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Appendix B – Plot Layout  
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Appendix C – Process Description  
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4. PROCESS DESCRIPTION 

4.1.  SEAWATER INTAKE 

In order to reach the required capacity roughly 31,010 m3/h will be required. That also 

includes service water. 

 

DESIGN PARAMETERS UNIT VALUE 

Net water output required m³/d 272,766 

Service water m³/d 2,728 

Raw water required m³/d 727,467 

 

Table 5 

 

Seawater intake will be part of the balance of plant (BOP) and outside of the scope of the RO 

plant. 

 

4.2. PRE-TREATMENT 

The proposed pre-treatment consist of a first stage of dissolved air flotation, followed by disc 

filtration and ultrafiltration membranes.  

 

4.2.1. Dissolved Air Flotation 

The design parameters of the system are shown in table 7: 

 

DAF System Value 

Number of lines 15+1 

Number of basins/line 1 

DAF effluent flow 30,295 m3/h 

Design flow (without recycle) 2,021 m3/h / basin 

Maximum Surface loading < 30 m3/h.m2 

Flocculation residence time >10 min 

Recirculation flow 12% 

 

Table 7 

The DAF process starts with seawater being dosed with iron based inorganic coagulant 
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(ferric chloride). Polymer will not be dosed as it may damage UF membranes. 

 

The DAF units have been designed to have a maximum surface loading of less than 30m/h, 

when one of the DAF units is out of service for maintenance. There are fifteen (15) duty DAF 

units and one (1) standby. 

 

The DAF system has been designed to work with one unit out of service without affecting 

performance.  

 

Coagulation 

The coagulant mixing dose will be in the pipe, and there is enough time for the complete 

mixing of the ferric chloride and sulfuric acid dosed prior the DAF.   

 

Influent channel 

Influent pipe will discharge into the influent channel. Each DAF basin will also have an 

isolation penstock that will prevent raw water from entering in the flocculation chambers.  

 

Flocculators 

The flocculation stage will comprise of two stages separated by concrete baffles to minimize 

short circuiting. Each stage will be fitted with two (2), axial propeller type mixers. The mixers 

will be driven by an electric motor gearbox combination designed for the duty and conditions 

specified. The motor is designed to operate via a variable frequency drive (VFD) locally 

mounted and automatically varied to allow variations in speed and hence energy input, 

thereby ensuring optimal mixing conditions within the tank.  

 

Flotation 

After a pin floc is formed, the raw water stream is mixed in the reaction zone of the flotation 

cell with clarified water that has been saturated with pressurized air at a maximum pressure 

of 7,5 bar(g). The saturation process is accomplished by taking a fraction of the throughput, 

typically 8-12% at design flow, and recycling it back to the saturator. Recirculation pumps are 

VFD controlled to maintain a balance in the saturator. A rotary compressor provides a 

constant pressure of oil free air to the saturator. 

DAF Recirculation Pumps 

The required recirculation flow will be delivered to the saturation vessels via fifteen (15) duty   
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and one (1) standby (tag: 50-GDF26-AP001) recirculation pumps. Each DAF recirculation 

pumps is associated with an air saturator tank. 

 

Air Saturation Tanks 

The air saturation tank is a carbon steel tank with an inner lining of ebonite, externally coated 

for marine environments as per Design Basis Specification of Painting and Thermal 

Insulation plus internal distribution system and providing a nominal retention in the base of 

two (2) minutes.  

 

The tank mixes the clarified water and pressurized air. A total of fifteen (15) duty units and 

one (1) standby units will be provided, each sized to deliver the recirculation requirements for 

one basin. 

 

Air Compressors 

The air requirements for the DAF process shall be met by an oil free compressor set. The 

proposed equipment is three (3) duty compressors and one (1) stand by unit.  

 

Air/Water DAF Perforated Pipe 

The aerated water, white water, is delivered from air saturation tank to two distribution pipes 

that span across the width of the DAF cell. These distribution pipes have a series of specially 

designed orifices or nozzles. As the pressurized water exits the nozzles, the pressure drop 

produces a cloud of hundreds of millions micro bubbles.  

 

Constant level and pressure indication in the air saturation tank is transmitted to a 

recirculation pump VFD that will change the speed of the pump to either increase or 

decrease the recycle flow, to maintain operating water level in the air saturation tank. For the 

fixed air saturation tank pressure there is a fixed flow through the DAF perforated pipes. The 

level in the air saturation tank will change based on the air rate consumption of the raw water. 

 

The release of these micro bubbles gives the reaction zone a milky appearance like that of a 

white water blanket. The tiny spherical bubbles rise under laminar flow at a rate following a 

modified Stokes Equation. The bubbles rise through the coagulated water, capturing floc as 

they ascend forming a blanket of sludge on the surface of the DAF cell. The blanket is 

supported from beneath by the entrapped micro bubbles. The clarified effluent water is drawn 
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off the bottom of the tank by a series of lateral draw-off pipes that allow for uniform 

distribution along the bottom of the DAF cell. 

 

Sludge Removal 

Sludge blanket on the water surface will be removed utilizing a rotary scrapper designed to 

operate either continuously or intermittently. The sludge trough, complete with a suitable 

beach shaped to assist the removal process, will form the upper part of the underflow exit 

baffle, it will span the full width of each cell and have an inbuilt gradient to ensure flow to the 

discharge pipework arrangement. To assist in the desludging process a series of sprays will 

be provided to spray the side walls of the cell to reduce any frictional resistance and 

adhesion. The operation of the scrapper and timing of sprays will be fixed during the 

commissioning phase. There are fifteen (15) duty units and one (1) standby. 

 

The sludge flows from the DAF system will gravitate from each stream to the floated sludge 

tank, from where it will be pumped to the sludge storage tank prior the dewatering system. 

 

DAF Water Outlet 

The outlet is arranged in the same way as the influent. A common channel will recollect the 

outlet of each DAF stream through a weir. The DAF outlet channels discharge water into 

floated water tank. 

 

4.3. INTERMEDIATE PUMPING STATION 

Intermediate water pumps will pump the seawater across the disc filters and ultrafiltration 

membranes to the high pressure pumps feed side. 

 

The intermediate pumps feeding the disc filters and the UF will adjust flow and pressure 

variations, required by the process, using a variable speed drive. 

 

There are 11 duty and 1 standby intermediate pumps (tag: 50-GDF28-AP006) feeding the 

pretreatment (Disc Filter, Ultrafiltration and RO plant) plant.  

Intermediate Pumps  

No. of pumps 11+1 

Flow rate (m³/h) 2,950 
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UF Coagulation 

The UF chloride will be dosed in the intermediate pump discharge pipework, directly to the 

pipe, as there is enough time to guarantee a proper mixing system before reaching the UF.  

 
 

4.4. DISC FILTERS 

Disc filters are required to remove coarse solids and avoid them from reaching the 

ultrafiltration membranes; they are shown in figure 2.  

 

The proposed filters consist of thin polypropylene disks, with a filtration grade of 200 

microns .which will reduce the number of filtration cycles against those in the existing Plant. 

Although UF requires a pre-filtration grade of 300 microns, 200 microns has been considered 

as cutoff size. 

 

To make the filter, they are stacked on top of each other and a series of these disks are 

compressed in an especially designed column. 

 

When they are stacked, the groove on the top is located opposite the grove on the bottom 

disk, creating a filtering unit. In this way, deep filtering is achieved, and the battery of disks is 

inserted in a rust and pressure-proof container. A representation of the filtering surface can 

be seen in figure 1. 

 

 

 

 

 

 

 

 

 

Figure 1 

Differential pressure (barg) 5 

Variable Speed    Drive Yes 
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Figure 2 

 

The discs are compressed by the differential pressure during the filtering process, thus 

providing a high filtering efficacy. 

 

The discs filters system will have enough hydraulic capacity for treating raw water flows 

required for the maximum production with one disc filter battery taken out of service for 

backwashing or maintenance. 

The disc filters are based on the following parameters: 

 

 Building 1 Building 2 

Total Effluent Flow 15,107 m3/h 15,107 m3/h 

Number of units 13 + 1 13 + 1 

 

- Filter selectivity ...................................................... 200 microns. 

- Maximum operating temperature............................ 70 ºC 

- Backwashing flow type ........................................... Disc filtered water 

- Construction material  ........................................... Polypropylene 

- Filtering disc material ............................................. Polypropylene 

 

 

The Disc Filter system will be equipped with a differential pressure transmitter to provide 

continuous monitoring of the disc filter conditions and high differential pressure alarms to 

initiate the automatic backwash process. 
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The washing water will cross the filter in the opposite direction and the compression of the 

disks is released, and it is therefore much simpler to achieve a high flow backwashing rate 

and shift the solids trapped between two disks. 

 

The Disc filter system will be backwashed with disc filtered water that has passed the disc 

filters units. Two backwashing pumps (one duty and one standby) are provided to supply 

backwash water to the Disc filters.  

 

The necessary volume for disc filter will be stored in a single tank in each of the UF buildings. 

The filtering cycle is shown in figure 3 and backwashing cycle in figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Figure 4 
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4.5. ULTRAFILTRATION 

UF racks have been foreseen as part of the pretreatment for the RO plant. N=24 UF racks 

will be housed in each of the two UF buildings. In each building, the UF racks will have 

enough capacity to allow three racks to be removed from service at the same time (N-3) for 

normal or chemical backwash (two racks) and CIP (one rack). Therefore, two (2) 

independent backwash systems and one (1) CIP system will be installed per UF building. 

 
Inge has been selected as UF vendor. The main features of the Inge UF system are shown in 

table 9: 

 

Inge UF Racks (T-Rack 3.0) UF Building 1 UF Building 2 

Net production Flow (m3/h) 14,050 14,050 

Number of trains N=24 N=24 

Number of housing per rack 116 116 

Number of modules per rack 116 

(one per housing) 

116        (one 

per housing) 

Total number of modules 2,784 2,784 

Unitary membrane surface 80 m2 80 m2 

Total membrane surface 222,720 m2 222,720 m2 

 Gross Membrane Flux (N-2) 74lmh 74 lmh 

 

Table 9 

 

Membrane filtration operates inside-out, which means that the feed water flows from the 

inside to the outside of the capillaries in filtration mode and flows in the reverse direction, i.e. 

from the inside to the outside of the capillaries, in backwash mode. Therefore, the 

substances are retained on the inner filtering surface of the UF membranes and will be easily 

removed, by backwashing or by means of chemical cleaning. 

 

One of the main advantages of in-out filtering is that the feed water is not in contact with the 

outside housing of the membrane, where the solids are retained in the filtering process. 
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These membranes are made of low-fouling hydrophilic fibers, which combines seven 

individual capillaries of 0.9 mm in one highly robust fiber (Multibore 0.9) in order to improve 

the fiber mechanical strength. The figure below shows a cross section of a Multibone fiber. 

 

 

Figure 5 

 

Membranes are installed inside PVC-U housings that are vertically arranged in the racks. 

The characteristics of Inge UF modules are shown in table 10:  

 

 

UF Module (dizzer XL 0.9 MB 80 WT) Value 

No. of capillaries per filber 7 

Capillary diameter (mm) 0.9 

Active Membrane area (m2) 80 

Aprox. Nominal pore size (nm) 20 

Module diameter (mm) 250 

Module length incl. T-piece (mm) 2100 

Module arrangement  Vertical 

Feed connection (mm) 150 

Permeate connection (mm) 150 

 

Table 10 
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The backwash and CEB backwash values for the UF are shown in the table below: 

 

UF Backwash Value 

Backwash flux 230 lmh 

Adopted backwashing flow (VFD pumps)  2,300 m3/h 

No of backwash pumps 2+1 (per line 

common stand-

by) 

Backwash flux during CEB 120 lmh 

Flow during CEB 1,152 m3/h 

CEB duration ≈20min 

UF Backwash Tank volume 700 m3 
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The UF modules are vertically arranged in racks, in two (2) skids of 6 rows 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6  

 

The UF trains will be equipped with a differential pressure transmitter with a high differential 

pressure alarm. The vendor will give a datum of minimum trans-membrane pressure in UF 
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membranes where a backwashing sequence needs to be start, also backwash sequence 

base on time requirements. In filtering mode, the UF membranes are going to be filtrating 

until the pressure transmitter detects that this datum has approached and it will give the 

alarm to start the automatic backwashing sequence. 

 

An instrument station equipped with a manual sampling facility, online oxidation reduction 

potential (ORP), conductivity, turbidity and pH instruments will be installed on the common 

filtrate header feeding the RO racks to monitor filtrate quality prior to the RO membranes. 

 

 

Figure 7 

 

Trans-membrane Pressure Control via backwashing 

As the water passes through the membranes, the solids are retained on the surface, and the 

membranes become fouled. As a result of this fouling, the membrane loses more trans-

membrane pressure. The membranes are washed regularly to maintain these values. 

 

Membrane washing 

The membranes have to be cleaned to remove the solids retained on them. 

 

The membrane backwashing process is carried out without adding chemicals. Solids are 

removed and then drained to prevent an excessive built-up on the membranes. 

 

This washing is carried out with filtered water and can eliminate most of the solids retained 

by the system. Nevertheless, the particles stuck to the membranes that have an organic or 
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microbiological origin should be removed via chemical cleaning. 

 

The system has been designed with an average 7.0% of the flow to carry out the hydraulic 

cleaning of the membranes. This value is conservative compare to the recoveries provided 

by suppliers. Cleaning consists of two phases: washing and displacement. 

 

Lower displacement 

The filtering process is stopped closing the permeate valve and opening the lower 

concentrate valve. The solids are moved along the lower part. 

 

 

 

 

 

 

Diagram 1 

 

Diagram 1 

 

Displacement 

The lower entry valve and the upper exit valve open after a few seconds and the lower exit 

valve closes. 

 

 

 

 

 

 

 

 

Diagram 2 

In the backwash phase, a permeated water current is made to pass in the opposite direction 

to the filtering, from outside to inside. 
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Backwash 

Two independent backwash systems will be installed per UF building in order to provide the 

capability to perform two backwashing/CEBs simultaneously. When a backwash sequence 

starts, the backwash valve opens and a backwash flux of 230 lmh  is pumped to the UF rack. 

 

 

 

 

 

 

 

 

Diagram 3 

Diagram 3 

 

The filtered water that will be used for the hydraulic backwashing of the membranes will be 

stored in a dedicated tank of 700 m3 per UF building. The wash water flow is withdrawn from 

this tank by two (2) duty pumps per backwash system plus one (1) common standby pump. 

Therefore, five (5) backwash pumps will be installed per UF building. 

 

Chemical cleaning of the membranes 

Chemicals are dosed into the backwash water flow during the chemical cleaning and all 

substances that have become stuck to the membrane are removed in the rinsing phase. 

 

The membrane chemical washing sequence can occur in different phases, with a dose of 

sodium hydroxide, chlorinated water, or sulfuric acid in the backwash current. 

 

Chlorinated water 

Chlorinated water has to be dosed during the membrane washing chemical phase. 

 

The dose of active chlorine recommended by the manufacturer is 200 mg/l. 

 

Sulfuric Acid 

In the acid chemical cleaning phase, the pH has to be reduced to values ranging from 2 ±0.3. 
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For this purpose the dose recommended by the manufacturer is 1214 mg/l. 

 

Sodium hydroxide 

During the basic chemical cleaning, however, the pH has to be increased to values ranging 

from 10.1 ± 0.6. 

 

For this purpose the dose recommended by the manufacturer is around 94 mg/l with a 

concentration of 572.5 g/l. 

 

The chemical cleaning diagram is shown below: 

 

 

 

 

 

 

 

 

 

 

Diagram 4 

 

After carrying the chemical cleaning of the membranes, the concentrate is sent to the 

neutralization tank, where the cleaning effluents are neutralized for their subsequent 

discharge to the seal pit in order to be sent to the sea water return pipe line diluted into the 

plant effluent stream. The neutralization of the chemical cleaning is an automatic process, 

and the discharge to the seal pit will be decided by the operator.  

 

Integrity test with air 

An integrity test with air has been included in the system, to detect damaged membranes 

and guarantee a consistent quality of tested water. 

 

Direct connection between Ultrafiltration and Osmosis 

The water treated by the ultrafiltration is collected by two GRP collectors, from each 
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pretreatment buildings. 

 

Additional filtration by means of cartridge filters has not been considered as it is expected 

that the UF permeate quality is high enough to feed directly the RO membranes. 

 

The benefits include reduced operating costs as no cartridge filters need replacing and 

pressure losses do not have to be considered in the design. 

 

 

4.6. INLINE MIXING  

The injection done by quills will enhance the antioxidant mixing by means of sodium 

bisulphite and mixing of the dosed antiscalant. 

 

Sodium bisulphite is used for reducing the Cl concentration of the water before arriving to the 

RO membranes. 

 

Antiscalant dosing prevents precipitation of salts in the membranes. 

 

 

4.7. RO SYSTEM 

An instrument station equipped with semi-automatics SDI monitors, redox, conductivity, 

turbidity and pH, will be installed on the line feeding the RO units to monitor quality prior to 

the reverse osmosis membranes.  

 

4.7.1. RO System 

The RO system will be designed to produce permeate in compliance with the specification for 

the range of raw seawater design envelope, whilst maintaining high energy efficiency, 

operational robustness and flexibility.  

 

The RO system will be capable of operating within a variable range of temperature and 

salinity of seawater as shown Process Calculations. 

 

Projections for the different scenarios are included in the Process Calculation document. 
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The Reverse Osmosis design has been developed with the following specifications: 

 

- Inlet salinity will vary due to the second pass recirculation. 

- Additional production has been allowed for internal plant services and membrane 

displacement.  

- High energy efficiency. 

- Energy Recovery Device, with very high recovery efficiency. 

- Second pass to reduce chloride, boron and Total Dissolved Solids concentration at 

permeate water. 

 

Due to continuous chlorination in seawater intake, a new standby RO rack of 1st Pass shall 

be added including all necessary pumping and pipeline.  

 

The RO System compromises the following main elements: 

- Low Pressure booster Pumps (11 units and 2 standby pumps). 

- High Pressure Pumps (11 units and 2 standby pumps). 

- Energy recovery devices (11 units and 2 standby devices). 

- Energy recovery ERD booster pumps (11 units and 2 standby pumps). 

- Eleven (11) RO 1st pass trains plus two (2) standby RO trains. 

- Four (4) RO 2nd pass trains plus one (1) standby RO trains. 

- Four (4) RO 2nd pass feed booster pumps plus one (1) standby pump. 

 

High Pressure Pumps and recovery of reject brine energy 

The seawater is driven through the RO membranes at high pressure using the high pressure 

(HP) pumps. The discharge pressure and flow of the Low pressure (LP) pump is controlled to 

regulate the feed pressure to the HP pump by means of a variable speed driver. 

 

Low pressure pumps pump the sea water to HP pumps. Their features are shown on the 

following table. 

 

Low pressure booster Pumps 

Number of units 11+2 

Flow 1,192 m3/h 
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Pressure  16 bar(g) 

 

High pressure pumps pump the sea water to 1st pass RO. Their features are shown on the 

table above. 

 

HP Pumps  SP2 

Number of units 11+2 

Flow 1,192 m3/h 

Pressure  60 bar(g) 

 

The filtrated water reaches the RO system: 

 

- The pre-treated seawater flow that enters into each RO rack arrives divided into two 

currents. 

- One of the currents, with a flow rate slightly smaller than the permeate flow is pumped 

towards the membranes by the high pressure pump (HPP). 

- The other current goes into the energy recovery device (ERD), and it is pressurized 

inside it by the reject brine. The booster pump will then increase the pressure to 

overcome head losses in the reject pipe and to reach the required pressure in the RO 

rack inlet. 

� The differential pressure the ERD booster pump has to supply, according to 

the calculations, will be around 4.2 bar(g). 

 

 

ERD Booster Pump 

Number of units 11+2 

Flow 1,478 m3/h 

 

- As the membrane pressure drop varies with temperature, with time and with the 

amount of fouling, the reject brine pressure in the inlet of the energy recovery devices 

will also vary. This situation means that the differential pressure which the booster 

pump has to supply is going to be variable, depending on the temperature and the 

fouling condition of the membranes. Each pump has to be equipped with a variable-

frequency drive. 
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The energy recovery devices will be manufactured by ERI. Model PX-Q300 has been chosen 

from the existing sizes of energy recovery devices. The PX units have been designed for the 

maximum flow. In this situation, the rejected flow per rack is higher and the number of PX 

units should be higher as well to face this situation at the maximum performance point. 

 

 

Description 15ºC 35ºC 

ERD Efficiency (%) 96.6 95.8 

 

One of the selected ERD characteristics is that a very small amount of the reject brine is 

mixed with the pre-treated, increasing its salinity. 

 

The ERI’s manufacturer guarantees that the salinity of the membrane inlet of RO system  

equipped with ERI´s PX pressure exchanger  technology will not exceed the salinity of the 

system feed water  by more than 4% as a result of concentrate/feed water mixing in the PX 

device. This increase in salinity has been considered when calculating with the membrane 

manufacture's software both the pressures required at the membrane inlet and the expected 

salinity in the permeate.  

 

This lubrication flow approximately reaches 18 m³/h in each PX-Q300 unit installed in the 

recovery system. 

 

On the high-pressure pumps, the calculations carried out provide sufficient data to select the 

differential pressure to be supplied by both the booster and high pressure pumps.  

 

A. Reverse osmosis racks: 

 

As mentioned before, the reverse osmosis design for the RO plant consists of a two pass RO 

system. 

 

Pre-treated seawater enters the first RO pass. Permeate is extracted from the pressure 

vessels and it is used to feed the second RO pass.  
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The additional pressure required for the 2nd pass will be provided the 2nd pass booster 

pumps. 

 

The first RO pass will have a partial split, which means that part of the flow will come from 

the front of the RO rack and the first membranes of each pressure vessel. This stream has 

better quality and does not need to be treated in the second pass to achieve the required 

quality of permeate water.  

 

The rest of the first pass flow will come from the rear of the RO rack and the last membranes 

of the pressure vessel and it will require going into the 2ºnd pass for further treatment. 

 

This partial split RO design improves the RO design flexibility and overall energy 

consumption as only part of the first pass permeate (the worst quality fraction) will go into the 

2nd pass. 

 

Some design scenarios (especially at high temperature) will require that all 1st pass 

permeate flow to be pumped into the 2nd pass. At lower temperature scenarios only part of 

the permeate flow will go into the 2nd pass RO. 

 

B. Membranes  

The proposed membranes, with a high salt rejection and large membrane surface, are 

manufactured by TORAY. The membranes will be made of aromatic polyamide and with a 

spiral configuration. Offered membranes can be seen in figure 8. 
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Figure 8 

The characteristics of the membranes offered for pass 1 are: 

- Membrane manufacturer ................................... TORAY 

- Model offered  ................................................... TM820V-400 & TM820V-440  

- Configuration ..................................................... spiral 

- Membrane surface per module .......................... 400 ft² (37 m²) & 440 ft² (40.8 m²) 

- Typical salt rejection (cl-)  ................................. 99.5 % 

- Maximum pressure ............................................ 1,200 psi (8.27 MPa) 

- Maximum operating temperature ....................... 45 ºC 

- Operating pH ..................................................... 2-11 

- Dimensions of each membrane for both positions: 

o Diameter .................................................. 8” 

o Length ...................................................... 40” 

 

The characteristics of the membranes offered for the 2nd pass are: 

- Membrane manufacturer ................................... TORAY 

- Model offered  ................................................... TM720D-440 

- Configuration ..................................................... spiral 

- Membrane surface per module .......................... 440 ft² (40.8 m²) 

- Typical salt rejection (cl-)  ................................. 99.5% 

- Maximum pressure ............................................ 600 psi (4.1 Mpa) 

- Maximum operating temperature ....................... 45 ºC 

- Operating pH ..................................................... 2-11 

 

- Dimensions of each membrane for both positions: 

o Diameter .................................................. 8” 

o Length ...................................................... 40” 

 

The spiral membranes offered come in groups of seven units in “series”, inside the same 

pressure vessel. This way, the raw water feeds one of the ends of the pressure vessel, 

axially crossing the membrane situated in the first place. The rejected water passes to the 

next membrane where the same phenomenon occurs and so on until the seventh membrane. 
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The rejected water of this seventh element will be collected at the other end of the pressure 

vessel. 

 

The membranes distribution will be as shown in the table 15: 

 

1st PASS OF RO   

- Number of stages 1 

- No. of racks 11+2  

- No. of pressure vessels installed per rack 301 

- Total number of rows per rack 19 

- Total number of columns per rack 16 

- No. of membranes per pressure vessel 7 (2 No. TM820V-400 and 5 No. 

TM820V-440) 

The main operating characteristics of each rack 

of RO modules are as follows: 

- Recovery 

- Layout 

 

 

44.5%  

Pressure vessels for seven 

membrane elements 

2nd PASS OF RO 

- No. of racks 4+1  

1st Stage 

- No. of pressure vessels 234 

- No. of membranes per pressure vessel 7 

2nd Stage  

- No. of pressure vessels 73 

- No. of elements per vessels 7 

The main operating characteristics of each rack 

of each rack of RO modules are as follows: 

- Recovery 

- Layout 

 

 

87% 

Pressure vessels for seven 

membrane elements 

Table 15 
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C. Design Parameters 

An essential factor to considered when calculating and designing a seawater 

desalination plant is the evolution in time of both the transference of membrane salts 

and how dirty they are and/or deterioration with a view to being able to guarantee that 

the plant meets the values guaranteed throughout its entire useful life. 

 

To simulate the evolution in time of the membranes, three fundamental factors have 

to be established: 

 

- Replacement rate 

- Annual loss of flow 

- Annual increase of salt transference 

 

The values implemented for each of them and their justifications are as follows: 

 

Replacement rate 

The replacement rate is closely related to the life expectancy or average age of the 

membranes. The lower the life, the higher the replacement rate and vice versa. 

 

The annual replacement rate adopted for this project is 12%/year on cumulative basis 

for the 1st pass RO membranes (60% after 5 years) and 10%/year on cumulative 

basis for the 2nd pass RO membranes. 

 

Annual loss of flow 

The value of the rated annual loss of flow (NALF) due to the aging of the membranes 

adopted as a basis for the presented calculations is 7% for the 1st pass membranes 

and 5% per the 2nd pass membranes.  

 

Increase of salt transference 

As the membranes get older the membranes lose their permeability and salt rejection. 

 

This is due to several factors such as the compaction produced by the high pressures 

applied, accumulation on the surface of the membranes of colloidal elements that 

seawater carry over, mechanical or chemical deterioration of the active layer 
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produced by cleaning, etc. A value of 7% has been adopted in the calculation 

software for the annual increase of transference of salts. 

 

Chemicals 

Antiscalant will be dosed before 1st and before 2nd pass.  

 

As 2nd pass reject will be recirculated, the antiscalant dosing required in the feed flow 

to the first pass will be lower, the 2º pass recirculating flow already has antiscalant 

diluted.  

 

This way the total consumption of antiscalant will be minimized. 

 

Sulphuric acid will be shock dosed time to time on each rack before 1st Pass for 

reducing pH of raw seawater. 

 

Sodium Hydroxide (NaOH) will be dosed to increase the pH on the 2nd pass in order 

to facilitate the removal of Boron.  

 

D. Materials and instruments 

The rack’s high-pressure pipes will be made of superduplex quality stainless steel 

(PREN>40). 

 

The high-pressure plug valves will be made from ARFLU or equivalent and 

manufactured in stainless steel quality (PREN>40) to avoid any corrosion due the 

seawater. 

 

Valves and instrumentation 

In case that pre-treated seawater conditions are not admissible for the reverse 

osmosis modules, the high pressure pumps will be deactivated and there will be an 

automatic flushing of the seawater remaining in the membranes. For that purpose, the 

following automatic valves will be installed in the high-pressure pumps suction line: 

- Automatic valve for each HP pump shut-off 

- Automatic valve for outlet to backwash tank of the pre-treated water. 

- Automatic valve on the flushing water inlet pipe. 
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Each HP pump suction pipe and permeate outlet pipe will be equipped with an 

electromagnetic flow meter. 

 

Each HP pump discharge pipe will be equipped with a control valve to allow the 

progressive pressurization of the membranes according to a progressive curve. The 

control of this valve will be under the PLC orders, which will act according to the 

signals, received from the installed flow electromagnetic transmitters. 

Reagent inlet and outlet valves, and the rack’s by-pass valve to sea water return pipe 

line, will be automatic, so that if any of the lines accidentally trips (instrumentation 

failure, power cuts etc.) the displacement process starts automatically, without the 

intervention of any operator. 

 

We have also included: 

- Temperature probes in the pump bearings and motor wounds. 

- Pressure switch for protection against low pressure in the suction line. 

- Pressure gauges at pump discharge. 

 

All pressure vessels containing membranes are additionally equipped with three-way 

ball valves to sampling and diagnosis of the membranes. 

 

Finally, each rack will have a sampling panel, made of AISI-316 quality stainless steel, 

equipped with quick connection valves in the same material to control the quality of 

desalinated water produced by each pressure pipe. 

 

Membrane Cleaning System 

With operation, RO membranes become clogged and the production flow rate is 

reduced. Clogging can be caused by to colloidal matter, small precipitations, etc. To 

keep the clogging under control and restore some of the lost properties of the 

membranes, these must be periodically washed.  

 

The washing frequency is determined by the nature of the water and monitored by 

installed instrumentation (differential pressure transmitter DPT). 

 

The complete sequential washing lasts for 4-8 hours, depending on the type of 
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cleaning. 

 

To clean the membranes a series of chemicals as surfactants, citric acid, NaOH, 

EDTA, etc, (depending on the nature of the clogging substances) are prepared in the 

preparation tank. Washing will be carried out opening a series of valves and turning 

the washing pump to the closed circuit for several hours. After this time, the CIP tank 

is emptied and the rack is operated to check the washing efficiency. 

 

Two CIP systems, including all its equipment, shall be provided in order to have the 

possibility to perform two RO racks CIP at the same time, achieving higher availability 

 

The different equipment used in the CIP system are: 

 

Preparation tank 

For each CIP system, membrane cleaning chemicals are diluted in 2 No. CIP 

preparation tanks, which has a rapid mixer to facilitate the mixing, two (2) duty and 

one (1) standby dosing pumps are used to transfer the solution to the CIP tank. 

 

 

CIP tank 

The CIP solution will be prepared on each system in a GRP tank of 85 m³ where the 

different cleaning solutions will be prepared.  

 

CIP pumps 

Two (2) pumps plus one (1) standby per system will pump the cleaning reagents at 

1,520 m³/h and 5.5 bar(g). Its suction will be connected to both cleaning tank and the 

service water tank in order to perform both the cleaning and flushing. 

 

Cartridge filters 

One cartridge filter per system will be provided in order to retain any impurities from 

the clearing reagents before entering the RO. 

 

Neutralization tank 

A 100 m3 tank in GRP will be provided for the neutralization of cleaning chemicals. 
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Once membrane cleaning has been completed, the chemical solutions used will be 

sent to this tank and other chemicals will be dosed in order to neutralize these 

solutions before discharge. The neutralization process is fully automatic and the 

operator will decided if the characterization of the solution is admissible for the 

discharge.  

 

pH will be measured at the discharge line of in this tank. 

 

Flushing Pumps 

Should one of the RO trains stop (previous phase to CIP cleaning), and not re-start in 

a predetermined time, then one of the two (2) flushing pump will automatically start, in 

order to flush the seawater located inside the pressure vessels, pipes and pumps. 

 

The flushing pumps are the same as the CIP pumps, sharing the same stand by unit. 

Flushing pumps will take water directly from service water tanks.  

 

Service Water Tanks 

Two (2) permeate water storage tanks of 1,000 m3 capacity each will be constructed 

in the Reverse osmosis building. Water will be used for chemical dilution and 

membranes flushing among other applications.  

 

The service water system used to dilute the different chemicals will suction from this 

tank. 

 

4.8. CHEMICALS 

Based on our experience in designing and operating plants similar to this one, final dosing 

values will be fixed during the commissioning phase.  

 

All tanks will be installed in dedicated bounded areas with capacity for the whole storage 

volume.  

 

All tanks will be equipped with level switches. As a minimum: 

- High Level Switch: tank filling stop. 

� Low Level: tank filling required. 
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� Low Low alarm: stop dosing pump. 

 

Chemical dosing values are: 

 

  DOSING RATE (ppm) 

CHEMICALS SERVICE Average Maximum 

PRE-TREATMENT    

Sulphuric Acid pH control for coagulant 10 24 

Sodium Bisulphite Dechlorination before DAF 5.9 15 

Ferric chloride  Coagulation before DAF  0.5 3 

Ferric chloride Coagulation for UF before 

DAF 

1.5 7.3 

Sulphuric Acid Shock biological disinfection -- 160 

Antiscalant, 1st pass  Avoid salt precipitation 1 1.5 

Sodium Bisulphite Dechlorination before RO 5.9 15 

2nd PASS RO    

Sodium Hydroxide pH increase 15 35 

Antiscalant  Avoid salt precipitation 2 3.5 

WASTEWATER TREATMENT    

Polyelectrolyte Dewatering 0.5  1  

Ferric chloride  Coagulation before Sludge 

Clarifier 

15 30 

ULTRAFILTRATION (CEB)    

Sulfuric acid UF CEB 1214 - 

Sodium Hydroxide UF CEB 94 - 

Sodium hypochlorite UF CEB 200 - 

 

4.8.1. Sodium hypochlorite dosing 

Sodium hypochlorite is used to clean the UF membranes. Each set of membranes will need 

to be cleaned periodically according to the UF membrane manufacturer frequency to perform 

this type of cleaning. 

 

The effluents generated by cleaning activities will be discharged into neutralization tanks 
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where they will be treated prior to being disposed to the seal pit, for posterior discharge to 

the see. 

 

Sodium hypochlorite will be stored as a liquid in four (4) tanks of 20 m3; i.e. over 45 days 

storage.  

 

4.8.2. Sulfuric Acid Dosing  

Sulfuric acid will be dosed for three different purposes: 

 

The first purpose is to shock dose each RO rack. Dose will last 60 min per week and will get 

the pH down to 4, in order to avoid biofouling in the membranes.  

 

The second purpose is to clean the UF membranes. Each set of membranes will need to be 

cleaned periodically according to the frequency recommended by the UF membrane 

manufacturer to perform this type of cleaning. 

 

The third purpose is to adjust the inlet seawater pH to improve the coagulant properties. This 

will be a continuous dose.  

 

Storage tanks will be shared for all applications. Sulfuric acid will be stored as a liquid in two 

(2) tanks of 40 m3; i.e. over 45 days storage.  

 

To avoid getting moisture, the sulfuric acid tank will include a silica gel drier that will remove 

any moisture entering into the tank. 

 

The tanks will be installed in bounded areas with enough capacity for the whole volume of 

each tank. That will prevent any contamination case any leakage or the breakage of the tank 

itself takes place. PVDF or PTFE lined carbon steel materials will be used for the sulfuric 

acid dosing system because their good physical, chemical and thermal properties. PVDF 

pipes, fittings and valves are commonly used in the industry for acids, chloro-fluorinated 

solvents and hydrogen peroxide.  

 

Dedicated pumps (including standby units) will be installed for each application. DAF dosing 

will be fully automatic and regulated by the pH-meters installed in the intake chamber, as well 
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as in the DAF influent channel. UF CEB dosing will also be automatic and will be initiated 

based on the timing recommended by the manufacturer. RO shock dosing will be a manual 

operation that will be initiated by the operator when required.  

 

4.8.3. Coagulant Dosing 

Ferric chloride is proposed as the prefer coagulant. This reagent, required for a proper 

performance of the DAF system is used to destabilize the suspended and colloidal inorganic 

and organic material present in raw water, forming flocs that can be easily removed. 

 

The amount of ferric chloride necessary for coagulation depends on the quality of the 

seawater to be treated. Parameters such a pH, temperature, concentration of suspended 

solids in water, hardness, and alkalinity affect the type and amount of coagulant needed. In 

the case of red tide events, higher dosing rates will be required.  

 

Ferric chloride will be injected into the feed water by means of dosing quills prior to reaching 

the flocculation chambers of the DAF system. Ferric chloride will be dosed in the feed of the 

DAF for UF purposes, given enough time before reaching the UF. Also it will be dosed as 

coagulation aid for DAF sludge before sludge clarifier. 

 

Ferric Chloride will be stored as a liquid in three (3) tanks of 53 m3 tanks i.e. over 45 days 

storage.  

 

4.8.4. Sodium Bisulphite 

Due to the sensitivity of the membranes to strong oxidants, sodium bisulphite will be dosed to 

neutralize the free chlorine used in pretreatment. 

 

The dosing rate will depend on the disinfectant dose used upstream of the process. Roughly, 

twice the concentration of disinfectant used is needed 

 

For injection of sodium bisulphite, two options shall be provided: one option is the injection 

before DAF system for dechlorination of raw water from intake and second option is to inject 

downstream the ultrafiltration.  

 

Redox and chlorine analyzers will be installed before the membranes to ensure total absence 
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of chlorine in the flow.  

 

Sodium bisulphite will also be used in UF CEB neutralization, this will be done automatically.   

 

Sodium bisulphite will be supplied both as a solid and liquid. Sodium bisulphite storage as 

liquid will be in three (3) tanks of 40 m3 and in solid will be storage in 129 pallets of 25 kg 

bags  for a total storage time of 45 days. 

 

The sodium bisulphite solution will be prepared in 2 No. preparation tanks. Dosing pumps will 

suction from either the preparation tanks and storage tanks and all equipment and tanks will 

be located in the chemical building.  

 

4.8.5. Antiscalant 

Without some means of upstream scale inhibition, RO membranes and their flow passages 

will foul due to the scaling of different salts (like calcium carbonate, barium sulphates, etc).  

 

Antiscalant for the 1st Pass RO racks will be dosed by injection quills in the pipe the 

ultrafiltration. Antiscalant for the 2nd Pass will be dosed in-line static mixer in the suction of 

the 2nd Pass booster pumps.  

 

4.8.6. Sodium Hydroxide 

Sodium hydroxide will be dosed with two different purposes: 

 

On one side, It is used to clean the UF membranes. Each set of membranes will need to be 

cleaned periodically according to the frequency recommended by the UF membrane 

manufacturer to perform this type of cleaning. 

 

And prior to the second pass RO in order to increase the pH of the water and help in the 

rejection of boron. Dose rate will be in around 15 ppm, being higher during summer. 

 

Sodium Hydroxide will be supplied as a liquid with 50% purity. Storage tanks will be shared 

for all applications. Sodium hydroxide will be stored as a liquid in six (6) tanks of 56 m3; i.e. 

over 45 days storage.  
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4.8.7. Polyelectrolyte 

Polyelectrolyte will be dosed for waste and sludge treatment for flocculation aid and for 

sludge dehydration aid upstream the sludge centrifuges. 

 

 

4.9. WASTE WATER TREATMENT 

The different process included in the main process line will have secondary flows. Some of 

them will be sent directly into the outfall, as their characteristics are similar to the seawater 

ones and do not have any environmental impact. Others, however, will require a specific 

treatment in order to reduce the solids concentration before being discharged back into the 

sea.  

 

Secondary flows in the plant consists of:  

• Floated sludge from DAF system.  

• Backwashed water from disc filters and UF*. 

 

These flows will be treated in Waste Water Treatment Building.  

*Backwashed water from disc filters and UF could be discharged directly to the seal pit if the 

mixing with other streams into the seal pit complies with environmental regulations.  

 

The design basis for the sludge treatment system is the removal of the suspended solids with 

the help of two sludge clarifiers and three dewatering centrifuges.  

 

4.9.1. Sludge Clarifiers 

The proposed solution consists of a two sludge clarifiers, followed by sludge holding tank and 

a dewatering stage in centrifuges. 

 

Solids will gather together into flocs in the flocculation chambers of the clarifiers. The 

clarifiers will encourage these flocs (of a large size) to floated, from where they will be easily 

removed.  

 

Floated sludge will be removed automatically by scrapers and will be floated to the sludge 

tank. 
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4.9.2. Floated sludge tank 

Floated sludge from the sludge clarifier system will be pumped to the floated sludge tank.  

 

The tank will be a rectangular one made of concrete with a slope bottom which will 

encourage  the settlement into a certain area, so that the sludge pumps can take the settled 

material to the thickening stage. 

 

Three pumps will be installed.  

 

Operation requirements are: 

• Under average conditions 1 units centrifuge unit on duty + 2 units stand-by.  

• Under algae bloom events, when the solid concentration increases considerably. 3 

pumps work on duty.  

 

In order to clarity, average conditions are as RFB parameters with TSS concentration of the 

raw seawater of 5 mg/l. 

 

Algae blooms events refers to unusual water quality (e.g. algae bloom or elevated oil 

concentrations in the intake sea water). Average algae bloom (red tide) is under 20 mg/l of 

TSS (operation philosophy is 2 centrifuges on duty + 1 stand-by). Unusual algae bloom is 

considered as 30 mg/l of TSS.  

 

Under an extreme algae bloom of 30 mg/l the floated sludge tank has a buffer time around 4 

days in which the operation is 2 centrifuges on duty + 1 stand-by and if the event exceeds 

this duration, then 3 centrifuges will need to be operated on duty. The duration of this 

extreme conditions is not expected to be over 5 days. 

 

4.9.3. Dewatering centrifuges 

Centrifuges will dewater the sludge from a minimum dryness of 3% to 20% or more. 

 

Operation requirements are: 

• Under average conditions the centrifuge will work 5 days a week, 20 hours a day 

• whereas during algae bloom events the centrifuge will work continuously, 7 days a 

week, 24 hours a day 
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Each centrifuge has its own feeding pump (screw type). A standby pump will be also installed. 

Furthermore, each centrifuge will have its own polyelectrolyte production and dosing unit.  

 

The wetted parts of centrifuge in contact with sludge shall be made of Duplex.  

The dry sludge will be stored in the containers foreseen for this purpose.  

 

Concentrate from the centrifuges will be pumped to the outfall.  

 

 

5. REMINERALIZATION 

The remineralization area is designed to treat the 33% of the permeate flow to be treated 

thorough the limestone filters, being the 67% bypassed. The treated water and bypass 

stream will be blended on line by passing through a static mixer. 

 

CO2 absorbers and limestone contactors will be used in order to remineralize the water 

according to the required potable characteristics. 

 

The result potable water will comply with the latest version of water quality requirement: 

“Water Quality Requirements and Conditions for Drinking Water Producer Companies” from 

July 2013. 

 

A summary of the main parameters for the potable water are: 

 

TDS (mg/L) ............................................ 110 – 250 

pH  ........................................................ 7.0 - 8.3 

Hardness (mg CaCO3/L) ........................ 65 – 120 

Alkalinity (mg CaCO3/L) ......................... 60 – 120 

Turbidity (NTU) ....................................... < 1 

LSI  ........................................................ +0.0≤ LSI ≤ +0.3 

 

Normally the parameters that restrict the remineralization design are the LSI, alkalinity, pH 

and TDS concentration.  
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Remineralization consists of a rehardening stage followed by another stage of disinfection.  

 

As part of rehardening, CO2 gas will be injected into part of the permeate water that will be 

pumped to the CO2 absorber by the CO2 absorber booster pumps. This will be around 20% 

of the 33% side flow. After the CO2 has been dosed, the acidified permeate water will be 

mixed with the remaining boosted permeate water in an inline static mixer and subsequently 

it will enter the limestone filters.  

 

The acidified carbonated water from the limestone filters still contains some excess CO2 gas, 

resulting in a too low pH value in the final product water. A Degasser Tower will be used to 

eliminate the remaining excess of free CO2 in the Acidified Carbonated Water before the 

NaOH solution injection. 

 

After the excess of CO2 has been removed, carbonated water is finally blended with the main 

permeate by-pass. In order to eliminate the remaining CO2 in the product water, a solution of 

NaOH is dosed into the water. 

 

The disinfection will be done by chlorine dioxide dosing. Both the NaOH and chlorine dioxide 

dosing points will be located just before the potable water tanks into a static mixer in order to 

enhance the mixing. 
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5.1. MAIN PARAMETERS 

Remineralization is based on following details 

 

 

Description Parameters 

- Fluid Permate from RO plant 

- Total flow (m3/h) 11,365 

- Flow through limestone filters (m3/h) 3,751 

- Bypass Flow (m3/h) 7,614 

- Percentage of flow through lime filters (%) 33 

 

 

5.2. CO2 PRODUCTION FACILITY 

The required CO2 dosing parameters are: 

 

CO2 production/dosing Parameters 

CO2 Plant dosing capacity 750Kg/h 

Maximum dosing rate 52.8 ppm (over total flow) 

Average dosing rate 41.3 ppm (over total flow) 

 

The CO2 production system offered is designed to produce CO2 gas from the specified fuel 

combustion process and provide a final liquid CO2 quality > 99.9 % vol/vol purity. 

 

The CO2 production facility will provide a final liquid product quality meeting the standards 

prescribed by the International Society of Beverage Technologists (ISBT) 2001 Quality 

Guidelines for Liquid Carbon Dioxide (CO2): 
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The CO2 production facility has been designed to operate with a light diesel oil or with 

Natural Gas, in order to produce the required CO2. 

 

The fossil fuels will comply with Gas Specification stablished on Facility D RFB Part V – C – 

FSA_Appendix 1. See this document Appendix B for further information of this specification. 

 

Principle of Operation 

 

To produce the gaseous CO2, the CO2 production facility generates CO2 by burning fossile 

fuels such as light diesel, natural gas and /or kerosene in a combustion system specifically 

designed with a dual purpose: 

• First, to produce flue gas that consists of water vapor, CO2 gas and N2 gas.  

 

• And second, to produce the necessary heat required for the process of regenerating 
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the amine solution used for CO2 absorption. 

 

The burner has been designed to operate by precise control of air and flue flow to perform a 

combustion which results in a mixture of water vapor, CO2 gas and low oxygen content in the 

flue gas. Then, upon exit of the burner the flue gas is cooled through a flue gas scrubber to 

wash the gas of sulphur and reduce the flue gas temperature to optimize the absorption in 

the CO2 extraction system (absorption and stripping). 

 

Flue gas enters the extraction system, first to the absorber tower where CO2 gas is extracted 

from the flue gas by absorption into a MEA solution. Once the CO2 gas is entrained within the 

liquid MEA (Rich MEA), the liquid is pumped via a MEA heat exchanger to the stripping tower 

of the extraction system. The Rich MEA is properly distributed at the top of the stripper tower 

and using the heat produced during combustion in the burner, liberates the CO2 gas from the 

rich MEA solution at a controlled discharge pressure for further processing, rendering the 

MEA solution lean with no CO2 present and ready for absorption of gas again. 

 

The CO2 gas is cooled by the product gas cooler using water as the medium to a 

temperature suited for processing the constant flow, constant pressure, of the 99.9% pure 

CO2 gas stream. 

 

The cooled and pure CO2 gas is then introduced to the CO2 gas compressor package which 

compresses the CO2 gas from atmospheric conditions to around 16-19 barg. Once 

compressed, the CO2 gas is purified by means of a potassium permanganate solution, dried 

by adsorption using specially designed towers and desiccant adsorption material to a dew 

point of -60/-50 ºC at atmospheric pressure, suitable for CO2 gas condensing. Once the gas 

is dried it is treated by active carbon before liquefaction. 

 

Compressed, purified, dried, pure, odor free, color free CO2 gas is the converted from 

gaseous to liquid product by refrigeration in a condenser by use of an environmentally safe 

refrigeration medium which uses a self-contained system. 

 

Liquid CO2 is stored in 2 No. CO2 tanks equipped with an inner vessel. Where pressure will 

remain stable using a vacuum insulation. The tanks will provide a storage capacity of a 

minimum of 7 days. 
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The pumps, blowers, compressor system and drying system will be provided with a standby 

unit, in order to ensure the continuous operation of the production unit should one of the units 

fail. 

 

CO2 Dosing SYSTEM 

 

The stored liquid CO2 is vaporized and taken to ambient temperature by atmospheric 

vaporizers, the gas will then be filtered. 2 No. duty/standby dosing lines will be provided. 

 

The vaporized CO2 will be connected to the correspondent control board in order to enable 

the expansion, measurement and regulation of the carbonic gas in terms of the CO2 dosing 

flow. The dosing flow shall be flow proportional, based on the product flow. 

 

5.3. CO2  ABSORPTION SYSTEM 

 

CO2 dosing will be carried out in a by-pass of the main line (around 20% of the 33% by-

passed stream) where the CO2 is injected at the top a CO2 absorber tank that guarantees 

injecting gasified water without free bubbles. Inappropriate injection of CO2 would cause an 

uneven distribution among the different limestone filters. To avoid this problem a system that 

guarantees the dilution of CO2 prior to injection in the main inlet pipe is proposed. The 

permeate water and injected CO2 will flow through a packed media to maximize the 

dissolution of the CO2 gas.  

 

1 No. duty tank and 1 No. standby tank will be provided. The tank characteristics are shown 

below: 

CO2 absorber tanks Parameter 

Tank diameter (m) 2.2 

Tank cylindrical height (m) 4.22 

Tank material Carbon steel (ebonite lined) 

Packing material Plastic 

Packing height (m) 2.5 

 

The absorber will be designed for a constant water flow rate. The feed pumps will adjust the 
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speed to match the required flow rate at a given pressure. 

 

The injection pressure will be defined by the main pipe operational pressure. 2 No. duty 

booster pumps and 1 No. pump in stand-by mode will add the extra pressure required. 

 

5.4. LIMESTONE FILTERS 

The CO2 absorber effluent will be blended with the remaining boosted by-pass stream in a 

static mixer. The limestone feed booster pump speed will be adjusted to maintain a set 

pressure in the feed to the limestone contactors. 

 

The next process is the addition of temporary hardness. This is achieved by passing the 

carbon dioxide enriched permeate through limestone chips in a battery of pressurized filters 

connected in parallel.  

 

The following chemical reaction will occur: 

 

 

 

CaCO3 is provided inside the limestone filters as a powder of suitable grain size, while CO2 

and H2O are those resulting from the previous absorption process. As result of the chemical 

reaction, acidified carbonated water at filters outlet will reach the required level of alkalinity. 

There are 9 limestone filters, 8 will be in operation and 1 will be stand-by. 

 

Limestone filters Parameter 

Number of Limestone Filters 9+1 

Filter diameter (m) 5.2 

Filter initial height (m)  4.3 

Total flow (m3/h)  3,751 

Flow per unit (m3/h) –  417 

Filtration rate (m/h)  19.6 

Contact time (min) – duty only 13.1 

 

The filters operate in down flow mode: the acidified permeate water will enter from the top pf 

the filter and hardened permeate will leave at the bottom. The depth of the media will be 
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selected to provide the specified increase in calcium alkalinity at all operating conditions and 

taking into account a minimum recharging interval of 7 days during normal operation. The 

volume of the limestone bed of each filter has been selected in order to guarantee a 

minimum water residence time of 10 minutes. 

 

Limestone filter backwashing 

 

The limestone filters will be periodically backwashed to eliminate the impurities contained in 

the commercial calcium carbonate product, which are deposited in the bed. The backwash 

frequency will be time based. The backwash water will be withdrawn from the permeate 

water stream and will be valve controlled. The permeate water pressure will be sufficient to 

ensure an adequate backwash of the bed. 

 

2 No. duty/standby blowers will be provided to perform an air scour as part of the filter 

cleaning sequence.  

 

The backwash sequence will consist of the following steps: 

1. Drain down 

2. Air scour 

3. Air scour + backwash 

4. Backwash 

 

Limestone filter sludge treatment 

 

The dirty backwash water will be collected in 2 No. duty/standby sedimentation tanks. After a 

set settlement time, 2 No. duty/standby backwash water recovery pumps will return the 

supernatant to the limestone filter outlet, via 2 No. duty/standby cartridge filter vessels. 2 No. 

duty/standby submersible pumps will pump the sludge settled at the bottom of the tank to the 

sludge drying beds. The liquors from the sludge drying beds will gravitate to the 

neutralization pit, for posterior discharge to the seal pit. 

 

Limestone filter recharging system 

 

The limestone level will progressively decrease due to the chemical consumption and a 
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periodical recharge will be required, in order to keep a minimum bed level. The recharging 

process will be followed by a backwash, according to the following sequence: 

1. Drain down 

2. Recharging 

3. Air scour 

4. Air scour + backwash 

5. Backwash 

The fresh limestone will be transferred manually from the storage area to the limestone 

receiving hopper. A rotary valve will adjust the limestone dosing rate, that will be discharged 

via a screw feeder to the limestone feed regulating tank. The limestone will then be dosed 

into the recharging carrier water via an ejector. Limestone effluent water will be pumped via 2 

No. duty/standby recharging water pumps to serve as carrier water for the recharging 

process.   

 

The main parameters of the recharging system are summarized in the table below: 

 

 

5.5. DEGASIFYING SYSTEM 

At the outlet of the limestone filters, the acidified carbonated water still contains some excess 

CO2 gas, resulting in a too low pH value in the final product water. 

 

In order to minimize the consumption of caustic soda (used for pH adjustment) in the total 

flow stream, the hardened permeate will gravitate to the atmospheric degasser tower. The 

recovered limestone backwash water will also be blended with the limestone effluent 

upstream the degasser tower. In this tower, acidified carbonated water is in direct contact 

with air that is fed from a degasser tower fan. The air removes the remaining excess of free 

CO2 before performing the dosing injection of NaOH solution. Stripping the excess CO2 gas 

results in an increased pH in the degasser tower effluent water. 

 

The degasser towers will be a counter current flow type, equipped with suitable fans for air 

blowing. 1 No. degasser will be provided on duty and 1 No. degasser on stand-by with 1 No. 

air blower and 1 No. air blower in stand-by mode. 

 

Degasser tower fans are designed for 100% capacity, having 1 No. fan in operation mode (in 
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one tower) and 1 No. fan in stand-by mode (in the stand-by tower). The fan flowrate will be 

adjusted according to the product flowrate and temperature. 

 

Degasser tower effluent will gravitate to a concrete tank located below the towers. 2 No. 

duty/standby degasser tower extraction pumps will pump the degasser effluent to the product 

line, where it will be blended with the main by-pass stream upstream the chemical dosing. 

The pumps will be controlled to maintain a constant level in the degasser tower basin. 

 

A chemical cleaning system will be provided consisting of 1 No. acid tank, 1 No. acid recycle 

pump and pipework to perform occasional manual cleanings to the tower if required. 

 

5.6. CAUSTIC SODA DOSING SYSTEM 

As indicated above, degasified water is blended with the main permeate by-pass. The mixing 

occurs in an in-line static mixer. A solution of NaOH is injected to the final product water in 

order to eliminate the remaining CO2 content, and adjust the pH. 

 

The CO2 consumption is determined in accordance with the following chemical reaction: 

 

 

The reaction produces Na+ and HCO3
- ions. 

 

In order to comply with the product water specifications, the NaOH injection point is located 

immediately after the injection point of carbonated water on the by-pass line and before the 

in-line mixer.   

 

A solution of 50% NaOH is stored in 2 No. NaOH storage tanks, which are filled with a 

loading pump directly connected to truck. The storage tank is electrically heated to prevent 

sodium hydroxide crystallization. The tanks provide 45 days storage capacity.  

 

3 No. duty/duty/standby sodium hydroxide dosing pumps are used to inject the solution into 

the main potable water header. The dosing flow will be adjusted based on the potable water 

flow. 

 

A second set of 2 No. duty/standby pumps will be used to pump the solution to the 
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neutralization tank. The dosing flow will be fixed and the pumps will start and stop based on 

the neutralization tank pH, monitored by an operator. 

 

 

5.7. DISINFECTION SYSTEM 

The disinfection will be done by chlorine dioxide dosing. One dosing point will be provided for 

disinfection, just after the sodium hydroxide injection and before the in-line mixer. 

 

The chlorine dioxide (ClO2) is generated by dosing two reagents, sodium chlorite (NaClO2, 

31%) and hydrochloric acid (HCl, 31-33%), into underwater type reaction chambers. These 

reagents are injected by dosing pumps, 1 No. pump in operation and 1 No. pump in stand-by, 

for each reagent type. The reagents will be stored in liquid form in 1 No. storage tank each, 

which provides 45 days storage. The tanks will be filled by 1 No. loading pump for each 

reagent, directly connected to truck. 

 

The reaction that takes place is the following: 

 

 

 

The reaction occurs in a small reaction chamber installed inside a water jacket pipe in which 

the dilution water flows continuously. The formed chlorine dioxide is immediately dissolved in 

the dilution water flowing right outside the reactor. The dilution water will be withdrawn from 

the permeate line. 

 

The required chlorine dioxide dose rate will be calculated based on the potable water flow 

rate and a given target dose (see table below). The system will then calculate the required 

amount of reagents to generate the necessary amount of solution.  
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Image: Underwater reaction chamber 

 

5.8. NEUTRALIZATION SYSTEM 

 

All chemical drainages of the remineralization area will be discharged into the neutralization 

pit for neutralization before being pumped to the seal pit via the dump water pipe. 

 

The neutralization pit will be equipped with a service air scour system in order to mix the 

liquid streams. This system shall be used during the neutralization system operation in order 

to improve the mixing of chemicals with the fluid to be neutralized. The procedure shall be 

performed by the operator according to the following steps:  

 

The first stage of neutralization procedure is the liquid recirculation into the pit by the effluent 

transfer pumps in order to achieve proper mixing and monitor the pH value of the 

homogeneous mixture. 1 No. duty submersible pump and 1 No. stand-by submersible pump 

will be provided. According to the measured pH value, acid or sodium hydroxide will be 

injected into the pit while the effluent transfer pump continues in recirculation mode. The acid 

will be provided from a dedicated acid storage tank, from which the solution will gravitate into 

the pit. The sodium hydroxide will be provided from the main storage tanks, as indicated 

above. 

 

The second stage of the neutralization procedure consists on transferring the neutralized 

solution to the seal pit via the dump water pipe. 
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6. AUXILIARY SERVICES 

6.1. SERVICE WATER 

Service water will be stored in two (2) tanks of 1,000 m3. 

 

For the supply of service water, two (2) pressure groups consisting of two pumps each (1 

duty +1 standby) will be provided. The pump capacity is 100 m3/h at 5.5 bar(g) pressure 

designed to maintain a constant pressure in the service water pipes. 

 

The pressure group will also include a compensation tank to help buffer pressure variations. 

 

The remineralization plant service water shall be provided directly from the permeate header, 

mainly to the CO2 production plant other occasional requirements. 

 

 

 

6.2. AIR COMPRESSORS 

A set of two (2) No. duty and one (1) standby air compressors is provided to supply 

compressed air for UF membrane air integrity test and pneumatic valves operation.  

 

The compressed air is supplied around the Desalination Plant Site by a distribution pipework 

designed specifically for pressurized air. The same set of compressors will provide the 

required service air for the remineralization plant. 
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Appendix E – Potable Water Quality 
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Appendix F – Magnitude of Impact  

Likelihood of impact 

Consequence of impact 
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Table F-1: Likelihood of impact 

Likelihood Rating  Explanation 

5 – Almost Certain The impact is expected to occur in most circumstances 

4 – Likely The impact will probably occur in most circumstances 

3 – Possible The impact could occur 

2 – Unlikely The impact could occur but is not expected 

1 – Rare The impact may occur only in exceptional circumstances 

 

Table F-2: Consequence of impact 

Consequence 
Rating 

Explanation 

Magnitude  Permanence  Reversibility  Example 

A – Insignificant Only within 
the project 
site 

No change or 
Temporary 

No change or 
reversible 

 Negligible and short term disruption to flora, fauna, habitats 

 Minor soil erosion 

 Temporary nuisances form emission / minor injuries requiring self-administered first aid. 

 No health effect on surrounding communities 

 Minimal use of energy and natural resources 

 Generation of non-hazardous wastes 

 Minor repairable damage to structure 
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Consequence 
Rating 

Explanation 

Magnitude  Permanence  Reversibility  Example 

B – Minor Only within 
the project 
site 

Temporary Reversible  Minor impact on fauna, flora and habitat at non-ecologically sensitive areas 

 No significant loss of land / marine resources 

 Minor emissions with no lasting detrimental effect 

 No health effect on surrounding communities 

 Significant use of energy and natural resources 

 Minor infringement of cultural values 

 Minor injuries requiring on-site treatment by medical practitioner  

C – Moderate Effect to 
areas 
immediately 
outside the 
project site 

Permanent Reversible  Significant changes in flora and fauna communities (e.g. population, biodiversity), but 

yet to resulting in eradication of endangered species 

 Impact on the ecosystem is short-term (less than one year) 

 Non-persistent but possibly widespread damage to land which could be remediated 

without long-term loss 

 Minor health effect on surrounding communities 

 Localised persistent damage 

 Emission at significant nuisance levels 

 Generation of hazardous wastes 

 Significant infringement of cultural values 

 On-going complaints raised by the surrounding communities 

 Serious injuries requiring off-site treatment by medical practitioner or immediate 

evacuation to hospital 
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Consequence 
Rating 

Explanation 

Magnitude  Permanence  Reversibility  Example 

D – Major Regional or 
national 
change or 
effects 

Permanent Irreversible  Continuous and serious damage by erosion 

 Significant impact on ecologically sensitive areas / protected areas (e.g. causing death) 

 Emission due to uncontained release, fire or explosion 

 Significant health effect on surrounding communities 

 Significant damage to the structure, infringement of cultural values 

E – Catastrophic Regional, 
national or 
international 
change or 
effects 

Permanent Irreversible  Long-term and extensive change in the habitats, population of flora and fauna and 

biodiversity, eradication of endangered species 

 Depletion of groundwater resources 

 Extensive chronic discharge of persistent hazardous pollutants / transboundary 

dispersion of the pollutants 

 Significant quantities of hazardous wastes generated 

 Irreparable damage to highly valued buildings / structures / location of cultural 

significance 

 Death in surrounding communities 

 Multiple fatalities 
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Appendix C – Overall Plot Layout 
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Appendix D – Detailed Process Description 
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1 Project Outline 
1.1. Project Outline 

The site for the  RO Expansion Plant and related BOP is located 15 km south of 
Doha, close to the town of Al Wakrah, adjacent to the Qatar Economic Zone 3 
(QEZ 3) and within the Umm Al Houl Plant boundary. 
This proposal document has been prepared by Samsung Corporation (hereinafter 
called as “EPC Contractor”) for the state of Qatar(hereinafter called as “Qatar”) for 
the supply, construction and test & commissioning of equipment and services of the 
BOP as specified in this proposal document for the RO Expansion Plant Project in 
Qatar.  
The design features of the BOP for the RO Expansion Plant have been carefully 
considered, resulting in an optimum balance between capital cost, plant 
performance, as well as operation and maintenance benefits.  
 

1.2. Brief Description of Project 
In brief, the scope of supply for the offered BOP consists of the following major 
equipment in total for the plant: 

 
• DI pipe work including Tie-in chambers & interconnection chambers to 

interconnect KM’s third (3rd) transmission pipeline to the existing two 
1600 mm transmission pipeline within the Facility. 

• Brine pit with three (03) Brine injection pumps.   
• Two (02) PWF pumps, one in each PWFP house.   
• Piping system with required valves for the following. 

• Seawater supply to the RO Expansion Plant 
• Brine discharge to the Brine pit from the Existing & RO 

Expansion Plant. 
• Potable water supply from the RO Expansion Plant to the 

existing four (04) Reservoirs. 
• Modification to the PWFP houses’ suction and discharge 

pipes, if necessary. 
• Others as required.  

• Control systems as required. 
• Electrical equipment and systems as required. 
• Auxiliary and ancillary equipment such as fuel gas supply facility to the new 

CO2 generation plant. 
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• The redundancy concept is applied for the critical equipment. The failure of 
any single critical equipment will not result in a consequent reduction in the  
RO Expansion Plant’s production.The non-rotating BOP such as tank, 
transformer, crane and condenser is not considered as the critical equipment. 
Therefore, the redundancy for those equipment is not applied.   

• Civil works, and various buildings as required 
The EPC proposal includes the engineering, procurement, construction, erection, 
testing & commissioning and handing over of the plant. This document describes 
the details about our proposal for the BOP of the  RO Expansion Plant.   
*Note: The Sub-supplier used by the OEM shall not be subject of any approval. The 
proven sub-suppliers will be used by the OEM for the offered scope. 
 
 

2 General Description and Main Features of The BOP for the RO 
Expansion Plant. 

The Project does not involve a separate seawater intake and outfall facility. The 
seawater supply to the  RO Expansion Plant is sourced either from the existing 
Circulating Water (CW) system to the four (04) steam turbine condensers or from 
the existing RO seawater supply Pumps or a combination of both depending on the 
operating scenarios of the Existing RO Plant . The volume of seawater extracted 
from the CW system for the RO Expansion Plant is compensated by reinjecting the 
rejected brine discharge from the Existing and the RO Expansion Plant into the 
same CW system at the downstream of the supply take off point. 
The existing brine outfall pipes (05) shall be able to accommodate the increased 
volume of discharge from the RO Expansion Plant. 
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2.1. Brief Description of the Main Systems 
2.1.1 Seawater supply to the Expansion RO Plant. 

The seawater supply to the RO Expansion Plant is sourced from the existing 
Circulating Water (CW) system to the steam turbine condensers of Block 10 & 
Block 20. The eight (08) CW pumps supply the CW to Block 10 & 20 headers, 
four (04) for each of Block. Two (02) CW pumps in each Block supply CW to 
each Steam turbine condenser in a 2 x 50% arrangement per steam turbine 
condenser. 
The Block 10 CWPs discharge through DN 1600 lines before merging into a DN 
2250 common header while the Block 20 CWPs discharge through DN 1600 lines 
before merging into a separate DN 2250 common header.  
Each Block’s header has a DN 2250 connection from the Redundant pumps, and 
two (2) DN 2200 supply lines to the condensers. 
The two (02) redundant pumps, one for CW system and the other for the MSF 
system, are interconnected for flexibility of operation.  
Each CWP Block header has two DN 1600 connections from the CW redundancy 
header with isolation MOVs. Each DN 1600 connection is sized for the flow of 
one (1) pump and has a restriction orifice upstream of its MOV. Each of the DN 
1600 line has a extraction line with MOV that supplies seawater to the Expansion 
RO Plant. The one of the MOVs equipped with by-pass valve at each block is 
mainly for the initial filling of the lines. The two (02) extraction lines from Block 
10 merge into one common line that supplies the seawater to the RO Expansion 
Plant and similarly, the extraction line from Block 20 merge into the other 
common line that supplies seawater to the RO Expansion Plant. The two (02) 
common lines are independently supplying seawater to the RO Expansion Plant.  

 
 

2.1.2  Brine Injection to the CW system 
 

The reduced volume being supplied to the condensers due to the extraction to the 
RO Expansion is made up by reinjecting the rejected brine discharge from the 
Existing and the RO Expansion Plant into the same CW system at the downstream 
of the supply take off point and into the Condensers inlet lines. 
It is estimated that the volume of rejected brine from both the Existing and the RO 
Expansion Plant will be enough to balance the seawater extracted from the CW 
system. 
The brine discharge from both the RO Plants will be collected in a brine pit of 
suitable size. 
Three (03) brine injection pumps take suction from the brine pit and inject the brine 
back into the CW system at downstream of the seawater extracted point. 
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The required operating seawater flow rate to the Condensers will be maintained by 
suitably controlling the Brine injection flow to each of the Condenser's inlet line. 
The brine pit has level monitoring system. 
 

2.1.3 PW supply to the existing reservoirs 
The Potable water produced from the RO Expansion Plant will be supplied to the 
Existing four (04) PW Reservoirs. The Potable water line coming from the PWT 
plant of the RO Expansion Plant is branched off with isolation valve to each of the 
four (04) PW Reservoirs. The each branch line is connected with the existing 
individual supply line at the upstream of the existing MOV. Accordingly, the 
existing supply line from interconnection point to the reservoir will be commonly 
used for the Existing RO and the RO Expansion PJT. In case one of the four (4) 
reservoirs is in maintenance, the commonly used PW supply pipeline’s velocity is 
still less than 3.0m/s which meets the requirement. 

 
 

 
2.1.4 PWFP Houses 

In order to dispatch the additional water production capacity of 60 MIGD, 30 
MIGD from each PWFP house, one(01) additional PWF pump will be installed in 
each pump house. The pumps are similar to the existing pumps with variable speed 
hydraulic coupling. 

The pump house buildings will be extended to accommodate the new pumps. 

The suction pipes to the pumps will be modified, if required, with increased size for 
the increased pumping capacity. The discharge DI pipe will be modified with an 
isolation valve to accommodate the additional pumps.   

      

2.1.5 Potable Water Tie-in point to KM’s Third pipeline & 
Interconnection to the existing two DN 1600 pipelines  
A third Potable Water Tie-in point with chambers and valves will be at the Delivery 
point to connect KM’s third water pipeline. KM’s third pipeline will be 
interconnected to the existing two DN 1600 Delivery lines at the downstream of the 
existing Tariff flowmeters with suitable valves and chambers. 

 

2.1.6  Electrical System 
The electrical plant is designed to ensure sufficient reliability of the plant's auxiliary 
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power supply in all modes of operation, using very reliable and well proven 
standardized equipment complying with VDE, IEC, DIN regulations and OEM 
standards. 

The water island transformers are located outdoors. The low voltage transformers 
are located outdoors or in associated rooms.  

  
 

2.1.7 Instrumentation and Control (I&C) 

 The Controls and Instrumentation system for the BOP of the RO Expansion Plant 
will be designed to allow the plant to be safely, reliably and efficiently operated by 
the plant operators. The design of new control system will have the identical 
concept to existing power plant and most of control system of existing power plant 
will be used to the BOP of the RO Expansion Plant for new control system 
integration.  

The overall control and instrumentation system consists of the Distributed Control 
System (DCS) based on microprocessor technology, control panels and cabinets, 
field instruments and devices.  

Package control systems are interfaced to the DCS power plant control system. 
Local control facilities are provided for the operation requiring local attention, test 
and commissioning, and emergency stop.  

The DCS comprising data acquisition system, closed loop and open loop controls, 
data highways, gateways for connection to packaged control systems, operator 
stations with VDUs and control devices, printers, engineering workstation, color 
hard copier, historical storage unit, diagnostic and engineering software and 
necessary application integrate the total plant system, which functions automatic 
operation and supervision for start-up, at load operations and shut-down.  

In order to meet the various operational requirements, the functions of the operator 
interface are highly centralized by the use of VDU based operator stations. Color 
graphic VDUs provide a user-friendly man-machine interface. VDU screen displays 
designed within a hierarchical structure minimize the display system navigation 
load placed upon the operator  

The data highway integrates the power plant control and monitoring system, and 
will be configured with redundant architecture for high reliability.  

Operator stations, the data logging system, and engineering stations are connected 
to the process controllers via the data highway. The data highway enables sharing of 
plant information in the system.  
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Instrumentation and Control of the water treatment plant, intake facility, 
compressed air system, debris filter will be implemented with the proprietary 
supplier control system proven through their experienced plant project in respective 
local control panel. Overall status monitoring capability for these equipment will be 
provided to the operator station VDUs in the DCS. The connection of the 
manufacturer’s standard control system to the DCS will be via serial data link or 
hardwired for the major control signal.  

Generally, the process transmitter except for package system will  be two wire 
microprocessor based "smart" transmitters providing analog (4-20mA DC) output 
on which digital output complying with HART protocol or equivalent.  

In general, the switch element will be snap acting micro switch type. Each 
switching elements will be provided with two electrically independent SPDT. 

Except for special flow measuring transmitters which may require a separate AC 
power supply, the transmitters will generate the standard 4-20 mADC signal in two 
wires directly engaged with 24VDC power supply converted by control system 
supplier. 

The instruments which are provided by package will be of manufacturer standard. 

The control valve and accessories to be offered will be from reputed, experienced 
manufacturers of specified type and range of valves.  

The valve sizing will be suitable for obtaining maximum flow conditions with 
valve opening at approximately 80% of total valve stem travel and minimum flow 
conditions with valve stem travel not less than 10% of total valve stem travel. All 
the valves will be capable of handling at least 120% of the required maximum flow. 

Control valves for steam and water applications will be designed to prevent 
cavitation, flashing on the downstream side of valve.  

The characteristic of the control valves will be determined based on the service. 
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3 Standards and Code 

The EPC Contractor will ensure that the engineering, design, construction, testing 
of all components, including all auxiliary facilities and systems as well all other 
common facilities, are according to internationally recognized standards and codes 
in their latest edition and as defined in this section. 

The latest editions of the standards, codes, regulations, recommendations and 
directives which are prevailing at the time of Facility D issued by the following 
organizations will apply for the design, construction, testing, commissioning, 
operation and maintenance of the project. 

 

3.1 International Standards (will prevail) 
  

ISO International Standardization Organization 

IEC International Electrotechnical Commission 
 

3.2 National  Standards 
  

ANSI American National Standards Institute 

BSI British Standards Institution 

DIN Deutsches Institut für Normung 

EN European Standards 

JSO Japanese Standard Organization 
 
 

3.3 Regulations, Recommendations, Directives 
ANSI            American National Standards Institute 

BSI             British Standards Institution 

DIN             German Institute for Standardization 

EN             European Standards 

JAPS              Japanese Standard Organisation 

NEMA National Electrical Manufacturers Association Recommendations 
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AASHTO American Association of State Highway and Transportation Officials 

ACI              American Concrete Institute 

ACPA American Concrete Pavement Association 

AD                German Pressure Vessel Code 

AGMA American Gear Manufacturers Association 

AIJ             Architectural Institute of Japan 

AISC              American Institute of Steel Construction 

AISE   Association of Iron and Steel Engineers 

AISI    American Iron and Steel Institute 

AMCA Air Moving and Conditioning Association 

API             American Petroleum Institute 

ASCE American Society of Civil Engineers 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning  

Engineers 

ASME American Society of Mechanical Engineers 

ASTM American Society for Testing Materials 

AWS               American Welding Society 

AWWA American Water Works Association 

FEM    Fédération Européenne de la Manutention  

HEI             Heat Exchanger Institute 

HIS              Hydraulic Institute Standards 

IBC      International Building Code 

IEEE   Institute of Electrical and Electronics Engineers 

IPCEA Insulated Power Cable Engineers Association 

ISA             Instrument Society of America 
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JEC              Japanese Electro technical Institute 

JEMA The Japan Electrical Manufacturers Association 

JIS                   Japanese Industrial Standards 

MBMA Metal Building Manufactures Association 

NACE National Association of Corrosion Engineer 

NEC              National Electrical Code 

NFPA National Fire Protection Association 

OSHA             Occupational Safety & Health Association 

QCS               Qatar National Construction Standards 

SSPC               Society of Protective Coating 

TEMA Tubular Exchanger Manufacturers Association 

VDE                German ‘Verband der Elektrotechnik Elektronik  

Informationstechnik’ 

VDI                   German ‘Verein Deutscher Ingenieure’  

KM Standards & Specifications 

Standards & specifications of other local government bodies/agencies as applicable. 

  

 

4 Noise Study 
The New RO Plant will incorporate noise abatement measures and be required to 
comply with all noise requirements under the applicable permits and regulations of 
the MOE. 

In addition, occupational exposure to noise levels will be minimized to meet 
internationally recognized standards, in particular: OSHA 1910.95 

Noise level for individual equipment(with or without acoustic enclosure) will not 
exceed an SPL of 85 dB (A) at 1 m from equipment at 1.5 m above grade level 
when it is standing alone in a free field. If the noise, which is caused by resonance 
phenomenon, exceed 85 dB(A) during commissioning stage inside building, the 
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suitable protection kit such as earplug will be supplied. 

Noise levels in occupied areas such as control rooms and offices will be specified 
by the EPC Contractor. 
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1. INTRODUCTION 

The purpose for this document is to provide the design basis and the description of the 

process of the proposed seawater reverse osmosis desalination plant: Umm Al Houl 

Extension.  

 

The scope for this Project is to produce a total production capacity of 60.60 MIGD of 

permeate water.  

 

The plant has been designed following the schedule 16 of the contract, Minimum Functional 

Specification RO Package.  

 

The desalination technology to be used is Reverse Osmosis. 

 

2. ABBREVIATIONS 

The following abbreviations shall be used in this document: 

 

ABBREVIATIONS DESCRIPTION 

RO Reverse Osmosis 

CIP Clean in Place 

IBC International Building Code 

SPL Noise Sound Pressure Levels 

DAF Dissolved Air Flotation  

SDI Silt Density Index  

HP High Pressure 

UF Ultrafiltration 

ERD Energy Recovery Device 

GRP Glass Reinforced Plastic 
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ABBREVIATIONS DESCRIPTION 

VFD Variable Frequency Drive  

MIGD Millions of Gallons Per Day 

EPDM Ethylene Propylene Diene Monomer 

ORP Oxidation Reduction Potential  

CEB Chemical Enhanced Backwash 

NALF rated annual loss of flow  

PREN Pitting Resistance Equivalent Number  

PLC Programmable Logic Controller 

AISI American Iron Steel Institute 

DPT Differencial Pressure Transmitter   

EDTA Edetic acid  

TDS Total Dissolved Solids 

DDT Dichlorodiphenyltrichloroethane 

MCPA Methylphenoxy Acetic Acid  

NDMA N-nitrosodimethylamine  

THMs Total Trihalomethanes  

NTU Nephelometric Turbidity Unit 

 

 

3. DESIGN BASIS 

This document shall be read with the following documents: 

• Section 5.5.3 Process Flow Diagram – RO Desalination Plant & Product Water 

Treatment Facility. 
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• Section 7.1.3 P&ID Diagram – RO Desalination Plant & potable Water Treatment 

Facility  

 

The major requirements conditions and characteristics which most specifically affect at the 

plant design and sizing are described below. 

 

 

3.1. FACILITY DESIGN INFORMATION 

3.1.1. Facility Capacity 

The total net product water capacity of the RO project shall be 60 MIGD (272,766 m3/day). 

To this total production an extra 2,728 m3/day is added for the internal water consumption of 

the plant (chemical preparation, carrier water, clean in place (CIP) for RO membranes, and 

for the external auxiliary water outside of the RO plant).  

 

Capacity requirements for the Reverse Osmosis Desalination Plant are shown in the 

following table 1: 

 

DESCRIPTION UNIT VALUE 

TOTAL NET CAPACITY m³/h 11,365 

RO plant net m³/d 272,766 

AUXILIARY WATER DEMAND   

RO plant auxiliary m³/d 2,728 

TOTAL GROSS WATER CAPACITY   

RO plant gross m³/d 275,494 

Table 1 

 

3.1.2. Design Life 

All Plant and systems provided under this contract shall be designed for minimum service life 

of thirty (30) years under normal and various cycling operating conditions with proper 

maintenance. The Works shall be designed to withstand the prevailing ambient conditions to 

which it may be exposed and to continue to function normally. The Works shall be designed 

to operate continuously throughout the year. 
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3.1.3. Maintenance and Sparing Philosophy 

The pre-treatment package, the RO package are to be designed to operate for 8760 hours 

per year. As such, sufficient spare capacity is to be installed to allow for shutdown due to 

maintenance or plant failure. 

 

Pumps and other rotating equipment, filters and membrane systems are to be supplied 

based on an n+1 philosophy. The philosophy of n+1 trains applies to both the 1st pass RO 

(SWRO) and 2nd pass RO units (BWRO).  

 

 

3.2. UNITS OF MEASUREMENT 

The following units shall be used:  

 

Temperature:    °C (degrees centigrade) 

Pressure: (General)  bar(g) or bar(a) 

   (Low)   mbar(g) or mbar(a) 

   (Vacuum)  mbar(a) 

Flow:  (Process Liquids) m3/h or kg/h 

   (Steam)   kg/h 

   (Gas and Air)  Nm3/h  

Level:  (General)  mm 

Viscosity     cP (Dynamic) or cSt (Kinematic) 

Density     kg/m3 

Length     m or mm 

Conductivity    µS / ms 

Volume     m3 

 

All other units will be selected from the SI system as appropriate. 

 

3.3. SEAWATER CHARACTERISTICS 

The seawater analysis of the area in Qatar is shown in Appendix A (PART IV – DRAWINGS, 

DIAGRAMS AND TECHNICAL INFORMATION ANNEX 4 – ITEM 4.4: SEAWATER QUALITY 
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DATA.) 

 

The process design has been developed to provide the required water quality under the 

specified inlet conditions. It should be highlighted that adequate performance of the RO 

process relies on the feed water quality, within the specified limits. Should the source water 

not meet quality standards, water quality may be affected and cause damage to the RO 

process. 

 

The RO plant has been designed with the following seawater parameters: 

 

Parameter Units Design 

Temperature ºC 15 – 35ºC 

Total Dissolved Solids mg/l 45,900 

Ca+2 mg/l 532.91 

Mg+2 mg/l 1,695.61 

Na+ mg/l 14,068.81 

K+ mg/l 506.13 

Ba+2 mg/l 0.01 

Sr+2 mg/l 13.9 

CO3-2 mg/l 5 

HCO3- mg/l 146 

SO4-2 mg/l 3,530.18 

Cl- mg/l 25,295.18 

NO3- mg/l 0 

F- mg/l 1.4 

Br- mg/l 94 

B mg/l 5.3 

pH  8.21 

Total Suspended Solids mg/l < 30 

 

 

Regarding the turbidity, the RO plant design parameters are specified below:  
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Parameter Units Design 

DAF Inlet Turbidity NTU 1.2 – 15 

UF Inlet Turbidity NTU 1.2 – 5* 

 

*UF is designed for 5 NTU feed water on a continuous basis, DAF should be operated above 

this value. 

 

POTABLE Water quality:  

Potable water after remineralization will meet the water quality requirements in order to 

comply with the specification in the latest revision from “Water Quality Requirements and 

Conditions for Drinking Water Producer Companies” from July 2013 (LNTP Schedule 25). 

The document is included in Appendix B of the present document. 

 

3.4. SITE CONDITIONS 

The State of Qatar is an independent Arab State situated on the western coast of the Arabian 

Gulf. It is a peninsula covering an area of 11,437 square kilometers that extends northwards 

into the Gulf for about 160 km and has a maximum width of 88 km. A few offshore islands 

also comprise the territory of Qatar. On the westward neck of the peninsula, Saudi Arabia 

and, on to its east, United Arab Emirates are situated.  

 

3.4.1. General 

The general conditions of technical constructions and civil works are as follows: 

DAF UF 

DAF INLET PARAMETERS: 

Turbidity: 1.2 – 15 NTU 

TSS: 2,5-30 ppm 

UF INLET PARAMETERS: 

Turbidity: 1.2 – 5NTU 

TSS: 2.5-10 ppm 
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Altitude .............................................................................. less than 1000 m a.s.l 

Ground Water Level .......................................................... 2 – 70m 

Polution level (to IEC 60815) ............................................. Very heavy 

Creepage distance (based on UM) ....................................  35 mm/kV 

Isokeraunic level) .............................................................. 22 days /annum 

Lightning Current for protective earthing  .......................... 260KA  

Seismic intensity (modified Mercalli Scale) ........................  Approx. VI 

Max. ambient temperature (design)  ................................. 50ºC 

Max. relative humidity (design) .......................................... 100% 

3.4.2. Meteorology 

Monthly mean temperature (January /July) ........................ 17.2°C / 34.9°C 

Mean maximum temperature (January /July) ..................... 21.9°C / 41.6°C 

Mean minimum temperature (January /July) ...................... 13.1°C / 29.5°C 

Absolute maximum temperature ........................................ 49.6°C register [MFS: 52 ºC] 

Absolute minimum temperature .........................................  3.8°C register [MFS: 0ºC] 

Maximum sun radiation temperature(design) .....................  84°C 

The difference between the mean daily maximum and the mean daily minimum temperature 

varies from 8.8oC in the winter to 13.3oC in the summer 

 

Mean relative humidity....................................................... 42% to 71% 

Mean maximum relative humidity (January) ...................... 88% 

Mean minimum relative humidity (June) ............................ 20% 

Absolute maximum relative humidity ................................. 100% 

Absolute minimum relative humidity .................................. 4% 

Mean sea level pressure (January / July) .......................... 1019.1hPa / 997.6hPa 

Highest daily global radiation ............................................. 802.7 Wh/m2 

 

Ultra Violet Radiation (U.V.) levels are high and all plastics, subject to direct sunlight, shall 

contain a U.V. barrier. 

 

Mean monthly rainfall (March / July) .................................. 20.9mm / 0mm 

Mean annual rainfall ..........................................................  80.9mm 

Mean number of days with rainfall (1mm or more) .............  9.2 days / annum 
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Absolute maximum monthly rainfall ................................... 155.4mm 

Absolute maximum annual rainfall ..................................... 175mm 

Absolute maximum annual rainfall ..................................... 13mm 

Absolute maximum daily rainfall ........................................ 80.1mm 

Maximum wind speed ........................................................ 46 m/sec 

 

3.5. NOISE CRITERIA 

Noise Sound Pressure Levels (SPL) not to be exceeded in the design and noise control 

analysis are: 

• AT 1m distance of each equipment inside the facility: 85dB(A) 

• At any location within central control room: max 55 dB(A) 

 

 

3.6. ADDITIONAL DESIGN CONSIDERATIONS 

Other determining aspects for the design have been: 

 

- Availability  

- Reliability 

- Optimization of chemical dosing rates 

- Durability 

 

3.7. GENERAL PROCESS DESCRIPTION 

After carefully studying the specification requirements and project environment, the following 

design is proposed as the best compromise between cost, efficiency and environmental 

impact. 

 

In summary the process line consists of: 

 

Seawater feed 

The seawater pumping station will be sized to supply the required seawater flow to the RO 

pretreatment.  

• Two pipes of 1800mm will supply the seawater into the RO plant.  

 

The seawater pumps will be part of the balance of plant and outside of the scope of the RO 
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plant.  

 

Pre-treatment 

The pre-treatment will consist of: 

- Dissolved Air Flotation (DAF) including: 

- pH correction (H2SO4). 

- Coagulant dosing. 

- Dechlorination (sodium metabisulphite dosing) 

- Mixing and flocculation. 

- Dissolved Air Flotation. 

- Intermediate water pumping station. 

 

- Filtration stage through disc filters. 

- Filtration stage through ultrafiltration membrane. 

 

Sea water is known to be warm and rich in organic life, presenting red-tide events from time 

to time.  

 

In the last years, the frequency and hardness of the events have increased, affecting the 

operation of many desalination plants. The worst one took place in 2008 with a duration of 8 

months (Berktay, A. Environmental Approach and Influence of Red Tide to Desalination 

Process in the Middle East Region).  

 

The DAF system will mitigate the issues originated from red tides, removing solids and algae 

before reaching the disc filters.  

 

This pre-treatment system will produce an RO feed water with a Silt Density Index (SDI) ≤ 

2.5 75% of the time and SDI ≤ 3.5 100% of the time, enough for the reverse osmosis 

membrane requirements. 

 

The adoption of a DAF system is to improve the removal of light pollutant (mainly dissolved 

hydrocarbons), algae and micro-organism that are a feature of the Gulf waters in normal 

conditions, and a protection against exceptional conditions of black or red tides, the latter 

becoming rather common in the Southern Gulf and moving Northward. 
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RO system 

The specified potable water quality requests for a two-pass RO system. Eleven (11) trains 

have been foreseen plus one (1) standby trains to maintain availability even when one of the 

trains is out of service.  

 

The RO system treatment will consist of: 

- Dechlorination (sodium metabisulphite dosing). 

- Antiscalant dosing (1st pass). 

- Sulphuric acid shock dosing to each RO rack (1st pass). 

- First pass reserve osmosis, including HP pumping, RO membrane racks and energy 

recovery system.  

- Antiscalant dosing (2nd pass). 

- Sodium hydroxide dosing (2nd pass). 

- Second pass reverse osmosis including booster pumps and RO membrane racks. 

- Cleaning and flushing system. 

 

Permeate booster pumps 

The permeate booster pump will provide the outstanding pressure required for delivering 

potable water to the common filling lines of the potable water tank. Four pumps (4) have 

been considered plus one (1) standby pump 

 

Effluents and Wastewater treatment plant 

Effluents from the RO plant include: 

 

- Backwash water from disc filters and UF. 

- Floated material from the DAF system. 

- Neutralized effluents from UF and RO membranes cleaning.  

 

In general, effluents from the RO plant are discharged to the sea diluted into the brine 

coming from MSF and condenser circuit. Some of the flows will need a treatment prior to 

discharge, in order to avoid environmental impact.  

 

Backwash water sourced during UF chemical cleaning will be pumped into its own 
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neutralization tank, prior to being pumped to the seal pit. Provision to connect the UF CEB-

CIP neutralized flow with the WWT system has been considered if required to be used during 

the operation of the Plant. 

 

The CIP system for the RO membranes cleaning includes its own neutralization tank.  

 

Floated material from the DAF units will be pumped into the waste treatment plant.  

 

Waste treatment plant will consist of the following elements: 

- Sludge clarifiers  

- Dewatering centrifuges 

- Polyelectrolyte dosing 

 

Brine Pit discharge 

Brine coming from the ERD units will have enough remaining pressure to reach new brine pit. 

 

Outfall discharge 

Drainages, vents and instruments flows will need to be pumped to reach the seal pit. One (1) 

duty and one (1) standby pump will be used. 

 

Drainages from the RO plant, will go to the existing seal pit by using the existing RO plant 

discharge pipe 

 

The following diagrams summarized the process: 

 

• Section 5.5.3 Process Flow Diagram – RO Desalination Plant & Product Water 

Treatment Facility.  
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4. PROCESS DESCRIPTION 

4.1.  SEAWATER INTAKE 

In order to reach the required capacity roughly 31,010 m3/h will be required. That also 

includes service water. 

 

DESIGN PARAMETERS UNIT VALUE 

Net water output required m³/d 272,766 

Service water m³/d 2,728 

Raw water required m³/d 727,467 

 

Table 5 

 

Seawater intake will be part of the balance of plant (BOP) and outside of the scope of the RO 

plant. 

 

4.2. PRE-TREATMENT 

The proposed pre-treatment consist of a first stage of dissolved air flotation, followed by disc 

filtration and ultrafiltration membranes.  

 

4.2.1. Dissolved Air Flotation 

The design parameters of the system are shown in table 7: 

 

DAF System Value 

Number of lines 15+1 

Number of basins/line 1 

DAF effluent flow 30,295 m3/h 

Design flow (without recycle) 2,021 m3/h / basin 

Maximum Surface loading < 30 m3/h.m2 

Flocculation residence time >10 min 

Recirculation flow 12% 

 

Table 7 

The DAF process starts with seawater being dosed with iron based inorganic coagulant 
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(ferric chloride). Polymer will not be dosed as it may damage UF membranes. 

 

The DAF units have been designed to have a maximum surface loading of less than 30m/h, 

when one of the DAF units is out of service for maintenance. There are fifteen (15) duty DAF 

units and one (1) standby. 

 

The DAF system has been designed to work with one unit out of service without affecting 

performance.  

 

Coagulation 

The coagulant mixing dose will be in the pipe, and there is enough time for the complete 

mixing of the ferric chloride and sulfuric acid dosed prior the DAF.   

 

Influent channel 

Influent pipe will discharge into the influent channel. Each DAF basin will also have an 

isolation penstock that will prevent raw water from entering in the flocculation chambers.  

 

Flocculators 

The flocculation stage will comprise of two stages separated by concrete baffles to minimize 

short circuiting. Each stage will be fitted with two (2), axial propeller type mixers. The mixers 

will be driven by an electric motor gearbox combination designed for the duty and conditions 

specified. The motor is designed to operate via a variable frequency drive (VFD) locally 

mounted and automatically varied to allow variations in speed and hence energy input, 

thereby ensuring optimal mixing conditions within the tank.  

 

Flotation 

After a pin floc is formed, the raw water stream is mixed in the reaction zone of the flotation 

cell with clarified water that has been saturated with pressurized air at a maximum pressure 

of 7,5 bar(g). The saturation process is accomplished by taking a fraction of the throughput, 

typically 8-12% at design flow, and recycling it back to the saturator. Recirculation pumps are 

VFD controlled to maintain a balance in the saturator. A rotary compressor provides a 

constant pressure of oil free air to the saturator. 

DAF Recirculation Pumps 

The required recirculation flow will be delivered to the saturation vessels via fifteen (15) duty   
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and one (1) standby (tag: 50-GDF26-AP001) recirculation pumps. Each DAF recirculation 

pumps is associated with an air saturator tank. 

 

Air Saturation Tanks 

The air saturation tank is a carbon steel tank with an inner lining of ebonite, externally coated 

for marine environments as per Design Basis Specification of Painting and Thermal 

Insulation plus internal distribution system and providing a nominal retention in the base of 

two (2) minutes.  

 

The tank mixes the clarified water and pressurized air. A total of fifteen (15) duty units and 

one (1) standby units will be provided, each sized to deliver the recirculation requirements for 

one basin. 

 

Air Compressors 

The air requirements for the DAF process shall be met by an oil free compressor set. The 

proposed equipment is three (3) duty compressors and one (1) stand by unit.  

 

Air/Water DAF Perforated Pipe 

The aerated water, white water, is delivered from air saturation tank to two distribution pipes 

that span across the width of the DAF cell. These distribution pipes have a series of specially 

designed orifices or nozzles. As the pressurized water exits the nozzles, the pressure drop 

produces a cloud of hundreds of millions micro bubbles.  

 

Constant level and pressure indication in the air saturation tank is transmitted to a 

recirculation pump VFD that will change the speed of the pump to either increase or 

decrease the recycle flow, to maintain operating water level in the air saturation tank. For the 

fixed air saturation tank pressure there is a fixed flow through the DAF perforated pipes. The 

level in the air saturation tank will change based on the air rate consumption of the raw water. 

 

The release of these micro bubbles gives the reaction zone a milky appearance like that of a 

white water blanket. The tiny spherical bubbles rise under laminar flow at a rate following a 

modified Stokes Equation. The bubbles rise through the coagulated water, capturing floc as 

they ascend forming a blanket of sludge on the surface of the DAF cell. The blanket is 

supported from beneath by the entrapped micro bubbles. The clarified effluent water is drawn 
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off the bottom of the tank by a series of lateral draw-off pipes that allow for uniform 

distribution along the bottom of the DAF cell. 

 

Sludge Removal 

Sludge blanket on the water surface will be removed utilizing a rotary scrapper designed to 

operate either continuously or intermittently. The sludge trough, complete with a suitable 

beach shaped to assist the removal process, will form the upper part of the underflow exit 

baffle, it will span the full width of each cell and have an inbuilt gradient to ensure flow to the 

discharge pipework arrangement. To assist in the desludging process a series of sprays will 

be provided to spray the side walls of the cell to reduce any frictional resistance and 

adhesion. The operation of the scrapper and timing of sprays will be fixed during the 

commissioning phase. There are fifteen (15) duty units and one (1) standby. 

 

The sludge flows from the DAF system will gravitate from each stream to the floated sludge 

tank, from where it will be pumped to the sludge storage tank prior the dewatering system. 

 

DAF Water Outlet 

The outlet is arranged in the same way as the influent. A common channel will recollect the 

outlet of each DAF stream through a weir. The DAF outlet channels discharge water into 

floated water tank. 

 

4.3. INTERMEDIATE PUMPING STATION 

Intermediate water pumps will pump the seawater across the disc filters and ultrafiltration 

membranes to the high pressure pumps feed side. 

 

The intermediate pumps feeding the disc filters and the UF will adjust flow and pressure 

variations, required by the process, using a variable speed drive. 

 

There are 11 duty and 1 standby intermediate pumps (tag: 50-GDF28-AP006) feeding the 

pretreatment (Disc Filter, Ultrafiltration and RO plant) plant.  

Intermediate Pumps  

No. of pumps 11+1 

Flow rate (m³/h) 2,950 
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UF Coagulation 

The UF chloride will be dosed in the intermediate pump discharge pipework, directly to the 

pipe, as there is enough time to guarantee a proper mixing system before reaching the UF.  

 
 

4.4. DISC FILTERS 

Disc filters are required to remove coarse solids and avoid them from reaching the 

ultrafiltration membranes; they are shown in figure 2.  

 

The proposed filters consist of thin polypropylene disks, with a filtration grade of 200 

microns .which will reduce the number of filtration cycles against those in the existing Plant. 

Although UF requires a pre-filtration grade of 300 microns, 200 microns has been considered 

as cutoff size. 

 

To make the filter, they are stacked on top of each other and a series of these disks are 

compressed in an especially designed column. 

 

When they are stacked, the groove on the top is located opposite the grove on the bottom 

disk, creating a filtering unit. In this way, deep filtering is achieved, and the battery of disks is 

inserted in a rust and pressure-proof container. A representation of the filtering surface can 

be seen in figure 1. 

 

 

 

 

 

 

 

 

 

Figure 1 

Differential pressure (barg) 5 

Variable Speed    Drive Yes 
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Figure 2 

 

The discs are compressed by the differential pressure during the filtering process, thus 

providing a high filtering efficacy. 

 

The discs filters system will have enough hydraulic capacity for treating raw water flows 

required for the maximum production with one disc filter battery taken out of service for 

backwashing or maintenance. 

The disc filters are based on the following parameters: 

 

 Building 1 Building 2 

Total Effluent Flow 15,107 m3/h 15,107 m3/h 

Number of units 13 + 1 13 + 1 

 

- Filter selectivity ...................................................... 200 microns. 

- Maximum operating temperature............................ 70 ºC 

- Backwashing flow type ........................................... Disc filtered water 

- Construction material  ........................................... Polypropylene 

- Filtering disc material ............................................. Polypropylene 

 

 

The Disc Filter system will be equipped with a differential pressure transmitter to provide 

continuous monitoring of the disc filter conditions and high differential pressure alarms to 

initiate the automatic backwash process. 
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The washing water will cross the filter in the opposite direction and the compression of the 

disks is released, and it is therefore much simpler to achieve a high flow backwashing rate 

and shift the solids trapped between two disks. 

 

The Disc filter system will be backwashed with disc filtered water that has passed the disc 

filters units. Two backwashing pumps (one duty and one standby) are provided to supply 

backwash water to the Disc filters.  

 

The necessary volume for disc filter will be stored in a single tank in each of the UF buildings. 

The filtering cycle is shown in figure 3 and backwashing cycle in figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Figure 4 
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4.5. ULTRAFILTRATION 

UF racks have been foreseen as part of the pretreatment for the RO plant. N=24 UF racks 

will be housed in each of the two UF buildings. In each building, the UF racks will have 

enough capacity to allow three racks to be removed from service at the same time (N-3) for 

normal or chemical backwash (two racks) and CIP (one rack). Therefore, two (2) 

independent backwash systems and one (1) CIP system will be installed per UF building. 

 
Inge has been selected as UF vendor. The main features of the Inge UF system are shown in 

table 9: 

 

Inge UF Racks (T-Rack 3.0) UF Building 1 UF Building 2 

Net production Flow (m3/h) 14,050 14,050 

Number of trains N=24 N=24 

Number of housing per rack 116 116 

Number of modules per rack 116 

(one per housing) 

116        (one 

per housing) 

Total number of modules 2,784 2,784 

Unitary membrane surface 80 m2 80 m2 

Total membrane surface 222,720 m2 222,720 m2 

 Gross Membrane Flux (N-2) 74lmh 74 lmh 

 

Table 9 

 

Membrane filtration operates inside-out, which means that the feed water flows from the 

inside to the outside of the capillaries in filtration mode and flows in the reverse direction, i.e. 

from the inside to the outside of the capillaries, in backwash mode. Therefore, the 

substances are retained on the inner filtering surface of the UF membranes and will be easily 

removed, by backwashing or by means of chemical cleaning. 

 

One of the main advantages of in-out filtering is that the feed water is not in contact with the 

outside housing of the membrane, where the solids are retained in the filtering process. 
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These membranes are made of low-fouling hydrophilic fibers, which combines seven 

individual capillaries of 0.9 mm in one highly robust fiber (Multibore 0.9) in order to improve 

the fiber mechanical strength. The figure below shows a cross section of a Multibone fiber. 

 

 

Figure 5 

 

Membranes are installed inside PVC-U housings that are vertically arranged in the racks. 

The characteristics of Inge UF modules are shown in table 10:  

 

 

UF Module (dizzer XL 0.9 MB 80 WT) Value 

No. of capillaries per filber 7 

Capillary diameter (mm) 0.9 

Active Membrane area (m2) 80 

Aprox. Nominal pore size (nm) 20 

Module diameter (mm) 250 

Module length incl. T-piece (mm) 2100 

Module arrangement  Vertical 

Feed connection (mm) 150 

Permeate connection (mm) 150 

 

Table 10 
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The backwash and CEB backwash values for the UF are shown in the table below: 

 

UF Backwash Value 

Backwash flux 230 lmh 

Adopted backwashing flow (VFD pumps)  2,300 m3/h 

No of backwash pumps 2+1 (per line 

common stand-

by) 

Backwash flux during CEB 120 lmh 

Flow during CEB 1,152 m3/h 

CEB duration ≈20min 

UF Backwash Tank volume 700 m3 
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The UF modules are vertically arranged in racks, in two (2) skids of 6 rows 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6  

 

The UF trains will be equipped with a differential pressure transmitter with a high differential 

pressure alarm. The vendor will give a datum of minimum trans-membrane pressure in UF 
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membranes where a backwashing sequence needs to be start, also backwash sequence 

base on time requirements. In filtering mode, the UF membranes are going to be filtrating 

until the pressure transmitter detects that this datum has approached and it will give the 

alarm to start the automatic backwashing sequence. 

 

An instrument station equipped with a manual sampling facility, online oxidation reduction 

potential (ORP), conductivity, turbidity and pH instruments will be installed on the common 

filtrate header feeding the RO racks to monitor filtrate quality prior to the RO membranes. 

 

 

Figure 7 

 

Trans-membrane Pressure Control via backwashing 

As the water passes through the membranes, the solids are retained on the surface, and the 

membranes become fouled. As a result of this fouling, the membrane loses more trans-

membrane pressure. The membranes are washed regularly to maintain these values. 

 

Membrane washing 

The membranes have to be cleaned to remove the solids retained on them. 

 

The membrane backwashing process is carried out without adding chemicals. Solids are 

removed and then drained to prevent an excessive built-up on the membranes. 

 

This washing is carried out with filtered water and can eliminate most of the solids retained 

by the system. Nevertheless, the particles stuck to the membranes that have an organic or 
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microbiological origin should be removed via chemical cleaning. 

 

The system has been designed with an average 7.0% of the flow to carry out the hydraulic 

cleaning of the membranes. This value is conservative compare to the recoveries provided 

by suppliers. Cleaning consists of two phases: washing and displacement. 

 

Lower displacement 

The filtering process is stopped closing the permeate valve and opening the lower 

concentrate valve. The solids are moved along the lower part. 

 

 

 

 

 

 

Diagram 1 

 

Diagram 1 

 

Displacement 

The lower entry valve and the upper exit valve open after a few seconds and the lower exit 

valve closes. 

 

 

 

 

 

 

 

 

Diagram 2 

In the backwash phase, a permeated water current is made to pass in the opposite direction 

to the filtering, from outside to inside. 
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Backwash 

Two independent backwash systems will be installed per UF building in order to provide the 

capability to perform two backwashing/CEBs simultaneously. When a backwash sequence 

starts, the backwash valve opens and a backwash flux of 230 lmh  is pumped to the UF rack. 

 

 

 

 

 

 

 

 

Diagram 3 

Diagram 3 

 

The filtered water that will be used for the hydraulic backwashing of the membranes will be 

stored in a dedicated tank of 700 m3 per UF building. The wash water flow is withdrawn from 

this tank by two (2) duty pumps per backwash system plus one (1) common standby pump. 

Therefore, five (5) backwash pumps will be installed per UF building. 

 

Chemical cleaning of the membranes 

Chemicals are dosed into the backwash water flow during the chemical cleaning and all 

substances that have become stuck to the membrane are removed in the rinsing phase. 

 

The membrane chemical washing sequence can occur in different phases, with a dose of 

sodium hydroxide, chlorinated water, or sulfuric acid in the backwash current. 

 

Chlorinated water 

Chlorinated water has to be dosed during the membrane washing chemical phase. 

 

The dose of active chlorine recommended by the manufacturer is 200 mg/l. 

 

Sulfuric Acid 

In the acid chemical cleaning phase, the pH has to be reduced to values ranging from 2 ±0.3. 
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For this purpose the dose recommended by the manufacturer is 1214 mg/l. 

 

Sodium hydroxide 

During the basic chemical cleaning, however, the pH has to be increased to values ranging 

from 10.1 ± 0.6. 

 

For this purpose the dose recommended by the manufacturer is around 94 mg/l with a 

concentration of 572.5 g/l. 

 

The chemical cleaning diagram is shown below: 

 

 

 

 

 

 

 

 

 

 

Diagram 4 

 

After carrying the chemical cleaning of the membranes, the concentrate is sent to the 

neutralization tank, where the cleaning effluents are neutralized for their subsequent 

discharge to the seal pit in order to be sent to the sea water return pipe line diluted into the 

plant effluent stream. The neutralization of the chemical cleaning is an automatic process, 

and the discharge to the seal pit will be decided by the operator.  

 

Integrity test with air 

An integrity test with air has been included in the system, to detect damaged membranes 

and guarantee a consistent quality of tested water. 

 

Direct connection between Ultrafiltration and Osmosis 

The water treated by the ultrafiltration is collected by two GRP collectors, from each 
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pretreatment buildings. 

 

Additional filtration by means of cartridge filters has not been considered as it is expected 

that the UF permeate quality is high enough to feed directly the RO membranes. 

 

The benefits include reduced operating costs as no cartridge filters need replacing and 

pressure losses do not have to be considered in the design. 

 

 

4.6. INLINE MIXING  

The injection done by quills will enhance the antioxidant mixing by means of sodium 

bisulphite and mixing of the dosed antiscalant. 

 

Sodium bisulphite is used for reducing the Cl concentration of the water before arriving to the 

RO membranes. 

 

Antiscalant dosing prevents precipitation of salts in the membranes. 

 

 

4.7. RO SYSTEM 

An instrument station equipped with semi-automatics SDI monitors, redox, conductivity, 

turbidity and pH, will be installed on the line feeding the RO units to monitor quality prior to 

the reverse osmosis membranes.  

 

4.7.1. RO System 

The RO system will be designed to produce permeate in compliance with the specification for 

the range of raw seawater design envelope, whilst maintaining high energy efficiency, 

operational robustness and flexibility.  

 

The RO system will be capable of operating within a variable range of temperature and 

salinity of seawater as shown Process Calculations. 

 

Projections for the different scenarios are included in the Process Calculation document. 
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The Reverse Osmosis design has been developed with the following specifications: 

 

- Inlet salinity will vary due to the second pass recirculation. 

- Additional production has been allowed for internal plant services and membrane 

displacement.  

- High energy efficiency. 

- Energy Recovery Device, with very high recovery efficiency. 

- Second pass to reduce chloride, boron and Total Dissolved Solids concentration at 

permeate water. 

 

Due to continuous chlorination in seawater intake, a new standby RO rack of 1st Pass shall 

be added including all necessary pumping and pipeline.  

 

The RO System compromises the following main elements: 

- Low Pressure booster Pumps (11 units and 2 standby pumps). 

- High Pressure Pumps (11 units and 2 standby pumps). 

- Energy recovery devices (11 units and 2 standby devices). 

- Energy recovery ERD booster pumps (11 units and 2 standby pumps). 

- Eleven (11) RO 1st pass trains plus two (2) standby RO trains. 

- Four (4) RO 2nd pass trains plus one (1) standby RO trains. 

- Four (4) RO 2nd pass feed booster pumps plus one (1) standby pump. 

 

High Pressure Pumps and recovery of reject brine energy 

The seawater is driven through the RO membranes at high pressure using the high pressure 

(HP) pumps. The discharge pressure and flow of the Low pressure (LP) pump is controlled to 

regulate the feed pressure to the HP pump by means of a variable speed driver. 

 

Low pressure pumps pump the sea water to HP pumps. Their features are shown on the 

following table. 

 

Low pressure booster Pumps 

Number of units 11+2 

Flow 1,192 m3/h 
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Pressure  16 bar(g) 

 

High pressure pumps pump the sea water to 1st pass RO. Their features are shown on the 

table above. 

 

HP Pumps  SP2 

Number of units 11+2 

Flow 1,192 m3/h 

Pressure  60 bar(g) 

 

The filtrated water reaches the RO system: 

 

- The pre-treated seawater flow that enters into each RO rack arrives divided into two 

currents. 

- One of the currents, with a flow rate slightly smaller than the permeate flow is pumped 

towards the membranes by the high pressure pump (HPP). 

- The other current goes into the energy recovery device (ERD), and it is pressurized 

inside it by the reject brine. The booster pump will then increase the pressure to 

overcome head losses in the reject pipe and to reach the required pressure in the RO 

rack inlet. 

� The differential pressure the ERD booster pump has to supply, according to 

the calculations, will be around 4.2 bar(g). 

 

 

ERD Booster Pump 

Number of units 11+2 

Flow 1,478 m3/h 

 

- As the membrane pressure drop varies with temperature, with time and with the 

amount of fouling, the reject brine pressure in the inlet of the energy recovery devices 

will also vary. This situation means that the differential pressure which the booster 

pump has to supply is going to be variable, depending on the temperature and the 

fouling condition of the membranes. Each pump has to be equipped with a variable-

frequency drive. 
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The energy recovery devices will be manufactured by ERI. Model PX-Q300 has been chosen 

from the existing sizes of energy recovery devices. The PX units have been designed for the 

maximum flow. In this situation, the rejected flow per rack is higher and the number of PX 

units should be higher as well to face this situation at the maximum performance point. 

 

 

Description 15ºC 35ºC 

ERD Efficiency (%) 96.6 95.8 

 

One of the selected ERD characteristics is that a very small amount of the reject brine is 

mixed with the pre-treated, increasing its salinity. 

 

The ERI’s manufacturer guarantees that the salinity of the membrane inlet of RO system  

equipped with ERI´s PX pressure exchanger  technology will not exceed the salinity of the 

system feed water  by more than 4% as a result of concentrate/feed water mixing in the PX 

device. This increase in salinity has been considered when calculating with the membrane 

manufacture's software both the pressures required at the membrane inlet and the expected 

salinity in the permeate.  

 

This lubrication flow approximately reaches 18 m³/h in each PX-Q300 unit installed in the 

recovery system. 

 

On the high-pressure pumps, the calculations carried out provide sufficient data to select the 

differential pressure to be supplied by both the booster and high pressure pumps.  

 

A. Reverse osmosis racks: 

 

As mentioned before, the reverse osmosis design for the RO plant consists of a two pass RO 

system. 

 

Pre-treated seawater enters the first RO pass. Permeate is extracted from the pressure 

vessels and it is used to feed the second RO pass.  
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The additional pressure required for the 2nd pass will be provided the 2nd pass booster 

pumps. 

 

The first RO pass will have a partial split, which means that part of the flow will come from 

the front of the RO rack and the first membranes of each pressure vessel. This stream has 

better quality and does not need to be treated in the second pass to achieve the required 

quality of permeate water.  

 

The rest of the first pass flow will come from the rear of the RO rack and the last membranes 

of the pressure vessel and it will require going into the 2ºnd pass for further treatment. 

 

This partial split RO design improves the RO design flexibility and overall energy 

consumption as only part of the first pass permeate (the worst quality fraction) will go into the 

2nd pass. 

 

Some design scenarios (especially at high temperature) will require that all 1st pass 

permeate flow to be pumped into the 2nd pass. At lower temperature scenarios only part of 

the permeate flow will go into the 2nd pass RO. 

 

B. Membranes  

The proposed membranes, with a high salt rejection and large membrane surface, are 

manufactured by TORAY. The membranes will be made of aromatic polyamide and with a 

spiral configuration. Offered membranes can be seen in figure 8. 
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Figure 8 

The characteristics of the membranes offered for pass 1 are: 

- Membrane manufacturer ................................... TORAY 

- Model offered  ................................................... TM820V-400 & TM820V-440  

- Configuration ..................................................... spiral 

- Membrane surface per module .......................... 400 ft² (37 m²) & 440 ft² (40.8 m²) 

- Typical salt rejection (cl-)  ................................. 99.5 % 

- Maximum pressure ............................................ 1,200 psi (8.27 MPa) 

- Maximum operating temperature ....................... 45 ºC 

- Operating pH ..................................................... 2-11 

- Dimensions of each membrane for both positions: 

o Diameter .................................................. 8” 

o Length ...................................................... 40” 

 

The characteristics of the membranes offered for the 2nd pass are: 

- Membrane manufacturer ................................... TORAY 

- Model offered  ................................................... TM720D-440 

- Configuration ..................................................... spiral 

- Membrane surface per module .......................... 440 ft² (40.8 m²) 

- Typical salt rejection (cl-)  ................................. 99.5% 

- Maximum pressure ............................................ 600 psi (4.1 Mpa) 

- Maximum operating temperature ....................... 45 ºC 

- Operating pH ..................................................... 2-11 

 

- Dimensions of each membrane for both positions: 

o Diameter .................................................. 8” 

o Length ...................................................... 40” 

 

The spiral membranes offered come in groups of seven units in “series”, inside the same 

pressure vessel. This way, the raw water feeds one of the ends of the pressure vessel, 

axially crossing the membrane situated in the first place. The rejected water passes to the 

next membrane where the same phenomenon occurs and so on until the seventh membrane. 
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The rejected water of this seventh element will be collected at the other end of the pressure 

vessel. 

 

The membranes distribution will be as shown in the table 15: 

 

1st PASS OF RO   

- Number of stages 1 

- No. of racks 11+2  

- No. of pressure vessels installed per rack 301 

- Total number of rows per rack 19 

- Total number of columns per rack 16 

- No. of membranes per pressure vessel 7 (2 No. TM820V-400 and 5 No. 

TM820V-440) 

The main operating characteristics of each rack 

of RO modules are as follows: 

- Recovery 

- Layout 

 

 

44.5%  

Pressure vessels for seven 

membrane elements 

2nd PASS OF RO 

- No. of racks 4+1  

1st Stage 

- No. of pressure vessels 234 

- No. of membranes per pressure vessel 7 

2nd Stage  

- No. of pressure vessels 73 

- No. of elements per vessels 7 

The main operating characteristics of each rack 

of each rack of RO modules are as follows: 

- Recovery 

- Layout 

 

 

87% 

Pressure vessels for seven 

membrane elements 

Table 15 
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C. Design Parameters 

An essential factor to considered when calculating and designing a seawater 

desalination plant is the evolution in time of both the transference of membrane salts 

and how dirty they are and/or deterioration with a view to being able to guarantee that 

the plant meets the values guaranteed throughout its entire useful life. 

 

To simulate the evolution in time of the membranes, three fundamental factors have 

to be established: 

 

- Replacement rate 

- Annual loss of flow 

- Annual increase of salt transference 

 

The values implemented for each of them and their justifications are as follows: 

 

Replacement rate 

The replacement rate is closely related to the life expectancy or average age of the 

membranes. The lower the life, the higher the replacement rate and vice versa. 

 

The annual replacement rate adopted for this project is 12%/year on cumulative basis 

for the 1st pass RO membranes (60% after 5 years) and 10%/year on cumulative 

basis for the 2nd pass RO membranes. 

 

Annual loss of flow 

The value of the rated annual loss of flow (NALF) due to the aging of the membranes 

adopted as a basis for the presented calculations is 7% for the 1st pass membranes 

and 5% per the 2nd pass membranes.  

 

Increase of salt transference 

As the membranes get older the membranes lose their permeability and salt rejection. 

 

This is due to several factors such as the compaction produced by the high pressures 

applied, accumulation on the surface of the membranes of colloidal elements that 

seawater carry over, mechanical or chemical deterioration of the active layer 
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produced by cleaning, etc. A value of 7% has been adopted in the calculation 

software for the annual increase of transference of salts. 

 

Chemicals 

Antiscalant will be dosed before 1st and before 2nd pass.  

 

As 2nd pass reject will be recirculated, the antiscalant dosing required in the feed flow 

to the first pass will be lower, the 2º pass recirculating flow already has antiscalant 

diluted.  

 

This way the total consumption of antiscalant will be minimized. 

 

Sulphuric acid will be shock dosed time to time on each rack before 1st Pass for 

reducing pH of raw seawater. 

 

Sodium Hydroxide (NaOH) will be dosed to increase the pH on the 2nd pass in order 

to facilitate the removal of Boron.  

 

D. Materials and instruments 

The rack’s high-pressure pipes will be made of superduplex quality stainless steel 

(PREN>40). 

 

The high-pressure plug valves will be made from ARFLU or equivalent and 

manufactured in stainless steel quality (PREN>40) to avoid any corrosion due the 

seawater. 

 

Valves and instrumentation 

In case that pre-treated seawater conditions are not admissible for the reverse 

osmosis modules, the high pressure pumps will be deactivated and there will be an 

automatic flushing of the seawater remaining in the membranes. For that purpose, the 

following automatic valves will be installed in the high-pressure pumps suction line: 

- Automatic valve for each HP pump shut-off 

- Automatic valve for outlet to backwash tank of the pre-treated water. 

- Automatic valve on the flushing water inlet pipe. 
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Each HP pump suction pipe and permeate outlet pipe will be equipped with an 

electromagnetic flow meter. 

 

Each HP pump discharge pipe will be equipped with a control valve to allow the 

progressive pressurization of the membranes according to a progressive curve. The 

control of this valve will be under the PLC orders, which will act according to the 

signals, received from the installed flow electromagnetic transmitters. 

Reagent inlet and outlet valves, and the rack’s by-pass valve to sea water return pipe 

line, will be automatic, so that if any of the lines accidentally trips (instrumentation 

failure, power cuts etc.) the displacement process starts automatically, without the 

intervention of any operator. 

 

We have also included: 

- Temperature probes in the pump bearings and motor wounds. 

- Pressure switch for protection against low pressure in the suction line. 

- Pressure gauges at pump discharge. 

 

All pressure vessels containing membranes are additionally equipped with three-way 

ball valves to sampling and diagnosis of the membranes. 

 

Finally, each rack will have a sampling panel, made of AISI-316 quality stainless steel, 

equipped with quick connection valves in the same material to control the quality of 

desalinated water produced by each pressure pipe. 

 

Membrane Cleaning System 

With operation, RO membranes become clogged and the production flow rate is 

reduced. Clogging can be caused by to colloidal matter, small precipitations, etc. To 

keep the clogging under control and restore some of the lost properties of the 

membranes, these must be periodically washed.  

 

The washing frequency is determined by the nature of the water and monitored by 

installed instrumentation (differential pressure transmitter DPT). 

 

The complete sequential washing lasts for 4-8 hours, depending on the type of 
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cleaning. 

 

To clean the membranes a series of chemicals as surfactants, citric acid, NaOH, 

EDTA, etc, (depending on the nature of the clogging substances) are prepared in the 

preparation tank. Washing will be carried out opening a series of valves and turning 

the washing pump to the closed circuit for several hours. After this time, the CIP tank 

is emptied and the rack is operated to check the washing efficiency. 

 

Two CIP systems, including all its equipment, shall be provided in order to have the 

possibility to perform two RO racks CIP at the same time, achieving higher availability 

 

The different equipment used in the CIP system are: 

 

Preparation tank 

For each CIP system, membrane cleaning chemicals are diluted in 2 No. CIP 

preparation tanks, which has a rapid mixer to facilitate the mixing, two (2) duty and 

one (1) standby dosing pumps are used to transfer the solution to the CIP tank. 

 

 

CIP tank 

The CIP solution will be prepared on each system in a GRP tank of 85 m³ where the 

different cleaning solutions will be prepared.  

 

CIP pumps 

Two (2) pumps plus one (1) standby per system will pump the cleaning reagents at 

1,520 m³/h and 5.5 bar(g). Its suction will be connected to both cleaning tank and the 

service water tank in order to perform both the cleaning and flushing. 

 

Cartridge filters 

One cartridge filter per system will be provided in order to retain any impurities from 

the clearing reagents before entering the RO. 

 

Neutralization tank 

A 100 m3 tank in GRP will be provided for the neutralization of cleaning chemicals. 
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Once membrane cleaning has been completed, the chemical solutions used will be 

sent to this tank and other chemicals will be dosed in order to neutralize these 

solutions before discharge. The neutralization process is fully automatic and the 

operator will decided if the characterization of the solution is admissible for the 

discharge.  

 

pH will be measured at the discharge line of in this tank. 

 

Flushing Pumps 

Should one of the RO trains stop (previous phase to CIP cleaning), and not re-start in 

a predetermined time, then one of the two (2) flushing pump will automatically start, in 

order to flush the seawater located inside the pressure vessels, pipes and pumps. 

 

The flushing pumps are the same as the CIP pumps, sharing the same stand by unit. 

Flushing pumps will take water directly from service water tanks.  

 

Service Water Tanks 

Two (2) permeate water storage tanks of 1,000 m3 capacity each will be constructed 

in the Reverse osmosis building. Water will be used for chemical dilution and 

membranes flushing among other applications.  

 

The service water system used to dilute the different chemicals will suction from this 

tank. 

 

4.8. CHEMICALS 

Based on our experience in designing and operating plants similar to this one, final dosing 

values will be fixed during the commissioning phase.  

 

All tanks will be installed in dedicated bounded areas with capacity for the whole storage 

volume.  

 

All tanks will be equipped with level switches. As a minimum: 

- High Level Switch: tank filling stop. 

� Low Level: tank filling required. 
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� Low Low alarm: stop dosing pump. 

 

Chemical dosing values are: 

 

  DOSING RATE (ppm) 

CHEMICALS SERVICE Average Maximum 

PRE-TREATMENT    

Sulphuric Acid pH control for coagulant 10 24 

Sodium Bisulphite Dechlorination before DAF 5.9 15 

Ferric chloride  Coagulation before DAF  0.5 3 

Ferric chloride Coagulation for UF before 

DAF 

1.5 7.3 

Sulphuric Acid Shock biological disinfection -- 160 

Antiscalant, 1st pass  Avoid salt precipitation 1 1.5 

Sodium Bisulphite Dechlorination before RO 5.9 15 

2nd PASS RO    

Sodium Hydroxide pH increase 15 35 

Antiscalant  Avoid salt precipitation 2 3.5 

WASTEWATER TREATMENT    

Polyelectrolyte Dewatering 0.5  1  

Ferric chloride  Coagulation before Sludge 

Clarifier 

15 30 

ULTRAFILTRATION (CEB)    

Sulfuric acid UF CEB 1214 - 

Sodium Hydroxide UF CEB 94 - 

Sodium hypochlorite UF CEB 200 - 

 

4.8.1. Sodium hypochlorite dosing 

Sodium hypochlorite is used to clean the UF membranes. Each set of membranes will need 

to be cleaned periodically according to the UF membrane manufacturer frequency to perform 

this type of cleaning. 

 

The effluents generated by cleaning activities will be discharged into neutralization tanks 
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where they will be treated prior to being disposed to the seal pit, for posterior discharge to 

the see. 

 

Sodium hypochlorite will be stored as a liquid in four (4) tanks of 20 m3; i.e. over 45 days 

storage.  

 

4.8.2. Sulfuric Acid Dosing  

Sulfuric acid will be dosed for three different purposes: 

 

The first purpose is to shock dose each RO rack. Dose will last 60 min per week and will get 

the pH down to 4, in order to avoid biofouling in the membranes.  

 

The second purpose is to clean the UF membranes. Each set of membranes will need to be 

cleaned periodically according to the frequency recommended by the UF membrane 

manufacturer to perform this type of cleaning. 

 

The third purpose is to adjust the inlet seawater pH to improve the coagulant properties. This 

will be a continuous dose.  

 

Storage tanks will be shared for all applications. Sulfuric acid will be stored as a liquid in two 

(2) tanks of 40 m3; i.e. over 45 days storage.  

 

To avoid getting moisture, the sulfuric acid tank will include a silica gel drier that will remove 

any moisture entering into the tank. 

 

The tanks will be installed in bounded areas with enough capacity for the whole volume of 

each tank. That will prevent any contamination case any leakage or the breakage of the tank 

itself takes place. PVDF or PTFE lined carbon steel materials will be used for the sulfuric 

acid dosing system because their good physical, chemical and thermal properties. PVDF 

pipes, fittings and valves are commonly used in the industry for acids, chloro-fluorinated 

solvents and hydrogen peroxide.  

 

Dedicated pumps (including standby units) will be installed for each application. DAF dosing 

will be fully automatic and regulated by the pH-meters installed in the intake chamber, as well 
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as in the DAF influent channel. UF CEB dosing will also be automatic and will be initiated 

based on the timing recommended by the manufacturer. RO shock dosing will be a manual 

operation that will be initiated by the operator when required.  

 

4.8.3. Coagulant Dosing 

Ferric chloride is proposed as the prefer coagulant. This reagent, required for a proper 

performance of the DAF system is used to destabilize the suspended and colloidal inorganic 

and organic material present in raw water, forming flocs that can be easily removed. 

 

The amount of ferric chloride necessary for coagulation depends on the quality of the 

seawater to be treated. Parameters such a pH, temperature, concentration of suspended 

solids in water, hardness, and alkalinity affect the type and amount of coagulant needed. In 

the case of red tide events, higher dosing rates will be required.  

 

Ferric chloride will be injected into the feed water by means of dosing quills prior to reaching 

the flocculation chambers of the DAF system. Ferric chloride will be dosed in the feed of the 

DAF for UF purposes, given enough time before reaching the UF. Also it will be dosed as 

coagulation aid for DAF sludge before sludge clarifier. 

 

Ferric Chloride will be stored as a liquid in three (3) tanks of 53 m3 tanks i.e. over 45 days 

storage.  

 

4.8.4. Sodium Bisulphite 

Due to the sensitivity of the membranes to strong oxidants, sodium bisulphite will be dosed to 

neutralize the free chlorine used in pretreatment. 

 

The dosing rate will depend on the disinfectant dose used upstream of the process. Roughly, 

twice the concentration of disinfectant used is needed 

 

For injection of sodium bisulphite, two options shall be provided: one option is the injection 

before DAF system for dechlorination of raw water from intake and second option is to inject 

downstream the ultrafiltration.  

 

Redox and chlorine analyzers will be installed before the membranes to ensure total absence 
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of chlorine in the flow.  

 

Sodium bisulphite will also be used in UF CEB neutralization, this will be done automatically.   

 

Sodium bisulphite will be supplied both as a solid and liquid. Sodium bisulphite storage as 

liquid will be in three (3) tanks of 40 m3 and in solid will be storage in 129 pallets of 25 kg 

bags  for a total storage time of 45 days. 

 

The sodium bisulphite solution will be prepared in 2 No. preparation tanks. Dosing pumps will 

suction from either the preparation tanks and storage tanks and all equipment and tanks will 

be located in the chemical building.  

 

4.8.5. Antiscalant 

Without some means of upstream scale inhibition, RO membranes and their flow passages 

will foul due to the scaling of different salts (like calcium carbonate, barium sulphates, etc).  

 

Antiscalant for the 1st Pass RO racks will be dosed by injection quills in the pipe the 

ultrafiltration. Antiscalant for the 2nd Pass will be dosed in-line static mixer in the suction of 

the 2nd Pass booster pumps.  

 

4.8.6. Sodium Hydroxide 

Sodium hydroxide will be dosed with two different purposes: 

 

On one side, It is used to clean the UF membranes. Each set of membranes will need to be 

cleaned periodically according to the frequency recommended by the UF membrane 

manufacturer to perform this type of cleaning. 

 

And prior to the second pass RO in order to increase the pH of the water and help in the 

rejection of boron. Dose rate will be in around 15 ppm, being higher during summer. 

 

Sodium Hydroxide will be supplied as a liquid with 50% purity. Storage tanks will be shared 

for all applications. Sodium hydroxide will be stored as a liquid in six (6) tanks of 56 m3; i.e. 

over 45 days storage.  
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4.8.7. Polyelectrolyte 

Polyelectrolyte will be dosed for waste and sludge treatment for flocculation aid and for 

sludge dehydration aid upstream the sludge centrifuges. 

 

 

4.9. WASTE WATER TREATMENT 

The different process included in the main process line will have secondary flows. Some of 

them will be sent directly into the outfall, as their characteristics are similar to the seawater 

ones and do not have any environmental impact. Others, however, will require a specific 

treatment in order to reduce the solids concentration before being discharged back into the 

sea.  

 

Secondary flows in the plant consists of:  

• Floated sludge from DAF system.  

• Backwashed water from disc filters and UF*. 

 

These flows will be treated in Waste Water Treatment Building.  

*Backwashed water from disc filters and UF could be discharged directly to the seal pit if the 

mixing with other streams into the seal pit complies with environmental regulations.  

 

The design basis for the sludge treatment system is the removal of the suspended solids with 

the help of two sludge clarifiers and three dewatering centrifuges.  

 

4.9.1. Sludge Clarifiers 

The proposed solution consists of a two sludge clarifiers, followed by sludge holding tank and 

a dewatering stage in centrifuges. 

 

Solids will gather together into flocs in the flocculation chambers of the clarifiers. The 

clarifiers will encourage these flocs (of a large size) to floated, from where they will be easily 

removed.  

 

Floated sludge will be removed automatically by scrapers and will be floated to the sludge 

tank. 
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4.9.2. Floated sludge tank 

Floated sludge from the sludge clarifier system will be pumped to the floated sludge tank.  

 

The tank will be a rectangular one made of concrete with a slope bottom which will 

encourage  the settlement into a certain area, so that the sludge pumps can take the settled 

material to the thickening stage. 

 

Three pumps will be installed.  

 

Operation requirements are: 

• Under average conditions 1 units centrifuge unit on duty + 2 units stand-by.  

• Under algae bloom events, when the solid concentration increases considerably. 3 

pumps work on duty.  

 

In order to clarity, average conditions are as RFB parameters with TSS concentration of the 

raw seawater of 5 mg/l. 

 

Algae blooms events refers to unusual water quality (e.g. algae bloom or elevated oil 

concentrations in the intake sea water). Average algae bloom (red tide) is under 20 mg/l of 

TSS (operation philosophy is 2 centrifuges on duty + 1 stand-by). Unusual algae bloom is 

considered as 30 mg/l of TSS.  

 

Under an extreme algae bloom of 30 mg/l the floated sludge tank has a buffer time around 4 

days in which the operation is 2 centrifuges on duty + 1 stand-by and if the event exceeds 

this duration, then 3 centrifuges will need to be operated on duty. The duration of this 

extreme conditions is not expected to be over 5 days. 

 

4.9.3. Dewatering centrifuges 

Centrifuges will dewater the sludge from a minimum dryness of 3% to 20% or more. 

 

Operation requirements are: 

• Under average conditions the centrifuge will work 5 days a week, 20 hours a day 

• whereas during algae bloom events the centrifuge will work continuously, 7 days a 

week, 24 hours a day 
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Each centrifuge has its own feeding pump (screw type). A standby pump will be also installed. 

Furthermore, each centrifuge will have its own polyelectrolyte production and dosing unit.  

 

The wetted parts of centrifuge in contact with sludge shall be made of Duplex.  

The dry sludge will be stored in the containers foreseen for this purpose.  

 

Concentrate from the centrifuges will be pumped to the outfall.  

 

 

5. REMINERALIZATION 

The remineralization area is designed to treat the 33% of the permeate flow to be treated 

thorough the limestone filters, being the 67% bypassed. The treated water and bypass 

stream will be blended on line by passing through a static mixer. 

 

CO2 absorbers and limestone contactors will be used in order to remineralize the water 

according to the required potable characteristics. 

 

The result potable water will comply with the latest version of water quality requirement: 

“Water Quality Requirements and Conditions for Drinking Water Producer Companies” from 

July 2013. 

 

A summary of the main parameters for the potable water are: 

 

TDS (mg/L) ............................................ 110 – 250 

pH  ........................................................ 7.0 - 8.3 

Hardness (mg CaCO3/L) ........................ 65 – 120 

Alkalinity (mg CaCO3/L) ......................... 60 – 120 

Turbidity (NTU) ....................................... < 1 

LSI  ........................................................ +0.0≤ LSI ≤ +0.3 

 

Normally the parameters that restrict the remineralization design are the LSI, alkalinity, pH 

and TDS concentration.  
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Remineralization consists of a rehardening stage followed by another stage of disinfection.  

 

As part of rehardening, CO2 gas will be injected into part of the permeate water that will be 

pumped to the CO2 absorber by the CO2 absorber booster pumps. This will be around 20% 

of the 33% side flow. After the CO2 has been dosed, the acidified permeate water will be 

mixed with the remaining boosted permeate water in an inline static mixer and subsequently 

it will enter the limestone filters.  

 

The acidified carbonated water from the limestone filters still contains some excess CO2 gas, 

resulting in a too low pH value in the final product water. A Degasser Tower will be used to 

eliminate the remaining excess of free CO2 in the Acidified Carbonated Water before the 

NaOH solution injection. 

 

After the excess of CO2 has been removed, carbonated water is finally blended with the main 

permeate by-pass. In order to eliminate the remaining CO2 in the product water, a solution of 

NaOH is dosed into the water. 

 

The disinfection will be done by chlorine dioxide dosing. Both the NaOH and chlorine dioxide 

dosing points will be located just before the potable water tanks into a static mixer in order to 

enhance the mixing. 
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5.1. MAIN PARAMETERS 

Remineralization is based on following details 

 

 

Description Parameters 

- Fluid Permate from RO plant 

- Total flow (m3/h) 11,365 

- Flow through limestone filters (m3/h) 3,751 

- Bypass Flow (m3/h) 7,614 

- Percentage of flow through lime filters (%) 33 

 

 

5.2. CO2 PRODUCTION FACILITY 

The required CO2 dosing parameters are: 

 

CO2 production/dosing Parameters 

CO2 Plant dosing capacity 750Kg/h 

Maximum dosing rate 52.8 ppm (over total flow) 

Average dosing rate 41.3 ppm (over total flow) 

 

The CO2 production system offered is designed to produce CO2 gas from the specified fuel 

combustion process and provide a final liquid CO2 quality > 99.9 % vol/vol purity. 

 

The CO2 production facility will provide a final liquid product quality meeting the standards 

prescribed by the International Society of Beverage Technologists (ISBT) 2001 Quality 

Guidelines for Liquid Carbon Dioxide (CO2): 
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The CO2 production facility has been designed to operate with a light diesel oil or with 

Natural Gas, in order to produce the required CO2. 

 

The fossil fuels will comply with Gas Specification stablished on Facility D RFB Part V – C – 

FSA_Appendix 1. See this document Appendix B for further information of this specification. 

 

Principle of Operation 

 

To produce the gaseous CO2, the CO2 production facility generates CO2 by burning fossile 

fuels such as light diesel, natural gas and /or kerosene in a combustion system specifically 

designed with a dual purpose: 

• First, to produce flue gas that consists of water vapor, CO2 gas and N2 gas.  

 

• And second, to produce the necessary heat required for the process of regenerating 
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the amine solution used for CO2 absorption. 

 

The burner has been designed to operate by precise control of air and flue flow to perform a 

combustion which results in a mixture of water vapor, CO2 gas and low oxygen content in the 

flue gas. Then, upon exit of the burner the flue gas is cooled through a flue gas scrubber to 

wash the gas of sulphur and reduce the flue gas temperature to optimize the absorption in 

the CO2 extraction system (absorption and stripping). 

 

Flue gas enters the extraction system, first to the absorber tower where CO2 gas is extracted 

from the flue gas by absorption into a MEA solution. Once the CO2 gas is entrained within the 

liquid MEA (Rich MEA), the liquid is pumped via a MEA heat exchanger to the stripping tower 

of the extraction system. The Rich MEA is properly distributed at the top of the stripper tower 

and using the heat produced during combustion in the burner, liberates the CO2 gas from the 

rich MEA solution at a controlled discharge pressure for further processing, rendering the 

MEA solution lean with no CO2 present and ready for absorption of gas again. 

 

The CO2 gas is cooled by the product gas cooler using water as the medium to a 

temperature suited for processing the constant flow, constant pressure, of the 99.9% pure 

CO2 gas stream. 

 

The cooled and pure CO2 gas is then introduced to the CO2 gas compressor package which 

compresses the CO2 gas from atmospheric conditions to around 16-19 barg. Once 

compressed, the CO2 gas is purified by means of a potassium permanganate solution, dried 

by adsorption using specially designed towers and desiccant adsorption material to a dew 

point of -60/-50 ºC at atmospheric pressure, suitable for CO2 gas condensing. Once the gas 

is dried it is treated by active carbon before liquefaction. 

 

Compressed, purified, dried, pure, odor free, color free CO2 gas is the converted from 

gaseous to liquid product by refrigeration in a condenser by use of an environmentally safe 

refrigeration medium which uses a self-contained system. 

 

Liquid CO2 is stored in 2 No. CO2 tanks equipped with an inner vessel. Where pressure will 

remain stable using a vacuum insulation. The tanks will provide a storage capacity of a 

minimum of 7 days. 
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The pumps, blowers, compressor system and drying system will be provided with a standby 

unit, in order to ensure the continuous operation of the production unit should one of the units 

fail. 

 

CO2 Dosing SYSTEM 

 

The stored liquid CO2 is vaporized and taken to ambient temperature by atmospheric 

vaporizers, the gas will then be filtered. 2 No. duty/standby dosing lines will be provided. 

 

The vaporized CO2 will be connected to the correspondent control board in order to enable 

the expansion, measurement and regulation of the carbonic gas in terms of the CO2 dosing 

flow. The dosing flow shall be flow proportional, based on the product flow. 

 

5.3. CO2  ABSORPTION SYSTEM 

 

CO2 dosing will be carried out in a by-pass of the main line (around 20% of the 33% by-

passed stream) where the CO2 is injected at the top a CO2 absorber tank that guarantees 

injecting gasified water without free bubbles. Inappropriate injection of CO2 would cause an 

uneven distribution among the different limestone filters. To avoid this problem a system that 

guarantees the dilution of CO2 prior to injection in the main inlet pipe is proposed. The 

permeate water and injected CO2 will flow through a packed media to maximize the 

dissolution of the CO2 gas.  

 

1 No. duty tank and 1 No. standby tank will be provided. The tank characteristics are shown 

below: 

CO2 absorber tanks Parameter 

Tank diameter (m) 2.2 

Tank cylindrical height (m) 4.22 

Tank material Carbon steel (ebonite lined) 

Packing material Plastic 

Packing height (m) 2.5 

 

The absorber will be designed for a constant water flow rate. The feed pumps will adjust the 
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speed to match the required flow rate at a given pressure. 

 

The injection pressure will be defined by the main pipe operational pressure. 2 No. duty 

booster pumps and 1 No. pump in stand-by mode will add the extra pressure required. 

 

5.4. LIMESTONE FILTERS 

The CO2 absorber effluent will be blended with the remaining boosted by-pass stream in a 

static mixer. The limestone feed booster pump speed will be adjusted to maintain a set 

pressure in the feed to the limestone contactors. 

 

The next process is the addition of temporary hardness. This is achieved by passing the 

carbon dioxide enriched permeate through limestone chips in a battery of pressurized filters 

connected in parallel.  

 

The following chemical reaction will occur: 

 

 

 

CaCO3 is provided inside the limestone filters as a powder of suitable grain size, while CO2 

and H2O are those resulting from the previous absorption process. As result of the chemical 

reaction, acidified carbonated water at filters outlet will reach the required level of alkalinity. 

There are 9 limestone filters, 8 will be in operation and 1 will be stand-by. 

 

Limestone filters Parameter 

Number of Limestone Filters 9+1 

Filter diameter (m) 5.2 

Filter initial height (m)  4.3 

Total flow (m3/h)  3,751 

Flow per unit (m3/h) –  417 

Filtration rate (m/h)  19.6 

Contact time (min) – duty only 13.1 

 

The filters operate in down flow mode: the acidified permeate water will enter from the top pf 

the filter and hardened permeate will leave at the bottom. The depth of the media will be 
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selected to provide the specified increase in calcium alkalinity at all operating conditions and 

taking into account a minimum recharging interval of 7 days during normal operation. The 

volume of the limestone bed of each filter has been selected in order to guarantee a 

minimum water residence time of 10 minutes. 

 

Limestone filter backwashing 

 

The limestone filters will be periodically backwashed to eliminate the impurities contained in 

the commercial calcium carbonate product, which are deposited in the bed. The backwash 

frequency will be time based. The backwash water will be withdrawn from the permeate 

water stream and will be valve controlled. The permeate water pressure will be sufficient to 

ensure an adequate backwash of the bed. 

 

2 No. duty/standby blowers will be provided to perform an air scour as part of the filter 

cleaning sequence.  

 

The backwash sequence will consist of the following steps: 

1. Drain down 

2. Air scour 

3. Air scour + backwash 

4. Backwash 

 

Limestone filter sludge treatment 

 

The dirty backwash water will be collected in 2 No. duty/standby sedimentation tanks. After a 

set settlement time, 2 No. duty/standby backwash water recovery pumps will return the 

supernatant to the limestone filter outlet, via 2 No. duty/standby cartridge filter vessels. 2 No. 

duty/standby submersible pumps will pump the sludge settled at the bottom of the tank to the 

sludge drying beds. The liquors from the sludge drying beds will gravitate to the 

neutralization pit, for posterior discharge to the seal pit. 

 

Limestone filter recharging system 

 

The limestone level will progressively decrease due to the chemical consumption and a 
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periodical recharge will be required, in order to keep a minimum bed level. The recharging 

process will be followed by a backwash, according to the following sequence: 

1. Drain down 

2. Recharging 

3. Air scour 

4. Air scour + backwash 

5. Backwash 

The fresh limestone will be transferred manually from the storage area to the limestone 

receiving hopper. A rotary valve will adjust the limestone dosing rate, that will be discharged 

via a screw feeder to the limestone feed regulating tank. The limestone will then be dosed 

into the recharging carrier water via an ejector. Limestone effluent water will be pumped via 2 

No. duty/standby recharging water pumps to serve as carrier water for the recharging 

process.   

 

The main parameters of the recharging system are summarized in the table below: 

 

 

5.5. DEGASIFYING SYSTEM 

At the outlet of the limestone filters, the acidified carbonated water still contains some excess 

CO2 gas, resulting in a too low pH value in the final product water. 

 

In order to minimize the consumption of caustic soda (used for pH adjustment) in the total 

flow stream, the hardened permeate will gravitate to the atmospheric degasser tower. The 

recovered limestone backwash water will also be blended with the limestone effluent 

upstream the degasser tower. In this tower, acidified carbonated water is in direct contact 

with air that is fed from a degasser tower fan. The air removes the remaining excess of free 

CO2 before performing the dosing injection of NaOH solution. Stripping the excess CO2 gas 

results in an increased pH in the degasser tower effluent water. 

 

The degasser towers will be a counter current flow type, equipped with suitable fans for air 

blowing. 1 No. degasser will be provided on duty and 1 No. degasser on stand-by with 1 No. 

air blower and 1 No. air blower in stand-by mode. 

 

Degasser tower fans are designed for 100% capacity, having 1 No. fan in operation mode (in 
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one tower) and 1 No. fan in stand-by mode (in the stand-by tower). The fan flowrate will be 

adjusted according to the product flowrate and temperature. 

 

Degasser tower effluent will gravitate to a concrete tank located below the towers. 2 No. 

duty/standby degasser tower extraction pumps will pump the degasser effluent to the product 

line, where it will be blended with the main by-pass stream upstream the chemical dosing. 

The pumps will be controlled to maintain a constant level in the degasser tower basin. 

 

A chemical cleaning system will be provided consisting of 1 No. acid tank, 1 No. acid recycle 

pump and pipework to perform occasional manual cleanings to the tower if required. 

 

5.6. CAUSTIC SODA DOSING SYSTEM 

As indicated above, degasified water is blended with the main permeate by-pass. The mixing 

occurs in an in-line static mixer. A solution of NaOH is injected to the final product water in 

order to eliminate the remaining CO2 content, and adjust the pH. 

 

The CO2 consumption is determined in accordance with the following chemical reaction: 

 

 

The reaction produces Na+ and HCO3
- ions. 

 

In order to comply with the product water specifications, the NaOH injection point is located 

immediately after the injection point of carbonated water on the by-pass line and before the 

in-line mixer.   

 

A solution of 50% NaOH is stored in 2 No. NaOH storage tanks, which are filled with a 

loading pump directly connected to truck. The storage tank is electrically heated to prevent 

sodium hydroxide crystallization. The tanks provide 45 days storage capacity.  

 

3 No. duty/duty/standby sodium hydroxide dosing pumps are used to inject the solution into 

the main potable water header. The dosing flow will be adjusted based on the potable water 

flow. 

 

A second set of 2 No. duty/standby pumps will be used to pump the solution to the 
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neutralization tank. The dosing flow will be fixed and the pumps will start and stop based on 

the neutralization tank pH, monitored by an operator. 

 

 

5.7. DISINFECTION SYSTEM 

The disinfection will be done by chlorine dioxide dosing. One dosing point will be provided for 

disinfection, just after the sodium hydroxide injection and before the in-line mixer. 

 

The chlorine dioxide (ClO2) is generated by dosing two reagents, sodium chlorite (NaClO2, 

31%) and hydrochloric acid (HCl, 31-33%), into underwater type reaction chambers. These 

reagents are injected by dosing pumps, 1 No. pump in operation and 1 No. pump in stand-by, 

for each reagent type. The reagents will be stored in liquid form in 1 No. storage tank each, 

which provides 45 days storage. The tanks will be filled by 1 No. loading pump for each 

reagent, directly connected to truck. 

 

The reaction that takes place is the following: 

 

 

 

The reaction occurs in a small reaction chamber installed inside a water jacket pipe in which 

the dilution water flows continuously. The formed chlorine dioxide is immediately dissolved in 

the dilution water flowing right outside the reactor. The dilution water will be withdrawn from 

the permeate line. 

 

The required chlorine dioxide dose rate will be calculated based on the potable water flow 

rate and a given target dose (see table below). The system will then calculate the required 

amount of reagents to generate the necessary amount of solution.  
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Image: Underwater reaction chamber 

 

5.8. NEUTRALIZATION SYSTEM 

 

All chemical drainages of the remineralization area will be discharged into the neutralization 

pit for neutralization before being pumped to the seal pit via the dump water pipe. 

 

The neutralization pit will be equipped with a service air scour system in order to mix the 

liquid streams. This system shall be used during the neutralization system operation in order 

to improve the mixing of chemicals with the fluid to be neutralized. The procedure shall be 

performed by the operator according to the following steps:  

 

The first stage of neutralization procedure is the liquid recirculation into the pit by the effluent 

transfer pumps in order to achieve proper mixing and monitor the pH value of the 

homogeneous mixture. 1 No. duty submersible pump and 1 No. stand-by submersible pump 

will be provided. According to the measured pH value, acid or sodium hydroxide will be 

injected into the pit while the effluent transfer pump continues in recirculation mode. The acid 

will be provided from a dedicated acid storage tank, from which the solution will gravitate into 

the pit. The sodium hydroxide will be provided from the main storage tanks, as indicated 

above. 

 

The second stage of the neutralization procedure consists on transferring the neutralized 

solution to the seal pit via the dump water pipe. 
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6. AUXILIARY SERVICES 

6.1. SERVICE WATER 

Service water will be stored in two (2) tanks of 1,000 m3. 

 

For the supply of service water, two (2) pressure groups consisting of two pumps each (1 

duty +1 standby) will be provided. The pump capacity is 100 m3/h at 5.5 bar(g) pressure 

designed to maintain a constant pressure in the service water pipes. 

 

The pressure group will also include a compensation tank to help buffer pressure variations. 

 

The remineralization plant service water shall be provided directly from the permeate header, 

mainly to the CO2 production plant other occasional requirements. 

 

 

 

6.2. AIR COMPRESSORS 

A set of two (2) No. duty and one (1) standby air compressors is provided to supply 

compressed air for UF membrane air integrity test and pneumatic valves operation.  

 

The compressed air is supplied around the Desalination Plant Site by a distribution pipework 

designed specifically for pressurized air. The same set of compressors will provide the 

required service air for the remineralization plant. 
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APPENDIX A 

SEAWATER ANALYSIS 
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APPENDIX B 

POTABLE WATER QUALITY 
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Appendix E – Process Flow Diagram 
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Appendix F – Water Quality Requirements and 
Conditions for Drinking Water Producer Companies 
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Appendix G – Air Quality Baseline Survey Report 
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1.0 INTRODUCTION 

 

Element Doha LLC were commissioned by GHD to conduct baseline environmental air quality monitoring 

at 2 locations at Umm Al Houl Power which is situated near Al Wakra family beach, Qatar. 

 

1.1 SCOPE OF WORK 

 

Air quality monitoring was carried out at two locations identified by the client (GHD), the GPS co-ordinates 

of the ambient locations are included in Table 2 and a map provided in Appendix A. The table below shows 

the monitoring duration of the active sampling for indicated parameters at each of the sampling location. 

 

Table 1 : Details of the Scope of Work 

 Parameter 
Monitoring 

Duration 

Monitoring 

Period 
Sampling 

Locations 

Active 

Sampling 
Ambient  

TSP, PM10, PM2.5, 

NOX, SO2 and VOCs 

30 mins each day 

per location 
7 days AS1 and AS2 
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1.2 MONITORING LOCATIONS 

 

Table 2 : Details of the Sampling Locations 

Sampling Station Northing Easting 
 

Description of locations 

AS 1 
 

25°22’46.44” 
 

051°32’45.6” 
 

Coast guard station, this location is found 
north of site. 

AS 2 
 

25°22’40.8” 
 

051°32’35.34” 

 
Worst case impact location. The monitoring 
location is situated 5m from the entrance to 

the RO expansion project site. 
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2.0 Legal Environmental Framework 

 

Daily Ambient Air Quality Monitoring results are compared against the Qatar Environmental Protection 

Standards. The standards for the relevant parameters are shown in Table 3 below.   

 

Table 3 : Air Quality Standards 

Air Polluting Parameter Average Time 

Qatar Environmental 
Protection Standards 

Maximum Allowable 
Concentration in the 

Ambient Air 

Sulphur Dioxide (SO2) 
24 Hour 365 µg/m3 

1 Year 80 µg/m3 

Nitrogen Dioxide (NO2) 

1 Hour 400 µg/m3 

24 Hour 150 µg/m3 

1 Year 100 µg/m3 

Carbon Monoxide (CO) 
1 Hour 40 mg/m3 

8 Hour 10 mg/m3 

Particulate Matter <10 Micron (PM10) 
24 Hour 150 µg/m3 

1 Year 50 µg/m3 

 
  N/B: all the monitoring was conducted for 30 minutes period per day.  
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3.0 MEASUREMENT METHODOLOGIES 

3.1 ACTIVE SAMPLING 

 

PM10, SO2, NO2, CO, wind speed, wind direction, temperature and relative humidity were measured in real 

time using an AQ Mesh monitor at the two locations for a period of 30 minutes per location for a period of 

seven days. For TVOC GrayWolf’s portable VOC meter which is highly versatile for low parts-per-billion 

ranges up to high PPM toxic VOC exposure ranges was deployed on site. GrayWolf makes use of plug-

and-play Photo Ionization Detector (PID) sensors for the above mentioned monitoring. The instruments 

were mounted approximately 1.5 meters above ground level and configured to monitor at regular intervals. 

The average PM10, NO2, SO2 and CO concentrations were logged every 15 minutes during the 30 minutes 

sampling while TVOCs were logged every minute for 30 minutes every day. 

 

The monitoring was conducted at similar time frame daily; 

 AS 1 was conducted between 1315 hours to 1415 hours  

 AS 2 was conducted between  1230 hours to 1300 hours  

 

Details of the equipment used to perform the monitoring is provided in Table 4, calibrations certificates for 

the equipment is provided in Appendix B. 

 
Table 4 : Equipment Details 

Equipment Manufacturer Serial No. 

IQ610 Probe GrayWolf Sensing Solutions IQ610 

Laser light particle counter Air Monitors 1832150 
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4.0 RESULTS 

Table 5 : Meteorological Data 

Monitoring 
Station 

Date of 
monitoring 

Average 
Temperature 

Average 
Relative 
Humidity 

Average 
Barometric 
Pressure 

Average 
Wind 
Speed 

Prominent 
Wind 

Direction 

  ° C % mbar m/s Cardinal 

AS- 1 

28/06/19 34.1 69.3 994.6 4.0 NE 

29/06/19 39.8 48.7 995.7 3.0 SE 

30/06/19 39.2 55.1 995.6 3.1 SE 

1/07/19 38.8 55.8 996.4 2.8 SW 

2/07/19 37.2 56.3 994.7 1.7 SE 

3/07/19 35.7 67.0 996.4 3.6 NE 

4/07/19 36.4 62.1 997.0 3.9 NE 

 

Table 6 : Meteorological Data 

Monitoring 
Station 

Date of 
monitoring 

Average 
Temperature 

Average 
Relative 
Humidity 

Average 
Barometric 
Pressure 

Average 
Wind 
Speed 

Prominent 
Wind 

Direction 

  ° C % mbar m/s Cardinal 

AS- 2 

28/06/19 35.9 53.4 995.7 3.4 SE 

29/06/19 39.8 53.0 994.7 2.8 SE 

30/06/19 39.4 54.5 995.5 3.0 NE 

1/07/19 39.0 54.0 995.9 3.2 NW 

2/07/19 36.9 62.0 994.3 3.4 SE 

3/07/19 35.3 68.6 995.9 3.1 NE 

4/07/19 37.2 56.5 997.4 2.7 NE 
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Particulates Results 

Table 7 : Monitoring Results 

Pollutants  Date monitored Results as per  monitoring (µg/m3) Regulation 

  AS 1 AS 2 24 Hour average time 

 

 

 

PM 10 

28/06/2019 120.6 116.4  

 

 

150 µg/m3 

29/06/2019 109.0 118.2 

30/06/2019 118.1 116.9 

1/07/2019 115.3 114.4 

2/07/2019 115.4 116.2 

3/07/2019 116.9 114.8 

4/07/2019 119.0 116.2 

    1 Hour average time 

 

 

 

NO2 

28/06/2019 100.2 171.9  

 

 

400 µg/m3 

29/06/2019 107.0 162.7 

30/06/2019 127.4 146.6 

1/07/2019 141.4 141.9 

2/07/2019 105.4 136.6 

3/07/2019 117.2 140.0 

4/07/2019 135.7 134.6 

 

 

 

 

SO2 

   24 Hour average time 

28/06/2019 1.8 1.1  

 

 

365 µg/m3 

29/06/2019 1.4 1.6 

30/06/2019 1.1 1.6 

1/07/2019 1.7 1.2 

2/07/2019 1.8 1.6 

3/07/2019 1.8 1.4 

4/07/2019 1.5 1.3 
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Pollutants  Date monitored Results as per  monitoring (µg/m3) Regulation 

  AS 1 AS 2 1 Hour average time 

 

 

 

CO 

28/06/2019 0.4431 0.4504  

 

 

40 mg/m3 

29/06/2019 0.3567 0.4304 

30/06/2019 0.4463 0.4538 

1/07/2019 0.4613 0.3637 

2/07/2019 0.4718 0.4390 

3/07/2019 0.3714 0.3486 

4/07/2019 0.3335 0.3187 

  Findings are in ppb  

 

 

 

TVOC 

28/06/2019 178.8 199.3  

 

 

- 

29/06/2019 245.2 182.6 

30/06/2019 261.4 210.6 

1/07/2019 227.6 252.5 

2/07/2019 224.8 202.7 

3/07/2019 202.7 197.8 

4/07/2019 178.8 167.6 
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Figure 1: TVOC Chart for daily average monitoring at AS 2 

 

 

Figure 2: Temperature and humidity Chart for daily average monitoring at AS 2 
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Figure 3: PM10, NO2, SO2, and CO Chart for daily average monitoring at AS 2 
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Figure 4: TVOC Chart for daily average monitoring at AS 1 

 

 

 

Figure 5: Temperature and humidity Chart for daily average monitoring at AS 1 
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Figure 6: PM10, NO2, SO2, and CO Chart for daily average monitoring at AS 1 

 

 

5.0 DISCUSSION OF AMBIENT AIR QUALITY RESULTS 

 

The daily average concentrations for PM10, NO2, SO2 and CO were within the Qatar Environmental 

Protection Standards at both monitored locations.   

 

The levels of VOCs were not compared with any standards. This is partly because of the vast number of 

Volatile Organic Compounds therefore giving a great challenge in coming up with a standard. The average 

levels of VOCs did not show great daily variance in the concentrations for all days monitored.   
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APPENDIX A- SITE LOCATION MAP 




