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[bookmark: _Toc108191828]Abstract 
The purpose of this project is to replace existing SIL1 (safety integrity level) rated guided wave radar instruments 18TA0306LT20 and 18TA0307LT20 on the Benzene Receiver stage 1 and stage 2 vessels at Eastman Chemical Company, Newport’s chemical manufacturing plant Therminol 3 with instruments of a higher safety certification, SIL2 to meet process safety requirements. SIL level instruments are used as a critical safety barrier to prevent overfilling of the vessels containing extremely hazardous Benzene liquid/vapour as well as hydrogen gas that would lead to catastrophic failure of the compressor, potential fire and possible fatality. Thus, the existing VEGAFLEX 81 SIL1 instruments were replaced with SIL2 certified Rosemount 5301 series guided wave radar instruments to increase safety and probability of failure on demand (PFD).
[bookmark: _Toc108191829]Introduction
Eastman Chemical Company, based in Newport is a speciality chemical manufacturing plant established in 1949. The key products produced are Therminol and Saflex® (S-2075 plasticizer). The product end uses are photovoltaic heat transfer fluids used in solar electricity plants, and Saflex® in architectural glazing and automotive glazing. The stage 1 and 2 Benzene Receiver vessels belong to a manufacturing plant called Therminol 3 that produces heat transfer fluids. Each vessel has two guided wave radar level instruments, a BPCS (basic process control system) level instrument and a SIL rated safety instrument. The chemical process is run using the BPCS level instrument, the SIL instrument is simply a safety barrier to prevent disastrous consequences. 
[bookmark: _Toc108191830]The problem 
The problem became apparent during a LOPA (Layers of Protection Analysis) review, whereby the SIL1 rating of the existing level instruments and the issue of both vessels containing identical manufacturer devices created some concern, as they placed the LOPA scenarios at the upper end of the PFD scale and as such are among the group of highest process safety risks on the Newport site. It is best practice on chemical processes to use different manufacturer equipment to create diversity and redundancy and as such reduce common failure mode. LOPA is a method used to assess high consequence scenarios to determine if the combination of probability of occurrence and severity of the consequences meet the risk tolerance standard set by Eastman Chemical Company. [1], [2]
[bookmark: _Toc108191831]Motivation
The motivation behind this project is clear, as stated in the project proposal document, the level instruments were addressed as being a serious hazard on the Newport site due to their low SIL1 rating and diversity and redundancy issues. The existing level instruments have functioned for many years and never had a problem but there is a higher-than-expected probability that these instruments will fail to operate when needed due to their safety rating. It was therefore important to address the issue as soon as possible. The completed project has improved safety and reliability of the chemical process in terms of PFD and helped to combat the diversity issues that were apparent on the existing system.
[bookmark: _Toc108191832]Aims & Objectives
[bookmark: _Toc108191833]Aim
The aim of this project is to investigate and rectify non-compliance of two high level safety systems (tags 18TA0306LT20 and 18TA0307LT20) on the 1st and 2nd stage Benzene Receiver vessels of Eastman Chemical Company’s Therminol 3 plant. 
[bookmark: _Toc108191834]Objectives 
By the end of the module (July 2022), the level instruments stated above must be installed and functioning correctly to meet the required safety standards of SIL2 certification to IEC 61508. “Functioning correctly,” means that the instruments must pass the interlock proof tests and must read consistently tracking the original BPCS level reading.
The level instruments must be compatible with the Delta V operating system used at Eastman to control and overlook the chemical process. To be compatible they must utilise the HART 4-20mA communications protocol.
The level instruments must be of the correct size and material for the nature of the process. 18TA0306LT20 probe length must be less than 2644mm but more than 1954mm to measure the full tank range. 18TA0307LT20 probe length must be less than 1950mm but more than 1500mm. While the flange and probe material must be chemical resistant 316/316L steel. 
The chosen level instruments must satisfy the ATEX explosive atmosphere rating of the zone, thus must come with an ATEX certification of zone 2G or higher and be an intrinsically safe instrument. 
[bookmark: _Toc108191835]Legal and Ethical Issues
It is important to address any legal and ethical issues prior to starting the project to outline any potential issues or constraints so that ethical standards are followed.
Some documents and pictures used are Eastman owned and copyrighted; there therefore arises concerns of confidentiality and privacy. It will therefore be important to ensure these documents are stored safely with password protection and handled with care to only be used for the purposes of this University module and are not to be used or shared elsewhere.
(See Appendix 15.1.1), for all relevant legal legislation that this project must abide by in order to be a success. It is vital to work safely at all times adhering to the Health and Safety at Work Act 1974.
It is also crucial to treat all members of the project fairly and with respect so that all parties are happy and working to their best ability.
[bookmark: _Toc108191836]Project Planning
[bookmark: _Toc108191837]Feasibility Studies 
Feasibility studies were carried out on three solutions to help identify and conclude the best possible approach to address the problem. The three manufacturers were chosen due to their reliability shown elsewhere on other plants at Eastman Newport. Each solution was scored on how well it met the set criteria. The minimum required percentage that would suggest a project idea is feasible is 66%. (See Appendix 15.2.2). The solution chosen certainly fits the criteria, it scored the highest feasibility percentage of 92.49%, compared to solution 1 (82.86%) and solution 3 (91.43%). 
Solution 1 involved using an Endress + Hauser SIL2 rated level transmitter. It scored highly in most areas but fell short due to a 12-week lead time.
Solution 2 scored highest due to meeting all of the criteria, with a short lead time and the components to help solve the problem permanently.
Solution 3 also scored highly but wasn’t feasible due to the diversity and redundancy constraints explained previously. 
[bookmark: _Toc108191838]Time Constraints 
Many tasks involved in this project will be carried out within working hours, but due to other job roles and responsibilities it may prove difficult to deliver and meet every deadline. It will be important to communicate with E/I Planners and go through the Gantt chart with them to ensure that time is allocated within the workplace maintenance schedule to allow this project to be undertaken.
Timings have been allocated to the costings document (see Appendix 15.2.3). Each task or item that requires time to be allocated to it has been listed under the column “M.H EA,” short for man hours each. It is expected that the implementation stage of this project can be completed in two working days, involving four working parties, mechanical, electrical, DCS (engineer) and scaffolders. All work and tasks prior to this will be completed by DCS and Project Engineers. Again, each task is allocated time, Adam’s time has not been included in the engineering cost estimates as he will be working alongside the Engineers. The implementation of the project has been scheduled during a planned shutdown for week commencing 20th June, as shown in the Gantt chart (see Appendix 15.2.1). A Gantt chart was created to ensure the project ran smoothly by allocating deadlines to specific tasks. Where delays occur, these will be documented on the Gantt chart.
[bookmark: _Toc108191839]Resources Available
It was important to create a resources document (see Appendix 1.1.1) to highlight what is available and what is required to carry out this project.
[bookmark: _Toc108191840]Costs  
The costing document (see Appendix 15.2.3) incorporates all departments and their hourly rates. It is a cost estimate created to allow time to be allocated to each task. The estimated cost of the project is just under the £20,000 budget. This costing document will be amended throughout the project to keep track of actual costs (see Appendix 15.4.3).
[bookmark: _Toc108191841]User Requirement Specification 
A user requirement specification is a key document that specifies what the level instruments need to be able to do for this project to be a success. This document is used when writing the product design specification, to ensure the needs of the client or end user are met. [3] (See Appendix 15.2.6). 
[bookmark: _Toc108191842]Product Design Specification (PDS)
The aim of a PDS is to ensure that the final design meets set requirements for it to be a success. The PDS considered a range of requirements such as the performance, compatibility of equipment with existing systems, size requirements and more (see Appendix 15.2.7).
[bookmark: _Toc108191843]Relevant Standards 
Research was conducted into legislation and standards that were applicable to the project (see Appendix 15.1.1) and that equipment would need to comply to, this also highlighted the importance of health and safety within the project.
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The research method for this project will very much involve quantitative analysis in the form of secondary research. Utilising data sheets, journals, and the internet to gather information such as technical specifications and other technical data. These will be used in feasibility studies and character selection matrixes to analyse the gathered data. Some forms of qualitative research will take place when holding meetings with electrical and instrumentation engineers and distributed control systems (DCS) engineers to obtain the knowledge and understanding to undertake the tasks at hand.
[bookmark: _Toc108191845]Background research
[bookmark: _Toc108191846]Guided wave radar level instruments 
A guided wave radar instruments use microwave technology to determine liquid level or distance. Liquid level is calculated using the probe length and distance that the liquid is from the instrument (or tangent line) to provide a liquid level percentage. The distance is calculated by sending low energy guided microwave pulses down a steel rod, when they contact the liquid, they reflect and travel back towards the source (head) of the transmitter, the time it takes for the reflected microwaves to reach the transmitter provides the liquid distance, with the liquid level being directly proportional to the time-domain reflectometry. [4]
[image: Technology Explanation]








Figure 1 [4]

[bookmark: _Toc108191847]Why guided wave radar?
In the chemical industry, especially at Eastman, most process conditions inside vessels and tanks vary tremendously, either by a change in temperature, viscosity, or density, which can all cause variations in level measurement. Guided wave radar technology is totally unaffected by these phenomena so does not need to compensate for changes in density, dielectric, or conductivity in the fluid, making it a very robust means of measurement. [4]
[bookmark: _Toc102654561][bookmark: _Toc108191848]Difference between a Safety Instrumented System (SIS) and a Basic Process Control System (BPCS)?
Safety instrumented systems are extremely important in the functional safety of a chemical processes. A SIS system consists of instrumentation that has a high degree of accuracy and safe failure rate to detect dangerous process conditions and significantly lower the risk of these conditions from becoming a hazard. [5] Whereas a BPCS system is an instrumented system that provides the normal, everyday control and functions of the manufacturing process, without the stringent tolerances to maximise safety. [6]
[bookmark: _Toc108191849]Delta V SIS Instrument Loops
The current level system is SIL1 rated, meaning it is rated for the lowest level of SIL safety. The instrument is part of an intrinsically safe, Delta V SIS wiring system, intrinsic safety meaning the wiring out in the field near the instrument is protected by a galvanically isolated, intrinsically safe Zener barrier that prevents a spark with enough energy to cause an explosion, in an explosive atmosphere like the area where the instruments are installed, from forming.
This intrinsically safe barrier is part of the Delta V SIS electronic marshalling unit called a CHARM Smart SIS Logic Solver, shown below in figure 2. This ‘analogue in’ CHARM provides a 24V power supply to the instrument as well as receiving a HART 4-20mA protocol communication to the Delta V operating system over the same cable.[7], [8]
[image: ]Figure 2 [9]
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Delta V SIS Electronic marshalling is SIL 3-rated and therefore provides the certification to be able to control the lesser rated SIL2 level instruments that will be installed on each of the Benzene receiver vessels with no safety concerns [9]. This means that the existing wiring and input/output CHARM can be used with the new level instruments with no changes required.
[bookmark: _Toc108191850]What is ATEX?
[bookmark: _Hlk107835330]ATEX is an explosive atmosphere that can be caused by flammable gases, vapours, or mists. The level instruments are situated in a Zone 1 (2G) ATEX gas zone, this zone has been classified and documented on a drawing by competent personnel. Zone 1 is categorised as an area where there is a likelihood during normal running conditions for there to be an explosive atmosphere present. Thus, the level instruments must be certified to Zone 1 (2G) or greater to comply with the ATEX Directive 99/92/EC and Directive 2014/34/EU). [10]
[bookmark: _Toc108191851]Selection
[bookmark: _Toc108191852]Level Transmitter Character Selection Matrix (CSM)
Research was conducted into three different brands of level transmitter, Endress+Hauser, Rosemount, and VEGA. (See Appendix 15.1.3). Each device was scored against the criteria taken from the product design specification (see Appendix 15.2.7), scoring from 1 to 5 as shown in the key. This document provided an understanding as to which of the three level instruments would be best suited to the application. The Endress+Hauser device had an overall score of 43 out of 50, it matched the criteria but lead time and price let it down. Next was the VEGA device, again it matched the criteria with a very short lead time, but it scored low in the diversity and redundancy category, although there is no set rule, Eastman prefer to use instruments of different manufacturer as explained previously in the report. Lastly, the winner of the CSM was the Rosemount 5300 series, matching all the specification criteria as well as being the cheapest choice with a short lead time to prevent delays. [11]–[13]




[bookmark: _Toc108191853]Design
The instrument drawing (see Appendix 15.3.6) shows that instrument 18TA0306LT20 is connected to CHARM 6 on CSLS321 Baseplate 1, while 18TA0307LT20 is connected to CHARM 7. This is the point of isolation when changing the level instruments and must be removed while disconnecting each device.
[bookmark: _Toc108191854]Benzene Receiver 18TA0306 AND 18TA0307 Vessels
The required length of the level probes was established using the vessel schematic diagrams and is listed in the PDS document (see Appendix 15.2.7). The rods/probes must be long enough to measure between the bottom tangent line of the vessel and the top tangent line, shown in figure 3 below.
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Figure 5
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Figure 8
Figure 9

The SIL2 instruments once installed and commissioned must measure the liquid level in the vessel to within 1% of the existing BPCS level instruments and track the level continually and consistently. The trip points and fail modes will be checked during proof testing, as these values will not have changed within the Delta V operating system coding.
[bookmark: _Toc108191857]Implementation
Both VEGA instruments were removed from the vessels following a permit to work document being issued by the plant operator. The permit to work document lists all control measures and isolation points to ensure the process is locked out (see Appendix 15.3.1). With the assistance of MII Mechanical Contractors, the existing VEGA (yellow in colour) instruments were removed from each vessel, following isolation of the 24V control loop via the CHARM supplies and the cables being removed from each device. The new Rosemount instruments were placed next to the VEGA existing guided wave radars to check the length of the probes, it was important that each new instrument was identical in length. 18TA0306LT20 Rosemount probe was slightly too long when compared to the existing instrument. MII Contractors took the probe back to their workshop to cut it to the required length.
Once installed, with new spiral wound gasket joints on the flanged connections, the Rosemount guided wave radar software, called Radar Master was used on the E/I laptop to communicate with each of the level instruments to go through the guided setup, where information such as the probe length, hold off distance, nozzle distance and upper and lower ranges were set. To determine these values the original VEGA setup values and tank dimension drawings were used. The appendices show the implementation stages (see Appendix 1.1). This software was then utilised to carry out the instrument proof tests and interlock testing (see Appendix 1.1).
[bookmark: _Toc108191858]Testing / Evaluation / Analysis
Once installed, the manufacturer software, Rosemount Radar Master and a laptop were used to communicate with and setup each device, as shown in (see Appendices 15.3.4.1 and 15.3.5.1). The testing phase of this project involved proof testing, which is a test of the 4-20mA output of the device through the Delta V operating system and an interlock test to follow. The interlock test proves the safety actions that the device will initiate if a high level is detected. It was important to check the level reading against the existing BPCS level instrument to prove that the dimensions had been setup correctly.
As you can see in the interlock testing (see Appendix 15.4.1), containing a scanned copy of the first interlock test on 18TA0306 vessel, the instrument passed the 4-20mA proof tests and initiated all of the interlock actions at the correct level readings as expected. The proof tests involve simulating a 4-20mA signal from the instrument using the Rosemount radar software, this signal travels to the CHARM Smart SIS Logic Solver and through the Delta V operating system to the plant operator’s screen, where a percentage level is shown on a mimic. The voltage of the device is also checked at 4mA, it is expected that the voltage measured at the device to be above 20V and at 20mA, this should not drop by more than 5V. Next the trip actions are checked, this involves slowly increasing the mA output signal of the device until the trip value is reached, at this point the interlock actions should occur, this part of the test proves that the Delta V programming is correct. These interlock tests were carried out by Adam Cross, a trained Electrical and Instrumented Technician and the plant engineer. Further checks on the level reading were carried out (see Appendix 15.3.4.1), this included an echo curve analysis, to check if any unexpected signals were being detected between the device head and the liquid. It became apparent that the device was detecting the flanged pipe that it was mounted to, as the level reading was top scale (100%), to fix this problem, the tank dimension drawing was used so that the nozzle height could be set within the software, this tells the instrument to ignore anything within this region.
The same setup, proof testing and interlock testing was carried out on 18TA0307 vessel, (see Appendix 15.3.5.1) and (see Appendix 15.4.2). [14]
[bookmark: _Toc108191859]Conclusion
The proof testing and interlock testing of these devices prove that they are installed and function correctly and that overall, this project was a success. The new level instruments now meet the required SIL2 specification and have therefore reduced the probability of failure on demand. 
The final project costs were also massively under the £20,000 project budget, at £9,934.42 which is also £6145 under the initial estimate before contingency of £16,080. This is broken down into a saving of £3715 over the instrument cost estimate and a £2520 saving on engineering department estimated costs. This is mainly due to lack of experience in project planning and therefore vastly overestimating the amount of project time that was required but it was better to overestimate this than underestimate. Final costs are shown in the costings document (see Appendix 15.4.3).
The Gantt chart created at the start of the project (see Appendix 15.2.1), allocated deadlines that needed to be followed for the project to be a success. As you can see, some delays occurred and have been documented on the chart. These delays occurred due to unforeseen circumstances and had a knock-on effect throughout the project, this was documented in the logbook (see Appendix 1.1.1). My company had arranged at short notice to send me on two training courses throughout May and June where I was away for 2 weeks, this affected the project timing throughout, but I did my best to overcome these issues to get the project implemented prior to the deadline set.
The final implemented solution satisfies many, if not all of the requirements set out in the user requirement (see Appendix 15.2.6) and product design specification (see Appendix 15.2.7). The main, must have features set out in the user requirement document were met, the device uses 4-20mA HART Protocol and is therefore compatible with the Delta V operating system, it comes with its own manufacturer software to aid in setup and testing purposes, and the device provides all the required information to the user, such as liquid distance as well as liquid level. Another feature that the Rosemount 5301 has that was not essential but was nice to have, is a built in LCD screen to show all the instrument measuring information.
Both devices also satisfy the requirements set out in the PDS, they are guided wave radar type with an accuracy of +/- 2mm and have the required SIL2 certification to IEC 61508 as well as the ATEX certification to comply with the ATEX Directive 99/92/EC and Directive 2014/34/EU (see Appendix 15.2.8). They are IP66/67 rated making them ideal for the outdoor environment, the probes are made of 316L chemical resistant metal, and the transmitter housing is also made of metal for longevity. Due to meeting all the requirements set out in these documents and satisfying the aim and objectives of this project, I believe the project can be deemed an overall success.
As this project and all parts and components used are to a high standard, I am hopeful that there will be no issues to report with both level transmitters and I now have peace of mind after completing the testing phases, that if they are needed as a safety barrier at any point in the future, that they will operate to prevent a dangerous accident from occurring.


[bookmark: _Toc108191860]Reflection
I very much enjoyed being a part of the projects department at my workplace while working on this project and really enjoyed learning more about SIL and SIS instrumentation concepts. The main thing that I have learnt throughout this project is the importance of time management and planning. I’ve learnt that it’s important to try to account for any unforeseen circumstances. I didn’t give myself any time within the Gantt chart planning to account for the work-related courses that I went on which therefore caused a lot of unnecessary stress to myself and delays to the project plan. In future I would look to overestimate the time it would take to do each task which would allow for some leeway over the course of the project. 

I feel that the documents created during the research and planning stages, such as the feasibility studies and character selection matrixes were very beneficial and really helped to highlight the best solution for this project. This led to the project being a success as the device chosen satisfied all the design requirements.

Many invaluable skills and techniques have been gained throughout the process of this project that will definitely be applied to future projects.
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Due to the Rosemount 5300 Series SIS Transmitter manual being 40+ pages, please refer to reference [15]
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2" June

| managed to pick up from where | left off prior to going on the course. Looked into legal and ethical
issues, component and material research and the health and safety standards involved in the
project.

gt June

It’s been really busy in work this week, also due to family commitments outside of work | haven’t
been able to complete the project work that was planned.

16" June

| managed to catch up this week on what | missed out on last week. Looked into the resources that
are available and what will be required. Created a user requirement specification and from this
created a product design specification. Also created a CSM of three different level transmitters to
compare their specifications to the PDS. Used these three devices to create three feasibility studies
to investigate which solution would be best suited to the problem.

23" June
Continued with the planning work from last week, made good progress on the feasibility studies.

Created a timings list and incorporated this into the costings document as an overall cost estimate
for the project.

30" June

Completed the implementation stage today, all went according to plan, the level instruments have
been installed and tested.

Made a start on the technical report towards the end of the week.
7t July

Finished off the technical report and handed in. Made a start on the Viva presentation for next
week.
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Standards

Health and Safety at Work Act 1974 — The primary piece of legislation covering occupational health
and safety in Great Britain

e Electricity at Work Regulations 1989
e Personal Protective Equipment (PPE) at Work Regulations 1992

These acts and legislations are relevant to my project as the task will be carried out within my
workplace, where mandatory PPE must be worn at all times and all work must be carried out safely
under the guidance of the Health and Safety at Work Act so that no one gets hurt.

Provision and Use of Work Equipment Regulations 1998 (PUWER) — Places duties on people and
companies who own, operate or have control over work equipment. PUWER also places
responsibilities on businesses and organizations whose employees use work equipment, whether
owned by them or not.

This is applicable to my project as during the implantation stages, many hand tools will be used to
carry out the tasks. Tools must therefore be suitable for their intended use and maintained in a safe
condition.

IEC 61508 — The international standard for electrical, electronic and programmable electronic
safety related systems - It sets out the requirements for ensuring that systems are designed,
implemented, operated and maintained to provide the required safety integrity level (SIL). The
standard specifies a process that can be followed by all parties in the supply chain so that
information about the system can be communicated using common terminology and system
parameters.

This is applicable to my project as each vessel has to conform to the standards set out in IEC 61508
and thus all work carried out in the project, including the new level instruments and all components
in the control circuit (sensor, logic, actuator) must have a SIL classification to conform to this
standard.

IEC 61511 - Functional safety - Safety instrumented systems for the process industry sector - This is
a technical standard which sets out practices within the engineering of systems that ensures the
safety of an industrial process through the use of instrumentation. Such systems are referred to as
Safety Instrumented Systems.

Like IEC 61508, it focuses on a set of safety lifecycle processes to manage process risks. Although
unlike IEC 61508, this standard is targeted toward the process industry users of safety instrumented
systems.

EN10204-3.1 Engineering Standard — This standard shows that an item that has been manufactured
is fully compliant with the required specification on order. The inspection representative issues the
3.1 certificate to prove compliance.

The level instruments will be certified to relevant standards, it will be important to check that each
instrument comes with a 3.1 certificate to prove compliance with the required specification.
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Date: 20.01.2022

Quotation No. 2054063621

Page 4

Summary
Item Quantity Material Delivery Unit price Final price
Time GBP GBP
0010 1 FMP51-KTPD8/0 12 wrk.day(s) 3.456.47 345647
FMP51-BBBCCABAC3AFJ+EHLAZ1
Levelflex FMP51
Alternative to line item 10 (not included in total)
0020 1 FMP51-KTPES/0 12 wrk.day(s) 2.,592.34 2,592.34
FMP51-BBBCCAACC3AFJ+EHLAZ1
Levelflex FMP51
0030 1 FMP51-KTPJS/0 12 wrk.day(s) 3.110.74 3,110.74
FMP51-BBBCCABAC3AFJ+EHLA
Levelflex FMP51
Alternative to line item 30 (not included in total)
0040 1 FMP51-KTPP2/0 12 wrk.day(s) 2.544.60 2,544.60
FMP51-BBBCCAACC3AFJ+EHLA
Levelflex FMP51
Sum Positions 6,567.21
Freight - Standard 165.00
Total Nett 6,732.21

Registered & head office:

Endress Hauser Li
Tel: 0161 286 5t

loats Road, Manchester, M23 ONF
ax 0161 998 1841

Registered in England No, 942157
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RETURN TO FRONT

Expiration Date: 30-MAR-22
Ultimate Destination: United Kingdom

Lead Time: WEEKS

Commercial Summary

Customer Ref #: Eastman/Solutia Quotation
Emerson Proposal: 9797597 Ver:2

Shipping Terms: Inco2010: CPT (GB)

Payment Terms: Payment due in 30 days

CustLine Item Qty Units Description Lead Time Unit Price  Extended Price
(GBP) (GBP)
1 1 Each Guided Wave Radar S 1,506.37 1,506.37
5301HA251V4SM00185AAITM 1Q4QT
2 1 Each Guided Wave Radar 3 1,540.03 1,540.03
5301HA251V4SM00286AAITM 1Q4QT
3 1 Each Rosemount Documentation, Certifications and Reference Manuals 28.02 28.02
DOCS01F1DE
4 1 Each RMT-FREIGHT-JPG:Freight & Handling - ROSEMOUNT 100.00 100.00
Total Price 3,174.42
(GBP)

Emerson Process Management Page 2 of §

(NOTE: Taxes not included)

14-FEB-2022
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Product name VEGAFLEX 81

Model code FX81.ACFABGAXKKAX Base price GBP 1293.00
List price GBP 2425.00

elD GB159548919

Quantity 1

Production period (days) 6

TDR sensor for continuous level and interface measurement of liquids

Application area

The VEGAFLEX 81 level sensor measures maintenance-free all kind of liquids. Even in applications with vapour, buildup, foam
generation and condensation, the sensor delivers precise and reliable measured values. The VEGAFLEX 81 is the economical solution
for your level and interface measurement application.

Your benefit

- The guided adjustment enables a simple, time-saving and reliable setup

- Comprehensive diagnostic possibilities ensure a maintenance-free operation and hence a high plant availability
- Shortenable probes offer a simple standardisation and highest flexibility in the planning

Standard-25/06/2022-GB-GBP

Measuring unit for lengths Metre/Millimetre GBP 0.00
Scope A Europe GBP 0.00
Approval Cc ATEX 111G, I1 1/2G, 11 2G Exia lIC T6..T1 Ga, GBP 255.00
Ga/Gb, Gb
Version / Material F Exchangeable rod (g12mm) / 316L GBP 0.00
Probe not mounted GBP 0.00
Length (from seal surface) 1800 mm GBP 72.00
Process fitting / Material AB Flange NPS 2" Class 150 RF, ASME B16.5/ GBP 365.00
316/316L
Seal / Second line of defense / Process G FKM (SHS FPM 70C3 GLT) / with / -40...+150°C GBP 187.00
temperature
Electronics A Two-wire 4 ... 20 mA/HART with SIL qualification GBP 112.00
Supplementary electronics X without GBP 0.00
Optional overvoltage protection without GBP 0.00
Housing / Protection K Plastic single chamber / IP66/IP67 GBP 0.00
Cable entry / Connection K M20x1.5/ Cable gland PA blue (25-9mm) GBP 0.00
Display/adjustment module PLICSCOM A mounted GBP 141.00
Certificates X No GBP 0.00
Operating instructions EN - English GBP 0.00
Number of operating instructions 1 GBP 0.00
Measurement loop identification label without GBP 0.00
Customer-specific adjustment No GBP 0.00
Linearization No GBP 0.00
Address setting No GBP 0.00
Application-specific settings without GBP 0.00
Ship classification authority without
Min. process pressure in bar -1
Max. process pressure in bar 19
Customs tariff number (HS code) 90261029
Software version Current version GBP 0.00

Total amount GBP 2425.00
Total amount net GBP 1576.25
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Endress + Hauser FMP51 Level Transmitter

Rosemount 5300 Level Transmitter

VEGAFLEX 81 Universal TDR Level Transmitter

Measuring Principle

Guided Wave Radar

Guided Wave Radar

Guided Wave Radar

Communication Protocol

Compatible with HART® 4-20mA Signal

Compatible with HART® 4-20mA Signal

Compatible with HART® 4-20mA Signal

Continuous Measurement

Yes

Yes

Yes

SIL Rating

SIL 2 IEC 61508 Certified

SIL 2 IEC 61508 Certified

SIL 2 IEC 61508 Certified

Probe Material

316L, Alloy C, Ceramic

316L, Alloy C

315L, Alloy C

Are they readily available?

No (12 week lead time)

Yes (3 week lead time)

Yes (2 week lead time)

ATEX Rated

Yes

Yes

Yes

Accuracy

+/-2mm

+/- 3mm or 0.03% whichever is greatest

+/-2mm

Would this provide
manufacturer diversity and
redundancy? As two
different manufacturers
can reduce common failure
mode

Yes

Yes

No

Approximate cost for 2
devices

£6,567.21

£3,074.42

£3,173.30

RATING (0-5)

Very Good

Moderate
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TH3 Benzene Receiver Level Instruments

Log book

Project Introduction

Possible Project Ideas

5-May | 12-May [ 19-May | 26-May

Initial Research

Project Proposal

Gantt Chart

Legal and Ethical Document

Component/material research

H&S/ Standards research

Resources Available

CSM's/Database

User and Product Design Specification

Feasibility Studies

Gather Relevant Datasheets

Solutions

Resource List

Timings and Costing Estimates

Order Equipment

Verification Plan

Remove existing level transmitters

Cut new transmitter rods to length

Install new transmitters

Set up level instruments

Perform proof test

Perform full SIL interlock test of both levels

Final Costings

Evaluation

Technical Report

Viva Presentation

KEY

Expected Start Date

Deadline

Slack Time

Not started when intended

I I Evaluation | Implementation Planning Research Overview

‘Actual date (where delays occurred)
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Solution 1

Problem - SL1 level instruments 18TA0306LT20 and 18TA0307LT20 on the Therminol 3 (TH3) benzene receiver stage 1 and stage 2 vessels do not meet process safety SIL2 requirements

Solution - Replace the SIL1 rated level transmitter with Endress + Hauser FMP51 SIL2 rated level transmitter

Criteria Additional Information

ion/ explanation

Willthe solution solve the problem permanently? Replacing the SIL1 rated level transmitters with SIL2 rated Endress#Hauser

Does it solve the initial

aroblems Technical instruments would solve the initial problem in terms of being a permenant 3
ety lsues fix that will solve the technical and safety problem
There is currently 2 12 week lead time for Endress+Hauser level
Time Scale The timeframe that has been set is July 2022 1
transmitters, this could cause unwanted delays o the project
Allowed Budget: £20,000
Approximate cost of 2 Endress+Hauser level transmitters is £6,000 with
Project Budget Approximate Cost: £15,000 5

‘approximately £9000 labour included in the total

Tolerance on budget: +/- 50% Contingency

Project engineers and production engineers on site have a very good

understanding of the Benzene receiver vessels and Endress+Hauser guided

‘wave radar installations due to handling many projects of a similar nature. |

have not worked on a project where | have been involved in the design and 5

procurement stages but feel that my knowledge of setting up and installing

‘guided wave radars as an Electrical and Instrumentation technician will be
useful to the project

Eastman Engineers

Technical Knowledge

personal Knowledge

Can the materials and components be acquired? Due to the 12 week lead time, the materials for this solution may not be.

acquired in time to complete the project. It will also be difficult to acquire.
the personnel to complete this project by the deadline due to other high
profile projects/jobs taking place on the chemical site. On the other hand,
the tools, drawings, manuals and software required to change the.
instruments are all available.

Tools

Materials and Resources ‘Schematic Drawings

Manuals & Software

Labour

‘All work will be carried out to the required standards, such as IEC 61511 -
Wil the solution comply with the relevant

Standards Functional safety - Safety instrumented systems for the process indust
chemical, electrical and process standards? ty - Safety e P i 5
Sector and the Health and Safety at Work Act 1574
Intermet The internet will allow me to research Endress+Hauser and their guided
wave radar instruments and will give me access to necessary manuals for
instrumentation. Manuals willalso be available from project engineers.
Information Sources Manuals project eng 5
will also be able to seek guidance from fellow £/l technicians, Project
Engineers and the Process Improvement Engineer onsite regarding the
Expert Advice/Information from Company e P e garding
project
(a) Total score 2
(b) Maximum possible score. 35
82.86%

Feasibility as a percentage {(a)/ (b) x 100}|
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Solution 1

Problem - SL1 level instruments 18TA0306LT20 and 18TA0307LT20 on the Therminol 3 (TH3) benzene receiver stage 1 and stage 2 vessels do not meet process safety SIL2 requirements

Solution - Replace the SIL1 rated level transmitter with Endress + Hauser FMP51 SIL2 rated level transmitter

Criteria Additional Information

ion/ explanation

Willthe solution solve the problem permanently? Replacing the SIL1 rated level transmitters with SIL2 rated Endress#Hauser

Does it solve the initial

aroblems Technical instruments would solve the initial problem in terms of being a permenant 3
ety lsues fix that will solve the technical and safety problem
There is currently 2 12 week lead time for Endress+Hauser level
Time Scale The timeframe that has been set is July 2022 1
transmitters, this could cause unwanted delays o the project
Allowed Budget: £20,000
Approximate cost of 2 Endress+Hauser level transmitters is £6,000 with
Project Budget Approximate Cost: £15,000 5

‘approximately £9000 labour included in the total

Tolerance on budget: +/- 50% Contingency

Project engineers and production engineers on site have a very good

understanding of the Benzene receiver vessels and Endress+Hauser guided

‘wave radar installations due to handling many projects of a similar nature. |

have not worked on a project where | have been involved in the design and 5

procurement stages but feel that my knowledge of setting up and installing

‘guided wave radars as an Electrical and Instrumentation technician will be
useful to the project

Eastman Engineers

Technical Knowledge

personal Knowledge

Can the materials and components be acquired? Due to the 12 week lead time, the materials for this solution may not be.

acquired in time to complete the project. It will also be difficult to acquire.
the personnel to complete this project by the deadline due to other high
profile projects/jobs taking place on the chemical site. On the other hand,
the tools, drawings, manuals and software required to change the.
instruments are all available.

Tools

Materials and Resources ‘Schematic Drawings

Manuals & Software

Labour

‘All work will be carried out to the required standards, such as IEC 61511 -
Wil the solution comply with the relevant

Standards Functional safety - Safety instrumented systems for the process indust
chemical, electrical and process standards? ty - Safety e P i 5
Sector and the Health and Safety at Work Act 1574
Intermet The internet will allow me to research Endress+Hauser and their guided
wave radar instruments and will give me access to necessary manuals for
instrumentation. Manuals willalso be available from project engineers.
Information Sources Manuals project eng 5
will also be able to seek guidance from fellow £/l technicians, Project
Engineers and the Process Improvement Engineer onsite regarding the
Expert Advice/Information from Company e P e garding
project
(a) Total score 2
(b) Maximum possible score. 35
82.86%

Feasibility as a percentage {(a)/ (b) x 100}|
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Solution 2

Problem - SL1 level instruments 18TA0306LT20 and 18TA0307LT20 on the Therminol 3 (TH3) benzene receiver stage 1 and stage 2 vessels do not meet process safety SIL2 requirements

Solution - Replace the SIL1 rated level transmitter with Rosemount 5300 Level Transmitter SIL2 rated level transmitter

Criteria Additional Information Detail/description/ explanation

Willthe solution solve the problem permanently? Replacing the SIL1 rated level transmitters with SIL2 ated Rosemount

Does it solve the initial

problem? Technical instruments would solve the initial problem in terms of being a permanent 5
safety Issues fix that will solve the technical and safety problem
There is currently a 3 week lead time for Rosemount level transmitters, this|
Time Scale The timeframe that has been set is July 2022 could cause slight delays but is only 1 week slower than solution 3 with a 2 4
week lead time
Allowed Budget: £20,000
Project Budget p e Cost £13.000 Approximate cost of 2 Rosemount level transmitters is £4,000 with 5
! ® pRrovImars Co = ‘approximately £9000 labour included in the total

Tolerance on budget: +/- 50% Contingency

Project engineers and production engineers on site have a very good
understanding of the Benzene receiver vessels and Rosemount guided
‘wave radar installations due to handling many projects of a similar nature. |
have not worked on a project where | have been involved in the design and 5
procurement stages but feel that my knowledge of setting up and installing
‘guided wave radars as an Electrical and Instrumentation technician will be
useful to the project

Eastman Engineers

Technical Knowledge

personal Knowledge

Can the materials and components be acquired? Due to the relatively short 3 week lead time, the materials for this solution

Tools will be acquired in time to complete the project. It may prove difficult to
Materials and Resources [re—— acquire the personnel to complete this project by the deadline due to other] a
high profile projects/jobs taking place on the chemical site but with sound
Manuals & Software planning it should be achievable. The tools, drawings, manuals and
Labour Software required to change the instruments are all available.

‘All work will be carried out to the required standards, such as IEC 61511 -
Wil the solution comply with the relevant

Standards Functional safety - Safety instrumented systems for the process indust

chemical, electrical and process standards? ty - Safety e P i 5
Sector and the Health and Safety at Work Act 1574
nternet The internet will allow me to research Rosemount and their guided wave
radar instruments and will give me access to necessary manuals for

formation Sources Manuals instrumentation. Manuals will also be available from project engineers. 5

will also be able to seek guidance from fellow £/l technicians, Project

Expert Advicefinformation from Company Engineers and the Process Improvement Engineer onsite regarding the

project
(a) Total score el
(b) Maximum possible score. 35
94.29%

Feasibility as a percentage {(a)/ (b) x 100}|
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Solution 3

Problem - SL1 level instruments 18TA0306LT20 and 18TA0307LT20 on the Therminol 3 (TH3) benzene receiver stage 1 and stage 2 vessels do not meet process safety SIL2 requirements

Solution - Replace the SIL1 rated VEGA level transmitters with VEGAFLEX 81 Universal TDR SIL2 rated level transmitter

Criteria Additional Information

ion/ explanation

Replacing the SIL1 rated level transmitters with SIL2 rated VEGA instruments|
‘would solve the problem in terms of being a permanent fix that will solve

‘Wil the solution solve the problem permanently?

Does it solve the initial

s Technical the technical and safety problem. Although as the BPCS levels on the tank. 3
P ¥ are VEGA, due to double redundancy, it is advised to use another
Safety Issues manufacturer to prevent a similar error causing catastrophic consequences
There is currently 2 2 week lead time for VEGA level transmitters, which is
Time Scale The timeframe that has been set is July 2022 3
the fastest time scale of the 3 solutions
Allowed Budget: £20,000
oroject Budget " p— Approximate cost of 2 VEGA level transmitters is £4,000 with approximately 5
3 . pproximate Cost: £13, £9000 labour included in the total

Tolerance on budget: +/- 50% Contingency

Project engineers and production engineers on site have a very good
understanding of the Benzene receiver vessels and VEGA guided wave radar|
installations due to handling many projects of a similar nature. | have not
worked on a project where | have been involved in the design and 5
procurement stages but feel that my knowledge of setting up and installing|
‘guided wave radars as an Electrical and Instrumentation technician will be
useful to the project

Eastman Engineers

Technical Knowledge

personal Knowledge

Can the materials and components be acquired? Due to the extremely short 2 week lead time, the materials for this solution|

Tools will be acquired in time to complete the project. It may prove difficult to
Miaterials and Resources P— 2cquire the personnel to complete this project by the deadline due to other| a
‘ematic Drawings high profile projects/jobs taking place on the chemical site but with sound

Manuals & Software planning it should be achievable. The tools, drawings, manuals and

software required to change the instruments are all available.

Labour

‘All work will be carried out to the required standards, such as IEC 61511 -
Wil the solution comply with the relevant

Standards Functional safety - Safety instrumented systems for the process indust
chemical, electrical and process standards? ty - Safety e P i 5
Sector and the Health and Safety at Work Act 1574
. The intemet will allow me to research VEGA and their guided wave radar
instruments and wil give me access to necessary manuals for
instrumentation. Manuals will also be available from project engineers.
Information Sources Manuals 5
will also be able to seek guidance from fellow £/l technicians, Project
Engineers and the Process Improvement Engineer onsite regarding the
Expert Advice/Information from Company e P e garding
project
(a) Total score 2
(b) Maximum possible score. 35
91.43%

Feasibility as a percentage {(a)/ (b) x 100}|
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Department

Labour Rates per Hour|

Mechanical £40.00
Electrical £40.00

'SMG & Instrumentation £40.00
Engr and MTS £80.00
Processor £75.00
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MH | Labour | Mat&
ary Item MAT. EA MAT. Total | o8 | 52000 | our Total
Sub Total £7,500.00] _ 46.00 £1,840.00]  £9,340.00)
Instruments N
1 18TA0306LT20 (SIL 2) GWR HIGH LEVEL £250000  1000| £250000 1000 | £40000 | £2.900.00
1 18TA0307LT20 (SIL 2) GWR HIGH LEVEL £250000  1000] £250000 1000 | £40000 | £2.900.00
2 Bluetooth headsets £500.00 £1.000.00 N £1.000.00
Eastman Commissioning N
2 Level Instruments 200 00| £32000 | £32000
Eastman ATEX Insepections & Testing N
2 Instrumentation 200 00| £32000 | £32000
2 Proof testing 5.00 000 | £40000 | £400.00
Scaffolding and Access N
1 18TAOT306 £500.00 £500.00 N £500.00
1 18TAOT307 £500.00 £500.00 N £500.00
1 Telehandler £500.00 £500.00 B £500.00
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CAPITAL ENGINEERING TOTALS ENG £ TOT
ENGINEERING TOTALS 6.740.00
ary Mechanical Engineering & Design WL Total [ Labour Total
1 Drafiing 200 300 20000
1 Design -
1 Construction -

MECHANICAL ENGINEERING & DESIGN TOTALS| 200 300 24000
ary E8I Engineering & Design Tabour Total
5| Detal Design (7 soher, eview SRS, praottest 20| w0 sann

method)
1 Draing Offcs. 200 300 20000
s Construction & Commissioning s00| 1200|9000
inc pre-commission, prep work and commissioning
E&I ENGINEERING & DESIGN TOTALS 200 3500|2500
QTY[ Process / Management Engineering & Design | WLH. EA | M.H Total [Labour Total
1 Design (SRS 100 00| 160,00
1 Reviews 100 400 £32000
Commissioning + operator traiming=0p
e instructions +LOPAS 000)  1600] 120000
7| Project closeout (post star up + closing out | 500 500] £610.00
| SRS reviews - Reviewing SRS detaldesign and 00 wo0| £32000
checking
PROCESS ENGINEERING & PROJECT
MANAGMENT TOTALS 2800]  31.00| £2960.00
ary DCS Engineering WLHL EA | MH Total [Labour Total
2 | Wimics. coding. proof test. commissioning 100 5.00] 260000
| Appication programme spec + nc time fo enewer |, oo wo0] £30000
checks and comments
BCS Engineering Design Totals 500 12.00| £900.00
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LABOUR TOTAL INC

PROJECT OBJECTS | CONTINGENCY | CONTINGENCY| maTERIAL | “4%0% | Lapour | TomaL | oVl
INSTRUMENTS 200% £186800 | £7.500.00 145] £184000 | £934000 | £11.208.00

CAPTTAL ENSIEERING IS | 5003 £1,348.00 NA 85| £6,74000 | £674000 | £8.088.00

PROJECT CAPITAL £1608000  £19296.00

PROJECT CAPITAL CONTINGENCY £3.216.00

PROJECT GRAND TOTAL Less Contingency £16.080.00

PROJECT GRAND TOTAL including Contingency £19,300.00]
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Resources

Tooling/Equipment

All tools that will be required to carry out the implementation stages are supplied by Eastman. Each
technician has their own set of tools and other less commonly used tools are also stored in the E/
workshop, although if a tool is required and isn’t available through the stores on site, SAP Planners
can be informed. If possible, the SAP planners will then order the required tools to allow me to
correctly carry out the job.

Tools required to perform project:

Ring Spanner 1,1/16” x2 Terminal Driver 3.0mm
Pliers Insulation Tape
Adjustable Wrench Copper Slip

Equipment required:

SIL2 Rated Level Instrument x2 — Sourced from Emerson Rosemount
Scaffolding — Provided by onsite contractor Kaefer

2” 150lbs Spiral Wound Gasket x2 — Kept in onsite stores

Laptop with Rosemount Level Software (Radar Master) — E/| Workshop

Use of workshop

Once the original SIL1 rated level instruments have been removed from the tank, the rod length of
each will be measured so that the replacement SIL2 level instruments can be cut to the same length.
All tooling required to carry out this task are already situated in the E/| workshop.

Personnel

E/I Planners — They are in charge of organising the jobs that | carry out, they will make sure that my
schedule is free to allow me to carry out the project tasks and avoid clashes with other work being
undertaken in the storage tank areas while the level replacement is being carried out to maximise
efficiency.

MII Mechanical Technicians — Ml are our onsite mechanical contractors at Eastman, Newport, this
department will provide assistance to remove, cut and replace the level instruments.

Project Engineering Department — Steve Scott will be overseeing and providing assistance during the
project. He will be the first point of contact for myself and for any external companies during the
purchasing stage. He is available to contact via email or phone as well as being free for me to go and
talk to him when needed.

Steve Moss is a Reliability Engineer at Eastman, who has vast experience in the chemical process
onsite. He is also available to contact via email or phone.




image33.jpeg
Colleagues - Other Electrical and Instrumentation technicians are available to provide guidance
throughout the project and to assist on the day of replacement. | have a good relationship with all of
my work colleagues and therefore | know that | could go to any of them for help or guidance.

Scaffolders — Kaefer are the onsite scaffolding contractor for Eastman, their planner will be informed
of the job requirements for them to erect scaffolding to provide means of safe access to the top of
each vessel.
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User Requirement Specification

Must have’s:

1.

10.

11.
12.

Level instrument must be guided wave radar for accurate continuous measurement of
benzene liquid

Must have 4-20mA HART Protocol communication built in to allow Delta V operating system
to communicate with the device.

Must be made by a manufacturer that is used elsewhere onsite for familiarity and assurance
purposes.

Cannot be manufactured by VEGA due to the standard BPCS level instruments being VEGA,
this is due to diversity and redundancy, as two different manufacturers can reduce common
failure mode.

Must include manufacturer software to allow technicians to communicate with the device
for commissioning and testing purposes

Must be able to provide liquid level measurement as well as liquid percentage level for
operating purposes.

Wetted parts, such as the probe must be resistant to the process fluid (Benzene), AlSI 316 or
316 LSS.

Shall be directly connected to the vessel via a flange. Level instrument flange should be
designed in accordance with the piping/vessel code and material.

The probe needs to be long enough to measure a distance between the welds of the tank
(tangent to tangent).

The device needs to be suitable for the outdoors environment to protect against water
ingress.

Level instrument should be low voltage, 30V or under

Instrument should be isolatable for maintenance dismantling/removal in the future.

Would like to have:

13.

14.

15.

Built in LCD/LED display to show instrument information for anyone looking at the
instrument, such as liquid level, distance, mA output etc.

Touch screen or display with buttons to allow input without the use of a laptop or handheld
device

Bluetooth communications for commissioning and testing purposes
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Product Design Specification

Therminol 3 Benzene Receiver Stage 1 and 2 High Level Instrument Upgrade

Design Brief

The current Therminol 3 (TH3) Benzene receiver levels 18TA0306LT20 and 18TA0307LT20 are SIL1
certified level instruments. To ensure the instruments meet SIL2 process safety requirements, they
must be upgraded to SIL2 certified instrumentation. These level instruments are used as a critical
safety barrier to prevent overfilling of the vessels containing extremely hazardous Benzene
liquid/vapour as well as hydrogen gas that would lead to catastrophic failure of the compressor,
potential fire and possible fatality without safety measures in place.

1.

Performance

1.1 Type of level instrument — Guided Wave Radar

1.2 SIL2 Certified to IEC 61508

1.3 Wetted parts — Exchangeable rod 316L grade

1.4 Must measure liquid distance as well as liquid level percentage

1.5 Must have built in LCD/LED display to show measured information, such as liquid level,
distance and mA output.

1.6 Accuracy of +/- 2mm or better

Environment

2.1 Minimum IP65 rating. Both level instruments will be mounted outside, open to the
elements.

2.2 All equipment must be capable of operating in average UK temperatures. E.g. -10°C + 40°C

2.3 Must be ATEX rated (explosive atmosphere rating) for the environment - Exia IIC 2G T6. To
comply with the ATEX Directive 99/92/EC and Directive 2014/34/EU).

2.4 Housing can be made from hard plastic

Size requirements

3.1 18TA0306LT20 - Probe length must be more than 1954mm but less than 2644mm
3.2 18TA0307LT20 - Probe length must be more than 1500mm but less than 1950mm
3.3 Must have M20x1.5 cable gland entry

Compatibility

4.1 Level transmitter output must be compatible with HART® Protocol 4-20 mA communication

4.2 Must have 2 wire 4-20mA connection with a supply voltage of 24V

4.3 2” 150 ASME B16.5 stainless steel 316L material flange

1. Must have manufacturer software to allow technicians to communicate with the device for
commissioning and testing purposes

Quantity and Target Cost

5.1 1x SIL2 Level Instrument 18TA0306LT20

5.2 1xSIL2 Level Instrument 18TA0307LT20

5.3 Total cost should not be more than £20,000 including labour and materials
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EMERSON.

Emerson Automation Solutions
Rosemount Tank Radar
Layoutvégen 1

SE-43523 Moinlycke, Sweden

Tel: +46 (0)31 337 00 00

Safety certified to IEC 61508 with certificate of FMEDA - consistent with ISO10474-
3.1:2013 / EN10204-3.1:2004

Customer Information
Name: SOLUTIA UK LTD
PO: 4148058009

Manufacturer Information
Sales Order: 44408195

Line/Unit: 20

Device Information

Device Type: 5301 Radar Level Transmitter
Serial #: 562484
Model #: 5301HA2S1V4SM00286AAITM1Q4QT

Permanent Tag Information
N/A

Wire-on Tag Information
N/A

Emerson certifies that the Rosemount product with serial number listed above was designed and manufactured to
IEC 61508 and has the failure rates documented in the certificate below.

References

Exida IEC 61508 Certificate: ROS 13-06-005 C001 R2.2

Gerth Forlin, Director Global Quality and Product Reliability

QT_5300_562484_RTR_Rev1

Page 1 of 1

25 Feb, 2022
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EMERSON.

Emerson Automation Solutions
Rosemount Tank Radar
Layoutvagen 1

SE-43523 MalInlycke, Sweden

Tel: +46 (0)31 337 00 00

Safety certified to IEC 61508 with certificate of FMEDA - consistent with 1ISO10474-
3.1:2013 / EN10204-3.1:2004

Customer Information
Name: SOLUTIA UK LTD
PO: 4148058009

Manufacturer Information
Sales Order: 44408195
Line/Unit: 10

Device Information

Device Type: 5301 Radar Level Transmitter
Serial #: 562476
Model #: 5301HA2S1V4SM00185AAITM1Q4QT

Permanent Tag Information
18TA0307LT20

Wire-on Tag Information
N/A

Emerson certifies that the Rosemount product with serial number listed above was designed and manufactured to
IEC 61508 and has the failure rates documented in the certificate below.

References

Exida IEC 61508 Certificate: ROS 13-06-005 C001 R2.2

Gerth Forlin, Director Global Quality and Product Reliability

QT_5300_562476_RTR_Rev1

Page 1 of 1

25 Feb, 2022
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EASTMAN

Hot Work Permit - 4: 333058 Closed

Valid From Valid Until Work Area Location
Mon 09-May-2022 08:42 Mon 09-May-2022 20:42 Therminol TH3 H2 Compressor 1st and
2nd stage recievers

Functional Location Sap Work Order
NP-THE-0018-TA0306-IL1L01 (h2 compressor 1st stage high level sil1)

Work to be done

E&| to disconnect old level transmitters in preparation for installation of new level transmitters.
18 TAO306L01

18 TA0307L01

Laptop required for setting up new transmitters.

Hazard Control Measure PPE Type PPE - MPC plus

Chemical All potential chemical hazards have been Hand Stretch-fit non chemical gloves
Awareness considered before issuing this Permit protection

Ignition of Flammability test (record in comments) MPC Helmet,safety glasses,overalls,safety
flammable shoes

material

Lone working Second person attends

Select Laptop computer

approved tools

Select the zone | Zone 2 (gas, mist or vapour) - Unlikely
rating

Work area Use scaffold
inaccessible

Comments
CCR on 4240 / 4466
Compressor is shutdown and has been made safe

To work alongside MIl to remove and replace new transmitters

Area checked prior and no gas monitor required

Alarm Point Safety Shower Emergency Assembly Point
TH3 South Side Compressor TH3 East Pyrolysis Furnace Canteen

Flammability Test Result (% LEL)

0%
Acceptors (when signing off please delete as appropriate) FOR ACCEPTORS
-Work Complete
-Work Incomplete
-Work Incomplete, and equipment must not be brought into service
- Face to face hand back
- Telephone hand back
Company Last Name First Name Start Signature End Signature
Solutia Cross Adam
Solutia Thomas Christopher

Created Mon, 09-May-2022 16:41 ge 1/2
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method
Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-IL2TO01

IPS Description: Biphenyl Bulk High Temp Trip.

TH3 Compressor 1st Stage Receiver High Level
NP-THE-0018-TA0306-1L.2L01

Integrity Level SiL2

Engineering Flow Diagram/PID No. NP-THE-0018-
Original Project Number. AE.0156.518824059
SRS

Description of the Safety Function
HIGH LEVEL DETECTED BY 18TA0306LT20 >, 25% RISING > STOPS COMPRESSOR MOTOR 18BC0308

Purpose of the Proof Test

Purpose of the Proof Test is to disclose any dangerous undetected failures that are not disclosed by diagnostics and that may prevent the IPS delivering the risk reduction it was designed to
provide. Testing will include, the guided wave radar, DeltaV CHARMS and hardware, Software Logic configuration, all field wiring, power supplies and motor contactor circuits. It will also check
that the trip functions within the required response time.

Process Hazard
Increasing level in Receiver 18TA0306. Carry-over of liquid into suction of second stage, third stage or into Hydrogen system. Most likely consequence is mechanical failure at the crosshead of the
piston rod. Outcome is damage to the Compressor and downtime to repair the failure and loss of production.

Consequence of Failure of the IPS
Mechanical damage to the compressor could result in a release of flammables which if ignited could cause an explosion and loss of life.

REV1 THE LATEST VERSION

Design Requirements Comments

Integrity Level SiL2

Voting Architecture 1001 The trip is Low Demand SIL2 compliant with a HFT of 0
Trip Point 25.00 %

Process Variable LEVEL RISING

Process Measurement Lower range value 0%

Process Measurement Upper range value 100 %

Instrument loop Combined Accuracy 0.1% 0.1%
Hysteresis 2% 2%
Permissable Reset Value 23 % FALLING

Expected Speed of Response 7 Secs

SIS Trip Prewarn 20 %

BPCS Warning EXISTING

Installation (Logic Solver) Softwired in DeltaV SIS

Reset CCR DeltaV SIS TRIP SCREEN

Bypass Required

PU0303-

0018

Test Interval (Months)

>v_u=nm—u_m mnc:u-:m:ﬁ xmn::mgm:ﬁm Tag Description Safe Failure State/  Drg/Doc No
Mode

Primary Sensing Element 1 18TA0306LT20 TH3 Compressor 1st Stage Receiver High Level HIGH

Final Control Element 1 18BC0308 TH3 Hydrogen Compressor STOPPED

Applicable Guidance: MW821 EGNs 241/215
FILE NAME: NP-THE-0008-BC0308-IL2P01 PT1
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method
Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-1L2TO1

IPS Description: Biphenyl Bulk High Temp Trip.

Testing Safety Requirements. Please first reference the general risk assessment for this test. If the test is to be completed outside the scope of
conditions listed in the general Proof Test Risk assessment then record any changes required below.

Applicable COSHH or Risk Assessment N/A
N/A
MSDS N/A

Scaffold is required to inspect the Instrument.
Applicable Y,N,N/A Comments

Access and egress

See General Risk Assessment.

Potential Hazards imposed by testing to the
Test, equipment and wider operations

Summarise the Risks associated with the test.

List any necessary Compensating measures to
be taken during testing
List any specific PPE required by COSHH? If so
list the COSHH number.

Responsible Date & Time

Signature

Compensating Measures in Place Responsible Role Responsible Name

Production Supervision to put LOW OIL PRESSURE (NP-THE-0018-PU0303-IL1P01) into bypass

Production Supervision to put LOW SUCTION PRESSURE (NP-THE-0018-BC0308-IL1P02) into bypass

18BC0308 To be isolated and placed in TEST mode. Test mode switch located in hydrogen
compressor MCC (M1) Building 186

Testing Required Equipment Status Item Tag Description Required Status Comments
Applicable Item Number 1 18TA0307LT20 2ND Stage Receiver <25% The Compressor must be shutdown and both levels LT10 & LT20
Level reading <25%
Applicable Item Number 2 18BC0308 Hydrogen Compressor | Isolated and placed |Test mode switch located in hydrogen compressor MCC (M1) Building
in test mode 186

Required Equipment Status Met Responsible Role Responsible Name Responsible Date & Time
Process Operator Signature
General Requirements Technician names can be entered when the work is planned. Control and production are assigned already to the plants.
E/I Technician A E/I Technician B Production Engineer Control Systems Process Operator
N Engineer
Personnel Required for the Test s Ih _

Technicians to complete ALL Boxed and shaded fields.

Competencies required for the testing
Permit Type Required

Permit Number if available

DeltaV SIS Screen for Testing
Estimated Test Duration

Relevant Additional Documentation

See WP509 Competency Assessments

TH3 SIS Summary screen
2HRS
EFD, Inst Loop Sheets & Level Transmitter Operating and Maintenance manual.

Proof Test Method

Test Start Date & Time: [ hf6e | 10:00 _
Pretest / As Found Observations. Please NOTE: A proof Testing Instrument Inspection Repair Sheet shall be completed to record the full detail of the IPS Condition
Original Field i Acceptable Status/ Difference <
Indication/Status Indication/Status 1% OK? Y/N
.ok T 1% ] 1.5 977
T 3
BPCS Control element Not part of the IPS but has the same Level range for comparison.
18TA0306LT10 [ =f _ iC |
<
Test Equipment Required. Type Model Serial Cal Date CALOK Y/N
Test Equipment Piece 1 475/TREK N/A N/A
Test Equipment Piece 2 Multimeter
Test Equipment Piece 3 AMS Workstation N/A N/A
Test Equipment Piece 4 Beamex
Test Equipment Piece 5 Decade Box N/A N/A
Test Equipment Piece 6 Laptop N/A N/A
Test Equipment Piece 7 Vega PLICSCOM N/A N/A N/A N/A

Calibration Loop Check

18TA0306LT20

Recommeded simulation method - Connect laptop (With Emerson Radar Master Software) to 18TA0306LT20 CSLS CHARM

Loop Check

REV1 THE LATEST VERSION

Check OK?

Applicable Guidance: MW821 EGNs 241/215
FILE NAME: NP-THE-0008-BC0308-IL2P01 PT1
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method
Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-1L2T01

IPS Description: Biphenyl Bulk High Temp Trip.

/4
1.1{Connect a laptop running Radar Master to LT20 via CSLS Charm .\
1.2|Unlock the transmitter Write protection by entering the password. Tools > Lock/Unlock Configuration Area Z >
1.3|Check the transmitter Event memory for any Diagnostic Status or Error messages dated back to the last test. Consult the manuals and repair if there are issues, note ' \
them in the Inspect/repair sheet. if clear proceed. ,
1.4|Check the echo curve to ensure that there are no false echoes or disturbances that could affect the actual level measurement reading. Setup > Echo curve. \
1.5|Range check. Goto Setup > Adjustment level> establish the Max and Min adjustment %s. Note the Values in the Findings below. \ 4
1.6|Goto Diagnostics > Simulation > Percent level. Activate simulation, press return/enter. u\\
1.7|E/I to put this transmitter into Simulate mode 18TA0306LT20 Sign/Date _ ) d ﬁu\—.\Okhwm 2 |l \Om \\
1.8|Simulate mA loop output in 25% steps from 0-100% and record field and CCR readings in findings below. v .\
1.9 Measure the Transmitter LT20 supply voltage at the start of the Calibration with the transmitter at 0% and record.
1.10|Measure the Transmitter LT20 supply voltage at the end of the Calibration with the transmitter at 100% and record.
1.11|Lower the simulation to 10%
2.00|Calibration Check Findings Simulation in 25%  TX reading % TX Output mA DeltaV Screen Level level error%
Increments Reading
2.1|Primary Sensing Element 1: 0 O f.. 0.00
2.2|18TA0306LT20 25 as 3.01 0.00
2.3 50 =Ye) iQ 0.00
2.4|Actual Serial Number: 75 25 16.01 0.00
2.5|Actual Tx Range (checked using 475 HHT) 100 100 20 0.00
Calibration Check Findings Applicable Y/N Expected Worst Case Actual Worst Case Initial Calibration Transmitter Re-
Accuracy Error +/-in % Accuracy Error in % Check Pass Y/N calibrated Y/N
(from above table)
3.1|Transmitter Tag Here: Y 0.1
3.2|18TA0306LT20 Y 0. £0O.1 Y N /A
4|TX Voltage Check Findings Applicable Y/N Expected lowest Lowest Voltage Pass Expected Voltage Actual Voltage Voltage reduction Pass
transmitter is loop powered. The analogue 4- Voltage VOLTS Fail. Y/N. reduction with max reduction Volts Y/N
20mA O/P is Externally powered from DeltaV (If above 11V Pass) mA O/P VOLTS
(Term 2 -, Term 1 + IN Tx). (which is most likely
to drop at 20mA Output). Min 11VDC at 22.5mA,
Min 16VDCis 3.6mA.
Loop Power:
4.1(18TA0306LT20 Y 11 [ 13.F | 5V | (M [ Y

10.3| Ask production within the CCR to Press the RESET for the trip.
Try the Pre Trip state = HIGH

Check OK? m

Over 5 steps alter the simulated value from two accuracy readings the Pre trip value to
BELOW i
%
BELOW 19.80
BELOW 19.90
0.6|Trip value EXPECTED 20.00

ABOVE

ABOVE
mA Check OK?
7.17 /
7.18 Iz
7.20 \s

Actual Alarm Tag >nﬁ:m_‘>_m_,3 ype |

18TA0306LT20

20.1| Confirm the compressor has been switched to "test" mode in the MCC M1.
18TA0306LT20 should be reading a Normal operational level below the trip value.
0.2|Ask production within the CCR to Press the RESET for the trip.
0:3| Ask operator to start the compressor motor and to confirm running on the their screen.
Confirm that the position of the Main Motor NORMAL Expected

Contactor is in the Normal plant running state. DeltaV State Actual Field State
*delete as applicable *delete as applicable

Check OK?

/
77
L

¥

20.4|18BC0308

Try the Trip state = HIGH

Over 5 steps alter the simulated value from two accuracy readings

BELOW the trip value to two

State
CheckOK? /'
Running _ M
ABOVE

NOTE: WAIT AT LEAST 10 SECS BETWEEN STEPS.

REV1 THE LATEST VERSION

Applicable Guidance: MW821 EGNs 241/215
FILE NAME: NP-THE-0008-BC0308-IL2P01 PT1
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method
Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-1L2T01

IPS Description: Biphenyl Bulk High Temp Trip.

BELOW
One accuracy step BELOW
Trip value EXPECTED
One accuracy step ABOVE
ABOVE
Confirm that the position of the Main Motor DeltaV State

Contactor is in the Normal plant running state.
18BC0308

*delete as applicable

1 Y e I

%
24.80
24.90
25.00
25.10
25.20

Actual Field State
*delete as applicable

State

7.97
7.98
8.00
8.02
8.03

[ awome m?%&

CCR Operator advise the compressor motor 18BC0308 has stopped. Record the trip Limit within the Main Trip Check findings below

Alarm Desription Required

Actual Alarm Desription

Alarm Tag Required

Actual Alarm Tag

Alarm Type Req'd

Actual Alarm Jype

Check OK?
{
7

Check OK?

LIS SN S

Applicable Y/N Expected Trip Value Actual Trip Value  Trip Value Difference Acceptable Trip Check OK?
Value Difference
18TA0306LT20 % % % % Y
Trip Limit Check. [ Y [ 25 Rl A ] 0.1 0.2 ]
Process Safety Time (PST) Expected Min Speed of Actual Speed of Acceptable SOR <
Secs Response (SOR) Secs Response (SOR) Secs 7Secs (Y/N)
(Max 50% of PST)
18BC0308 10800 [ 7
18TA0306LT20
ABOVE the trip value
LEVEL % % mA
Actual Trip value 25.00 25.000 8.00 Check OK?
Simulate a reading 1x accuracy % More than
. 25.100
the trip value
Ask production within the CCR to try to RESET the trip. (It should not be present on screen) ,\ 7
Ask production within the CCR to confirm that the Trip status is still Tripped or HIGH LEVEL
Ask production within the CCR to confirm the COMPRESSOR CANNOT BE STARTED.
Try a reset, simulating a value BELOW the trip value but ABOVE
LEVEL % % mA
Actual Trip value 25.00 25.000 8.00
Reset Permit value 23.00 23.000 7.68 Check OK?
Simulate a reading 1x accuracy % More than
the reset permit value
BELOW the trip value and BELOW
LEVEL % % mA
Actual Trip value 25.00 25.000 8.00
Reset Permit value 23.00 23.00 7.68 Check OK?

Simulate a reading 1x accuracy % Less than the
reset permit value

Tag Here:

Applicable Y/N

Latching OK Y/N

/

Reset Found and
functioning OK Y/N

/

Hysterisis Value
Correct Y/N
/

18TA0306LT20

[v_

[

/

| L

REV1 THE LATEST VERSION

Applicable Y/N

Latching OK Y/N

Alarm Reset and
functioning OK Y/N

Note: May reset

automatically when all

valves have been

reset.

Record any Comments regarding Latching,
Hysterisis or Reset here.

Applicable Guidance: MW821 EGNs 241/215
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Site: Eastman Newport 5
Doc function: Instrumented Protective System Proof Test Method

Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-IL2T01

IPS Description: Biphenyl Bulk High Temp Trip.

CCR Production advise that the Instrument has:a BADalarm Present.
4|Record Alarm Tag, descriptionand typehere: ([ TR TANBEL L TAD, Hiah Eyel

1.5| Reconnect the positive core connection in the Terminal Housing of the transmitter /\

18TA0306LT20 Sign/Date [ A.-CrosS  dulnc
Ask production within the CCR to Press the RESET for the trip. i
Applicable Y/N Trip activated OKY/N  Bad Alarm Reset OK IPS Reset Operated OK
Here: / 2 ] 7
18TA0306LT20 [y J [ J | / | /
0| TX Failure Alarm Level Verification NOTE THE ALARM LEVEL FOR THIS HIGH TEMP TRIP IS SET HIGH AND IS NAMUR COMPLIANT at
If the TX diagnostics detect a Fault, the mA O/P  22.5mA. THIS IS A SAFE AND DETECTABLE FAILURE.
will be sent to the Alarm Level Set. Part of the test is also to look at the Low alarm level 3.6mA as other transmitter issues can be
revealed (quiscent currents). THIS IS AN UN-SAFE BUT DETECTABLE FAILURE. ,
USE a HHT to simulate/ turn on the High Alarm mA value. Sign/Date [ A To=s JL/0L

(Try either Service tools > Simulate > Perform loop test OR Configure > Manual Set up > Analog Output > Analog Output value.
3|Check mA Output at the transmitter is 22.5mA and note in findings.

|Eheck with CER Production and note the DeltaV/SiS screen reading in the findings.
26.5|Check with CCR Production that the trip activates and indicates High Level.

26.6 | Check with CCR Production that the contactor is in a Stopped condition.

6.7|Turn off the High Alarm value

8|Ask production in the CCR to Press the RESETs for the trip.

6.9|Check with/CCR Production that the contactor is in a Stopped condition.

Ask production to start the compressor. 4

Follow on screen guidance to turn on the Low Alarm mA

[Check mA Output at the transmitter is 3.6mA and note in findings.

2|Check with CCR Production and note the DeltaV SIS screen reading in the findings.
13| Check with CCR Production that the trip activates and indicates High Level,
Cheekwith CCR Production that the contactor is ina Stopped condition.
5| Turn off the Low Alarm value

‘Ask production within the CCR toPress the RESET for the trip-

|Ask production to'start: the cCOmpressor.

27.0 TX Alarm Level Verification Findings Alarm Level Expected Alarm Level  Actual Alarm Level  IPS Tripped OK Y/N IPS RESET OK Y/N Overall Alarm level OK
If the TX diagnostics detect a Fault the mA O/P mA mA Y/N
will be sent to the Failure Mode Level Set.
Tag Here: ; / ,
7.1 18TA0306LT20 HIGH I 22.5 [ R EN /. [ J [ /
Low _ 3.6 [ 3. € ] v/ _ J _ /
NOTE THE SATURATION LEVEL FOR THIS HIGH TEMP TRIP IS SET HIGH AND IS NAMUR Step Complete Y/N
If the TX diagnostics detect a Fault, the mA O/P COMPLIANT at 20.5mA.
will be sent to the Alarm Level Set. Part of the test is also to look at the Low SATURATION level also NAMUR compliant as 3.8mA.

28.1|Simulate a High Saturation mA value.

28.2|Follow on screen guidance to turn on the High Saturation.
28.3| Check mA Output at the transmitter is 20.5mA and note in findings.

28.4 Check with CCR Production'and! note the DeitaV/ SIS screen reading in the findings.

28.5|Check with! CCR Production that the trip activates and indicates High level.
28.6|Check with/CCR Broduction that'the contactor is in'a Stopped condition.

Ask productioniwithin the GER to Press the RESET for the trip:
Askipraduction toistart the compressorn:

Use the Laptop to Step back in the menu to put the TX back in normal measurement mode.

Lock the software in the Tx with the password

3.20| E/I to return this transmitter into Normal Measurement mode 18TA0306LT20 Sign/Date
isconnect the Laptop
8.22 Turn on the hardware lock.

)

29.0 TX Saturated Alarm Level Verification Saturation Level Expected Alarm Level  Actual Alarm Level  IPS Tripped OK Y/N IPS RESET OK Y/N Overall Alarm level OK
If the Tx level goes outside SENSOR limits it w mA mA Y/N
be limited to the Saturation point.

Applicable Guidance: MW821 EGNs 241/215
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method

Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank
SAP FLOC: NP-THE-0008-TA0112-1L2T01

IPS Description: Biphenyl Bulk High Temp Trip.

V4 / s
54! 18TA0306LT20 LOW 3.8 (-1.25%) 5.3 A / Sy
e
2 18TA0306LT20 HIGH 20.5 (+3.125%) A0.5 / / 7
Proof Test Summary Results
Overall Result Failure Mechanism Failed Equipment  Not able to test Left Condition
Enter 5 digit code on this row: [ [®) [®) 0 [a) [®) ]
Example 0
0 Pass None None Tested OK Tested OK
1 Tripped too low Blockage Initiating element Process Running Retested OK
2 Tripped too High Calibration Error 1.S. Barrier No Access No Spare
3 Failed to Trip Damaged Signal Conditioning No Test Equipment No time
4 Partly Tripped Found Bypassed Logic solver Plant Shutdown No Labour
5 Response too slow Siezed Solenoids No E/I resource Plant to restart Mod
6 Corroded final elements No Prod resource
7 Missing Other work impacting
8 Design Error
9 Other Other Other Other
43 Step Complete Y/N

43.1|Wiring connections are all good
43.2|Transmitter are covers back on and tight

43.3|Check Tx indication is reading as before the test
43.4|Ask the CCR Operator to Click the Applicable Reset
43.5|Check with CCR Operator and in the field that all applicable Final control element is in The NORMAL ready to run State (if required)

43.6(18BC0308

43.7|Note Test Completion Time
43.8|Sign off Permit

43.9|End of Proof Test Method

Stopped

[ 12:00

__<=:5mm

44|Process Action List describe here any equipment actions that may occur as a result of this testing process. NOTE It is not necessary to test these, they are included for

completeness and to avoid confusion.
44.1

45.1|Have ALL Control Systems/Software Changes
been returned to Original Status?

45.2|Have ALL Hardware/Instrument Changes been
returned to Original Status?

45.3|Have any installed Testing Compensating
measures been removed? E.g Hand valves
Locked closed

Applicable Y,N,N/A

N/A

N/A

Status OK'Y,N

N
\

vV
{

N/A

Responsible Name

Production Eng

E/I Technicianl

E/I Technician2
E/I Technician

Production
Eng/Operator

Responsible Signature Date & Time

Step Complete Y/N

L. frAer

Uefocfivd)

A.Cross

Aylos R0

/

Chris 4 hamas

/

45.4|NOTE: If the plant has been shutdown to perform this test and the above Original Status has not been returned to. it shall not start back up until Works Proc 818 has

been followed and a Modification permit has been approved..

45.5|NOTE: If the Test originally failed and a repair / restest has been completed OK enter a Hazard ID for the Failure. If the Test failed and the trip has not been

repaired/passed a re-test, notify Production and Maintenance Supervision immediately.

46| Proof Test Method Follow Up Post Test.

46.1{Was the Test Method deviated from?

46.2|Have any changes been recorded appropriately

on this document?

Applicable Y,N,N/A

46.3[Has the document owner been notified of any
required changes?
46.4|If the Test failed was the repair recorded on the

Proof Test Inspec repair Tab?

Status OK'Y,N

Responsible Name

Responsible Signature Date & Time

Step Complete Y/N

46.5(Was the Test completed by those originally
planned?
46.6|Competencies still OK, See WP509

ByPlanner

ByPlanner
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Site: Eastman Newport 1
Doc function: Instrumented Protective System Proof Test Method

Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-IL2T01

IPS Description: Biphenyl Bulk High Temp Trip.

TH3 Compressor 2ND Stage Receiver High Level
NP-THE-0018-TA0307-1L2L01

Integrity Level SiL2

Engineering Flow Diagram/PID No. NP-THE-0018-
Original Project Number. AE.0156.518824059
SRS

Description of the Safety Function
HIGH LEVEL DETECTED BY 18TA0307LT20 >, 25% RISING > STOPS COMPRESSOR MOTOR 18BC0308

Purpose of the Proof Test

Purpose of the Proof Test is to disclose any dangerous undetected failures that are not disclosed by diagnostics and that may prevent the IPS delivering the risk reduction it was designed to
provide. Testing will include, the guided wave radar, DeltaV CHARMS and hardware, Software Logic configuration, all field g, power supplies and motor contactor circuits. It will also check
that the trip functions within the required response time.

Process Hazard
Increasing level in Receiver 18 TA0307. Carry-over of liquid into suction of second stage, third stage or into Hydrogen system. Most likely consequence is mechanical failure at the crosshead of the
piston rod. Outcome is damage to the Compressor and downtime to repair the failure and loss of production.

Consequence of Failure of the IPS
Mechanical damage to the compressor could resul

n a release of flammables which if ignited could cause an explosion and loss of life.

Design Requirements Comments

Integrity Level SiL2

Voting Architecture 1001 The trip is Low Demand SIL2 compliant with a HFT of 0
Trip Point 25.00 %

Process Variable LEVEL RISING

Process Measurement Lower range value 0%

Process Measurement Upper range value 100 %

Instrument loop Combined Accuracy 0.1 % 0.1 %
Hysteresis 2% 2%
Permissable Reset Value 23 % FALLING

Expected Speed of Response 7 Secs

SIS Trip Prewarn 20 %

BPCS Warning EXISTING

Installation (Logic Solver) Softwired in DeltaV SIS

Reset CCR DeltaV SIS TRIP SCREEN

Bypass Required

12RCN2NR

0308 To

Test Interval (Months) 12 Comprehensive

Testing Method

>B_u=nmv_m mnc:u:..m:n xmn:mwmam:ﬁm Tag Description Safe Failure State/  Drg/Doc No
Mode

Primary Sensing Element 1 18TA0307LT20 TH3 Compressor 1st Stage Receiver High Level HIGH

Final Control Element 1 18BC0308 TH3 Hydrogen Compressor STOPPED

Applicable Guidance: MW821 EGNs 241/215
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method

Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank
SAP FLOC: NP-THE-0008-TA0112-IL2T01

IPS Description: Biphenyl Bulk High Temp Trip.

Testing Safety Requirements. Please fi

Applicable COSHH or Risk Assessment

MSDS
Access and egress

Potential Hazards imposed by testing to the
Test, equipment and wider operations

Summarise the Risks associated with the test.

List any necessary Compensating measures to
be taken during testing
List any specific PPE required by COSHH? If so
list the COSHH number.

conditions listed in the general Proof Test Risk assessment then record any changes required below.

rst reference the general risk assessment for this test. If the test is to be completed outside the scope of

N/A

N/A

N/A

Scaffold is required to inspect the Instrument.
Applicable Y,N,N/A Comments

See General Risk Assessment.

Compensating Measures in Place Responsible Role Responsible Name Responsible Date & Time
Signature
Production Supervision to put LOW OIL PRESSURE (NP-THE-0018-PU0303-IL1P01) into bypass
Production Supervision to put LOW SUCTION PRESSURE (NP-THE-0018-BC0308-IL1P02) into bypass
18BC0308 To be isolated and placed in TEST mode. Test mode switch located in hydrogen
compressor MCC (M1) Building 186
Testing Required Equipment Status Item Tag Description Required Status Comments
Applicable Iltem Number 1 18TA0307LT20 2ND Stage Receiver <25% The Compressor must be shutdown and both levels LT10 & LT20
Level reading <25%
Applicable Item Number 2 18BC0O308 Hydrogen Compressor | Isolated and placed |Test mode switch located in hydrogen compressor MCC (M1) Building
in test mode 186

Required Equipment Status Met

Responsible Role Responsible Name Responsible Date & Time
Process Operator Signature

I _

General Requirements

Technician names can be entered when the work is planned. Control and production are assigned already to the plants.
E/I Technician A E/I Technician B Production Engineer Control Systems Process Operator
Engineer

Personnel Required for the Test _

Adam Creeh] Ohts Therys D _

Competencies required for the testing

Permit Number if available

DeltaV SIS Screen for Testing
Estimated Test Duration
Relevant Additional Documentation

Technicians to complete ALL Boxed and shaded fields.

See WP509 Competency Assessments

TH3 SIS Summary screen
2HRS
EFD, Inst Loop Sheets & Level Transmitter Operating and Maintenance manual.

Proof Test Method

Test Start Date & Time: _

Original Field Original Screen Acceptable Status/ Difference <

18TA0307LT20 [

Indication/Status Indication/Status 1% OK? Y/N
Ia [ 13.5 ] W e

BPCS Control element Not part of the IPS but has the same Level range for comparison.

18TA0306LT10 _ 1.5 HERETERY |

Test Equipment Required. Type Model Serial Cal Date CALOK Y/N

Test Equipment Piece 1 475/TREK N/A N/A

Test Equipment Piece 2 Multimeter

Test Equipment Piece 3 AMS Workstation N/A N/A

Test Equipment Piece 4 Beamex

Test Equipment Piece 5 Decade Box N/A N/A

Test Equipment Piece 6 Laptop N/A N/A

Test Equipment Piece 7 Vega PLICSCOM N/A N/A N/A N/A
1|Calibration Loop Check 18TA0307LT20

Recommeded simulation method - Connect laptop (With Emerson Radar Master Software) to 18TA0306LT20 CSLS CHARM

Loop Check

REV1 THE LATEST VERSION

Check OK?

Applicable Guidance: MW821 EGNs 241/215
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method
Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-IL2T01

IPS Description: Biphenyl Bulk High Temp Trip.

1.1|Connect a laptop running Radar Master to LT20 via CSLS Charm
1.2|Unlock the transmitter Write protection by entering the password. Tools > Lock/Unlock Configuration Area

1.3|Check the transmitter Event memory for any Diagnostic Status or Error messages dated back to the last test. Consult the manuals and repair if there are issues, note

them in the Inspect/repair sheet. if clear proceed.

1.4|Check the echo curve to ensure that there are no false echoes or disturbances that could affect the actual level measurement reading. Setup > Echo curve.

1.5|Range check. Goto Setup > Adjustment level> establish the Max and Min adjustment %s. Note the Values in the Findings below.

1.6|Goto Diagnostics > Simulation > Percent level. Activate simulation, press return/enter.

1.7|E/I to put this transmitter into Simulate mode

18TA0307LT20

Sign/Date

1.8|Simulate mA loop output in 25% steps from 0-100% and record field and CCR readings in findings below.
1.9|Measure the Transmitter LT20 supply voltage at the start of the Calibration with the transmitter at 0% and record.
1.10|Measure the Transmitter LT20 supply voltage at the end of the Calibration with the transmitter at 100% and record.

1.11|Lower the simulation to 10%

-

|

=
N~
>

\\

S

N
I~

e

A -Cress

@rr.\an

NNSNSENY

2.00|Calibration Check Findings

2.1|Primary Sensing Element 1:
2.2|18TA0307LT20

23
2.4|Actual Serial Number:

2.5|Actual Tx Range (checked using 475 HHT)

Simulation in 25%

Increments

25
50
75
100

TX reading %

TX Output mA

DeltaV Screen Level level error%

Reading

(@)

a5 R

a0 13

25 T-AEY
100 A0

Calibration Check Findings

Applicable Y/N

Expected Worst Case

Accuracy Error +/-

in%

Actual Worst Case
Accuracy Errorin %
(from above table)

Transmitter Re-
calibrated Y/N

Initial Calibration
Check Pass Y/N

/
3.1|Transmitter Tag Here: Y 0.1 O -0 ..\ N %ﬂ
3.2|18TA0307LT20
4|TX Voltage Check Findings The Applicable Y/N Expected lowest Lowest Voltage Pass Expected Voltage Actual Voltage Voltage reduction Pass
transmitter is loop powered. The analogue 4- Voltage VOLTS Fail. Y/N. reduction with max reduction Volts Y/N
20mA O/P is Externally powered from DeltaV (If above 11V Pass) mA O/P VOLTS
(Term 2 -, Term 1 + IN Tx). (which is most likely
to drop at 20mA Output). Min 11VDC at 22.5mA,
Min 16VDC is 3.6mA.
Loop Power: 2
4.1|18TA0307LT20 Y 11 [ 15, 33 | 5V [ L.Aq | /
LT20 Check OK?  »

Try the Pre Trip state =

3| Ask production within the CCR to Press the RESET for the trip.

HIGH

Over 5 steps alter the simulated value from two accuracy readings

BELOW
One accuracy step BELOW
Trip value EXPECTED
One accuracy step ABOVE

18TA0307LT20

18TAQ307LT20.

Confirm that the position of the Main Motor
Contactor is in the Normal plant running state.

18BC0308

Try the Trip state =

NOTE: WAIT AT LEAST 10 SECS BETWEEN STEPS.

REV1 THE LATEST VERSION

ABOVE

L| Confirm the compressor has been switched to "test" mode in the MCC M1.

should be reading a Normal operational level below the trip value.
Ask production within the CCR to Press the RESET for the trip.

Ask operator to start the compressor motor and to confirm running on the their screen.

DeltaV State
*delete as applicable

HIGH

Over 5 steps alter the simulated value from two accuracy readings

BELOW

%
19.80
19.90
20.00

20.10

Actual Field State
*delete as applicable

the Pre trip value to
two

[ 7]

ABOVE

mA
7.17
7.18
7.20
7.22

Check OK?

NORMAL Expected

Check OK?

State
Check OK?

ing IR

BELOW

the trip value to two

ABOVE

Applicable Guidance: MW821 EGNs 241/215
FILE NAME: NP-THE-0008-BC0308-IL2P01 PT1
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method

Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank
SAP FLOC: NP-THE-0008-TA0112-IL2T01

IPS Description: Biphenyl Bulk High Temp Trip.

One accuracy step.
Trip value
One accuracy step.

Confirm that the position of the Main Motor
Contactor is in the Normal plant running state.

18BC0308

BELOW
BELOW
EXPECTED
ABOVE
ABOVE

DeltaV State
*delete as applicable

%
24.80
24.90
25.00
25.10
25.20

Actual Field State
*delete as applicable

mA Check OK?
7.97 v,
7.98 T
8.00 L
8.02 £
8.03 /
State
Vi Check OK?
J _ /;

CCR Operator advise the compressor motor 18BC0308 has stopped. Record the trip Limit within the Main Trip Check findings below

Alarm Desription Required

Actual Alarm Desription

Alarm Tag Required

Actual Alarm Tag

Alarm Type Req'd

Actual Alari

/Type

Rudning miqmﬁmg /

/

Applicable Y/N Expected Trip Value Actual Trip Value  Trip Value Difference Acceptable Trip Check OK?
Value Difference
18TA0307LT20 % % % % s
Trip Limit Check. [ Y 25 HRES [ [@) 0.2 7
Process Safety Time (PST) Expected Min Speed of Actual Speed of Acceptable SOR <
Secs Response (SOR) Secs Response (SOR) Secs 7Secs (Y/N)
(Max 50% of PST)
188C0308 _ 10800 7 s I~ = 7= s = Sits)
Trip Latching, Hysterisis and Reset Checks 18TA0307LT20
ABOVE the trip value
LEVEL % % mA
Actual Trip value 25.00 25.000 8.00 Check OK?
m_:._c_.m"m a reading 1x accuracy % More than 25.100 \
the trip value F
Ask production within the CCR to try to RESET the trip. (It should not be present on screen) \\
Ask production within the CCR to confirm that the Trip status is still Tripped or HIGH LEVEL \\
Ask production within the CCR to confirm the COMPRESSOR CANNOT BE STARTED. .\
Try areset, simulating a value BELOW the trip value but ABOVE
LEVEL % % mA
Actual Trip value 25.00 25.000 8.00
Reset Permit value 23.00 23.000 7.68 Check OK?
Simulate a reading 1x accuracy % More than
the reset permit value
BELOW the trip value and BELOW
LEVEL % % mA
Actual Trip value 25.00 25.000 8.00
Reset Permit value 23.00 23.00 7.68 Check OK?
Simulate a reading 1x accuracy % Less than the
reset permit value
Applicable Y/N Latching OK Y/N Reset Found and Hysterisis Value Record any Comments regarding Latching,
functioning OKY/N  Correct Y/N Hysterisis or Reset here.
/ P /
18TA0307LT20 [y / | i | /

REV1 THE LATEST VERSION

Applicable Y/N

Latching OK Y/N

Alarm Reset and
functioning OK Y/N

Note: May reset
automatically when all
valves have been
reset.

Applicable Guidance: MW821 EGNs 241/215
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Site: Eastman Newport

Doc function: Instrumented Protective System Proof Test Method
Production Unit: Therminol

Production Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-IL2T01

IPS Description: Biphenyl Bulk High Temp Trip.

18TA0307LT20

0 Open Circuit Protection Transmitter Output Tx: 18TA0307LT20

f
connect the current loop output positive core connection in the Terminal Housing of the transmitter (Terminal +) \.
.2|€ER Production to confirm that the trip activates and indicates High Level. .\
3 | CCR Production advise that the Instrument has a BAD alarm Present, j 3 A
4|Record Alarm Tag, descriptionand type here: [ F BT AG S0 7/ Iicih  [guel i
24.5|Reconnect the positive core connection in the Terminal Housing of the transmitter ,r\ i - \
5| Ask CCR Production to/acknowledge the Instrument BADalarm, 0 S ok
24.7|E/1 to take this transmitter out of Simulate mode 18TA0307LT20 Sign/Date [ A-Cross QNL/OL 5
24.8|Ask production within the CCR to Press the RESET for the trip. : .\~
1.9 |Ask production to restart the compressor. | \
Taj Applicable Y/N Trip activated OK Y/N Bad Alarm Reset OK IPS Reset Operated OK
\ Vi V4 .
v _ 7 _ / I /] /
0| TX Failure Alarm Level Verification NOTE THE ALARM LEVEL FOR THIS HIGH TEMP TRIP IS SET HIGH AND IS NAMUR COMPLIANT at
If the TX diagnostics detect a Fault, the mA O/P  22.5mA. THIS IS A SAFE AND DETECTABLE FAILURE.
will be sent to the Alarm Level Set. Part of the test is also to look at the Low alarm level 3.6mA as other transmitter issues can be
revealed (quiscent currents). THIS IS AN UN-SAFE BUT DETECTABLE FAILURE. " , ;
26.1| USE a HHT to simulate/ turn on the High Alarm mA value. Sign/Date _ A - ﬁ\“\%.v ) F\D\w TP
26.2| (Try either Service tools > Simulate > Perform loop test OR Configure > Manual Set up > Analog Output > Analog Output value. TR \\
3| Check mA Output at the transmitter is 22.5mA and note in findings. \
26.4|Check with CCR Production and' note the DeltaV/ SIS sereen reading in the findings. 747
26.5|Check with CCR Production that the trip activates and indicates High Level. T i >
Check with CCR Production that the contactor is in a Stopped condition. = i e D i \\\»
6.8 |Ask production within the CCR to Press the RESETs for the trip. o
26.9|Check with CCR Production that the contactor is ina Stopped condition. EA
|Ask production to start the compressor., e i ity i i
Follow on screen guidance to turn on the Low Alarm mA A
Check mA Output at the transmitter is 3.6mA and note in findings. ) /
12 |Check with CCR Production and note the DeltaV SIS screen reading in the findings: 2
Check with CCR Production that the trip activates and indicates High Level. .\
|Checkwith CCR Produiction that the contactor s in'a Stopped condition. e i Vi

27.0 TX Alarm Level Verification Findings Alarm Level Expected Alarm Level Actual Alarm Level  IPS Tripped OK Y/N IPS RESET OK Y/N Overall Alarm level OK
mA mA Y/N

will be sent to the Failure Mode Level Set.

Tag Here: P /
HIGH 225 dA.S /. £7 /7,
LoW 3.6 .G / / /

8.0)| TX Saturation Alarm Level Verification NOTE THE SATURATION LEVEL FOR THIS HIGH TEMP TRIP IS SET HIGH AND IS NAMUR Step Complete Y/N
If the TX diagnostics detect a Fault, the mA O/P COMPLIANT at 20.5mA.
will be sent to the Alarm Level Set. Part of the test is also to look at the Low SATURATION level also NAMUR compliant as 3.8mA.

5 |Check with CCR Production that the contactor is in a Stopped condition: o

Ask production wi CCR to Press the RESET for the trip.

Check with/ CCR Production'that the trip activates and indicates High level:

14| CheckWith!CCR Production! that the contactor is in'a: Stopped condition:

15{Turn mmm%m Low Saturation value .
28.16|Ask production within the CCR to Press the RESET for the trip-
28.17|Askiproductionitolstartthe compressan:

18| Use the Laptop to Reset the transmitter's diagnostic logging Fn:,_z\;
9| Use the Laptop to Step back in the menu to put the TX back in normal measurement mode.
Lock the software in the Tx with the password

A

N

N
\},

NN

&

IR N

B

N
I

N

N

1 Disconnect the Laptop
28.22 Turn on the hardware lock.

) !
20| E/1 to return this transmitter into Normal Measurement mode 18TA0307LT20 Sign/Date _ \\, .qﬁur\uw 3~ TI\Q TS
9 bl

29.0| TX Saturated Alarm Level Verification Saturation Level Expected Alarm Level  Actual Alarm Level  IPS Tripped OK Y/N
If the Tx level goes outside SENSOR limits it will mA mA
be limited to the Saturation point.
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IPS RESET OK Y/N Overall Alarm level OK
Y/N
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Site: Eastman Newport
Doc function: Instrumented Protective System Proof Test Method

Production
Production

Unit: Therminol
Item: Biphenyl Bulk North Storage Tank

SAP FLOC: NP-THE-0008-TA0112-1L2T01
IPS Description: Biphenyl Bulk High Temp Trip.

18TA0307LT20
18TA0307LT20

LOW

3.8 (-1.25%)

(T1

HIGH

20.5 (+3.125%)

NN

NN
NN

Enter 5 digit code on this row:
Example

Overall Result

Failure Mechanism

Failed Equipment

Not able to test

Left Condition

_ (@)

_ [o]

0

Q

6]

0 Pass

1 Tripped too low

2 Tripped too High
3 Failed to Trip

4 Partly Tripped

5 Response too slow
6

7

8

9 Other

None

Blockage
Calibration Error
Damaged

Found Bypassed
Siezed

Corroded
Missing

Design Error
Other

None

Initiating element
|.S. Barrier

Signal Conditioning
Logic solver
Solenoids

final elements

Tested OK

Process Running
No Access

No Test Equipment
Plant Shutdown
No E/I resource

No Prod resource

Other work impacting

Other

Tested OK

Retested OK

No Spare

No time

No Labour

Plant to restart Mod

Other

43
43.1
43.2
43.3
43.4
435
43.6
43.7
43.8
43.9

Wiring connections are all good
Transmitter are covers back on and tight
Check Tx indication is reading as before the test
Ask the CCR Operator to Click the Applicable Reset
Check with CCR Operator and in the field that all applicable Final control element is in The NORMAL ready to run State (if required)

18BC0308

Note Test Completion Time
Sign off Permit

End of Proof Test Method

Stopped

1600

__Sw:c"mm

Step Complete Y/N

4

IS

44.1

completeness and to avoid confusion.

Process Action List describe here any equipment actions that may occur as a result of this testing process. NOTE It is not necessary to test these, they are included for

45.1

45.2

453

45.4

45.5

been returned to Original Status?

returned to Original Status?

Have any installed Testing Compensating
measures been removed? E.g Hand valves
Locked closed

Have ALL Control Systems/Software Changes

Have ALL Hardware/Instrument Changes been

Applicable Y,N,N/A

N/A

N/

Status OK'Y,N

N \D

Responsible Name
Production Eng

E/| Technicianl

E/I Technician2

E/I Technician

Production
Eng/Operator

Responsible Signature Date & Time

Step Complete Y/N

Z . P~

aulog [

A .Coss

A/ 0 \

Cwz G/

3u/o4 N

NOTE: If the plant has been shutdown to perform this test and the above Original Status has not been returned to. it shall not start back up until Works Proc 818 has
been followed and a Modification permit has been approved..
NOTE: If the Test originally failed and a repair / restest has been completed OK enter a Hazard ID for the Failure. If the Test failed and the trip has not been
repaired/passed a re-test, notify Production and Maintenance Supervision immediately.

46

46.1
46.2

46.3

46.

N

Proof Test Method Follow Up Post Test.

Was the Test Method deviated from?
on this document?
required changes?

Proof Test Inspec repair Tab?

Have any changes been recorded appropriately

Has the document owner been notified of any

Applicable Y,N,N/A

If the Test failed was the repair recorded on the

Status OK'Y,N

Responsible Name

Responsible Signature Date & Time

Step Complete Y/N

planned?
Competencies still OK, See WP509

Was the Test completed by those originally

ByPlanner

ByPlanner
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Adam Cross — Work Based Project Logbook

28t April

Unfortunately, | am away on a CompEx training course with work this week and am therefore going
to miss the Microsoft Teams Project introduction video.

Started to think of ideas of a potential project, communicated with my manager in work regarding
this.

5% May

Caught up on last week’s Teams introduction video, downloaded project introduction PowerPoint to
have a read through and fully understand the task at hand.

Continued discussions with my manager in work to come up with potential project ideas.

12" May

Had an extremely busy week in work, the project has gone on the back burner this week slightly due
to workload. My manager has proposed an idea to me regarding level indication on our compressor
receiver tanks on site, have started some initial research into the level transmitters, will investigate
this more next week.

19" May
Managed to get the project back on track this week after a difficult week last week.

Investigated the problem on the TH3 Benzene Receiver Levels, myself and my manager believe this is
a task that is within my capabilities and with help and guidance from the Electrical and
Instrumentation Projects department we both feel that this would be an ideal project proposal.

Continued initial research into level control, safety integrity level (SIL) and safety instrumented
systems.

Started to piece this research together in the project proposal document.

Continued to research the project and had more conversations and meetings with E/| Project team
regarding the project.

| am due to be away on another training course for the duration of next week, | will therefore look to
finalise my project proposal document before leaving on Monday morning.

26" May
Finalised the project proposal document and uploaded to Moodle.

Away on a weeklong High Voltage training course so unable to do much University work
unfortunately.




