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ABSTRACT 

 

Flash type power plant uses saturated steam for maximum load generation through a steam turbine. 

The saturated steam at a particular temperature and pressure would guarantee a certain load given a 

turbine of a certain efficiency rating and performance. Load in a geothermal steam plant is the 

electrical energy generated from the Generator driven by a steam turbine. In a steam plant the 

prime mover is the Turbine while the working fluid is a natural occurring steam found along the 

East African rift that both Kenya and Ethiopia are located. This steam has to be harnessed from the 

sub-surface by way of drilling. Cleaning and drying to saturation has to be done so that when it is 

expanded through a turbine work is done inside the turbine by converting the kinetic energy and 

enthalpy of steam into mechanical energy (Rotary motion) of the turbine. Steam from the sub-

surface comes in its impure form and this causes a lot of corrosion and scaling of most auxiliary 

components and surface equipment along its way. Scaling of surface equipment such as turbine and 

steam pipeline ought to be mitigated against lest we stop our business of electricity generation. 

Steam and blade washing technique is the science of spraying geothermal water on the scaled 

surface equipment to avoid scale setting through deposition and settling. Steam washing as well as 

blade washing should be instigated automatically by reducing or avoiding human intervention 

using some set parameters from the distributed control system (DCS). Steam chest pressure or 

bowl pressure determines whether steam washing or blade washing should be started or not. A 

higher bowl pressure indicates that there is a likely resistance for steam to flow in the forward pass 

through the several turbine stages (Rotary and stationary blades). This resistance is caused by 

possible deposition of impurities (scaling) on the stationary blades, the rotary blades or both. This 

resistance causes a build up of back pressure against the incoming steam thereby reducing its net 

effective steam pressure expanding inside the turbine. Therefore it is because of the build up of the 

bowl pressure that steam washing and blade washing should be automatically initiated to start 

spraying the condensate onto the steam increasing its density for scrubbing/cleaning the scaling. 

The steam and blade wash should be started automatically once a bowl pressure sensor senses a 

higher bowl pressure which would reduce the Load generated. This pressure sensor should 

automatically send a signal to start steam and blade washing to clear the scaling and therefore take 

the load up once again. 

 

 

1. INTRODUCTION 

 

Power generating Steam plants have encountered difficulty in the form of fouling of turbine blades. 

This difficulty has become of major importance in many large stations. Whereas it has only meant 

annoyance in other stations this occurrence has caused huge revenue losses in terms of spares and 

persistent downtime during general running and operations. 

 

With  increase  in  generating  capacity  and  pressure  of individual utility units in the 1960s and 70s, 

the importance of studying  large  steam  turbine  reliability  and  its  efficiency  is greatly increased. 

With increase in turbine size and changes in design  (i.e.,  larger  rotors,  discs  and  longer  blades)  

resulted  in increased  stresses  and  vibration  problems  and  enforce  the designers to use higher 
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strength of materials. Turbine blades are subjected to very strenuous environments inside a steam 

turbine.  They face high thermal stresses, high impact loading as well as a potentially high vibration 

environment.  

 

Access to energy is fundamental to our civilisation, and our economic and social development fuels a 

growing demand for reliable, affordable and clean energy (Geothermal energy). Moreover, nearly 1.6 

billion people, or roughly a quarter of the world’s population, need access to modern energy services 

(World Energy Council, 2004). However, recent events, including increasing tensions in oil-rich 

nations and the resulting price volatilities, evolving energy regulations, environmental legislation and 

diminishing resources call for a balanced energy mix, and maximum effort in the efficient use of 

available resources. This involves understanding the energy resources, energy generation processes 

and facilities, and laying down elaborate maintenance strategies for their performance improvement 

and maximum resource utilization. 

 

There are several types of deposits which form on the turbine blade and cause this fouling. One type is 

that which is apparently caused by a deposition of solids carried in the steam from the steam 

separators, and another is that caused by a chemical reaction between chemicals in the steam and the 

material making up the turbine blades. The first type is the most common, and is readily distinguished 

from the other in that it is largely soluble in water, and is washed off with comparative ease, whereas 

the other type of deposit adheres to the blades very tenaciously i.e. thermo sets.  

 

The deposition of solids carried in the steam appears to be the major cause of difficulty. This thesis 

confined itself into getting to know the effect of steam and blade washing on load optimization at 

Olkaria II power station at Olkaria field in Naivasha-Kenya. 

 

1.1 MAJOR GEOTHERMAL SURFACE EQUIPMENT WITH SILICA ATTACKS 

 

 Steam Turbine nozzles 

 Main Condenser 

 Hot well pumps and pits 

 Cooling tower nozzles. 

 Cooling tower basins 

 Turbine nozzles 

 Main Steam & auxiliary steam pipelines 

 Re-injection pipelines. 

 Main stop valves and Control valves 

 Steam Ejectors 

 Inter-condensers 

 Brine separators 
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Figure 1: Process flow diagram for Olkaria II power plant 

1.1 STATEMENT OF THE PROBLEM 

Geothermal fluids contain varying concentrations of dissolved solids and gases. The dissolved solids 

and gases often provide highly acidic and corrosive fluids and may induce scaling during well 

operations. Dissolved gases are normally dominated by CO2 gas but can also contain significant 

quantities of H2S gas, both of which can provide a high risk to personnel and induce failure in drilling 

tools, casings and wellhead equipment. 

 

Silica scaling is a major problem in most geothermal fields. Due to this problem real measures ought 

to be put in place to reduce its effects on the power plant during generation. The kind of scaling that 

manifests at the power plants equipment is solely dependent on the geology of the formation of the 

steam field. The scaling reduction can be effected through procedures such as steam washing, blade 

washing and plant overhauls. 

 

Therefore it is for mineral deposition of the type of silica scaling that this project has been developed 

in order to reduce its effects on the geothermal power plant in Olkaria II power Station. Overhauling 

and the physical removal of silica from the affected auxiliary components is tiresome and costly, 

therefore the steam washing exercise is cheap and less laborious and when done well, this yields 

excellent results within a short turn around. 

 

1.3 OBJECTIVE 

i) To explore blade washing and steam washing operation procedures for removal of silica 

scaling and deposition at the Turbine blades and nozzles. 

ii) Improving the geothermal power plant efficiency through addressing scales and mineral 

deposition. 

iii) Real time data analysis from Olkaria II power station on plant performance and 

productivity. 
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2. SCALING IN GEOTHERMAL SYSTEMS 

 

Definition: Scales;  

 

These are hard mineral coating and corrosion deposits made up of solids and sediments that collect in 

the distribution systems e.g. piping, storage tanks, reservoir and household plumbing. The plugging 

and deposit problems caused by scale can reduce power plant production, and create expensive 

cleaning costs. The reduction in power and increased operating costs caused from difficult scale 

conditions can directly impact a plants financial outcome. 

 

Different types of geothermal fluids from different wells have brine with differing chemistry 

conditions are found in various areas around the world. Substantial differences can even be found 

within the various wells of a given field. The chemistry of these different brines varies and the 

differences will depend on several factors including the geology of the resource, temperature, 

pressure, and water source. Depending on the resource, steam and water ratios in the brine can vary 

significantly. The scaling and corrosion characteristics of brine and steam cause difficult problems in 

geothermal operation. 

 

Scaling by mineral deposition is a common problem in almost all production wells, it occurs on all 

surfaces in contact with the brine produced; however, the most serious scale problems affect both 

reservoir permeability and well production. Several studies about down-hole scale characterization 

have been realized using X ray diffraction to identify the main minerals deposited inside the 

production lines. Table below, presents typical minerals identified in scales inside the production  

pipes. 

 

The major species of scale in geothermal brine typically include calcium, silica and sulphide 

compounds. Calcium compounds frequently encountered are calcium carbonate and calcium silicate. 

Metal silicate and metal sulfide scales are often observed in higher temperature resources. Typical 

metals associated with silicate and sulphide scales include zinc, iron, lead, magnesium, antimony and  

 

 

 

 

 

 

 

 

 

 

 

 

 

Cadmium. Silica can present even more difficulties, as it will form an amorphous silica scale that is 

not associated with other cations. All of these scales types can present challenging operating problems 

for geothermal plants. 

 

Inside the wells, there are certain points where the internal diameter is considerably larger, making 

them the flush points. Most of the time, the scale precipitates there, but the flush points are not 

stationary due to other factors such as pressure in fluid reservoirs. 

 

2.1 TYPES OF SCALING 

 

Boiling point scaling in production wells 

• Occurs over limited interval in production wells  

• Caused by sudden pH changes due to boiling  
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• Involves precipitation of calcium carbonates and metal sulphides  

• Problematic where fluids have high TDS or high concentration of dissolved calcium 

carbonate. 

 

2.2 SILICA RICH SCALE 

 

 Amorphous–silica (None crystalline type of silica).  

 Deep fluid saturated with respect to quartz  

 Boiling increases concentration of dissolved SiO2 in injection pipelines particularly in wells 

after separator stations and surface equipment. 

 When the   fluid   reaches   saturation   with   respect   to quantities 

 Problematic Silica solubility and scaling curves. 

When initially discharged, the silica content of water from wet-steam wells is governed by 

equilibrium with quartz in the producing aquifers, at least if temperatures in the reservoir exceed 

180°C. The aqueous silica concentrations in the boiled water can be predicted quite accurately at any 

particular pressure from the quartz equilibrium concentration at the aquifer temperature. This is 

shown in the Figure alongside for aquifer waters at 250 and 300°C. Steam formation due to boiling, 

and therefore also the increase in aqueous silica concentration, is caused by flashing when the 

pressure is lowered. The resulting temperature and pressure changes due to such flashing are shown as 

solid straight lines. These changes can be calculated as the average fluid enthalpy is constant 

(adiabatic flashing). The fraction to steam can be calculated by the equation: 

 

 

 

   ̇ = hf ̇f +hg  ̇  

X = (h1-hf)/ (hg-hf) = (h1-hf)/hfg 
Where; 

 H5=H6=697 KJ/kg (Brine for hot re-injection) 

 H2=Enthalpy of steam to turbine blades (useful energy) 

 H1=Total heat flow from production wells. 
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  ̇=Mass flow rate in Kg/seconds. 

 X =Dryness fraction of steam. 

Silica rich scales: common solutions to the problem: 

 

Many treatment methods have been applied to reduce silica scaling in production wells and 

equipment. In order to avoid amorphous silica scaling in wells, it is common practice, whenever 

possible, to operate the wells at wellhead pressures higher than those corresponding to amorphous 

silica saturation. 

 

1. Separating steam at high pressure –Wasteful, a lot of thermal energy wasted  

2. Diluting separated water with condensate–Can cause corrosion  

3. Acidification –Can cause corrosion  

4. Crystallize silica in suspension [Crystallizer-Reactor-Clarifies process (pumping from 

conditioning ponds after it has cooled down and the silica has polymerized)] –Costly  

 

When considering injection of cooled wastewater into either cold or hot ground water, the possible 

effects of mixing the two compounds of silica, Mg-silicate or Al-silicate deposition should be 

specifically looked at. 

 

3.  POWER PLANT FLUIDS CHEMISTRY FROM THE WELL 

 

The chemistry of well discharges usually varies from one field to another. It also varies from one well 

to another, within the same field. After sampling and analysis of different wells fluids, mean values of 

well chemistry are taken to be representative of reservoir fluids. Deep reservoir fluid chemistry is 

influenced by boiling processes, fluid-rock interactions and mixing processes. 

 

Chemical components in geothermal fluids are grouped into 2 distinct categories: mineral forming 

components; and conservative components. Mineral forming components: SiO2, Na, K, Ca, Mg, S-

H2S and SO4, C-CO2, F, Al, Fe, Mn, etc. give information on deep reservoir temperatures, and boiling 

and mixing processes. Conservative components, e.g. Cl, B, and stable isotopes of deuterium and 

oxygen, are useful in determining reservoir recharge and re-injection (Wambugu, 1996). 

 

Olkaria Northeast field wells discharge sodium-chloride water, with an average pH of about 6.7 to 

7.4. The concentrations of sodium range from 450 to 850 ppm; chlorides range from 500 to 900 ppm 

(Appendix I); and water may be considered dilute with total dissolved solids (TDS) of about 2,500 

ppm (Wambugu, 1996). The total carbonate concentration in the reservoir, calculated as CO2, ranges 

from 1,000 to 2,000 ppm in most well fluids. 

 

After separation of reservoir water into brine and steam, most of the non-condensable gases (NCGs) 

escape into the gaseous phase (steam) while other gases remain in the liquid phase. Also, depending 

on separation efficiency, some chemicals with principal species being Na, K, Cl, Ca, Fe, etc. are 

mechanically carried over into the steam supply. Other chemicals with appreciable solubility in steam 

at the separator temperature (150°C) will partition into steam as molecular species and thus cannot be 

removed by mechanical separation. These consists of CO2, H2S, H2, N2, CH4, silica (SiO2), B, F, 

As, etc. The concentrations of chemicals in steam phase for Olkaria Northeast field were analysed and 

are given in Table 1 below. 

The cyclone separators are vertical cylinders and are designed for high-efficiency steam separation 

(dryness fraction of 99.98%), so as to minimise the impurities in steam. Also, due to the relatively 

high percentage of non-condensable gases in the steam, the condensate formed has a pH of about 3.5. 

 

Silica scales are found to some extent in all high temperature geothermal installations but by 

maintaining the temperature above the solubility level for amorphous silica (the non-crystalline form 
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of silica), the scaling should not occur and thus this is one of the design criteria for most geothermal 

plants. In this way the high-pressure separator will not scale, nor the reinjection pipeline, assuming 

that the so called “hot-injection” method is used. In the high temperature reservoir before the fluid is 

extracted, the silica concentration is usually in equilibrium with quartz, the crystalline form of silica. 

Once the water starts to boil and cool down, the silica concentration in the water increases due to the 

steam loss. The water immediately becomes quartz supersaturated but quartz precipitates are not 

formed because of the slow growth of quartz crystals. Silica scales are first formed when the 

amorphous silica solubility curve is passed. Looking at these two curves it is clear that the “window 

of opportunity” for operating the geothermal plants free of silica scaling lies between the quartz and 

amorphous curves. This means in practice that only some 25% of the water can be converted by 

“flashing” into steam from liquid dominated reservoirs without the danger of silica scales, almost 

independently of the temperature of the resource (flashing= rapid conversion of water into steam). A 

silica “rule of thumb” may say that it is only possible to cool the water by some 100°C without the 

risk of scaling. Reservoir water of 240°C has thus to be separated above 140°C to avoid scaling. For 

this reason it is not of as great importance as one might think that the reservoir temperature be as high 

as possible, because the higher the reservoir temperature, the higher the temperature of re-injected 

water needs to be that puts a lid on the thermal efficiency. 

 

In the combined heat and power geothermal plants the precipitation of amorphous silica can occur 

when the separated water flows through heat exchangers. In the heat exchangers the separated water is 

cooled down and becomes supersaturated with respect to amorphous silica. This commonly causes 

scaling in the tubes of the heat exchangers which have to be removed regularly. In the dilute high 

temperature fields where the chloride concentration is low the precipitation of amorphous silica can 

be postpone by slow flow rate through heat exchangers allowing the aqueous silica to form polymers 

in the solution. This has been applied at the Nesjavellir power plant reducing silica scaling in the heat 

exchangers. After heat exchangers the separated water flows through a large retention tank for further 

polymerisation of the silica before condensate is mixed with the separated water and re-injected into 

subsurface. 

 

In low temperature geothermal systems the silica content is governed by the solubility of the silica 

mineral chalcedony at low temperature and quartz at higher temperature. In water from the low-

temperature areas, although it is cooled in the district heating systems down to about 20°C, silica 

saturation does not occur. 

 

Scaling is a common phenomenon in all geothermal installations in the world. It occurs due to 

interaction of geothermal water with rocks and boiling processes deep in the reservoir, resulting in 

supersaturated water due to the dissolution of minerals. Dissolution may be accelerated by 

temperature and, sometimes, it may be retrogressive depending on the solute (Gunnarsson et al., 

2005). Calcite, silica and metal pyrite deposition are the most common scales sited in Olkaria 

Northeast field. 

 

Calcite scaling is largely confined to wet wells and occurs when geothermal water becomes 

supersaturated with calcite due to a decrease in partial pressure of carbon dioxide leading to its 

precipitation. It occurs in both low- and high-temperature geothermal installations as polymorphs of 

calcium carbonate which include vaterite and aragonite (Opondo, 2002). Calcite deposition is highly 

controlled by water temperature and pH, according to the equation: 

 

Ca2+ (aq) + 2HCO-
3 (aq) = CaCO3(s) (Calcite) + CO2 (g)  + H2O (l)  (1) 

The solubility of silica in geothermal fluid is very dependent on temperature, the initial degree of 

super-saturation, salinity, pH, and the presence (or absence) of colloidal particles. Thus, separation 

temperatures of geothermal fluid need to be carefully chosen so that much of the silica will remain in 

solution or allow it to come out of solution before injection. Silica is mainly deposited as quartz or 

amorphous silica. Quartz (controls solubility of hot reservoir fluid) is deposited in the temperature 

range of 100-250°C and amorphous silica (controls solubility of low temperature fluid) in the range of 
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7-250°C (Gunnarsson, et al., 2005; Dipippo, 2005) depending on saturation, according to the 

equation: 

 

FeOH . H2O + Si (OH) 4 = Fe (OH)3. SiO2(s)  + 2H2O  (2) 

 

Metal sulphides, silicates and oxides are also common scaling problems in many low- and high-

enthalpy geothermal installations. In low-enthalpy fluids containing high concentrations of dissolved 

solids, severe corrosion of mild steel production well casings occur. The iron oxides formed from this 

corrosion react rapidly with sulphide-rich geothermal fluids causing metal sulphide deposition, mainly 

found in high-temperature environments. Iron sulphides identified in production and re-injection wells 

are pyrite, mackinawite, pyrrhotite and small amounts of iron and calcium carbonates (Lichti and 

Braithwaite, 1980). 

 

In high-enthalpy systems, metal sulphides and oxides are also deposited in surface equipment e.g. 

separators, silencers, and weir boxes, etc. due to cooling and pH change accompanying flashing 

processes leading to the concentration of metal ions. 

 

4. TURBINE 

 

The turbine is the most important and costly equipment in a geothermal power plant, though it 

depends on size, construction and the power cycle. Steam can be admitted into a turbine as: direct dry 

single-pressure steam; separated single -pressure steam; single-flash single-pressure steam; double-

flash 2-pressure steam; or multi-flash (3 or more pressures). Other possible power cycles are 

brine/hydrocarbon binary cycle; or as hybrid fossil systems, among others. 

 

After steam is expanded through a turbine, it is exhausted into the atmosphere (back pressure turbine) 

or condensed into a condenser (condensing exhaust turbine). In binary plants, geothermal fluid heats a 

secondary fluid in a heat exchanger, and the secondary fluid is expanded through a turbine (Organic 

Rankine Cycle). In hybrid systems, geothermal fluid is used to preheat a working fluid, then flue 

gases from coal or fossil oil superheats the working fluid. 

 

 
Figure 2: T-S diagram 

 

For separated single-flash steam, Figure 2 (T-S diagram) shows geothermal fluid from a production 

well at 1, passing into a cyclone separator at 2, where it is separated into liquid (brine), 3, and a steam 

phase at 4. Steam expands through the turbine and is exhausted into the condenser. The energy of inlet 

steam (inlet enthalpy), h4, is reduced to thermal and pressure energy (exit enthalpy), h5s, at exhaust 

conditions. Under isentropic expansion (constant entropy), point 4 to 5s, the work extracted from a 

steam flow rate of 1 kg/s is given as: 

     W = h4 − h5s      (6) 

Where W = Work output from turbine (kJ/kg);  

h4 = Steam inlet enthalpy (kJ/kg);  

h5s = Steam exit enthalpy (kJ/kg).  
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However, isentropic expansion is an ideal process and the factor, isentropic efficiency, η,is introduced 

to compare the actual turbine expansion to the isentropic expansion process, given by the formula 

below: 

 
η= 

Actual Expansion 
= 

h4 −h5 
(7) 

 

 IsentropicExpansion h −h 
 

    4 5s  
 

where  h5 = Actual steam exit enthalpy after expansion (kJ/kg).  
 

For steam flow rate, m (kg/s), actual work extracted from the turbine, is given by: 

 

P = (h4-h5)  

where  Pactual    = Turbine power output (kW). 
 
To extract maximum energy from the turbine, steam is expanded until it is at as low a pressure as 

possible. However, the limiting conditions are the exhaust dryness fraction (X > 86%), and the 

cooling water temperature which depends on ambient conditions. 
 

Another factor which is important in a power plant is the utilization efficiency, ηu, which compares 

the turbine output with the maximum theoretical obtainable output when steam is exhausted to sink 

conditions and is given by: 
 

ηu= 
Power output 

(9)  

Exergy 
 

  
 

 

In power generation practice, some terms used are defined below: 

Availability factor; is the ratio of the time the turbine is running to the total available time; 

Load factor; is the ratio of the units of power generated to the power that the turbine could 

have generated, if it was running at the rated output for the total available time; 

Utilisation factor is the ratio of units of power generated to the power that the turbine could 

have generated, if it was running at the rated output for the actual time run; 

Frequency of breakdowns is the number of times the turbine trips in a specific time e.g. a 

month. 

.   

  (8) 
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 THE SCRUBBER 

 
    Figure 3 Vertical scrubber designs. 

5. SPECIAL DESIGN CONSIDERATIONS 

 

5.1  STEAM PURITY 

 

Inadequate steam purity from liquid-dominated or vapour-dominated geothermal resources can be 

detrimental to the long term economical and reliable operation of geothermal power plants. 

 

Contaminants in the motive steam of geothermal power plants cause scale build-up in the inlet nozzles 

which, in time, reduces power output. There are two basic types of contaminants in geothermal steam, 

liquid entrainment, and volatile chemical species. Liquid entrainment can generally be resolved 

adequately using mechanical separators. The volatile species consist of slightly volatile substances 

such as silica, arsenic and boron, as well as highly volatile substances such as carbon dioxide, 

hydrogen sulfide and ammonia. 

 

5.2 CONTROL OF STEAM IMPURITIES 

 

Bottom outlet cyclone (BOC) separators/Scrubbers 

The bottom outlet cyclone separator (BOC) is most often used in the geothermal industry for liquid 

dominated resources as a primary separator. It is easy to operate and a highly efficient device that 

yields a separation efficiency of up to 99.95 percent. 

 

The bottom outlet cyclone separator uses centrifugal action to assist in reducing moisture and dirt in 

the steam. 

 

5.3 STEAM WASHING 

 

Steam washing is a basic steam scrubbing technique of injecting steam condensate into the steam flow 

up-stream of a final separator/scrubber. This will collect unwanted substances entrained and dissolved 

in the steam into the wash water. This is followed by separation of the liquid fraction from the flow. 

Silica, boron, and arsenic can all be removed readily in this manner. Scrubbers can also be used to 

remove ammonia. However other non-condensable gases such as carbon dioxide and hydrogen sulfide 

cannot be removed readily by scrubbing. In order to optimize condensate water injection rates used 
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for steam scrubbing, an on-site analytical test procedure must be developed, based on the turbine scale 

composition (Van der Mast et al., 1986). 

 

5.4 PREPARATION FOR STEAM WASHING: 

 

First the study had to confirm that steam scrubber wash water flow control valve and isolation valve 

are fully closed. Placed both Hot well pumps into service, confirmed that the minimum flow line is in 

service. Opened the air vent valve and after confirming that the line is filled with water close this 

valve. Opened the discharge nozzle isolation valve, monitored the instruments around turbine and the 

wash system.  

 

Measures 

 

The researcher measured and recorded the following items before the operation; main steam pressure, 

Main steam temperature, main steam flow that is more than 130 t/hr. Condenser vacuum, governor 

valve opening, load output, steam chest pressure, vibration, rotor position, Bearing metal temperature, 

wash water flow, wash pump discharge pressure, steam scrubber level and conductivity. 

 

To conduct the measurements the research had to verify blade wash pump is energized, and selected 

to Automatic mode and confirmed the U-seal pumps are available, and control mode is “AUTO”. 

 

5.5 STEAM WASHING OPERATION 

 

The researcher started the steam wash pump on the DCS Screen, opened the isolation manual valve 

fully at local side, monitoring the wash water flow and “Enabled” the steam scrubber to wash control 

valve on the DCS and then select “AUTO”. 

 

Flow adjustment: The position of steam scrubber wash water control valve was modulated to provide 

a condensate flow rate of (4.0-6.0 t/hr.) in proportion to main stream flow rate (130-260 t/hr). Also the 

researcher noted that in operation period the properties of Geothermal steam and percentage of 

impurities vary from one well to another as well as the reservoir, and the nature and accumulation rate 

of scales likewise also vary. 

 

The researcher monitored the instruments around Turbine and the wash system then measured and 

recorded, Main steam pressure, main steam temperature, main steam flow, condenser vacuum, GV 

Opening, Load output, Steam chest pressure, Vibration, Rotor position, Bearing metal temperature, 

Wash water flow, Wash pump discharge pressure, Steam scrubber level, Conductivity and Gas 

analysis. 

 

Steam scrubber, steam traps and vent station: The analysis of samples collected from the steam 

scrubber gave the following composition by weight: iron (36.67%), silica (0.91%), calcium (0.04%) 

and traces of sulphur. In the vent station, the dominant compound was silica (37.70%) and iron 

compounds (6.09%). 
 

Discussion: The compounds found in these facilities are formed from the reaction of H2S gas with 

iron rich impurities in moisture entrained in steam. Silica forms when steam condensate with carry-

over from the separator cools to a temperature below silica saturation temperature, at about 150°C. 

The black sludge drained from the steam scrubber and the steam traps is an iron-rich compound. To 

prevent the black sludge depositing and hardening, thereby affecting the operation of the equipment, it 

is always necessary to drain them after variable intervals. Removal of small pieces of stones from the 

formation can be done during the annual inspection of the whole plant. 
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Figure 4 Steam valve with silica scales.  Figure 5 Silica scaling removal during overhaul 

 

 
  Figure 6 Turbine blade with silica scales on nozzles. 

 

5.6 ANALYSIS OF BLADE WASHING OUTCOMES AT OLKARIA II POWER PLANT 

 

 

5.6.1 GENERATOR LOAD 

 

 
 

 

According to the finding of this study before the blade and steam wash of the turbine at Olkaria II 

power station the generator load read 35Mw while during the blade wash the load read 34.9mw 

meanwhile after blade wash the readings remained constant even after a second time wash at 1834 hr 

showing there was no change. From the findings that were done by the researcher with the assistant of 

other engineers at the plant it clearly shows that the generator load decreased with 0.1% of the reading 

at 1235 hrs before any wash was done. 
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5.6.2 MAIN STEAM FLOW 

 

 

 
 

 

The main steam flow according to the summary on figure was 253.68 T/h at 1235 hrs before the 

washing had began. During the first blade wash at 1649 hr the main steam flow read 253.7 T/h 

showing an increase of 0.02t/h pressure and after the first blade wash that was done at 1807 hr main 

steam flow read 249.3 T/h which indicated a decrease in flow of 4.4T/h which showed an 

improvement of steam flow. The second blade wash was done and during this second blade wash at 

1834 hr the main steam flow indicated was 246.9 T/h which had decreased after the first wash with 

2.4 T/h and after the second blade wash at 1936 hr there was another significant decrease of pressure 

with 1.9 T/h now indicating 245 T/h. in total at the end of the 2 experimental test of blade wash the 

pressure had decreased with 8.68 T/h pressure. 

 

5.6.3 STEAM CHEST PRESSURE 

 

 
 

From the finding of this study as indicated on figure the reading of the steam chest pressure at 1235 hr 

were 3.638 bar-g while during the first blade wash that was done at 1649 hr the readings were 3.642 

bar-g showing an increase of 0.004 bar-g and after the first blade wash the readings decreased with 

255
260
265
270
275
280
285
290
295

1235Hrs 1635Hrs 2035Hrs 35Hrs 0435Hrs

Steam Flow Rate in Ton per hour Against 
Time (Hrs) 

Steam Flow Rate in Ton per
hour Against Time (Hrs)
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0.108 from 3.642 bar-g to3.534 bar-g at 1807 hr. during the second test blade wash at 1834 hr the 

readings were 3.509 bar-g which also showed a significant drop from the first one of 0.025 bar-g and 

after the second wash which was the final test for steam chest pressure the readings showed a decrease 

of  0.039 bar-g at 1936 hr from 3.509 to 3.47 bar-g. 

 

5.7 HYPOTHESIS TEST USING DATA FROM OLKARIA II POWER PLANT 

 

H01: BLADE WASH WATER FLOW HAS A SIGNIFICANT EFFECT ON LOAD 

OPTIMIZATION 

 

According to the study findings there was no significant change in blade wash water flow on load 

optimization therefore Blade wash water flow has a significant effect on load optimization was a null 

hypothesis. 

 

H01: MAIN STEAM FLOW WATER FLOW HAS A SIGNIFICANT EFFECT ON 

LOAD OPTIMIZATION 

According to the study findings there was no significant change in main steam flow on load 

optimization therefore main steam flow has a significant effect on load optimization was a null 

hypothesis. 

 

 

H01: WASH OF STEAM CHEST HAS A SIGNIFICANT EFFECT ON LOAD 

OPTIMIZATION 

According to the study findings there was no significant change in blade wash water flow on load 

optimization therefore steam chest pressure. 

 

6. SUMMARY OF THE KEY FINDINGS 

 

From the findings of this study by the researcher it was realized that when the steam flows from the 

well there are corrosions that occur in the pipes, pumps and blades of the steam turbine which are 

carried by the flowing steam used for power generation. The scaling and deposition has been 

identified to be chemically formed and this would also require chemical equations to remove (wash) 

away. 

 

The study has also realized that there is no significance of load optimization through steam and blade 

washing. This will only affect the steam chest pressure and main steam flow since there will be an 

increase in diameter of the pumps and the rotor position will increase therefore increasing the pressure 

of the steam from the well.  

 

The steam washing and blade washing procedure tend to lower the steam chest pressure (bowl 

pressure) and this would eventually have a net effect of increasing the physical rate of steam 

expansion through the turbine. The ease with which the steam expands through the turbine blades 

evokes the ease of maximum load generating capacity of the electrical generator therefore optimizing 

the load generated. 
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