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For this assignment you are required to demonstrate your knowledge and understanding in your area of a process engineering environment. Both of the tasks below must be presented in a report style format, with different sections for each task.

The report document must be constructed in a formal and professional manner using an appropriate word-processed program. The completed report should contain the following sections:

· A cover page or document title page.
· A table of contents page.
· Sections or paragraph headings related to each aspect of the report.
· Headers on each page with the title of your report.
· Paragraphs should be spaced using ‘1.5 line spacing’.
· Footers on each page with the author’s name on the right-hand side and ‘Page … of …’ on the left.
· A references page and bibliography as appropriate.
· Appendices where appropriate for larger quantities of data.
· Diagrams, charts or tables, suitably incorporated and labelled.
· The text format should be Times New Roman or Ariel with a font size of 12.
· A word count of 2000 words (± 10%).












Task 1 (LO4)

For task four you are required to demonstrate an ability to describe process equipment operation and an awareness of physical hazards present at a facility.  

A key item of process equipment at your facility (e.g. column, compressor, turbine, pump, heat exchanger).
                                    
Your report should include the following detail for the equipment chosen; 
 
· The technology and theory associated with the equipment.

· The principle of operation of the equipment in service.

· The conditions that could lead to failure for the chosen equipment including process, physical, mechanical and operational abnormalities and hazards. (pressure, temperature, flow, contamination, vibration, deterioration mechanisms and indication of deterioration, abnormal combustion conditions and operational conditions. 
 
· The attempt to eliminate the risk posed by the hazards identified through application of the current HSE framework.

Task 2 LO3

For task two you are required to demonstrate a knowledge and understanding of the units that make up an industrial process. With this in mind, you should include a description of the main process units at your facility. You should consider the chemical and physical transformation processes occurring in at least one unit at your facility. 
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Task 1
	Within Valero Refinery there are multiple refining units where the different process takes place to refine the Crude oil into more valuable products. The unit I am currently working on is the Fluid Catalytic Cracking Unit (FCCU), this unit uses the addition of catalyst to encourage a reaction to take place which helps to break down the difficult to refine crude oil. Within the FCCU there is a crucial piece of equipment called the power recovery train (PRT), the PRT recovers large amounts of energy that is present within the hot flue gas that exits the regenerator. To harness this energy the PRT captures the flue gas stream when it expands to a lower pressure and lower temperature state across the specialist single-stage turbo expander which converts the kinetic energy caused by the flue gas passing through the expander blades. The expander is connected via one shaft to a gearbox, the gearbox is then connected to the air blower, this is followed by a steam turbine and connected to a motor-generator (mogen).  Figure 1
[image: A picture containing sky, outdoor  Description automatically generated]
Internals of the Expander assembly.
(Valero Maintenance library, 2021)
Expander 
Expander Casing

The expander, shown alongside, is the main power input to the PRT. This is fed from the flue gas from the regen. The flue gas is fed to the expander via a 60” line from the output of the 3rd stage separator. This flue gas then passes through a butterfly control valve 02-PV-218B. This valve also has a safety bypass which bypasses the expander inlet in case of a PRT trip, this is controlled via a 38” line and valve 02-PV-218A. Once the flue gas has passed through the expander it exits via an 80” outlet line to the waste heat boiler. The train of the PRT has a nominal operating speed of 3900 RPM. The air blower that is shown alongside, is driven by the output shaft of the expander.  It is a 15-stage axial compressor designed to provide a continuous supply of compressed air to the regenerator for catalyst regeneration.  Inlet air goes through air intake filters and then through the inlet silencer. Air enters the blower through a vertical connection in the top half of the casing.  As it passes through the continuous stages of the blower, the rotor blades increase the velocity of the air. The first seven stages of the stator vanes are hydraulically adjustable vanes designed to regulate the flow of air through the blower which is about 310,000 Sm3/hr.  The compressed air is then discharged through the top half of the casing, through pipework and then back into the Regenerator to help with regenerating the catalyst. The air blower can be driven by the expander or the opposite end by using either the steam turbine or the mogen unit. Figure 2[image: A picture containing person, engine  Description automatically generated]
Internals of the air blower.
(Valero Maintenance library, 2021)


On start-up of the unit, there will be no heat to be able to run the expander so the motor-generator and the steam turbine are utilised to allow the PRT to get up to running speed, this will be maintained using a combination of the steam turbine and the mogen. These will be used until the regenerator can build up enough heat to be able to drive hot flue gas into the expander and power the PRT instead of having to use the plants own power sources (steam and electricity). The HP steam turbine is used only to provide the drive power for bringing the power expander train up to speed when insufficient hot flue gas is available to drive the air blower at the required speed and power during the commissioning and start-up of the FCCU. When the steam turbine is not running and the trip and throttle (T&T) valve controlling the steam inlet is shut there is a small flow of MP steam running through an orifice within the T&T valve which allows a small flow through the turbine which ensures that all pipework/internals is kept warm and ready in case there is extra power needed to the train. Unlike most turbines T&T valves/governors that control the speed by the governor slowly moving the throttle arm which then controls the T&T valve open/closed, the PRT governor and T&T valves are controlled via a digital speed that relays the info to a pneumatic valve that controls how far open the T&T is.
The motor-generator (mogen) works as a power source just like the steam turbine in case the expander is not providing enough power to the air blower. The motor only kicks in if the power train falls to below 1500 rpm, this will then quickly power the train back up to the 3900 rpm which is needed. When the power train is trying to run over the 3900 rpm limit the motor switches itself to a generator mode, this slows the speed of the train to stay within the rpm boundary, whilst doing this it also recovers the extra power being made and turns it into electricity that can be inputted back into the power grid. By doing this it reduces power costs of the plant and that extra power can be used to run other electrical motors around the plant.
Even with all this extra equipment, there are multiple reasons that the PRT could still trip or damage itself which would cause the cracker to have to shut down, one of the main trip hazards on the unit is if the power train’s speed is too low or even too high. To ensure this does not happen the turbine or mogen will automatically cut in to ensure that there is no reason for the power train to trip on high speed or low speed which would lead to the plant having to shut down. Another possible trip hazard for the PRT is high vibration readings on the bearing housings. The bearing housings on each piece of equipment within the PRT has vibration sensors that are set to have a high warning alarm which will alert the panel man to ensure that they can try to fix the vibe problems. It will then also have a high high vibration alarm which if continues for more than 30 seconds it will trip the PRT which will then cause the unit to shut down. Having these vibration alarms in place makes sure that the equipment will not destroy itself in case of any vibration-related problems.Figure 3
[image: Y:\Rich unit Visio\FCCU\PRT manual info 150616.jpg]
Layout of Power Recovery Train and pieces of equipment connected to it.
(Valero FCCU structure manual, 2018.)

 A common hazard that we must keep on top of on the PRT is the build-up of catalyst/coke build upon the expander, when the catalyst/coke builds upon the blades of the expander the very small clearance between the blades and the expander casing. This is a problem as the expander will not be as efficient as it would be with the clearance around the blades, without the clearance the air will not move through the expander as easy. As well as the lack of efficiency in the past this problem was not monitored until the accumulation of catalyst/coke caused an issue where the build-up came into contact with the casing and caused severe damage to the casing and the expander blade. When investigated the solution to the problem was to drop a 1kg bag of crushed walnut shells through a small hopper above the expander every Thursday night, these walnut shells contact the expander blades, and the catalyst/coke build-up gets burned/cracked off the fan blades which keeps them in good condition.


Task 2
	Within the cracker, we have the catalyst circuit/structure side of the process and then the recovery side of the plant. This part of the process is the cat circuit, where we receive the feed product, contact it with catalyst and ensure that the feed has been broken down enough to refine it within the fractionation column. The first step of this process is receiving the cold and hot feed into one vessel called the feed surge drum, this allows the plant to run a constant feed rate without changing constantly. From the surge drum, the feed goes to the ‘Riser’. The ‘Riser’ is a long straight upwards vessel that has nozzles feeding it, ten nozzles are feed and another ten are atomised steam. The steam needs to be atomised so that it can break up the feed into miniscule particles. Even though the vessel is called the riser, this is where the reaction takes place between the atomised feed and the catalyst that is dropped into the riser. The reaction taking place in the ‘Riser’ bonds the feed to the catalyst where the extreme temperatures break the long-chain molecules of the feed down into shorter chain, more valuable products in vapour form. This vapour and catalyst then travel up the riser and into the ‘Reactor’. Within the Reactor, the vapour separates from the catalyst and rises into the dome section where it flows into the overhead line and the fractionation column. Figure 4[image: Y:\Rich unit Visio\FCCU\Main frac Structure 17-06-16.jpg]
Overview of Fractionation column with reflux circuits and reboilers.
(Valero FCCU structure manual, 2018.)

The fractionation column takes the vapour from the overhead line and enters via the HCGO section of the fractionation column. Each of these hydrocarbons entering the fractionation column has different boiling points. The longer chained hydrocarbons such as the fuel oil have a higher boiling point than the smaller chained molecules such as the gasses. When it enters the HCGO section the lighter end hydrocarbons move up the fractionation column and settle in the respective trays. The vapours inside the column can be cooled and heated using various refluxes and reboilers around the column. The column uses a simple but effective technology called bubble cap trays; this is due to the shape of the cap-like structure shown in figure 5. This works due to how lighter feed travels up and through the bubble cap, contacting with the liquid sitting on the tray. If the vapour has enough energy to move higher up the column it will continue to do so until it is condensed based on its distillation point. After the liquid has settled on the correct tray for its energy if the liquid is heavier than the rest on that tray then it will run down a downcomer where it is moved to the lower tray where if it is the correct tray, it will be drawn as a product however if the liquid is heavy again it will drop again to the next and repeat the process until the correct tray is found. If there is a lighter liquid on top of the heavier it will be picked up by the rising liquid and raised back up to its appropriate tray.	Back in the reactor the catalyst which was used to react with the feed has been separated and fallen into the bottom section of the reactor, this builds up a level that must be kept fluid so there are grids of steam at the bottom of the vessel which blows steam into the catalyst to ensure it can still flow. Air cannot be used in the reactor to keep the catalyst aerated as there are hydrocarbons present. From the bottom of the reactor, the catalyst drops down a pipe where the spent catalyst slide valve is, this valve is very important as it stops the hydrocarbons from the reactor going into the regen where high temps and air are present. The slide valve allows the catalyst to drop into the ‘Regenerator’, within the regenerator the coke left on the catalyst from the reaction with the feed is burned off the catalyst, the catalyst then sits in the bottom of the regenerator. This slowly drops down another pipe where the regened catalyst slide valve is. This slide valve slowly drops regened catalyst into the riser for the process to start again. Figure 5
[image: Diagram  Description automatically generated]
(Werner Solken, 2008.)

The by-product of the regenerator is that it produces flue gas, this flue gas can have catalyst entrained in it, so this goes through a third stage separator which uses cyclones to drop the entrained catalyst out of the flue gas. Figure 6
[image: Y:\Rich unit Visio\FCCU\FCCU reactor - regen manual info 150616.jpg]
Overview of the Reactor, Regenerator and Riser along with slide valves.
(Valero FCCU structure manual, 2018.)




























The flue gas then goes into the expander of the PRT which is spoken about in task 1. From the expander, the flue gas is sent via the discharge line to the waste heat boiler (WHB) where the hot flue gas passes over boiler feed water within boiler tubes which creates steam to top up the sites steam header. When the flue gas has fully passed through the WHB it gets sent through a large 60” line to the stack where the flue gas is monitored and is sent to the atmosphere via the stack.


Reference Page

Valero Maintenance public drive (2021) Power Train Recovery Overhaul [Accessed on 23/04/2021]
Lyndon Griffiths (2021) Company Specific plant knowledge taken from discussions with FCCU Lead Operator. 
Valero Intranet (2018) FCCU Structure Manual [Accessed on 07/04/2021]
Werner Solken (2008) Distillation Column Internals [Accessed on 03/04/2021] Available at:
http://www.wermac.org/equipment/distillation_part2.html

2
Daniel Smith
image2.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




image47.png




image48.png




image49.png




image50.png




image51.png




image52.jpeg
FCCU structure - PRT

Gearbox raio
of 266101
1500 pm in
3900 m out

PRT Mogen (wih the tubine) is ussd
todrive blower uti high temp flue gas
is avaiable as civing force via
expander.

‘When expander takes over Mogen can
ether drive the shaf f uni speed falls
below 1500 rpm)

Or generate slcticy (when spoed is
above 1500 rpm) for export to the
rofnery grid

020-132
Airiniake fter

PRT titine (wih the Mogen) uses HP.

staam 1 drive blower unilhigh temp. ai forcatalys regeneration

fue gas is avalable as criving force Approx flow of 310,000 S
via expander b

When expander akes over turbine:

goes Into windmilling’ mode. S

15 siaga air blower provides.

02FV-259
Stator vane

postion
‘contol

Residual heat in
expander fue gas s
used in the WHE

—

020102

Waste heat boler

R -

02PV-0218

Expandor blados are

| covledusing P sieam

02Fv252
antsurge

02.46-101 PRT 28 PRT 02.C-101 PRT 02.CT-101A
Molor generator 28 Turdine Airbower PRT expander
1500 | S 5[ 000
rom W | —_— /

=

e
Regenerator

To02.H-101 air heater and
onwards o 02.F-101

02.PDC-218 (split range) controls

regenerator pressiure.

+ " Excess pressure reliefis via.
expander bypass 218A

+ Il pressure contol s via 2188

& 021v0250
02.pv02188
a2p107
Thiet
Siage
separator
Ex02-101
Flue gas (approx 695 deg C) ex 3° Regenerator
stage sap i foutd f expancr via
60" ine, driving PRT blower and
Mogen when FCCU is on e
Condersate
auenc
v
To020-108
Fouth
Siage

s 2]

Stack





image5.jpeg
FCCU structure - PRT

Gearbox raio
of 266101
1500 pm in
3900 m out

PRT Mogen (wih the tubine) is ussd
todrive blower uti high temp flue gas
is avaiable as civing force via
expander.

‘When expander takes over Mogen can
ether drive the shaf f uni speed falls
below 1500 rpm)

Or generate slcticy (when spoed is
above 1500 rpm) for export to the
rofnery grid

020-132
Airiniake fter

PRT titine (wih the Mogen) uses HP.

staam 1 drive blower unilhigh temp. ai forcatalys regeneration

fue gas is avalable as criving force Approx flow of 310,000 S
via expander b

When expander akes over turbine:

goes Into windmilling’ mode. S

15 siaga air blower provides.

02FV-259
Stator vane

postion
‘contol

Residual heat in
expander fue gas s
used in the WHE

—

020102

Waste heat boler

R -

02PV-0218

Expandor blados are

| covledusing P sieam

02Fv252
antsurge

02.46-101 PRT 28 PRT 02.C-101 PRT 02.CT-101A
Molor generator 28 Turdine Airbower PRT expander
1500 | S 5[ 000
rom W | —_— /

=

e
Regenerator

To02.H-101 air heater and
onwards o 02.F-101

02.PDC-218 (split range) controls

regenerator pressiure.

+ " Excess pressure reliefis via.
expander bypass 218A

+ Il pressure contol s via 2188

& 021v0250
02.pv02188
a2p107
Thiet
Siage
separator
Ex02-101
Flue gas (approx 695 deg C) ex 3° Regenerator
stage sap i foutd f expancr via
60" ine, driving PRT blower and
Mogen when FCCU is on e
Condersate
auenc
v
To020-108
Fouth
Siage

s 2]

Stack





image53.png




image54.png




image55.png




image56.png




image3.jpg




image57.png




image58.png




image59.png




image60.png
af Sy




image61.png
AN




image62.png




image63.png




image64.png




image65.png




image66.png




image4.png




image67.png




image68.png




image69.png




image70.png




image71.png




image72.png




image73.png




image74.png




image75.png




image76.png




image5.png




image77.png




image78.jpeg
FCCU Structure - plant op
Main Frac

e
e
p Q § > zerze
L2 2F211
Tosponge
Souvaer s
Naottha
Retan
ozeann
= e
e w0saB
TR [
Top pump s
HRGH around
o Sl
680 Pump around
oz
oA
025201 ,@ g
/\ Main
e Fracionator
Sirooe 02-E-301
sirpper :
e 2
@rar
vapour
omimo
i S
o
| 1060 purp ara
s
%
oiezze
wean
nem
0G0 wash FC-035
Loco
Prod
HoG0 wtux
[}
o209
e £
e
®
batd
rc-00]
Gid by e -
o product
Q g
e e

BIC 2 n-,&

o2C
4057




image6.jpeg
FCCU Structure - plant op
Main Frac

e
e
p Q § > zerze
L2 2F211
Tosponge
Souvaer s
Naottha
Retan
ozeann
= e
e w0saB
TR [
Top pump s
HRGH around
o Sl
680 Pump around
oz
oA
025201 ,@ g
/\ Main
e Fracionator
Sirooe 02-E-301
sirpper :
e 2
@rar
vapour
omimo
i S
o
| 1060 purp ara
s
%
oiezze
wean
nem
0G0 wash FC-035
Loco
Prod
HoG0 wtux
[}
o209
e £
e
®
batd
rc-00]
Gid by e -
o product
Q g
e e

BIC 2 n-,&

o2C
4057




image79.png




image80.png




image81.png




image82.gif




image7.gif




image83.png




image84.png




image85.png




image86.png




image6.png




image87.png




image88.png




image89.png




image90.png




image91.png




image92.png




image93.png




image94.png




image95.png




image96.png




image97.jpeg
FCCU Structure — Reactor & regen
See P & Ids for detail

L0GO quench

Cracked hydrocarbon to main fra
02102
Reacior

Vaponrisad poducts
il soparat rom
catalys by graviy
Vapoised poducts
oo separia fom
caayst i h cyclones
-—
Towz.0-107
3" stage separator Catalyst drops down through dip
legs to the bed
02-F-101 i
Regenentor
Achrant tycrocarton
producs stppad rom
Fim EE; ";:r‘ i catalyst by steam in the
| " baffled stripper section
Regen catalyst is. L saliks
soparaied (b contiuge) Rier
o he s go n
ycones
The coke onthe
ctays i bumtof
the regenertor
Catoyt s conted with carbon
(coke) g eacion i h er
i Spent ca 1 eurv o
The temperaure of e Togensraior o have he ke
oyt ored bumed of
vt can b e agan
SCSV il cosean  ow diferentl
Cataystcrops down trough dp pressire across the SCSV lo
oot e ot revan: evers ow and i
enaring o reacor
VGO/Amos esid cracked
a5 ey fow  herisr
i rectons
ndonarmic
Hotragen i eters via (useshea)
Zlevelof g o
it eveny
Upper vel disbutes
Lower el (smaler
ol spancat
sutsion
20108 RESV il cose on  ow iferental
Regen Cat pressure across the RCSV 1o
Sidavave orvent rovarsafow and
Resv hycroatbon smang h regen
O st i s e o8
s of hot catayt
-
Combustion iorhe Rogan cahst o (o rleae
regen process s provide
by the PRT air blower
02.6-101 and re bested

(02+H-101) when required

02FV-1856
14 kolom atomising stearr

e —

Feed is atomised by steam ito nine
ozzles at base of iser

HCGO s also aomised by a single
noce




image7.png




image8.jpeg
FCCU Structure — Reactor & regen
See P & Ids for detail

L0GO quench

Cracked hydrocarbon to main fra
02102
Reacior

Vaponrisad poducts
il soparat rom
catalys by graviy
Vapoised poducts
oo separia fom
caayst i h cyclones
-—
Towz.0-107
3" stage separator Catalyst drops down through dip
legs to the bed
02-F-101 i
Regenentor
Achrant tycrocarton
producs stppad rom
Fim EE; ";:r‘ i catalyst by steam in the
| " baffled stripper section
Regen catalyst is. L saliks
soparaied (b contiuge) Rier
o he s go n
ycones
The coke onthe
ctays i bumtof
the regenertor
Catoyt s conted with carbon
(coke) g eacion i h er
i Spent ca 1 eurv o
The temperaure of e Togensraior o have he ke
oyt ored bumed of
vt can b e agan
SCSV il cosean  ow diferentl
Cataystcrops down trough dp pressire across the SCSV lo
oot e ot revan: evers ow and i
enaring o reacor
VGO/Amos esid cracked
a5 ey fow  herisr
i rectons
ndonarmic
Hotragen i eters via (useshea)
Zlevelof g o
it eveny
Upper vel disbutes
Lower el (smaler
ol spancat
sutsion
20108 RESV il cose on  ow iferental
Regen Cat pressure across the RCSV 1o
Sidavave orvent rovarsafow and
Resv hycroatbon smang h regen
O st i s e o8
s of hot catayt
-
Combustion iorhe Rogan cahst o (o rleae
regen process s provide
by the PRT air blower
02.6-101 and re bested

(02+H-101) when required

02FV-1856
14 kolom atomising stearr

e —

Feed is atomised by steam ito nine
ozzles at base of iser

HCGO s also aomised by a single
noce




image98.png
A




image99.png




image100.png




image101.png




image102.png




image103.png




image104.png




image105.png
Harvop)




image106.png
firey sH2F 0065




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
Thtrd Party




image14.jpg
WILLIAMS

M

==
A

GW

2]

M..,

z| v





image30.jpg
WILLIAMS

M

==
A

GW

2]

M..,

z| v





image15.png




image16.png




image17.png




image18.png




image19.png




image20.png




image21.png




image22.png




image23.png




image24.png




image25.png




image26.png




image27.png




image28.JPG
v Wil
i
',{','ﬁ;'f,ﬁ}” i ’ ’l;’.{’.’-’ IIIIIIIIIIIIIIIIIIIIIIIIIII

i diiadtill

7 11, iIIIII/IIIIIIIIllIIII 1§l
L ey g ] =

[/

/]
i
Uit





image4.JPG
v Wil
i
',{','ﬁ;'f,ﬁ}” i ’ ’l;’.{’.’-’ IIIIIIIIIIIIIIIIIIIIIIIIIII

i diiadtill

7 11, iIIIII/IIIIIIIIllIIII 1§l
L ey g ] =

[/

/]
i
Uit





image29.png




image30.png




image31.png




image32.png




image33.png




image34.png




image35.png




image36.png




image37.png




image38.png




image39.png




image40.png




image41.png




image1.png
Dan Smith




image42.png




image43.png




image44.png




image45.png




image46.png




