate through the stator
to maintain the stator inlet pressure below the
maximum operating limit. This had a negative impact
as less flow through the stator bars resulted in less
heat removal from the stator.

-in.ls

-- --- ------ Early in December 1999, the method of
oxygenating the system was changed from periodic
forced injection via an oxygen cylinder to a

Figure Simple flow diagram of stator cooling continuous air sweep into the gas space of the
water system buffer tank via the station compressed air system.

This prevented the large swings in the dissolved
Foreign material being the root cause of the oxygen concentration previously experienced and

blockages was excluded as a possibility early into created a more stable dissolved oxygen level as
indicated in figure 3 It was understood that forced
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injection of oxygen which sometimes gave rise to
excessive dissolved oxygen concentrations could EDTA dissolves only copper oxides and does not
destabilise the passive copper oxide layers on the react with the bare metal. It is very efficient towards
hollow conductor surfaces. copper (11) oxide (cupric oxide), but not towards

copper (1) oxide (cuprous oxide). To increase the
The changeover also introduced carbon dioxide efficiency of EDTA towards the copper (1) oxide,

(CO2) into the system. This had an expected effect several of the flushes performed contained a
on the system pH (decrease of about 02 pH units). solution of hydrogen peroxide. The addition of
The result was a slight increase in the solubility of hydrogen peroxide also ensures the oxidation of
copper oxide which was confirmed by laboratory copper (1) oxide to copper (11) oxide to prevent
analysis. It was hoped that the increase in the metallic copper being formed which could settle out
copper oxide solubility would slow down the growth on the teflon hoses and lead to a stator ground fault.
of the copper oxide plugs.

Between each EDTA flush the system was
The bar temperatures continued to rise. To drained and flushed with demineralised water. The

prevent reaching the maximum operating limit of cleaning was performed in two stages. During the
750C, the inlet water temperature to the stator was first stage a total of 21 flushes were performed. This
decreased from 35 to 250C. However, full power was followed by the Doppler flow tests. These tests
operation could no longer be maintained and in indicated that several bars still exhibited restricted
January 2000 it became necessary to reduce power flow and a further 7 flushes were carried out. The
output to 93% in order to maintain the highest bar second stage flushes were performed without the
temperature below the operating limit. injection of hydrogen peroxide to increase the

reaction time of each EDTA flushing.

The unit stayed at 93% power until stretchout
commenced in February. The unit was shutdown for Due to time constraints, further Doppler flow
the refuelling outage as planned in April 2000. testing was not carried out prior to unit start-up. At

this stage the pressure and flow at the inlet to the
stator had returned to normal operating levels.

CLEANING OPTIONS CONSIDERED However, the reaction yield of the copper oxide with
the EDTA still remained high, which in hindsight was

Prior to the refuelling outage, different cleaning an indication that not all the copper had been
options were considered. The first method evaluated removed. The amount of copper already removed,
was an off-line chemical clean using a complexing 28 kgs in total, was far in excess of the expected
agent, EDTA (ethylene diamine tetra acetic acid), to amount of to 6 kgs. It was later understood that
complex with the copper oxides. Another option was this was as a result of the amount of peroxide
to perform a pulsating backf1ush using an air/water injected into the flushing solution during the cleaning
mixture to mechanically dislodge the oxides in the process. The hydrogen peroxide reacted with the
stator bars. bare metal creating the large quantity of copper

oxide removed.

The pulsating backflush was seriously
considered to be the best option as it was suspected Before the stator was returned to service the
that several of the hollow conductors were fully system was flushed to remove any remaining EDTA
blocked and a chemical clean would not be able to cleaning solution, until the conductivity of the water
address these blockages. An order was placed with was < 0.5 pS/cm. The soluble copper levels
Alstom to perform the backflush but shortly before remained high, in excess of 30 ppb for the first two
the outage it was cancelled as there were some weeks following start-up, later a downward trend
concerns. At this late stage, with only two weeks became evident.
remaining to the start of the refuelling outage, a
decision was taken to carry out a chemical clean For those generators operating in the aerated
during the outage. mode (dissolved oxygen concentration > 4 ppm), it is

normal to follow an EDTA clean with a re-oxidation
process which allows the formation of a passive

OFF-LINE CLEANING copper (11) oxide layer. The re-oxidation process was
not well understood and the system was filled with

The chemical cleaning procedure employed was dernineralised water saturated with oxygen. It was
an Eskom procedure adapted for use at Koeberg. expected that by operating the system before the
The cleaning process uses EDTA as a complexing unit was returned to service, a passive layer would
agent to dissolve the copper oxides responsible for be formed on the hollow conductor surfaces within
restricting the flow through the hollow conductors. the first hundred hours of operation. It is the opinion
The generator was flushed in the forward direction of the authors that the passive layer formed was not
with solutions of EDTA ranging in concentrations tightly adherent and that later disturbances resulted
from 750 mg/kg to 1500 mg/kg. in the redevelopment of the blockages.
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whereby the cooling water pH was reduced by

REDEVELOPMENT OF BLOCKAGES introducing C02 into the system. The C02 dissolves
to form carbonic acid which slightly dissociates

The unit was synchronised to the grid on te 2 n1 creating the acidic environment. The pH was
June 2000. At this stage the pressure drop across controlled between 6 and 7.
the stator was normal, as was the system flow rate.
In some cases the stator bar temperatures were The corrosion rate of copper depends on both the
higher than desired. dissolved oxygen concentration and the pH of the

water. By depressing the pH to 6 the rate at which
The unit was at 87 power for a 48 hr copper was released into solution greatly increased

stabilisation period to carry out the zero pysics (i.e. copper is more soluble at an acidic pH). It is
tests when an unrelated reactor trip occurred important to maintain the pH above 6 as the copper
followed by a turbine trip. Shortly following the eturn release rate rises rapidly below pH 6 and if the
to power of the unit 10/06/00), the inlet water copper concentration becomes too high to be
pressure to the stator rapidly increased from 185 sustained by the bulk cooling water, re-deposition
kPa to 230 kPa within a 48 hr period. The sstem will occur. Furthermore, if the copper oxide layer
copper values at this stage had reduced to 3 ppb becomes unstable, some oxide may break off and
with system conductivity at 0.15 �tS/cm. The unit re-deposit at localised regions in the stator bars.

later reached full power with no significant bar
temperature increases. During the following eek, Flow through the dernineraliser was increased to
the inlet pressure continued in an upward trend allow for a maximum clean-up rate. This however
reaching 25OkPa. was insufficient and quick action resulted in the

installation of a second dernineraliser 25/06/00) in

The situation was deteriorating and it became parallel to the original. The vessel and associated
clear that suitable action needed to be considered. pipework was installed within 48 hours of making the
The initial measures implemented attempted to decision. The only vessel available at the time, had
control the inlet pressure by reducing the flow rate the capacity to hold 750 resin (figure 2 With this
through the stator from 38 M3 /h to 120 M3 /h ad the additional dernineraliser in service, the clean-up rate
inlet water temperature from 35 C to 25 C. was boosted from 5% (6.7M3 /h) to 28% 32 M3 /h).

At this time ABB were contacted to perform the Initially drastic action was required and the
Cuproplexg on-line cleaning process already proven method of introducing C02 into the cooling water
to be successful, having previously applied this was via a "bleed and "feed" process. However, this
cleaning method on more than 70 generators was abandoned due to the risk of trip associated
globally. ABB indicated that the earliest opportunity with low levels in the buffer tank and no system pH
available to perform an on-line clean would be in control existed with this approach.

September. Koeberg was faced with a decision to
either shutdown the unit and perform a mechanical
backflush or to attempt to maintain the unit on-line
until ABB could be on site to perform the clean. The
risks were evaluated taking into account production
losses and the further damage that could have been
incurred operating under the deteriorating
conditions. Being in the middle of winter, the
demand for electricity was at its highest. The
outcome was for the unit to stay at power.

A multi-disciplinary team was formed to address
the developing blockages with the initial aim being to
halt any further decline and later to implement an
alternative on-line cleaning process which would

allow the unit to stay on-line until September.

ON-LINE CLEANING

Depressed pH cleaning process
Figure 2 Temporary installation of second

The inlet pressure drop to the stator continued to clemineraliser
increase. Several actions were taken to attempt to
increase the rate of copper removal. The final result An alternative method of injecting C02 was
was the implementation of a cleaning process devised. The air sweep to the gas space of the
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buffer tank was enriched with C02 20/06/00). This Globally the cleaning process was addressing the
allowed for effective pH control by adjusting the C02 stator bars blockages, but specific bars still showed
injection flow rate. Initially the C02 flow rate was an increasing temperature trend. For the depressed
adjusted to maintain the pH at 64 with copper pH cleaning method to be successful in terms of the
values at 120 �tg/kg. higher bar temperatures, it became clear that it was

necessary to establish a condition whereby the
During the set-up of this cleaning process, a soluble copper in solution would be less than the

second step change in the stator inlet pressure saturation concentration. To achieve this, it was
occurred with the pressure reaching 320 kPa. The necessary to reduce the temperature difference
generator gas pressure was increased and the flow between the cold and hot ends of the stator bars (by
to the generator reduced to counter the increased decreasing load) and at the same time reduce the
pressure at the inlet to the stator, and to maintain pH to 61.
the pressure at least 20 kPa below the hydrogen
pressure. When the reactor was at 50% power, the highest

temperature indicated was 44.6 OC. Maintaining the
By this time the hottest temperature bars were pH at 61 the average copper value was 330 gg/kg

starting to trend up and a decision to reduce load to with the system conductivity at 1.5 gS/cm. Using the
78 was taken 24/06/00). The week following the copper solubility curves it was confirmed that at
installation of the second dernineraliser, the bar 500C in the hottest stator bar no re-deposition
temperatures stabilised. should be taking place.

In an attempt to optimise the clean-up, the During the following week, the power was back at
cleaning was carried out at different pH and power 81% power. Operating was required to reduce load
levels. At one stage the power output was 87% with by several megawatts per day due to the hottest
a pH of 64. The concern was at this power level stator bar reaching the maximum temperature limit.
with the elevated temperatures, copper oxide was The working group recommended a load drop to
being transported from the cooler regions in the 50% power or 50 OC on the hottest bar whichever
hollow conductors to the hotter regions as a result of came first 09/08/00). This recommendation was
the solubility of copper in the bulk water being a based on the improvements already observed using
function of not just pH, but also temperature (figure this cleaning process, as flow to the stator had been
4). increased from an initial 118 M3 /h to 125 M3 /hr and

the inlet water pressure was at 295 kPa with a
Several weeks into the cleaning process downward trend. The higher temperature bars

(26/07/00), the inlet water pressure to the stator continued to be a threat and it was believed that in
started to trend downwards. This later enabled the these hotter bars, a cleaning environment did not
flow to the stator to be increased 31/07/00) to affect exist, rather a mechanism for transferring the copper
greater cooling. This was the first positive indication oxides from the cold side to the hot side was in
that the "depressed pH" cleaning method could force. Transmission line work prevented an
possibly be effective in addressing the blockages. immediate reduction in power.
However, the hottest bars still showed a slight
upward trend. Load reduction took place in 50 MW steps

(1 1/08/00). After stabilisation following each load
An increase in the downstream conductivity of drop, the chemistry parameters were monitored

the original mixed bed dernineraliser was observed (maintaining the pH at 61) as well as the bar
(04/08/00). An immediate intervention was planned temperatures. It was confirmed that when the
to change-out the resin as initially it was assumed highest temperature was 500C, the copper values
that the resin bed was saturated with copper. A grab were below the solubility line for the highest
sample proved that this was not the case, and in fact temperature bar. The final reactor power ended at
the anion portion of the mixed bed resin h ad become 52% power with the highest temperature at 49.5 OC.
saturated with bicarbonate ions (HCO 3 At this It was concluded that operating at the elevated
stage the change-out of the resin bed was already in power during the previous week had drastically
progress. impacted on the conditions within the bars resulting

A decision was taken to perform what was in an increase of 5 OC in the hottest bar.

referred to as a "weekend blitz" and reduce load to Over the period during which this cleaning
50% power 04/08/00). The aim was to determine operation was in progress, both resin beds, at
the power level at which the stator bar with the different stages, started to show signs of breaking
hottest temperature would be equal to 50 C (50 0C through as downstream conductivity started to climb.
being the theoretical temperature at which it was After confirmation that it was indeed as a result of
believed that no re-deposition would occur in the HCO-3 and not copper saturation, a decision was
hottest region of the hollow conductors using the taken to continue running the dernineralisers in the
copper solubility curve in figure 4). saturated form, maintaining a pH of 61. This
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required a reduction in the C02 f t counteract EDTA permitted flow through these hollow
the HCO 3 being released by the resin beds. conductors.

At the stage 08/09/00), when the system was Within days the inlet pressure to the stator was
being prepared to commence with the Cuproplex� back to normal at 180 kPa and the temperatures had
on-line cleaning process to be carried out by Alstom, reduced sufficiently to allow the power to be
conditions had significantly improved as reflected in increased to 87 % 11/09/00); illustrated in figures 6
figures and 7 The system flow rate was back to and 7 The unit reached full power operation 12 days
the nominal flow rate of 140 M3 /h. The inlet after starting this process 20/09/00).
pressure to the stator was at 220 kPa still on a
downward trend. All the temperatures were trending This coincided with the point at which the
down, but only slightly for the highest bar reaction yield of the copper with the EDTA started to
temperatures. The global clean of the stator bars decline, normally this is the stage at which the
was progressing well, however, the possibility of cleaning process would be terminated, however the
addressing the highest temperature bars using this temperatures were still improving and the ABB
technique was still uncertain at this time, although specialists agreed to continue with the clean. At this
conditions had stabilised. It was suspected that point the amount of copper removed was 56 kg.
these hollow conductors were plugged as a result of
localised corrosion and that the possibility existed Towards the end of the cleaning process, the
whereby the copper oxide deposits were not of a dissolved oxygen was reduced to zero, by purging
porous nature and the cooling water flow was not with nitrogen NA in preparation for the next stage
penetrating through the deposits. Using the of the process which involved the re-oxidation of the
depressed pH cleaning process, the quantity of surfaces within the hollow conductors. It was
copper oxide removed was in excess of kgs. necessary to eliminate the oxidising conditions to

prevent the formation of more oxides. The quantity
Production losses were high with the unit running of copper oxide removed was 79 kg. On completion

at 50 % power. The Cuproplex� cleaning process of the clean all the operating parameters had been
would prove to be a much quicker method for returned to normal except for a few stator bars that
cleaning and would allow the unit to return to 100 % still exhibited high temperatures. It was assumed
during the clean as this process is not dependent on that some strands in these bars were completely
the solubility of the EDTA-copper complex with plugged and that the chemical clean was ineffective
variations in temperature. in removing these dense deposits.

Cuproplexg cleaning process AIR INGRESS DURING THE CUPROPLEX

This patented cleaning process can be applied CLEAN
when the unit is either on-line or off-line. The on-line
process which was the application on this occasion, Shortly before terminating the Cuproplex�
allows for the continuous injection of a EDTA cleaning process, an incident involving the ingress of
solution with a concentration that will not encroach air into the stator cooling water system occurred
on the maximum allowed operating limit for (24/09/00).
conductivity. Again as with the off-line EDTA
method, hydrogen peroxide was injected to oxidise The operators had received a high hydrogen flow
the copper (1) oxide promoting the removal of this alarm transmitted from a flow meter venting to
oxide. In addition, two other chemicals were injected atmosphere from the buffer tank. The chemists were
at different stages of the cleaning process, each with requested to sample for hydrogen in response to this
a specific function. An activator was added, the alarm. However the chemists had also observed a
function of which was to initiate a prompt reaction rapid increase in the dissolved oxygen concentration
with the copper oxides. The other chemical used in to saturation levels in the cooling water within
this process was an inhibitor which was used to several hours, even though continuous purging with
retard the reaction of the hydrogen peroxide, nitrogen was still ongoing.
allowing the EDTA to reach other parts of the stator
and not only at the inlet to the hollow conductors. After confirming that hydrogen levels in the buffer

tank were < %, it was concluded that an air leak
Within hours after commencing with this cleaning was the cause. The leak was found to be in the

method 09/09/00) a noticeable reduction in the outlet pipe of the generator discharging back to the
temperature of the hotter stator bars was observed buffer tank. In this line a partial vacuum exists. A 10
(as much as 7 C in one instance). This indicated cm crack was subsequently detected on a weld and
that the strands in these stators bars had the investigation concluded the failure to be as a
experienced localised corrosion in the form of result of defective pipe supports and unrelated to the
copper oxide plugs, which on reaction with the stator bar cleaning process.
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The oxygen was purged using nitrogen to return Over a period of time the gradual build up of the
the concentration to zero in preparation for the re- copper oxide layer would narrow the flow path
oxidation. The oxidising conditions created as a through the hollow conductors. Flow restrictions
result of the air in-leakage necessitated the removal through the hollow conductors have in the past,
of an additional 12 kg of copper oxide, bringing the been proved to be as a result of the presence of
total amount removed to 91 kg. copper oxide plugs in the hotter ends of the

generator stator bars. The exact mechanism for the
release and deposition of copper oxide in the cooling

RE-OXIDATION OF THE STATOR BARS water system is still not fully understood, but one of
the theories, which was the one adopted during

For systems run in the aerated mode, the re- Koeberg's plugging incident, is the relationship of
oxidation stage must be performed in a controlled the solubility of copper with pH and temperature.
manner and is critical to the success of the cleaning
process. The solubility of copper is both a function of

temperature and pH. As the temperature of the
The re-oxidation commenced 02/10/00) by cooling water increases, the solubility of the copper

slowly increasing the thickness of the copper oxide decreases. Water enters the stator at 35 OC and as it
layer by varying the oxygen levels from an initial low passes through absorbs the heat, increasing in
to high concentration at the correct time in the temperature by some 20 C. The water at the outlet
process. This is to ensure the formation of a uniform, will hold less copper in solution than at the inlet and
dense and tightly adherent cupric oxide layer. thus if the copper levels are close to the saturation

concentration, deposition will occur.
The re-oxidation is carried out at an alkaline pH

to promote the formation of the polyhedral oxide Oxygen excursions whereby the oxygen
structure in preference to the needle-like structure. concentration is allowed to drift outside of the normal
The surface contact area of the polyhedral oxide operating range may further impact on the soluble
crystals to the inside walls of the hollow conductors copper concentration in the cooling water. This
is much greater than with the needle-like crystals. applies to the operation of the cooling water system
This also contributes towards a tightly adherent and in either the aerated or deaerated mode. In an
more compact layer. aerated system, as the oxygen concentration strays

below mg/kg down to 100 gg/kg, the copper
The re-oxidation was completed 08/10/00) when release rate increases rapidly, increasing the soluble

the dissolved oxygen level in the system was > 2 copper in the cooling water. These corrosion
mg/kg and on shutting off the oxygen supply, the products are transported as the cooling water
rate of oxygen decay was < 50 gg/kg per hour. traverses the stator bars and if at any point the bulk

water becomes supersaturated precipitation of the
It is believed that this is one of the lessons copper oxide will take place. No known fluctuation in

learned during the initial attempt to clean the hollow the oxygen concentration below 2 mg/kg has been
conductors. The rate at which the operating recorded in the unit stator cooling water system.
parameters declined after the off-line EDTA clean
suggested that the re-oxidation process followed As the system pH approaches 9 the release rate
was inadequate. The copper oxide layer, that would of copper becomes very low. This indicates that the
have been rapidly produced during the period soluble copper in the cooling water would be low
following the off-line EDTA clean, was most likely and less copper would therefore be available for
very unstable as a result of the nature and the deposition in the hollow conductors. Operating under
manner in which the copper oxide crystals were this condition (pH - .5), for both aerated and
formed. deaerated operation, has been recognised by

Eskom as a suitable chemistry regime.

PLUGGING MECHANISM
CHANGEOVER TO ELEVATED pH REGIME

It is believed that the chemistry regime, neutral
pH, renders the hollow conductors vulnerable lo the Eskom has for many years advocated the
development of copper oxide plugs. The soluble elevated pH regime and this regime is presently
copper concentrations in unit stator cooling water being practised in all but one of the Eskom fossil
system have always been in the range of 10 Itg/kg. fired plants.
With reference to figure 4 this would suggest at
neutral pH and normal stator bar operating To achieve an elevated pH it becomes necessary
temperatures, the environment may exist whereby to introduce an alkalising agent into the stator
the cooling water becomes supersaturated at the cooling water system. Previously this was done by
hotter ends of the stator bars and deposition occurs. the injection of sodium hydroxide either manually or

by the use of a micro-dosing system. However, past
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experience proved this to be risky. The addition of followed by an off-line EDTA clean and re-oxidation
sodium hydroxide must be strictly regulated as an of the hollow conductors. However, since changing
uncontrolled increase in the conductivity could result over to an elevated pH regime, the temperatures of
in a turbine runback, trip or a flashover. the stator bars that were previously high (ranging

from 64 to 710C) after the on-line clean, have been
An alternative approach to achieving an elevated trending down. The highest temperature bar has

pH is the use of a dual column mixed bed ion reduced from 71 OC to 61 OC in the past 7 months.
exchange system. Sodium ions from the mixed bed The soluble and particulate copper values are
resin in the sodium/hydroxide (Na+/OH-) form are continually reported to be < gg/kg. This would
released from the mixed bed into the flow stream indicate that the flow path through the hollow
when displaced by other cations present in the conductors have been less restricted. This may be
cooling water, in particular copper. The removal of attributed to the morphology of the copper oxide
any anions present is still maintained by the anion being different at an alkaline pH, resulting in a more
portion of the mixed bed. The arrangement allows a compact and dense layer. The notable improvement
gradual increase in pH as the sodium concentration in the stator bars temperatures has resulted in the
in the cooling water increases due to the release of cancellation of the scheduled mechanical backf1ush
new sodium ions and the build-up of the sodium ions for the following outage.
that continue to pass through the mixed bed
unchanged. The cooling water pH is manually
controlled on the system conductivity by valving in a
hydrogen/hydroxide (H+/OH-) form mixed bed when
the sodium concentration becomes too high to CONCLUSION
remain within the target limits.

Unit is currently at 100% power and is
On completion of the on-line Cuproplexg experiencing stable conditions in the stator cooling

cleaning process, indications were that several bars water system. The chemistry regime under which
still exhibited elevated temperatures and it was the system is currently being operated is elevated
concluded that some strands in these bars were pH /high oxygen.
most likely fully blocked, and would require a
mechanical backf1ush to be dislodged. Further In attempting to resolve the copper oxide
discussions were held to determine the likelihood of plugging incident, the working group developed a
staying on line until the following outage. In theory, greater understanding of the technical issues
the elevated pH regime would eliminate any further surrounding the stator cooling water system. Many
deterioration, as no further plugging should occur if lessons were learned during the process to resolve
the soluble copper concentration is kept to a the stator problem. The first being that it is critical to
minimum. take the necessary corrective action as soon as the

first indications of flow restrictions in the hollow
Once the decision had been made to adopt this conductor become evident. If operating parameters,

elevated pH regime, the implementation was fairly such as the stator bar temperatures, are allowed to
easy as the facility to accomplish this chemical deteriorate, this may hamper any attempt to
regime was already in place. The second successfully clear the blockages.
demineraliser that had previously been installed to
boost the on-line cleaning process was available to The off-line EDTA clean illustrated to the group
be used as part of the dual column mixed bed two important points that negatively impacted on the
system. This demineraliser was filled with mixed bed successful resolution of the first chemical clean.
resin in the sodium/hydroxide form. The original
demineraliser maintained the mixed bed resin in the L3 Hydrogen peroxide should only be injected
hydrogen/hydroxide form. sparingly during the cleaning process and at the

right stage to prevent oxidation of the bare
Since commencing with elevated pH, the sodium metal. The large quantity of copper oxide

form mixed bed has remained continuously in removed during this clean can be attributed to
service. Initially it was decided to control the pH by the excessive use of peroxide.
valving in the hydrogen form mixed bed when the Li The controlled manner in which the re-oxidation
conductivity reached the upper limit and valving it of the hollow conductors is carried out is a
out on the lower limit. However early into the crucial factor in ensuring a successful clean.
elevated pH operation it was clear that with parallel
operation of the 2 mixed bed demineralisers, and by The "depressed pH" method is an effective
establishing a balance of the flows through them, it means for removing copper oxide deposits if the
was possible to maintain the target conductivity and temperatures have not significantly increased above
therefore pH, with very little manual intervention. normal operating temperatures. This method is

recommended at the first sign of a problem
Initally the action plan for the next refuelling becoming apparent. It is a slow process, with

outage was to perform a mechanical backf1ush,
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positive indications only being expected several 9. W.F. Bahnernann; "Report on the Unit Stator
weeks into the cleaning process. Operating at a high Blockage Incident", Eskom Engineering Report,
power level in the case of Koeberg unit stator was EPRO163/00, November 2000
detrimental for those high temperature stator bars.
Globally, cleaning of the stator bars was being
achieved, but it is believed that the higher copper
concentration, as a result of the depressed pH,
promoted the transportation of the copper oxide to
the hotter ends in the hollow conductors, as was
confirmed by the deteriorating temperatures. The pH
control was easily achieved via the C02 injection
with the relationship between copper, conductivity
and pH being well understood by the chemists.

Operating the stator cooling water system at an
elevated pH has proved to be successful. Manual
control of the system parameters has been smoothly
accomplished with very little intervention. The
conditions in the stator bars improved considerably
during the first 7 months of operation in this regime.
The highest temperature stator bars had reduced
significantly, in one case by as much as 10 'C. This
allowed the unit to continue operation for the
remainder of the cycle with no further problems
being experienced, in the meantime breaking the
Eskom record of 454 days of continuous operation.
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Figure 3 Trend for stator cooling water dissolved oxygen 1999/2000
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Figure Temperature trends for several stator bars uring on-line cleaning process
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Figure 7 Trends for operating parameters (pressure and flov4
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