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Executive summary  
OOS Energy Rig Management Services B.V is specialized in reactivating stranded assets. OOS Energy is mainly involved in oil and gas extraction. As rig manager OOS Energy is the connecting link between rig owner and Oil Company. The Semi-Submersible Drilling Rig Frida 1 is one of the rigs currently managed by OOS Energy. At the moment the Frida 1 is operational in the Gulf of Mexico. When she was built in 2011, she was equipped with a cooling system which is fully cooled by outboard water. Now that the Frida 1 is operational at the Gulf of Mexico, she struggles with the disadvantages of such an open-loop system. 

In the past a project had started to convert her open-loop system to a closed-loop system. This project was in an advanced stage, plans had been approved by the classification society and purchases such as heat exchangers and pumps were made. Unfortunately execution of this project never took place. The effects from the flaws of the old system are, a lower safety and redundancy and a higher downtime and workload. Many pipelines are replaced due to corrosion or clogging up. Dozens of filters need cleaning weekly to keep the system operational. Currently the rig is 10 years old and is built with a life span of 15 years. This means that the rig will reach the end of its life time in 5 years, OOS Energy would like to extend her life span by undertaking these kind of projects.

The accompanying question is:
How can the current plan to fit the SSDR Frida 1 with a closed-loop cooling water system be implemented? 

The purpose of this research is to increase safety and redundancy and to decrease downtime and workload. For this research desk research and quantitative research have been conducted. It has emerged that multiple mistakes are made by the previous intent of conversion. This has led to insufficient capacity of the plate heat exchangers and an incorrect design. 

For the Four columns system the calculations show that an additional 60 plates per heat exchanger will provide enough capacity to operate with a sea water temperature of 32°C. The carrying bars and tightening bolts need replacement because they cannot house the additional 60 plates. For the mid ship system it is impossible to solve this problem by adding plates, therefore a different solution should be investigated. This answer could lay in the operation of the drilling braking resistors. 

New designs are made to improve the operation and maintenance of the systems. With the new design the probability of cavitation on the impellers of the pumps is reduced to a minimum. Because of costs, maintenance, corrosion resistance and weight, Glass Reinforced Epoxy is the recommended material to use for piping.  

The results show that the minimal investment costs for the conversion of the Four Columns systems are € 345.581. It is recommended to install new gaskets which costs are € 19.030. For the Mid Ship system the minimal investment costs are €123.856. Although not necessary it is recommended to install new gaskets and an additional 28 plates per heat exchanger. These costs are € 23.914 and €41.559. 
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[bookmark: _Toc75785058]Explanation of used abbreviations
	Abbreviation 
	Explanation 

	CIP
	Cleaning in place

	DN
	Diameter nominal

	ESD
	Emergency shut down

	F&G
	Fire and gas

	FRP
	Fibre reinforced plastic

	FW
	Freshwater

	FWD
	Forward

	GRE
	Glass reinforced epoxy 

	GRP
	Glass reinforced plastic

	GRV
	Glass reinforced 

	ICCP
	Impressed Current Cathodic Protection

	MC
	Mechanical completion 

	MGPS
	Marine growth protection system

	NPSHa
	Net positive suction head available 

	NPSHr
	Net positive suction head required 

	P&ID
	Piping and instrumentation diagram

	PSD
	Process shutdown 

	PTFE
	Polytetrafluoroethylene

	QSP
	Quality survey plan

	RTRP
	Reinforced Thermosetting Resin Pressure Pipe

	SS
	Stainless steel 

	SSDR
	Semi-Submersible Drilling Rig

	STBD
	Starboard 

	SW
	Seawater 
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The issue:
The Frida 1 is a Semi-Submersible Drilling Rig (SSDR) operational in the Gulf of Mexico. When she was built in 2011, she was equipped with a cooling system which is fully cooled by outboard water. Now that the Frida 1 is operational at the Gulf of Mexico, she struggles with the disadvantages of such an open-loop system. In the past a project had started to convert her open-loop system to a closed-loop system. This project was in an advanced stage, plans had been approved by the classification society and purchases such as heat exchangers and pumps were made (see appendix 3). Unfortunately execution of this project never took place and the current status is not clear. 

The effects from the flaws of the old system are, a lower safety and redundancy and a higher downtime and workload. Many pipelines are replaced due to corrosion or clogging up. Dozens of filters need cleaning weekly to keep the system operational. Currently the rig is 10 years old and is built with a life span of 15 years. This means that the rig will reach the end of its life time in five years, OOS Energy would like to extend her life span by undertaking these kind of projects. 

Objectives: 	
This research is a recommendation to OOS Energy on how to convert the cooling water system of the Frida 1 to a closed-loop system. This conversion has the objection to improve safety, redundancy, maintainability, life span, downtime and workload. 

The current system in place consists out of eight separate Seawater (SW) systems. The rig floats on two pontoons one on starboard (STBD) and one on port. On each end of a pontoon, forward (FWD) and aft, there are two azimuth thrusters with their cooling system. This makes a total of eight thrusters and four cooling systems. On the aft port and STBD side the pumps for the engine cooling system are located. On the FWD port and STBD side the pumps for all the auxiliary equipment are located. This last system is a large and complex system which reaches all over the rig. This system is referred to as the Auxiliary Cooling System. The other systems are relatively small and straight forward. SW is not only used to cool machinery but also for sanitary, freshwater (FW) generator, mud shakers, etc. when the SW is used it goes directly overboard. 

The plan of converting from SW to FW is only for the auxiliary cooling system. The other cooling systems will be disregarded. The auxiliary cooling system are divided in five separate systems (see appendix 1) the four columns port FWD, STBD FWD, STBD aft, port aft and one for the mid ships equipment. The four column systems are identical designs as they all serve the same purpose of cooling the transformers, frequency drives, AC’s and condenser at each column. The mid ship system consist out of: transformers, frequency drives, AC’s and braking resistors for the drilling equipment and AC units.  


Main question:
How can the current plan to fit the SSDR Frida 1 with a closed-loop cooling water system be implemented? 

Sub-questions:
1. Which rules and requirements from the classification society apply to the conversion?
2. Which modifications are needed to the current design? 
3. Which additional materials should be ordered for optimal operation of the system?
4. How can parameters of the new design be checked and calculated? 
5. Which measures should be taken when commissioning the system?
6. What are the costs for the conversion?

The main question is answered by answering the sub-questions. All the theories available and relevant for this research are summed up in the theoretical framework. This framework contains the regulations, calculations, requirements etc. which are the lead to answering the questions.

Preconditions:
In order to realize the system, it will have to meet a number of conditions. The system must be built with a small budget. Future maintenance, weight and volume of the system must be taken into account. The system must be standardized and safe. The installation should be carried out with as little downtime as possible.

Reading guide:
The theoretical framework starts with the regulations from DNV for a closed loop cooling system on SSDR’s. Next the design properties and the hardware needed for such a system is investigated. The following part contains theory from other closed loop systems and the formulas to calculate such. Now that the complete process is well understood, an estimate on the costs can be made. The conceptual framework in 2.6 is a visual representation of the expected cause-effect relationship in this research and what relationships are expected between variables and how they relate to each other.  

The methods used to collect all the data that answer the questions are listed and explained in the chapter “Methods”. In addition to this the reliability and validity of the data is analysed. 

All the results from the research conducted are listed in chapter 4. These findings are the answers to the sub-questions. The reliability of these findings is discussed in chapter 5. The conclusions that can be drawn from the findings are explained in chapter 6. As a closure in chapter 7, the recommendations towards OOS Energy for conducting the conversion are discussed.  


[bookmark: _Toc75785060]2. Theoretical framework
In this theoretical framework contains relevant concepts, definitions, models, theories related to the research topic and al information available to answer the sub-questions. 
[bookmark: _Toc75785061]2.1 Requirements classification society  
[bookmark: _Toc75785062]2.2.1 Commissioning process 
Chapter 2.2.1 refers to class guideline DNVGL-CG-0170 page 9 to 12 (DNVGL, 2015). With all steps from design to commissioning the classification society is taken along. DNV has set a nine step commissioning process, see Figure 1, that they highly recommend using. 2.2.1 Explains these steps one by one. While the requirements for the testing and commissioning are clearly specified in various applicable DNV standards, how exactly the commissioning activities should be carried out is largely left to the builder/owner of the mobile offshore units. For instance, there will be dependencies between the different packages. It is however a DNV requirement to prove that the testing requirements mentioned in the rules are carried out during commissioning.

[image: ]
[bookmark: _Ref70973046]Figure 1 Total commissioning process (DNVGL, 2015) 

Detailed designs
After this step the project transfers from the desk to the field. OOS Energy has the responsibility of providing detailed designs which are fully completed, reviewed and approved. It is important that designs are approved before manufacturing as changes in design can be demanded by the class. DNV advises to have the design engineers available during the commissioning stages. The design engineer can then confirm completion of the design activities and advise what needs to be rectified, redesigned and followed up on.



Mechanical completion 
A mechanical completion checklist covers all activities that need to be accomplished to finish the mechanical completion (MC) stage. Only some parts of MC are covered by the DNV Offshore standards and is thus formally DNV scope of work. The class maintains oversight on most of the MC activities by doing unscheduled surveys. The quality survey plan (QSP) lists certain activities of MC where the presence of a surveyor is mandated.  Some examples are: 

· Pressure testing
· Alignment 
· Cable installation 
· Megger tests

These dynamic tests are limited to non-energized tests. The evidence of the required certification of equipment should be verified during the MC stage. MC is accomplished when construction and installation of equipment has been demonstrated as physically complete. 

Pre commissioning
This stage involves the verification of functional operability of parts or full systems. This means energizing of equipment and adding fluids to the system. Although there are test performed in this phase which are required by the rules a surveyor may not be present. The surveyor will therefore make sure these tests are executed during the commissioning phase. Pre commissioning typically includes:

· Loop testing
· Motor no load runs
· Equipment final alignment

Commissioning
For classification the commissioning phase refers to final checks, inspection and tests that every operational component or system goes through to confirm operational readiness, working as intended and the requirements by the rules are met. This typically consists out of:

· Functional testing of systems by start-up priority
· Testing of Emergency shut down (ESD)/Process shut down (PSD) and fire and gas system (F&G)
· Load tests and other equipment performance testing

For this step a procedure should be submitted to the classification society for review/approval an example can be found in section four of guideline DNVGL-CG-0170. 

System integration testing 
System integration testing is testing and commissioning of more than one system to ensure compliance with project requirements. Often tests are carried out during marine sea trails as relevant systems may be required to be operational. This testing is mend to cover the following but not limited to:

· Complete functional testing of systems across equipment boundaries
· Final adjustments of alarm-limits, measuring instruments
· End to end testing of ESD/PSD and F&G
· Integrated testing of production/drill plants

For this step a procedure should be submitted to the classification society for review/approval an example can be found in section four of guideline DNVGL-CG-0170. 

Operation  
Once the unit is in operation, there should not be any major outstanding class and statutory items.  

[bookmark: _Toc75785063]2.2.2 Involvement in commissioning 
DNV’s involvement in testing and commissioning is limited to the requirements of statutory and class rules. DNV surveyor will attend testing and commissioning to the extent specified in applicable QSP.

The survey scope is categorized as followed:
- Category 1: Statutory and essential systems for safety, normally increased attendance by DNV.
- Category 2: Main systems/functionally important, for main and additional classification notations. 
- Category 3: Normal limited or no attendance required by surveyor.

	Category 1 systems for commissioning (for integration)

	No.
	Name of system
	Integrated with

	5
	Seawater cooling system
	Consumer capacity test

	6
	Thruster Seawater Cooling System
	S/T

	18
	Column and Pontoon Machinery Rooms Ventilation Systems 
	ESD


 
	Category 2 systems for commissioning (for integration)

	No.
	Name of system
	Integrated with

	4
	Auxiliary Cooling Fresh Water System (#2)
	S/T & SIT

	5
	460V LV Switchboard
	S/T

	6
	230V LV Switchboard
	S/T



	Category 1 systems for commissioning (as independent systems)

	No.
	Name of system

	13
	Emergency SWBD



	Category 2 systems for commissioning (as independent systems)

	No.
	Name of system

	10
	Seawater cooling system 

	12
	Thruster Seawater Cooling System



	Category 3 systems for commissioning (as independent systems)

	No.
	Name of system

	8
	Aux. cooling FW system  

	14
	MGPS (Marine Growth)

	16
	460V LV Switchboard (or equivalent)

	17
	230V LV Switchboard (or equivalent)





[bookmark: _Toc75785064]2.2.3 Requirements related to marine, utility and safety systems
(DNVGL, 2015)

	System / equipment description
	DNV OS / rule reference

	Fabrication and testing of offshore structures

	Corrosion protection systems
	DNVGL-OS-C401 Ch.2 Sec.5 [1.5]

	Marine and machinery systems and equipment

	All systems / equipment
	DNVGL-OS-D101 Ch.3 Sec.1 [5.1 to 5.3]

	All piping systems
	DNVGL-OS-C301 Ch.2 Sec.2 [3.2]

	
	DNVGL-OS-D101 Ch.2 Sec.1 [1.7]

	
	DNVGL-OS-D101 Ch.2 Sec.2 [5.2]

	
	DNVGL-OS-D101 Ch.2 Sec.6 [6.1/6.2]

	
	DNVGL-OS-D101 Ch.2 Sec.6 [7.1]

	Pump hydrostatic testing
	DNVGL-OS-D101 Ch.2 Sec.2 [4.2]

	Pump capacity testing
	DNVGL-OS-D101 Ch.2 Sec.2 [4.3]

	Electrical installations

	Electrical distribution systems
	DNVGL-OS-D201 Ch.2 Sec.3 [3.1]

	
	DNVGL-OS-D201 Ch.2 Sec.10 [4.3]

	
	DNVGL-OS-D201 Ch.2 Sec.10 [4.4]

	Parallel connected cables
	DNVGL-OS-D201 Ch.2 Sec.2 [10.6]

	Cooling and anti-condensation
	DNVGL-OS-D201 Ch.2 Sec.3 [4.2]

	Instrumentation and telecommunication systems

	Failure response 
	DNVGL-OS-D202 Ch.2 Sec.1 [3.2]

	On-board testing
	DNVGL-OS-D202 Ch.2 Sec.1 [5.5]

	
	DNVGL-OS-D202 Ch.2 Sec.2 [1.4]

	
	DNVGL-OS-D202 Ch.2 Sec.4 [4.1]

	DNV survey scope for production 

	Drainage systems
	DNVGL-OS-E201 Ch.2 Sec.2 [7.1]



[bookmark: _Toc75785065]2.2.4 Documentation 
(DNVGL, 2016)
 All changes in piping systems, which are covered by the scope of class, are subject to approval and survey. All changes shall be specified. This applies for new, existing systems or addition of class notations. Systems shall always be in compliance with the latest edition of the rules. The submitted documents shall be:

· Updated engine room arrangements
· Schematic drawings of piping systems with clear identification of modifications
· In case of  a new class notation documents required by the rules shall be submitted



[bookmark: _Toc75785066]2.2.5 Design regulations 
(DNVGL, 2018)

	Marine and machinery systems and equipment, DNVGL-OS-D101

	Chapter  2, Section 1
	Design principles 

	
	Construction and function

	
	Personnel protection 

	Chapter 2, Section 2
	General piping design 

	
	Design conditions 

	
	Pumps 

	
	Detachable pipe connections

	
	Socket welded joints and slip-on sleeve welded joints

	Chapter 2, Section 4
	Machinery piping system 

	
	General

	
	Cooling systems 

	Chapter 2, Section 5 
	Machinery and mechanical equipment

	
	General marine equipment

	Chapter 2, Section 6 
	Pipe fabrication, workmanship, and testing

	
	Welding

	
	Brazing of copper and copper alloys

	
	Pipe bending

	
	Joining of plastic pipes

	
	Hydrostatic tests of piping

	
	Functional testing

	Chapter 3, Section 2
	Certification of materials and components

	
	Principles 
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(Farmerie, 2018) Explains how to optimize a closed-loop system. All closed-loop systems basically have the same lay-out. Figure 2 is a good example of a basic closed-loop system. The expansion tank is connected at the inlet of the pumps to maintain sufficient Net Positive Suction Head Available (NPSHa). When a heat exchanger starts fouling this will result in a flow restriction and there for a large pressure difference over the cooler. If the heat exchanger would be connected on the inlet side of the pump this would result in a high vacuum which can lead to cavitation. There for the plate heat exchanger is installed on the outlet of the pump. After the coolant is cooled it is distributed to the machinery from where it will return to the pumps and circulate continuously. Appendix 1&2 show the previous design.
[image: ][image: ][bookmark: _Ref75872435]Figure 2 Closed-loop cooling system (Farmerie, 2018)

[bookmark: _Toc75785068]2.2.1 Valves
Valves are used to stop fluid passing through. Many types of valves are used in several locations for multiple purposes. Figure 3 shows the application of closing valves and check valves on three pumps installed in parallel. In normal running conditions the closing valves will be in an open position. The check valves prevents the duty pumps, pumping into the standby pump. (Robinson, 2019) The idea behind parallel connected pumps is the ability to add or subtract flow capacity and provide redundancy to the system (Kaila, 2016).[bookmark: _Ref71006257]Figure 3 pumps installed in parallel (Robinson, 2019)


[image: ][image: ]If the outlet and inlet of a heat exchanger are connected via a pipe and valve as in Figure 4 it is possible to back flush the cooler. Back flushing is the reversal of flow for a short period of time. This will flush out matter that has gathered on the inlet. Doing this on a regular basis will contribute to many years of trouble-free service (Laval, N.D.). [bookmark: _Ref71007725]Figure 4 Back flushing (Zoutendijk, 2021)
Figure 5 Normal operation (Zoutendijk, 2021)

[bookmark: _Toc75785069]2.2.2 Sensors
Sensors are parameters that give an indication, at different stages, on the functioning of the system. Level, temperature and pressure sensors are the three most commonly used sensors. Sensors can either be digital or analogue. Important data will digitally be visible in the engine control room and are guarded with an alarm (Farmerie, 2018). 


Level
It is important to be able to monitor the level of coolant inside the expansion tank. This can be done, analogue and accurately, by a magnetic level indicator. Or digitally as a safety feature with float switches as in Figure 6. These level switches are low cost and easy to install and there for the most suitable for this application (Musasino, N.D.).
Temperature [bookmark: _Ref71007846]Figure 6 Level switches in expansion tank (Musasino, N.D.)

Temperature sensors give an indication on the functioning of the heat exchangers. Therefor it is important to fit at least an analogue temperature sensor before and after the heat exchangers. (Bader, N.D.)  Recommends to install temperature sensors directly at the in- and out-let. Of great importance is the temperature of the feed and returning coolant of the machinery. Therefor it is recommended to have a digital sensor at the feed and return line and analogue temperature sensor at every outlet of a machine.    

Pressure 
The pressure difference between the in- and out-let of a filter or heat exchanger gives an indication of the resistance coolant experiences to pass through. If the pressure difference rises this is an indication of increased fouling. To reduce this, cleaning will be necessary on a regular basis. To be able to perceive this it is necessary to have one analogue pressure gauge before and after every filter and heat exchanger. Most pumps are manufactured with a pressure gauge on the in- and out-let flange. These two pressures indicate the functioning of the pump and are therefore important parameters (McMillan, N.D.). 
 
[bookmark: _Toc75785070]2.3.3 Filtration
A filter removes particles that the fluid takes along. (GCF, 2015) Separates filters and strainers by: “Filters remove particulates that are smaller than 40 microns and strainers remove particulates that are larger than 40 microns.” In a research (Thomas, 1979) advises to use a mesh size of 14 till 35,  which corresponds with 1.4 to 0.5 mm, to use for fine filtration of sea water and coolant. For this mesh size a strainer can be used. (Supply, N.D.) The function of a strainer is to remove larger unwanted particles from the fluid. And with that protecting downstream equipment, like pumps and heat exchangers, from damage and fouling. 


[bookmark: _Toc75785071]2.3 Hardware 
[bookmark: _Toc75785072]2.3.1 Corrosion 
The main problems the system is dealing with are corrosion and fouling of pipelines and coolers. The forms of corrosion and the possible prevention methods in various piping systems according to (Engineering, N.D.) are:

Uniform corrosion:
· Cathodic protection
· Inhibitors
· Protective coatings
· Selecting proper materials 

Galvanic corrosion:
· Provide electrical insulation between the metals
· Choose alloys closer in the galvanic series
· Provide design in structure so as to make anodic to cathodic ratio extremely large
· Coat both anode and cathodic areas. Otherwise coat only the cathode
· Protect the corroding metal with a sacrificial anode, which is anodic to the corroding metal

Crevice corrosion:
· Avoid riveting, go in for welding
· Design for proper drainage
· Go for stainless steels (SS) high Mo content (316,317 and Haste alloys) reduces crevice corrosion
· Remove deposits
· Use solid non-absorbent gaskets

Pitting corrosion:
· Eliminate the specific ions responsible for pitting ( halides in the case of SS)
· Choose alloy resistant to pitting. In SS high Mo promotes resistance (haste alloys, duplex SS)
· Mild steels serve better in chloride environment than SS if certain amount of uniform corrosion is tolerated. Monel has more resistance in this environment.

Selective leaching:
· Addition of any one of the elements namely Sn, As, Sb and P
· Al addition reduces overall corrosion and to some extent dezincification

Intergranular corrosion:
· Choose low carbon and extra low carbon stainless steels (such ss are 3041, 3161, 3171)
· Choose Ti or Ta and Nb containing alloys (321,347)
· Provide a solutions treatment to re dissolve the carbides (1050 °C, 30 m)

Erosion corrosion:
· Reduce the velocity of the medium
· Choose hard materials
· Avoid sharp turns
· Provide hard coatings



Stress corrosion cracking:
· Select the alloy that is not susceptible to the environment
· In the case of SS control either Cr or O2. As seen from the we can keep either one of them low
· Apply load lower than the threshold stress
· Provide compressive stresses by sand blasting. or shot blasting
· Avoid stress concentration

Cavitation damage (Rodelta, ND):
· Low liquid temperatures. At higher temperatures the probability of cavitation increases due to the higher vapour pressure
· High inlet pressure. At higher pressures the probability decreases because the margin with the vapour pressure increases
· Use of exotic materials which are more resistant to cavitation. 
· A good hydraulic design
· a well-developed inlet flow

According to (Anderson Process, 2020) cavitation occurs when the temperature and pressure of the liquid at the suction of the impeller equals the vapour pressure. This is also called inadequate NPSHa. This type of cavitation occurs when a centrifugal pump imparts velocity on a liquid as it passes through the eye of the impeller. Ways to prevent cavitation due to vaporization from happening are: 

· NPSHa > NPSHr + 3 foot or more safety margin
· Lower temperature
· Raise liquid level in suction vessel
· Change out pump type
· Reduce motor RPM
· Use impeller inducer
· Increase diameter of the eye of impeller

The Net Positive Suction Head Required (NPSHr) is a function of the pump design determined by a pump test at the manufacturer and listed on the pump curve. As the liquid goes from the inlet flange to the inlet of the impeller in the pump, the speed increases and the pressure decreases. There are pressure losses due to turbulence when the fluid hits the impeller. The centrifugal force of the impeller blades increases the speed even more, reducing the pressure even further. The NPSHr is the positive height, expressed in absolute meters of water column, on the suction side of the pump that is required to compensate for these pressure losses in the pump and to ensure that the liquid remains above its vapour pressure. The NPSH is always positive as it is expressed in absolute liquid height. The NPSHr is independent from the specific gravity of the liquid. The NPSHa must always be higher than the NPSHr for the pump to function properly. (Revisie, 2020). 

[bookmark: _Toc75785073]2.4.2 Piping
According to (Piping-World, 2019) there are three options for piping, Reinforced Thermosetting Resin Pressure Pipe (RTRP), ferrous and non-ferrous piping. (DHF, N.D.) Adds Polytetrafluoroethylene (PTFE) lined pipes to this list. Each type has its own advantages and disadvantages. The most suitable material for a piping system depends on many factors, such as:

· Easy availability of materials
· Suitability for the design
· Life span
· Corrosion resistance 
· Compatibility of material with the process fluid
· Suitability of the material for the design temperature and pressure and cyclic loading
· Suitability of materials for the environmental conditions
· Potential ultraviolet degradation of the materials
· Past experience with material for similar applications
· Additional requirements for corrosion protection such as cathodic protection, chemical injection, inspection, corrosion monitoring and any environmental impact due their implementation
· Weight reduction
· Fabrication, Inspection, Installation and maintenance costs
· Evaluation of failure probabilities, failure modes and consequences

RTRP (Reinforced thermosetting resin pressure piping)
Glass reinforced plastic (GRP), Glass reinforced epoxy (GRE) and Glass reinforced vinylester (GRV) are abbreviations for types of RTRP also known as fibre reinforced plastic (FRP). These types differ on the type of resin systems used for manufacturing. It is a composite material consisting of glass fibre reinforcements, thermosetting plastic resins and additives. The piping gains its strength from the glass fibre. Pipes with polyester resin, known as GRE, have a service temperature range of 50 to 75°C. Vinylester resin, known as GRV, has a range of 75 to 100°C. The great advantages of RTRP piping are:

· corrosion resistance to SW 
· much lighter than steel piping 1/6 of the weight  
· low friction coefficient which results in les friction losses and energy consumption of pumps
· no need for external corrosion and cathodic protection
· does not provide nourishment to marine life and hence fouling is not common
· cheaper and faster to install than carbon steel

The classification society has additional standards and regulations for the production and use of RTRP piping. DNV has adopted the guideline IMO Resolution A.753(18) for the application of plastic pipes on ships (Piping-World, 2020). 

FRP has a Low elastic modulus. The elastic modulus of FRP is 10 times smaller than that of steel (E=2.1×106). Because of this low elastic modulus it cannot be used in structural applications. FRP is susceptible for heat and cannot be exposed to high temperatures for a long time. The strength of polyester FRP decreases when reaching temperatures above 50°C, and is generally used under temperatures of 100°C. Resins resistant to high temperatures make it possible to operate in temperatures of 200-300°C. The phenomenon of aging is a common defect of plastics as well as FRP. Its performance will be reduced because of ultraviolet. Special resins that are ultraviolet resistant can be used to eliminate this problem (World iron&steel, 2020). 

GRE is often used for ballast and brine pipes. The use of plastic pipes elsewhere in a system is restricted because of the requirement to pass a standard test for fire-resistance. It is not usual for plastic pipes to be constructed in a way that will enable them to pass the most stringent, level 1, fire test. If plastic pipes are to be used, the fire-resistance rating and classification society rule requirements must be checked first (Murdoch, 2012).

Thermal expansion of fiberglass piping is two to five times that of steel. Axial modulus of elasticity is less than 1/10th of that of steel. This results in fiberglass piping being significantly more flexible than steel pipe. This property makes offset legs in fiberglass piping systems very effective at absorbing thermal expansion of the piping (Piping-World, 2020). 

FRP pipe is more susceptible to impact damage due to the brittle nature of the thermoset resin. Installing FRP requires, in comparison to steel piping, more preparation due to other joining methods, handling, transportation and installation techniques. Because of the flexibility FRP piping system require specific support brackets. To join FRP with another type of material, a flange would be the most appropriate way. Flanges can be drilled according most of the relevant standards. When a flanged FRP pipe section is joined with a metal pipe section, the metal section must be anchored to avoid transmission of loads and displacements to the FRP pipe sections (Wavistrong, N.D.).

Ferrous 
Carbon Steel 
Low carbon steel contains 0.05% to 0.25% of carbon. This low percentage of carbon makes it easy to cut, form, and weld. It is the cheapest steel of the carbon steels to produce and buy, and has a wide variety of uses. It is mainly used in the production of car parts, pipelines, and ornamental uses. In comparison to other steels carbon steel is more susceptible to rust and corrosion. Therefore needs additional protection (Monroe, 2018).  

Stainless Steel
Depending on the alloys stainless steel has good resistance to rust and corrosion. Because of its high melting temperature and low thermal conductivity stainless steel is not easy to weld. Depending on the quality stainless steel can be expensive in acquisitioning costs compared to other steels. Another dis advantage could be weight, stainless steel is relatively heavy (steelpipes, 2018).

Duplex Steel 
Duplex steel is made from two types of metals, austenitic and ferritic. This gives the metal a high chromium (19–28%) and molybdenum contend (up to 5%), and a lower nickel content than other stainless steels. This type of steel is mainly used in the oil, gas, nuclear and chemical processing because of its high corrosion resistance. The austenitic and ferritic properties of duplex steel give the metal a higher strength, good weldability, toughness and resistance to stress corrosion cracking. Above 250°C deleterious intermetallic phases are likely to form, therefor special welding procedures are needed. (Materials, N.D.) (Alloys, N.D.)

Cast Iron
Because of its low costs, excellent resistance to wear, good castability, having three to five times more compression strength compared to steel and having the property to be given any complex shape and size without using costly machining operations, cast iron is the preferred metal for manufacturing pipes, machines, car parts and anchors. On the other hand cast iron is prone to rust and corrosion, needs protection against corrosion on the in- and out-side, has poor tensile strength, poor impact resistance, high weight to strength ratio, high brittleness and failure of parts is sudden and total. (Club-Technical, 2019)

Ductile Iron 
Ductile iron is mostly used in drinking water transportation. The presence of nodular graphite in the metal gives it flexibility. Compared to cast iron is has double the tensile strength, corrodes les quickly, good impact resistance and still retains good casting properties. On the down side it is Heavy, prone to rust and corrosion, needs protection against corrosion on the in- and out-side, Likely to deform during heating and more expensive than cast iron (Willman-Industries, N.D.).



Non-ferrous 
Copper 
Copper has the ability to withstand a wide range of temperatures due to its high melting point and high thermal conductivity. The biggest advantage of copper is its natural resistance to corrosion and biofouling. On the other hand copper is a rather expensive chose. Because copper needs to be soldered assembling pipes requires a great deal of skills. To have sufficient strength in a pipe, a thick wall is required which makes it heavy and expansive. Because copper is ductile and relatively weak it is prone to erosion (Copper Development, N.D.).

Copper-Nickel 
Of the copper alloys, copper-nickels have the best resistance to SW flow velocity. As with all copper alloys, it is important that flow rates remain below the recommended design velocity to avoid erosion corrosion. The maximum flow rate for 90-10 Cu-Ni is normally about 3.5m/s. As with normal copper Copper-nickels have a high resistance to corrosion and biofouling. The addition of nickel to copper improves the alloy's strength and durability, The mechanical properties of copper-nickel alloys show a combination of good tensile strength and excellent ductility when annealed (Copper Development, N.D.).

Inconel 625 
Inconel 625 was originally developed for steam piping to be able to cope with high temperatures, high acidic environments and maintain high strength, corrosion and oxidation resistance with good weldability. The downside of Inconel 625 is its price, it is highly expensive. (Corrotherm, 2019)

Titanium 
Titanium has the highest strength to weight ratio of any metal. It can cope with high temperatures while maintaining its strength. Titanium is naturally highly resistant to rust and corrosion. Due to difficult and risk full manufacturing processes, not castable and hard to machine titanium is a highly expensive material (SGS, N.D.).  

Aluminium 
Aluminium is light, has high heat conductivity, good casting properties, in expensive, available with a wide range of properties and well corrosion resistant when treated with the correct surface finish. But expensive to steel of the same strength not easy to weld, relatively weak, soft and has a low pressure rating (Crucial-Engineering, 2019). 

Hot-dip Galvanizing
With hot-dip galvanizing a part is submerged in a bath full of molten zinc. When taken out a thin layer of zinc has formed a protective layer around the Part. The self-sacrificing metal acts as anode and the object coated as cathode. The part will gain a double protection against corrosion by cathodic protection and a barrier between the part and the corrosive environment. Most of the ferrous materials are suitable for hot-dip galvanizing. Galvanizing has a lower overall cost compared to other coatings, less maintenance, long life protection and outstanding resistance to mechanical damage in transport, installation and service (Galvanizers, N.D.).

The size of a part that will be galvanized is limited by the maximum transportation size and size of the bath it will be submerged in. For a pipe system this means it needs to be chopped up in smaller pieces. When a piece is fabricated on board it needs to be send a shore to be galvanized. This brings in extra time and expenses for transportation. This can be avoided by taking accurate measurements on board and doing accurate manufacturing a shore, from where it is send-off to be galvanized and delivered on board (AGA, N.D.).

Galvanized coatings are still subject to chipping, cracking, and similar damages. Damaged coatings cannot be repaired to its full protection capabilities. Only by re galvanizing the same level of protection can be achieved. Welding directly on the zinc layer is not possible. The layer needs to be removed to bare metal, this will damage the protection layer and make it prone to rust and corrosion (Sunny, N.D.).
[image: C:\Users\j.westzoutendijk\Downloads\dsadasdsadsd.jpg]
PTFE lined
PTFE is a monomer compound of low molecular weight to form a polymer and is described specifically as a fluoropolymer consisting of carbon and fluorine atoms. The product is applied on the inside and/or outside of a carbon steel pipe see Figure 7. For small diameter piping it is possible to use compact lining equipment for on-site lining. PTFE is highly resistant to corrosion and wear and has a high electrical resistance. The non-polar nature of the surface also minimizes contamination by marine growth. It can cope with high pressures and high temperatures -100 to 260℃ with a pressure of 1.0Mpa. Provide durable low maintenance alternatives to exotic metal alloys and last longer than regular carbon steel pipe.[bookmark: _Ref71008337]Figure 7 PTFE lined pipe (CRP, N.D.)


Because of manufacturing processes a pipe is limited to a length of 6000mm with a bore up to 150mm. Perfluoroalkoxy (PTFA)  is a mechanically weak product and without reinforcement cannot be used for construction. PTFE is expensive because refining is complex, dangerous and requires large amounts of energy. PTFA is an alternative but, it costs roughly two to three times that of PTFE, it is difficult to process and matches performance with PTFE in almost every aspect. A lined pipe is considerably heavier than regular carbon steel pipe. To prevent erosion flows in the pipe should not exceed 15 m/s (CRP, N.D.). 

[bookmark: _Toc75785074]2.3.3 Marine Growth Prevention System
Marine Growth Prevention System [image: C:\Users\j.westzoutendijk\Downloads\Strainer-Diagram.jpg](MGPS) protects the SW system from biofouling. The system consist of pairs of copper and aluminium anodes, mounted in sea chests or strainers, connected to a control panel see Figure 8. The control panel supplies the anodes with impressed current. In operation, the copper anode produces ions which are carried by the flow of SW through piping and machinery systems, creating an environment where barnacles and mussels will not settle or multiply. Less than 2 parts per billion is enough to prevent marine life from settling. The action of the copper ions is assisted by aluminium hydroxide that is created by the aluminium anodes flocculating the released copper from the copper anodes. This highly gelatinous copper-aluminium hydroxide floc is carried throughout the system and tends to spread into the slow-moving areas close to the pipe surfaces, where marine larvae are most likely to settle. Another advantage is that a cupro-aluminium film builds up on the internal surfaces of the pipes to suppress corrosion. In this way the system has a dual action, protecting SW pipework against both biofouling and corrosion. MGPS systems form the basis of a well operating and maintained SW system. And therefore needs to be in good operating condition at all time (Evac, N.D.).[bookmark: _Ref71008519]Figure 8 MGPS layout (Evac, N.D.)



[bookmark: _Toc75785075]2.3.4 Cathodic protection 
When two dissimilar metals are electrically connected and are in contact by an electrolyte, a galvanic cell is created and a potential difference forms over the two metals. In this bimetallic couple, the metal with the lowest potential, the anode, will start to corrode. The more noble metal will behave as a cathode, and its surface will remain unaffected. The potential of a metal depends on the characteristics of the electrolyte. In plate heat exchangers, galvanic corrosion can exist at welded, brazed, or soldered joints. It is possible for the carbon steel to become anodic to the titanium plates. 

[image: C:\Users\J.WestZoutendijk\Downloads\martyr-zink-anode (1).png][image: C:\Users\j.westzoutendijk\Documents\1 Scriptie J.W. Zoutendijk\TK\2.4 system capacity\Calculations\CathodicProtection_architecture_550.jpg]Corrosion of a part can be avoided by changing the circumstances such that the protected surface becomes a cathode. This cathodic protection can be done by reducing the corrosion potential and can be achieved by passive or active protection. For passive protection a sacrificial anode can be installed see Figure 9. This part is made from a metal that is less noble in the galvanic series than the protected part and will corrode instead of the protected metal. Zinc and magnesium are mostly used for this application. When consumed it is simply replaced by a new one. This option is easy and cheap, however the provided protection is uncontrollable and might need to be replaced frequently. The second option, active protection, is to use Impressed Current Cathodic Protection (ICCP). The protected structure is connected to an anode through an external power source. Because of the electric current, impressed by this power source, the protected structure is catholically polarised. Because of the anodic polarisation, anode materials with a passive surface in the electrolyte are preferred to limit the metal dissolution and the anode consumption rate see Figure 10 (Lecompte, 2018).[bookmark: _Ref71008808]Figure 9 Sacrificial anode
[bookmark: _Ref71008823]Figure 10 Active cathodic protection


[image: ]2.3.5 CIP-unit [bookmark: _Ref71024797]Figure 11 CIP 400 unit (Alfa-Laval, N.D.)

A Cleaning In Place (CIP) unit is a device which cleans a heat exchanger without taking it apart see Figure 11. Alfa Laval's CIP systems connect directly to the heat exchangers and circulate a mixture of heated non-toxic cleaning agents that effectively remove scale, product deposits and biological contaminants. This ensures clean process surfaces and restores the performance of the heat exchanger (Alfa-Laval, N.D.).


Alpacon Descalant II is a concentrated, liquid cleaning agent for the removal of scale, magnetite, algae, humus, mussels, shellfish and crustaceans, lime, rust and other deposits in water systems such as plate heat exchangers and centrifugal pumps. Cleaning a heat exchanger with a CIP-unit is as simple as the following steps (Alfa-Laval, 2021):
 
· Isolate heat exchanger 
· Connect the CIP unit to the heat exchanger
· Mix the cleaning agent with water in the tank and heat it up
· Circulate the cleaning solution for a few hours
· Drain and rinse
· Disconnect the CIP unit
· The heat exchanger is back to full performance capacity

[image: ][image: ]Alfa Laval has a variety of CIP units available. According to Table 2for the T20-PFG heat exchanger with 194 plates a CIP 400 is recommended. For the smaller M10-MFG with 49 plates Table 1 recommends using a CIP 40.[bookmark: _Ref71025444]Table 1 CIP unit recommendation table (Alfa-Laval, N.D.)
[bookmark: _Ref71025307][bookmark: _Ref71025295]Table 2 CIP unit recommendation table (Alfa-Laval, N.D.)



[bookmark: _Toc75785077][image: ]2.3.6 Filters
Port filter
A port filter is a long cylindrical strainer inserted on the SW inlet side of a plate heat exchanger see Figure 12. The Alfa Laval port filter is used to ensure thermal efficiency of the heat exchanger by preventing foreign objects from entering and causing clogging of the heat exchanger. A port filter is available for most standard heat exchanger types with connection size Ø100 mm (4”) and larger. The mesh size of port filters is Ø1.5-2.2 mm with an open surface of 37% (Alfa-Laval, 2019). [bookmark: _Ref71025547]Figure 12 Port filter (Alfa-Laval, 2019)




Strainer or filter 
The key difference between strainers and filters is the size of the particles they remove. Strainers typically remove larger particles that are visible in a liquid or gas, while filters remove contaminants that are often so small, they cannot be seen with the naked eye. The purpose of a strainer is to remove larger, unwanted suspended particles from a liquid, primarily to protect downstream equipment, like pumps, from damage. Strainers are designed for easy removal and cleaning Filters are typically used when the liquid or gas passing through the system must be free of most contaminants. When choosing whether to utilize a filter or a strainer, the following essential points should be considered (Supply, N.D.):

     • The type of liquid or gas
     • Size and shape of particulates to be removed
     • Whether the system can be shut down for cleaning and maintenance
     • Flow rate and pressure
     • Pipeline size and configuration

[bookmark: _Toc75785078]2.3.7 Cooling water treatment 
Water added to the system should only be demineralized (distilled) water with proper treatment. This is necessary to keep effective cooling and prevent corrosion in the system. Although distilled water matches best to the requirements for cooling water, it is still necessary to add corrosion inhibitor. Untreated distilled water absorbs carbon dioxide from the air and becomes corrosive. The cooling water should be checked periodically, preferably once a week. Laboratory tests are recommended regularly at least every three months. All checking results should be recorded and kept for trend evaluation. Make up water should be checked and treated to stratify the figures in Table 3before adding corrosion inhibitor (Firoz, 2018).

[bookmark: _Ref71035277]Table 3 Make up water properties (Firoz, 2018)
	Property
	Typical level

	pH
	7 to 9

	Total hardness as CaCO3
	Max. 75 ppm(mg/l)

	Chloride
	Max. 50 ppm(mg/l)

	Sulphate
	Max. 100 ppm(mg/l)

	Silicate
	Max. 150 ppm(mg/l)

	Residue after evaporation 
	Max. 400 ppm(mg/l)

	Salinity 
	Max. 4 ppm(mg/l)



Cooling water treatment should include (Firoz, 2018):

· Form a protective film of calcium carbonate on the metal surface using the natural calcium and alkalinity in the water
· Remove the corrosive oxygen from the water, either by mechanical or chemical de aeration
· Add corrosion inhibitors



Weekly controlled cooling water properties should stratify the figures in Table 4 (Wärtsilä, 2001).

[bookmark: _Ref71035409]Table 4 cooling water properties (Wärtsilä, 2001)
	Property
	Typical level

	pH
	8-11

	Nitrite (NO2)
	500-2500 ppm

	Chlorides (CI)
	<40 mg/l

	Sulphate (SO4)
	< 100 mg/l



Corrosion control 
The three most reliable corrosion inhibitors for closed cooling water systems are chromate, molybdate, and nitrite materials. Chromate treatments in the range of 500-1000 ppm as Cr4O2¯ are too satisfactory unless bimetallic influences are present. When present chromate treatment levels should be increased to exceed 2000 ppm. Maximum inhibitor effectiveness can be achieved if the pH of the systems is kept between 7.5 and 9.5.

Molybdate treatment provides effective corrosion protection and is a more environmentally acceptable alternative to chromate. Nitrite- molybdate-azole blends inhibit corrosion in steel, copper, aluminum, and mixed-metallurgy systems. Molybdates are thermally stable and can provide excellent corrosion protection in both soft and hard water. System pH is normally controlled between 7.0 and 9.0. Recommended treatment control limits are 200-300 ppm of molybdate as MoO42¯. Molybdate inhibitors should not be used with calcium levels greater than 500 ppm.

Nitrite is another widely accepted non chromate closed-loop cooling water inhibitor. Nitrite concentrations in the range of 600-1200 ppm as NO2- will suitably inhibit iron and steel corrosion when the pH is maintained above 7.0. Systems containing steel and copper couples require treatment levels of 5000-7000 ppm. If aluminium is present, the corrosion problem is intensified, and a treatment level of 10,000 ppm may be required. In all cases, the pH of the circulating water should be maintained in the alkaline range, but below 9.0 when aluminium is present. When high nitrite levels are applied, acid feed may be required for pH control.

Glycol antifreezes are not compatible with chromate-based treatments, non-chromate inhibitors should be used (Suez, N.D.).

Glycol 
Glycol is a compound that belongs to the alcohol family. By mixing glycol with water, its freezing point can be reduced to as low as -50°C. This serves a number of uses, the most obvious one prevent pipes from freezing in cold weather. It needs no further chemical treatment as it is formulated with anti-corrosion additives. Glycol systems are closed and dirt-free, no filtration is required. This eliminates the costs of filter maintenance. Antifreeze decreases the specific heat capacity of the cooling water by 10%. This can be compensated by increasing the flow. When added in quantity’s more than 20% it can cause damage to machinery. Glycol knows two types of high quality antifreeze Monopropylene glycol and Monoethylene glycol. It is recommended to use Monopropylene glycol, because it is more environmental friendly (Tower-Water, 2020).  


[bookmark: _Toc75785079]2.4 Calculations 
The previous calculations made can be found in appendix 4 and 5. 
 
[bookmark: _Toc75785080]2.4.1 Equations  
See appendix 6 for an explanation on the used symbols in the equations. 
 
Piping 
A pipe has a maximum flow that is limited by the diameter of the pipe. The following equations are needed to calculate the minimum diameter and flow losses of a pipe (Smit, 1989). 
 		

  	



Heat exchanger
[image: ]The functioning of a heat exchanger depends on many factors. The calculations will prove that the capacity of the pumps and heat exchanger is sufficient and temperatures will stay within limitations. Figure 13 shows the gradient of temperature through a plate of a heat exchanger. The following equations are needed to calculate these parameters (Smit, 1989). [bookmark: _Ref71035851]Figure 13 Temperature progression through a wall (Zoutendijk, 2021)


					 

			
	
					



Expansion tank
[image: ]When cooling water heats up it expands, as the system is open to the air the level inside the expansion tank will rise. To prevent the tank from over flowing it is needed to calculate the required volume for the expansion tank. A safety factor of 2 is commonly used. The Required volume can be calculated with the following equation (Engineering-Toolbox, N.D.): Figure 14 Expansion tank (Engineering-Toolbox, N.D.)






Required height for expansion tank 
[image: Everything You Need to Know about NPSH, and Some Things you Didn't” -  Empowering Pumps and Equipment]To function well, pumps need to have sufficient NPSHa. The NPSHa should always be greater than the NPSHr. The NPSHr is provided by the manufacturer in the pump curve. The NPSHr at duty flow should always be used as a reference to the NPSHa. The NPSHa depends on many factors, the easiest way to create sufficient NPSHa is to have enough water column available to the pump. The water column depends on the water level inside the expansion tank. When the flow of a pump increases the NPSHr increases but the NPSHa decreases as seen in Figure 15. To make sure the NPSHa stays larger than NPSHr it is recommended to have a sufficient safety margin. NPSHa can be calculated by the following equation (Bachus, 2020): [bookmark: _Ref71036003]Figure 15 NPSHa over NPSHr safety margin (Bachus, 2020)



		

[bookmark: _Toc75785081]2.4.2 Data
On 15-04-2021 at the Gulf of Mexico the SW temperature was 27°C. Naval architecture operations manual report mnh01060 of the Frida 1 state that SW temperature shall be based on 0° to 32 °C. (Desco, N.D.) Advises to add a 10% margin on the capacity of the heat exchangers. (Bachus, 2020) Advices to use for Hi a standard value of 0.6 m, this also functions as a safety factor. Table 5 shows the maximum flow through a pipe for several diameters. 

[bookmark: _Ref71036249]Table 5 maximum flow and velocity for specified pipe diameters (The Engineering Toolbox, N.D.)
[image: ]

As a guide, allowable pressure drops between 20 and 100 kPa are accepted as normal for water/water duties. Alfa Laval plate heat exchangers can be used for flow rates from 0.05 kg/s to 1,400 kg/s. In terms of volume, this equates to 0.18 m3/h to 5,000 m3/h in a water application. A k-value which under favorable circumstances can be in the order of 9,000 W/m2 °C. A typical k-value water/water for a plate heat exchanger is 6,000-7,500 W/m² °C. (Alfa-Laval, 2004)

[bookmark: _Toc75785082]2.5 Installation 
[bookmark: _Toc75785083]2.5.1 Commissioning
Seals from plate heat exchangers, at a temperature of 18℃, can be saved for three years in a warehouse when stored transparent plastic packaging (Grano, N.D.). New and refurbished systems need to be pre-cleaned properly. In all new systems, pre-cleaning can utilize normal surfactants and dispersants, but in a refurbished system, you may need to include more aggressive cleaners to remove old deposits and foulants (Farmerie, 2018). 

[bookmark: _Toc75785084]2.5.2 Costs
[image: ][image: C:\Users\J.WestZoutendijk\Downloads\porownanie_cenowe_zl_mb_en.png]For calculations OOS Energy sets the costs of man ours to 25 U.S. dollars per hour. The purchase and installation costs will be an important factor when choosing the type of pipe. This will be one of the largest expenses for this project. Exact pricing can only be achieved by quotation but an estimate can be made by consulting sources on pipeline pricing. (Thermotech, N.D.) Did a price comparison on GRP, Carbon steel and stainless steel piping for several diameters. Results clearly depend on the pipe diameter see Figure 16. Diameters of pipes are indicated in inches or millimetres diameters nominal (DN) in the appendix 7 a conversion table is added. (Plastic-Systems, N.D.) Did a research on costs per foot for 4” piping see Table 6. Interesting to see is that depending on the resistance to H2O or Sulfuric acid fiberglass is less expansive or more expansive than carbon steel piping. The Sulfuric acid resistant piping is mainly used on ships for the discharge of the De-SOx tower. (Irl, 2018) Compares GRE and PTFE lined steel for 22m of pipe, 16 flanges and 8 elbows at specified diameters see Table 7 these costs are for the full installation process with materials for use in a De-Sox tower. (Venegas-Reyes, 2019) Investigated the price of schedule 40 carbon steel pipe of 6.1m for specified dimeters see Figure 17 . (Neelcon, N.D.) Also investigated the price of carbon steel pipe for specified diameters and several manufacturers from India but per ton see appendix 8. Neelcon also says that the costs for hot dip galvanizing are 400$/Tons. The chart from (The Engineering Toolbox, N.D.) shows the installation costs for several materials based on a 100m DN 50 pipe see Figure 18.[bookmark: _Ref71037400]Table 6 Cost per foot for 4" pipe (Plastic-Systems, N.D.)
[bookmark: _Ref71037309][bookmark: _Ref71037291]Figure 16 Price comparison GRP, carbon steel and stainless steel pipe for specified diameters (Thermotech, N.D.)




						



[bookmark: _Ref71037434]Table 7 price comparison GRE and PTFE lined
 steel pipe (Irl, 2018)
	Pipe Diam
	GRE
	PE lined steel
	Savings

	50A
	$2,220.00
	$1,436.46
	$783.54

	100A
	$2,925.00
	$2,931.90
	-$6.90

	250A
	$8,061.00
	$6,998.97
	$1,062.03

	300A
	$11,487.00
	$9,242.84
	$2,244.16

	350A
	$14,245.50
	$11,940.44
	$2,305.06

	Total
	$38,938.50
	$32,550.60
	$6,387.90

	% Savings over GRE
	20%
	




[image: C:\Users\J.WestZoutendijk\Downloads\Schedule-40-carbon-steel-pipe-costs-61-m-section-length.png]
[bookmark: _Ref71037463]Figure 17 Cost for 6.1m of carbon steel pipe (Venegas-Reyes, 2019)







[image: C:\Users\J.WestZoutendijk\Downloads\piping-cost-ratios-chart.png][bookmark: _Ref71037488]Figure 18 Installation costs for multiple piping materials (The Engineering Toolbox, N.D.)

[bookmark: _Toc75785085]2.5.3 Man hours
(Butler, 2012) Has done research on the man hours needed to install new pipe work on board of a ship. These hours include only pipes in straight lengths and no branches with two flanges and only readily accessible pipe. Access work and cleaning work is not included. Table 8 shows the man hours per pipe diameter. 

[bookmark: _Ref74641514]Table 8 Man hours per meter for several pipe diameters (Butler, 2012)
	Pipe Diameter
	Man hours per meter

	0.5
	2.3

	1
	2.6

	1.5
	3.9

	2
	5

	2.5
	6.5

	3
	8

	4
	10

	5
	13

	6
	16

	8
	21

	10
	26

	12
	31

	14
	37

	16
	42




[bookmark: _Toc75785086]2.6 Conceptual framework
[image: C:\Users\J.WestZoutendijk\AppData\Local\Microsoft\Windows\INetCache\Content.Word\conceptuele model FW conversion Frida 1.png]The conceptual frame work shows the six sub questions and how they will be answered.  


[bookmark: _Toc75785087]2.7 Notions and definitions 

	Notion
	Definition

	Closed-loop system
	A closed-loop cooling system circulates coolant and rejects heat using heat exchangers in such a manner that the coolant does not come into direct contact with the environment at any time. The coolant remains clean, uncontaminated, and does not cause fouling, scaling, corrosion or erosion of heat transfer surfaces.

	Redundancy
	The duplication of critical components or functions of a system with the intention of increasing reliability of the system.

	Maintainability
	The ease with which a product can be maintained.

	Life span
	The period of time for which it is expected to work properly or to last.

	Downtime
	The time a system is not working due to failure of equipment

	Auxiliary
	Equipment and machinery which is supportive to the main operation of the vessel

	Classification society 
	A non-governmental organization that establishes and maintains technical standards for the construction and operation of ships and offshore structures

	Commissioning
	The process of assuring that all systems and components of a major piece of equipment, a process, or similar are designed, installed and tested according to the operational requirements of the classification society or final client

	Parameters
	A numerical or other measurable factor forming one of a set that defines a system or sets the conditions of its operation




[bookmark: _Toc75785088]3. Method of research 
The methods used to answer the questions consist of internal desk research, external desk research and quantitative research. Internal desk research is research done on documents that come from internal sources of OOS Energy. External research is research done on documents that come from external sources. These document analyses are done on existing and factual information. The documents for internal desk research are mostly technical specifications of the Frida 1, examples are: Piping and instrumentation diagrams (P&ID) of the current SW system, technical data of machinery, internal experts, and the documentation from the previous plan of conversion. Examples of frequently used sources for external desk research are: scientific research platforms, educational books and external Experts. Because calculations are made to answer sub-questions 4 and 6 this research is also quantitative. The substantial numerical data for these calculation is obtained by the two methods above.
[bookmark: _Toc75785089]3.1 Method per sub-question 
1. Which rules and requirements from the classification society apply to the conversion?
DNV is the classification society of the Frida 1. All the applicable regulations are downloaded from the DNV website. Relevant information such as: class attendance during commissioning process, methods, technical requirements, principles and acceptance criteria, are filtered out of the documents. A list with references to these regulations is made so it can be implemented on the commissioning process, equipment, designs, calculations and installation process. 

2. Which modifications are needed to the current design?
The current design is the design as made during the previous conversion plan (see appendix 1&2). The current system is the system as it is currently in place on the Frida 1. The new design is the result of this research. Data that is available are the P&ID’s of the current system and drawings of the current design (appendix 1&2). Both are analysed and desk research is done on closed loop cooling systems. Sources such as (Farmerie, 2018) and (Kaila, 2016) explain how to optimize the operation of a closed loop system. The observations made and lessons learned forms the new design. This new design is evaluated by an internal expert (Technical support manager).  

3. Which additional materials should be ordered for optimal operation of the system?
OOS Energy imposes on using the parts that are already in stock, therefore a stocktaking is made. This information comes from the old purchasing lists. To know what parts should be ordered the parts needed for the new design are compared with the parts in stock. The gap between these two have resulted in a list of parts that need to be ordered. These parts are available with a wide variety of characteristics. All the options will be investigated by doing desk research. The pros and cons are listed in the theoretical frame work so a well-considered decision can be made.  

4. How can the parameters of the new design be checked and calculated? 
Calculations need to be performed to check if the capacity of the system is sufficient and correct. The equations used for these calculations come from educational books such as Hulpwerktuigen deel 2. Data for the calculations came from various sources. Internal documents provide information about the system, such as: pump and heat exchanger capacity. Alfa Laval provided the standards the system has to comply with. The calculations will be made by an external expert (Application Engineer, Alfa Laval) and verified to ensure correctness.  


5. Which measures should be taken when commissioning the system?
Making the conversion from SW to FW will bring some additional challenges such as: marine growth, fouling and corrosion. The measures to install the system are investigated by doing desk research. This resulted in a list of actions to take in mind when installing the system. When the system is operational maintenance should be performed. Desk research is conducted on what kind of maintenance is required to keep the system in good condition and to prevent marine growth, fouling and corrosion from happening. For example: Alfa Laval advises to periodically clean plate heat exchangers with a CIP unit.   

6. What are the costs for the conversion?
The implementation costs for the new system depend on the results from the previous sub-questions. Price is an important factor for OOS Energy when choosing between several options for products. Prices of small components, such as: pressure gauges, temperature sensors and level switches where easily found on websites of suppliers. The price of more expensive components are obtained precisely by quotations from third parties. For products for which the price cannot be obtained by quotations desk research was conducted. This resulted in an Excel file with costs that shows the total investment to realise the project. 
[bookmark: _Toc75785090]3.2 Reliability and validity
Reliability is about how consistently a method measures data. It is important that the results will be the same if the analysis or entire study is repeated in exactly the same way. Validity concerns the question of whether the results of this thesis are correct and whether firm conclusions can be drawn from this. Thus, the results of a valid study corresponds to the real properties, phenomena and variations in the physical and social world. 

[bookmark: _Toc75785091]3.2.1 Reliability
The used instruments during this research are: internal desk research, external desk research and quantitative research. Information for internal desk research came from internal sources of OOS Energy and information for external desk research from external sources. For each statement in the theoretical frame work multiple sources are checked to increase reliability. These sources are used to check and replenish the internal data.  Sources used are noted in the bibliography and its reliability is checked. Internal information is raw data, this can be relayed on as correct. To increase reliability of the internal information calculations where recalculated and the data checked by internal experts. Designs and calculations for the new system are validated and checked by internal and external experts. A similar study with which to compare has not been found. The calculation made by Alfa Laval are checked by recalculating and verifying the correctness of the outcomes.  
 
[bookmark: _Toc75785092]3.2.2 Validity 
If a measurement is reliable, this is no guarantee that it is also valid. In contrast, if a measurement is not reliable, it is also not valid. Probability and social desirability will play no role in this study. In addition, internal and external experts are used to ensure validity. During the research the interim results were presented and discussed multiple times with those involved. The feedback obtained was then incorporated into the report.


[bookmark: _Toc75785093]4. Results
This chapter contains the most important results of this research. These results form the answers to the sub-questions. Conclusions and recommendations are drawn from this information.  
[bookmark: _Toc75785094]4.1 DNV
Chapter 2.1 covers all the rules and regulations implemented on by DNV for this project. Additional to the information listed in 2.1 is the following: The piping that will be used for this project categorizes as Class III (3). Thus piping used needs to be incompliance with the rules set for class 3 piping. For fire endurance the piping classifies as L3. This means, Fire endurance test in wet conditions for 30 minutes, this originates from Appendix 2 of IMO Res. A.753(18). Testing pressure of equipment should not be less than 1.5 times that of the working pressure.



[bookmark: _Toc75785095]4.2 Designs
[bookmark: _Toc75785096]4.2.1 New design 
The schematic overview in Figure 19 is a simplified version of the new design. The old design can be found in appendix 1 and 2. The changes made are: the coolers and pumps have been swapped around and the header tank has been connected to the inlet side of the pumps. This results in a decreased probability of cavitation. As a safety feature a high and low level alarm is fitted on the header tank and a temperature transmitter in the feed and return line. Two extra lines and valves are added on the SW side to each cooler to be able to backflush the cooler and filter. Multiple pressure and temperature gauges are installed before and after the coolers to monitor its functioning. The non-return valve is placed directly after the pump so in case of a failing non-return valve it can easily be isolated and repaired. 

[image: ]
[bookmark: _Ref74210299][bookmark: _Ref74474831]Figure 19 New design of cooling system

[bookmark: _Toc75785097]4.2.2 P&ID’s 
The new designs have been integrated with P&ID’s of the current system. These drawings include: the STBD FWD, STBD aft, Port aft and Port FWD Column systems and Mid Ship System. The drawings can be found in appendix 9, 10, 11, 12, and 13. 


[bookmark: _Toc75785098]4.3 Calculations 
[bookmark: _Toc75785099]4.3.1 Heat exchangers 
The old calculations (see appendix 4 & 5) are checked and recalculated. Several mistakes are obtained. These mistakes are shown in Figure 20 and Figure 21. These mistakes are: wrong type of fluid on cold side for Mid Ship, for both systems a SW temperature of 22°C and incorrect flow. The type of fluid used for the calculations should be SW. SW has a lower specific heat capacity than freshwater. The heat transferred according to the calculation does not represent the operational condition which is about 10% les. The Frida 1 (and ships in general) are designed for a maximum SW temperature of 32°C. The SW temperature on 15-04-2021 at the Gulf of Mexico was 27°C this is already above the old value. The inlet temperature on the hot side of the heat exchanger should be maintained below 40°C but, periodically may rise up to 45°C. The capacity of the coolers are not sufficient to maintain this 40°C by a SW temperature of 32°C and there for need additional plates. The system is designed to run with two out of three pumps. The flow of two pumps is double the flow used in the old calculations of the Columns. For the Mid Ship the flow can be raised up to 454 m3/h. 

[image: ]
[bookmark: _Ref74146781]Figure 20 Old calculations of Four Columns
[image: ]
[bookmark: _Ref74146790]Figure 21 Old calculations of Mid Ship


[bookmark: _Toc75785100]4.3.2 Four Columns 
To maintain an inlet temperature of 40°C on the hot side with a SW temperature of 32°C the number of plates installed need to be extended by 60. This calculation is shown in Figure 22. With eight plate heat exchangers this sums up to a total of 480 new plates that need to be ordered. The current carrying bars cannot house the extra plates. The carrying bars and tightening bolts will run out of length therefore longer ones should be ordered. Two carrying bars, and four tightening bolts should be ordered per cooler. This sums up to a total of 16 carrying bars and 32 tightening bolts. For the technical drawing of the new situation see appendix 14.
 
[image: ]
[bookmark: _Ref74146884]Figure 22 New Calculation for Four Columns with extension from 49 to 109 plates


[bookmark: _Toc75785101]4.3.3 Mid Ship
The mid ship system needs to have a cool capacity of 6000 kW with the current number of plates and 32°C SW temperature and increased flow the hot side inlet temperature will rise up to 47.5°C and pressure drop up to 193 kPa, see Figure 24. Due to the characteristics of the system there are several ways of approaching this problem. 4800 kW of the 6000 kW comes from the drilling braking resistors. The drilling braking resistors are only active during the lowering of the top drive which is not a continuous process. The amount of kW depends on the speed of lowering and the weight hanging from the top drive. As the hot side inlet temperature may periodically rise up to 45°C this could be a solution to make the system operate with acceptable parameters. 

Figure 23 shows the system operating with the drilling braking resistors offline. Figure 24 shows the system operating with the drilling braking resistors online. Figure 25 shows the maximum cooling capacity of the system. Due to the raised flow the pressure drop increased to 193 kPa this is relatively high and can be decreased to the value of the old calculations by adding 28 plates. For the technical drawing of this new situation see appendix 15. Figure 26, Figure 27 and Figure 28 show the same calculations but with plate extension. With 28 plates extra and 6000 kW the hot side inlet temperature drops with 0.5°C to drop another 0.5°C an extra 94 plates are needed. This calculation is shown in Figure 29.   
 
[image: ]
[bookmark: _Ref74146926]Figure 23 Calculation for Mid Ship with 1076 kW and no plate extension


[image: ]
[bookmark: _Ref74146910]Figure 24 Calculation for Mid Ship with 6000 kW and no plate extension

[image: ]
[bookmark: _Ref74146940]Figure 25 Calculation for Mid Ship with 3152 kW and no plate extension


[image: ]
[bookmark: _Ref74146967]Figure 26 Calculation for Mid Ship with 1076 kW and extension of 28 plates 

[image: ]
[bookmark: _Ref74146969]Figure 27 Calculation for Mid Ship with 6000 kW and extension of 28 plates 
[image: ]
[bookmark: _Ref74146972]Figure 28 Calculation for Mid Ship with 3152 kW and extension of 28 plates 

[image: ]
[bookmark: _Ref74146982]Figure 29 Calculation for Mid Ship with 6000 kW and extension of another 94 plates   
 


[bookmark: _Toc75785102]4.3.4 Verification of calculations 
The verification of the calculations is done by checking the K-value of the made calculations if this value is reasonable it can be relied on as correct. Under favorable circumstances a K-value can be in the order of 9,000 W/m2 °C. A typical k-value for a plate heat exchanger are 6,000-7,500 W/m² °C. Table 9 shows the K-values of the made calculations.  

[bookmark: _Ref75769772]Table 9 K-values of different scenarios
	Calculation reference 
	K-value 

	Figure 22
	6675

	Figure 23
	1067

	Figure 24
	9004

	Figure 25
	9460

	Figure 26
	936

	Figure 27
	9057

	Figure 28
	8295

	Figure 29
	7495




[bookmark: _Toc75785103]4.3.4 Header tank 
The required height for the header tank could not be calculated due to the lack of information. Height could not be determent because Hs, Hp, Hvp and Hf are unknown. For the Four Columns system height of the header tank will not be a problem as the header tank will most likely be located on the main deck above the columns. This has a vertical distance of 13.4 meters (44 foot) see Figure 30. For the Mid Ship system its location is unknown. The tank volume for the Four Columns system is sufficient as shown by the calculations in Table 10 and Table 11. The sufficiency of the tank volume for the Mid Ship system could not be checked because the volume of the system is unknown. The correctness of the previous made design (Figure 31) could therefore also not be checked.  

[image: ]
[bookmark: _Ref74147005]Figure 30 Vertical distances from pumps to header tank and machinery in Columns

[image: ]
[bookmark: _Ref74147128]Figure 31 Previous design for header tank 

[bookmark: _Ref75512562]Table 10 Four columns system volumes
	
	Diameter
	Unit
	Length
	Unit
	Volume
	Unit

	3" pipe
	0.08
	m
	17.5
	m
	0.087965
	m3

	4" pipe
	0.1
	m
	30
	m
	0.235619
	m3

	6" pipe
	0.15
	m
	112.5
	m
	1.988039
	m3

	Cooler
	 
	 
	 
	 
	0.10912
	m3


 

[bookmark: _Ref75512565]Table 11 Four Columns header tank expansion volume
	Volume at 20°C
	2.420743
	m3

	SV of water at 20°C
	0.001002
	m3/kg

	SV of water at 45°C
	0.00101
	m3/kg

	Safety factor 
	2
	 

	Expansion volume
	0.039049
	m3

	Header tank volume
	1
	m3


 

[bookmark: _Toc75785104]4.4 Costs and parts 
All the parts that are needed for the new design of the Four Columns and Mid Ship system can be found in appendix 16 and 17. The costs of these parts are calculated or come from quotations. Several price options are made for both systems. These can be found in appendix 18 and 19.   
 
[bookmark: _Toc75785105]4.4.1 Parts 
A multi-criteria rating has been made for the four most suitable piping materials. These four options are RTRP, Copper-Nickel carbon steel pipe and hot-dip galvanized carbon steel pipe. As shown in Table 12 RTRP has the highest score. Because of weight, costs and maintainability RTRP is the preferred material. Within the category RTRP, GRE pipe is the most suitable option because it’s the cheapest and still meets all requirements. Table 13 shows the price per meter of pipe calculated with data from the different sources noted in chapter 2.5.   

[bookmark: _Ref74651707]Table 12 Multi-criteria rating for RTRP, Copper-Nickel, Carbon steel and Galvanized carbon steel
	[bookmark: _Ref74645256]
	
	RTRP
	Copper-Nickel
	Carbon steel
	Galvanized 
	Importance

	1
	costs
	10
	5
	8
	5
	10

	2
	Easy availability of materials
	7
	7
	8
	6
	7

	3
	Suitability for the design
	8
	7
	8
	8
	9

	4
	Life span
	10
	8
	6
	9
	10

	5
	Corrosion resistance 
	10
	7
	4
	9
	10

	6
	Compatibility of material with the process fluid
	10
	10
	6
	9
	7

	7
	Suitability of the material for the design temperature and pressure and cyclic loading
	10
	10
	10
	10
	9

	8
	Suitability of materials for the environmental conditions
	9
	7
	5
	8
	6

	9
	Potential ultraviolet degradation of the materials
	4
	10
	10
	10
	4

	10
	Past experience with material for similar applications
	9
	6
	6
	9
	5

	11
	Additional requirements for corrosion protection such as cathodic protection, chemical injection, inspection, corrosion monitoring and any environmental impact due their implementation
	10
	8
	5
	8
	8

	12
	Weight reduction
	8
	7
	0
	0
	10

	13
	Fabrication, Inspection, Installation and maintenance costs
	9
	5
	6
	4
	8

	14
	Evaluation of failure probabilities, failure modes and consequences
	6
	4
	8
	6
	6

	
	
	68.86
	50.86
	48.29
	54.43
	






[bookmark: _Ref76036005]Table 13 Costs of piping material per meter
	Source
	Pipe size, type
	Price 
	Unit 
	Price 
	Unit 

	(Plastic-Systems, N.D.)
	4", fibre glass H2O
	8.10
	$/ft
	21.79
	€/m

	(Plastic-Systems, N.D.)
	4", fibre glass Sulfuric Acid
	29.00
	$/ft
	78.00
	€/m

	(Plastic-Systems, N.D.)
	4", Carbon Steel
	15.00
	$/ft
	40.34
	€/m

	(Venegas-Reyes, 2019)
	3", carbon Steel
	105.78
	$/6.1m
	17.34
	€/m

	(Venegas-Reyes, 2019)
	4", Carbon Steel
	159.58
	$/6.1m
	26.16
	€/m

	(Venegas-Reyes, 2019)
	6", Carbon Steel
	292.52
	$/6.1m
	47.95
	€/m

	(Venegas-Reyes, 2019)
	8", Carbon Steel
	459.25
	$/6.1m
	75.29
	€/m

	(Irl, 2018)
	4", fibre glass, Sulfuric Acid
	2925.00
	$/22m of pipe, 16 flanges and 8 elbows 
	109.02
	€/m




Table 14 Price of GRE pipe
	Pipe size
	Price per m

	3"
	 € 14.82 

	4"
	 € 21.79 

	6"
	 € 39.22 

	8"
	 € 61.01 




With the CIP Unit 400L it is possible to clean both the M10-M and T20-P plate heat exchanger. 

Table 15 Costs for CIP Unit
	Description
	Maker
	Maker's ID
	Qty.
	Unit price
	Discount
	Total price

	CIP Unit 
	Alfa Laval
	CIP 400L
	1
	 € 17,500.00 
	0%
	 € 17,500.00 





[bookmark: _Toc75785106]4.4.2 Four Columns 
The parts needed for the new design can be found in appendix 16. In appendix 18 three detailed price options are shown. The first option contains new plate gaskets and the extension of plates. Because the use of new gaskets is not mandatory but recommended the second option does not contain new gaskets. The third option does not include the new gaskets and plate extension this is a fictive price because the system cannot be operated without the plate extension. The quotation from Alfa Laval for the extension of the plate heat exchangers and new gaskets can be found in appendix 20.

The length of pipe needed for the conversion is determent by measuring the distance from the location of the coolers to the location of the equipment see Figure 30. Other lengths are estimated.          

[bookmark: _Toc75785107]4.4.3 Mid Ship 
The parts needed for the new design can be found in appendix 17. In appendix 19 four detailed price options are shown. The first option contains new plate gaskets and the extension of plates. Because the use of new gaskets is not mandatory but recommended the second option does not contain new gaskets. The third option only contains the new gaskets. The fourth option contains no new gaskets and no plate extension. The quotation from Alfa Laval for the extension of the plate heat exchangers and new gaskets can be found in appendix 20.    

As the location of the Mid Ship system is unknown lengths could not be measured. For each pipe half a ship length is taken to be on the safe side and to have some idea of the final price. 


[bookmark: _Toc75785108]5. Discussion
This research regards the possibility of converting the cooling water system of the Frida 1 to a closed loop system. Implementing a closed loop system has only favourability’s. This has been proven many times before and is therefore used on almost all ships. Therefore the purpose of the research was, not to find things that made it impossible to install a closed loop cooling system but to investigate the things needed to make it possible. This research only addresses the preliminary research and the possibilities that arise for converting the open loop system to a closed loop system and not the actual implementation on the Frida 1.

A previous research on this topic was not found. This comparison material should confirm the correctness of the used method. To enlarge the reliability and validity internal and external experts are used. Calculations are made by Alfa Laval and to ensure correctness are verified. Drawings and costs are checked by the internal expert.  

Existing data from the Frida 1 was used to map out the current situation. This has led to an Excel file with information of the system and traced out P&ID’s. This was the correct first approach to gain understanding of the system. Because it was not possible to analyse the system by doing observations on sight all information came from manuals, P&ID’s and the previous research. As some data from the previous research turned out to be incorrect it is possible that other data used in this research is also incorrect. 

It was expected that the work done in the previous research on this conversion was based on more solid data and that more information would be available. Therefore a lot of information had to be retrieved. This has led to more reliable results. This is assured by making use of internal and external experts who have checked the results on validity. 

The limitations of this research lie in the lack of information. This is mostly applicable for the costs of piping and men hours. The exact price and amount of pipe needed could not be determent, therefore neither could the hours needed to install the systems. Other costs are determent by quotations and thus are highly accurate. 

Data used is based on the least favourable situation. This increases the reliability of the system and eliminates the impact of errors. Would the system be operating with a SW temperature of 27°C, the capacity of the systems will be more than sufficient.  
  
Further research should be conducted on the actual functioning of the drilling braking resistors. The inlet temperature on the hot side from the plate heat exchanger of the Mid Ship system reaches 47.5°C when on maximum load. This figure is unacceptable high but may only be a fictive situation as the drilling braking resistors may function differently than accounted for. A thorough research on this subject may result in new perspectives. If the outcome would not differ from this research a different solution other than extending the amount of plates should be found. As shown in the calculations to lower the inlet temperature by 0.5°C an extension of 94 plates is needed, therefore this would not be a solution. 

Because the placement of coolers and pumps for the Mid Ship system is still unknown an investigation on the ideal placement for this system should be conducted as well. The old location is now unavailable as other equipment has taken in this space. This placement was planned on the STBD side in the open air. These conditions are unfavourable for the system as rust and deterioration will quickly occur.  


[bookmark: _Toc75785109]6. Conclusion
During the research, an attempt was made to find an answer to the main question by consulting literature, analysing system processes and calculating parameters. This involved quantitative research and desk research. The accompanying question is:

How can the current plan to fit the SSDR Frida 1 with a closed-loop cooling water system be implemented? 

1. Which rules and requirements from the classification society apply to the conversion?
For the new situation GRE pipe is the most suitable piping material as price and weight are its biggest advantage. This GRE pipe needs to be incompliance with the fire resistance requirements of L3 classed piping. The testing pressure of the system should be at least 1.5 times that of the working pressure. References to the rules and regulations applicable to the conversion can be found in chapter 2.1.

2. Which modifications are needed to the current design? 
It is concluded that the modifications needed tot the current design are: Swapping the coolers and pumps around and connect the header tank to the inlet side of the pumps to decrease the probability of cavitation (Figure 19). As a safety feature a high and low level alarm needs to be fitted on the header tank and a temperature transmitter in the feed and return line to the equipment. Two extra lines and valves need to be added on the SW side of each cooler to be able to backflush the cooler and filter. Multiple pressure and temperature gauges need to be installed before and after the coolers to monitor its functioning. Non-return valves need to be placed directly after the pump so in case of a failing non-return valve it can easily be isolated and repaired. The new design can be found in Figure 19 and appendix 9, 10, 11, 12 and 13. 

3. Which additional materials should be ordered for optimal operation of the system?
From the results of the previous sub-question a list of parts that need to be ordered is made. This list can be found in appendix 18 and 19.   

4. How can parameters of the new design be checked and calculated?
The equations used are shown in chapter 2.4. From the outcomes of these calculations it can be concluded that the capacity of the systems are not sufficient as a result of miscalculations in the previous research. For the Four columns system this can be solved by adding 60 plates per heat exchanger. For the Mid Ship system it is not possible to reach sufficient capacity by extending the number of plates. Another research should be conducted on the solution to this problem. Besides this it is still recommended to install an additional 28 plates per heat exchanger to lower the backpressure.   

5. Which measures should be taken when commissioning the system?
From the research done it can be concluded that flushing the system thoroughly with a cleaning agent that removes all the fouling , replacing the old gaskets, regularly cleaning of the coolers with a CIP unit and the use of glycol as cooling medium are the best measures that can be taken when commissioning the system. 

6. What are the costs for the conversion?
It can be concluded that the minimal investment costs for the conversion of the Four Columns systems are € 345.581. It is recommended to install new gaskets which costs are € 19.030. In appendix 18 the list with the costs for all parts is shown. For the Mid Ship system the minimal investment costs are €123.856. Although not necessary it is recommended to install new gaskets and an additional 28 plates per heat exchanger. These costs are € 23.914 and €41.559. In appendix 19 the list with the costs for all parts is shown. 

[bookmark: _Toc75785110]7. Recommendations 
Before commissioning the system, it is recommended to thoroughly flush the system with Alpacon Descalant II or a product of this kind to remove scale, magnetite, algae, humus, mussels, shellfish, crustaceans, lime, rust and other deposits that have formed during the operation with SW. This will further promote the lifespan of the cooling water and the heat transaction in the closed loop system. Because Glycol is already used for the main engines, the volume of the closed loop systems is relatively small and pipes and coolers are made from non-corroding material glycol would be the preferred cooling medium. To prevent the growth of algae on the SW side of the system a well-functioning MGPS is necessary at all times. With a CIP unit it is possible to clean the coolers without taking them apart. As the coolers are located in a small space where maintenance is hard to carry out this is a big advantage. Within years the investment will be recovered.     

Because of price, weight, corrosion resistance, and life span GRE pipe is the most suitable pipe for this application. Therefor it is recommended to use GRE pipe for the new installed pipes and to replace as much pipe as possible with GRE. 

After three years of storage gaskets are deteriorated and recommended not to be used. If not, leaks are likely to form. A complete set of new gaskets costs € 42.944,93. Although it comes at a high cost it is recommended to be replaced. If not it is likely that after some time they need to be replaced anyway. Taking apart the heat exchangers at this stage will only increase the total costs. 

For the Four Column systems extending the amount of plates with 60 plates per cooler is not only recommended but necessary. If not the system will not be able to operate with a SW temperatures of 32°C. Even SW temperatures of 27°C, where the Frida 1 is currently in operating, will be too high.  

For the Mid Ship system an extension of 28 plates and further research is recommended. Without plate extension the Mid Ship system has a maximum cooling capacity of 3152 kW. This is not sufficient to keep the hot side inlet temperature below 40°C at a SW temperature of 32°C. With 6000kW this will raise up to 47.5°C. According to the manufacturers of the equipment periodically the hot side inlet temperature may rise up to 45°C. 4800 kW of the 6000 kW comes from the drilling braking resistors. As the resistors are active with intervals and the kW depends on the weight hanging from the top drive and the speed it is lowered the 47.5°C might never be reached and only rise above 40°C periodically. Extending with 28 plates will lower the back pressure by 0.5 kPa and the 47.5°C only by 0.5°C. To lower this to 56.5°C an additional 94 plates are needed. Extending the coolers with more than 28 plates would not have any purpose. 

For the new design it is recommended to use the designs as shown in appendix 9, 10, 11, 12 and 13. In comparison to the old design the coolers and pumps are swapped around and the header tank has been connected to the inlet side of the pumps to decrease the probability of cavitation. As a safety feature a high and low level alarm is fitted on the header tank and a temperature transmitter in the feed and return line. Two extra lines and valves are added on the SW side to each cooler to be able to backflush the cooler and filter. Multiple pressure and temperature gauges are installed before and after the coolers to monitor its functioning. The non-return valve is placed directly after the pump so in case of a failing non-return valve it can easily be isolated and repaired. 
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	Symbol
	Name 	
	Unit 

	m
	Mass flow
	kg/s

	v
	Density 
	m3/kg

	c
	Velocity 
	m/s 

	A
	Surface 
	m2

	D
	Diameter 
	m

	Vmax
	Maximum volume flow
	m3/s

	Vloss
	Volume flow losses
	m3/s

	r
	Radius 
	m

	pd
	Pressure drop
	Pascal

	Lp
	Pipe length 
	m

	Visc 
	Viscosity 
	

	
	
	

	T
	Temperature 
	°C

	∆T
	Temperature difference
	°C

	K
	Heat transfer coefficient 
	W/m2·k

	∝
	Heat transfer coefficient
	W/m2·k

	δ
	Wall thickness 
	m

	λ
	Thermal conductivity
	W/m·k

	Q
	Heat transfer
	kJ/s

	q
	Heat transfer per  m2
	kJ/s/m2

	P
	Transferred power
	W

	
	
	

	Vet
	expansion tank volume
	liter

	k
	Safety factor 
	

	Vw
	Water volume of system
	liter

	v1
	Specific volume of water at operating  temperature
	m3/kg

	v0
	Specific volume of water at initial  temperature
	m3/kg

	NPSHa
	Available head
	m

	NPSHr
	Required head 
	m

	Hs
	Suction static head, elevation of the liquid above the pump
	m

	Hp
	Suction pressure head, the atmospheric pressure
	m

	Hvp
	Vapor pressure of liquid 
	m

	Hf
	Friction head, friction losses in the suction pipe
	m

	Hi
	Inlet head losses in the eye of the impeller
	m
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	SIZE"
	SIZE NB
	MSL
	ISMT
	JSL
	USL
	BAO
	Lontrin
	SMTM
	TNRS
	V&M
	Wuzi

	1/2
	15
	1,323.53
	1,316.18
	1,330.88
	–
	1,029.41
	1,036.76
	1,470.59
	1,397.06
	1,426.47
	1,022.06

	3/4
	20
	1,102.94
	1,095.59
	1,110.29
	–
	955.88
	963.24
	1,250.00
	1,176.47
	1,205.88
	948.53

	1
	25
	955.88
	948.53
	963.24
	–
	882.35
	889.71
	1,102.94
	1,029.41
	1,058.82
	875.00

	1.25
	32
	911.76
	904.41
	919.12
	–
	852.94
	860.29
	1,058.82
	985.29
	1,014.71
	845.59

	1.5
	40
	808.82
	801.47
	816.18
	–
	808.82
	816.18
	955.88
	882.35
	911.76
	801.47

	2
	50
	794.12
	786.76
	801.47
	–
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	2.5
	65
	794.12
	786.76
	801.47
	–
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	3
	80
	794.12
	786.76
	801.47
	–
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	3.5
	90
	794.12
	786.76
	801.47
	–
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	4
	100
	794.12
	786.76
	801.47
	735.29
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	5
	125
	794.12
	786.76
	801.47
	735.29
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	6
	150
	794.12
	786.76
	801.47
	735.29
	617.65
	625.00
	941.18
	867.65
	897.06
	610.29

	8
	200
	794.12
	786.76
	801.47
	735.29
	647.06
	654.41
	941.18
	867.65
	897.06
	639.71

	10
	250
	794.12
	786.76
	–
	735.29
	647.06
	654.41
	941.18
	867.65
	897.06
	639.71

	12
	300
	852.94
	–
	–
	735.29
	647.06
	654.41
	1,000.00
	926.47
	955.88
	639.71

	14
	350
	852.94
	–
	–
	735.29
	661.76
	669.12
	1,000.00
	926.47
	955.88
	654.41

	16
	400
	882.35
	–
	–
	–
	661.76
	669.12
	1,029.41
	955.88
	985.29
	654.41

	18
	450
	882.35
	–
	–
	–
	676.47
	683.82
	1,029.41
	955.88
	985.29
	669.12

	20
	500
	882.35
	–
	–
	–
	676.47
	683.82
	1,029.41
	955.88
	985.29
	669.12

	22
	550
	–
	–
	–
	–
	705.88
	713.24
	1,176.47
	1,029.41
	1,132.35
	698.53

	24
	600
	–
	–
	–
	–
	705.88
	713.24
	1,176.47
	1,029.41
	1,132.35
	698.53



(Neelcon, N.D.)
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Project: Odebrecht
Item 4 (four) Columns Project Date : 27/01/2014
Specification of 1 exchanger out of 8 connected in parallel

Hot side Cold side

Fluid Water 3.00% NaCl
Density kg/m® 9922 1017
Specific heat capacity kJI(kg'K) 4.18 404
Thermal conductivity W/(m'K) 0626 0.603
Viscosity inlet cP 0654 0.999
Viscosity outlet cP 0759 0835
Mass flow rate kg/h 67380 63960
Inlet temperature °C 400 220
Outlet temperature °C 325 30.1
Pressure drop kPa 477 423
Heat Exchanged kW  584.0
LM.TD. K 10.2
Duty margin % 0.0
Relative directions of fluids Countercurrent
Number of passes 1 1
Plate material / thickness TI/0.40 mm
Sealing material NBRP CLIP-ON  NBRP CLIP-ON
Connection material Titanium Titanium
Connection diameter See drawing See drawing
Nozzle orientation S1->82 S4<-S3
Pressure vessel code ASME
Flange rating ASME 150%
Design pressure bar 8.0 80
Test pressure bar 104 104
Design temperature °C 700 700
Overall length x width x height mm 1140 x 470 x 1084

iquid volume dm® 2456 24.56
Net weight, empty / operating kg 371/419
Packed weight ( BOX(OCEAN) ) kg 401
Internal volume m* 09
length x width x height mm 1145 x 600 x 1330

Performance is conditioned on the accuracy of customers data and customers abilfty to supply equipment

Data, specifications, and other kind of information of technological nature set out in this document and submitted
by Alfa Laval to you (Proprietary Information) are intellectual proprietary rights of Alfa Laval. The Proprietary
Information shall remain the exclusive property of Alfa Laval and shall only be used for the purpose of evaluating
Alfa Lavals quotation. The Proprietary Information may not, withoutthe written consent of Alfa Laval, be used or
copied, reproduced, transmitted or communicated or disclosed in any other way to a third party.
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Technical specification

Model : T20-PFG
Project: : Odebrecht
Item : Mid ships Project Date 1 27/01/2014
Specification of 1 exchanger out of 2 connected in parallel

Hot side Cold side
Fluid Water Water
Density kg/m® 9933 994.8
Specific heat capacity kJ/(kg*K) 4.18 418
Thermal conductivity W/(m*K) 0.621 0.616
Viscosity inlet cP 0654 0.960
Viscosity outlet cP 0870 0.712
Mass flow rate kg/h 375500 377800
Inlet temperature °C 40.0 22.0
Outlet temperature °C 262 35.7
Pressure drop kPa 149 148
Heat Exchanged kw 6000
L.M.T.D. K 43
Duty margin % 0.0
Relative directions of fluids Countercurrent
Number of passes 1 1
Plate material / thickness TI/0.50 mm
Sealing material NBRP CLIP-ON  NBRP CLIP-ON
Connection material Titanium Titanium
Connection standard 8" 8"
Nozzle orientation S1->82 S4<-8S3
Pressure vessel code ASME
Flange rating ASME 150%
Design pressure bar  10.0 10.0
Test pressure bar 13.0 13.0
Design temperature °C 700 70.0
Overall length x width x height mm 2145 x 780 x 2165
Liquid volume dm*®  273.80 276.65
Net weight, empty / operating kg 2090/2630
Packed weight ( SKID LYING ) kg 2220
Internal volume m* 57
length x width x height mm 2380 x 950 x 2525

Performance is conditioned on the accuracy of customers data and customers ability to supply equipment

Data, specifications, and other kind of information of technological nature set out in this document and submitted
by Alfa Laval to you (Proprietary Information) are intellectual proprietary rights of Alfa Laval. The Proprietary
Information shall remain the exclusive property of Alfa Laval and shall only be used for the purpose of evaluating
Alfa Lavals quotation. The Proprietary Information may not, withoutthe written consent of Alfa Laval, be used or
copied, reproduced, transmitted or communicated or disclosed in any other way to a third party.




image28.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m?®
kJ/(kg-K)
Wi/(m-K)
m%h

°C
kPa

kW

%

mm

bar
bar

mm
dm®

Hot side
Water
991.5
4.18
0.628

136.0
40.0
36.3
52.6

584.0

3.7

2.0
Countercurrent
1

TI/0.40 mm
NBRP Clip-on
Titanium

See drawing
S1->82

ASME
ASME 150#
8.0

10.4

1495 x 470 x 1084
54.0

Cold side
3.00%NaCl
1014
4.05
0.616

107.0
32.0
36.8
33.6

NBRP Clip-on
Titanium

See drawing Nozzle
S4 <-83

8.0
10.4

54.0




image29.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
Nozzle orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m?®
kJ/(kg-K)
Wi/(m-K)
m%h

°C
kPa

kW

%

mm

bar
bar

mm
dm®

Hot side
Water
991.2
4.18
0.629

454.0
40.0
37.9
191

1076

5.9

801.4
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

See drawing
S1->82

ASME
ASME 150#
10.0

13.0

1835 x 780 x 2165
273.6

Cold side
3.00%NaCl
1014
4.05
0.614

450.0
32.0
341
189

NBRP Clip-on
Titanium

See drawing
S4<-S3

10.0
13.0

276.4




image30.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
Nozzle orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m?®
kJ/(kg-K)
Wi/(m-K)
m%h

°C
kPa

kW

%

mm

bar
bar

mm
dm®

Hot side
Water
990.1
4.18
0.633

454.0
475
36.0
190

6000

3.9

8.0
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

See drawing
S1->82

ASME
ASME 150#
10.0

13.0

3945 x 780 x 2296
273.6

Cold side
3.00%NaCl
1013
4.05
0.621

450.0
32.0
43.7
193

NBRP Clip-on
Titanium

See drawing
S4<-S3

10.0
13.0

273.6




image31.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
Nozzle orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m?
kJ/(kg-K)
W/(m-K)

m*h
°C

kPa
kW

%

mm

bar
bar

mm
dm?

Hot side
Water
991.9
4.18
0.627

454.0
40.0
34.0
191

0.0
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

205

S1->82

ASME
ASME 150#
10.0

13.0

1835 x 780 x 2165
273.6

Cold side
3.00%NaCl
1014
4.05
0.617

450.0
32.0
38.1
189

NBRP Clip-on
Titanium

205

S4 <-S3

10.0
13.0

276.4




image32.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
Nozzle orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m?
kJ/(kg-K)
W/(m-K)

m*h
°C

kPa
kW

%

mm

bar
bar

mm
dm?

Hot side
Water
991.2
4.18
0.629

454.0
40.0
379
148

1076

59

856.4
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

See drawing
S1->82

ASME
ASME 150#
10.0

13.0

2135 x 780 x 2165
313.5

Cold side
3.00%NaCl
1014
4.05
0.614

450.0
32.0
34.1
150

NBRP Clip-on
Titanium

See drawing
S4 <-S3

10.0
13.0

313.5




image33.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m®
kJ/(kg-K)
W/(m-K)

m*/h
°C
°C

kPa

kw
K

bar
bar

mm
dm?

Hot side
Water
990.3
4.18
0.632

454.0
47.0
35.5
147

6000

3.4
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

See drawing
S1->82

ASME
ASME 150#
10.0

13.0

3945 x 780 x 2296
313.5

Cold side
3.00%NacCl
1013
4.05
0.621

450.0
32.0
43.7
150

NBRP Clip-on
Titanium

See drawing Nozzle
S4 <- 83

10.0
13.0

313.5




image34.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
Nozzle orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m?®
kJ/(kg-K)
Wi/(m-K)
m%h

°C
kPa

kW

%

mm

bar
bar

mm
dm®

Hot side
Water
991.9
4.18
0.627

454.0
40.0
34.0
148

3152

1.9

6.0
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

205

S1->82

ASME
ASME 150#
10.0

13.0

2135x 780 x 2165
3135

Cold side
3.00%NaCl
1014
4.05
0.617

450.0
32.0
38.1
150

NBRP Clip-on
Titanium

205

S4<-S3

10.0
13.0

313.5




image35.png
Fluid

Density

Specific heat capacity
Thermal conductivity

Volume flow rate
Inlet temperature
Outlet temperature
Pressure drop

Heat exchanged
L.M.T.D.

Duty margin

Rel. directions of fluids
Number of passes

Plate material / thickness
Sealing material
Connection material
Connection diameter
Nozzle orientation

Pressure vessel code
Flange rating

Design pressure
Test pressure

Overall length x width x height

Liquid volume

kg/m®
kJ/(kg-K)
W/(m-K)

m*/h
°C
°C

kPa
kW

K
%

bar
bar

mm
dm?

Hot side
Water
990.5
4.18
0.631

454.0
46.5
35.0
77.6

6000

2.9

0.0
Countercurrent
1

TI/0.50 mm
NBRP Clip-on
Titanium

See drawing
S1->82

ASME
ASME 150#
10.0

13.0

3945 x 780 x 2296

4474

Cold side
3.00%NacCl
1013
4.05
0.621

450.0
32.0
43.7
78.9

NBRP Clip-on
Titanium

See drawing
S4 <- 83

10.0
13.0

4474




image36.png
VENT FOR SPACE ABOVE
WI. FLAT AT EL 81'-6"

FUEL OIL VALVE — |
TRP CONTROLLER
INSIDE BOCBY HATCH|

W.T. ENCLOSURE W/W.T. DOOR
BETWEEN EL 81'-6" AND [EL 99'-0"

Ly'-0

EXHAUST DUCT

SUPPLY DUCT

2w | ¥

RYER TQWER
IF REQD,

P AR COMPRE
4 RLOD;
PLATFORM

LADDER

c——————|
N

b |

VENT FOR SPACE ABOVE
W.T. FLAT AT EL 81'-6"

EL 99°-0" ABL

j EL 90-0" ABL

EL 81" 6" ABL

EL 75'-8" ABL

9

EL 644" ABL

EL 58'-8" ABL

_EL53-0" ABL_

EL 47'-4" ABL

EL 29'-0" ABL

EL 25'-0" ABL





image37.png
1500

1500 | 1800

2250

“Tank vent connection: DN40 PN10
To be placed on forward side of tank to avoid interference with cable tray

Filline on the side with vaive 1500 mim from deck. DN25 flange.

‘Gonnection for hose to portable tank in case of filing (no permanent fresh water lines).
Manhole on the front side forinspection and cleaning tank

LT cooling water syster ine to surpass tark bottom by 50 mm

0 avoid sedimentation to return to the system

Drain valve at the bottom of the tank DNA0 with blind flange

Level sght glass on the side to avoid damages in the walkway. Flanges DN40 PN10.
Analogue Reed switch for low level (alarm) and low-low level (stop pump)

Tank coating:Intemational “Inerline 975",

Interline 875 is a two component, solvent free, heavy duty epoxy lining

used to provide corsion protection for the internals of steel storage tanks
containing a wide range of products including crude oil, white ol's and potable water.

Dimensions ExpansionTank

Height

2000 mm

Width

1000 mm

Depth

500 mm

c1

J.van 't Land

12 May 2015 | Issued for comments and approval

REV

ISSUED DATE REASON FOR ISSUE DRAWN BY

TDS 2500 - ODN DELBA il

FRESH WATER GENERAL COOLING SYSTEM - EXPANSION TANKS DETAILS

DWG NO. DMH21006 SHT.1 REVC1





image38.png
PS fwd Column
SB fwd Column

CeveD)| 1| -
| tioning|
o ] _®
= | Tarstomars
flow
. | Tanstomers
=3 () S e
> s
n » vos
1o
3| Denumiaters
| Dehumiaters
Main Switch Board Rooms
- o CD ] arcondiuonng|
= | Tanstormers
—>] —> CD flow
> v
™ @
Pr{Brake Resistor
PS aft Column
SB aft Column
level b
o ] arcondinonig|
C ) ToveD) 1| _CD
— | Tarstomars stomers
flow
. | Tanstomers
CD Giaw, _@ G
> s
. » v
(e
3| Denumiaters
| Derumiaters





image39.png
AIR-
CONDITIONING

fFrtt

8WS-H22291-B1(G)-N ‘
oon drawing DMH22007X1

8WS-H22280-B1(G)-N
A on drawing DMH22009X1

TRANSFORMERS

00X
0,/

% VFD’s
®

BREAKING
RESISTORS

o<

%
*ww W

-

ttts

Conversion
Seawater Cooling System

to
Fresh Water





image40.png
Explanation Maker's ID Maker's . Kiassmattor, | Ordered

1 | rerescecnangr | rorsayen T T0orGlaccning e nomme sotoisssoon]
2 [ |ees e [Ere— o sotoisssoon]
I s N Wone Taree e, e 0, Banded s i, 650 pge 173 o Bcnasa
v e e s i ‘Series 60-5S disc NBR - P16 - Operation cast iron gearbox - DN200.
e
Wore Tanee e, e 0, Bnded ot i 620 pge 173 o Ecnasa 7
4 Butterfly valve 6" isolation valves discharge. 3 Econosto 2= tvpe, . = s Peee
e S 605 R L Cpeatinca oo DHISO
Forcolumns systems: Mono-flans ‘Series 60, Bonded liner Fig. 6020, 173 of "Econosto AE"
5 Butterfly valve 4" isolation valves hest 28 Econosto 2= tvee, . = Peee 205857 4014162000006 |
oot o5 e AL cpeain ek o D1100
Ber o P Mono-flange type, Series 60, Bonded liner Fig. 6020, 173 of "Econosto AE"
3 Butterfly valve 3" isolation valves discharge. 12 Econosto 2= e, . = s Peee
e S 605 R PG Cpartioncast Fon e ONBD
) [eov— | o Chec Ve IV Ty i e, age 3t eoneio 5 e oreses
wwarpu 6 ineed D VB0 P OIS0
s e — P Chack Ve DI e TypaSin eI, age 22 eario
warpu i ARG P10 o
F— Vg diair i 130 e o arara e
B ERE R — i 5 | seono 7150 s ommecsion AAD. D310 aton 508 -t gt o vl cion-vith i | 594575 prrse—
e
B

10 | satvane e 5 | ceonomo ECON® PN 16 -Fullbore 150 5211 Direct Mount'fig. 7245, page 212 of Econosto A6' s ose
srinvaive 249- P 16" DISO
For header tanks both
11 | clobevane p— 5 | Eonosio

frazh water filingvalve.

Globe valves, manually operated DIl flanges Bronze, page 12 of Econosto A6
254 Fixed disc+ PTFE- DNIS

12 | singepastersusiner Forafesystem: P Single basket striner DN flanges, bronss, page 344 of ‘Econosto A6° o
befora plate heat exchangers. 1096-DI1200 -Perforations sze 1 mm PR
13 | singebastersersiner Forafesystem: P Single basket stainr DIN flanges, ductilscast o, page 344 of ‘Econosto A6' s o
befora pumps. 1096.-DI200 -Perforations size 1 mm 1083 14250500003
16 | singepastersusiner For columns systems: 5 | cconoso Single basket strinar DN fanges, bronss, page 344 of ‘Econosto A6° o
befora pumps. 1096-DII100 -Perforations sze 1 mm PR
15 | singebastersersiner For columns systems: [ — Single basket stainr DIN flangs, ductilscast o, page 344 of ‘Econosto A6' s o
befora pumps. 1096-DII100 - Perforations size 1mm 1072 14250500008
Centrifugalpump, ErTETTTmET ErTETTTmET
1 e Forafesystem 3 | wansits csc 1. cac: 141
complete withmotor
Centrifugal pump,
u i For columns systems. 12 | wersis caG0s0LR 8N s0281.chi C26.080LR.8AN-20281.CNB
complete withmotor
For hesder tanks both
15 | Tankventvaive. p— 5 | winel RMLPNIOFlange -DN 40 AM-LoNIO 4014165500003

deseration valve.





image41.png
Technical specification

Model : T20-PFG
Project: : Odebrecht
Item : Mid ships Project Date : 27/01/2014
Specification of 1 exchanger out of 2 connected in parallel

Hot side Cold side
Fluid Water Water
Density kg/m®  993.3 9948
Specific heat capacity KJI(kg'K) 4.18 418
Thermal conductivity W/(m*K) 0621 0616
Viscosity inlet cP 0654 0.960
Viscosity outlet cP 0870 0712
Mass flow rate kg/h 375500 377800
Inlet temperature °C 400 220
Outlet temperature °C 262 357
Pressure drop kPa 149 148
Heat Exchanged kw 6000
LM.TD. K 43
Duty margin % 0.0
Relative directions of fluids Countercurrent
Number of passes 1 1
Plate material / thickness T1/0.50 mm
Sealing material NBRP CLIP-ON  NBRP CLIP-ON
Connection material Titanium Titanium
Connection standard 8" 8"
Nozzle orientation S1->82 S4<-S3
Pressure vessel code ASME
Flange rating ASME 150%
Design pressure bar  10.0 10.0
Test pressure bar 130 13.0
Design temperature °C 700 700
Overall length x width x height mm 2145 x 780 x 2165
Liquid volume dm®  273.80 276.65
Net weight, empty / operating kg 2090 /2630
Packed weight ( SKID LYING ) kg 2220
Internal volume m* 57
length x width x height mm 2380 x 950 x 2525

Performance is conditioned on the accuracy of customers data and customers abilty to supply equipment

Data, specifications, and other kind of information of technological nature set out i this document and submitted
by Alfa Laval to you (Proprietary Information) are intellectual proprietary rights of Alfa Laval. The Proprietary
Information shall remain the exclusive property of Alfa Laval and shall only be used for the purpose of evaluating
Alfa Lavals quotation. The Proprietary Information may not, withoutthe written consent of Alfa Laval, be used or
copied, reproduced, transmitted or communicated or disclosed in any other way to a third party.
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Diameter Nominal Nominal Pipe Size Outside diameter

DN (mm) NPS (inches) (OD) inches (mm)
6 13 0.405 in (10.29 mm)
8 va 0.5401in (13.72 mm)
10 3/8 0.675in (17.15 mm)
15 12 0.8401n (21.34 mm)
20 3/a 1.050in (26.67 mm)
25 1 1.315in (33.40 mm)
32 11/4 1.660in (42.16 mm)
a0 1172 1.900in (48.26 mm)
50 2 2.375in (60.33 mm)
65 21/2 2.875n (73.02 mm)
80 3 2.500in (88.90 mm)

100 a 4.500in (11430 mm)
150 6 6.625in (168.27 mm),
200 8 8.625n (219.08 mm)
250 10 10.75 in (273.05 mm)
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(MOVABLE)
SECTION A-A

PRESSURE PLATE
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FOUNDATION BOLTS

(FIXED)

FRAME PLATE
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TOTAL LENGTH
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Do not use this drawing for foundation bolting or piping layout.
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TONN 1188
S0610

&0

960

ASME 150NPS 4
SHEET LINING

b
$152,5384
6

REMARKS: SIDE 1 SIDE 2

TEST PRESSURE 104 bar 10,4 bar GASKET NBRP Clip-on

DESIGN PRESSURE 8 bar 8 bar PLATE MATERIAL m

MAX TEMPERATURE 70°C 70 °C PLATE THICKNESS 0.50 mm

MIN TEMPERATURE 0°C 0°Cc HEATING SURFACE 23,5m?

NETWEIGHT 446 kg PLATE GROUPING 1 (48H+6ML)1* (48H+6MH)
WEIGHT WITH WATER 555 kg

SUPPLIER REF. ITEM NO..
P [Woeewstuation | PLATE HEAT EXCHANGER

CUSTOMER NAME / REF. NO.
OOS International B.V.

SIGN. RISK CATEGORY
Willem van Rijswijk N/A

ALL DIMENSIONS IN MILLIMETERS

SIDE_| MEDIA

[+ fwater [ ] st [ 40c | s [ s63c | 134800kgh |  5264kPa | 5456dm* |
[ 2 Jsoownact T T s3 [ osv0c | sa T ses-c |  toseookgn |  3366kPa | sas60me ]

DATE
2021-05-27
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(MOVABLE)
SECTION A-A

PRESSURE PLATE

TOTAL LENGTH

TOTAL WIDTH
TOTAL HEIGHT

TEMP.__ | OUTLET | TEMP. FLOW RATE PRESSURE DROP.
[water [ 1 s1 [ a00c | so | 379°c |  440800kgh |  1482kPa | 3137dm |

5 HOLES @40 FOR M24
FOUNDATION BOLTS
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| s3 | 320°c | s4a [ 34a1°c | 456600 kg 149.8 kPa 313,7 dm*

FRAME PLATE

[~ oores

[RECOMMENDED

ASME 108"
SHEET LINING

T
sts2538¢
%

REMARKS: SIDE 1 SIDE 2

TEST PRESSURE 143 bar 14,3 bar GASKET NBRP Clip-on
DESIGN PRESSURE ~ 10bar 10 bar PLATE MATERIAL T

MAX TEMPERATURE 70 °C PLATE THICKNESS 0.50 mm

MIN TEMPERATURE ~ 0°C HEATING SURFACE ~ 194,9 m?
NETWEIGHT 2157 kg PLATE GROUPING 1*110H/1*110H
WEIGHT WITHWATER 2786 kg HEAT LOAD

3.00% NaCl

ALL DIMENSIONS IN MILLIMETERS
MEDIA

AGENT / REF.

CUSTOMER NANE / REF. NO.
OOS International B.V.
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Drawing

Reference
Number |Description |Explanation |Medium |Qty. |Maker |Maker's ID Maker's nr. |Klassmatt nr. |Ordered
Magnetic indicator Fig. 7190, page 515 of "Econosto
a6
1 Fresh water 4 7150~ 2 side connection PN40 - DN25 - PN10 - v
For header tanks both Makrolon - L=1500 mm - with magnetic Reed-switch
Level indicator, magnetic |systems Econosto _|for low level indication - with 1/2" drain valve. 584175 |a111195000001
For header tanks both [ECON PN 16 - Full bore - 15O 5211 'Direct Mount' fig.
2 lsystems: Fresh Water 4 (7249, page 212 of "Econosto A6" /
Ball valve |drain valve Econosto 7249 - PN 16 - DN50 345575 4014160700352
Mono-flange type, Series 60, Bonded liner Fig. 6020,
3 For headertanksboth L 16 pase 173 of‘conosto & o /
|systems,isolation valves |Series 60 - SS disc -NBR - PN16 - Operation cast iron
Butterfly valve 3" |discharge side pumps Econosto _|gearbox - DN8O 205895 |201a165600002*
For header tanks both
4 Isystems: Fresh Water 4 /
|Tank vent valve |deaeration valve [Winel RM-1-PN10 Flange - DN 40 RM-1-PN10 4014165300003
Mono-Tange type, Series 60, Bonded Tiner Fg. 6020,
Isolation valves heat. Fresh Water & page 173 of "Econosto A6”
5 |exchanger and suction  |seawater 28,-32 |Series 60 - SS disc -NBR - PN16 - Operation cast iron
Butterfly valve 4" |side pumps Econosto _|gearbox - DN100 205857 |2014162000006
[Single basketstrainer DIN flanges, ductie cast iron,
6 Before FW circulation  [Fresh Water 12 page 344 of "Econosto A6” /
|single basket strainer __|pumps Econosto _|1096 - DN100 - Perforations size 1 mm |2014250500006
[Centrifugal pump,
7 |complete with motor and Fresh Water 12 |c2G-080LR-BAN-B02B1- /
pressure guages |Circulation pumps |Wartsila__|c2G-080LR-BAN-B02B1-CNB (3 |a015150300018
[Check Valve DIN Wafer Type Swing Type Fig 68, page
8 Fresh Water 12 252 of"Econosto A" v
|check valve 3* |After pumps Econosto |68 - Hinged Disc - NBR O-ring - PN10 - DN8O 11519 |3014163700003
[Single basketstrainer DIN flanges, bronze, page 344
9 Before plate heat 8 /
|single basket strainer __|exchangers Econosto _|1096 - DN100 - Perforations size 1 mm 121979 |a014250500005
1 s | v
Plate heat exchanger __|Plate heat exchangers |Alfa Laval | M10-BFG (according quote) M10-8FG |a010183500002
[Globe valves, manually operated -DIN flanges Bronze,
11 For header tanks both  [Fresh Water 4 page 12 of "Econosto A" /
|Globe valve systems: FW filing valve econosto |25 Fixed disc-+ PTFE - DN15 115085 s014161100120
12 High level alarm switch  |Frash Water -4
Level switch header tank _|header tank
13 Low level alarm switch  |Fresh Water -4
Level switch header tank _|header tank
Fresh Water &
-40
o Pressure guage Pressure guage |Seawater
15 FreshWater & | o,
|Temperature guage [Temperature guage _|%*3"3te"
16 I Temperature Fresh Water
Temperature sensor __|transmitter
17 Fresh Water -4
FW header tank FW header tank
18 |sacrificial anode on Inlet
Pencil anode plate heat exchanger
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Drawing

Reference
Number |Description Explanation |Medium |Qty. |Maker |Maker's ID Maker's nr. Klassmatt nr. |Ordered
Magnetic indicator Fig. 7120, page 813 of “Econosto AG'|
17290- 2 side connection PNAD  DIZS - P10 - Malolon - v
1 For header tanks both [TeshWater | 1 L-1500 mm - with magnetic Reed-switch forlow level
Level indicator, magnetic |systems Econosto _|indication - with 1/2° drain valve. /584175 |a111195000001
For header tanks both [ECON PN 16 - Full bore - 1SO 5211 'Direct Mount' fig.
2 lsystems: Fresh Water 1 17249, page 212 of "Econosto A6" \/
Ball valve |drain valve Econosto _|7249 - PN 16 - DNSO 345575 4014160700352
Mono-flange type, Series 60, Bonded liner Fig. 6020,
page 173 of "Econosto A6
3 For header tanks both [TEshWater | 1 Series 60- 5 disc-NBR - P16 - Operaion cas ron v
Butterfly valve 3" |systems: Isolation valve Econosto _|gearbox - N80 205495 |a014165600002%
For header tanks both
a4 lsystems: Freshwater | 1 v
|Tank vent valve |deaeration valve |Winel |RM-1-PN10 Flange - DN 40 RM-1-PN10 4014165900003
Mono-flange type, Series 60, Bonded liner Fig. 6020,
Isolation valves heat page 173 of "Econosto A6" ‘/
5 |exchanger and suction [FresiE 7 |Series 60 - SS disc -NBR - PN16 - Operation cast iron
Butterfly valve 8" [side pumps Econosto | gearbox - DN200 205478 |a014165600008
[Single basket strainer DIN flanges, ductile cast iron,
6 Before FW ciculation  |Fresh Water 3 page 342 of "Econosto A6' \/
[single basket strainer __|pumps Econosto _[1096 - DN200 - Perforations size 1 mm |a014250500003
|Centrifugal pump,
7 |complete with motor and Fresh Water | 3 |CC150R V048 BAN-B1411. v
pressure guages Circulation pumps |wartsit__|cGC150R V048 -BAN-B1411.CNB. |ong |a015150300015
[Chect Vaive DIN Water Type Swing Type Fig 66, page.
8 Freshwater | 3 1282 of "Econosto A6" v
|Check Valve 6" |After pumps Econosto |68 - Hinged Disc - NBR O-ring - PN10 - DN150 118537 |a014163700002
Mono-flange type, Series 60, Bonded liner Fig. 6020,
page 173 of "Econosto A6
9 Isolation valves [FresiE 3 |Series 60 - SS disc -NBR - PN16 - Operation cast iron /
Butterfly valve 6" |discharge side pumps Econosto | gearbox - DN150 205599 |a014165600003
Mono-flange type, Series 60, Bonded liner Fig. 6020,
10 [To isolate heat 5412 page 173 of "Econosto A6" ‘/
|exchangers sea cooling " |eries 60 - Bronze disc -NBR - PN16 - Operation cast iron
Butterfly valve 8" |water system Econosto | gearbox - DN200 253408 |a014165600005
[Single basket strainer DIN flanges, bronze, page 54
11 Before plate heat 2 lof Econosto A" \/
|single basket strainer __|exchangers Econosto _|1096 - DN200 - Perforations size 1 mm 121083 |a014250500008
12 Fresh Water & 2 /
Plate heat exchanger __|Plate heat exchangers |%*2"3te" |Atfa Lovel _[720.9E6 (according quote) 12066 lao10183500001
[Globe vaives, manually operated -DIN flanges Bronze,
13 For header tanks both |Fresh Water 5 page 12 of "Econosto A6 \/
|Globe valve systems: FW filing valve| econosto |254.- Fixed disc +PTFE - DNIS 115085 lao1a161100120
14 High level alarm switch |FreshWater | -1
Level switch header tank_|header tank
15 Low level alarm switch |FreshWater | -1
Level switch header tank_|header tank
16
Pressure guage Pressure guage
1 et
Temperature guage _|Temperature guage
18 I Temperature Fresh Water 2
Temperature sensor __|transmitter
19 Fresh Water e
FW header tank FW header tank
|Sacrificial anode on
20 Inlet plate heat 2
Pencil anode lexchanger
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From 49 to 109 plates and all new gaskets

Number |Description Maker |Maker's ID Maker's nr. |Qty.  |Unit price |Discount |Net. Price |Total price
|Viinderklep fig. 5020 nodulair
1 Butterfly valve 4" Econ |gietijzer/aluminiumbrons/NBR
monofiens type F07 PN16 DN100
e 13417544 52)e 267.00 0%/ 21360 | € 683520
2 Level switch header tank
Trimod Besta _|Magnetic float level switch 01041 sle 36000 oxle 35000 € 285000
N N Manometer WIKkA 233.50 -
evee |Wika 9020861 101720| 40| 11841 0% € 11841 € 4,736.40
A E— Bimetaalthermometer WIKA
per evee |Wika |A52.100 - 3906850 101730| 32| 2808 0% € 2808 |€ 89856
S Dompelhuls WIKA SWT526 -
Dompehuls Wika 3007325 101736 s2)e 1240 oxle 1440 € 46080
6 [Temperature transmitter
P Electronic_|Temperature transmitter TA2115 102556| sle 12685 oxle 12685 | ¢ 101480
TECNOSEAL Zincarass
, Caterpillar pencil anode @ 28
L5 complete with brass plug
|Anodes. |Catepillar |th.1-1/4"GAS CONICO. 8¢ 43.56 0%| € 4356 | € 34848
B Steel plate smm for FW header
tank 8)e 1812 oxle 12812|¢ 610975
5 [CHANNEL PLATE 4 ncluding
Jgaskets atta taval | mom2-m1-0.4-neRe/C 3673412403 50| € 25825 w7se 21035 ¢ 10288650
10 | CHANNEL PLATE GASKET |Alfa Laval M10M-NBRP-C/PEAK 3233015096 400/ € 57.32 17%[ € 4758 | € 19,030.24
11 [ommvincear aifataval | miormeserc 1250 3232320083 18e 51280 w73 e wse2|e 680938
12 [nosrenie sowr e toval |aacrvios/s7+8/2H o L=1050 3350027074 s2e 12517 w73 e 10383 e 332052
13 [eusncruse [atta Laval | mireR miz0 3axs2 rep 1095101082 sole 135 w73 e 112]e s603
14 |pipes 70]e 1482 oxle 108 e 1037.20
15 |eipea 120[¢ 2179 oxle 217|e 261450
16 |eipes 50| ¢ 3922 oxle 022 17,649.90
17 [orackes 1s0]e 2500 oxle 250 ]e 375000
18 [wanhours s950] € 2055 oxle 2055 | ¢ 184,125.00
[rotal < 36461147
|Group) Ecanbne e WHestexchanger WPipe W Man hours.
Consumable
s < 2332400
Heat
exchanger ¢ 15210756
Pipe e 2505120
Manhours | € 184,125.00
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From 49 to 109 plates and no new gaskets

Number |Description Maker |Maker's ID Maker's nr. |Qty. |Unit price |Discount |Net. Price |Total price
|Viinderklep fig. 5020 nodulair
1 Butterfly valve 4" Econ |gietijzer/aluminiumbrons/NBR
monofiens type F07 PN16 DN100
e 17| sofe 267.00 0%/ 21360 | € 683520
[Trimod
2 Level switch header tank
pesta Magnetic float level switch 01041 sle 36000 oxle 35000 € 285000
N N Manometer WIKkA 233.50 -
evee |Wika 9020861 101720| 40| 11841 0% € 11841 € 4,736.40
A E— Bimetaalthermometer WIKA
per evee |Wika |A52.100 - 3906850 101730| 32| 2808 0% € 2808 |€ 89856
S Dompelhuls WIKA SWT526 -
Dompehuls Wika 3007325 101736 s2|e 1240 oxle 1440 € 46080
E]
6 [Temperature transmitter
Electronic_|Temperature transmitter TA2115 102556| sle 12685 oxle 12685 | ¢ 101480
TECNOSEAL Zincarass
, Caterpillar pencil anode @ 28
L5 complete with brass plug
|Anodes. |Catepillar__|th.1-1/4"GAS CONICO. 8¢ 43.56 0%| € 4356 | € 34848
B [Stee! plate smm for FW
header tank 8)e 1812 oxle 12812|¢ 610975
5 [CHANNEL PLATE 41
including goskets Ao Laval _|miom2-Ti0.4-NeRR/C 3673012003 as0| € 25825 w7se 21635 10288650
10 | CHANNEL PLATE GASKET |Alfa Laval _|M10M-NBRP-C/PEAK 3233015096 o€ 5732 17%[ € 4758 | € -
11 |camrvncem a2 taval_|mzopmeerc 11250 230320083 16]€ 512580 7)€ wse2|e 680938
12 |neHrenw sour e Loval _|a2cMos/87+8/2H w0 L=1050 sssoozzora|  s2|e 12517 w73 e 10383 e 332052
13 |eusmcruee [ate Laval | mETer mzo saxa2 v 1095101082 so|e 135 w73 e 112]e s603
14 eipes 70]e 1482 oxle 108 e 1037.20
15 |eipear 120[¢ 2179 oxle 217|e 261450
16 |eipes” 50| ¢ 3922 oxle 022 17,649.90
17 orackess 1s0]e 2500 oxle 250 ]e 375000
18 |menhours s950] € 2055 oxle 2055 |e 18412800
[rotal € sasseias
|Group |Combined price W Consumables mH Ppe mMan bours
Consumable
s < 2332400
Heat
exchanger | e 11307732
Pipe_|e 2505120
Manhours | € 184,125.00
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No new plates and no new gaskets.

Viinderkiep fig. 6020 nodulair
1 Butterfly valvea™  [econ efetizer/aluminiumbrons/NeR
monoflns type FO7 P16 DN100
e 1417544 sale 267.00 20%)e 21360 | ¢ 683520
N Cevel witch header[Trimod
cankc Besta | Mgnetic float level switch 01041 s|c 36000 oxfe 6000 288000
N N Manometer Wika 233.50-
U8 wike |sozoser 101720 eole 11801 oxfe nsa1e 473640
A I Simetsalthermometer WIKA
Perotire g B |\yiks |as2.100- 3506850 o730 sle 2808 oxfe 2508 |¢ 89856
S Dompelhuls WIKASWTS2G -
ompelhuls Wika |so07s2s 1om38|  s2|e 1440 oxfe 1640 |e 46080
5 Femperature i
transmiter Electronic_|Temperature transmitter TA2115 102556| s|c 12685 oxfe 12685 | ¢ 101480
TECNOSEAL Zincstrass.
B Caterpillar pencil anode 6 28
55 complete with brass plug
anodes catepitier_|th 1-1/4"Gas conico sle 4355 oxle 356 |e 4848
A Steel plate 3mm for
F hesder tank asle 12812 oxfe ns12|e 614976
5 [CHANNEL PLATE 41
including gaskets _|alfa Laval _|M10M2-T1-0.4-NBRP/C 3673412403 ole 25825 w7l e 21835 | -
o [
lcasker Jtfa Laval_|zom-ere-c/pEak 5233015096 ole 5732 w7l e a7s8 e -
11 |cammvincear  |afalaval |miormcsrci1zso 3232320083] o< s1280 w73 e a2ss2 e -
12 |nGHmenmGBoLT |afalaval |s2crod/e7ss/2m M30 1050 3350027074 o< 12517 w73 e 10589 € -
13 |eusncruee Jtfa Laval | iEren w0 3exs2 rep 1995101082 o< 135 w7 112 e -
18 |epes 70]e 1482 o< 1482 e 1087.20
15 |eipes 120]¢ 2179 o< 2179 € 261480
16 |ees” as0[e 3922 o< 3922 |e 17,649.90
17 Jorackess 150 2500 o< 2500 375000
18 |manhours sss0] ¢ 2055 o< 205 18412800
[rotal P
[eroe " Tcombinedprice ] Cansumables WPpe mMan bours
Consumables|
< 2332000
Heat
exchanger | -
Pipe e 2505190
Vanhous e 18412800
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From 193 to 221 plates and all new gaskets

oo g g o s : s s
Number |Description |Maker |Maker's ID Maker's nr. |Qty. |Unit price |Discount |Net. Price |Total price
1 Level switch header tank | /"M%
evel switch heacertank g sta Magnetic float level switch A01041 2]e 360.00 0% € 360.00 | € 720.00
Manometer WIKA 233.50 -
2 Pressure gauge ;
Wika 9020861 101720 10/ € 11841 0%| € 11841 | € 1,184.10
Bimetaalthermometer WIKA
3 Temperature gauge .
Wika A52.100 - 3906850 101730 8l€ 28.08 0%| € 2808 | € 22464
B Dompelhuls WIKA SWT52G -
Dompelhuls Wika 3907325 101736 8l€ 14.40 0%| € 14.40 | € 11520
i [EY Temperature transmitter
5 Temperature transmitter .
Electronic | TA2115 102556 2)e 12685 0%| € 12685 | € 253.70
TECNOSEAL Zinc+Brass.
6 Caterpillar pencil anode @ 28
L5 complete with brass plug
Anodes Catepillar__|th.1-1/4"GAS CONICO 2)e 4356 0%| € 4356 | € 87.12
B Steel plate 3mm for FW/
header tank 1€ 128.12 0%| € 12812 | € 1,537.44
s CHANNEL PLATE 4H
including gaskets Alfa Laval | T20P2-TI-0.5-NBRP/C 3950724303 56| € 894.14 17%| € 74214 | € 41,559.63
9 CHANNEL PLATE GASKET _|Alfa Laval | T20P-NBRP-C/RIB/HP 3900690506 388| € 74.26 17%| € 61.64 | € 23,914.69
10 Pipe 3" 15/ € 14.82 0%| € 1482 | € 22226
11 Pipe 6" 5/ € 39.22 0%| € 3922 | € 196.11
12 Pipe 8" 230/ € 61.01 0%| € 6101 | € 14,032.76
13 Brackets 76.67| € 25.00 0%| € 25.00 | € 1,916.67
14 Man hours 5030 € 20.55 0%| € 2055 | € 103,366.50
Total € 18933081
Group Combined price mConsumables m Heat exchanger mPipe mMan hours
Consumables | € 4,122.20
Heat i
exchanger 65,474.32
Pipe 16,367.79 2%
Man hours € 103,366.50

55%
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From 193 to 221 plates and no new gaskets

o a a o - G - -
Number |Description |Maker Maker's ID Maker's nr. |Qty. |Unit price |Discount |Net. Price |Total price
i Level switch header tank |79 Magnetic float level
evelswitch heacertank |gesta switch A01041 20e 360.00 o%| € 360.00 | € 720.00
Manometer WIKA 233.50
2 Pressure gauge ;
Wika 9020861 101720 10/ € 11841 0%| € 11841 | € 1,184.10
Bimetaalthermometer
3 Temperature gauge .
Wika WIKA A52.100 - 3006850 101730 8l€ 28.08 0%| € 2808 | € 22464
B Dompelhuls WIKA
Dompelhuls Wika SWTS2G - 3907325 101736 8l€ 14.40 0%| € 14.40 | € 11520
Fm Temperature transmitter
5 Temperature transmitter .
Electronic | TA2115 102556 2)e 12685 0%| € 12685 | € 253.70
Caterpillar pencil anode @
6 28 L.55 complete with
brass plug th.1-1/4"GAS
Anodes Catepillar__|CONICO 2)e 4356 0%| € 4356 | € 87.12
B Steel plate 3mm for FW/
header tank 1€ 128.12 0%| € 12812 | € 1,537.44
s CHANNEL PLATE 4H
including gaskets Alfa Laval | T20P2-TI-0.5-NBRP/C 3950724303 56| € 894.14 17%| € 74214 | € 41,559.63
9 CHANNEL PLATE GASKET _|Alfa Laval | T20P-NBRP-C/RIB/HP 3900690506 ol 74.26 17%| € 61.64 | € -
10 Pipe 3" 15/ € 14.82 0%| € 1482 | € 22226
11 Pipe 6" 5 € 39.22 0%| € 3922 | € 196.11
12 Pipe 8" 230/ € 61.01 0%| € 6101 | € 14,032.76
13 Brackets 76.67| € 25.00 0%| € 25.00 | € 1,916.67
14 Man hours 5030 € 20.55 0%| € 2055 | € 103,366.50
Total € 16541612
Group. [Combined price
Consumables | € 4,122.20 mConsumables W Heat exchanger W Man hours
Heat
exchanger 41,559.63
Pipe 16,367.79
Man hours € 103,366.50
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No extra plates only new gaskets

A a a G - G - -
Number |Description |Maker |Maker's ID Maker's nr. |Qty. |Unit price |Discount |Net. Price |Total price
1 Level switch header tank | "%
evel switch heacertank | gesta Magnetic float level switch A01041 2]e 360.00 0% € 360.00 | € 720.00
Manometer WIKA 233.50 -
2 Pressure gauge ;
Wika 9020861 101720 10/ € 11841 0%| € 11841 | € 1,184.10
Bimetaalthermometer WIKA|
3 Temperature gauge .
Wika A52.100 - 3906850 101730 8l€ 28.08 0%| € 2808 | € 22464
B Dompelhuls WIKA SWT52G
Dompelhuls Wika 3907325 101736 8l€ 14.40 0%| € 14.40 | € 11520
G Temperature transmitter
5 Temperature transmitter .
Electronic | TA2115 102556 2)e 12685 0%| € 12685 | € 253.70
TECNOSEAL Zinc+Brass.
6 Caterpillar pencil anode @
28 L.55 complete with brass
Anodes Catepillar__|plug th.1-1/4"GAS CONICO 2)e 4356 0%| € 4356 | € 87.12
B Steel plate 3mm for FW/
header tank 1€ 128.12 0%| € 12812 | € 1,537.44
s CHANNEL PLATE 4H
including gaskets Alfa Laval | T20P2-TI-0.5-NBRP/C 3950724303 ol 894.14 17%| € 74214 | € -
9 CHANNEL PLATE GASKET _|Alfa Laval | T20P-NBRP-C/RIB/HP 3900690506 388| € 74.26 17%| € 61.64 | € 23,914.69
10 Pipe 3" 15/ € 14.82 0%| € 1482 | € 22226
11 Pipe 6" 5/ € 39.22 0%| € 39.22 | € 196.11
12 Pipe 8" 230/ € 61.01 0%| € 6101 | € 14,032.76
13 Brackets 76.67| € 25.00 0%| € 25.00 | € 1,916.67
14 Man hours 5030 € 20.55 0%| € 2055 | € 103,366.50
Total € 14777119
Group [Combined price
Consumables | ¢ 4,122.20 mConsumables  m Heat exchanger Pipe W Man hours
Heat exchanger 2%
23,914.69
Pipe € 16,367.79
Man hours € 103,366.50





image60.png
No extra plates no new gaskets
. Trimod Magnetic float level
: Level switch header tank |1, switch A01041 20e 360.00 o%| € 360.00 | €
Manometer WIKA 233.50
2 Pressure gauge ;
Wika 9020861 101720 10/ € 11841 0%| € 11841 | € 1,184.10
Bimetaalthermometer
3 Temperature gauge .
Wika WIKA A52.100 - 3006850 101730 8l € 28.08 0%| € 2808 | € 22464
B Dompelhuls WIKA
Dompelhuls Wika SWTS2G - 3907325 101736 8l € 14.40 0%| € 14.40 | € 11520
G Temperature transmitter
5 Temperature transmitter .
Electronic | TA2115 102556 2)e 12685 0%| € 12685 | € 253.70
Caterpillar pencil anode @
6 28 L.55 complete with
brass plug th.1-1/4"GAS
Anodes Catepillar__|CONICO 2)e 4356 0%| € 4356 | € 87.12
B Steel plate 3mm for FW/
header tank 1€ 128.12 0%| € 128.12 | € 1,537.44
s |CHANNEL PLATE 4H
including gaskets Alfa Laval | T20P2-TI-0.5-NBRP/C 3950724303 € 894.14 17%| € 742.14 | € -
9 CHANNEL PLATE GASKET _|Alfa Laval | T20P-NBRP-C/RIB/HP 3900690506 € 74.26 17%| € 61.64 | € -
10 Pipe 3" 15/ € 14.82 0%| € 1482 | € 22226
11 Pipe 6" 5/ € 39.22 0%| € 3922 | € 196.11
12 Pipe 8" 230/ € 61.01 0%| € 6101 | € 14,032.76
13 Brackets 76.67| € 25.00 0%| € 25.00 | € 1,916.67
14 Manhours 5030 € 20.55 0%| € 2055 | € 103,366.50
Total € 12385649
Consumables | € 412220 W Consumables W Pipe mMan hours
Heat
%
exchanger -
Pipe 16,367.79
Man hours € 103,366.50





image61.png
Quotation W
T

Customer Delivery address Page
00S Intenational B.V. 00 International B.V. 12
Oostkapelseweg 2a M Frida |

Oostkapelseweg 2a
4353 EH SEROOSKERKE 4353 EH SEROOSKERKE
NETHERLANDS NETHERLANDS

Your reference

Quot no Version
Requested by 24903
J. West Zoutendijk 30 1

Your VAT reg no

Date of request NL820464624B01
01-06-2021
Customer request no
Our reference Frida |
Contact person Our reference Date Expire date
Bram Provoost Willem van Rijswijk 01-06-2021 01-07-2021
+31765791543 Payment terms
Delivery method 30 days net from date of invoice
Truck Freight
Delivery terms (Incoterms 2020) Cust no
DAP - Delivered At Place E1814994
SEROOSKERKE

Delivery dates are best estimates. Where zero days are quoted, items are available ex-stock subject to prior sale.

Ln__Description ‘Ship days from order_Order gty Unit price_Discount ___ Net price __ Amount

1 3233015006 0 400 PCE 57,32 -17,00% 4758 19.032,00
M10M-NBRP-C/PEAK
CHANNEL PLATE GASKET

2 3900690506 0 388 PCE 7426 -17,00% 6164 2391632
‘T20P-NBRP-C/IRIB/HP
CHANNEL PLATE GASKET

3 3673412403 1 480 PCE 25825  -17,00% 214,35 102.888,00
M10M2-TI-0.4-NBRP/C
CHANNEL PLATE 4H

4 3950724303 40 56 PCE 894,14 -17,00% 74214 4155084
T20P2-TI-0.5-NBRPIC
CHANNEL PLATE 4H

5 3232320083 7 16 PCE 512,80  -17,00% 42562 6.809.92
CARRYING BAR M10FMC/FHC L=1250
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Alfa Laval Benelux BV Bank Contact
Postbus 9377 EORI no.; NLO0B040679. ING Bank Tel.: +3176 57 91 200
NL 4801 LJ BREDA KvKno.: 30077778 Account no.: 68 03 67 675 Fax: +3176 67 91 211
Natharlands IRAN" Ni 51 INGR 0B 3676 75 benalux info@altalaval com

VAT: NLOU5.07.883.807 SWIFT/BIC: INGBNL2A www_alfalaval.com
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Customer Requested by
00S International B.V. J. West Zoutend Quotno Yersion
2490330 1
Custno
£1814994 Date of request
01062021 Date Page
Customer request no 01062021 22)
Frida |
Ln_Description ‘Ship days from order Orderqty __ Unit price Discount __Net prics _ Amount
6 3350027074 3 32 PCE 125,17 -17.00% 10389 332448
TIGHTENING BOLT M30 L=1050
42CiMot/BT+812H
7 1905101082 0 50 MTR 135 -17,00% 112 56,00
PLASTIC TUBE M30 34x32 RED
THE UNIT CODE IS METER
tem value EUR|
197.586,56
Freight 455,00
VAT applicable to quote
Alfa Laval Benelux BY Bank Contact

Posthus 9377
NL4801 LJ BREDA
Netherlands

VAT: NL0059.07.883.807

EORI no.; NLO0B040679
KvK-no.: 30077778

ING Bank
Account no.: 68 03 67 675
IBAN: NL51 INGB 0680 3676 75
SWIFT/BIC: INGBNL2A

Tel - 431 76 57 91 200
Fax: +3176 57 91 211
beneluxinfo@alfalaval.com
www.alfalav
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