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1. Engagement with Literature Skills.
Section 3: Judicial use and critical evaluation of technical literature in the design of
the project:
Evidence of use of technical literature throughout from manufacturers. 5 3 2 3
No evaluation of the literature was evident as it mainly consisted of company
documentation.
Section 4: Extent of reading, range of credible sources and use of Harvard method:
A small range of sources consulted, Harvard referencing correctly applied.
Range of sources was very small for such a complex project and primarily consisted 5 1 1 1
of company documentation. Legal regulations, component datasheets and wider
issues such as H&S and ethical engineering were not listed.

Total | 10 4 3 4
2. Knowledge and Understanding Skills
Section 3: Advanced knowledge and critical understanding demonstrated in the
design of the project:
Report shows an advanced level of understanding in the project design process.
A high level of technical knowledge and critical understanding of all aspects of the 10 7 8 7
project were clearly demonstrated throughout the report.

Total 10 7 8 7
3. Cognitive and Intellectual Skills
Section 5: Testing and analysis of resullt:
Clear evidence of thorough testing of the final system.
Testing was carried out on each part of the system separately using a test 10 8 7 7
schedule, these could have included more specific success metrics and tolerances.
e.g. how is “prompt’ defined? The comments column didn’t expand on failed tests.
Section 5: Critical evaluation of the project outcomes:
A detailed evaluation of all aspects of the project was undertaken. 10 8 6 .
The FDS was mentioned generically, but not each of the requirements and how
successful the project was in satisfying them.
Section 6: Conclusions and recommendations:
Clear conclusions and recommendations presented. 10 7 6 7
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The conclusions contained some unsubstantiated claims, such as “proven to be the
optimum long term solution’. Recommendations included improvements to
management of the project rather than a technical improvement.

Total

30 23 19 21

4. Practical Application Skills
Section 3: Formulation of innovative and creative design solution to the project
problem:
The solution was the most appropriate for the given circumstances which involved
integration into the company’s existing system. 10 7 7 7
The chosen solution satisfied all aspects of the FDS, there was little mention of any
ethical considerations in the design solution.
Section 4: Deployment method, use of material, tools, equipment and techniques in
the construction of the project:
Very good methods employed appropriate to the company’s standards. 5 3 4 3
Practical deployment was clearly shown by the extensive range of images included
in the appendix.
Section 4: Quality of the final product or system:
The end product was mainly software with a clear way forward in the full
implementation using the hardware. 10 7 8 7
The final product is to be used in the oil industry, so quality cannot be in doubt.
Section 5: Use of test equipment and presentation of results of the project:
Good use of testing and clear presentation of results.
Test equipment is primarily computer-based monitoring, although some direct 5 4 3 4
observations were evident. Results were presented both within the test schedule
and as a huge collection of screenshots which would have benefited from
consolidation.
Sections 3 and 5: Management of the design process:
The process was well managed given the difficult circumstances
A detailed Gantt chart was used and updated throughout the project’s timeframe. A 5 4 4 4
S-curve was produced to track man hours and a spreadsheet showing expenditure
was included.

Total | 35 25 26 25
5. Transferable Skills for Life and Professional Practice
Sections 1 and 2: Executive summary, acknowledgements and introduction:
Briefly stated but no acknowledgements given. c 3 3 3
The Executive Summary was brief and lacked specific detail, the introduction was
good, but switched tenses. No acknowledgements were evident.
All Sections: Quality of the report:
High quality report, well structured and presented. However, there are far too many
images and diagrams in the main report which belong either in an appendix or a log
book. However, the report has been written in a monotonous way, your reader is
presented with fact after fact but the overall picture is lost in the detail. Much of what c 3 3 3

you have said belongs in a log book. This is not a very interesting read! All
calculations should be in the appendix with the results summarised in a table in the
main report

The body of the report was well written and presented in a logical order. A 54 page
appendix was excessively large.
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Word count:

Exceeded but not more than 10% > 5 5 5
Total 15 11 11 11
Grand Total | 100 70 67 | 68
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. Executive Summary

Contained within this report is the design and work scope of implementing the Vapour Recovery Unit
(VRU) Compressor Control System Upgrade project. The aim of this project was to address target
problems with the set point control, relay logic and compressor loading sequences, whilst also future
proofing and increasing the reliability of the system. This is achieved through migrating the existing
system onto the Distributed Control System (DCS) and executing as per the plan and budget. Following
project completion, all aspects of the project were tested as per the Functional Design Specification

(FDS). to which it met the criteria and passed the test successfully.

An evaluation of the project management and implementation was carried out to identify deviations and
planning accuracy. A point of weakness was discovered in time management, where restrictions and

company commitments were detrimental to the critical path.

Brief and to the point (RD)

You should have made it clear that the overall aim was to produce a
demonstration rig to prove the concept. (RD)




2. Introduction

The project detailed in this report is to be implemented to improve a problematic Vapour Recovery Unit
compressor control system on an industrial site. The finalised build will be tested and subject to a Site
Acceptance Test to prove functionality. A DCS based solution was chosen through previous analysis to

achieve this objective with a maximum material budget of £20,000.

The report will contain the design of the initial system and preliminary logic, along with the project
implementation and execution. Following completion, the project is due to be tested against the

specification and any abnormalities or failures recorded.

An evaluation will be carried out of the whole project and management process to assess the execution
versus the design and plan, to review any differences encountered. Finally, the process will be
summarised and any target areas for improvement suggested.

You could have explained that the overall aim was to produce a

ASTIRSIALRG (h8 [ BiRYHY E855PE (BBX pecification was
approved? (RD)




3. Design and Implementation

3.1 Design
3.1.1 Logic

To install the VRU upgrade, replacement control logic will be built into the DeltaV control system,
therefore the desired compressor operation must be determined to assist with designing preliminary

logic.

Trip or stop
Press Reset Start signal Loading signal signal

|10 Seconds

Fin fans remain on for 10 minutes

Figure 1: Operation flow diagram

The tlow diagram shown in figure | details the process steps that must be built into the logic for
successful running. Current logic drawings are based upon the existing hardwired relay installation and
so new logic must be designed around the capabilities of the DeltaV system. This predominantly uses
a function block design which is modifiable through internal programming language.

Figure 2 displays a conditional logic flow diagram for the compressor start and stop sequence, this

expands upon the process flow in the context of logic.




This is a good flowchart (RD)
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Figure 2: Logic flow diagram




The existing relay logic will be reviewed, and the best fit replacement planned for the migration to DCS

logic.

This drawing belongs in the appendix

(RD)
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Figure 3: Logic replacement example.
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The trip logic foundations will remain the same, except performed with internal flags and not relays.

The physical switches in the field remain and provide the main input into DeltaV for trips, these

switches will be wired directly into DI Charms with power being supplied from the CIOC rail.

The set up for vibration will alter slightly, these will be done through a relay output on a Bently Nevada

3500 rack. Therefore, only one NC vibe trip per compressor will be required for these. The flag from

the reset above latches these rungs when the trips are healthy, and the reset is pressed.

The start logic kicks in when the now electronic pressure transmitter reaches the first value of

4.42kg/em?2, this starts the compressor fully unloaded. For 60 seconds, the low lube oil trip is bypassed

to allow it to get the pressure above the trip point. (This is done through R13 on the low oil pressure

rung), DeltaV will need to do this through timers.

Loading Switch Point Rising (Falling) |Pressure Switch VRU1 (VRU2) |Loading SOVs Energised VRU1 (VRU2) |Cylinders Active
0% 6.5psi (3.5psi) PS-1577A (16774)
25% 6.5psi 10sec delay (3.5psi) P5-1577A (16774) SOV-1578 (1678) 1&5
SOV-1578 (1678) 185
|50% 10psi (7.8psi) PS-15778 (16778) SOV-1580 (1680) 286
SOV-1578 (1678) 1&5
75% 12.3psi (10.3psi) PS-1577C {1677C) SOV-1579 (1679) 3&7anda &8
SOV-1578 (1678) 185
SOV-1579 (1679) 3&7and4 &8
1100% 15psi (13psi} P5-1577D (1677D) SOV-1580 (1680) 286

Table 1: Loading and unloading design

Table 1 displays how the compressors load and unload, based on the pneumatic controller output and

pressure switches, there is hysteresis for this system. Calculations were then performed to determine

the current output and pressure reading for these loading points with the new electronic transmitter.

10




These calculations belong in the appendix with a summary table

included in the main report (RD)
Pressure values and old percentage calculations for loading with 4.3 to 4.7kg/cm? range:

0&25%: = (0292 x 04) + 43 = 442 > 2= 30%
50%: S22 = (0583 x 0.4) + 43 = 4.53 » 22 = 5759
75%: S22 = (0775 x 0.4) + 43 = 4.61 - 22 =77.5%

= 100%

50%: 2= (10x04) +43 =475 =

New percentage and current loading values with 0 to 6kg/cm? range:
0&25%: *22 X 100 = 73.67% — 15.787mA
50%: “= x 100 = 75.5% - 16.08mA
4.61
75%: e X 100 = 76.83% — 16.293mA
100%: * x 100 = 78.3% - 16.528mA

The same was performed for unloading to provide:

0 & 25%: ‘“ 3 = (0.042 % 0.4) + 43 = 4317

50%: T2 = (0.4 % 0.4) +4.3 = 4.46
75%: 2222 = (0,608 x 0.4) + 4.3 = 4.543
100%: 22 = (0.83 x 0.4) + 43 = 463
The new unloading range percentage and current values were then determined

7% 100 = 72% — 15.512mA

0 & 25%: =

50%: ﬂ x 100 = 74.33% — 15.893mA

2543 100 = 75.72% — 16.115mA

75%:

100%: 4_:3 x 100 = 77.2% — 16.352mA

11




Table 2 was formulated to account for the replacement to the electronic transmitter, all loading is
delayed for 10 seconds after starting up. DeltaV is required to output to the same SOVs as detailed in

table 1. The SOVs will be wired from DO Charms and the transmitters into Al.

New loading values [Tx range 0 to 6kg/cm2]
Pressure (kg/cm2) Current (mA) % Range

0% 4,42 15.787 73.67
25% 10second delay 4.42 15.787 73.67
50% 4.53 16.08 75.5
75% 4.61 16.293 76.83

100% 4.7 16.528 78.3

Table 2: Loading range and current values.

Table 3 shows the figures for when the compressor unloads, along with there is a dead band on the
loading SOVs. These tables display the exact current, pressure and range percentages that are to be

programmed onto DeltaV.

New Unloading values [Tx range 0 to 6kg/cm2]
Pressure (kg/cm2) Current (mA) % Range

0% 4.317 15.512 72
25% 4.317 15.512 74.33
50% 4,46 15.893 74.33
75% 4.543 16.115 75.72

100% 4.633 16.352 77.2

Table 3: Unloading range and current values.
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3.12 Electrical
The current supply to the field instruments in the B&S racking room is a 110V AC supply, this will be

utilised to power the twin 24V 10A Emerson power supplies.
The total power rating of the supply is: 104 x 24 = 240W

The Rosemount 2051 transmitter will be specified with NAMUR alarm and saturation levels, therefore
the maximum current draw will be 22.3mA X 24 = 0.5352W . Which when accounting for both VRU
systems gives a maximum current draw of: 1.07W. To ensure compliance with site standards, the

accuracy of the pressure transmitters must be determined.

Accuracy = F (0.025 +0.005 (%)) = 0.03% Span. Therefore = F0.002kg/cm?.

Stability = F0.1% of URV for 2 years.Therefore: F 0.006%kg/cm?

Referencing the company drawing 50-ZA-003, the hazardous area is a Zone 2 Gas Group IIC, to comply
with ATEX regulations, the transmitter rating must meet or exceed this. The Rosemount 2051 will be
ATEX rated to Ex ia IIC T4 to meet the company standard for new installations; intrinsically safe where

possible, whilst also complying with the zone and temperature requirements.

To sense the switching input, the DI IS NAMUR Charm requires a current above 2.1mA. Therefore
10mA will be selected and a 2.4k€2 resistor will be used. The switch power draw will be 10mA x 24 =
0.24W each, making a total of 3.12W per VRU (6.24W total). Each Charm will draw a maximum
current of 28mA and so 8.736W per VRU (17.472W total).

The Asco solenoid valve outputs draw 1.2W of power each, of which there are 6.

The nearby Bently Nevada 3500 rack is also supplied by the 110V AC supply, this means no extra
power is required and only a short run of wiring is needed between the CIOC box and the rack. The
relay outputs from the rack will feed directly into the normally open digital input Charm on the DeltaV

CIOC. These will act as replacements for the vibration switches currently fitted.
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3.13 Wiring
3.1.3.1 Cabinet specification
To implement the control system, the existing relays and wiring need to be removed from the B&S
racking room 1 shutdown panel and field instrument terminals connected directly to the CHARM
installation. As the control system manufacturer is Emerson, a specification for the hardware will be

determined and equipment built as per the desired requirements.

The cabinet is to be sized at 915mm width by [070mm height, with a depth of 325mm. These

dimensions fit within the B&S marshalling cabinet on the back wall.

The 110V AC relay supply will be disconnected and cut-over to supply the dual Emerson power
supplies located within the cabinet during the final site implementation. These were specified to contain

a dual redundancy feature for instrument protection.

Reviewing hazardous area drawings, the field equipment is mounted within a zone 2 area, gas group
IIC. To adhere to ATEX regulations, the equipment needs to be intrinsically safe, therefore 24V energy
limiting IS CHARMSs were specified. It is also ensured that this IS wiring is kept separate from the
110V supply by at least 2 inches. This is in accordance with regulations as stated by Ind Ex “Conductors
of intrinsically safe circuits are permitted where they are separated from nonintrinsically safe circuit

conductors by a space of not less than 50 mm.” (2017)

This diagram belongs in the appendix and a key to each item

included (REY) vew FRONT INSIDE VIEW
70 e R Al
n
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Figure 4: Emerson CHARM cabinet. (Emerson, 2020)
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Figure 4 shows the manufacturer drawing for the Emerson cabinet. As per the Emerson quote, a pre-

fabricated CIOC box will be installed within the cabinet to house the controllers and CHARM:s.
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3.1.3.2 Input connections

The terminal block diagram for the input connections are shown in figure 5. The field instruments are
wired using white (positive) and blue (negative) insulated wires on the hazardous side to meet the site
requirements for IS instrumentation. The block will be housed in the B&S shutdown cabinet. The

drawing has been completed using the company standards and tagging codes.

Inputs have been assigned to the 12 slot charm rails and are tagged based on the enclosure and CIOC

peeton; diagram belongs in the appendix (RD)
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Figure 5: Input terminal wiring.
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3.1.3.3 Output connections

A drawing for the VRU output connections is shown in figure 6. These are taken from the output CIOC

and wired into the secondary terminal block.

TB-0102
WE OE
21-50V-1578 ! BE gg; OF ]I
WE OE
21-50V-1579 I BE 903 o ll
004

WE o l__OF

_SOV- [ BE ol
21-SOV-1580 | P |
WE ey L

21-EAM-101A [ ge OE|
1 008 J

WE —1_©Of

21-EAM-1018 ' OE |
|08 010 I

WE OF

21-EAM-101C  Be il [
SRR L 012 |
e o13 —C°F

SPARE | o1 L CE|

i o015 —2£

SPARE [ BE '

I o16 | CF]

Figure 6: Output terminal wiring.
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3.2 Implementation

3.2.1 DeltaV controller set up and initial logic programming

To build the background control system logic, the configuration software DeltaV Explorer was used,

this connects to the main DeltaV server and can download directly to the controllers based on site.

A new area was configured *VRU”, and assigned to the PROPLUS network, when in service, this area
can be assigned to the required control panel. Within this node, the controller and CIOC CHARM

modules can be configured as shown in figure 7 and appendix 1 & 2.
screen shots like
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Figure 7: Setting up the main pressure controller.

The compressor loading controller 21PI1577 was built to the first CHARM, with the parameters set as
a 4-20mA HART protocol, for smart capabilities. This was converted to a class-based module and the
modules V_AI 52 DT and V_AI 52 FP assigned to provide the ‘detail’ and ‘faceplate’ respectively.
The contents of the charm allows configuration of NAMUR alarm saturation points and also provides

provision for different alarm points.

The VRU area was then downloaded to the database to allow configuration of the analogue input
module. Here the AIl block parameters were adjusted so that the block writes from tag 21PI1577, as it
was now visible on the database, shown in appendix 8. The input was configured to the required 0 to 6
kg/em? across the 4-20mA range and ‘L_Type’ set to indirect, this ensured the faceplate displayed
scientific units and not a raw current value. The module was opened on the Control Studio online
simulation to briefly test the faceplate and tag detail facilities, here the range was tested by inputting a

signal of 4.5kg/cm’, detailed in appendix 6.

The three loading solenoid output tags (2ISOV1578, 1579 & 1580) are relay ‘DO’ signals and so were
configured as ‘DO 52" modules with the appropriate tags and assigned to CHARMs. Appendix 3 & 5
display the build and download.
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With all three SOVs added, they were downloaded to the server and each module opened for
configuration. Parameters were set within the DO module, as this is where the I/O is driven from, shown

in appendix 7.

The contents of DO1 was set to output directly to 21-SOV-1578, the tag was taken from the database
and assigned to the block, shown in appendix 7. This process was repeated for 21-SOV-1579 and 1580
and these blocks can now be used as outputs within the logic. Appendix 9 shows the internals of the

solenoid output modules.
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322 Loading configuration

The nature of the compressor loading means a form of hysteresis will be required to be built within the
logic. Using the tables formulated during the design stage, the pressure set points with a 0 to 6kg/cm?

are to be implemented using the DeltaV block design, shown in appendix 8.

Output blocks for the three solenoids were created and placed within the threshold section for 02-PI-
1577. Here the individual action thresholds could be contigured and mapped to the solenoids in different
combinations as per the loading table. To allow any loading to occur, a 10 second on delay timer was
implemented to elapse on start up. Each threshold was built with logic as per the dead band tables 2 and
3 to provide 25%, 50%, 75% and 100% loading.

A compressor module was built to accept inputs from the loading thresholds, this will provide the
foundation for compressor control. Here a start output can be written or tripped based off thresholds

and interlock parameters. This is detailed in Appendix 10.

Within the compressor block, the start force was configured to be written from the 21-PI-1577 input.
The permissive block for the compressor was opened up and set point force logic was entered to instruct
the output variable to change to a | if either input is set to 1. Figure 8 and appendix 11 & 12 display the

logic that takes the first loading start stage input and uses it to start the machine.
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Figure 8: Force logic test
A quick test was performed using a simulated value of Skg/cm?, a healthy output of 1 is showing from
the DO block as the requirements for the set point force is healthy. The system has been set up to act as

an internal run light as at this point there is no feedback through the DI Charm.
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3.23 Interlock and start procedure configuration

The low lube oil pressure switch module 21-PSXL-1571 was created and configured for a faceplate. As
this input is required to trip the compressor by also hold out for 60 seconds, an on-delay block was
added to the main compressor module. The timer was then configured into the first interlock logic, in

combination with the pressure switch output.

Appendix 14 shows the logic that is used to only permit the compressor to run providing the low lube
oil pressure is healthy. The time delay bypass logic will be built upon this foundation. The interlock

composite module shown in Appendix 16 was configured and added to include this logic

The low lube oil bypass logic needed to be configured to override the trip for the first 60 seconds of
operation. Initially the start/stop faceplate in appendix 18 was built to the DC1 block for driving output
‘OUT_D’ from faceplate. This allows the set point to be written via the operation of the faceplate and

will manually override the loading automatic starting if desired.

Within the overall interlock module, CND8 logic was configured to time the initial bypass. The
expression shown in appendix 19 must become true to allow a healthy output. Therefore, when the start
is pressed, the logic recognises that the lube oil pressure is low. The timer will only be counting whilst
the expression is true. therefore once the pressure is healthy it resets back to zero. If the timer reaches

60 seconds with the low state still active, the compressor trips.
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Figure 9: 60 second delay test.
A simulation test was performed to show compressor running, whilst lube oil pressure is still low as

shown in figure 9 and appendix 20. This allows the compressor to start whilst pressure is low, as
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pressure is created by the internal oil pump. Appendix 17 shows the miscellaneous logic expression
within the compressor block updated to create a latch, where TPOI is used to hold out and reset timer

latch allowing consecutive uses.

The main interlock logic expression was also updated to include TPO1 to trip compressor if TPO1 and
lube oil pressure is still low, this also generates an interlock which would shut down compressor and
prevent restart. A brief test was conducted in appendix 22, here the elapsed time is 59 seconds and the
compressor is still in the running state with low lube oil pressure. The timer then counts to 61 seconds,
at which point the compressor trips on low lube oil pressure as shown in appendix 23. The trip condition
was then simulated healthy and retest performed where the timer reset to zero and compressor remained

running as shown in appendix 24.
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324 Shutdown and bypass inputs
All shutdown blocks were configured and assigned to Charms, as shown in appendix 25. Each one of

these was defined to an individual CND interlock on the main compressor logic block.

Each individual interlock was checked and used to inhibit manual or automatic compressor starting.
Appendix 26 shows an example of this test, with the compressor tripped and buttons greyed out,
preventing operation. The interlock blocks were further modified to be discounted when a bypass
became active. The logic expression in appendix 27 was used for each bypass and the respective

interlock trip function.

The miscellaneous logic block was also moditied to include the bypass logic. Appendix 28 displays the
control module test outputting a true signal for the bypass. Here CND?3 is bypassed and so a 1 is input
to the OR gate, this outputs to the common bypass active alarm. The effect of removing the override

can be seen in appendix 27, where the interlock becomes true again.

Appendix 29 and figure 10 display a test showing how the bypass has removed the start inhibit from
the faceplate, despite a low suction pressure trip being active. The bypass logic expression can be found

in the appendix.

An additional check was carrid out to ensure the override suitably affected the 60 second start up bypass,
this is shown in appendix 31. The timer has elapsed and reset despite there being a low lube oil pressure

trip in, allowing the compressor to continue running.
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Figure 10: Bypass logic test

A non-latching reset button shown in appendix 33 was built and configured to return to normal once
the trip has been cleared and reset pressed, the logic expression can be found in appendix 32. Within
the miscellaneous logic block, TP10 is used to hold out on any interlocks becoming healthy, such as

TP2 in appendix 34, therefore the reset actuates TP10, which clears the trip.
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3.25 Alarm and graphic configuration

A graphic screen was built within the Blending and Shipping DeltaV sector, this included the
compressors and fin fans along with a basic process layout. Indication for PI1577 and compressor

loading was added as a permanent feature.

The graphic dynamos were configured to look at points within the logic, this also allowed icons to
function as buttons to bring up faceplates when operated. This function is also assigned to allow the
start, stop and reset buttons to be utilised. Animations were added to the blocks to change colour when
the equipment is operating, this is fed from the running lights and requests to start. White indicates
offline, whereas a solid fill represents running, the start request will thicken the outline of the graphic

briefly. This can be seen in appendix 36 and 37.

The graphic requirement also specified trip and bypass indication. This was first configured through a
first up alarm driven by the compressor function block to write to the animated text. The first out block
shown in appendix 38 will output different values based on the initial trip alarm. The text data table was
built up to reference these points shown in appendix 39. Appendix 41 displays an example of the first
up alarm triggered when the high suction separator level alarm is active. The output from BF1 in
appendix 38 is ‘2°, which corresponds to the data table and therefore that text is displayed. The first up
alarm was also configured to clear only after a compressor reset has been pressed. This was done
through utilising TP10 reset output to be tracked and the alarm to only clear if this is healthy, the logic

can be found in the appendix. Appendix 40 displays a separate trip flagging up the first up alarm.

Bypass and shutdown alarms were also configured and animated to ensure colour and state change upon
operation. The graphics have been configured as per Valero DCS standard with the text layout as shown
in figures appendix 42 and 43. The text and alarm lights are tied into the reset and so will only clear
after the master reset has been operated. Figure 11 shows the completed graphic with the compressors

running at 100% and no standing alarms.
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Figure 11: Completed graphic with both compressors running.
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3.2.6 Bently Nevada logic programming

The Bently Nevada 3500 rack needed to be configured for the new probes and trip logic for the VRU
compressors. The Bently Nevada 3500 rack configuration software was launched, and the PC connected
to the rack through COM port 2. The Rack address is selected as 2 (as set on the dip switches on the
front of the rack), and the baud rate is set at 9600.

Ml 3500 System Configuration

File Edit Utilities Options Help

mECEIEIRE TR Rack Address: 2

3500 | 5 g TRF:

1 BENTLY ™Y
Options | | B34S}

Selpoints
|
Point Names &4

Rack Type: St'a.ndaa'd | Prass left mowse button to choose a madule for Slot 7.

Figure 12: Configuration downloaded
The module configuration was uploaded from the rack to allow setting up, the block can now be seen
in figure 12 populated with the correct modules. Slot 2 module was selected as it has four channels for
the fin-fan proximitors, one channel per fin-fan, two channels per compressor as shown in appendix 48.
The probe type has been set as radial vibration and channels activated due to the location of the probes,
these were tagged up accordingly. Each module needed to be configured for the correct probe type, as
shown in appendix 49. The radial transducer type was selected, in this case a 3300 8mm probe, no
external barriers are connected to this probe as the rack itself is intrinsically safe. Direct Frequency

Response was left default for this probe type.

Variable and alarm configuration for VT-101 was carried out as shown in appendix 51. Range values
were set at 10 thou™ and -24V for distance and gap voltage respectively. Regarding alarm values, a three
second delay was chosen for the alert to reduce the chance of spurious alarms during start-up. The
danger alarm will feature a higher set point and voting system; therefore, one second will suffice. These

are set as latching and so will only clear after a rack reset.
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This process was repeated for all four channels as they are identical, evidence of this can be found in

the appendix.

Alarm settings were configured in figure 13, starting with VT-101, this included setting the gap voltage
and distance alarm points for the alert. The danger was set at 7.5 thou’ (75%) of the maximum range,

this was repeated for all four probes.
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Figure 13: Alarm fimits

Appendix 53 displays the output configuration for channel 1, the Boolean logic was set so an alert on
either slot 1 or 2 will trigger the channel 1 alarm. [(Slot 2, Channel 1, Alarm 1) OR (Slot 2, Channel 2,
Alarm 1)]. This was done to provide a rack alarm if either machine vibrations spike to the lower limit,
however they will not prompt a trip. Channel 2 on the relay output module was also set as an OR gate

for channels 3 and 4 (VRU 2) on the proximitor card as shown in the appendix.

For the VRU 1 trip, the logic was set as an AND gate for the two probes, this is because the VRU can
only function if at least one fin-fan is running. The system then trips if both fin-fans show faults, a 2-
out-of=2 voting system is also the company standard for radial proximitors, as shown in appendix 54.
The same voting system was configured for VRU 2, probe channels 3 and 4. The danger level set point

has been used for all trips.

Once completed, the configured modules were selected and downloaded to the rack, as shown in

appendix 55.
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3.2.7 Installation and testing setup

The DeltaV programming had been completed and so needed to be downloaded, installed and tested
from the field side. The DeltaV test rig was built up and specified with the appropriate number of
charms. The rig base was already set so the required controllers and power supplies were dropped into
the mounting slots as shown in figure 14. These controller power supplies are dual redundancy with a

failure alarm configured on DeltaV.

Figure 14: DeltaV controllers and CIOCs installed.

Once installed and illuminated as healthy, the charm blocks could be populated with DO, DI and Al
HART charms. The CIOC and controllers are connected to each other and the local DeltaV server
through an ethernet port. This allowed the VRU program to be assigned to that area as carried out at the

start of the implementation.

The Rosemount 2051 SIL transmitter was obtained from the stores, connected to the Al 1577 charm
and set up using the HART communicator. To comply with standards, the NAMUR alarm failure and
saturation limit configuration was chosen, along with range values of 0 to 6kg/cm? as shown in appendix

58.
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The adjacent Operator workstation was logged onto and connected to the DeltaV server via Ethernet

port. The VRU area could be accessed and interface displayed on the computer, allowing live operation

of the I/O as shown in appendix 57.
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Figure 15: Interface
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4 Testing and Results

The test rig was used to check all aspects of the project as per the testing table found in section 4.4. To
prove suitability for the plan, a full function check was required of the compressor operation, safety

features and protection.

4.1 Control logic testing
The control logic was tested by increasing the current output from the pressure transmitter PI1577,

varying this output ensured the automatic starting, loading sequence and stopping could be checked
A testing table should give the expected range of results

AccuetEty. together with the actual results. Your reader should be
Current Ol‘fti[’:ilgtt n{lr‘f i ’ﬁ}é’,&&%ﬂ}’gf@eb““‘fﬁbf TR t"fn%ﬁirgfsgf) Status Pass (Y/N)
not allow for that. (RD)
(kg/sgcm)
8.0 1.499 Offline
15.85 4.420 Online, 0% loading for 10 Y
seconds, then 25%

16.10 4.533 Online, 50% loading Y
16.45 4.645 Online, 75% loading Y
16.55 4702 Online, 100% loading Y
16.40 4.646 Online, 100% unloading Y
16.25 4.589 Online, 75% unloading Y
16.05 4514 Online, 50% unloading Y
159 4458 Online, 25% unloading Y
15.6 4.346 Online, 25% unloading Y
15.5 4.308 Offline Y

Table 4: Loading hysteresis test. .
CHERE RSO How can your reader agree with you that

Table 4 displays the checks @RAq6H WAf RAFHRICIRLS] software, the images of which can be found in
sequence in the Testing section of the Appendix, references 59 to 78. These checks show a successful
loading hysteresis as per the design requirements. When a fault occurs on the pressure controller, the

faceplate shows bad point and fails to -25%.

As part of the start sequence, the fin fans must be started prior to compressor running, this was
confirmed by the testing and fin fan run lights. The low lube oil trip was also successtully bypassed for

60 seconds. The images from these tests can be found in the Appendix references 68 to 70.
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4.2 Trip function and bypass testing
All trip inputs were tested consecutively by closing and opening the input to the DI charm. The bypass
was also enabled and disabled via the software, to ensure trip alarms still come in, however the
compressor remains running whilst trip active. Failure actions and interlocks were also tested, these

results can be found in the appendix references 79 to 88.

The Bently Nevada configuration and alarms were also checked to ensure the indication and trips
functioned as desired. The rack has a dual redundancy AC power supplies that are supplied via 110V,
this means if one fails, the secondary supply takes over and no process shutdown or loss in information

occurs.

The 8mm probes were connected to the -24V terminals from the back of the probe module and the VRU
1 probes were then veritied with the gap voltage set at -10V and wobulators set up to measure vibration.
Probe VT-101 vibration was increased to above the alert set point, this can be seen on the rack card and
on the live screen. Probe VT-102 was also brought into alert, bringing in the channel 1 alarm relay card.
Channel 2 was brought into danger as shown on the screen; however, the trip output did not energise

due to the voting being 1-out-of-2.

VT-101 was also brought to the danger limit, this brought in the trip alarm output channel 2 on the relay
card, proving the voting logic. Both proximitors were then made healthy, the danger alarms cleared
however the trip remained active on the rack until the reset was pressed. This process was repeated for

VT-201 and 202 probes. These tests can be found in the appendix. references 89 to 103.

These tests proved the relay output to DeltaV by flagging up the trip and first up alarm on the HMI, the
alert 1 out of 2 voting alarm remains a rack indication only and can be cleared through manual operation

of the reset.
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4.3 Results

The testing results table can be seen in table 5, all tests were completed and the outcomes acceptable.

Reviewing the outcomes, two testing criteria were not fully met and did not directly match the expected
output. These tests are still marked as successful, however a BSU (Before Start-Up) or ASU (After

Start-up) action will be assigned to rectify either the equipment or supporting documentation.

The Punch List is shown in table 5.

Test Query Pass? | Rectification BSU/ASU
4.1.1.5 | Manual starting of compressor will Y Verify operations user arca unable | BSU
always start fin fans. Unable to inhibit to access control studio.

fans and force compressor output
without entering control studio. From
studio, either compressor or fans can be
forced. However, compressor will not

start without fans from faceplate.

4.1.2.3 | Noloading bypass present on DeltaV. Y Manually lock out loading ASU
solenoids in the field to prevent
loading and test when compressor
operational. This ensures field
operator presence when bypassing

loading.

Table 5: Punch list

To conclude the testing, the project has passed the site acceptance test with a couple of action items to

be completed as part of the final commissioning.
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This belongs in the appendix

This is a better testing table because it shows expected and

FDS item -?-‘éﬁ gl rest LFS FQD)
4112 812&)Simu an open circif trip

condition during healthy VRU1
compressor operation for TSHH-
15639

Repeat for all VRU1 trips.

PSHH-1574
PSLL-1571
PDSLL-1571
FAN-1 Vibration
L5HH-1561

Expected result

Actual result

Pass [Y/N)

Amendment required/Notes

Output to VRUL compressor
immediataly de-energises to
shutdown equipment.

VRUL loading 50V outputs de-
energise. Compressor will not start
until trip made healthy again.

Indication for each alarm and trip
must operate

VRUL Compressor shuts
down when trip active,
first up alarm displays the
initial trip. Compressor
will not restart until trip
clear and reset pressed.

P (
"R
\Np

Vibration trips sctivate on
Bently rack and provide visual
Indication to channel. The relay
output is direct to DeltaV where
the operator interface provides
alarm and trip information.

|simulate an open circuittrip
condition during healthy VRU2
compresser operation for TSHH-
1660, Repeat for all VAU2 trips.

Output to VEU2 compressor
immediately de-energises to
shutdown equipment.

WAUZ loading SOV cutputs de-
energise

(Compressor will not start until trip
made healthy again.

'VRUZ Compressor shuts
down when trip active,
first up alarm dispiays the
initial trip. Compressor
will not restart until trip
clear and reset pressed.

Vibration trips activate on
Bently rack and provide visual
indication to channel. The relay
output is direct to DeltaV where
the operator Interface provides
olarm and trip information.

controlier to 4. 4kg/cm2 whilst all
states healthy and compressor
offline.

Increase prescure of VAUZ set point
controller to 4.4kgfcm2 whilst all
states healthy and compressor

cut in following start sequence.

VAUZ compressor should promptly
cut in following start sequence.

at desired pressure and
loads accordingly.

PSHH-1674
PSLL-1671 Indication for each alarm and trip
FDSLL-1671 mestopeat:
FAN-Z Vibration
L5HH-1661
4113 |increase pressure of VRUL set point |WRUL compressor should promptly  |VRUL compressor cuts in Compressor loading follows

hysteresis for uniloading at
correct pressures.

(VRUZ compressor cuts in
st desired pressure and
loads accordingly.

Comprassor loading follows
hysteresis for unloading at
correct pressures.

Force YRUZ fin-fan cutputs open and
attempt to begin start sequence on

WRUZ compressor output should not
energise

offline.
41148 Begin VRUL compressor start Fin-fans EAM-101AEB cutputs Fin-Fan outpuls energise. Running indication also
sequence. should cut in instantly. provided.
Begin VRU2 compressor start Fin-fans EAM-102AEB outputs Fin-Fan outputs energise. Bunning indication also
SEquence should cut in instantly, provided
4115 Foree VRUL fin-fan outputs open and [VRU2 compressor output should not [Compressor will not start Lock out manual output forcing
|attempt to begin start sequence on  |energise. unless interlock is for operations log on. Point
VRU1 overriden, forcing only to be unlocked for

engineer users

Compressor will not start
unless interlock is

Lock out manual cutput forcing
for operations log on. Point

Increase VAU2 cantroller pressure
throughout range

VRUZ loading SOVs should trigger as
per loading table.

VRUZ. overriden. forcing only to be unlocked for
enginesr users.
4116 Increase VRUL controller pressure VU1 loading $OVs should trigger as |Correct loading a5 per
throughout range per Ioading 1able. tables.

Correct loading as per
tables.

4117, 4119|Begin VRU1 compressor start
|=s=quence.

Begin VRUZ compressor start

VRUL must not load until 10
seconds after start.

Lube oil trip must be bypassed for
60 seconds after start.

VRUZ must not load until 10

Lube oil low trip bypassed
for 60 seconds or until
healthly pressure is
established.

Lube oil low trip bypassed

|sequence seconds after start for 60 seconds or until
Lube oil trip must be bypassed for | heaithly pressure is
50 seconds after start. establiched.

4121 Test ESD buttons during comp. Cor comp: must Compres: hutds

operation 1 &nd not restart while
latched.

4122 Test compressor resets. Corresponding compressor alarms  |Compressor trips and first Vibration trips must be reset on
and trips should clear and up alarms only clear when the Bently Nevada 3500 rack
compressor start when reset reset operated. adjacent to control panel,
'operated if all trips are healthy and before they can be reset on the
pressure above set point DCS software.

4123 Operate loading b Comp must not load when Ne loading bypass Manual loading of cylinders
bypass is engaged. implemented on control can be manually operated in

system, field if desired. No requirement
for these to be software.

2211 Disconnect one pawer supply. System should still maintain power |System still operational System can also run with a
from redundant supply. single controller.

4425 Check full range of electronic Range should output 4-20mA as per |0 to 6 kg/sqcm full range

pressure transmitters specification accurate to analogue
output.

4412 Check power supply output voltage. (Output should be 24V, Correct voltage.

4112 411 3|Test Bently Nevada 3500 Voting for
vibration alarms and trips.

Table 6: Testing spreadsheet

Alert alarm should trizger when

Voting logic correct and

either of the two probe ings is
above the the threshold,

Danger trip alarm should trigger
when both probe values increase
above the threshold,
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5 Evaluation and Wider Issues

5.1 FDS conformity and completion Did the
Reviewing the FDS shows that the project was an over{;}ﬁ%ﬁlé/c%%g,oz{?ﬁ all areas within the specification
aveto chiange
were met. The conformity was proved through use of thg tgstingrfable, of which extra tests were added

in line with the program development. The tests concluded with a couple of minor action items.

The final design was carried out as per the risk assessment and EMOC actions to ensure compliancy
within the industrial application. As a completed project, the installation onto site is easily achievable
through the modular design of the DeltaV hardware. The Emerson cabinet will require [/O cut-over
from the old relays, directly into the Charm terminal blocks and supply from the 110V. The addition of
the Bently Nevada rack output will replace the traditional vibration switch wiring, simply requiring the
relay outputs to be wired from the card to the Charm terminals, across the adjacent cabinet. The rack is
mounted within 1m of the DeltaV control panel in the B&S control room, allowing for alarm indication
and reset of the rack without having to leave the panel. This satisfies the ergonomic criteria 4.2.3.1 of

the FDS detailed in Assignment | (Ince, 2020)

The project meets the design criteria for being an operational demonstration rig ready for site
implementation. The integrated control software and hardware will reduce maintenance costs,

environmental fines, and improve safety of the Vapour Recovery Unit for the company.

The fact that it was to be a demonstration rig should have been clearly
stated in the introduction. (RD)
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5.2 Time management and costing
To manage time and plan the project accordingly, a preliminary Gantt chart was developed, detailed in
appendix 104. This initial chart failed to account for unforeseen project setbacks and so design and

implementation planning did not extend into the company planned outage.

Due to COVID-19 restrictions, the project timeline shifted well into the TAR (turnaround), during this
period the company priority was the commitment to TAR and so project work was put on hold. This
shift in priority and extended working hours meant a new plan had to be developed for the forecasted

hours.

Project S-Curve

300

250

200

150

Hours

100

50

0]
07/12/2020 07/01/2021 07/02/2021 07/03/2021 07/04/2021

Date

m— Budgeted hours e pActual hours

It could be argued that the TAR period should have been considered at the outset
and contingerfédeseBaiRtived Hiewian (RD)

The S-curve for the project man hours seen in figure 16 was developed to keep track of the project
design and execution hours across the full work scope. Initially the project remained on target until mid-
January. The company TAR started from January 14" 2021 onwards and this is reflected by the curve
as the actual hours deviate hugely from the planned, plateauing until the beginning of April. this is also
shown in the Gantt chart. A slight shift in company priority from the end of March allowed more
allocation of time to project work, this is when a large amount of the implementation was completed.,
often exceeding the planned hours for that period. This means that the project timeline is very back
loaded, with larger amounts of work being completed in short periods and reduced productivity in
between. This form of completion was less desirable as the project did not progress steadily or according

to plan.
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The deviation from the plan during the execution stage meant that the monthly budget had to be shifted

from the original to track the change in labour costs. The overall costing spreadsheet in table 7 details

how these changes differ from the original plan. The ordering of materials earlier meant that the bulk

of the budget was used before 2021. The labour hours are well below the original budget during January

to March, however the hours in April required more budget allocation. Overall, the final labour costs

are £1140 under budget.

Description MWO Original Current Current w020 2021
No. Budget Budget Forecast Sep-20 Oct-20 Hov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21
Construction Total Various £0
E0
ED)
Manhour Cosis Total Various £6,000 600 750 750 750 1,050 1,050 1,050
£6,000 600 750 1,050 1,050 1,050 750 750
£4,860) 600 750 735 375 255 315 1,830
Materials Total Various £20,000 15,000 5,000
£17,800 15,000 2,800
£19,860 15,000 4,880
Overall Total £26,000 L 600 750 15,750 5,750 1,050 1,050 1,050/ o
E23,800 L] 600 T50) 16,050, 3,850 1,060 750 50 0
£24,740) 0 600 750 735 15,375 5135 35| 1,820 o
Accumulative Total 0 800 1,350 17,100 22,850 23,900 24,950 26,000 26,000
0 500 1,350 17,400 21250, 22,300 23050 23,800 23,600
0 500 1,350 2,085 17460| 22585 32810 24,740 24,740
Sap-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21
Original Commitment 0 B00 1,380 17,100 22 850 23,800 24950 26,000 26,000
Current Commitment| 0 600 1,350 1T 400 21,250 22,300 23,050 23,800 23,800
Actuals C 0 500 1,350, 2085]  17460] 22565 22510 34,740 24,740

Table 7: Monthly costing

Frozen Forecast Commitmentl 0] 60o]  4350)

The materials costing table has been updated with the final prices, this also includes the pressure

transmitter obtained from the instrument stores as surplus and as a result has no effect on the total. The

extra project scope materials have been added on whilst the overall total remains under the £20,000

budget.
Item Manufacturer Vendor Price each  Quantity  Total
48 CHARM CIOC Controller enclosure Emerson Emerson £15,000 1 £15,000
DI CHARM Emerson Emerson £100 10 £1,000
DO CHARM Emerson Emerson £100 12 £1,200
Al CHARM Emerson Emerson £300 2 £600
Rosemount 2051 (Instrument Surplus) Emerson Emerson £2,100 2 N/A
Bently Mevada 3500 8mm probe Bently Nevada Bently Nevada £220.00 4 £880
Bently Nevada 3500 Proximitor Bently Nevada Bently Nevada £300.00 4 £1,200

Table 8: Materials costing Total: £19,880

35




5.3 Project execution and plan

The project build was carried out through utilising the plan to separate out the individual tasks and
milestones throughout. Due to constraints previously discussed, many milestones were not met
according to plan. However, some milestones were unatfected by this and yet still overran, for example,
the logic design and implementation, as seen on the finalised Gantt chart in the Appendix. The plan
begins initially on track; however, the logic programming stage and further took many weeks longer

due to the difficulties encountered and a shift in company priorities towards turnaround work.

The logic design although planned using existing logic diagrams, had to be designed as ongoing with
the project build as the ladder logic cannot be directly mapped across to the DeltaV system, this was
due to the technician’s inexperience with the control software. To pre-empt this, less time could be
allocated to designing the logic, and more time to building and implementing it. In future however, the
knowledge gained from the project would allow planning to be more thorough to prevent milestone
dates overrunning. As shown in the appendix 104 Gantt chart, the overrunning time (red) mostly
occurred during the logic programming period. Despite these issues, the project was completed ahead

of the planned project end. 30" of April.

A minor change to the project design was made during the build, this involved utilising the existing
Bently Nevada 3500 rack within the control room to control the vibration trips on the fin-fans. Utilising
unused [/O slots on this equipment to output relay state changes to the DeltaV improved indication and
alarm management for the system and ultimately control ergonomics. The labour hours allocated to the
execution required no increase for this change whilst also keeping material costs below the maximum

budget.

During the implementation, no improvement areas for safety were identified. The bulk of the execution
involved logic and control system programming, the largest arcas for concern being posture when
operating a workstation. Correct breaks and seating position ensured no injuries were sustained

throughout.

As documented in the EMOC Risk Assessment form PP-PEM-FRM-0077 (Valero, 2020), the action
items required for the upgrade to be allowed have been incorporated into the system. This ensures the

equipment meets the safety requirements for the site.

The materials used in the project have been sourced as ethically as reasonably possible. Where available,
parts have been signed out of the company stores and surplus. This has reduced excess packaging as
when replenishing stock, the company will order a large batch. Therefore, less packaging is required
than when ordering individual items on a smaller scale. Regarding surplus stock, this is not re-ordered
and therefore is utilising materials that would otherwise go to waste, effectively saving money whilst

also benefitting the environment.

36




6 Conclusions and Recommendations

Overall, the project has been completed to a standard that meets the initial criteria detailed whilst also
in accordance with the company and industry standards. The success of the project depended on
addressing the three target issues of the previous system. The new system solves these and so will
improve performance and reliability of the refinery and ultimately reduce running costs and operating
emissions. The finalised testing rig for the project is ready for site implementation, to fully implement
on site, the existing I/0 and supply will be required to be cut over directly to the charms and supply in
the Emerson cabinet. The DeltaV system will then be able to access and manipulate the [/O with the
designed control software. Operability has been proven through thorough testing of each function,
repeated tests were carried out through each development of the design and a finalised test following
completion. Regarding the operability standpoint, the project is a success and has achieved the desired

outcome.

The delivery of the project plan met many issues that greatly shifted the track away from the plan, the
impact of this was reduced in a partial respect by starting the project earlier than originally planned.
However, time management still became an issue and resulted in disjointed progress, reflected in the S-
curve (figure 16). The budget of the project required micromanaging monthly in line with the labour

hours, however remained under budget whilst including a minor design addition.

The DCS choice has proven to be the optimum long-term solution of the three initial choices, the system
is future proofed through being integral to the control system upgrade that has only recently been fully
rolled out across site. Control and trip functionality have been jointly carried out by the DCS, external
logic has also been included into the standalone Bently Rack. The integration of the Bently rack allows
for future expansion, such as a speed probe or machinery diagnostic project and compressor upgrade.

It has also enabled the project to benefit from modem existing infrastructure, saving costs.

Recommendations for future projects are associated with improving the project planning process.
Despite implementing multiple contingencies, this project deviated by a large amount from the plan.
Difficulties posed by COVID-19 restrictions initially denied access to work locations and equipment,
this delayed the project further into the TAR, an extremely time intensive period with delays of its own.
These irregular conditions impeded progress but are however not a common occurrence. In future, for
a work-based project to be carried out alongside normal working hours, the work scope must be planned
across a far larger amount of time. Doing so will reduce daily demand and will allow the flexibility for

separate work commitments.

In conclusion, the project overcame the challenges encountered throughout, and despite moving off

plan, managed to stay within budget whilst being an operational and environmental success.
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8 Appendix

8.1 Implementation Evidence
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Appendix 1: Setting up the main pressure controller.
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Parameter 1/ Reference e} Fal
Parameter Autof Mode Operating  Fal
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Appendix 7: Output reference assigned.
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Appendix 9: SOV module internal blocks.
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Appendix 12: Force logic.
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Appendix 14: Low lube oil module.
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Appendix 15: Low fube oil trip logic.
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Appendix 16: DC Interlock module.
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Appendix 19: Interlock expression.
B MISC_LOGIC Expression
|,_»; & Cut + % = <& 5= ( ?ff 3 ] I Internal Parameter iy Named State
—j Coppy — [ I=<g > ) | Extemal Parameter E SELSTR l
Paste "= WOT AID OR Functions Fecently Alias ) LOGEVENT
: v Usedw :
Clipboard Operators Function Library Deltay Functions
FHd9v20e He
Expression:
: 1f
/ INTERLOCK/CND8/TIMER.CV' >60
then
*/TPOL1.CV' :=1;
endif;
¥ i o
/DCI/OUT_D .CV'=0
then
i */TPD1.CV' :=0;
11! endif

Appendix 17: Updated timer logic.
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Appendix 20: Lube oil trip bypass trip test.
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Appendix 21: Interlock expression update.

1 ('/DC1/SP_D.CV'=1l)and ('//21PXL1571/DI1/0UT D.CV') and 'KTPDI.CU'HD}I
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Appendix 22: 60 second delay test.
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fAppendix 23: 60 second delay trip test.
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Appendix 24: 60 second delay timer reset.

- b 21C101 A | Name
3-SR e P
1 &2130\:15?8 Ly MODULE_ALM
s /- = CND1$ERROR_OPT
B & 150v1580 B CNDISTIME_DURATION
. oo e o
BE =X oA,
& 21ITXH1I569 e
&b 21PXH1574 B3 i A
& 2119311565 §m1solsc_im
& HND DI1$DISC_ENAB_DELAY
& 21LXH1561 B2 DISDISC_LIM
& 218PS1565 BEDISO_IN
& 218P51571 = DI$I0_0PTS
&b 218P51569 = DI$MODE
o 218PS1574 = DI4PV_FTIME
&b 218P51561 N )1 4STATUS. OPTS
- 218Ps0101 = REy

Appendix 25: Shutdown DI blocks,
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21PXL 1565
START Control Module

STOPPED State
"o [ ALARM

Device state o
Confirmed Stopped ]E‘?!E_L‘.‘lif!ﬂ__

Fail alarm
Clear

Appendix 26: Inhibit start test.

13 IF

14! ' //21BP31565/DI1/00T_D.CV! =1

15 THEN

15 '”/INT’ERLOCKKCN'DB.#‘DIS&ELE.CU":=1,'| I

Appendix 27: Single bypass logic.
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Appendix 28: Bypass logic test.
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Appendix 29: Bypass logic test 2.
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Appendix 30: Bypass allowing start.
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Appendix 31: Start up bypass test.

3z
33
34
35

ez

THE_CeraT]
E| X

IF
'//21BP51561/DI1/0OUT_D.CV'=1
THEN

tA INTERLOCE/ CND2/ DISABLE.CV' :=1;
ELSE

v4/ INTERLOCK/ CND2/DISABLE.CV' :=0;
ENDIF;

1T

'//21BP31569/DI1/0UT_D.CV'=1

THEN

'~/ INTERLOCK/CND3/DISABLE.CV' :=1;
EL3E

' 4/ INTERLOCK/CND3/DISABLE.CV' :=0;
ENDIF:

IF
'//21BPS1574/DI1/0UT D.CV' =1
THEN

'/ INTERLOCK/ CND4/DISABLE.CV' :=1;
ELSE

'/ INTERLOCK/ CND4/DISABLE.CV' :=0;
ENDIF;

IF

'//21BP31565/DI1/0OUT _D.CV'=1
THEN

'/ INTERLOCK/ CNDS/DISABLE.CV' :=1;
ELSE

'*/ INTERLOCK/ CND5/DISABLE.CV' :=0;
ENDIF:

IF

'//21BPS0101/DI1/00T_D.CV'=1

THEN

t~/ INTERLOCK/CNDE/DISABLE.CV' :=1;
ELSE

14 INTERLOCE/ CHD 6/ DISABLE.CV' :=0;

Appendix 32: Further bypass logic.
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Appendix 33: Rest button faceplate.
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Appendix 34: TP10 is clear.
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Appendix 35: Graphic build.
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Appendix 36: Graphic and faceplates.
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Appendix 37: Running graphic.
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Appendix 38: First up logic.
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Appendix 39: First up animated text configuration.
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Appendix 40: Shutdown and first up.
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Appendix 41: First up test.
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Appendix 42: Alarm and bypass text configuration.
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Appendix 43: VRU1 graphic complete.
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Appendix 44: VRU1 & 2 graphic complete with compressors offline.
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Appendix 45: VRU graphic with compressors online.
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Appendix 46: 3500 rack configuration.
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Appendix 47: Configuration downloaded.
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Appendix 48: Slot configuration.
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Appendix 50: Probe tagging.

=l A & Ad~ £ +— v i—~ 2-v Fx 4= D] 8 Al p—— = ATkl
1 Radial Vibration - VT-101 X
Channel : [ 1 (Active) Slot: [ 2 Rack Type: Standard
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0K Set Defaults Cancel CP Mod pintFom | Hew | 3500

Appendix 49: Probe settings.
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[ Radial Vibration - VT-101
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Slot: "2 Rack Type:
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Appendix 51: Probe and alarm parameters.
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Appendix 52: 3500 alarm limits.
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Appendix 53: 3500 logic OR gate.
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Appendix 54: 3500 logic AND trip
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B Download Configuration

Configuration Identifier-

Slots To Download

Upper Slot / Full Slot
1 [~ /20 RIM-Rack Interface Mod
2 [x /42M Proximitor/Seismic Mon
3 [ /72M Rod Pesition Monitor
4 [ None
5 [T None
& [ None
7 [ None
8 [ None
9 [x /32 Standard Relay Module
10 [ None
11 [~ None
12 [~ /25 Keyphasor Module
13 [~ None
14 [ None
15 [ /92 Communication Gateway

Rack Monitor Legend

Physical and Virtual are Different

Select All

Lower Slot
[~ Download Groups

Jd A

Cancel
Print

Help

3500

——]

Appendix 55: Card download to 3500 rack.

Appendix 56: DeltaV controllers and CIOCs installed.




1]

Upper (20 mA)

Lower (%4 mA)
kmwnm@t
Percent of Range

Upper

P
6.000 kg/Sqcm
’
0.000 kg/Sqcm
3
0.000%
21.092 kg/Sqem

-21.092 kngqf:nj" :

&

iy

i — v
MEl s es emam
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Appendix 57: Operator interface console.
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Appendix 59: Final interfock logic.
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Appendix 60: Final compressor module logic.
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Appendix 61: 25% pressure.
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Appendix 62: Operator interface console.

68




Appendix 63: Auto below set point.

Appendix 64: Compressor cut in 4.42kg/sqem.
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Appendix 65: Compressor 50% loading at 4.533kg/sqcm.

Appendix 66: Compressor 75% loading at 4.645kg/sgem.
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Appendix 67: Compressor 100% loading at 4.702kg/sqcm.
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Appendix 68: Compressor running with healthy Fube m! pressure.
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Appendix 69: Low lube oil tripped compressor and interfock active preventing restart. First up alarm active.

Appendix 70: Healthy lube olf pressure and reset pressed. First up and interlock has cleared.
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Appendix 71: Start initiated, fin fans have started before compressor. Set point means compressor will attempt to load to
100% once running.
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Appendix 73: Unload sequence at 75%, pressure 4.589%g/sqcm.

Appendix 74: Unload sequence at 50%, pressure 4.5 14kg/sqcm.
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Appendix 75: Unload sequence at 25%, pressure 4.458kg/sqcm.

Appendix 76: Unlood sequence still at 25%, pressure 4.346kg/sqcm.
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Appendix 77: Compressor offline and unloaded automatically as pressure below set point.

Appendix 78: Pressure increased back up below guto cut in, compressor not started.
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Field device output is fixed at
20.0000 mA.

Cancel

Appendix 79: Pressure full range loop check.

Appendix 80: Full pressure range.
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Appendix 81: Charm disconnection/Isolation test.

Appendix 82: Pressure Al failed to -1.5kg/sqcm. This prevents compressor auto cut in if transmitter fails. MODBAD highlight
box/alarm present on top graphic indication. BAD PV indicator also active.
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Appendix 83: Manual starting of compressor still functional when indication failed.
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Appendix 84: Compressar unfoaded for first 10 seconds as per start pmcedure
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Appendix 86:

Dual redundancy controllers and power supp

&
lies. Currently left hand in service.
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Appendix 87: DeltaV test rig.

21.0:401

LEANAOE
e

Appendix 88: Compressor manual stop test.
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[ Verification: Radial Vibration [02/02/01] - Polling >

Hack Status Channel Status —_—

Trip Muitiply: Dicabled Channel OK State: OK 0K

Alarm Inhibit: Disabled Channel Bypass: Disabled | Cancel

Alert/Alaom 1 State: No Alarm

Module Status Danger/Alarm2 State: No Alarm Print

Module OK State: Not OK Channel OFf- Disabled —

Module Bypass: Enabled Special Channe! Inhibit- Disabled Help

Alert/Alarm1 State: No Alarm Trip Muitiply - Disabled

Davg_erfﬂa‘mz Fi!_ae: No Alarm OK Limit ]7—“57:’75 Vde m 3500

Special Slot Inhibit: Disabled LnlulerOK Limit |3 75 Vde

Eaviritiet rack. Scdle Factor: NiEWY .
[ 2000 i‘i"‘v""‘l ‘So[twale Switch Seltin.gs.._l

Z.P. Volts : : - =
[0 [#][o0 [#][oo [¢] [oo [¢] [o0 [#] [oo [#] [o0 [#] [o0 [§]

Smax Ampl

Appendix 89: VT101 probe on wobulator. gap voltage of 10V.

'Eg Verification: Radial Vibration [02/02/02] - Polling x|
Rack Status Channel Status —

| | Trip Multiply- Disabled Channel OK State: OK 0K |

| | Alarm Inhibit: Disabled § ann By et ™ Cancel | |

| Alert/Alarm1 State: No Alarm
Module Status Danger/Alarm2 State: No Alarm Print
Module OK State: Not OK Channel OFf- Disabled —e——
Module Bypass: Enabled Special Channel Inhibit:  Disabled || Help
Alert/Alarm1 State: No Alarm Trip Multiply: Disabled |
Davgerfﬂamz Fi?e: No Aarm OK Limit | j6 75 Vde m 3500

| | Special Slot Inhibit:  Disabled Lol " er OK Limit |2 75 Vde __:___EN____
Configuration Fauit: No Scale Factor- z IVT-102 ]

[ 2000 |¥1mvfm-| |Suﬂna{e Switch Se{lings.__|

Z.P_Volts

d

[oo [g] [o0 [2] [o0 [2] [oe [&] [oo [&] [oo 2] [oo [& [0 [&

‘Smas Ampl
10

Appendix 20: VT102 on wobulator. Gap voftage of 10V.

82




3 Verification: Radial Vibration [02/02/01] - Polling

Rack Status

Trip Multiply: Disabled
Alarm Inhibit : Disabled
Module Status

Module OK State: Not OK
Module Bypass: Enabled
Alert/Alarm 1 State:
Danger/Alarm2 State: No Alarm
Special Slot Inhibit: Disabled
Configuration Fauit: No

Channel Status

State: OK OK
Channel Bypass: Disabled e
Alert/Alarm 1 State: Cancel
Danger/Alarm2 State No Alarm Print
Channel Off : Disabled
Special Channel Inhibit: Disabled Help
Trip Multiply: Disabled
Upper OK Limit] 16.75Vde  |Chan 1 ~| 3500
Lower OK Limit| -2 75Vdc TTETTR
Scale Factor:
200.0 %m\fﬁm’l Software Switch Sellings.__‘

[00 [#] [00

[#] [00

[#] ['o0

[#] [o0 [#] [00

[#] o0

¢ [0 [5]

Smax Ampl

Appendix 91: VT101 in Alert.

[ Verification: Radial Vibration [02/02/02] - Polling

X
x|

Rack Status Channel Status
Trip Multiply: Disabled Channel State- gK
;, Alarm Inhibit : Disabled Channel Bypass: sabled
H Alert/Alarm1 State: e ]
Module Status Danger/Alarm2 State: No Alarm | Print
Module OK State- Not OK Channel Off- Disabled
Module Bypass: Enabled Special Channel Inhibit: Disabled Help |
d Alert/Narm1 State: Trip Multiply: Disabled
DHI__HI’/NHmZ _St;i_e: No Alarm U OK Limit | -16 75 Vdc ﬁmw 3500
Special Slot Inhibit : Disabled Lower OK Limit{ 375 Vdc
Configuration Fault: No Scale Factor- > VT-102
200.0 ﬂmwﬂ Software Switch Setlings...]
Z.P_Volts
[0 g [0 [ oo [&[oo [& oo [g oo [g[o0 [5 [oo [&

1X Ampl
10

Smax Ampl
10

Appendix 92: VT102 in Alert.

83

T




By Verification: Radial Vibration [02/02/02] - Polling X |

Rack Status Channel Status

Trip Mutiply- Disabled Channel OK State: OK | 1].4

Alarm Inhibit- Disabled Channel Bypass: Disabled Cancel
Aert/Aarm1 State: | b 4

Module Status Danger/Alarm? State: Alarm | Print

Module OK State: Not OK Channel Off- Disabled

Module Bypass: Enabled Special Channel Inhibit-  Disabl | Help

Alert/Alarm1 State: Trip Muttiply Disabled

ST P Upper OK Limit{ -16.75¥dc  [Chan 2 ~| 3500

Configuration Faut:  No i T A

Scale Factor:
[ 2000 E]mvfm ‘Snﬂwale Switch Se-ltings...|
Z RuVoke® . |
[o0 [¢][oo [&][oo [¢[oc [¢] [oo [§] [o0 [¢] [00 [¢] [0 [§]

Direct | G a 1X Ampl 1X Phase Smax Ampl
10 - 10 359 10

L=

Appendix 93: VT102 in Danger.

B3 Venfication: Radial Vibration [02/02/01] - Polling x |
Rack Status Channel Status - -
l Trip Multiply- Disabled Channel OK State: O_K L [1].9 1
1 Alam Inhibit- Disabled Channel Bypass: Disabled cancel 11
i Alert/Alarm1 State:
Module Status Danger/Alarm2 State: Alarm Print
Module OK State: Not OK Channel Off: Disabled —_—
Module Bypass: Enabled Special Channel Inhibit:  Disabled | Help
| Alert/Alarm 1 State: Trip Muiltiply: Disabled
Da)g_erfﬂa‘mZ h&?_e: Nafm U OK Limit | 76,75 Vide mhar”' 3500
Special Slot Inhibit: Disabled Lower OK Limit | 3,75 Vde
Configuration Fault - No Scale Fadnr,_‘ ' VT-101
| 200.0 i‘m‘b‘nﬁl Software Switch Setlings.._|
Z.P. Yolts - i i |
[0 [# oo [& oo [ Joo [¢ oo [ [o0 [¢] [oo [¢] [o0 [

Direct 1X Phase
10 - by 10

Appendix 84: VT101 in Danger.
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BENTLY ™
NEVADA +)

Appendix 95: 3500 rack.

P "oecee 805006 L

Appendix 96: 3500 proximitor and extension for probes.
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Appendix 97: Wobulator set up with probe positioned central.

3 >

Appendix 98: Gap voltage set to 10V.
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Appendix 100: Shift in vibration levels to Alert.
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Appendix 102: Vibration levels increased to Danger for both vT101 and VT102.
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Appendix 103: Voting AND criteria met for Danger trip condition. Relay card shutdown output active.
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Appendix 104: Project Gantt chart.
A detailed plan but how can your reader distinguish between the original
plan timing and the actual implemented timing? (RD)

< > l Serailirg Incemart:
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key for
colours
would be
helpful
(RD)




8.4 Miscellaneous

= A Cu + R =Ew( “'f\‘ vy I Inieinal Parametai (] Mamed State Lﬁ #H Feplace

—J N — <> b Enternzl Pavameter Tk GaTo
Pate = WM 0 Feblong: frcenty | g shs ¥ LOGEVENT Find % inset -
Clipboard Dpesatars Function Libeayy Dtz Furictions Editing
Favwvse GRA

Expeesson:

1 [IF

al PAFATL/PYLCV! r4.42 AND M /ESLOAD. OV =0
3 THEN
4 VAL 25LOAD.CV 1=
5 ENDIF:
6
kK
a

IF

i VA/ATL/PY.CV! €442 AND '*/2SLOAD. V=0
o THEN
10 1+ /25LOAD.CV! 1202
1L ENDIF;
12
daiar
14 VHAATL/BV. OV 24,317 AND ' */25LOAD.CV' =1
L5) THEN
16 |~/ 25LOAD..CV! 1
17 ENDIF;
18
19 IF
20 CHFATL/ PV, OV 24,317 AND'*/25LOAD.CV =1
21 THEN
zai '/ ZBLOAD.CY! 1=0;
23! ENDIF;

Appendix 105 Initial 25% loading logic.

] qLepy | = ) S 2] o -
Patls = W7 MO 08 Funcions Rmoanty g3 g @ LOGEVENT Fd
=

Usedw

IF twEmel raramedst g SELS IR .

Clipboard Opesaton Function Lijary D2y Funchons
oo R

% bolo
T et w

Ediing

SP_D 1= '“/SP_D.CV':

REQ SP := '“/REQ_SP.CV';
DO_MODE := *“/DO1/MODE.TARGET':
¥

B e L

[T
- O

(1¢'*/DO1/CAS_IN_D.CV' != REQ SP) OR (3P_D != REQ 3P))
KD (DO_NMODE = CAS)})
| THEN
'4/DO1/CAS_IN_D.CV' 1= REQ_SP:
14/8P D.CY' :s REQ 3P;
16 ENDIF;
17 IF
18 ({**/DOL/SP_D.CV' != SP_D] AND (DO_NODE = AUTO})
19! THEN
20 '41D01/8P_D.CY' 1= SP_D;
21 ENDIF;

B
B b B

r
'/DO1/OVT_D.CV =1]

) Set the PV_D Namwed set parameter to O and OFF depending upon the values of
DOL/PV_D parameter

e,
VASPY D.CVY 1= */DOL/PY_D.CV':

Appendix 106: ACT1 logic expression.
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Appendix 107: Failure and Misc logic location.

% MISC_LOGIC Expression o X
r-ii i Cut + ¥ =45 ( \rf L Intemnal Parameter g Named Stals 9 Replece
2 NCow =/ E<>) o L Ewemal Paramater [ SELSTR 2k GoTo
Paste = W 4D R functors - fle At 7 LOGEVENT il @ jen v

Cipboard Operators Function Linary Dredtal Furctions Edting i

HHdwse GR @ W

Expression:

104 '//21BPS0101/DI1/0UT_D.CV' =1
105 THEN

A/ INTERLOCK/ CNDE/DISABLE.CV" s =1;
107 ELSE
106 A/ INTERLOCK/CNDE/DISKBLE.CV* : =0;
102 ENDIF

110
111 ‘A /INTERLOCK/BFI1/RESET IN.CV' g='* .“TPI.D:I
112

Pateet cwiteas "

Appendix 108: TP10 expression.
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1602836 Assignment 2 Dan Ince Final Project Report

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

08100

Instructor

PAGE 1

PAGE 2

Text Comment. Positive comments:

Text Comment. 1. Report contain detailed information about the design,
implementation and testing of the project (RD)

Text Comment. 2. Good structure and presentation (RD)
Text Comment. Negative comments:

Text Comment. 1. Report contains too many diagrams and images which belong in the
appendix. (RD)

Text Comment. 2. All calculations should be in the appendix with the results
summarised in a table in the main report. (RD)

Text Comment. 3. The report has been written in a monotonous way, your reader is
presented with fact after fact but the overall picture is lost in the detail. Much of what you
have said belongs in a log book. This is not a very interesting read! (RD)

QM

PAGE 3

Good Structure

Report is structured exactly as stated in the assignment brief.

Text Comment. Where is your acknowledgements section?

PAGE 4




PAGE 5

PAGE 6
Text Comment. Brief and to the point (RD)
Text Comment. You should have made it clear that the overall aim was to produce a
demonstration rig to prove the concept. (RD)

PAGE 7
Text Comment. You could have explained that the overall aim was to produce a
demonstration rig to prove the concept (RD)
Text Comment. How much did the project change since the specification was approved?
(RD)

PAGE 8

PAGE 9
Text Comment. This is a good flowchart (RD)

PAGE 10
Text Comment. This drawing belongs in the appendix (RD)

PAGE 11
Text Comment. These calculations belong in the appendix with a summary table
included in the main report (RD)

PAGE 12

PAGE 13

PAGE 14
Text Comment. This diagram belongs in the appendix and a key to each item included
(RD)

PAGE 15

PAGE 16

Text Comment. diagram belongs in the appendix (RD)



PAGE 17

PAGE 18

PAGE 19

Text Comment. screen shots like this belong in the appendix (RD)

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

Text Comment. A testing table should give the expected range of results together with
the actual results. Your reader should be able to decide if the test was successful. This table
does not allow for that. (RD)

Text Comment. How can your reader agree with you that the test was passed? (RD)

PAGE 31

PAGE 32

Text Comment. This belongs in the appendix

Text Comment. This is a better testing table because it shows expected and actual
results. (RD)

Text Comment. Yor N?

Text Comment. (RD)



PAGE 33

PAGE 34

Text Comment. Did the specification have to change also? (RD)

Text Comment. The fact that it was to be a demonstration rig should have been clearly
stated in the introduction. (RD)

PAGE 35

Text Comment. It could be argued that the TAR period should have been considered at
the outset and contingencies built into the plan (RD)

PAGE 36

PAGE 37

PAGE 38

PAGE 39

Text Comment. This list is far too small for a major independent report, at least two or
three pages of references should be included at this level. (RD)

PAGE 40

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51




PAGE 52

PAGE 53

PAGE 54

PAGE 55

PAGE 56

PAGE 57

PAGE 58

PAGE 59

PAGE 60

PAGE 61

PAGE 62

PAGE 63

PAGE 64

PAGE 65

PAGE 66

PAGE 67

PAGE 68

PAGE 69

PAGE 70

PAGE 71

PAGE 72

PAGE 73

PAGE 74

PAGE 75

PAGE 76

PAGE 77




PAGE 78

PAGE 79

PAGE 80

PAGE 81

PAGE 82

PAGE 83

PAGE 84

PAGE 85

PAGE 86

PAGE 87

PAGE 88

PAGE 89

PAGE 90

Text Comment. key for colours would be helpful (RD)

Text Comment. A detailed plan but how can your reader distinguish between the
original plan timing and the actual implemented timing? (RD)

PAGE 91

PAGE 92

GRADING FORM: NEW CSG-RUBRIC

DANIEL INCE 68

1. ENGAGEMENT WITH LITERATURE

(



y"’ Section 3: Judicial use and critical evaluation of 4
technical literature in the design of the project:
Evidence of use of technical literature throughout
from manufacturers. No evaluation of the
literature was evident as it mainly consisted of
company documentation. Section 4: Extent of
reading, range of credible sources and use of
Harvard method: A small range of sources
consulted, Harvard referencing correctly applied.
Range of sources was very small for such a
complex project and primarily consisted of
company documentation. Legal regulations,
component datasheets and wider issues such as
H&amp;S and ethical engineering were not listed.
(4/10)

2. KNOWLEDGE AND UNDERSTANDING

[

y"’ Section 3: Advanced knowledge and critical 7
understanding demonstrated in the design of the
project: Report shows an advanced level of
understanding in the project design process. A
high level of technical knowledge and critical
understanding of all aspects of the project were
clearly demonstrated throughout the report. (7/10)

3. COGNITIVE AND INTELLECTUAL

[

y‘ Section 5: Testing and analysis of result: Clear 21
evidence of thorough testing of the final system.
Testing was carried out on each part of the system
separately using a test schedule, these could have
included more specific success metrics and



tolerances. e.g. how is "prompt" defined? The
comments column didn't expand on failed tests.
Section 5: Critical evaluation of the project
outcomes: A detailed evaluation of all aspects of
the project was undertaken. The FDS was
mentioned generically, but not each of the
requirements and how successful the project was
in satisfying them. Section 6: Conclusions and
recommendations: Clear conclusions and
recommendations presented. The conclusions
contained some unsubstantiated claims, such as
“proven to be the optimum long term solution .
Recommendations included improvements to
management of the project rather than a technical
improvement. (21/30)

4. PRACTICAL APPLICATION

[

y‘ Section 3: The solution was the most appropriate
for the given circumstances which involved
integration into the company’s existing system.
The chosen solution satisfied all aspects of the
FDS, there was little mention of any ethical
considerations in the design solution.. Section 4:
Very good methods employed appropriate to the
company's standards. Practical deployment was
clearly shown by the extensive range of images
included in the appendix. Section 4: The end
product was mainly software with a clear way
forward in the full implementation using the
hardware. The final product is to be used in the oil
industry, so quality cannot be in doubt. Section 5:
Good use of testing and clear presentation of
results. Results were presented both within the
test schedule and as a huge collection of



screenshots which would have benefited from
consolidation. The process was well managed.
(25/35)

5. TRANSFERABLE SKILLS

[

y"’ Sections 1 and 2: Executive summary,
acknowledgements and introduction: Briefly stated
but no acknowledgements given. The Executive
Summary was brief and lacked specific detail, the
introduction was good, but switched tenses. No
acknowledgements were evident. All Sections:
Quality of the report: High quality report, well
structured and presented. However, there are far
too many images and diagrams in the main report
which belong either in an appendix or a log book.
However, the report has been written in a
monotonous way, your reader is presented with
fact after fact but the overall picture is lost in the
detail. Much of what you have said belongs in a log
book. This is not a very interesting read! All
calculations should be in the appendix with the
results summarised in a table in the main report
The body of the report was well written and
presented in a logical order. A 54 page appendix
was excessively large. Word count: Exceeded but
not more than 10% (11/15)
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1. Executive Summary

Contained within this report is the design and work scope of implementing the Vapour Recovery Unit
(VRU) Compressor Control System Upgrade project. The aim of this project was to address target
problems with the set point control, relay logic and compressor loading sequences, whilst also future
proofing and increasing the reliability of the system. This is achieved through migrating the existing
system onto the Distributed Control System (DCS) and executing as per the plan and budget. Following
project completion, all aspects of the project were tested as per the Functional Design Specification

(FDS), to which it met the criteria and passed the test successfully.

An evaluation of the project management and implementation was carried out to identify deviations and
planning accuracy. A point of weakness was discovered in time management, where restrictions and

company commitments were detrimental to the critical path.
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2. Introduction

The project detailed in this report is to be implemented to improve a problematic VVapour Recovery Unit
compressor control system on an industrial site. The finalised build will be tested and subject to a Site
Acceptance Test to prove functionality. A DCS based solutigh was chosen through previous analysis to
achieve this objective with a maximum material budget of £20,000.

The report(will/contain the design of the initial system and preliminary logic, along with the project
implementation and execution. Following completion, the project is due to be tested against the

specification and any abnormalities or failures recorded.

An evaluation wil) be carried out of the whole project and management process to assess the execution
versus the design and plan, to review any differences encountered. Finally, the process will be
summarised and any target areas for improvement suggested.
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3. Design and Implementation

3.1 Design
3.1.1 Logic

To install the VRU upgrade, replacement control logic will be built into the DeltaV control system,
therefore the desired compressor operation must be determined to assist with designing preliminary

logic.

Trip or stop
PressReset Start signal Loading signal signal

60 Seconds 10 Seconds

Fin fans remain on for 10 minutes

Figure 1: Operation flow diagram

The flow diagram shown in figure 1 details the process steps that must be built into the logic for
successful running. Current logic drawings are based upon the existing hardwired relay installation and
so new logic must be designed around the capabilities of the DeltaV system. This predominantly uses

a function block design which is modifiable through internal programming language.

Figure 2 displays a conditional logic flow diagram for the compressor start and stop sequence, this
expands upon the process flow in the context of logic.



START RESET

3

r 3

I 3

Output to Fin-fans

i

Received run
signal from fan
1or2?

NO

YES

Bypass low lube oil trip START compressor

60 seconds

h

Remove low lube
oil bypass

Received trip

STOP compressor
signal or ESD?

YES

l NO ¥

LOAD compressor

10 minutes

STOP Fans

sequence

Figure 2: Logic flow diagram



The existing relay logic will be reviewed, and the best fit replacement planned for the migration to DCS

logic.
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Figure 3: Logic replacement example.
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The trip logic foundations will remain the same, except performed with internal flags and not relays.

The physical switches in the field remain and provide the main input into DeltaV for trips, these

switches will be wired directly into DI Charms with power being supplied from the CIOC rail.

The set up for vibration will alter slightly, these will be done through a relay output on a Bently Nevada

3500 rack. Therefore, only one NC vibe trip per compressor will be required for these. The flag from

the reset above latches these rungs when the trips are healthy, and the reset is pressed.

The start logic kicks in when the now electronic pressure transmitter reaches the first value of

4.42kg/cm2, this starts the compressor fully unloaded. For 60 seconds, the low lube oil trip is bypassed

to allow it to get the pressure above the trip point. (This is done through R13 on the low oil pressure

rung), DeltaV will need to do this through timers.

Loading Switch Point Rising (Falling) Pressure Switch VRUL (VRU2) |Loading SOVs Energised VRU1 (VRU2) |Cylinders Active
0% 6.5psi (3.5psi) PS-1577A (1677A)
25% 6.5psi 10sec delay (3.5psi) PS-1577A (16774) SOV-1578 (1678) 1&5
SOV-1578 (1678) 1&5
50% 10psi (7.8psi) PS-15778 (16778) SOV-1580 (1680) 286
SOV-1578 (1678) 1&5
75% 12.3psi (10.3psi) PS-1577C (1677C) SOV-1579 (1679) 3&7and4 &8
SOV-1578 (1678) 1&5
SOV-1579 (1679) 3&7and4 &8
100% 15psi (13psi) PS-1577D (1677D) SOV-1580 {1680) 28&6

Table 1: Loading and unloading design

Table 1 displays how the compressors load and unload, based on the pneumatic controller output and

pressure switches, there is hysteresis for this system. Calculations were then performed to determine

the current output and pressure reading for these loading points with the new electronic transmitter.
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Pressure values and old percentage calculations for loading with 4.3 to 4.7kg/cm? range:
(65 3)
0 & 25%: =(0.292x04)+43=442-> 0—=30%

50%: L2 = (0.583 x 0.4) + 4.3 = 453 > 2 = 57.5%

75%: S22 = (0.775 % 0.4) + 4.3 = 4.61 > Lot = 77.5%

50%: 52 = (1.0 x 0.4) + 43 = 47 > 22 = 100%
New percentage and current loading values with 0 to 6kg/cm? range:

0 & 25%: ﬂ x 100 = 73.67% — 15.787mA
50%: ﬁ x 100 = 75.5% — 16.08mA
75%: ﬂ x 100 = 76.83% — 16.293mA

100%: %7 X 100 = 78.3% — 16.528mA
The same was performed for unloading to provide:

0&25%: S22 = (0.042 x 0.4) + 4.3 = 4317
50%: L2 = (0.4 % 0.4) + 4.3 = 4.46
75%: 1222 = (0.608 x 0.4) + 4.3 = 4.543

100%: =2 = (0.83 x 0.4) + 4.3 = 4.63
The new unloading range percentage and current values were then determined:

0 & 25%: ﬂ x 100 = 72% — 15.512mA
50%: ﬂ x 100 = 74.33% — 15.893mA4
75%: “’ﬁ x 100 = 75.72% — 16.115mA

100%: ﬁ X 100 = 77.2% — 16.352mA

11



Table 2 was formulated to account for the replacement to the electronic transmitter, all loading is
delayed for 10 seconds after starting up. DeltaV is required to output to the same SOVs as detailed in
table 1. The SOVs will be wired from DO Charms and the transmitters into Al.

New loading values [Tx range 0 to 6kg/cm2]
Pressure (kg/cm2) Current (mA) % Range

0% 4.42 15.787 73.67
25% 10 second delay 4.42 15.787 73.67
50% 4.53 16.08 75.5
75% 4.61 16.293 76.83

100% 4.7 16.528 78.3

Table 2: Loading range and current values.

Table 3 shows the figures for when the compressor unloads, along with there is a dead band on the
loading SOVs. These tables display the exact current, pressure and range percentages that are to be

programmed onto DeltaV.

New Unloading values [Tx range 0 to 6kg/cm2]
Pressure (kg/cm2) Current (mA) % Range

0% 4.317 15,512 72
25% 4.317 15.512 74.33
B0% 4.46 15.893 74,33
75% 4.543 16.115 75.72

100% 4,633 16.352 77.2

Table 3: Unloading range and current values.
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3.1.2 Electrical
The current supply to the field instruments in the B&S racking room is a 110V AC supply, this will be

utilised to power the twin 24V 10A Emerson power supplies.
The total power rating of the supply is: 104 X 24 = 240W

The Rosemount 2051 transmitter will be specified with NAMUR alarm and saturation levels, therefore
the maximum current draw will be 22.3mA x 24 = 0.5352W. Which when accounting for both VRU
systems gives a maximum current draw of: 1.07W. To ensure compliance with site standards, the
accuracy of the pressure transmitters must be determined.

6[URV]
6[Span]

Accuracy = F <0.025 +0.005 ( )) = 0.03% Span. Therefore = T0.002kg/cm?.

Stability = F0.1% of URV for 2 years.Therefore: ¥ 0.006%kg/cm?

Referencing the company drawing 50-ZA-003, the hazardous area is a Zone 2 Gas Group I1C, to comply
with ATEX regulations, the transmitter rating must meet or exceed this. The Rosemount 2051 will be
ATEX rated to Ex ia I1C T4 to meet the company standard for new installations; intrinsically safe where
possible, whilst also complying with the zone and temperature requirements.

To sense the switching input, the DI IS NAMUR Charm requires a current above 2.1mA. Therefore
10mA will be selected and a 2.4k resistor will be used. The switch power draw will be 10mA X 24 =
0.24W each, making a total of 3.12W per VRU (6.24W total). Each Charm will draw a maximum
current of 28mA and so 8.736W per VRU (17.472W total).

The Asco solenoid valve outputs draw 1.2W of power each, of which there are 6.

The nearby Bently Nevada 3500 rack is also supplied by the 110V AC supply, this means no extra
power is required and only a short run of wiring is needed between the CIOC box and the rack. The
relay outputs from the rack will feed directly into the normally open digital input Charm on the DeltaV

CIOC. These will act as replacements for the vibration switches currently fitted.
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3.1.3 Wiring

3.1.3.1 Cabinet specification

To implement the control system, the existing relays and wiring need to be removed from the B&S
racking room 1 shutdown panel and field instrument terminals connected directly to the CHARM
installation. As the control system manufacturer is Emerson, a specification for the hardware will be

determined and equipment built as per the desired requirements.

The cabinet is to be sized at 915mm width by 1070mm height, with a depth of 325mm. These
dimensions fit within the B&S marshalling cabinet on the back wall.

The 110V AC relay supply will be disconnected and cut-over to supply the dual Emerson power
supplies located within the cabinet during the final site implementation. These were specified to contain

a dual redundancy feature for instrument protection.

Reviewing hazardous area drawings, the field equipment is mounted within a zone 2 area, gas group
I1C. To adhere to ATEX regulations, the equipment needs to be intrinsically safe, therefore 24V energy
limiting 1S CHARMSs were specified. It is also ensured that this IS wiring is kept separate from the
110V supply by at least 2 inches. This is in accordance with regulations as stated by Ind Ex “Conductors
of intrinsically safe circuits are permitted where they are separated from nonintrinsically safe circuit

conductors by a space of not less than 50 mm.” (2017)

SIDE VIEW FRONT INSIDE VIEW
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Figure 4: Emerson CHARM cabinet. (Emerson, 2020)
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Figure 4 shows the manufacturer drawing for the Emerson cabinet. As per the Emerson quote, a pre-
fabricated CIOC box will be installed within the cabinet to house the controllers and CHARMS.
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3.1.3.2 Input connections

The terminal block diagram for the input connections are shown in figure 5. The field instruments are
wired using white (positive) and blue (negative) insulated wires on the hazardous side to meet the site
requirements for IS instrumentation. The block will be housed in the B&S shutdown cabinet. The

drawing has been completed using the company standards and tagging codes.

Inputs have been assigned to the 12 slot charm rails and are tagged based on the enclosure and CIOC

section.
TB-0101
WE o]3
21-PC-1577 IBE 001 DEI CBP-P101-1-1 SLOT1
002
WE CE
| 003 OE |
21-TSXH-1569 | BE o2 | CBP-P101-1-1 SLOTZ
WE 005 OE
21-PSXH-1574 IBE o6 DE| CBP-P101-1-1 SLOT3
WE 007 OE
21-PSXH-1565 IBE 08 OEI CBP-P101-1-1 SLOT4
WE 005 OE
21-PDSXH-1571 IBE o010 DEI CBP-P101-1-1 5SLOTS
WE DE
[ 011 |
21-TSXH-1569 | BE E OE | CBP-P101-1-1 SLOTE
WE 013 OF
21-P5XH-1574 IBE o1 OEI CBP-P101-1-1 SLOT7
E 015 OF
21-VSXH-0101 IBE 016 OEI CBP-P101-1-1 SLOTS&
WE OE
017
21-VSAH-0101 IBE 018 OE| CBP-P101-1-1 SLOTS
WE o5 o]3
21-Hs-0101 IBE 920 DEI CEP-P101-1-1 SLOT 10
WE OE
021
21-Hs-1101 e 05 OF | CBP-P101-1-1 SLOT11
WE o]3
023
21-RL-4345 | BE o Ok | CBP-P101-1-1 SLOT12
WE e OE
21-RL-4346 I BE 76 DEI CBP-P101-1-2 SLOT1
WE OE
| 027 | CBP-P101-1-2 SLOT2
21-RL-4347 | BE OE|
WE 028 ™ oe
SPARE I BE 023 DEI SPARE
030

Figure 5: Input terminal wiring.

16



3.1.3.3 Output connections
A drawing for the VRU1 output connections is shown in figure 6. These are taken from the output CIOC

and wired into the secondary terminal block.

TB-0102
WE OE
[ 001 |

21-50V-1578 | BE OF | CBP-P101-2-1 SLOT1

002

WE OE
[ 003 OF |

21-50V-1579 | BE CBP-P101-2-1 SLOT2

004

WE OE
| 005 |

21-50V-1580 | BE o6 OE| CBP-P101-2-1 SLOT3
WE OE
| 007 |

21-EAM-101A | BE o8 OF| CBP-P101-2-1 SLOT4
DE
lWE 005 |

21-EAM-101B | BE 1o OE | CBP-P101-2-1 SLOTS
WE DE
[ 011 |

21-EAM-101C | BE 05 OE | CBP-P101-2-1 SLOTG
WE 0OE
Mo 013 |

SPARE DE SPARE
| 014 |
WE 0OE
SPARE [ae 015 SPARE

| 016 |

Figure 6: Output terminal wiring.

17



3.2 Implementation

3.2.1 DeltaV controller set up and initial logic programming
To build the background control system logic, the configuration software DeltaVV Explorer was used,
this connects to the main DeltaV server and can download directly to the controllers based on site.

A new area was configured ‘VRU’, and assigned to the PROPLUS network, when in service, this area
can be assigned to the required control panel. Within this node, the controller and CIOC CHARM

modules can be configured as shown in figure 7 and appendix 1 & 2.

Figure 7: Setting up the main pressure controller.

& 21P11517 viZEEX LI X DEDESF G LLeBCLBEHESYT 0 oW
‘AII Containers |Cuntents of ‘2IPISIT
- g VRU ~ [ Name Type Parameter Value Filtering ~ Parameter Type Group M. Pr
&@l LW HLALM High Alarr
= ‘E;\ft‘ pg"““‘ “‘"’””‘d Mo EH\:H\_ALM ngh High &larm
y ,\_,‘.LO_LO_ALM Loww Low Alarm
Y- Li MODULE_aLM Module Error
i Continuous Historian 2RATE—ALM Rate of Change )
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The compressor loading controller 21P11577 was built to the first CHARM, with the parameters set as
a 4-20mA HART protocol, for smart capabilities. This was converted to a class-based module and the
modules V_AI 52 DT and V_AI 52 FP assigned to provide the ‘detail’ and ‘faceplate’ respectively.
The contents of the charm allows configuration of NAMUR alarm saturation points and also provides

provision for different alarm points.

The VRU area was then downloaded to the database to allow configuration of the analogue input
module. Here the All block parameters were adjusted so that the block writes from tag 21P11577, as it
was now visible on the database, shown in appendix 8. The input was configured to the required 0 to 6
kg/cm? across the 4-20mA range and ‘L Type’ set to indirect, this ensured the faceplate displayed
scientific units and not a raw current value. The module was opened on the Control Studio online
simulation to briefly test the faceplate and tag detail facilities, here the range was tested by inputting a

signal of 4.5kg/cm?, detailed in appendix 6.

The three loading solenoid output tags (21SOV1578, 1579 & 1580) are relay ‘DO’ signals and so were
configured as ‘DO_52’ modules with the appropriate tags and assigned to CHARMSs. Appendix 3 & 5
display the build and download.
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With all three SOVs added, they were downloaded to the server and each module opened for
configuration. Parameters were set within the DO module, as this is where the 1/O is driven from, shown
in appendix 7.

The contents of DO1 was set to output directly to 21-SOV-1578, the tag was taken from the database
and assigned to the block, shown in appendix 7. This process was repeated for 21-SOV-1579 and 1580
and these blocks can now be used as outputs within the logic. Appendix 9 shows the internals of the

solenoid output modules.
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3.2.2 Loading configuration

The nature of the compressor loading means a form of hysteresis will be required to be built within the
logic. Using the tables formulated during the design stage, the pressure set points with a 0 to 6kg/cm?
are to be implemented using the DeltaV block design, shown in appendix 8.

Output blocks for the three solenoids were created and placed within the threshold section for 02-Pl-
1577. Here the individual action thresholds could be configured and mapped to the solenoids in different
combinations as per the loading table. To allow any loading to occur, a 10 second on delay timer was
implemented to elapse on start up. Each threshold was built with logic as per the dead band tables 2 and
3 to provide 25%, 50%, 75% and 100% loading.

A compressor module was built to accept inputs from the loading thresholds, this will provide the
foundation for compressor control. Here a start output can be written or tripped based off thresholds

and interlock parameters. This is detailed in Appendix 10.

Within the compressor block, the start force was configured to be written from the 21-PI-1577 input.
The permissive block for the compressor was opened up and set point force logic was entered to instruct
the output variable to change to a 1 if either input is set to 1. Figure 8 and appendix 11 & 12 display the
logic that takes the first loading start stage input and uses it to start the machine.
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Figure 8: Force logic test
A quick test was performed using a simulated value of 5kg/cm?, a healthy output of 1 is showing from
the DO block as the requirements for the set point force is healthy. The system has been set up to act as

an internal run light as at this point there is no feedback through the DI Charm.
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3.2.3 Interlock and start procedure configuration

The low lube oil pressure switch module 21-PSXL-1571 was created and configured for a faceplate. As
this input is required to trip the compressor by also hold out for 60 seconds, an on-delay block was
added to the main compressor module. The timer was then configured into the first interlock logic, in
combination with the pressure switch output.

Appendix 14 shows the logic that is used to only permit the compressor to run providing the low lube
oil pressure is healthy. The time delay bypass logic will be built upon this foundation. The interlock

composite module shown in Appendix 16 was configured and added to include this logic

The low lube oil bypass logic needed to be configured to override the trip for the first 60 seconds of
operation. Initially the start/stop faceplate in appendix 18 was built to the DC1 block for driving output
‘OUT_D’ from faceplate. This allows the set point to be written via the operation of the faceplate and

will manually override the loading automatic starting if desired.

Within the overall interlock module, CND8 logic was configured to time the initial bypass. The
expression shown in appendix 19 must become true to allow a healthy output. Therefore, when the start
is pressed, the logic recognises that the lube oil pressure is low. The timer will only be counting whilst
the expression is true, therefore once the pressure is healthy it resets back to zero. If the timer reaches
60 seconds with the low state still active, the compressor trips.
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Figure 9: 60 second delay test.
A simulation test was performed to show compressor running, whilst lube oil pressure is still low as

shown in figure 9 and appendix 20. This allows the compressor to start whilst pressure is low, as
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pressure is created by the internal oil pump. Appendix 17 shows the miscellaneous logic expression
within the compressor block updated to create a latch, where TPO1 is used to hold out and reset timer

latch allowing consecutive uses.

The main interlock logic expression was also updated to include TPOL to trip compressor if TPO1 and
lube oil pressure is still low, this also generates an interlock which would shut down compressor and
prevent restart. A brief test was conducted in appendix 22, here the elapsed time is 59 seconds and the
compressor is still in the running state with low lube oil pressure. The timer then counts to 61 seconds,
at which point the compressor trips on low lube oil pressure as shown in appendix 23. The trip condition
was then simulated healthy and retest performed where the timer reset to zero and compressor remained

running as shown in appendix 24.
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3.2.4 Shutdown and bypass inputs
All shutdown blocks were configured and assigned to Charms, as shown in appendix 25. Each one of

these was defined to an individual CND interlock on the main compressor logic block.

Each individual interlock was checked and used to inhibit manual or automatic compressor starting.
Appendix 26 shows an example of this test, with the compressor tripped and buttons greyed out,
preventing operation. The interlock blocks were further modified to be discounted when a bypass
became active. The logic expression in appendix 27 was used for each bypass and the respective

interlock trip function.

The miscellaneous logic block was also modified to include the bypass logic. Appendix 28 displays the
control module test outputting a true signal for the bypass. Here CND3 is bypassed and so a 1 is input
to the OR gate, this outputs to the common bypass active alarm. The effect of removing the override

can be seen in appendix 27, where the interlock becomes true again.

Appendix 29 and figure 10 display a test showing how the bypass has removed the start inhibit from
the faceplate, despite a low suction pressure trip being active. The bypass logic expression can be found

in the appendix.

An additional check was carrid out to ensure the override suitably affected the 60 second start up bypass,
this is shown in appendix 31. The timer has elapsed and reset despite there being a low lube oil pressure

trip in, allowing the compressor to continue running.
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Figure 10: Bypass logic test

A non-latching reset button shown in appendix 33 was built and configured to return to normal once
the trip has been cleared and reset pressed, the logic expression can be found in appendix 32. Within
the miscellaneous logic block, TP10 is used to hold out on any interlocks becoming healthy, such as

TP2 in appendix 34, therefore the reset actuates TP10, which clears the trip.
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3.2.5 Alarm and graphic configuration

A graphic screen was built within the Blending and Shipping DeltaV sector, this included the
compressors and fin fans along with a basic process layout. Indication for P11577 and compressor
loading was added as a permanent feature.

The graphic dynamos were configured to look at points within the logic, this also allowed icons to
function as buttons to bring up faceplates when operated. This function is also assigned to allow the
start, stop and reset buttons to be utilised. Animations were added to the blocks to change colour when
the equipment is operating, this is fed from the running lights and requests to start. White indicates
offline, whereas a solid fill represents running, the start request will thicken the outline of the graphic
briefly. This can be seen in appendix 36 and 37.

The graphic requirement also specified trip and bypass indication. This was first configured through a
first up alarm driven by the compressor function block to write to the animated text. The first out block
shown in appendix 38 will output different values based on the initial trip alarm. The text data table was
built up to reference these points shown in appendix 39. Appendix 41 displays an example of the first
up alarm triggered when the high suction separator level alarm is active. The output from BFL1 in
appendix 38 is ‘2, which corresponds to the data table and therefore that text is displayed. The first up
alarm was also configured to clear only after a compressor reset has been pressed. This was done
through utilising TP10 reset output to be tracked and the alarm to only clear if this is healthy, the logic
can be found in the appendix. Appendix 40 displays a separate trip flagging up the first up alarm.

Bypass and shutdown alarms were also configured and animated to ensure colour and state change upon
operation. The graphics have been configured as per Valero DCS standard with the text layout as shown
in figures appendix 42 and 43. The text and alarm lights are tied into the reset and so will only clear
after the master reset has been operated. Figure 11 shows the completed graphic with the compressors

running at 100% and no standing alarms.
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Figure 11: Completed graphic with both compressors running.
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3.2.6 Bently Nevada logic programming

The Bently Nevada 3500 rack needed to be configured for the new probes and trip logic for the VRU
compressors. The Bently Nevada 3500 rack configuration software was launched, and the PC connected
to the rack through COM port 2. The Rack address is selected as 2 (as set on the dip switches on the
front of the rack), and the baud rate is set at 9600.

g 3l 2500 System Configuration
File Edit Utilities Opticns Help

5| g s (=] (@] Peckacsess 2
1 2 3 5 &

3500 | 4 8 3 10

1 EEMTLY™
Options HEWADA )

Setpoints

=

Point Hames

Rack Type: Standard | Press left mouse button to choose a module for Slat 7.

Figure 12: Configuration downloaded

The module configuration was uploaded from the rack to allow setting up, the block can now be seen
in figure 12 populated with the correct modules. Slot 2 module was selected as it has four channels for
the fin-fan proximitors, one channel per fin-fan, two channels per compressor as shown in appendix 48.
The probe type has been set as radial vibration and channels activated due to the location of the probes,
these were tagged up accordingly. Each module needed to be configured for the correct probe type, as
shown in appendix 49. The radial transducer type was selected, in this case a 3300 8mm probe, no
external barriers are connected to this probe as the rack itself is intrinsically safe. Direct Frequency
Response was left default for this probe type.

Variable and alarm configuration for VT-101 was carried out as shown in appendix 51. Range values
were set at 10 thou” and -24V for distance and gap voltage respectively. Regarding alarm values, a three
second delay was chosen for the alert to reduce the chance of spurious alarms during start-up. The
danger alarm will feature a higher set point and voting system; therefore, one second will suffice. These
are set as latching and so will only clear after a rack reset.
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This process was repeated for all four channels as they are identical, evidence of this can be found in
the appendix.

Alarm settings were configured in figure 13, starting with VT-101, this included setting the gap voltage
and distance alarm points for the alert. The danger was set at 7.5 thou’ (75%) of the maximum range,

this was repeated for all four probes.
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Figure 13: Alarm limits

Appendix 53 displays the output configuration for channel 1, the Boolean logic was set so an alert on
either slot 1 or 2 will trigger the channel 1 alarm. [(Slot 2, Channel 1, Alarm 1) OR (Slot 2, Channel 2,
Alarm 1)]. This was done to provide a rack alarm if either machine vibrations spike to the lower limit,
however they will not prompt a trip. Channel 2 on the relay output module was also set as an OR gate
for channels 3 and 4 (VRU 2) on the proximitor card as shown in the appendix.

For the VRU 1 trip, the logic was set as an AND gate for the two probes, this is because the VRU can
only function if at least one fin-fan is running. The system then trips if both fin-fans show faults, a 2-
out-of-2 voting system is also the company standard for radial proximitors, as shown in appendix 54.
The same voting system was configured for VRU 2, probe channels 3 and 4. The danger level set point
has been used for all trips.

Once completed, the configured modules were selected and downloaded to the rack, as shown in
appendix 55.
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3.2.7 Installation and testing setup

The DeltaV programming had been completed and so needed to be downloaded, installed and tested
from the field side. The DeltaV test rig was built up and specified with the appropriate humber of
charms. The rig base was already set so the required controllers and power supplies were dropped into
the mounting slots as shown in figure 14. These controller power supplies are dual redundancy with a

failure alarm configured on DeltaV.

EMERSONw~
Process Management

Figure 14: DeltaV controllers and CIOCs installed.

Once installed and illuminated as healthy, the charm blocks could be populated with DO, DI and Al
HART charms. The CIOC and controllers are connected to each other and the local DeltaV server
through an ethernet port. This allowed the VRU program to be assigned to that area as carried out at the

start of the implementation.

The Rosemount 2051 SIL transmitter was obtained from the stores, connected to the Al 1577 charm
and set up using the HART communicator. To comply with standards, the NAMUR alarm failure and
saturation limit configuration was chosen, along with range values of 0 to 6kg/cm? as shown in appendix
58.
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The adjacent Operator workstation was logged onto and connected to the DeltaV server via Ethernet

port. The VRU area could be accessed and interface displayed on the computer, allowing live operation
of the 1/O as shown in appendix 57.
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4 Testing and Results

The test rig was used to check all aspects of the project as per the testing table found in section 4.4. To
prove suitability for the plan, a full function check was required of the compressor operation, safety
features and protection.

4.1 Control logic testing

The control logic was tested by increasing the current output from the pressure transmitter P11577,
varying this output ensured the automatic starting, loading sequence and stopping could be checked

accurately.
Current Output (mA) Pressure value Compressor status Pass (Y/N)
(kg/sgcm)
8.0 1.499 Offline Y
15.85 4.420 Online, 0% loading for 10 Y
seconds, then 25%
16.10 4.533 Online, 50% loading Y
16.45 4.645 Online, 75% loading Y
16.55 4,702 Online, 100% loading Y
16.40 4.646 Online, 100% unloading Y
16.25 4,589 Online, 75% unloading Y
16.05 4514 Online, 50% unloading Y
15.9 4.458 Online, 25% unloading Y
15.6 4.346 Online, 25% unloading Y
15.5 4.308 Offline Y

Table 4: Loading hysteresis test.

Table 4 displays the checks carried out for the control software, the images of which can be found in
sequence in the Testing section of the Appendix, references 59 to 78. These checks show a successful
loading hysteresis as per the design requirements. When a fault occurs on the pressure controller, the

faceplate shows bad point and fails to -25%.

As part of the start sequence, the fin fans must be started prior to compressor running, this was
confirmed by the testing and fin fan run lights. The low lube oil trip was also successfully bypassed for

60 seconds. The images from these tests can be found in the Appendix references 68 to 70.
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4.2 Trip function and bypass testing
All trip inputs were tested consecutively by closing and opening the input to the DI charm. The bypass
was also enabled and disabled via the software, to ensure trip alarms still come in, however the
compressor remains running whilst trip active. Failure actions and interlocks were also tested, these

results can be found in the appendix references 79 to 88.

The Bently Nevada configuration and alarms were also checked to ensure the indication and trips
functioned as desired. The rack has a dual redundancy AC power supplies that are supplied via 110V,
this means if one fails, the secondary supply takes over and no process shutdown or loss in information

occurs.

The 8mm probes were connected to the -24V terminals from the back of the probe module and the VRU
1 probes were then verified with the gap voltage set at -10V and wobulators set up to measure vibration.
Probe VT-101 vibration was increased to above the alert set point, this can be seen on the rack card and
on the live screen. Probe VT-102 was also brought into alert, bringing in the channel 1 alarm relay card.
Channel 2 was brought into danger as shown on the screen; however, the trip output did not energise
due to the voting being 1-out-of-2.

VT-101 was also brought to the danger limit, this brought in the trip alarm output channel 2 on the relay
card, proving the voting logic. Both proximitors were then made healthy, the danger alarms cleared
however the trip remained active on the rack until the reset was pressed. This process was repeated for

VT-201 and 202 probes. These tests can be found in the appendix, references 89 to 103.

These tests proved the relay output to DeltaV by flagging up the trip and first up alarm on the HMI, the
alert 1 out of 2 voting alarm remains a rack indication only and can be cleared through manual operation

of the reset.
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4.3 Results
The testing results table can be seen in table 5, all tests were completed and the outcomes acceptable.

Reviewing the outcomes, two testing criteria were not fully met and did not directly match the expected
output. These tests are still marked as successful, however a BSU (Before Start-Up) or ASU (After

Start-up) action will be assigned to rectify either the equipment or supporting documentation.

The Punch List is shown in table 5.

Test Query Pass? | Rectification BSU/ASU
4.1.1.5 | Manual starting of compressor will Y Verify operations user area unable | BSU
always start fin fans. Unable to inhibit to access control studio.

fans and force compressor output
without entering control studio. From
studio, either compressor or fans can be
forced. However, compressor will not

start without fans from faceplate.

4.1.2.3 | No loading bypass present on DeltaV. Y Manually lock out loading ASU
solenoids in the field to prevent
loading and test when compressor
operational. This ensures field
operator presence when bypassing

loading.

Table 5: Punch list

To conclude the testing, the project has passed the site acceptance test with a couple of action items to

be completed as part of the final commissioning.
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Table 6: Testing spreadsheet

32

FDS item Test Expected result Actual result Pass (Y/N) Amendment required/Notes
41.1.2,4.1.2.4(3imulate an open circuit trip Output to VRUL compressor WVRU1 Compressor shuts Vibration trips activate on
condition during healthy VRU1 immediately de-energises to down when trip active, Bently rack and provide visual
compressor operation for TSHH- shutdown equipment. first up alarm displays the indication to channel. The relay
1569. VRU1 loading SOV outputs de- initial trip. Compressor output is direct to DeltaV where
Repeat for all VRU1 trips. energise. Compressor will not start  |will not restart until trip the operator interface provides
until trip made healthy again. clear and reset pressed. alarm and trip information.
PSHH-1574
PSLL-1571 indication for each alarm and trip
must operate
PDOSLL-1571
FAN-1 Vibration
LSHH-1561
Simulate an open circuit trip Output to VRUZ compressor WVRUZ Compressor shuts Vibration trips activate on
condition during healthy VRU2 immediately de-energises to down when trip active, Bently rack and provide visual
compressor operation for TSHH- shutdown equipment. first up alarm displays the indication to channel. The relay
1669. Repeat for all VRUZ trips. VRUZ loading SOV outputs de- initial trip. Compressor output is direct to DeltaV where
energise. will not restart until trip the operator interface provides
Compressor will not start until trip  |clear and reset pressed. alarm and trip information.
made healthy again.
PSHH-1674
PSLL-1671 Indication for each alarm and trip
POSLL-1671 must operate.
FAN-2 Vibration
LSHH-1661
4113 Increase pressure of VRUL set point |VRU1 compressor should promptly [VRU1 compressor cuts in Compressor loading follows
controller to 4.4kg/cm2 whilst all cut in following start sequence. at desired pressure and hysteresis for unloading at
states healthy and compressor loads accordingly. COrrect pressures.
offline.
Increase pressure of VRUZ2 set point |VRU2 compressor should promptly [VRU2 compressor cuts in Compressor loading follows
controller to 4.4kg/cm2 whilst all cut in following start sequence. at desired pressure and hysteresis for unloading at
states healthy and compressor loads accordingly. COrrect pressures.
offline.
4114 Begin VRUL compressor start Fin-fans EAM-101A&B cutputs Fin-Fan outputs energise. Running indication also
sequence. should cut in instantly. provided.
Begin VRU2 compressor start Fin-fans EAM-102A&B ocutputs Fin-Fan outputs energise. Running indication also
Sequence. should cut in instantly. provided.
4115 Force VRU1 fin-fan outputs open and |VRU2 compressor cutput should not [Compressor will not start Lock out manual cutput forcing
attempt to begin start sequence on  |energise. unless interlock is for operations log on. Point
VRUL. overriden. forcing only to be unlocked for
engineer users.
Force WRUZ fin-fan outputs open and |VRU2 compressor cutput should not [Compressor will not start Lock out manual output forcing
attempt to begin start sequence on  |energise. unless interlock is for operations log on. Point
WRUZ. overriden. forcing only to be unlocked for
engineer users
41186 Increase VRUL controller pressure  |VRU1 loading SOVs should trigger as|Correct loading as per
throughout range. per loading table. tables.
Increase VRU2 controller pressure  |VRU2 loading SOVs should trigger as|Correct loading as per
throughout range. per loading table. tables. vy

4117, 41.19|Begin VRU1 compressor start VRU1 must not load until 10 Lube oil low trip bypassed

sequence. seconds after start. for 60 seconds or until
Lube oil trip must be bypassed for  |[healthly pressure is
60 seconds after start. established.
Begin VRU2 compressor start VRUZ must not load until 10 Lube oil low trip bypassed
sequence. seconds after start. for 60 seconds or until
Lube oil trip must be bypassed for  [healthly pressure is
60 seconds after start. established.

4121 Test ESD buttons during compressor |Corresponding compressor must Compressors shutdown.

operation shutdown and not restart while
latched.

4122 Test compressor resets. Corresponding compressor alarms |Compressor trips and first Vibration trips must be reset on
and trips should clear and up alarms only clear when the Bently Nevada 3500 rack
compressor start when reset reset operated. adjacent to control panel,
operated if all trips are healthy and before they can be reset on the
pressure above set point. DCS software.

4123 Operate loading bypasses. Compressors must not load when Mo loading bypass Manual loading of cylinders
bypass is engaged. implemented on control can be manually operated in

system. field if desired. No requirement
for these to be software.

4411 Disconnect one power supply. System should still maintain power |System still operational. System can also run with a
from redundant supply. single controller.

4435 Check full range of electronic Range should cutput 4-20mA as per |0 to 6 kg/sqcm full range

pressure transmitters. specification. accurate to analogue
output.

44132 Check power supply cutput voltage. |Output should be 24v. Correct voltage.

4.1.1.2, 41.1.3|Test Bently Nevada 3500 Voting for  |Alert alarm should trigger when Voting logic correct and

vibration alarms and trips. either of the two probe readings is  |analogue value viewable
above the the threshold. through Bently Rack.
Danger trip alarm should trigger
when both probe values increase
above the threshold.
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5 Evaluation and Wider Issues

5.1 FDS conformity and completion

Reviewing the FDS shows that the project was an overall success, as all areas within the specification
were met. The conformity was proved through use of the testing table, of which extra tests were added
in line with the program development. The tests concluded with a couple of minor action items.

The final design was carried out as per the risk assessment and EMOC actions to ensure compliancy
within the industrial application. As a completed project, the installation onto site is easily achievable
through the modular design of the DeltaV hardware. The Emerson cabinet will require 1/0 cut-over
from the old relays, directly into the Charm terminal blocks and supply from the 110V. The addition of
the Bently Nevada rack output will replace the traditional vibration switch wiring, simply requiring the
relay outputs to be wired from the card to the Charm terminals, across the adjacent cabinet. The rack is
mounted within 1m of the DeltaV control panel in the B&S control room, allowing for alarm indication
and reset of the rack without having to leave the panel. This satisfies the ergonomic criteria 4.2.3.1 of
the FDS detailed in Assignment 1 (Ince, 2020)

The project meets the design criteria for being an operational demonstration rig ready for site
implementation. The integrated control software and hardware will reduce maintenance costs,

environmental fines, and improve safety of the Vapour Recovery Unit for the company.
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5.2 Time management and costing

To manage time and plan the project accordingly, a preliminary Gantt chart was developed, detailed in
appendix 104. This initial chart failed to account for unforeseen project setbacks and so design and

implementation planning did not extend into the company planned outage.

Due to COVID-19 restrictions, the project timeline shifted well into the TAR (turnaround), during this
period the company priority was the commitment to TAR and so project work was put on hold. This
shift in priority and extended working hours meant a new plan had to be developed for the forecasted

hours.

Project S-Curve

300
250
200

150

Hours

100

50

[
07/12/2020 07/01/2021 07/02/2021 07/03/2021 07/04/2021
Date

e Budgeted hours Actual hours

Figure 16: Project S-Curve.

The S-curve for the project man hours seen in figure 16 was developed to keep track of the project
design and execution hours across the full work scope. Initially the project remained on target until mid-
January. The company TAR started from January 14" 2021 onwards and this is reflected by the curve
as the actual hours deviate hugely from the planned, plateauing until the beginning of April, this is also
shown in the Gantt chart. A slight shift in company priority from the end of March allowed more
allocation of time to project work, this is when a large amount of the implementation was completed,
often exceeding the planned hours for that period. This means that the project timeline is very back
loaded, with larger amounts of work being completed in short periods and reduced productivity in
between. This form of completion was less desirable as the project did not progress steadily or according

to plan.
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The deviation from the plan during the execution stage meant that the monthly budget had to be shifted

from the original to track the change in labour costs. The overall costing spreadsheet in table 7 details

how these changes differ from the original plan. The ordering of materials earlier meant that the bulk

of the budget was used before 2021. The labour hours are well below the original budget during January

to March, however the hours in April required more budget allocation. Overall, the final labour costs

are £1140 under budget.

Description MWO Original Current Current 2020 2021
No. Budget Budget Forecast Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21
Construction Total Various £0
£0
£0)
Manhour Costs Total Various £6,000 600 750 750 750 1,050 1,050 1,050
£6,000 600 750 1,050 1,050 1,050 750 750
£4,860 600 750 735 375 255 35 1,830
Materials Total Various £20,000 15,000 5,000
£17,800 15,000| 2,800
£19,880) 15,000 4,880
Overall Total £26,000 0 &00 750 15,750 5,750 1,050 1,050 1,050 0
£23,800 0 &00 750 16,050| 3,850 1,060 750 750 0
£24,740 ] G00 750 735 15,375 5,135 s 1,830 ]
Accumulative Total 0 &00 1,350 17,100] 23,850 23,900 24,950 26,000 26,000
0 B0 1,350 17,400] 21,250 22,300 23,050 23,800 23,800
0 &00 1,350 2,085] 17,460 23,595 22,910 24,740 24,740
Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21
Original Commitment| 0 800 1,350 17,100 22,850 23,5800 24850 26,000 26,000
Current Commitment| 0 00 1,350 17,400 21,250 22,300 23,050 23,800 23,600
Actuals Commitment] 0 G800 1,350 2,085] 17,450 22,595 22810 24 740 24 740
Frozen Forecast Commitment| o 00| 1,350] 208s] 174s0] 2ases|]  Zogto] 24740 2474q]

Table 7: Monthly costing

The materials costing table has been updated with the final prices, this also includes the pressure

transmitter obtained from the instrument stores as surplus and as a result has no effect on the total. The

extra project scope materials have been added on whilst the overall total remains under the £20,000

budget.
Item Manufacturer Vendor Price each  Quantity Total
48 CHARM CIOC Controller enclosure Emerson Emerson £15,000 1 £15,000
DI CHARM Emerson Emerson £100 10 £1,000
DO CHARM Emerson Emerson £100 12 £1,200
Al CHARM Emerson Emerson £300 2 £600
Rosemount 2051 (Instrument Surplus) Emerson Emerson £2,100 2 N/A
Bently Nevada 3500 8mm probe Bently Nevada Bently Nevada £220.00 4 £880
Bently Nevada 3500 Proximitor Bently Nevada Bently Nevada £300.00 4 £1,200

Table 8: Materials costing Total £19,880
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5.3 Project execution and plan

The project build was carried out through utilising the plan to separate out the individual tasks and
milestones throughout. Due to constraints previously discussed, many milestones were not met
according to plan. However, some milestones were unaffected by this apnd-yet-stiti-overran-far example,
the logic design and implementation, as seen on the finalised Gantt chart in the Appendix. The plan
begins initially on track; however, the logic programming stage and-furthertesk-many-vweeks longer

due to the difficulties encountered and a shift in company priorities towards turnaround work.

The logic design although planned using existing logic diagrams, had to be designed as ongoing with
the project build as the ladder logic cannot be directly mapped across to the DeltaV system, this was
due to the technician’s inexperience with the control software. To pre-empt this, less time could be
allocated to designing the logic, and more time to building and implementing it. In future however, the
knowledge gained from the project would allow planning to be more thorough to prevent milestone
dates overrunning. As shown in the appendix 104 Gantt chart, the overrunning time (red) mostly
occurred during the logic programming period. Despite these issues, the project was completed ahead
of the planned project end, 30" of April.

A minor change to the project design was made during the build, this involved utilising the existing
Bently Nevada 3500 rack within the control room to control the vibration trips on the fin-fans. Utilising
unused I/O slots on this equipment to output relay state changes to the DeltaV improved indication and
alarm management for the system and ultimately control ergonomics. The labour hours allocated to the
execution required no increase for this change whilst also keeping material costs below the maximum
budget.

During the implementation, no improvement areas for safety were identified. The bulk of the execution
involved logic and control system programming, the largest areas for concern being posture when
operating a workstation. Correct breaks and seating position ensured no injuries were sustained

throughout.

As documented in the EMOC Risk Assessment form PP-PEM-FRM-0077 (Valero, 2020), the action
items required for the upgrade to be allowed have been incorporated into the system. This ensures the

equipment meets the safety requirements for the site.

The materials used in the project have been sourced as ethically as reasonably possible. Where available,
parts have been signed out of the company stores and surplus. This has reduced excess packaging as
when replenishing stock, the company will order a large batch. Therefore, less packaging is required
than when ordering individual items on a smaller scale. Regarding surplus stock, this is not re-ordered
and therefore is utilising materials that would otherwise go to waste, effectively saving money whilst

also benefitting the environment.
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6 Conclusions and Recommendations

Overall, the project has been completed to a standard that meets the initial criteria detailed whilst also
in accordance with the company and industry standards. The success of the project depended on
addressing the three target issues of the previous system. The new system solves these and so will
improve performance and reliability of the refinery and ultimately reduce running costs and operating
emissions. The finalised testing rig for the project is ready for site implementation, to fully implement
on site, the existing 1/0 and supply will be required to be cut over directly to the charms and supply in
the Emerson cabinet. The DeltaV system will then be able to access and manipulate the I/0 with the
designed control software. Operability has been proven through thorough testing of each function,
repeated tests were carried out through each development of the design and a finalised test following
completion. Regarding the operability standpointthe project is a success ang has achieved the desired

outcome.

The delivery of the project plan met many issues that greatly shifted the track away from the plan, the
impact of this was reduced in a partial respect by starting the project earlier than originally planned.
However, time management still became an issue and resulted in disjointed progress, reflected in the S-
curve (figure 16). The budget of the project required micromanaging monthly in line with the labour

hours, however remained under budget whilst including a minor design addition.

The DCS choice has proven to béthe aptimum long-term solution of the three initial choices, the system
is future proofed through being integral to the control system upgrade that has only recently been fully
rolled out across site. Control and trip functionality have been jointly carried out by the DCS, external
logic has also been included into the standalone Bently Rack. The integration of the Bently rack allows
for future expansion, such as a speed probe or machinery diagnostic project and compressor upgrade.

It has also enabled the project to benefit from modern existing infrastructure, saving costs.

Recommendations for future projects are associated with improving the project planning process.
Despite implementing multiple contingencies, this project deviated by a large amount from the plan.
Difficulties posed by COVID-19 restrictions initially denied access to work locations and equipment,
this delayed the project further into the TAR, an extremely time intensive period with delays of its own.
These irregular conditions impeded progress but are however not a common occurrence. In future, for
a work-based project to be carried out alongside normal working hours, the work scope must be planned
across a far larger amount of time. Doing so will reduce daily demand and will allow the flexibility for

separate work commitments.

In conclusion, the project overcame the challenges encountered throughout, and despite moving off

plan, managed to stay within budget whilst being an operational and environmental success.
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8 Appendix

8.1 Implementation Evidence
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Appendix 5: Downloading outputs.

Faceplate

‘when the download completes, the items you
selected will be updated to indicate their status,
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Appendix 6: Faceplate configuration and test.
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Appendix 7: Output reference assigned.
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Appendix 14: Low lube oil module.
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Appendix 22: 60 second delay test.
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‘Appendix 23: 60 second delay trip test.
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Appendix 25: Shutdown DI blocks.
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Appendix 26: Inhibit start test.

13 IF

14 '//21BP51565/DI1/0UT _D.CV'=1

15 THEN

16 '*/ INTERLOCK/CND3/DISABLE.CV' :=1z| I

Appendix 27: Single bypass logic.
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Appendix 28: Bypass logic test.
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Appendix 29: Bypass logic test 2.
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Appendix 30: Bypass allowing start.
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Appendix 31: Start up bypass test.
21 IF
22 'NZlBP51561f’D11f0UT_D.CU'=1
23; THEN
z24i "M INTERLOCKE/CNDZ/DISAELE.CV' :=1;
25 ELBE
26 '/ INTERLOCE/CNDZ/DISABLE.CV!' :=0;
27 ENDIF:
28
29 IF
30 'N21BP31569HD11KOUT_D.CU'=1
31 THEN
32 'S INTERLOCES CND3/DISAELE.CV' 1=1;
33 EL3E
34i 'S INTERLOCE/CHND3/DISAELE.CV! :=0;
35 ENDIF;
36
37 IF
38 'f.-'fzlBPSIST‘}a’DllfOUT_D.CU'=1
39 THEN
40 'S INTERLOCKE/ CHND4/DISABLE. CV! 1=1;
41; EL3ZE
4zi VA INTERLOCES CND4/ DISABLE. CV' :=0;
43, ENDIF;
44
45 IF
46 'fp"zlBPSISEEf"DllfOUT_D.CU'=1
47 THEN
45 '/ INTERLOCKE/CNDS/DISABLE.CV!' :=1;
459 ELSE
L0 'S INTERLOCKE/CMDE/DISABLE. CV! 1=0;
51; ENDIF;
52
53 IF
54 'Nz1BPSDlDlH‘DIlfOUT_D.CU'=1
55 THEN
56 '/ INTERLOCE/CNDE/DISABLE.CV' 1=1;
57 ELZE
L& '/ INTERLOCKE/CHNDE/DISABLE.CV! :=0;

Appendix 32: Further bypass logic.
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Appendix 33: Rest button faceplate.
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Appendix 34: TP10 is clear.
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Appendix 35: Graphic build.
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Appendix 36: Graphic and faceplates.
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Appendix 37: Running graphic.

56




BFI
BFI H L
e —— INTERLDCE_LOGIC |3
CHD RESET_ M UT_ T @iﬂ-
IHTEALOGK,
CHOE i —E—- il A1l our_e |1
SET_F -E: E}-i B_KZ FRDT_OOT [
e [—— - wa o
[L) —f I
=B RESET D — JFawe]
ILE3_RESET R.. || False ] o [T —_—
Faciar Inzarfock
_E—' L= L]
CHD —EI—- Com_k?
chos ——— T { s
DET_I -E m—- _kD
orsaLs HI—— 0| lemm TReE
[T FIH
IFH_RESET_R._. || Falze
Appendix 38: First up logic.
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Appendix 39: First up animated text configuration.
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Appendix 40: Shutdown and first up.
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Appendix 41: First up test.
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Appendix 42: Alarm and bypass text configuration.
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Appendix 43: VRU1 graphic complete.
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Appendix 44: VRU1 & 2 graphic complete with compressors offline.
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Appendix 45: VRU graphic with compressors online.
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Appendix 46: 3500 rack configuration.
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Appendix 47: Configuration downloaded.

| A A Af - Ef | s— v 31— w 3— | = F=— T L.I| I PR a = FN T el |
B3, Four Channel /42M Proximitor/Seismic Mon
Slot- Rack Type: Configuration 1D Slot Input/Dutput Module Type F
2 | Standard I Prox/Seismic /0 Module (Intemal Termination) -
— Channel Pair 1 and 2 — Channel Pair 3 and 4
Channel Pair Type Channel Pair Type
|Radial Vibration -l |Radial Vibration -l
— Keyphasor Association — Keyphasor Association
[~ Ho Keyphasor [~ Ho Keyphasor
— Pnmary —Backup — Primary —Backup
Upper Upper Upper Upper
* Channel 1 & Channel 1 ===>|  Channel 1 ' Channel 1
" Channel 2 " Channel 2 = " Channel 2 " Channel 2
Lower Lower - Lower Lower
" Channel 1 " Channel 1 (=== " Channel 1 " Channel 1
" Channel 2 " Channel 2 " Channel 2 " Channel 2
— Channel 1 Channel 2 — Channel 3 Channel 4
¥ Active il ¥ Active ¥ Active === ¥ Active
Ophtions. _. | — Options. | Options.__. | — Ophtions. . |
<===| (===
114 | Set Defaults | Point HNames | Cancel Print Form | Help | 3500
Mode Setup |

Appendix 48: Slot configuration.
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B Channel Point Mames oo
1 Slot: | 2 i
1 B n
4 Enter Channel Point Hames [Up to 20 characters] E
1 Channel 1 |w_1|]| L
Channel 2 |w_||]2
1 | Channel 3 [vT-201 cl
e
Channel 4 |w_2|]21 |
(
e
(
Page Up | Page Down C
(1].9 Cancel | Help 3500 s
e T T T T TT I —
Appendix 50: Probe tagging.
| A& A Ad~ K = v — v i & 3= @ 2| a9 B PR P = AL
B3 Radial Vibration - VT-101 =
Channel: | 1 [(Active) Slot: | 2 Rack Type: | Standard
Transducer Setup + Filtering | Variables + Alarms |
Transducer Selection — Barniers
* None
Type |3300-Bmm Proximitor i P
170 Module Attached - Jumper Position:
| Prox/Seis Int Term - Prox/Accel ~ MTL 796(-) Zener Ext.
" Galvanic Isolator
Transducer Direction
{* Toward Probe
" Away From Probe
Direct Frequency Response |24l]—24l].l]ﬂﬂ quln
Transducer Orientation
ng * Left
Degrees: " Right
(114 Set Defaults Cancel CP Mod Print Form | Help | 3500

Appendix 49: Probe settings.
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| B3 Radial Vibration - VT-101 hs
‘| Channel: | 1 (Active) Slot - ["2 Rack Type: | Standard
P |
Transducer Setup + Filtering Wariables + Alarms |
— Enabl
nable ¥ Alert Latching
Full=cale Range Clamp Value
Direct Il]—ll] mil pp LI I 0.00 |§| |+ Danger Latching
Gap F54 Vc -] [0o0 [3
Trip Multiply
™ 1X Ampl [otomipe -] [0.00 [
[100 [4] 1.00t0 3.00 (steps of 0.25)
1X Phase Lag [0 [F
[~ 2xX Ampl [otomipe ] [0.00 [§
2X Phase Lag [0 [4] Recorder Output
™ Mot 1X Ampl [0-10milpp ~| [000 [3] | None =l
Smax Ampl i - 0.00 & [~ Two mA Clamp
r Pl [0-10 mil =] E Delay
Net [73 2] 1 _gps
Danger I 1.0 g 10-600s
I~ 100 ms
Zero Position | 0.00  [2]volts
(Gap)
Adjust. .. |
0K | Set Defaults | Cancel CP Mod Print Form Help | 3500
Appendix 51: Probe and alarm parameters.
| B3 Setpoint Configuration: Radial Vibration - YT-101 X
i —Alert / Alarm 1 —Danger f Alarm 2——————————
Direct Gap 1X Ampl 2 Ampl Not 1X Ampl Smax Ampl  1XPhase  2XPhase | |[Direct = |[None |
mil pp Vde mil pp mil pp mil pp mill deg deg mil pp

|5.0 6.0 6.5 6.5 |3.0 |3.0 [75

10 -24 10 10 0 0 10
[ [
! CHNE|
L JL | ! 315 45, ! 315
QOQS?D QDQQTO
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150 1&0
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W~ ¥ r = r = = [ it
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Appendix 52: 3500 alarm limits.
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9 Relay Association -

Available Monitors: Rack Type: Standard

Config ID: I Relay Slot- 3

Awailable Monitor Channels/Alarms:

5 a4 9 10 13

2 7

B

4 6 11

12

—5Standard Relay Association Alarm Drive Logic:

14

15

G

And [7) | Or[+)

Enter

Copy...

Il

Simplex - 12 of 60 logic operations per Module

L

{

-

Channel 1

v Active
[~ Latching Relays

And Yoting Setup... |

Relay NE/NDE Switch Status:

( S02CD1A1 + SD2C02A1)

Nomally De-Energized [1].9 Point Names... | Cancel | Print Form | Help | 3500
Appendix 53: 3500 logic OR gate.
53 Relay Association - x
Awailable Monitors: Rack Type: Standard Config 1D: I Relay Slot- 9
2 3 2 5 & 7 8 9 10 11 12 13 14 15 Available Monitor Channels/Alarms:
— 0 e SO2CHHAT (Slot 2 Any Active Alert) ~
| SOZCHHBAZ [Slot 2 Any Active Danger]
S02C01A1 [Slot 2 Channel 1 Alert)
S02C01A2 [Slot 2 Channel 1 Danger]
SO02C0241 [Slot 2 Channel 2 Alert
| SO2C0242 | Slnt 2 Channel 2 Danger] |
S02C03A1 [Slot 2 Channel 3 Alert)
S02C03A2 [Slot 2 Channel 3 Danger]
S02C04A1 [Slot 2 Channel 4 Alert) A
il s e And [7] | Or[+] &= |
- - : Enter
[ ) CLR
| | Copy... |
Simplex - 12 of 6D logic operations per Module
— Standard Relay Association Alarm Drive Logic: ’7 —‘
( S02C01A2 * SD2C02A2 )
And Yoting Setup... |
Relay NE/NDE Switch Status:
Normally De-Energized [1].4 Point Names_.. | Cancel Print Form Help | 3500

Appendix 54: 3500 logic AND trip gate.
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B9 Download Configuration >

Configuration ldentifier: | Celect All

Slotz To Download

Upper Slot / Full Slot Lower Slot —k
1 [~ /20 RIM-Rack Interface Mod [ Download Groups
2 % /42M Proximitor/Seismic Mon Cancel
3 [ /72M Rod Pesition Menitor E—
4 [~ Nene Print
5 [T Neone -
6 [T Nene Help
7 [ Nene -
8 [ None
9 [x /32 Standard Relay Module
10 [ Nene
11 [ None
12 [ /25 Keyphasor Module [ None
13 [ None
14 [ None
15 [ /92 Communication Gateway

Rack Monitor Legend

Physical and Virtual are Different 3500

Appendix 55: Card download to 3500 rack.
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Appendix 56: DeltaV controllers and CIOCs installed.
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Appendix 58: Pressure transmitter set up.
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Appendix 57: Operator interface console.
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8.2 Testing Evidence

| setings
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Appendix 60: Final compressor module logic.
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Appendix 61: 25% pressure.
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Appendix 62: Operator interface console.
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Appendix 63: Auto below set point.

Appendix 64: Compressor cut in 4.42kg/sqcm.
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Appendix 65: Compressor 50% loading at 4.533kg/sqcm.

L
S

Appendix 66: Compressor 75% loading at 4.645kg/sqcm.
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Appendix 68: Compressor running with healthy lube oil pressure.
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[auro. [N B

Device state

|Shutdown/Interlocked
Falolarm  _Reset |

21PXL1571
Control Module

ALARMS | LIMITS 1jo | __omenostics |

Appendix 70: Healthy lube oil pressure and reset pressed. First up and interlock has cleared.
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Appendix 71: Start initiated, fin fans have started before compressor. Set point means compressor will attempt to load to
100% once running.

NORMAL
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Appendix 73: Unload sequence at 75%, pressure 4.589kg/sqcm.

(e
[auta

Device state
Confirmed Running

Fail alarm

Modelock Override [ |

AW=EEe

Appendix 74: Unload sequence at 50%, pressure 4.51kg/sqcm.
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(FAN)

(o T

Owned by:

Au=sEe

Appendix 75: Unload sequence at 25%, pressure 4.458kg/sqcm.

Appendix 76: Unload sequence still at 25%, pressure 4.346kg/sqcm.
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Appendix 77: Compressor offline and unloaded automatically as pressure below set point.

Appendix 78: Pressure increased back up below auto cut in, compressor not started.
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Field device output is fixed at
20.0000 mA.

Cancel

Appendix 79: Pressure full range loop check.
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Appendix 80: Full pressure range.
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Appendix 81: Charm disconnection/Isolation test.

Appendix 82: Pressure Al failed to -1.5kg/sqcm. This prevents compressor auto cut in if transmitter fails. MODBAD highlight
box/alarm present on top graphic indication. BAD PV indicator also active.
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Appendix 83: Manual starting of compressor still functional when indication failed.

Device state ||| |11+

[,_' ‘,‘”‘“‘"”K”"!“’lv"" Ly | |Confirmed ; ml ‘
At | i i ‘ w i
I | “‘ | i : (e Fail alarm | l‘m N'il:i ‘ |
i A
i ‘ ‘ m n

{ dibib i R
Appendix 84: Compressor unloaded for first 10 seconds as per start procedure.
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Appendix 86: Dual redundancy controllers and power supplies. Currently left hand‘ in service.
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Appendix 87: DeltaV test rig.

Appendix 88: Compressor manual stop test.
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B Verification: Radial Vibration [02/02/01] - Polling =

Rack Status Channel Status —_—
Trip Multiply: Disabled Channel OK State: OK 1].4
Alarm Inhibit - Disabled Channel Bypass: Disabled Cancel
Alert/Alarm 1 State: No Alarm
Module Status Danger/Alarm2 State: No Alamm Print
Module OK State: Not OK Channel Off- Disabled
Module Bypass: Enabled Special Channel Inhibit- Disabled Help
Alert/Alarm1 State: Mo Alarm Trip Multiply: Disabled
Danger/Alarm2 State: Mo Alarm B 3500
Special Slot Inhibit:  Disabled LOU"""'W g: Eﬁ%ﬁ Chan_1_J&4
Configuration Fault: No Scale Factor = [VT-101
200.0 @m\”ﬂﬂ |50ltwale Switch Settings... ‘
Z.P. Volts
[0 [#][oo [#] [o0 [#] [o0 [#] [oo [#] [oo [#] [oo~ [#] [o0 [#]

Smax Ampl

Appendix 89: VT101 probe on wobulator. gap voltage of 10V.

B3 Verification: Radial Vibration [02/02/02] - Polling >
Rack Status Channel Status —_—
Trip Multiply: Disabled Channel OK State: OK 1] 9
Alarm Inhibit - Disabled Channel Bypass: Dizabled Cancel

Alert /Alarm1 State: No Alarm
Module Status Danger/Alarm2 State: No Alarm Print
Module OK State: Mot OK Channel OFff - Dizabled
Module Bypass: Enabled Special Channel Inhibit- Disabled Help
Alert/Alarm1 State: Mo Alarm Trip Multiply- Disabled
Da‘lg!_a?‘ﬂa'm}! _St_el-e: No Alarm T OK Limit| 1675 Vdc Chan 2 ~ 3500
Special Slot Inhibit: Disabled Lower OK Limit: 2 75 Vde
Configuratien Fault: Ne Scale Factor = vVT-102
200.0 @mvf".ﬂ |Suftware Switch Settings...‘
Z_P. Volts
(00 [#] oo [#] [oo [& [oo [ oo [#] [0 T[4 [oo [4] [oo [&

1X Phasze Smax Ampl
359 10

Appendix 90: VT102 on wobulator. Gap voltage of 10V.
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B Verification: Radial Vibration [02/02/01] - Pelling *

Rack Status Channel Status
Trip Multiply- Disabled Channel OK State: OK 1].9
Alarm Inhibit - Disabled Channel Bypass: Dizabled Cancel
Alert/Alarm1 State:
Module Status Danger/Alarm2 State: No Alarm Erint
Module OK State: Not OK Channel Off - Disabled
Module Bypass: Enabled Special Channel Inhibit: Disabled Help
Alert/Alarm 1 State:- Trip Multiply- Disabled
Da'igl_erfﬂa‘mz _St_ate: Nc Alam U OK Limit ] _16.75 Vdc ’—Mw 3500
Special Slot Inhibit: Disabled Lower OK Limit: 2 75 Vdc
Configuration Fault: Ne Scale Factor = NT-101
200.0 @m\fm| |Suﬂware Switch Settings...|
Z.P. Yoltz
[0 [#] [oo [#] [oo [#] [oo [#] [oo [&] [o0 [¢] [oo [4] [o0 [&

1X Phase
359

Smax Ampl
10

T

Appendix 91: VT101 in Alert.

B Verification: Radial Vibration [02/02/02] - Pelling Y
Rack Status Channel Status _
Trip Multiply- Disabled Channel OK State: OK 1] 9
Alarm Inhibit- Disabled Channel Bypass: Disabled Cancel

Alert/Alarm1 State:
Module Status Danger/Alarm2 State: No Alarm Print
Module OK State: Not OK Channel OFf - Disabled
Module Bypass: Enabled Special Channel Inhibit- Disabled Help
Alert/Alarm1 State: Trip Multiply: Disabled
Lot~ R L Upper OK Limit{ -16.75Vdc  [Chan 2 ~ 3500
Special Slot Inhibit - Disabled Lower OK Limit-| 2,75 Vde
Configuration Fault: Mo Scale Factor = NT-102
200.0 @m\fm| |Suﬂware Switch Settings... ‘
Z.P_Yolts
o0 [#] oo [4] [0 [#] [oo T[] [oo [#] [o0 [&] [oo [2] [o0 [&

Smax Ampl

Appendix 92: VT102 in Alert.
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[ Verification: Radial Vibration [02/02/02] - Polling b4

Rack Status Channel Status
Trip Multiply: Disabled Channel OK State: OK 0K
Alarm Inhibit - Disabled Channel Bypass: Dizabled Cancel
Alert/Alarm1 State:
Module Status Danger/Alarm2 State: Alarm Print
Module OK State: Not OK Channel Off- Dizabled
Module Bypass: Enabled Special Channel Inhibit: Disabled Help
Alert /Alarm 1 State: Trip Multiply- Disabled
Da\g_er}‘ﬂla'm2 iEt_.ie: Alarm U OK Limit —7g.75 Vdc I—MH..zv 3500
Special Slot Inhibit: Disabled Lower OK Limit: 2,75 Vde
Configuration Fault- No Scale Factor - VT-102
200.0 @m\ﬁn‘il |Snllwale Switch Settings__. |
Z.P. Volts
[0 [&] [oo [#] [oo [#] [oo [#] [oo [&] [oo [#] [oo [2] [oo [

1+ Ampl Smax Ampl

10

Appendix 93: VT102 in Danger.

[ Verification: Radial Vibration [02/02/01] - Polling x

Rack Status Channel Status
Trip Multiply: Disabled Channel OK State: OK (1]
Alarm Inhibit - Disabled Channel Bypass: Disabled Cancel

E Alert/Alarm1 State:
Module Status Danger/Alarm2 State: Alarm Print
Module OK State: Not OK Channel OfFf- Disabled
Module Bypass: Enabled Special Channe! Inhibit: Disabled Help
Alert/Alarm 1 State: Trip Multiply: Disabled

Danger/Alarm2 State: Alarm

Special Slot Inhibit:  Disabled Upper OK Limit] 16.7/5Vdc  [Chan 1 ~ 3500

= " . Lower OK Limit:| -2 75Vdc =
Configuration Fault- No Scale Factor [vT-101
200.0 @m\ﬂ“ﬂ |Suftwale Switch Seltings...|
Z.P. Volts
[oo [#] [oo [¢][oo (8 [oo [#] [oo [4] [o0 [#] [oo [#] [0 [¢]

1X Phase Smax Ampl
354 10

Appendix 94: VT101 in Danger.
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Appendix 95: 3500 rack.

Appendix 96: 3500 proximitor and extension for probes.
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Appendix 97: Wobulator set up with probe positioned central.

E |

Appendix 98: Gap voltage set to 10V.
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Appendix 100: Shift in vibration levels to Alert.
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Appendix 101: Relay card output active, Alert OR logic condition has been met.

R

Appendix 102: Vibration levels increased to Danger for both VT101 and VT102.
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Appendix 103: Voting AND criteria met for Danger trip condition. Relay card shutdown output active.
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8.3 Plan and Evaluation

VRU Upgrade Project

D Ince
Project start date: 07/12/2020 scrolling increment: 0
Milestone marker: 1 »
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Wiring design D.ince 100%  13/12/200 s
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Program control I 0. ince 0% 2y12/200 1
Build test rig Ince 0% oyjoy2a s
Install equipment D.Ince 0% 0j0yj202 s
Wire equipment D.ince 0% 10j01/202 3

Testing
;:::;EW'"E"[ power D.Ince 1w00%  12/01/2021 5
Test control logic D.ince 0% 18/01/2021 s
Create documentation o tnee . |emEs .

punch list

VRU Upgrade Project

D Ince
Project start date: 07/12/2020 Scrolling increment: 53
Milestone marker: 1
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Build test rig D.Ince 100%  osoy/2021 s
Install equipment D.Ince 100%  oroy/1 s
Wire equipment 0. Ince 100%  ofoy2021 3
Testing
::5;_:;‘::'"?"[ = D.Ince 100%  12/01/2021 5
Test control log 0. Ince 100%  1sfoyz0n 1
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punch list

VRU Upgrade Project
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Build test rig 00%  ooyzn i
Install equipment D. Ince. 100%. 07/01/2021 4
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Appendix 104: Project Gantt chart.
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8.4 Miscellaneous

L Cut + ¥ =<0 ( i Lk Internal Parameter A Mamed State % Replace
P 4 o o) Al

" Copy - f =< > 1 » External Parameter I“-’--_:j SELSTR G GoTo
Paste = Functions  Fecently " i Find 4
= NOT AND OR 7 o L, hliaz o LOGEVEMT 2 Inzert w
Clipboard Operators Function Library DeltaV’ Functions Editing
FHvae R ®
Expression:
1 fF

Z 'UFAIL/PVLCV »4, 42 AND '/ ZSLOAD.CV'=0
3 THEW

4 'MFEELOAD .V i=1;

5: ENDIF:
3
7
g

IF
VASATL/PVLCY! 4,42 AND ' 4/2SLOAD.CV'=0

5! THEN

10 14 f2ELOAD. OV 1=0;

11 ENDIF;

1z

13 IF

14 V4SBT PY.CYV >4, 317 AND '/ ZSLOAD.CY =1

15 THEM

16 "4 FEELOAD.CV' i=1;

17 ENDIF;

18

19; IF

20 V4 fAT1/PV.CV €4, 317 AND'*/25LOAD.CV' =1

21! THEN

22 V4 f2ELOAD. V! 1=0;

23] ENDIF;

Appendix 105: Initial 25% loading logic.

W) 4Ly e E oS &) w r P LRIEMEIFEIATEIET ) DELDIF g 00
Faste = W7 M R Al Hm i | S LOGEVENT Fad % jngen w
Clipboard Operator: Function Liorane Dreltialy” Function:: Editing

FHvzg EEHW

3 Fet CAS_IN_I and SF_I' of the D01 block to REQ 5P and SF_D regpectively if the wvaluea
4 are changed.

7 OSP_D t= 'SP DLOV':
B REQ_SF := ‘*/REQ SP.CV';
5 DO HODE := ' */DOL/MODE. TARGET' ;

10; IF

11} [0 */D01/Cas_IN D.CW' '= REQ SP) OR (SP_D !'= REQ SF1)
1z KND (DO_NODE = CAS))

i3 THEM

14} CAADOL/CES IN DL OV 3= REQ SP:

15! PAjER DLCW :e REQ_SF:

L& ENDIF:

17 IF

1= [{"*/DIL/SP_D.CV' !'= SP_D] ANF (DO HODE = AUTS)]
15 THEN - - B

20! CDOL/ER_ DLV 1= BRI

21 ENDIF:

22|

23] IF

24 ' /DO1/OUT_D.ov =1]

25 THEM

26 ASSP_DLOWY = O

Z7 ENDIF

28T

B e e e e e e e e e e e e e e
30 Set the PV_D Hamed sec parameter to O and OFF depending upon the values of
31 DOLSPV_IF parameter

FE] = e e
3307
APV _DLCVY i ASDOLAPY DLV :

35
36
37 End of Code

Appendix 106: ACT1 logic expression.
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Addiznal Senal Inpuns
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Appendix 107: Failure and Misc logic location.

B MISC_LOGIC Expression

o X

w4 Cu + ¥ = =3 ( %f ] LB Irteinal Patsmeter 4 Hamed Stale 't—: Replace

—'j Copy = f =2 > ) x E b Extemal Parameter E[ SELSTR % GoTa

Fasha = W7 D OR Fmi'iw T?;fc'-ﬂ:' B Az O LOGEYEMT Find 3 Irget =

Cipboad Operators Funchicn Linany Dieliay Furctions Editing

HHdvwse GE®
Expriezssane:

104 ')'.-"ZIBPSDEDI.(DII.VOUT_D.CV'-1 ~

105! THEN

106 '/ INTERLCCE, CHDS/ DISABLE . CV" = =1;

107! EL3SE

108 ' INTERLOCE, CHDS/DISABLE.CV" z=0;

10% ENDIF

110

111 "“.l"IWFERLOCKIBFIIIRIEET_IN.CV' :=‘*."TP1|:I:I

112 5
Fazer culout: 8

Appendix 108: TP10 expression.
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