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ABSTRACT

The removal of flow restrictions in generator stator

bars can be achieved either by mechanical or by chem-

ical cleaning, or by a combination of both. Experience

has shown that mechanical cleaning on its own is not

thorough, and chemical cleaning is not capable of re-

moving very severe plugging, as found in completely

plugged conductors. The choice of method or combi-

nation of methods thus will depend on the specific

case, as well as on its impact on generator availability.

Mechanical cleaning can be done by backflushing or

by localized manual cleaning. The latter is very effec-

tive but possible only within a limited range of acces-

sibility. Chemical cleaning can be done by acids or by

complexants. It is important that chemical cleaning be

done in at least some stages under oxidizing condi-

tions. A post-cleaning surface treatment may be re-

quired under certain circumstances. Managing flow re-

strictions at an early stage is recommended in order

to reduce the risk of severe plugging of conductors

that may be very difficult to remove later on.

INTRODUCTION

Flow restrictions in hollow conductors of water-cooled

generators are most commonly caused by copper oxide

deposits, but may also be caused by various debris that

has entered the recirculating water, or even by mechanical

deformation of the hollow conductors. The resulting load

limitations and downtime required for repairs result in seri-

ous financial losses. It is therefore useful to have options

for removing the flow restrictions.

This is the third part of a series of four papers to appear in

this journal on the prevention, diagnosis and removal of

flow restrictions in water-cooled generator coils [1–4]. This

information has also been included in more detail in EPRI

publications on this subject [5,6].

HISTORY

Water cooling of generators had its beginning in the 1950s.

It was, however, not until the early 1960s that large water-

cooled generators were commissioned on a commercial

scale. In the beginning copper was the only hollow con-

ductor material (stainless steel hollow conductors were

first used in 1973). During those first years the prime fo-

cus of water chemistry was to prevent corrosion damage

of the copper which never actually occurred.

In the early 1970s, however, the first reports of oxide de-

posits obstructing the flow path came up, and it seems

that by the mid 1970s most major manufacturers had tried

one or another type of hollow conductor cleaning. There

are no clear publications from this development as its full

magnitude was not yet known at the time.

The first chemical cleanings were done with strong min-

eral acids like sulfuric or phosphoric acid. As those acids

do not effectively dissolve cuprous oxide, oxidizing sub-

stances and complexants were taken into consideration.

In 1977 Seipp carried out the cleaning of a stator water

system with ammonium persulfate, which yields an oxidiz-

ing acidic solution. Although very effective, the quantities

of metallic copper dissolved (some 20 to 40 kg) prompted

the development of other methods.

In 1980 Gamer and Seipp (Brown Boveri, today Alstom)

successfully applied complexing agents in combination

with an oxidizer. The method was patented and has been

further developed by Svoboda into today's Cuproplex®

method. In 1996 the first Cuproplex on-line cleaning was

done at the 1350 MVA Seabrook generator; this was

chemical cleaning while the generator was operating at

full load.

Today different methods are used by the industry: me-

chanical cleaning, reverse flow flushing, and chemical

cleaning by complexants, acids or complexing acids.

Finally, Electricité de France (EdF) uses their "cationic pu-

rification" method, which runs the stator water slightly

acidic with carbon dioxide (from air) and subsequently re-

moves the dissolved copper with the ion exchanger.
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CLEANING OPTIONS

Definition of Cleaning

Cleaning is understood here to be the removal of un-

wanted matter in the flow path of the generator cooling

water system by temporary measures.

The removal of matter by fixed installations (mechanical

filters, ion exchangers, etc.) is not included in this context.

Types of Matter to Be Removed

Dirt and Debris A variety of debris may occur: paint

chips, wires from steel brushes, sand and dirt, coal ash,

coal cinders and slag, gasket material, rubber chips from

valve membranes and linings, sealing material, textiles,

fibers, broken filters or strainers, ion-exchange resin, wire

chips, welding and brazing surplus, insulating material, in-

sects, etc.

Deposited Corrosion Products of the System Mate-

rials Most prominent are the corrosion products of the

copper hollow conductors:

– CuO (cupric oxide)

This oxide is predominant when the copper has been

subjected in neutral water to higher oxygen levels, ei-

ther permanently (as a water treatment regime) or tem-

porarily (during incidents). It is also predominant in al-

kaline water.

– Cu2O (cuprous oxide)

This oxide is predominant in neutral low-oxygen water.

It transforms readily to CuO when the water is subjected

to higher oxygen levels or another oxidizing substance

(e.g., hydrogen peroxide).

– Cu (metallic copper)

Deposits of small copper particles or even plated out

copper are also sometimes found in generator cooling

water systems. 

The actual deposit in a hollow conductor is always a mix

of these oxides. In low-oxygen plants, Cu2O is predomi-

nant, in high-oxygen plants, CuO. Metallic copper usually

is only a minor component.

Deposits in generator cooling systems also comprise

some iron oxides, even in the usual case where all steel in

the system is of stainless grade. Quantities, however, are

small and there is no known report of substantiated plug-

ging. It is therefore considered that iron oxides do not

merit the application of special techniques for their re-

moval.

Types of Cleaning Methods

Mechanical Methods 

The cleaning effect is given by the effect of mechanical or

electromechanical force upon the matter to be removed.

Mechanical methods are – to a variable degree – effective

on dirt and debris, as well as on deposited corrosion prod-

ucts.

Chemical Methods 

The matter to be removed or part of it is chemically dis-

solved, thus permitting flushing out of the matter.

Chemical methods can be directed specifically towards

the matter to be dissolved. Usually chemical cleaning is

tailored to the removal of copper corrosion products. As

will be seen later, chemical removal of copper corrosion

products requires oxidizing media. 

Limitations of Cleaning

Hollow conductors that are completely blocked and do

not have any water flow cannot be cleaned by any type of

chemical cleaning. They require a preceding mechanical

cleaning.

With all the cleaning methods available, one important

point should, however, be kept in mind: the cause of the

clogging is not eliminated by the cleaning; reoccurrence

of clogging cannot be excluded. Cleaning thus is not the

final solution to the problem. 

METHODS OF CLEANING HOLLOW

CONDUCTORS

Mechanical Cleaning

Mechanical cleaning is understood here to be the removal

of substance by means of a tool. Flushing is discussed

separately.

For mechanical cleaning, the hollow conductors must be

accessed by the cleaning tool. Such a cleaning tool may

be anything from a simple piece of stiff wire to a small ro-

bot (that would still need to be developed). A practical de-

vice is a pre-bent guiding tube that funnels the wire into

the hollow conductor. This guiding tube can be, for exam-

ple, a small copper tube that is easily bent into the right

form, or a memory-shaped plastic tube that bends easily

when warm but snaps into the desired shape when cool-

ing down. This tube is directed either by straight vision or

by videoscope.

This method may, at best, cover the hollow conductor

ends and some parts of the hollow conductor. The small

cross section (typically on the order of 1.5 x 4 mm), the

length (typically on the order of 5–10 m), and the twisted

form at the Roebel transitions do not permit a deep pene-

tration of cleaning tools into the hollow conductor.

It is evident that mechanical cleaning can only be done

with the generator shut down and the stator water con-

nections disassembled.
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An example is the case of plant PN3. This stator had se-

verely plugged hollow conductors. Assisted visual inspec-

tion identified 196 out of a total of 576 hollow conductors

in the bottom bars to be completely plugged. Mechanical

cleaning was done with the Teflon tubes removed and the

water chamber and the hollow conductor ends directly ac-

cessible. A stiff wire with a rounded tip (to prevent scratch-

ing) was then pushed into the conductor to remove the

oxide plug. Subsequent individual conductor flow testing

showed that all plugged conductors were opened and bar

flow distribution improved considerably (Figure 1).

Effect of Load Changes and of Flow Changes

It has been observed that in generators with increased

temperatures these temperatures sometimes (!) improve

when a load reduction is temporarily carried out. A 20 %

load reduction for half an hour may already be sufficient.

A similar effect is sometimes observed when pressure

shocks or sudden flow changes are made with the stator

cooling water, e.g., by adding the standby pump. Effects

are also conceivable by changing the cooling water tem-

perature.

Even though some improvement may be possible in sin-

gle cases, this is not recommended practice. These tran-

sients may give unpredictable results. For example, more

plugging could result through the release of a crud burst

that is then caught up by other clogged conductors.

Cleaning effects are small and a thorough cleaning is not

achieved.

This may, however, be useful for saving a bad generator

availability situation.

Water Flushing, Air/Water Flushing

A useful technique to remove substances from the con-

ductors is reversing the water flow. This especially liber-

ates the conductor inlets from larger debris, but is also ca-

pable of flaking off copper oxide deposits. 

The installation required for reversing the flow varies from

plant to plant. Some plants are already equipped with

crossover pipes and valves permitting flow reversal with

no further installations. Here reverse flow may even be

possible with the generator operating. Most other plants,

however, require temporary piping which necessitates

plant shutdown. It is important to provide fine filtration of

the recirculating water in order to remove the substances

from the system. Plants with stainless steel mesh filters or

strainers should investigate temporary 20 µm filter cloth

inserts on the mesh. 

Reverse flow flushing should be done with the maximum

achievable flow. To be more effective, the coolers can be

shut off to have the water temperature run up to some

50 °C. The duration of flushing depends on the nature and

degree of clogging. In some cases, even after 5 days of

hot reverse flushing there has still been some debris re-

moved from the stator.

Figures 2 and 3 give examples of the effects of reverse

flow flushing in plant S3. In both cases considerable quan-

tities of oxide sludge as well as other debris were removed

by the hot reverse flow flushing (Figure 4). Flow distribu-

Figure 1: Plant PN3. Flow distribution in the stator bars

before and after cleaning.

The flow through each stator bar was measured

by Doppler flow test. Each bar was then related

to the matching flow interval. The figure shows

the number of bars in each interval. Before

cleaning, the flow was severely impaired, and

about 1/3 of all hollow conductors were com-

pletely plugged. Mechanical cleaning opened all

hollow conductor passages, and improved flow

distribution of the individual bars considerably.

The final touch for normal flow distribution was

then given by the following Cuproplex cleaning.

Figure 2: Plant S3. Bar flow distribution at hot reverse

flushing.

Hot reverse flow flushing did remove some

deposits, but did not significantly improve the

flow distribution.
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tion of the individual bars showed some, but actually no

dramatic improvement. This demonstrates that reverse

flow flushing is good for doing "heavy duty cleaning," but

is not sufficient to completely remove compact oxide plug-

ging.

Another useful technique is to backflush individual bars

with high-pressure air or a mixture of air and water

droplets. When choosing the pressure attention has to be

given to the mechanical limits of the bar and its connec-

tions.

Complexant Cleaning Off-Line/On-Line

Complexant Cleaning Can Be Done Off-Line As Well

As On-Line Differently from acids, complexants do not

need a minimum strength for reacting with copper oxides.

The process can be done with a sufficiently dilute solution

so it does not interfere with any conductivity limits.

Complexant cleaning can therefore be done off-line, as

well as in principle on-line, that is, with the generator in

operation. 

Dilute complexant solutions, however, can carry less cop-

per than more concentrated solutions. Therefore on-line

cleaning requires much longer cleaning times. 

Choice of Complexant The choice has to take due con-

sideration of the properties of copper and its oxides:

– CuO (cupric oxide)

Cu
++

forms a large number of complexes.

– Cu2O (cuprous oxide)

Cu
+

also makes certain complexes, most notably with

NH3 and CN
–
. Other complexants are active only on

Cu
++

and may dissolve Cu2O with disproportionation

into Cu
++

ions and metallic Cu. In such a case an oxi-

dant is required to support cleaning.

– Cu (metallic copper)

Metallic copper can be attacked by certain mixes of

complexants, even in the absence of oxidizing agents.

The art of complexant cleaning consists of choosing the

appropriate complexing agent together with the right bal-

ance of oxidant. Too much oxidizer may produce more ox-

ides than the complexant can dissolve, too little oxidizer

makes the dissolution incomplete or may even leave con-

ductive deposits on the isolating hoses. It has to be con-

sidered that some oxidizer is lost for cleaning by reactions

other than those with deposits of copper and copper ox-

ides, e.g., by formation of oxygen gas that may vent off.

A complexant is of practical use for cleaning only if the

solubility of the reagent and the resulting copper com-

pound is sufficiently large. 

It is also important to consider the effect of a complexant

on all other materials and components involved. Especially

the effect on the brazing material for the hollow conduc-

tors and the water boxes needs close attention. Compared

to acids, however, complexants are hardly aggressive to

system materials. 

Application of Complexant Cleaning Because of their

relatively benign properties complexants are usually ap-

plied by recirculation in the generator cooling water sys-

tem with the system recirculation pump.

The hollow conductors may have a blank surface after

complexant cleaning. Depending on the water chemistry,

Figure 3: Plant S3. Bar flow distribution at hot reverse

flushing plus chemical cleaning. 

Same generator as in Figure 2. Combined hot

reverse flow flushing followed by an off-line

Cuproplex cleaning removed several kilograms

of deposits and improved flow distribution

significantly. 

Figure 4: Oxide flake. 

Oxide flake removed by hot reverse flow

flushing (plant S3, August 2000 cleaning). The

scale is in millimeters. It is evident that the

flushing has chipped off oxide flakes.
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reestablishment of a stable oxide layer may require a fol-

low-up treatment. Without such reoxidation there may be

a risk of rapid reoccurrence of the clogging (within a few

weeks).

The CUPROPLEX® Process This proprietary process

by Alstom is characterized by the coordinated use of com-

plexants, oxidants and auxiliary chemicals. It can be ap-

plied either during a generator shutdown (off-line) or when

the generator is in operation (on-line). Cuproplex is the

subject of part 4 of this series of publications [4].

Experiences Complexant cleaning of generator cooling

systems has been applied since 1980. If done properly,

that is, with the right balance of complexant and oxidant,

the method gives good cleaning results.

With proper complexant cleaning, only the copper oxides

and a minor amount of metallic copper are removed.

Quantities usually are below 5 kg, as opposed to the

higher quantities with acid cleaning.

Complexant cleaning may not in all cases be as thorough

as acid cleaning: complexants are less aggressive to cop-

per and its oxides than acids. Thus dissolution of com-

pact oxides may be slower and less effective. The disso-

lution of some 20–30 kg of base metal with acid cleaning

certainly also improves the cleaning effect. Further, com-

plexant cleaning is applied all over the cooling system and

thus for practical reasons is limited to lower chemical con-

centrations.

If the balance of chemicals is not right, the generator may

clog again within a short period.

Figure 5 gives the results of an on-line complexant clean-

ing. This was at a 635 MVA generator for a nuclear power

plant that suffered deterioration of stator cooling [7]. The

rapid increase in slot temperatures in the days before the

cleaning is seen in Figure 5. An emergency on-line com-

plexant cleaning brought back the temperatures to the

normal range within a few days. A total of 4.9 kg of cop-

per was removed. More than 85 % of this copper origi-

nated from oxides in the system. 

Acid Cleaning Off-Line

Acid Cleaning Is an Off-Line Method Acids need a

certain minimum strength in order to be active for a disso-

lution process; if they are used in too dilute a form, they

are not effective for cleaning. For this reason acid clean-

ing is usually connected with a relatively high conductivity

of the cleaning solution. Given the fact that most genera-

tors have an operating limit for the conductivity of water

Figure 5: Plant P6. Improvement of stator slot outlet temperatures by on-line complexant cleaning with the Cuproplex

process.

All 72 stator slot temperatures were normalized to a constant reference load. Chemical cleaning started at

zero hours run time. The improvement of the average temperature by 4 °C, as well as the additional impro-

vement (up to 10 °C) of the hotter bars is seen. At the end of the cleaning, all slots were within the normal

spread of temperatures.
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of < 10 µS · cm
–1

, acid cleaning can only be done when

the generator is off-line, that is, not under electric poten-

tial.

Choice of Acid The choice has to take due considera-

tion of the properties of copper and its oxides:

– CuO (cupric oxide)

This oxide is dissolved by most acids. 

– Cu2O (cuprous oxide)

This oxide is dissolved by hydrofluoric, sulfuric and

phosphoric acids, and also the principal organic acids

with disproportionation into Cu
++

ions and metallic cop-

per [8,9]. This metallic copper can subsequently be dis-

solved with concentrated oxidizing acid [9]. In order to

provide a good dissolution of Cu2O, acid solutions must

therefore be oxidizing and have sufficient strength.

– Cu (metallic copper) 

Metallic copper is a relatively noble metal that is not

dissolved by noncomplexing solutions free from oxidiz-

ing agents. Specifically it is not soluble in acids like hy-

drochloric, sulfuric, and phosphoric acids, but is quite

soluble if an oxidizer (e.g., oxygen from air, hydrogen

peroxide, etc.) is present, or in oxidizing acids like nitric

acid.

When oxidizing acids or oxidizing acid solutions are used

attention has to be given to an adequate balance between

oxidizer and acid. Too much oxidizer may produce more

oxides than the acid can dissolve, too little oxidizer makes

the dissolution incomplete or may even leave conductive

deposits on the isolating hoses. It has to be considered

that some oxidizer is lost for cleaning by reactions other

than with deposits of copper and copper oxides.

There are, of course, acids that have complexing proper-

ties; they do not necessarily require an oxidizer. Also, not

only the acid, but the more convenient salts may be used.

Complexants are discussed later in this report.

If an acid (or a complexant) dissolves the copper, it is of

practical use for cleaning only if the solubility of the

reagent and the resulting copper salt is sufficiently large. 

Sulfuric and phosphoric acids are traditional agents for

generator cleaning. Their effectiveness, however, is lim-

ited. Together with the risk of plate-out of metallic copper

their use without any oxidizers cannot be recommended.

Citric acid and other organic acids like glycolic acid and

gluconic acid have demonstrated their benefits. Their

function is probably also related to complexing properties.

It is known that NH4
+

has strong complexing properties on

Cu and on Cu
+
. Ammonium salts of acids, together with

an oxidizer, are therefore promising for the removal of gen-

erator deposits. (NH4)2S2O8 (ammonium persulfate or am-

monium peroxodisulfate) is a substance that combines all

these features.

When using an acid, it is also important to consider its ef-

fect on all other materials and components involved.

Especially the effect on the brazing material for the hollow

conductors and the water boxes needs close attention.

Application of Acid Cleaning The acid may be applied

either by 

– recirculation in the generator cooling water system with

the proper recirculation pump (or any downscale of

this), or

– flushing of disassembled bars, either individually or in

groups. 

Recirculation of acid in the system challenges all other

system materials. The consequences of possible leaks

also have to be considered. Leaks outside the generator

may cause a safety hazard in a system not designed for

this kind of treatment. Leaks inside the generator may

cause severe damage.

Acid flushing of disassembled bars avoids involvement of

not targeted components, and facilitates risk manage-

ment.

Acid cleaning usually employs inhibitors to keep the at-

tack on the hollow conductor material under control.

These may, however, reduce the effectiveness of the

cleaning.

The hollow conductors may have a blank surface after acid

cleaning. Depending on the water chemistry, reestablish-

ment of a stable oxide layer may require a follow-up treat-

ment. Without such reoxidation there may be a risk of

rapid reoccurrence of the clogging (within a few weeks).

Experiences Public reports on experiences with acid

cleaning of generators are rare. Good and thorough re-

sults have been achieved with ammonium persulfate and

with citric acid [7].

Even with the use of inhibitors the quantity of copper re-

moved from the stator by acid cleaning is in the order of

20–40 kg, which is much more than the oxide deposit. That

means that substantial quantities of base metal are also

dissolved.

Figures 6 and 7 illustrate an acid cleaning of a 440 MW

generator. Stator water flow had decreased from a normal

value of 73.8 m
3

· h
–1

(325 gpm) to 60.2 m
3

· h
–1

(265 gpm),

and was subsequently brought back to 71.5 m
3

· h
–1

(315 gpm) with this cleaning.

The stator was opened and the 108 stator bars were as-

sembled into groups of up to 8 bars in parallel. Each group

was then separately acid flushed in a special cleaning cir-

cuit (Figure 6). A solution based on 5 % ammonium per-

sulfate solution together with hydrogen peroxide was ap-

plied at ambient temperature for 45 minutes in counter-
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flow direction. After this acid treatment, the bars were

rinsed down to low conductivity, and then flushed with air,

at the same time measuring the air flow through each bar.

The air flow test showed that this cleaning did not pro-

duce satisfactory results. A second acid flush of 75 min-

utes brought more improvement. The bars with the small-

est flow were opened and mechanically cleaned. In those

20 bars, 10 out of the 20 x 8 = 160 hollow conductors were

found to have been plugged. Due to outage time con-

straints, further mechanical cleaning was not possible.

The cleaning removed 30.0 kg copper from the stator. A

visual inspection showed that the copper surfaces had

been turned rough, and the brazings had been pitted.

Another 30 kg of copper were removed from the brass-

tubed coolers.

The spent cleaning liquid was clear and had a green color.

Within a few hours, however, it turned turbid and precipi-

tation of red sludge took place (main component Cu,

amorphous). This indicates that care must be taken that

copper is not precipitated from the cleaning solution dur-

ing any stage of the acid flush.

Follow-up Treatment after Chemical Cleaning

After thorough chemical cleaning, the copper surface is

blank metal which is stable in water and – differently from

chemical cleaning of steel – does not require a passiva-

tion. If the water then contains oxygen, an oxide layer is

again formed. However, experience has shown that, de-

pending on water chemistry, this oxide layer may not al-

ways be stable. It may dissolve, migrate and redeposit,

thus clogging the generator within a short period. This can

be avoided by applying a directed reoxidation.

Alstom has developed a process for reoxidation based on

the fact that better results are obtained when it is done in

an alkaline environment [1,10]. The process can be opti-

mized by the use of inhibitors. This reoxidation has suc-

cessfully been implemented after Cuproplex cleanings in

machines that have been returned to high-oxygen water

treatment. 

In low-oxygen generators, however, such treatment was

found not to be necessary, as the rebuilding of the oxide

layer is slow and any possible reoccurrence of plugging usu-

ally has other reasons. Monitored field tests on reoxidation

in low-oxygen generators has not indicated a benefit.

Cationic Purification

This is a process developed by EdF and has been imple-

mented in a good part of their fleet of nuclear power gen-

erators [11].

The generator cooling water is continually sprayed in air.

The mixed-bed filter is temporarily replaced by a cation

exchanger. The water is thus oxygen saturated and has a

slightly acidic pH caused by carbon dioxide. Copper ox-

ides and copper are slowly dissolved and subsequently

removed by the cation exchanger. 

Copper solubility changes along the path of water through

the different parts of the system (e.g., solubility changes

with temperature, etc.). Therefore attention has to be given

not to redeposit the dissolved copper in the system be-

fore it is removed by the cation exchanger. This requires

an exact knowledge of the local solubility as well as the

deposition kinetics, which strongly depend on system de-

sign and operating parameters. Without such program-

ming and close supervision there is a big risk that the

cleaning may go wrong.

Figure 6: Plant B2. Equipment for acid cleaning.

The equipment is placed on the turbine floor

next to the opened generator.

Figure 7: Plant B2. Flow distribution in the stator bars

before and after acid cleaning.

The flow distribution was measured with air

flow. The first acid flush did not restore flow

conditions to normal. A second flush brought

more improvement, but there were still quite a

number of bars with low flow. The 20 worst (of

the total of 108) bars were then opened and

mechanically cleaned. 
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After sufficient cleaning has been achieved, the system is

turned over again to regular mixed-bed cleaning. The sys-

tem then operates air saturated at approximately neutral

pH. When there are new indications of fouling, the whole

process is repeated. Typical periods are reported to be

2–6 months of cationic purification followed by 1 or 2 years

of normal operation.

Considering all this, cationic purification is rather an oper-

ating concept than a chemical cleaning.

CHOICE OF THE METHOD

Comparison and Assessment of These Methods

Mechanical cleaning is capable of locally removing severe

and even complete plugging, but it does not provide a

complete overall removal of deposits. Even if it helps rein-

state a basic flow, the remaining deposits may still cause

unsatisfactory flow and may be the nucleus for renewed

deposition. Also, mechanical cleaning may require con-

siderable efforts for disassembling the stator bar connec-

tions.

Water flushing is relatively simple, but with only limited ef-

fectiveness. It will neither remove severe plugging nor pro-

vide a complete removal of deposit layers. There may even

be the risk that particles may get more stuck than before

in the conductors with reverse flow flushing.

Acid cleaning can be effective for severe and persistent

plugging, but is not effective on complete plugging.

However, it attacks base material substantially. In order to

minimize adverse effects on system materials and to per-

mit a better control it should be performed either by indi-

vidual cleaning of single bars, or on a small group of bars

in parallel. This requires partial disassembly of the genera-

tor. The risk of acid leaking out of the system (especially

on the rotor) has to be taken into account. Acid cleaning

is possible only off-line.

Complexant cleaning employs relatively benign reagents,

and attack on base materials is very limited. On the other

hand, it is also softer on the oxides to be removed, so it

may not always be as efficient as acid cleaning. Com-

plexant cleaning works at low concentrations, so on-line

cleaning (with the generator in operation) is possible if the

necessary precautions are taken. Besides saving plant

availability, on-line cleaning provides a real-time monitor-

ing of the cleaning effect, permitting immediate reaction if

the process goes differently than expected. With off-line

cleaning, many effects of cleaning are not seen until the

subsequent restart.

Cuproplex is an advanced development in complexant

cleaning. It has a long successful history forboth off-line

and on-line cleaning [4].

Cationic purification is reported to be a useful tool for pe-

riodic removal of oxide deposits. Its hardware and proce-

dures, however, make it more an operating concept than a

cleaning method.

Hollow conductors that are completely blocked and do

not have any water flow cannot be cleaned by any type of

chemical cleaning.

This assessment is summarized in Table 1.

Recommendations

The first step is a diagnosis of the cooling conditions of

the generator. Proactive monitoring gives reliable trends

on long-term performance, and may also already indicate

the nature and intensity of plugging.

If the generator is heavily fouled, mechanical cleaning

should be considered. This applies especially if hollow

conductors are plugged. Mechanical cleaning should be

followed up by acid cleaning or by complexant cleaning,

depending on the efforts to be involved.

If the generator is not heavily fouled, water or water/air

flushing, complexant cleaning or acid cleaning can be ap-

plied.

Water flushing may be an easy first try for removal of clog-

ging. Expectations should, however, not be too high. Also,

when there is no visible success, flushing should be ter-

minated in order not to solidify deposits more than they

already are.

Complexant cleaning is the recommended option. It is

possible off-line as well as on-line. On-line cleaning does

not interfere with generator availability, and also provides

real-time monitoring of the cleaning effects. On the other

hand, on-line cleaning takes longer and is more expen-

sive.

Acid cleaning is useful when cleaning has to deal with per-

sistent oxides. It should be used for targeted cleaning of

individual bars that have been identified by low-flow or

high-temperature measurements. 

If complexant cleaning leaves some bars with unsatisfac-

tory results, it can be followed up by targeted acid clean-

ing or mechanical cleaning of those bars, if the work

schedule permits. In the same way, if acid cleaning leaves

some bars with unsatisfactory results, it can be followed

up by a targeted mechanical cleaning.

Never wait for cleaning until flow and temperature condi-

tions have strongly deteriorated; perform cleaning before-

hand. A proactive approach is recommended. A late deci-

sion for cleaning may rush the use of nonoptimized meth-

ods, may cause loss of generator availability, may result in

equipment damage, and may produce more compact de-

posit layers that become more and more difficult to be re-

moved. 
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Mechanical cleaning x x x

Load changes, flow changes x x x

Water flushing, water/air flushing x x x

Acid cleaning x x x

Complexant cleaning x (x) x x

Cuproplex® cleaning

off-line x x x

on-line x x x

Cationic purification x x x

Mechanical cleaning combined 

with acid cleaning, complexant x xx xx

cleaning, Cuproplex®

Water flushing, water/air flushing 

in combination with acid cleaning, x x x

complexant cleaning, Cuproplex®

Off-/On-Line Benefit Price

Method off-line on-line some fair good excellent low medium high

Table 1: Comparison of methods to remove flow restrictions. "Off-/On-Line" specifies under which condition the me-

thod is available. "Benefit" is understood to be the degree of improvement normally achieved by the method.

"Price" indicates the material and/or labor efforts required. The degree of benefit and price may vary in speci-

fic cases. 

OPERATING THE GENERATOR AFTER

CLEANING

The cause of the clogging is not eliminated by cleaning;

reoccurrence of clogging cannot be excluded. Cleaning

thus is not the final solution to the problem.

Besides search and control of the root cause of plugging,

it is recommended to review and upgrade the operating

practice of the system. This includes:

– Redefining chemistry and operating parameters

– Optimizing system equipment, instrumentation and pa-

rameters to maintain cleanliness

– Optimizing monitoring equipment and practice

– Optimizing outage lay-up practice

– Training and management information
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