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Abstracts

SMART (System-integrated Modular Advanced ReacTor) is an advanced small power reactor

under development for the dual application of desalination and power generation. Thermal

capacity of SMART is 330MWt. The integrated SMART desalination plant consists of the

nuclear power plant and. desalination plant. SMART desalination plant is designed to produce

40,000m3/day of potable water using approximately 10% of the total energy produced. The

remaining energy is used to produce the electricity.

The integrated SMART desalination plant consists of four(4) units of Multi Effect Distillation

Process combined with Thermal-Vapor Compressor(MED-TVC) and coupled with the extracted

steam from turbine through the steam transformer. Steam transformer produces the main

pressure steam and supplies to the MED-TVC unit. Each distillation unit has the production the

capacity of 10,000 m3/day of distilled water per day at top brine temperature of 65 °C using the

seawater supplied at temperature of 33 °C. MED-TVC was selected as a desalination process

coupled with SMART, since the thermal vapor compression is very effective where the steam is

available at high temperature and pressure conditions than required in the evaporator.

The MED-TVC unit is consisted of the steam supply system, vapor and condensate system,

seawater supply system, brine system and chemical dosing system. The standard design of the

SMART desalination plant is under development as a part of the SMART project. This report

describes design concept of these systems and their requirements. SMART desalination plant

should be designed to meet these requirements.
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Chapter 1. Introduction

The prospect of a fresh water shortage and the need for the diversification of nuclear energy

utilization motivated the development of an advanced nuclear reactor with high-level of safety

and reliability for the dual application of desalination and power generation. SMART (System-

integrated Modular Advanced ReacTor) is an advanced small power reactor under development

for this purpose. The SMART is an integral type advanced pressurized water reactor with

capacity of 330MWL For the demonstration of the dual-purpose application, the SMART

desalination plant is designed to produce 40,000m3/day of potable water using approximately

10% of the total energy produced. The remaining energy is used to produce the electricity.

The integrated SMART desalination plant consists of four(4) units of Multi Effect Distillation

Process combined with Thermal-Vapor Compressor(MED-TVC). Each distillation unit has the

production the capacity of 10,000 nvVday of distilled water per day at top brine temperature of

65 °C using the seawater supplied at temperature of 33°C. MED-TVC was selected for coupling

with SMART, because of the thermal vapor compression is very effective where the steam is

available at high temperature and pressure conditions than required in the evaporator. The steam

jet reduces the pressure, does useful work in compressing the vapors, and reduces the chance of

the scaling at high temperature. The thermal vapor compression system can improve the

efficiency by a factor of about 2.

The MED-TVC unit is consisted of the steam supply system, vapor and condensate system,

seawater supply system, brine system and chemical dosing system. This reports describes

design concept of these systems that compose a SMART desalination plant, MED-TVC. Also,

design requirement of desalination plant and its related auxiliary equipment are described in the

following chapter in detail.

The major functions of these systems are can be summarized as follows:

Steam Supply System

Steam supply system supplies the main pressure(MP) to the thermo-compressor. The pressure

energy of the MP steam transformed to the kinetic energy through the ventury in the thermo-

compressor. This velocity causes a very low pressure and extracts a portion of the vapor in the

last effect of the MED desalination unit. Then, the extracted vapor is mixed with the motive MP

steam in the thermo-compressor and discharged to the MED through the diffuser at an



intermediate pressure between the two inlet streams. The extracted vapor from the last effect

causes a successively low pressure in effects in contrast to the atmospheric pressure to ensure

Multi-Evaporation. The extracted vapor has too low energy to evaporate more seawater.

However, the vapor gains sufficient enthalpy to boil the seawater after the compression. The

desuperheater will tune the quality of the mixed stream to ensure the performance.

Vapor and Condensate System

Evaporation in MED occurs by the exchange of the latent heat through the heat transfer surface

between condensing vapor on one side and evaporating brine on the other side. Steam

introduced into the first(highest temperature) effect from the thermo-compressor is condensed

on the inside tubes. The heat released due to the condensation evaporates nearly equal amount

of vapor from the feed water on the outside of the tubes. The entrained brine droplets in the

vapor are removed by pass through the demister(vapor separater) to ensure the purity of the

distillate. Then the purified vapor transferred to the next effect via duct and giving its latent heat

to the feed condensed to be the distillate and again evaporating a portion of the next effect feed.

The process is repeated up to the last effect from which a portion of the vapor generated is

extracted by the steam jet ejector (thermo-compressor). The remaining vapor is condensed in a

final condenser by transferring its latent heat to the incoming seawater.

The distillate produced in an effect will be transferred to the next effect through a duct and

collected in the final condenser, then pumped to the post treatment system through the distillate

pump with the distillate produced in the flash stages.

Seawater Supply System

Seawater supply pump supplies the seawater to the desalination units. Seawater contains debris,

organic substances and suspended matters that cause a problem on the heat transfer surfaces in

the desalination system. The seawater is disinfected with chlorine injection and cleaned through

the intake screen, seawater strainer and the make-up strainer. The pumped seawater is heated

flowing through the flash condensers and final condensers successively. Exiting the final

condensers, the temperature of the seawater reaches close to the operating temperature of the

last effect. In desalination plant, the seawater is used as the make-up water and cooling water.

Therefore, a portion of the heated seawater is discharged to the outfall channel and the

remaining stream fed to the desalination units. The make-up water is treated with an additive to

prevent alkaline scale formation on the heat transfer surface.



Then a portion of the feed will be introduced into the last effect and the remaining stream will

flow into the preheater which is installed between the last effect and the next to the last effect

for the plant economy. If the number of the effects is N, the maximum possible number of the

preheater is N-l. The number of preheaters will be installed depends on the consideration of the

plant economy.

After the first preheater, the stream of the feed is distributed through a distribution pipe to each

effect and sprayed on the heat transfer surfaces. Before being fed to the first effect, feed

seawater is used as cooling water for the ejector condensers.

Brine System

The feed to each effect is distributed evenly by being sprayed on the tube bundle through spray

nozzles and forms a thin film around the tube lows. The feed rate was determined to wet entire

heat transfer surfaces, adequately. Otherwise local dry spot will cause a sharp temperature rise

with a result of scale formation. Tickling down the row of tubes, a portion of the feed evaporates

with the latent heat of the condensing steam on inside of the tubes.

The brine in an effect is transferred to the next effect successively through a duct and collected

at the flash stage. At the flash stage, the remaining heat is transferred to the seawater intake with

flashing a portion of the brine. Then, the most concentrated stream in the plant is discharged to

the outfall channel through the brine blowdown pump.

Chemical Dosing Systemi

A scale inhibitor is injected into the feed make-up to reduce the potential for deposition of

scale-forming compounds such as calcium carbonate, calcium sulphate etc. and an anti-foam

surface tension enhancer is injected into the make-up to prevent excessive foaming inside the

evaporator.



Chapter 2. System Description of the Desalination Plant

2.1 Evaporator (Primary System)

2.1.1 Introduction

SMART desalination consists of four (4) Multi Effect Distillation units combined with Thermo-

Vapor Compressor(MED-TVC) and the related auxiliary equipment. The unit capacity of MED-

TVCis 10,000 nrVday.

The Evaporator of MED-TVC is optimized for the plant economy based on the water

production cost of distilled water

2.1.2 Process Description

Evaporation in MED-TVC occurs by the exchange of the latent heat through the heat transfer

surface between condensing vapor on one side and evaporating brine on the other. Steam

introduced into the first, highest temperature effect is condensed inside tubes, and the heat

thereby released causes a nearly equal amount of vapor to be evaporated from the feed water on

the outside of the tubes. The vapor produced in the first effect is, in turn, condensed in the

second effect, again evaporating a portion of the brine feed.

The process is repeated up to the last effect from which a portion of the vapor generated is

extracted by steam jet ejector (thermo-compressor) which discharges the combined motive

steam and extracted vapor to the first effect where it provides the heat input to the first effect.

The remaining vapor is condensed in a final condenser by transferring heat to seawater.

In-coming raw water flows successively pass through the tubes of a flash stage (if any) and final

condenser. Heat recovery shall be accomplished by heating the seawater which flow in the final

condenser in a series of vent condensers and condensing the excess vapor leaving final effects.

All or most of the heated raw water exiting the final condenser tubes becomes feed water to the

evaporating effects with the remainder (if any) being discharged. The feed is treated with an

additive to prevent the formation of alkaline scale on heat transfer surfaces.

At this point, the temperature of the feed is sufficiently close to the operating temperature of the



last effects so that a portion of it can be introduced into this effect. The remainder of the feed

passes through the tubes of a pre-heater installed between 1st & 2nd effect and is progressively

heated up to the maximum brine temperature of 65 °C.

The heated feed is sprayed over the outside of the horizontal evaporator tube bundle in the first

effect. As the feed trickles down through successive rows of tubes, a portion of it evaporates.

The vapor produced passes through vapor separators, which expel any entrained brine droplets.

Then, the vapor is transferred via duct to the tubes of the next effect.



2*1.3 Specification

For operation at a top temperature of 65 °C, the unit is designed so that the first effect

temperature and the temperature of the feed entering the first effect is not exceed 65 °C. Also,

the inlet steam saturation temperature is limited not to exceed 70 °C.

The evaporator tubes are horizontal, straight tubes with vapor flowing through the tubes in two

passes. The feed/brine is distributed across the top of the evaporator bundles by even spray

distribution. The spray nozzles can be accessible from outside of the evaporator effects and

arranged to be readily removable for inspection and cleaning. A strainer is installed in the total

seawater supply to the plant or total feed water supply with openings not more than 25% of the

nozzle diameter. The feed loading across the evaporator bundles is within the following limit:

Maximum 2,270 kg/hr m2

Minimum 1,135 kg/hr m2

This is based on heat transfer surface of the top two rows of evaporator tubes.

The vapor velocities within the tubes at any point shall be within the following limits:

Maximum Velocity 60.0 m/sec.

Minimum Velocity 3.0 m/sec.

Tubes are made of Aluminum Brass UNSC 68700 with a minimum wall thickness of 0.7mm

and minimum O.D. of 16mm and expanded into tube sheets of the same material, solid not clad.

The top two rows of evaporator bundles made of titanium with 0.5mm minimum wall thickness.

The minimum design fouling factor is 0.000106 m2 C/W (0.0006 ft2 F/BTU).

Heat Recovery Pre-Heater

Heat recovery is accomplished by heating the seawater, which flows in the final condenser in a

series of vent condensers and condensing the excess vapor leaving a final effect.

All heat exchanger tubes are made of 90/10 copper nickel UNSC70600 with not less than 1.4%

of iron. The minimum wall thickness is 0.9 mm and O.D.is 16 mm. All tubes are expanded into

tube plates of either mild steel clad on the brine side with a minimum thickness of 9 mm of the



above alloy. The minimum design fouling factor is 0.000089 m2 C/W. The velocities of brine

through the tubes shall be not more than 4 m/s and not less than 1.8 m/s.

2.1.4 Operation

These instructions are intended to guide qualified operating personnel for the operation of the

distillation plant. They are not intended to cover every possible contingency in the complex

desalting process.

Operators should be thoroughly familiar with the equipment layout and the locations of the

walkway, which provide access to all instrumentation and manual controls not to be operated

from the control panels. Piping and Instrument Diagrams should be studied for location of all

vents, drains, valves, gages and controls. Main hand valves are tagged with the valve numbers.

Before starting-up the plant, carry out a careful inspection for loosened, broken or damaged

components, controls, gauges, fittings and piping.

Start-up procedure
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Shutdown Procedure

• Normal Shutdown

1st step: Steam circuit

Verify the circuit steam inlet valve is isolated and locked.

2nd step: Condensate circuit

As soon as the steam line is closed, stop the condensate pump.

3rd step: Flow balance circuit

Reduce the flow balance to its minimal value.

4th step: Distillate circuit

As soon as flow of distillate is nearly void, stop the distillate pump.

5th step: Cooling water circuit

Maintaining the seawater circulation in order to cool the unit until the temperature of

first effect is reduced to atmospheric temperature.

6th step: Anti-scale / Anti-foam circuit

Stop the pumps for anti foam and anti sealant.

7th step: Vacuum / Seawater / Brine circuit

. Close the suction valve of vent ejector.

. Annul the vacuum slowly by opening the valves to empty of the tubes.

. Stop or isolate seawater pump.

. Stop brine blowdown pump.

8th step: Draining system

. On the distillate circuit

. On the Brine circuit

. On the seawater circuit

. On the condensate circuit

. On the steam circuit



• Emergency Shutdown

The tripping of one unit will greatly affect the operation of other unit. When it is suddenly

shutdown or tripped because the failure of another part of the plant or system, an emergency

shutdown of the desalination unit may be required, to protect the unit from thermal shock and

other mechanical damages.

Emergency shutdown procedures are described for the following situations:

Failures of seawater supply.

Failures of electric power supply.

Failures of steam supply.

Failure of chemical supply.

Failure of instrument air supply.

In case of failure of seawater supply or steam supply, following actions are required.

1st Step: Steam circuit

Isolate the steam side, demand the stop of turbine and shutdown of the pressure-reducing

valve.

2nd Step: Flow circuit

Stop all pumps

Annul the vacuum slowly by opening the valves.

In case of electric cutting, the pumps and agitator stops. Immediately ensure the isolation of

steam side. (Stop turbine, close pressure reducing valve)
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2.2 Vacuum System (Secondary System)

2.2.1 Steam Jet Ejector Vacuum System

The duplicated independent full duty main steam air ejectors is provided to maintain vacuum in

the evaporator and to remove the non-condensable gas produced in the evaporator. This system

is needed in the desalination plant to provide a lower boiling temperature for the water that has

to be treated.

2.2.1.1 Ejectors

A steam jet ejector consists of three parts; a motive steam nozzle, a mixing chamber and a

diffuser.

High-pressure steam, usually in the range of 5-15bar, is accelerated to a high velocity in the

steam nozzle as it expands through the converging and diverging section of the steam nozzle

where potential energy in the form of pressure is converted into kinetic energy in the form of

velocity. This high-velocity jet of steam enters the mixing chamber where the fluid to be

pumped is entrained in the steam flow.

The mixture of motive and suction fluids, now at a somewhat lower velocity, enters the diffuser

in which the kinetic energy of the mixture in the form of velocity is converted back to potential

energy in the form of pressure. The mixture is discharged at an intermediate pressure with a

value somewhere between that of the original motive steam and the suction fluid. While the

total energy in the process is conserved, the mixing process causes a substantial increase in the

overall entropy; hence the steam jet has a low thermodynamic efficiency.

The limit of the compression ratio, for a single jet stage, is dependent by motive steam pressure

and suction pressure. The maximum is about 15, but optimum to save motive steam is often

considerably less. Because of the above, jet systems have multiple stages connected in series.

The number of stages depends, primarily, on the overall compression ratio, for the application,

but also on the energy saving needing.

2.2.1.2 Pre-condenser

The total steam consumption of the vacuum system can be considerably reduced if some

n



of the steam in vacuum system can be condensed. The pre-condenser is the same type as

that of the inter-condenser, direct contact type or surface type, and it is needed to reduce

the total load to the vacuum system, then saves the energy.

2.2.1.3 Inter-condensers

Multi-stage jet ejectors have inter-condensers to take advantage of energy savings. Inter-

condensers are used if the inter-stage pressure reaches the dew-point of the discharge vapor. The

vapor discharged from the previous stage is high enough so that the cooling water can be used

for condensing.

The direct contact condenser is the simplest kind of condenser. Heat is removed from the

process gases by direct contact or mixing with the cooling medium. Direct contact condensers

that operate under vacuum are often called barometric condensers because of the common

practice of draining the condensate by gravity through a barometric seal leg.

2.2.1.4 After-condenser

After-condensers are generally installed after the last stage of a steam jet ejector system.

After condensers are not necessary to the function of the jet as a compressor; their purpose is to

minimize the steam discharge to the atmosphere. They also further reduce the discharge of any

condensables from the process into the atmosphere. After condensers also reduce the noise

level of the discharge from the last effect.

A steam jet that discharges directly into the atmosphere produces a deafening roar. This

problem is solved by installing a muffler or "silencer" at the discharge stage. An after-

condenser provides sufficient noise reduction to eliminate the need for a silencer.

2.2.1.5 Barometric Legs and Hot-Well

Because condensers are operated under vacuum, the removal of condensate from an inter- or

pre-condenser can be difficult. A simple and economical solution is to install the inter-

condensers at high in a structure and running the condensate discharge line down to grade level

where it is submerged below the liquid level of a tank open to the atmosphere.

12



The condensate discharge line is referred to as the "barometric leg" and the tank is called as a

"hotwell".

When the system is operating, liquid level of the hotwell rises to the barometric leg and reaches

a level of steady state such that the inter-stage pressure plus the hydrostatic head in the

barometric leg equals atmospheric pressure.

Normally the intercondenser height is sufficient if the condenser drain nozzle is at least llm

above the hotwell liquid level.

The volume of the hotwell must be adequate to hold the liquid in the barometric legs when the

unit is shutdown. There must be enough liquid volume above the discharge of the barometric

leg to assure that the discharge is submerged during startup.

2.2.1.6 Start-Up Ejector

An evacuation or hogging or start-up ejector is used to remove air from a system at plant start

up. The capacity is determined to bring the system pressure down to near operating condition

before the continuous operating ejector system takes over.

Usually, the steam consumption of this type of ejector is considerably high but this is not a

problem because their operation is limited to a maximum of 1 or 2 hours.

2.2.2 Process Description

High pressure steam line used for the alimentation of the ejectors. The first branch of this line is

to feed the hogging ejector. This ejector is employed to remove air from the system during start-

up.

After the absolute pressure of the desalination plant reaches effectively low, the hogging ejector

is isolated. During the normal operation, the high pressure stream reaches the first, the second

and the third stage ejectors.

There are two identical ejectors for the every stage of ejectors. During the normal operation of

the plant, only one of these is connected with the plant and the other is isolated. Each stage of

the ejectors followed by an inter-condenser where the steam condenses. The non-condensable

13



part of inlet mixture, corning out from each intercondenser, is sent to the next stage of ejector

system. The last condenser is called aftercondenser and non-condensables are discharged to the

atmosphere.

The precondenser is used to reduce the flow to the vacuum system by condensing as far as

possible the water vapor associated with non-condensable gases.

2.2.2.1Ejectors

The ejectors are kind of pumps that mix or compress the many different fluids. The ejectors

have no moving parts, so operated by the action of one high pressure stream entraining. Air and

other vapors or liquids at a lower pressure into the moving stream and there by removing them

from the process system at an intermediate pressure higher than the suction pressure but many

times lower than the motive steam pressure.

The main components of the ejector are;

• nozzle

• suction and mixing chamber

• diffuser

During operation, the high pressure steam enters the steam chest and expands passing through

the steam nozzle where the pressure decreases while the velocity increases, then leaving the

nozzle at he nozzle exit where the motive steam reaches the maximum velocity and the

minimum pressure. With compressible fluids the velocity is usually many times greater than

the local sound velocity, (supersonic).

Air, gas, vapors and liquid mixture enter the ejector through the suction nozzle, passing into the

suction chamber. The water vapor, air or other mixtures are entrained by and into the high

velocity steam. This new mixture enters the inlet portion of the diffuser (convergent), passes

through the diffuser throat (center narrow portion) and exits through the outlet end of the

diffuser. In the diffuser, the velocity head of the mixture is converted back to the pressure

higher than the suction pressure.

The expansion of motive steam in the nozzle, the mixing of motive fluid with the entrained fluid

and the conversion of velocity energy to pressure energy of the mixture influence the global

efficiency of the process.

14



2.2.2.2 Vacuum System

A single ejector element is limited by the ratio of the discharge pressure to the suction pressure

(compression ratio: dependent from the motive steam pressure and the back pressure) and the

maximum load capacity.

The steam coming from the last stage is condensed into the after-condenser and the non-

condensable is vented from the after-condenser.

Inter-condensers are used to condense the steam coming from the preceding ejector stage, thus

reducing the inlet quantity of vapor mixture to the following stage. This is a means of increasing

steam economy.

After-condensers are operated at atmospheric pressure. After-condensers do not affect the steam

economy or ejector performance. Normally these components are used for the following

reasons:

• avoid the nuisance of exhausting steam to the atmosphere

• for surface type, after-condensers allow steam to be recovered.

2.2.2.3 Motive Steam Pressure

Design pressure of the motive steam must be selected for the lowest expected pressure at the

ejector steam nozzle. The unit will not operate in stable for the steam pressures below the design

pressure.

For the fixed capacity ejector, an increase of the steam pressure over the design pressure does

not increase the vapor handling capacity. Increased pressure usually decreases the capacity

due to the extra steam in the diffuser. The best ejector steam economy is attained when the

steam nozzle and the diffuser are proportioned for the specified performance. This is the

reason for the difficulty in keeping so called standard ejectors in stock and expecting to have the

equivalent custom designed unit.

The throttling type ejector has a family of performance curves depending upon the motive steam

pressure. This type has a lower compression ratio across the ejector than the fixed type. The

15



fixed type unit is the type of ejector utilized in the present vacuum system.

For a given ejector, an increase in steam pressure over the design value will increase the steam

flow through the nozzle in proportion to the increase of the absolute steam pressure. As the

higher the actual ejector design pressure, the steam consumption is lower. This tendency is more

pronounced for the one and two stage ejectors. As the absolute suction pressure decreases, the

advantages of high pressure steam diminishes.

To insure the stable operation, the steam pressure must be higher than the minimum value.

This minimum is called as a motive steam pickup pressure and it differs from one ejector to the

other. If the pressure is increased after the motive steam pressure is reduced until the ejector

breaks, the pressure at which the ejector becomes stable operating is the pickup pressure.

2.2.2.4 Motive Steam Temperature

A few degrees of superheat are recommended (from 3 to 8 degree of C), but if superheated

steam is to be used, its effect must be considered in the ejector design. A high degree of

superheat is of no advantage because the increase in available energy is offset by the decrease in

steam density.

Wet steam erodes the ejector nozzle and interferes with performance by clogging the nozzle

with water droplets. The effect on performance is significant and it is usually reflected in

fluctuating vacuum. When only wet steam is available it is absolutely necessary to utilize an

efficient water separator before the steam enters the nozzles.

2.2.2.5 Suction Pressure

Suction pressure is determined by the requirements of the process. For the determination of the

suction pressure, the pressure drop due to the pipe connecting installation to the inlet flange of

the ejector system should, be taken into account.

Since the suction capacity of the ejector system decreases exponentially as the suction pressure

decreases, care should be taken to avoid as far as possible presser drops.

The length of the interconnecting piping should be reduced to the minimum value, the presence

of bellows or other devices that cause pressure drops should be avoided. The piping diameter

shall be larger or at least equal to the ejector system inlet diameter.

16



2.2.2.6 Suction Capacity

The capacity of the ejector is expressed as kilograms of total noncondensables plus

condensables per hour at the inlet flange of the unit. For single stage, the total flow rate and

the mean molecular weight of the mixture may be specified. For multistage units the total

capacity must be separated into kg/h of each noncondensable with the molecular weight of each

element, and kg/h of condensable with the physical property of each component.

Few vacuum systems are completely airtight, although some may have extremely low leakage

rates. For the ideal system, the only load for the ejector is the non-condensable gases of the

process (absorbed gases, air, etc.) plus the saturated vapor pressure equivalent of the process

fluid. Practice has proven what allowance must be made for air leakage.

In an under vacuum system the following fluids are to be removed:

• Air leakage from the atmosphere

• Process released air

• Process released non-condensable gases

• The saturated vapors of the process fluids

Air leakage occurs at the piping connections (flanges, screwed fittings and valves), stuffing

boxes, mechanical equipment seals, etc. Whenever possible a system should be tested to

determine the air leakage

Because the steam consumption of the ejector system is independent from the flow rate of the

entrained fluids, but is only dependent upon the nozzle throat area. Therefore, the steam

consumption is always constant. If the non-condensable gases are found to be less than the

design values, the motive fluid flow rate cannot be reduced.

2.2.2.7 Relations among the Operating Parameters

Usually an ejector is designed for the maximum efficiency at the operating condition of one

ejector. The quantitative performance characteristics of an ejector at the conditions other than

design cannot be accurately predicted. When the system has to meet the different operating

conditions, the worst condition has to be assumed for design. Also, it is necessary to check the
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all other conditions.

Ejector design may be either critical or non-critical. Critical design means that the vapor

velocity in the diffuser is sonic and occurs at the compression ratio of above 1.8. In non-

critical design, the vapor velocity in the diffuser is subsonic.

The relationship between the motivating pressure and the discharge pressure depends on the

ejector design. The ejector is one point design unit (optimum operation at a single set of

operating variables). Once a unit is designed and built for a definite specification of motive

pressure, discharge pressure and suction pressure, its load capacity cannot be increased without

changing the internal physical dimensions of the unit.

The ejector is a fixed orifice-metering device and any changes in motive pressure are

accomplished by a proportional change in the quantity of motive fluid. Consequently ejectors

designed in the critical range are sensitive to operating conditions other than those for which the

unit was designed.

Table 1. Effect of the operational changes on the critical flow ejector performance

Motive
Pressure

Decrease

Constant

Constant

Constant

Increase

Constant

Discharge
Pressure

Constant

Increase

Constant

Constant

Constant

Decrease

Suction
Pressure
Increase
Rapidly
Increase
Rapidly

Increase

Decrease

Constant

Constant

Load
Capacity
Decrease
rapidly

Decrease
rapidly

Increase

Decrease

Decrease
gradually

Unchanged
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2.2.2.8 Ejector Efficiency

The overall efficiency of ejector is expressed as a function of entrainment efficiency. The

direct entrainment of the low velocity suction fluid by the motive fluid results in an unavoidable

loss of kinetic energy. The fraction of the kinetic energy that is transmitted to the mixture

through the exchange of momentum is called as the entrainment efficiency. The lost kinetic

energy is converted into the heat, which is absorbed by the mixture with the corresponding

increase of enthalpy.

Except the saturated vapor, the capacity of an ejector is determined as a function of the

molecular weight and temperature of the fluid. If motivating quantities are equal, the ejector

capacity increases as the molecular weight of the load gas increases.

The capacity reduced as the temperature of the fluid is increased. The operation of the steam

ejectors is influenced by the quality of the high pressure steam. Most of units are designed to

operate with dry, saturated steam. If the quality decreases below 98%, a gradual decrease in

both suction pressure and capacity is experienced, especially in units designed for the high

compression ratios and even more so for the multistage units.

Excessive steam superheat (greater than 10°C) can also adversely affect the capacity of the

ejector. It decreases the energy level ratio. The volumetric increase also tends to choke the

difruser. Diffuser choking can be avoided if the ejector is designed to use the superheated

steam as a motive fluid.

Basic Performance Curve of Critical Ejector

The basic performance curve of the ejector operating in the critical range is determined by

fixing the motive steam and discharge pressure and varying the load to the ejector suction.

At the constant load, the discharge pressure is slowly increased, but the suction pressure remains

at constant until the limiting discharge pressure is reached. At this condition, a small increase

of the discharge pressure results in a large increase of the suction pressure. This operating mode

is called as a broken mode.

The discharge pressure is then slowly decreased until the basic suction pressure is reached again.

19



By definition, the discharge pressure that just permits a return to the basic suction pressure is

called as the maximum discharge or recovery pressure. Repeating this test with different loads

will establish the maximum discharge pressure curve.

The maximum discharge pressure curve drops at small loads. If the ejector of Fig. 6

discharges against atmospheric pressure, it will be on its basic performance curve at loads down

to 50%. At loads below this, the actual discharge pressure exceeds the maximum discharge

pressure of the ejector, and the ejector will operate in a "broken state" with its suction pressure

higher than the value on the basic performance curve.

Then, the motive steam pressure is increased slightly, the mass flow of the motive steam will

increase. This change produces an insignificant rise in the suction pressure curve, but it raises

the maximum discharge pressure curve significantly. The ejector now operates on its basic

curve down to zero loads because its new maximum discharge pressure at zero loads exceeds

the actual pressure against which it must discharge.

If the motive steam pressure were reduced slightly, there would be an slight lowering of the

suction pressure curve, but the maximum discharge pressure curve would be shifted downward

significantly making the ejector broken at loads below 10%.

The maximum discharge pressure curve is somewhat variable, and the ejector will operate on its

basic performance curve if the maximum discharge pressure is not exceeded.

Ejector Stability

Ejectors may be designed to save motive steam consumption. However, the ejectors become

unstable when the load decreased under a minimum. It may be very dangerous if these ejectors

are installed on a desalination plant. The customer must specify the ejector system for stable

operation down to zero load. Ejectors must be designed to be stable for the worst operating

condition, at zero loads.

Ejectors performance curve terminates at small load, below which it develops a cyclic mode of

operation. It operates in a stable manner unless the load (and pressure) drops to the lower limit

of its curve.

Then the flow pattern abruptly breaks down and reverses. The reverse flow of load gas and
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steam out of the ejector suction connection continues until the pressure at the suction connection

is somewhat higher than the pressure at which it becomes unstable. Then it abruptly resumes

stable operation and continues cycling. The reverse flow of the vapor during the unstable

portion of the cycle is called backfiring for water vapor into the suction system.

When any stage in a multistage ejector becomes unstable, it may upset the preceding stages.

Increasing the steam pressure will reduce or remove the instability. Sometimes, an addition of

the fixed load or creating a pressure drop at the suction of the system is useful to keep the

ejector above its stable limit.

For some applications, an unstable design is desirable because of its low steam usage. If the

load is accurately known and backfiring is not harmful, it is appropriate to permit instability at

pressures below the useful range of the ejector.

2.2.3 Specification

The main steam air ejector system is consisted of a two (2) stage steam air ejector system

equipped with twin element ejector (2 x 100%) per each stage and one inter-condenser and one

after-condenser.

The main steam air ejector system is designed so that non-condensable gases can be removed

efficiently under any operating condition of scale control agent, namely, high temperature

threshold additive.

The following non-condensable gases have been considered in the equipment sizing;

1. An air leakage rate of twice of the expected design leakage of the evaporator shell and

interconnecting piping.

2. Gases released from the steam into the evaporator.

3. 150% of the maximum calculated quantity of non-condensable gases released from the

feed water.

4. 2% of vapor extraction from flash condenser.
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The two-stage ejector operates by aspiration principles with motive steam coming from a steam

generator. The ejector nozzles are manufactured using stainless steel 317L, detachable and easy

to replace. The diffusers are made of stainless steel 317L.

Each ejector equipped with 316L stainless steel strainers, pressure gauges, valves, safety valves,

drains, traps etc.

The condensers between ejector stages are provided for economic operation and cooled by the

seawater taken from the sea water supply line.

All condensers are designed as tubular type made of following materials:

Tubes Titanium with 0.7 mm thick

Shell and baffles Stainless UNS NO8904

Tube plate Al-bronze ASTM B171

Piping for condensate GRP

The ejector condensers, which drain the steam of each Distillation Unit, shall be connected to

the brine blow-down sump.

In addition to the duplicate main air ejectors, one starting air ejector with silencer is installed for

start-up of the desalination unit. The starting ejector have been designed to capable of

evacuating the system to 240 mm bar absolute within one (1) hour.

2.2.4 Operation

Start-up

• Pre-Caution

Improper start-up or shut-down sequence, may cause a leak in the bolted flanged joints or

damage the condensers

• Procedure

• Check that all the valves on ejector discharge side are opened, and all the valves on

ejector suction side are fully closed

• Open gradually the motive steam valve to start-up of the ejector. After some minutes

it may be fully open.
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• Verify that motive steam condition are in setting values

• Open gradually the valve connecting the ejector suction to the desalination unit

• If pulsating or shock phenomena occurs during start-up, close the valve and repeat

the sequence more slowly

• Wait until the vacuum in the desalination plant reaches the setting values

• Open the valves of cooling water to the condensers up to correct position

• Make sure that correct flow rate of cooling water is established on the condensers. If

the cooling water is not enough, condenser may be damaged

• Select the last stage ejector to operate between the two twin elements and fully open

the suction valves

• Open gradually the valve on motive steam pipe to the selected last stage ejector

• Select the 1st stage ejector to operate and fully open the valves on suction of the

selected ejector

• Slowly open the valve on motive steam pipe to the selected first stage ejector until it

is fully open

• Close the valves on suction of the start-up ejector

• Wait until full vacuum is reached on pre-condenser

• Open slowly the valves connecting pre-condenser to the evaporator. If pulsating or

shock phenomena are starts, close the valve and repeat more slowly

Shut-down

• Pre-Caution

Improper start-up or shut-down sequence may cause a leakage in the bolted flanged joints or

damage the condensers

• Procedure

• Starting from 1st stage ejector, close the motive steam valves to the ejectors

• Close the cooling water flow to the condensers

• When shutting down the system, the whole unit should be drained completely to

prevent, corrosion damage, and fouling due to a possible evaporation

2.3 Thermal-Vapor Compressor

2.3.1 Introduction
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The Thermal Vapor Compressor consists of three parts; a motive steam nozzle, a mixing

chamber and a diffuser.

High-pressure steam, usually in the range of 5-15bar, is accelerated to a high velocity in the

steam nozzle as it expands through the converging and diverging section of the steam nozzle

where potential energy in the form of pressure is converted into kinetic energy in the form of

velocity. This high-velocity jet of steam enters the mixing chamber where the fluid to be

pumped is entrained in the steam flow.

The mixture of motive and suction fluids enters the diffuser in which the kinetic energy of the

mixture in the form of velocity is converted back to potential energy in the form of pressure.

The mixture is discharged at an intermediate pressure between that of the original motive steam

and the suction fluid. The total energy in the process is conserved, but the mixing process causes

a substantial increase in the overall entropy. Hence the steam jet has a low thermodynamic

efficiency.

The limit of the compression ratio for a Thermal Vapor Compressor is dependent by the motive

steam pressure and suction pressure.

2.3.2 Process

The Thermal Vapor Compressor is a kind of pump in which mixes and compresses the motive

steam and the extracted vapor.

The Thermal Vapor Compressor has no moving parts, so operated by the action of one high

pressure stream entraining. Air and other vapors or liquids at a lower pressure entrained into the

moving stream and there by removing them from the process system at an intermediate pressure

higher than the suction pressure but many times lower than the motive steam pressure.

The main components of the compressor are;

• nozzle

• suction and mixing chamber

• difruser

The operation theory of Thermal Vapor Compressor is same as that of steam air ejector.
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2.3.3 Specification

The thermal vapor compressor takes suction from the final effect condenser and discharge the

vapor into the first effect, evaporator bundle. The thermal vapor compressor shall be capable of

delivering the rated vapor flow at the pressure difference required between the final effect

condenser and the first effect evaporator at rated fouling factors. Operation at reduced output

can be controlled by throttling either the steam supply or vapor output.

The compressors shall be able to operate with a 10% reduction of the applied steam pressure at

reduced output, without "breaking back".

Materials used for construction are as follows:

Jet Nozzles -SS316L

Bodies & Diffusers - SS 316L

2.4 Process Pumps

2.4.1 Introduction

All pumps are designed for 110% of duty capacity at the required duty head and installed to

have adequate NPSH to prevent the cavitation and/or any trouble. The pumps have a

characteristic curve with continuously rising head.

All electric motors have a sufficient horsepower to prevent the overload at any conditions. All

motors are totally enclosed fan cooler types, which have suitably rated space heaters to avoid

internal condensation of moisture during stand still periods.

The pumps are selected and designed to be suitable for the services and fluids in all respects.

The applied type and quantity per each desalination unit are as follows;

Item Q'ty Type

• Brine blow down pump 1x100% Horizontal
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Distillate extraction pump 2x100% Horizontal

Condensate extraction pump 2x100% Horizontal

Desuperheater spray water 2x100% Horizontal

injection pump

2.4.2 Specification

2.4.2.1 Brine Blow-Down Pump

One full duty, electric motor driven horizontal, centrifugal pump should be provided for each

evaporator. This pump extracts the concentrated brine from the evaporator at the vacuum

condition and discharges the brine to the sea. This pump shall be capable of delivering the

concentrated brine to the out-fall.

This pump is constructed using the following materials:

-Casing Stainless steel, 316L

- Impeller Stainless steel, 316L

- Shaft Stainless steel, 316L

2.4.2.2 Distillate Extraction Pump

One pump is in operation at full duty and one pump on stand-by. These pumps are electric

motor driven, horizontal, centrifugal pumps.

The pump extracts the distillate from the distillate duct of the flash condenser under vacuum

condition and pumps the distillate to the product water tanks. The pumps shall preferably be

constructed of the following materials :

- Casing Stainless steel, 316L

- Impeller Stainless steel, 316L

- Shaft Stainless steel, 316L
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2.4.2.3 Condensate Extraction Pump

One full duty horizontal, single stage, electric motor driven pump takes a suction from the first

effect. The pump delivers the steam condensate to the condensate return tanks.

The pumps are constructed using the following materials. However, alternative materials can be

used provided the materkils fully meet the service requirements.

Casing, impeller shaft - Stainless Steel 316

Wear Rings - K Monel, stellited 316, proprietary stainless steel

Vents, Drains - 316 stainless steel

The pumps are capable of pumping the condensate to either of the boiler feed tanks or

condensate make-up storage tanks.

2.4.2.4 Desuperheater spray water injection pump

Electric motor driven horizontal, single stage pump take suction from the condensate return line.

One pump is in operation at full duty and one pump on stand-by. This pump delivers the steam

condensate to the desuper-heater.

The pumps are constructed of the same material as those specified for the distillate extraction

pumps. The materials for pumps are as follows:

- Casing Stainless steel, 3 16L

- Impeller Stainless steeL 316L

- Shaft Stainless steel, 316L

2.4.3 Operation

Start-Up

• To start-up the pump for the first time after the pump is installed, be sure that there are

no irregularities before starting-up.

• Be sure that the rotational direction of the driver is correct. Checking the direction,

coupling bolts shall be removed
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• Be sure that the alignment between the pump and the driver is satisfied. Also be sure

that the coupling bolts are installed.

• Be sure that excess forces due to piping do not work on the pump.

• Be sure that all the auxiliary pipes are installed correctly.

• If a strainer be installed on the suction pipe, be sure that the strainer is not clogged.

• Be sure that the bearing housing and the constant level oiler are filled with lubricating

oil as in the specification. Supply oil sufficiently.

• Be sure that cooling water will circulate.

• Be sure that the suction valve is fully opened and the discharge valve fully closed.

• Fill the suction pipe and the pump (the volute casing) with fluid, and be sure that there

are no leakage and other irregularities.

• Be sure that the gland is tightened evenly and is not tightened excessively. Be sure that

the mechanical seal is not leaking.

• Be sure that the valve of the sealing water pipe to the shaft seal is opened.

• Where the gear coupling is used, be sure that the coupling is filled with the specified

type and quantity of lubricating oil. Supply oil sufficiently.

• Turn the coupling by hand and be sure the shafts rotate smoothly without irregularities.

• If the above items were checked and no irregularities were found, switch on the driver

for a moment and switch off immediately. During the time, be sure that the pump

rotates smoothly and comes to a half softly.

• If no irregularities exist, again switch on the driver, gradually open the discharge valve

until the flow rate reaches the specified level.

• Adjust so that the pressure and flow rate of the sealing water and cooling water reach

the respective specified values.

• To resume the operation of the pump after a long operation, be sure that the pump is no

irregular by checking the above items, before starting-up the pump.

Shut-down

The shutdown procedure is as follows;

• Fully close the discharge valve. This is not necessary where the check valve is provided.

• Switch off the driver. Then check if the rotational speeds of the pump reduce smoothly

and the pump comes to a half softly.

• Shut off the sealing and supply liquid to the shaft seal.

• Shut off the cooling liquid (Where the cooling liquid can not be turned off because of

operation, continue feeding)
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2.5 Chemical Dosing System

2.5.1 Introduction

The chemical dosing system is provided to optimize and improve the performance of

desalination unit. The make up feed seawater to the evaporator is treated with the chemicals.

The system is consisted of two(2) chemical feeding system. The function of this system is as

follows:

A. Anti-sealant;

To prevent the scale deposit on heat transfer surface by threshold effect. The dosing rate

will be 1.5 - 3.0 ppm depending on the operating conditions.

B. Anti-foam;

To suppress the foaming in deaerator and flash chamber of the evaporator. The dosing

rate will be 0.1 - 0.3 ppm depends on the operating conditions.

2.5.2 Process

Each dosing system consists mainly of two preparation tanks and two solution feed pumps. The

preparation tanks are made of GRP, and each tank is provided with an agitator. A barrel pump is

used to transfer the liquid chemicals in drums to tank. An electric overhead crane, common to

all systems, is used for the solid chemical transfer operations. For the smooth transfer of the

powder, a rotary valve is fitted to the sodium sulfite tank together with the dust control unit.

Two feed pumps, one is in standby, are provided to transfer the chemical solution to the central

pipeline manifolds where the solution is injected individually to each desalination plants.

Additive feed pumps are centrifugal pump. Antifoam and sodium sulfite feed pumps are

positive displacement type metering pumps. Since the total injection flow requirements for the

antifoam and sodium sulfite is well below the single stage centrifugal pump, the metering

pumps are selected for these duties.

All feed pumps are sized to transfer the maximum flow required by the desalination units.

Therefore, one back-pressure control valve is provided in the central pipeline manifold to return

the excess flow back to the tank.
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All tanks are fitted with the low level probes for level indication and alarm. When the tank level

reaches the low level, the pump will trip and the low level alarm warns the operator. In both the

antifoam and additive systems, the standby pump will start automatically pumping from the full

tank.

The dosing rate of chemical is automatically controlled to the supply water flow by the ratio

controller.

Each injection point is provided with an isolation valve and a non-return valve. The non-return

valve will prevent the supply seawater entering the stainless steel lines when the chemical

injection flow fails, or stop for any reason.

2.5.3 Specification

Anti-sealant and anti-foam will be diluted with the distillate to gel: a solution of suitable

concentration in two(2) solution preparation tank per each system. The solution preparation tank

is vertical cylindrical type and is sized to contain the solution required for 24 hours of

continuous operation and is fitted with agitator for proper mixing.

All chemical solution are injected to the application point by metering pump and the feed rate of

chemical is controlled continuously in proportion to the make-up or product water flow.

The anti-scale and sodium sulphite injected to the stream of the spray water. The injection point

for anti-foam is the same as the injection point of anti-scale. Isolation and non-return valves are

installed at the injection points.

Two(2) metering pumps per each system are supplied for anti-foam and anti-sealant. Each

metering pump is designed to deliver its normal feed rate required at 70 percent of full stroke.

Safety shower and eye-washer facilities are installed the chemical feed area. The chemical

dosing plant is mounted in the open air with a sunshade and all part and component are weather

proofed.
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2.6 Desuperheater

2.6.1 Introduction

The steam atomizing desuperheater is attached to the steam pipeline to reduce the stream

temperature without pressure loss. The steam atomizing desuperheater can be installed in any

position where the steam pipe is horizontal or vertical. This unit is capable of speeding up the

evaporation and absorption of cooling water by the powerful preheating atomization of a

number of steam jets at high speeds.

2.6.2 Process

The nozzle head is provided with a number of nozzles that are faced downstream and arranged

in a ring form. The direction of each injection is in paralleled with the main steam pipe axis.

The cooling water enters through the rear center of the head and leads to each nozzle through a

number of separate holes. The atomizing steam comes from the high pressure source end is

drawn into the main steam pipe at a high speed and then atomized and sprayed. Therefore, it is

possible to reduce the steam temperature for high-speed vaporization.

Since the discharge of jets is possible only as a resultant of atomizing steam expansion or its

direct contact with the main steam, the resultant pattern of discharge is that of water particles

surrounded by a sheath of steam. Thus, it prevents the internal corrosion of the main steam pipe.

The flow rate of atomizing steam is nearly constant irrespective of the flow rate of cooling

water. This compensates a low-load deterioration, that is, decrease on stirring and carrying

effects due to deduction of the main steam flow speed which is often experienced with an

ordinary spray type desuperheater.

2.6.3 Operation

The nozzles and pipes are installed to obtain the best performance of the desuperheater. The

distance from the pipe to the bend on the upstream side should be 10 times longer than the main

pipe diameter. The detection distance should be at least 10m.
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2.7 Acid Cleaning System

One set of acid cleaning system is installed for the each distillation units. The system is

designed to be capable of 98 % sulfuric acid injection for each distillation units.

The acid cleaning system was designed to clean the Distiller Tubes. The acid cleaning

system consists of;

- one acid storage tank

- two acid feed pumps

- one acid dilution tank with agitator

- one acid circulation pump

- piping and valves

- instrumentation and local control panel

These equipments will be installed on the mobile skid, which can be moved by vehicles.

1)

2)

3)

4)

Item

Storage tank

Feed pump

Dilution tank w/Agitator

Circulation pump

One(l)

Two(2)

One(l)

One(l)

Description

Mat'l : Carbon steel

Capacity : 20 m3

PTFE

Capacity: 0.5 m3/hr(each)

Delivery head :30 m

Type : Centrifugal

GRP

Capacity :10 m3

Cast iron

Capacity : 30 m3/hr

Delivery head :16 m

Type : Centrifugal

5) Barrel pump One(l) PTFE

Capacity : 0.5 mVhr

Delivery head : 9 m

Type : Centrifugal
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2.8 Steam Transformer

2.8.1 Introduction

Steam transformer produced the process steam used for desalination plant by condensing the

primary steam extracted from turbine. This device is used for the incoming steam flow is not

allowed to be mixed with the process steam in which is used. The main reason is to

prevent the contamination of the desalination unit from the contaminants might be

contained in the primary steam.

2.8.2 Process

In the steam transformer the primary' and secondary steam flow being totally separated.

Therefore, no mixing occurs between them. This device protects the produced water

from the contamination by hydrazine and radioactivity material of the primary steam.

The steam transformer consists of the shell and the sprayed horizontal tubes bundle. The

primary steam flow is condensed at the inside tubes at its saturation temperature. The

recycling pump sprays the water at the outside of tubes. Part of the sprayed water

evaporated and this produced steam is used as motive steam for the thermocompressor

of the evaporator. Part of the condensate of the first effect used as make-up water of the

steam transformer. This make up water preheats the condensate of the primary steam

before being fed into the steam transformer. The preheater is a plate type heat exchanger

made of titanium welded (not bolted).

For start-up, make up water is provided from a feed reservoir tank of 100m3 capacity

filled with demineralized water.
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Chapter 3. Requirements of the Desalination Plant MED-TVC

3.1 Introduction

This chapter describes the requirements of the desalination plant, a multi effect with thermal

vapor compression(MED-TVC) desalination plant, will be coupled with SMART for nuclear

desalination. The SMART integrated desalination plant composed of 4 units of MED-TVC,

1 OOOOnrVday of water production capacity.

The multiple effect plants shall be of the horizontal tube falling film type with plain tubes. The

effects must be arranged horizontally, and satisfactory permanent access is to be provided to all

effects. Vertical tubes, or tubes with extended surfaces will not be accepted. The steam supplied

to the unit shall contain no volatile toxic compounds such as hydrazine or other amines, or other

possible toxic contaminants.

Steam from the main header shall be admitted to the unit through one or several thermo-vapor

compressor (re-compressing part of the vapor produced in an effect to first effect). The heat

balance submitted with the tender must demonstrate that the plant will produce guarantee rated

output at the specified performance ratio and test conditions.

The design and construction of the plant components shall follow the terms of specifications.

The design has to be suitable for transport and installation on the Site.

The plant shall be capable of continuous operation for a period of 12 months without offload

acid cleaning, assuming a 90% load factor.

3.1.1 Scope

The scope of requirements in this chapter shall include, but not be limited to the following scope

ofsupply:

• design

• submission of design for approval by Owner/Engineer.
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• confirmation of offered manufacturers and contractors.

• submission for approval of technical files, method statements and inspection plans

• submission for approval of thermal heat and mass balance, heat transfer and

hydraulic design calculations.

• submission for approval of electrical design calculations.

• stress calculations for containment shell.

• submission for approval of drawings and data sheets.

• procurement

• manufacture, expediting, quality control.

• factory testing

• packing, marking,

• transport from factory to site.

• related civil works.

• site installation.

• commissioning and testing.

• Site training of operation and maintenance staff.

• guarantee for one year

• subscription of insurance policies

• Handing over of contractual spares and maintenance tools if any

3.1.2 Extent of Supply for Desalination Plant

The distiller shall be complete in every respect with all other equipment and accessories,

whether specified herein or not, for the safe, efficient and reliable operation of the plant and

shall include but not limited to the following, for the quantity specified :-

• Distiller vessels including tubes, demisters, spray system, access and internals

• Evaporator condenser

• Seawater preheater (in case required by the design )

• Seawater strainer

• Seawater make up strainer (s)

• Seawater make up preheater (in case required by the design)

• Process pumps, motors and bedplates

• Thermo-compressor (s)

• Vacuum ejectors and condensers

• Start up ejector and silencer
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• Integral pipe work, supports and valves

• Supporting steelwork

• Antiscale and antifoam facilities

• Platforms, stairs and hand railing

• Insulation

• Painting

• Instrumentation and Controls including control valves

• Maintenance special tools, if any.

• Motor control centers

• Integral electrical systems, cabling and transformers

• Service air distribution.

• Instrument air generation and distribution

• Acid cleaning facility

• Evaporator flushing facility

• Operating and maintenance instruction manuals

• Foundation equipment (HD bolts, sole plates, shims etc)

• Chemicals (not chlorine gas) for 90 days operation of each unit.

• Contractual spare parts as per list.

It is also the contractor responsibility to have for the construction and testing the necessary

facilities for lifting, erection and testing during all phases of the work.

Note : for following other parts , please refer to related section when applicable.

• Seawater intake

• Scavvater pumping and piping up to terminal point

• Seawater sterilization

• Seawater filtration

• Reject system from terminal point

• Steam and condensate connections

• Reserve feed water tanks and deaerator

• Distillate treatment

• Distillate piping from terminal point

• Distillate storage and forwarding

• Civil works and related services

• Fire fighting
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Air conditioning

Instrument air system

Service air system

MV power supply

3.2General Requirements

3.2.1 Arrangements

The general arrangements of the plant shall be designed to facilitate:

(1) Operation by the minimum number of personnel

(2) Ease of maintenance, cleaning of tubes and other surfaces

(3) Ease of dismantling, maintenance and replacement of pumps and other

auxiliaries

(4) Ease of access for inspection and repairs to all parts of the plant.

(5) Ease of with drawl and replacement of tubes.

For the lifting out and replacement the heavy pumps, motors, water boxes, makeup strainers

and doors etc., permanent access to these equipment shall be provided as well as for chemical

dosing plant.

Lifting permanent manual facility shall be supplied to handle make-up baskets and heavy

pumps and motors.

The normal operation of the units will be from a remote control panel, located in an air-

conditioned Central Control Room.

The complete installation, except for switch gear, remote control and instrument cubicle shall

be sited outside of door, and all necessary weather protection and weather proofing shall be

included. The Contractor should supply the plant arrangement drawings.

The plant shall be capable of continuous operation with a minimum 95% availability factor.

The completed plants will be subjected to 720 hours reliability run. The last 24 hours will be
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the Performance Test at rated net output and not more than the specified heat consumption. A

further performance test will be carried out after 12 months operation, without acid cleaning.

The attention of the Contractor is drawn to the high salinity of the seawater. This regard must

be taken into consideration in the design.

3.2.2 Process and Performance

The distiller shall be of the multi-effect, horizontal tube, falling film combined with the

thermal vapor compression.

Scale control shall be achieved by controlled dosing experienced additive into the seawater

feed.

The unit shall produce the guaranteed rated output when supplied with seawater within

specified temperature range and with the energy consumption less than the guaranteed values.

The energy consumption will consider steam enthalpy at inlet of thermocompressor and

condensate enthalpies at condensate pump discharge.

The desalination plant shall return condensate flow to the steam generating plant equal to the

consumption including ejector consumption. It is intended that ejector condensate is rejected.

The Contractor shall guarantee the rated output of the distiller offered, and rated output shall be

as given in the guarantee schedule in the fouled condition.

The distiller shall be capable of operating at reduced output down to 50% of the rated design

output.

The design temperature of sea water input to the distillers shall be 33°C. The plant shall be

capable of operating at rated output for seawater temperatures from 20 to 33°C, and at reduced

output for temperatures out of range. The Tender shall include curves for output reduction

above 33°C and below 20°C by 5°C. The maximum design temperature of the first, high

temperature, effect shall not exceed 65°C brine side.

The energy consumption during reliability test and performance test, measured between live

steam and condensate return, when the evaporator is producing net rated distillate output plus
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condensate return and boiler feed make-up, shall be not more than 290.75 kJ per kg of net

distillate (equivalent to 8.0:1 performance ratio). Condensate return shall be to the boiler feed

deaerator.

Distillate product quality shall be as follows:

- Total dissolved solids shall be guaranteed not to exceed 25 mg/1

- Max. copper content shall not exceed 0.025 mg/1

- Max. iron content shall not exceed 0.025 mg/1

Correction curves, for variations in water output and steam consumption with sea water supply

temperature outside range shall be included in the Tender.

The plant may be acid cleaned before the Reliability Test but cleaning will not be permitted

during the test or during the 12 months operation before the final test.

Heat balance diagrams at; guaranteed conditions to be supplied for the minimum and maximum

sea water temperatures together with diagrams for clean tubes and fouled tube condition for

full load and 50% load.

Thermodynamic detailed, calculations for evaporator shall be submitted for Owner/Engineer

approval.

3.2.3 Design

The modules shall be designed to take the loads produced when the evaporator chambers and

condenser tubing are completely full of water, including the additional loads of structure,

equipment attached to the evaporator.

The plant shall be designed for full vacuum.

The piping and equipment shall be designed for the maximum expected conditions, such as

defined in codes, including maximum possible delivery heads, safety valves or rupture disks

opening pressure, etc.
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Care to be taken to prevent stagnant water and flushing facilities and drainage to be provided.

Due care to be given during manufacture to preservation of internal stainless steel surfaces and

the external surfaces to be painted before shipping to the site.

The maximum design fouling factor for the main effect tubes shall be 0.10 m2 °K / kW

The design fouling factor for the final condenser, ejector condensers and seawater heat

recovery and preheater tubes shall be 0.15 m2° K/kW.

The temperature rise between the inlet seawater and the combined seawater/brine discharge

shall not exceed 8.5 °C for summer design condition.

3.2.4 Method of Operation and Control

The desalination plant shall be designed for started up, shut down and to be controlled from

the remote control desk located in a building by one control room operator with the assistance

of one plant attendant.

The plant shall be on full automatic control from the control room so that the product water

output can be varied over the contractual range. Operation of major pumps and of steam

isolating valves at terminal points must be possible from the control room and locally at a point

on or immediately adjacent to the item.

Necessary information to be reported to allow for desk operator to take necessary and timely

actions. Automatic protections to be sufficient to prevent accidents.

In addition to the control valves the following valves to be motorized.

- Production/reject valves for distillate and condensate.

- All isolating valves above 300 mm. shall be motorized except otherwise specified.

- Valves for main steam on terminal header, steam to ejectors, and steam to startup ejector

shall be motorized.

Provision for automatically closing the steam control valve shall be made to the thermo-

compressor in the event such as sudden loss of feed water flow to the plant. The interlocks for

automatic closing shall be discussed and finalized during design stage.

40



The control set points shall be signaled and be capable of adjustment electrically from the

Central Control Room.

The following particular guideline specific to multiple effects have to be followed:

Make up flow must be maintained constant at all loads from 50 to 100 %. Brine blow down

pump should be able to extract full make up flow. Make up flow to each effect, anti-scale flow

and the effect no. 1 top brine temperature must be recorded.

3.3 Distillers

3.3.1 General

To ensure the reliability of output, operation and high plant availability with minimum

maintenance, the plant shall be constructed using experienced high quality materials.

The distiller vessel shall be mounted on a supporting steel framework structure designed to

withstand all operating and test loads, expansion forces, wind and other forces including the

weight of water filled for hydraulic test.

In case the distiller vessel shall be designed in cylindrical shape, reinforcement shall be

provided at the supporting areas with the steel frame-work structure in order to keep the

circulatory diameter during and after the hydraulic test.

All interconnecting ducts and pipes shall have sufficient flexibility to allow thermal expansion

without imposing excessive loads on associate plant and pumps.

The distiller and all associated vessels shall be designed to withstand the maximum pressure

and vacuum conditions experienced during tests or operation. As far as is practicable they shall

be designed and constructed in accordance with internationally recognized standards.

Two rupture discs of each 100 % capacity shall be provided to safeguard the evaporation and

vapor compartments of the shell against over-pressure for any mal-operation.
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3.3.2 Effects

The floor of effects shall be designed to facilitate complete drainage when the plant is shut

down. Suitable access openings into each effect shall be provided for inspection, maintenance,

replacement of demisters, spray nozzles and flushing and cleaning of internals. Observation

windows shall be fitted in each effect to enable the seawater sprays and top row of tubes to be

viewed during feed make up operation and to detect and fix clogging or abnormal operation of

spray system during cold running. Access and safe ladders to be provided. Also observation

windows shall be fitted on each effect to check the bottom rows of tubes during normal

operation.

Seawater feed to the distiller shall be screened in duplex type strainer, to prevent blockage of

feed nozzles by particulate matter. The mesh apertures shall be not greater than 0.5 mm.

Internal wetted surfaces of the strainer vessel shall be lined with a minimum thickness of 3mm

rubber of 70 shore D hardness. Basket and mesh to be of 316L stainless steel.

Seawater supply to the unit shall also be screened in duplex type strainer to prevent shells. The

material shall be the same as for feed strainer. The basket/mesh shall have 10mm holes.

Demisters for maintaining guaranteed purity of the product are of stainless steel type 316L.

They are arranged in conventionally sized interchangeable sections to permit ease of handling,

maintenance and replacement through the access doors.

Feed heater and heat rejection condenser water boxes will have bolted hinged covers for easy

access to tube bundles and will be equipped with air release vents and drain branches. Distillate

and vapor chamber doors will be bolted and hinged to the shell for ease of access.

The plant will be provided with any further items necessary or desirable for correct operation.

Within each effect the design of seawater feed spray nozzles and their locations on distribution

headers will ensure a required flow distribution over the tube banks to avoid areas of low flow

or drying out and the consequential formation of scale on the tube surfaces. The spray nozzles

and headers are easily removable and the means and method for spray nozzle replacement will

be described and illustrated in the O&M Manual.
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Connections will be provided for flushing spray nozzles with fresh water from the distillate

header.

Access galleries and ladders required for maintenance are permanently installed for access to

all sections of the plant.

3.3.3 Shell Materials

All internal surfaces of the distiller vessel and all internal structures, baffles, ducts and fittings

are made of stainless steel ASTM A 240 316L.Carbon steel will not be used for internal

surfaces or components in contact with seawater, brine, distillate or non-condensable gas

concentrations. External shell reinforcement, support and stiffeners, however, are constructed

using carbon steel.

3.3.4 Heat Transfer Surfaces, Tube Plates and Vapor and Water Boxes

The tube bundles in each effect are horizontal and fixed to the tube plates by roller expanding.

It shall be possible to remove and replace tubes through bolted and hinged covers without any

cutting or other major dismantling operation. The method of tube removal and replacement

shall be described in the O&M Manual.

Tube pitch arrangements shall preferably be in accordance with TEMA standards, but the

Contractor shall demonstrate that the tube pitch arrangements adopted give satisfactory flow of

seawater film on the tube surface as well as release of vapor, by reference to previous plant

experience with similar deign.

Pre-heater and rejection condenser tube plates and water boxes are designed for maximum feed

pump closed valve head plus 25%. The design seawater flow within tubes shall not exceed 2.1

meters per second.

Heat transfer tubes in the falling film evaporation effects are of Aluminum brass 76/22/2

ASTM 111 C78700 with the exception that the top 10 tube rows are of Titanium ASTM B338

grade 2 welded.
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Aluminum brass tubes are seamless and have a minimum wall thickness of 0.7mm and titanium

tubes are welded with a minimum wall thickness of 0.5mm.

Tubes for Final condenser and seawater preheater and other condensers are in Titanium

(ASTM B 338 Grade 2 welded) with minimum wall thickness of 0.5mm and tube plates and

tube supports in stainless steel 316L, water boxes, shell in stainless steel 316L.

Tube plate and tube supports material are 316L stainless steel.

Sacrificial anodes are installed in water boxes of all the condensers and coolers.

The Contractor shall include full details of flows, temperatures, tube dimensions and surface

areas in each effect, and heat exchangers to enable the distiller design to be compared to

running plant. These data shall be included in the technical data sheet. Velocities for different

type of tube material shall be submitted for O/E review.

3.3.5 Thermo-compressors

The distiller is equipped with a vapor thermocompressor to meet the specified continuous

full-load plant rating, and to enable the plant to be operated at reduced load of 50%. The

anticipated performance when the distiller is operating at both conditions will be stated in

detail on Process Description.

The thermocompressor extracts vapor from a lower temperature effect (last effects) and

discharge the mixture of the vapor and the motive steam to the highest temperature

effect(effect#l).

Thermocompressor nozzles are manufactured from 316L stainless steel consistent with

continuous long-term duty requirements. The thremo-compressor nozzles are readily

replaceable. The thermocompressor is designed to avoid carrying-over of salt to the

thermocompressor or deposit of salt in the nozzles.

Thermocompressor pressure recovery diffusers are designed for maximum, first effect,

temperature and pressure conditions and manufactured from 316L stainless steel.
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Steam supply lines to thermocompressor are capable of both manual isolation and automatic

isolation. Noise will be limit below the specified level of 85 dB at the fence of the plant. To

limit the noise, a proper insulation shall be provided.

3.3.6 Distillate Cooler / Sea water Preheater

The distillate cooler and seawater pre heater functions will be combined in one exchanger.

The distillate water temperature shall not exceed 43°C with sea water supply at 35°C. If

temperature of the distillate product at the evaporator exit exceeds this value, distillate

cooler shall be provided to reduce the final outlet temperature to the maximum of 43°C.

Seawater shall be used as a coolant and the discharge shall, if possible, be used as a heated

feed to the process to minimize the total seawater flow. A bypass to be supplied on distillate

side.

Distillate cooler material shall be the same as condenser materials specified in Clause 1.7.4

3.4 Vent System and Ejectors

A two stages steam jet air ejector system with shell and tube ejector condensers shall be

provided to raise and maintain vacuum in the distiller. The unit shall be capable of extracting

and discharging to the atmosphere of all the non-condensable gases from feed water, air

leakage and carbon dioxide released in evaporation, together with associated vapor. Pneumatic

shut-off valve or check valve shall be provided on atmospheric line to avoid back air ingress in

case of steam interruption. The ejector condensers shells, tube plates and tube supports shall be

of SS 904L. Tubes shall be of titanium ASTM 338, Grade 2 welded with a minimum wall

thickness of 0.5mm.

In addition, one steam operating start up air ejector exhausting to the atmosphere through

silencer shall be provided capable of reducing internal pressure to less than 240 mbar in one

hour. This ejector shall be shut off when the evaporator is in operation. Start-up ejector system

shallbeofSS316L.

The main ejectors shall be of SS317L. The ejector nozzles shall be detachable and easy to

replace. Nozzles and diffusers shall be manufactured from 317L.
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Within the distiller vessel, the venting system shall be designed to prevent concentration of

non-condensable gases on condensing tube surfaces. Non-condensable gas may be transferred

by cascade venting to the lowest pressure effect for extraction by the air ejector.

3.5 Chemical Dosing System

Provision shall be made for dosing the feed water with scale control and anti-foam chemicals.

The scope includes for each desalination unit:

- Two antiscale tank of one week capacity in total.

- Two antifoam tank of one week capacity in total.

- Level indicators and high/low alarm Stirrers if necessary.

- Two antiscale pumps capacity above 100% of guaranteed flow.

- Two antifoam pumps capacity above 100 % of guaranteed flow.

- Suction isolating and interconnecting valves.

- Delivery isolating and delivery isolating valve.

- Safety valve at each pump delivery.

- Pulsation damper at each pump delivery.

- Remote flow measurement antiscale

- Remote flow measurement antifoam

- Flow testing line antiscale Flow testing line antifoam

The injection points for antiscale and antifoam chemicals shall be located in the feed make up

line upstream of flow control valve. The chemical injection pipe should be not more than 12

mm in diameter and shall be kept as short as possible. Isolating and non-return valves shall be

installed at points of injection.

The tanks and agitators shall be designed to ensure good mixing, and confirmed by stirrer

supplier. The tanks equipped with anti-vortex blades, drain line, overflow, feeding tray, anti-

bags mesh, flushing facility, drum filling connection together shall be supplied .

- One electrical motor driven chemical filling pump of 1000 liter/hour capacity to be

provided for each unit of chemical dosing system.

- Two 100% capacity dosing pumps shall be provided for each chemical duty.

- TanksshallbeofS.S.316L

- Piping shall be of S.S.316L.
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Pumps shall be (preferably of) hydraulically activated diaphragm pump with stroke to vary

the discharge of the solution to suit all outputs. This should be achieved with simple

adjustment. The discharge rate shall be clearly indicated with a pointer on a percentage

calibrated scale. The pump shall be equipped with compound pressure gauge and relief

valve at the discharge to protect the pump from overload in case of blockage. Liquid end

construction to be 316 stainless steel. The pumps suction connections shall be clear of the

bottom of the tank to reduce the possibility of picking up sediment.

3.6 Acid Cleaning

It is required to provide a facility to spray acid solution regularly over the bundles to

remove the possible scale formation.

The system shall include the permanent connection into the distiller piping system for this

purpose. The contractor shall propose experienced solution, (ex. Dilute chloride hydrogen

solution -HC1, etc.). Brine blow down pump and make up lines can be used for the

circulating of the cleaning solution.

The pipe-work will be capable of isolation, venting, sampling and drainage. All pipe-work

shall be of GRP.

A wash basin, shower and eyewash shall be installed adjacent to the plant.

The scheduled information of the predicted frequency of acid cleaning for an evaporator

and the quantity of acid, inhibitor and other chemicals required per acid clean shall be

provided.

Acid transfer pump to be provided.

3.7 Process Pumps and Piping

3.7.1 Process Pumps

The distiller shall be equipped with all necessary process pumps. Each process pump shall

have one spare pump to be kept in stores at site. Horizontal split casing pumps are to be
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provided, but condensate return and other small pumps may be end suction back pull out type.

All the pumps shall be fitted with mechanical seals.

The particular design requirements are;

- Pumps shall be rated for 100% flow at design total head.

- The distillate pumps shall be capable of transferring the distillate water to on-site

water storage tanks. For purposes of Tender, the required pressure of distillate water

as measured at the distiller terminal point flange shall be adequate to overcome all

losses and the height of the product water tank with reasonable margin.

- NPSH required at least one meter less than NPSH available at design conditions.

- It must be possible to operate with full make up flow for brine blow down pump.

- Blow down pump should accept operation with acid cleaning solution pH 1.5 in case

used in the acid process.

Each desalination unit shall have the following pumps:

One distillate pump

One brine blowdown pump

One condensate return pump

One seawater makeup booster pump (if required)

Any other required pump(s)

For brine blow down, distillate and brine blow down pumps the material shall be

- ASTM A 351 CD 4 MCU or equivalent duplex stainless steel for casing and

Impeller.

- A240 UNS 31803 duplex stainless steel for shaft

- AISI 316L for keys and sleeves.

For condensate pumps the material shall be

- ASTM A 351 CD 4 MCU for casing and impeller

AISI 316L for shaft, sleeves and kevs
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3.7.2 Piping

Piping for brine, seawater, distillate shall be GRP, Vinylester, C Veil, E glass, filament wound,

sand free with laminated connections.

GRP and other rubber or plastic lined steel pipe used for distillate or portable water shall be

certified for use with drinking water by an internationally recognized authority. While using

GRP line, downstream of control valve, a spool of length equal to valve diameter made of

duplex Stainless steel shall be provided.

The selection of the GRP stiffness shall be determined by required flow rate, flow velocity

limitations, hydraulics, pipeline elevations and associated geology and topography and

installation requirement.

The piping for venting system, instruments air, evaporator condensate, vents and drains shall be

316L. The steam and condensate shall be carbon steel API 5L Grade B.

3.7.3 Valves

3.7.3.1 Seawater, Brine, Distillate Circuit.

Above 50 mm.

Material of butterfly valves:

Body = EPDM lined cast iron,

disc = casted or forged 3 16 stainless steel,

shaft = 316L Stainless Steel,

Type of butterfly valves:

Wafer type when perfect isolation is not required during dismantling upstream or

downstream pipe

From 50 mm and below

- Ball valve of stainless steel
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3.7.3.2 Steam and Condensate Service

Preferably gate valve, welded connections shall be supplied. Material A216 or WCB for body

and bonnet and carbon steel disc (stellited wedge and seat facing ).

3.7.3.3 Water Flap Check Valves

Body /disk /shaft of stainless steel 316

3.7.3.4 Control Valves on Water Services

Body / disc / shaft of stainless steel 316

3.7.3.5 Check Valves with Dampening System

Check valves with dampening systems (such as counterweight or damper, or internal damper,

or hydraulic piston) will be provided for pumps working in parallel operation. Due care will be

given to the shaft bearings/lubrication.

3.8 Instrumentation and Control

3.8.1 Overall Operational and Control Philosophy

Under normal operation the distiller shall be operated automatically. A control room operator is

present to take follow-up measures in case of the alarm or the external problems. A local

operator proceeds to routine inspections and measurements of vibrations, and attends chemical

filling. The controls supplied shall contain sufficient protection to shut the plant down in the

event of a malfunction to prevent any risk of the plant or operating staff. Overall control and

supervision of the plant shall be exercised from the remote control panel located in the Control

Room.

The philosophy of the distiller operation shall be based on the starting up, shutting down,

controlling and monitoring the major distiller equipment and services from the plant control

panels after the initial local setting of valves and auxiliaries.
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3.8.2 Detailed Control Requirements

3.8.2.1 General

The following requirements are based on a typical multiple effect evaporator. The aim of these

descriptions is to indicate the level of automation required and any alternative proposed shall

show similar levels of automation.

3.8.2.2 Steam Systems

It is not intended that any form of pressure regulation be applied to the main steam input but

that a range of pressure be accepted directly by the thermocompressor, provided it remains

within the specified limits. However, an automatic cut off valve shall be provided for the

supply steam to the thermo-compressors, which will close and shut down the plant in the event

of unacceptable plant conditions being detected. Such conditions shall include a detection of

maximum allowable temperature on down stream of the thermocompressor (70°C), flooding of

the distiller, loss of sea water supply, loss of anti-scale injection, high brine temperature in top

effect, low make up flow etc.

3.8.2.3 Seawater Systems

To produce the guaranteed capacity of distillate, the distillation system shall operate in a preset

range of temperatures at the referred ambient conditions. However, the variation of the

seawater temperature entering the distillation system will cause to the change of the

temperature distribution through the effects of distiller. To keep the temperature constant in

effects, the seawater inflow control is mandatory and at certain seawater temperature condition,

a certain amount of seawater shall be flow into the distillation system for proper cooling. Due

to the turn down range required it is anticipated that sea water flow to be controlled to allow

temperatures adjustment at thermocompressor suction. Detection of low seawater flow shall

initiate automatic shut down of the distiller.

3.8.2.4 Brine Discharge

Brine level in last effect to be controlled by action on the brine control valve. Detection of

high/high brine levels or tripping of the extraction pump shall initiate a shutdown.
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3.8.2.5 Distillate Discharge

Distillate level in last effect should be controlled by the action of the distillate level control

valve.

Product output shall be forwarded either to product storage or to dump dependent on the output

quality measurement.

Switch to dump shall be automatic in the event of high conductivity, however, switching to

product tanks shall be manually confirmed following satisfactory measurement of conductivity

3.8.2.6 Make up flow control

Make up flow shall be controlled so that it remains constant at a set value for the heat & mass

balance of the plant.

3.8.3 Fail-Safe Requirements

In the above descriptions there are several requirements for automatic shut down of the plant if

unsatisfactory plant conditions are detected. However, the shut down shall do no damage to the

system. Also, the system shall be shut down safely, even if either partial or complete loss of

electrical power or loss of instrument air occurs.

3.8.4 Degree of Instrumentation

Operation of plant shall be accomplished by the use of local instrumentation along with the

necessary remote control facility. In addition to the normal on line operation, instrumentation

for start up or shut down shall be supplied to allow all maintenance checks to be carried out

without additional equipment and also to allow diagnosis of any possible problems.

3.8.5 Environment

All I& C equipment described in this specification with the exception of control room

equipment shall be mounted outdoor and will thus be subject to high temperature, high humidity,

sun exposure, sand winds, high saline atmosphere etc. All equipment will thus be suitable for

operation in such conditions without corrosion or mal-operation due to high humidity or
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temperature. Enclosure specification for equipment shall be a minimum of IP54. Any equipment

which may be affected by or deteriorate in direct sunlight shall be protected by suitable

sunshades or protection boxes.

3.8.6 Power and Air Supplies for Instrumentation

As loss of power to the plant will also mean loss of instrumentation, the requirements of fail

safe must be met by mechanical spring returns on valves or similar. The design shall ensure that

no dangerous conditions may occur on restoration of the power supply.

3.8.7 I &C Tests at Site

In addition to the normal performance tests of the distiller itself, the contractor shall demonstrate

the performance of the control system.

Demonstrations of plant reaction to loss of I & C or supplies of instrument air may also be made

to prove the fail-safe features of the design.

Test Instrumentation and special equipment for commissioning and testing shall be temporarily

supplied by the Contractor for the tests and commissioning activities.

3.9 Steam Transformer

This device is used when the mixing of the incoming steam flow with the process steam is not

allowed.

In the steam transformer the primary and secondary steam flow being totally separated, thus no

mixing occurs between these two seam flows. This device provides a protection to the produced

water from the contamination by hydrazine and radioactivity material of the primary steam.

The steam transformer consisted of a sprayed horizontal tubes bundle. The primary steam flow-

condenses inside the tubes at its saturation temperature. The tube bundles are sprayed outside of

the tubes by the recycling pump. Parts of the sprayed water are evaporated and this produced

steam is used as a motive steam for the thermocompressor of the evaporator. Parts of the

condensate of the first cell of the evaporator are used as make-up for the steam transformer. This

make up is preheated with the condensate of the primary steam before being fed into the
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transformer. The preheater shall be plate type heat exchanger constructed of titanium welded

(not bolted).

For starting, make up shall be provided from a feed reservoir tank of about 100m3 capacity filled

with demineralized water from the existing plant to feed both units. The tank shall be provided

with the necessary piping to a suitable point on the make up pipe from cell No.l to steam

transformer. This system shall include pump, pipes, valves and necessary instrument & control.

Material of steam transformer as follows or better;

Shell : Carbon steel

- Tubes:S.S.316L
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Chapter 4. Conclusions

The SMART nuclear desalination plant aims to produce 40,000 m3/day of potable water and

about 90 MWe of electricity. The integrated SMART desalination plant consists of four(4) units

of Multi Effect Distillation Process combined with Thermal-Vapor Compressor(MED-TVC).

Each distillation unit has the production the capacity of 10,000 m3/day of distilled water per day

at top brine temperature of 65 °C using the seawater supplied at temperature of 33 °C.

The MED-TVC unit is consisted of the steam supply system, vapor and condensate system,

seawater supply system, brine system and chemical dosing system. The concept of these

systems and their requirements were established as described in this report. Based on these

system concepts and their related requirements, a standard design of the desalination plant is

currently under development. Once the development is completed, the integrated SMART

desalination plant will contribute to the further promotion and diversity of nuclear energy

utilization.
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desalination process coupled with SMART, since the thermal vapor compression is very

effective where the steam is available at high temperature and pressure conditions than

required in the evaporator.

The MED-TVC unit is consisted of the steam supply system, vapor and condensate

system, seawater supply system, brine system and chemical dosing system. The standard

design of the SMART desalination plant is under development as a part of the SMART

project. This report describes design concept of these systems and their requirements.
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