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Abstract: 
 
 This paper covers the problems experienced in first desalination plants 

commissioned in the Kingdom of Bahrain since 1976. The paper focuses on the 

corrosion of the flash chambers experienced during the early 80's. The paper covers the 

investigations carried out to identify the causes of flash chambers corrosion and 

remedial actions taken late 80's to rehabilitate the evaporators to meet their design life 

and to secure a reliable operation. The second part of the paper deals with the corrosion 

problems experience in the recent years and the second phase of the rehabilitation 

performed during 2001, with the aim of restoring the integrity of the structure and 

auxiliaries and extend the useful life of operating the units till 2010, or possibly 

beyond. 
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Introduction 
 
Water desalination in Bahrain started in 1976 with two 11,500 m3/day (2 x 2.5 million 
gallon/day "MGPD") Multistage Flash sea water desalination units in a dual purpose 
plant at Sitra. 
 
In 1984, the second phase of Sitra plant was commissioned consisting of a 25 MW Gas 
Turbine with waste heat recovery boiler and 5 million gallon per day MSF evaporator. 
(phase 2 expansion) 
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In 1984/85, phase 3 was commissioned comprising three identical MSF evaporators, 
each designed to produce 5 MGPD, or 6.8 MGPD at high temperature operation.  
 
In 2001, Al Hidd plant was commissioned which is a dual purpose plant employing two 
280 MW Gas turbine units and four MSF plant having a total throughput of 30 million 
gallon per day of desalinated water.  
 
 
The desalination units 1A &  1B   
 
Distillation Units 1A and 1B are cross tube Multi Stage Flash Distillers with brine 
recirculation, producing approximately 11,500 m3/day (2.5 MIGD) at top brine 
temperature of 90°C and seawater temperature of 32°C. Each evaporator consists of 15 
stages, a single pass heat input section (brine heater) and a deaerator. The units have a 
design performance ratio (PR) of 6.0 kg of distillate per 2326 kJ heat input at the brine 
heater (6.0 pounds of distillate per 1000 Btu) and a design brine blowdown 
concentration factor of 1.67. The guaranteed maximum total dissolved solids content in 
the product water is 75 ppm, maximum chloride content of 50 ppm and a pH within the 
range 6.2 - 7.0. 
 

 
 

MSF distillers 1A &  1B 
 
Stages 13 -15 represents the reject section. The heating steam to the brine heater is 
provided by means of pass-out turbines or directly from generating plant via H.P 
reducing station. 
 
The desalination plants were designed and constructed by Societa ltaliana Resine 
(Italy) using bare carbon steel for the evaporators shell. Each unit comprises main 
distiller, deaerator, vent condenser, brine heater, vacuum plant, seawater, brine recycle, 
blowdown, distillate and condensate pumps and chemical dosing / acid cleaning 
equipment. The distillers were commissioned in 1976. 
 
Dearator  and vent condenser  
 
The deaerator shell (h: 5.78, l: 7.7 m, w: 1.98m) is fabricated from carbon steel with an 
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internal paint lining. The internal comprising make up spray distributor, stripping steam 
distributor, hold up plates and packing supports are fabricated from austenitic stainless 
steel type AISI 316. The deaerator is packed with 50 mm polypropylene ball rings to a 
packing height of 3.0 m. 

The vent condenser is also physically joined to the distiller shell. The shell and baffles 
are fabricated carbon steel (20 mm thick) and internally painted.  
 
 

Br ine heater  and other  heat exchangers 
 
The brine heater shell is fabricated from carbon steel and contains 3900 tubes of 9.0 m 
length and 19 mm outer diameter in one pass arrangement. The tubes are fabricated 
from 70/30 copper nickel and have a total heat transfer surface of 2065 m2. 
 
A brine heater condensate cooler originally located downstream of the brine heater 
condensate pump, has been removed from the system. 
 
The four vacuum condensers have shells which are fabricated from austenitic stainless 
steel type AISI 316 and contain 19 mm diameter titanium tubes. The first vacuum 
condenser has a total of 1100 tubes of length 4.2 m to give a total heat transfer surface 
of 266 m2 with tubes arranged in four passes. The second vacuum condenser similarly 
has tubes of 4.2 m length but contains only 240 tubes arranged in two passes with a 
total heat transfer surface area of 58 m2. The third and fourth vacuum condensers are 
identical and each contains 120 tubes of 2.0 m length arranged as a single pass with a 
total heat transfer surface area of 13 m2 per each condenser. 
 

Vacuum plant 

The vacuum plant includes duplicated ejectors designed to meet summer and winter 
conditions. Ejectors are constructed of austenitic stainless steel type AISI 316 and are 
provided for the four vacuum stages and additionally for the quick start up of the plant 
and priming of the seawater pumps. 
 

Main pumps 

The brine recirculation pumps are installed in two stages, as extraction and booster 
pumps. Both units are horizontal and are steam turbine driven, with separate speed 
reduction gearboxes. The seawater pumps are also horizontal pumps with a steam 
turbine drive and a speed reduction gearbox. 

The seawater pumps, brine recirculation & blow down pumps, vent condenser pumps 
are all of the horizontal type with casings of austenitic cast iron Ni Resist D2B.  
Impellers of the seawater and vent condenser pumps are cast in austenitic stainless steel 
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type AISI 316 L whilst the impellers of the brine extraction recirculation and brine 
blowdown pumps are in nickel aluminium bronze. Shafts of all the above pumps are 
austenitic stainless steel Inox 18/8, except for the shaft of the vent condenser extraction 
pumps which is stainless steel type AISI 316 L. 

The recycle brine booster pumps are also of the horizontal type with austenitic cast iron 
casing Ni Resist type D2B, nickel aluminum bronze impeller and austenitic stainless 
steel 18/8 shafts. 

The product pumps (distillate pumps), condensate extraction pumps, desuperheater 
pumps, sodium sulphite recirculation pumps and the demineralization feeding pumps 
are all fabricated from the same materials with cast iron casings,' zinc free bronze 
impellers and austenitic stainless steel Inox 18/8 shafts. All the pumps are of the 
horizontal type except for the condensate pumps and the desuperheater pumps which 
are of the vertical type. 
 
 
Problems exper ienced in phase 1 desalination plant 
 
Flash chamber  corrosion 
 
One of the major problems faced during the early years of commissioning was the 
formation of rust flakes within the flash chambers. The problem of corrosion and 
flaking was detected in the early stages of the plant operation. The corrosion in the 
vapour spaces above the demisters was noted to be detrimental, manifested by loss of 
interstage wall thicknesses over several years.  
 

      
 

Corrosion of the vapour space upstream walls and ceilings 
 
The flakes were found to be magnetic oxides, relatively adherent to the surfaces and 
becoming loose towards the demister pads. 
 
In some stages, loose rust corrosion flakes were found in large quantities towards the 
ceilings and falling onto the tube bundles. The rate of corrosion is less in the vapour 
streams of cold stages (stage 9 downwards). The downstream areas of the vapour 
spaces were in excellent condition throughout the plant. 
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The brine streams, however, were also in very good condition and the metal loss during 
the early years was minimal, with the exception of hot temperature stages at areas near 
the demister pads. Nonetheless, the brine stream corrosion was not so severe compared 
with vapour. 
 

     
 

Corrosion at the br ine streams 
 
This phenomena was experienced despite maintaining the pH of the recycle brine at 8.3 
- 8.6 and very low residual oxygen level (< 50 ppb) before sodium sulphite injection. 
Experience showed that flaking problem was aggravated by irregular operational 
practices e.g. frequent loss of steam supply due to boiler malfunction and prolonged 
outages followed by absence of plant preservation and flashing, and inadequate 
drainage. 
 
 
Investigation into corrosion problems in 1A &  1B distillers 
 
By mid 1983, thorough investigation was performed with the following findings: 
 
1. Corrosion is severest in the vapour space above demisters on surfaces slightly 

higher than the adjacent vapour. Below the demisters where corrosion is less severe 
the walls are continuously wetted by splashing brine (brine stream). 

 
2. The corrosion at the down stream vapour space partitioning walls is much less.  
 
3. Brine deposition on the partitioning walls above the demisters is considered to be 

caused mainly by splashing and spraying of brine against the demisters and partly 
by re entrainment of droplets. 

 
On the wall to the hotter upstream stage, the brine deposited there will evaporate. 
The concentration of this brine will rise. Equilibrium is reached and evaporation 
ceases where the boiling point elevation equals the temperature difference between 
wall and vapour. Accordingly, this surface will remain moist at least in spots and 
patches with high salt concentration, alternating with dry patches and crystalline 
salt deposits. Certainly, these are ideal conditions for corrosion attack. 
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The wall to the downstream stage is cooler than the vapour. It was roughly 
estimated that between 150 and 300 kg/h of vapour will condense on these walls. 
Brine deposited on these surfaces will be rinsed away by the condensate film. The 
same effect is expected to occur on the side walls near the tube supports. Similarly, 
the corrosion observed at the ceiling - stronger adjacent to the hotter upstream 
stage- due to heat conduction from hotter upstream stage or support beams. In the 
absence of wetness and salt deposits it must be assumed that primarily an 
accumulation of oxygen is responsible for corrosion in these areas. 

 
4. Due to pressure loss in the demisters the vapour is further superheated when 

entering the condenser space. 
 
5. The stage venting system, having only one extraction nozzle and the cooling zone 

channel are not satisfactorily designed. It must be assumed that the non 
condensable gases are not sufficiently guided to the extraction zone or may leak 
out of the cooling zone channel. This will promote non condensable gas 
accumulation. 

 
The Water  flow simulation model 
 
An independent expert was commissioned to simulate a water flow model in order to 
provide a rough verification of the corrosion problems experienced in the distiller 
stages. Such model is suitable for flow conditions dominated by kinetic and viscous 
forces as it satisfies the Reynolds number and the Euler number.  
 
However, buoyancy forces, mass transfer, compressibility of the fluid were considered 
negligible in such two dimensional water flow simulation. In the model, the number of 
the tubes in the condenser was reduced from 4204 to 420. The tubes and the pitching, 
however, were dimensioned to achieve similarity in pressure losses.  
 

        
Water  flow model simulation 

 
The condensation of vapour on the tubes was simulated by using perforated tubes. The 
water flows through the demisters, simulated by wire mesh, and then through the 
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perforations of the tubes into a sump underneath the table model. From this sump the 
water is pumped back into the model flash chamber.  
 
The extraction of the non condensable gasses was simulated by a suction pipe 
protruding through the base plate to a position directly below the water surface.  
 
The non condensable gas simulating substance was circulated by a pump back to where 
the water enters the demisters. The cooling section in the condensers is represented by 
an appropriate section in the model. 
 
The results of the investigation confirmed the necessity to produce a strong convective 
flow along the surfaces and to find means of preventing a back mixing of vapour with 
non condensable gas concentration from within the tube bundle to the surrounding 
space.  
 
To implement such recommendations, a flow baffle could be installed in the space 
above the demisters, or upstream side of the condenser. The distortion of the flow 
pattern from the existing symmetrical flow on both sides is not considered harmful.  
 
 
Tr ial modifications 
 
In 1984, various trial modifications were carried out in several stages of unit 1B, 
included the following: 
 
·  Additional cascade vent lines at stages 3 thro 7. 
·  In stages 4 (full) & 6 (half stage) at up stream side of the tube bundle vapour flow 

baffles were installed. 
·  Brine splash baffles installed in stage 4 above the brine gates. 
·  Painting upstream wall in stage 5, using special paint. Additionally, two 

pieces of uncorroded carbon steel plate were painted and welded upstream 
in the vapour spaces of stages 2&5. 

·  Stainless steel lining: A small piece of 316L was welded to the upstream in 
the vapour space of stage. 

·  Vent system: additional cascade vent lines at stages 3 thro 7 to increase the 
vent flow rate (from 150 kg/hr to 450 kg/hr) and also an additional vent 
extraction point to decrease the non condensable gas concentration in the 
vapour space. 

 
 
Effectiveness of the tr ial modifications 
 
Painting was not found to be very effective measure. The sand blasting cleaning was 
not very helpful. The use of stainless steel lining is considered highly effective 
compared with paint. 
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Vapour flow and brine splash baffles were not effective as no significant improvements 
were achieved. The modification of the vent flow felt useful due to the fact that 
stagnant gases in the vapour space were a primary cause for corrosion. 
 
 
The Rehabilitation Program 
 
The modifications also comprised restoration of the heavily corroded structural parts 
such as tube bundle supports and demister areas. 
 
It was decided to use the stainless steel lining of the upstream interstage wall in the hot 
stages and painting of the corresponding areas in the rest (cooler stages). However, due 
to uncertainty of the vent modifications and cost of modifications, it was decided to 
drop this part of modifications and protect maximum areas of the vapour stages 
upstream wall with 316L lining (stages 2-9). 
 
 
Stainless Steel L ining and Painting Work 
 
All surfaces were blasted to Sa2 and Shielded metal arc welding (SMAW) was 
employed. 
 
As far as the paining is concerned, no weld repair was carried out due to numerous 
cavities. The surfaces were blasted to white metal. Painting was then performed for a 
total dry film thickness of 350 - 550 micron. 
 
 

 
 

Painting using Ankiol Astral epoxy paint 
 
 
Failure of sea water  streams reducers 
 
The design of the make up water, reject sea water to culvert and the heating sea water 
lines were incorporated with reducers which were installed immediately before and 
after the control/regulating valves. Severe erosion and subsequent failure of welds 
around the reducers were experienced occasionally. All reducers were replaced with 
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new ones with internal glass coating (1.5 - 2.0 mm) and flanged and bolted to the pipe 
work instead of direct welding. 
 
 
Br ine strainer  modification 
 
The brine strainer is an on load cleaning type (15 mm dia. holes). Experience showed 
that corrosion products tend to accumulate inside the strainer despite many back 
flashing attempts. 
The differential pressure across the strainer tends to increase soon after the start up to a 
level which necessitates a plant shut down for manual cleaning of the strainer and the 
last recovery stage tubes by water jetting to remove the rust debris accumulating at 
tubes inlet. Modification was made by replacing the original strainer by a new strainer 
of 5 mm diameter holes and catering for a bypass with stainless steel plate of 12 mm 
holes.  
 
 
Performance deter ioration of 1A/1B distillers in the recent years 
 
During the recent years, the production and the plant availability dropped beyond the 
targets. The corrosion in high temperature stages had increased to unacceptable limits. 
The thickness of the vapour streams interstage walls was reduced to below permissible 
corrosion allowance in stages 3, 4, 5 & 6 (< 10 mm). 
 

 
 
With the rehabilitation work performed during 1987, the corrosion of the protected 
walls could be almost stopped, however further ongoing corrosion on the unprotected 
walls / areas was found to require additional work. 
 
Station inspection revealed furthermore that severe corrosion occurred on the distiller 
outer shell under the thermal insulation areas especially on the roof and on the side 
walls affecting the plant's structural integrity, safety and availability.  
 
Recently, a hydrotest revealed major leaks from the roof plates. Roof plates deflection 
ranging from 12 to 100 mm at stages 9 - 15 was noticed.  
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As the distiller roof areas underneath the cladding was not inspected over number of 
years, the middle part of the I- beam section was found to severely corroded. The 
stages roof corrosion was evident for almost all of the I- beams from stages 9 to 15. 
The badly corroded beams were replaced and the sagged roof plates were lifted and 
cracked areas of the roof plates and of the side walls were located and repaired by 
patch welding. These repair works have been done as an interim solution to maintain 
the distillate production of the units. Further rehabilitation works of the distillers was 
felt necessary. 
 
The internal inspection of the evaporator showed that the rate of corrosion was still 
high. However, the stainless steel areas are still in good shape. 
 
 

 
 

Distiller  1B roof after  removal of thermal insulation 
 
The corrosion at the down stream areas was found to be high. The painted areas were 
in acceptable condition requiring paint maintenance. The corrosion at the down stream 
areas below the demisters was also found to be abnormally high, with high amount of 
loose rust flakes. 
 

 
 

Corrosion of deaerator  and vent condenser  

 

Phase 2 Refurbishment Works 2000 – 2001 

 
Based on the accelerated corrosion experienced since mid 90,s and the necessity to 
restore the integrity of the distillers structure, it was decided to perform a second phase 
of retrofit for both plants for safe and reliable operation. Due to severe corrosion 
problems of the flash chamber internals and external corrosion, it was felt essential to 
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proceed with a second phase of semi major retrofit which can not be handled by an 
ordinary maintenance works. Due to budget constrains, no major work was performed 
on the rotating machinery. The rehabilitation work in the second phase comprised the 
following activities: 

 
Distiller  externals 
 

·  Replacement of the roof structural supporting I-beams (corroded original beams 
and interim I-beam sections) by new beams. 

 
·  Repair and replacement of the structural supporting beams on both side walls of 

the distillers. 
 

·  Restoration of the structural strength of distillers shell including correction of 
roof sagging and corrosion protection painting of the complete distiller and the 
associated deaerator. 

 
·  Repair of the distiller walls having unacceptable thinning or metal loss. 

 
·     Restoration of the vacuum holding integrity of the distillers and connected 

equipment like deaerator, vent condenser, vacuum system and brine heater.  
 

·  Nondestructive tests to detect leaks and cracks in plates, pipework, valves, 
fittings, flanged connections, gaskets, nozzles and weldings. 

 

 
 

 
Distillers external painting 

 
 

·  Repair and sealing of leaks at tube plates and flange connections of water boxes. 
 
 
Distiller  internals 
 

·  Complete removal of the corrosion products from the flash chambers, 
mechanically and by grit blasting. 
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·  Identification and repair of non acceptable loss of material (e.g. thinning), leaks 
and other damages to distiller roof, side walls, floor plates, intermediate stage 
dividers including stiffening elements, distillate compartment walls, distillate 
trough, brine guiding baffles (first stage), weirs and demister support structure. 

 
·  Vapour spaces (above the demisters) of stages No.2 up to 9 were completely 

lined with 3 mm stainless steel 316L. 
 
·  The vapour spaces of the remaining stages were coated with epoxy paint. As the 

existing paint has already been damaged in some areas due to shell outside 
welding, all painting from the vapour space was removed from all stages. The 
surfaces were cleaned completely and repainted. 

 

 
 

Stainless steel lining of vapour streams 
 

·  The distillate troughs were maintained and painted. 
 

·  Repair of the dividing walls between the flash chambers and distillate channel 
have also suffered from corrosion with wall thinning and cracks especially at the 
weldings. 
The deaerator packing was removed. The internals was repaired, particularly at 
the dividing wall between the deaerator and the vent condenser. 
 

 
 

Deaerator  and vent condenser  after  rehabilitation work 
 

·  The deaerator, vent condenser and the entire desalination unit were completely 
painted from outside using an epoxy paint system. 
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·  The scope of work also included a general overhaul of the pumps and the 

turbine drives of the sea water and brine pumps. 
 
 
Conclusion 
 
Due to construction of the shell material used in these evaporators, the distillers 
underwent severe corrosion attack particularly at the interstage dividing wall of the 
vapour stream despite operating at the correct brine PH. The prime cause of the 
problem was due to air ingress into the evaporator, CO2 redissolving in the vapour 
accompanied by inadequate venting and entrainment of the brine into the vapour 
streams. The modification of the vent system was felt uncertain and economically 
unjustified. Due to very high metal loss of the walls in the vapour streams, it was 
decided that the most appropriate economical solution would to protect the flash 
chamber internals at the vapour spaces from accelerated corrosion by cladding the hot 
temperature stages and painting the cooler stages including the reject section. The brine 
streams were only cleaned. After the initial rehabilitation, the distillers were operated 
for 13 years. However due to decline in the availability caused by excessive internal 
and external corrosion design life, the second rehabilitation was attempted during 2000 
- 2001 for further reinforcement of the distillers shell and possible life extension till 
year 2010. 
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