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Using Simulation as a Tool for Coker
Troubleshooting — the KBC Approach
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« KBC Introduction

» Coker Case Studies

- KBC Software Portfolio

* Petro-SIM™ and Rx-SIM

* DC-SIM™ and Drum Modelling
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KBC Advanced Technologies

- KBC is now a Yokogawa company

» KBC is a UK based leading independent consulting and
technology group established in 1979

» We deliver competitive advantage in the Oil and Gas
industry through business performance
Improvements/asset value recognition, strategic
solutions and Petro-SIM software
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Case Study 1: Drum Pressure Optimisation

O IELIRSTIOEN M Indian Refinery Coker heavy distillate was high in CCR limiting refinery capacity..

Project Implementation Approach

» Unit operating at +125% of design feed
* High CCR in HCGO > 1.5 wt%
« Downstream Hydrocracker constrained by feed filtration cycles

* Internal drop of HCGO increased unit CFR, dropped unit feed rate and ultimately
reduced Crude throughput to refinery

" \/n; T’pv
« High Vapor Velocities in drum
« High ‘C’ factor of drum. ‘C’ factor is a ratio of Vapor and liquid densities and Vapor Velocities
» Vapor and Liquid densities depend on Unit operating capacities, Drum temperature, Pressure
« ‘C’ factor is also feed quality dependent, foamover tendency and cycle time
« Typically drum vapor velocities should be limited to 0.5 ft/s and ‘C’ factor should be limited to 0.3 ft/s
* Tendencies to push that ‘last bottom of the barrel’ in Cokers lead to new operating challenges

KBC Kinetic model of Coker drum helps in identifying these new constraints
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Case Study 1: Drum Pressure Optimisation

GIEHIRSTITEULM Indian Refinery Coker heavy distillate was high in CCR limiting refinery capacity

Use of Model for Recommendations

 Calibrated base case model was used to run over 2 dozen Predict cases were compared by varying
independent variables such as Drum Pressure, Heater COT (Every Coker is limited here!), unit
capacity, recycle ratio...

«  Optimum Drum pressure was selected such that it limits loss of yield (high coke make) and reduction
of GRM within agreed envelope

« Drum pressure was increased by 30% by changing WGC suction pressure. This saw HCGO CCR
reduction by 80% and helped to stabilise HCR bed DP. There was a debit in terms of increased Coke
make

» Refinery crude processing rate was normalised (Revenue!!)

« Subsequently Fractionator internals were modified (Changeover to Packing from Shed deck trays) as
advised by KBC. At higher throuputs packings help to reduce entrainment with optimum ‘wash and
wetting rates’

m Improved refinery reliability and accrued refinery revenue by 20-25 million USD over 6
months
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Case Study 2: Velocity Steam and Heater
Optimisation

GICIRSTIPENRL I Client had high tube fouling rate on a newly commissioned Coker heater

Project Implementation Approach

» Skin temperatures rise per day was double at 4°F
« High Fouling rates reduced run length between decoking from 6 to 3 months
» Refining constrained on crude capacity

Key Findings from Simulation Model

* Velocity steam rate is feed quality, heater tube length, radiation box design, injection point and heater
AP’ dependent

* Feed Asphaltenes (SARA) along with KBC proprietary ‘Colloid Instability Index’ factor (part of Heater
model) was used for tuning

« Velocity steam optimisation reduces ‘Peak Oil Temperatures’ in outlet preceding coils. But very high
rates can imply Foam over & Fractionator overhead cooling limitations

+ Client implemented KBC recommendations of Velocity steam variation and temperature measurement
source

m Increase in Heater run length and reduction in Skin Temperature rise by 2°F

KBC ADVANCED
TECHNOLOGIES
Proprietary Information

12 September 2016




Case Study 2: Velocity Steam and Heater KBS
Optimisation
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» Such and similar conclusions (graphs) are easy to plot and review using Coker heater
Simulation simulation model.

Aid « Heater model Calibration and tuning is based on operating and engineering data

» Variation of operating conditions in predict mode defines process optimisation

KBC ADVANCED
TECHNOLOGIES
Proprietary Information

12 September 2016



Case Study 3: Reducing Coker Recycle

DC-SIM ability to predict Quality and quantity of ‘Column Recycle stream’

A Yokogawa Corrpany

GELHIRSTITEUCLE A Middle East Refiner Coker heavy distillate had high overlap with recycle stream

Project Implementation Approach

« Overhead ‘Quench’, Heat loss in overhead
line and tower Wash zone design all i s |
contribute to recycle [ T 50

« Processing heavy Refinery Slops in /\I\ FJe o] me st s o
fractionator also contributes to higher recycle qwens ||| () S S

» Excessive drop in temp of drum vapor adds - D rresnoes
by quenching adds to additional recycle. o E—

» Overhead quench liquid contributes to 30% of e | ‘ ,,..:MT o
Recycle with rest coming from Wash Zone of
fractionator

* Processing heavy Blowdown liquid in « Having large number of Trays in flash zone wash
fractionator flash zone also adds to higher section requires additional wash too keep trays wet
recycle and avoid coking. This contributes to Recycle

* Flash zone Packing v/s sieve and/or Shed
deck influence Recycle All scenarios can be Simulated coupled with

Kinetic Model
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Case Study 3: Reducing Coker Recycle

DC-SIM ability to predict Quality and quantity of ‘Column Recycle stream’

GIELHIRSTIOEULE A Middle East Refiner Coker heavy distillate has high overlap with recycle stream

Key Findings and Recommendations

« DC-SIM reactor model and Petro-
SIM flowsheeting techniques were
used to model

* Blowdown system,
* Overhead vapor pipe segment
* Quench stream

« Petro-SIM fractionator bottoms
recycle stream quality can be easily
compared with Kinetic model
generated recycle stream quality
gives confidence of a good base
case

m Setting up Base model is key to success of simulation application to actual operations
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Case Study 3: Reducing Coker Recycle

DC-SIM ability to predict Quality and quantity of ‘Column Recycle stream’ oo ey

GICTNRSTIIEULL A Middle East Refiner Coker heavy distillate has high overlap with recycle stream

Key Findings and Recommendations

« Simulating flash zone conditions using combination of Drum vapor
stream + Quench helped in minimising ‘Wash’ to trays. However it
can runs into risk of Trays or packing coke up, use Tray designer
guidelines to optimise ﬁ

 Delta changes in Drum Vapor properties (post quench) and recycle
stream properties as output from simulation help in correctly e
representing Flash zone.

* Drum overhead line model, MF flash zone section model, PA e
adjustments for improved Vapor — Liquid traffic, all helped to

optimise & reduce CFR with reduction in overlap Recycle Reduction 2-3%
« KBC suggested Delta Coke 0.8%
Reduction

« Slops diversion to Blowdown tower rather than Fractionator

* Flash zone modification with part open spray chamber &
reduction in number of shed deck trays

m Expected refinery wide benefit was 5.0 m$/y. Client will be implementing it as a part of
Revamp
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A Yokogawa Corrpany

KBC Software Portfolio

P=tro-SIM'

= Steady-state and dynamic process simulator for unit operations

SIVI Reactor Suite
= Reactor Kinetic modelling in refining and petrochemicals

Energy-SIM

= For Utility system modelling

NMultiflash

= Comprehensive Phase behavior, PVT and flow assurance package

Maximus’
= Thermal and hydraulic network simulator for Oil & Gas fields
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KBC Petro-SIM and Rx-SIM

A Yokogawa Corrpany

 Full function process
simulation platform backed
by KBC consulting
experience

 Refinery wide flowsheet
modelling

 Integrated with other
technologies, historians,
databases

» Leader in reactor kinetics
modelling

- Backbone for profit
improvement studies, LP
vectors generation

V.7.0 release next year
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KBC Petro-SIM and Rx-SIM

A Yokogawa Corrpany

4 5 6 7 8
Sample ey || ams Detta | Ksiday Bos0 180 [0t cun| Pntormets | Soveriy n | WUz ey
Economics Summary fevt RON PXCCR | Naphtha IBP
Margin (Sm/yr) 727.9 782.9 54.99
Gross Margin ($/bbl) 6.50 6.99 0.49 158
[ 13 ) 5 6 7 g
|[Feeds
Basis Price
Crude MT 848 tonne/h 1868.7 1868.7 0.0 o 1868.7 1868.7 1868.7 1868.7 1868.7
PFO ex PNC MT 783 tonne/h 1.7 1.7 0.0 o 1.7 1.7 1.7 1.7 1.7
Oxygen mMT tonne/h 1803 180.8 0.5 0 180.3 180.3 1793 185.5 182.9
PXFEED NAPHTHA FROM MR mMT 879 tonne/h 200 200 00 0 200 200 200 20,0 20,0
PNCP Pygas C7-C8 KL29 821 mah 237 237 0.0 0 237 237 237 237 237
PNCP Heavy aromatics C9+ KL29 821 m3h 60 6.0 00 0 60 60 6.0 6.0 6.0
PNCP C4 KL29 1030 tonne/h 21.8 21.8 0.0 o 21.8 218 21.8 21.8 21.8
Total Cost of Feedstocks US$MM/Day 39.8 39.8
Products
Light Ends

HYDROGEN to PNCP MT 3506 tonne/h 01 0.1 0.0 o 0.1 0.1 0.1 0.1 0.1
PROPYLENE MT 1258 tonne/h o1 9.0 0.1 2 9.1 9.0 2.0 92 9.1
LPG MT 1030 tonne/h 820 82.0 0.1 Bl 820 82.1 8.3 813 820
| Light Distiliates
PNCP Naphtha mMT 876 tonne/h 1438 1.6 35 1438 146.4. 140.1 150.7 146.7
MS, EURO-IIl KL29 821 m3/h 0.0 o 222.0 2220 221.5 214.7 216.8
MS E-IV KL29 833 mah 00 Bl 330 329 27 238 329
| Middie Distitlates
ATF KL29 833 mah 1831 183.1 00 0 183.1 183.1 183.0 183.1 183.1
SKO KL29 851 mah 1150 118.2 33 67 115.0 115.2 115.0 115.0 115.0
MTO KL29 926 m3h 07 07 00 ° 07 07 07 07 07
HSD, EURO-IIl KL29 856 m3/h 775.6 778.8 3.2 66 775.6 773.8 775.5 775.5 775.5
HSD, EURO-IV KL29 857 m3/h 248.1 248.2 0.0 1 248.1 248.2 248.1 248.1 248.1
| Heavies

PS mMT 783 tonne/h 00 00 0.0 0 0.0 0.0 0.0 0.0 0.0
Fuel oil product MT 693 tonne/h 17.5 175 0.0 o 17.5 171 175 17.5 17.5
BITUMEN (TOTAL) MT 529 tonne/h 59.8 598 00 ° 598 59.8 59.8 59.8 59.8
Coke MT 107 tonne/h 108.3 117.2 89 23 108.3 107.3 108.3 108.3 108.3
SULPHUR (TOTAL) mMT 132 tonne/h 302 307 04 1 302 303 302 302 302
| Petchem
BENZENE MT 14 tonne/h 25 25 0.0 o 25 25 2.6 23 29
PARAXYLENE MT 1489 tonne/h 00 00 00 0 00 00 0.0 0.0 0.0

MT 1134 tonne/h 58.2 583 02 4 582 582 57.8 59.9 59.0

| Fuel / Intermediate
Fuel Gas MT [710 [ 711 | tonnerh 447 457 1.0 17 447 4456 46.1 430 446
IFO MT 589 | 589 tonne/h 44.3 455 1.2 17 443 44.1 443 44.3 44.3
FCC Coke MT tonne/h 49 4.9 0.0 o 49 49 4.9 5.0 4.9
[Total value of Products USSMM/Day 719 720
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DC-SIM and Coker Heater Set-up

Heater Model

* Rigorous tube by

tube calculations
 Can be calibrated ek ctent

to match Coker *ﬁ- e

CokFumace-100 reaCtOr heater : \::’Iat:tr

effluent stream e = § = =t

* Tuning by Heat |
fIUX, tUbe Sieam Coke D__ |
elay

Furmnace

. . . d
dimensions, skin chkerTMeter
T, metal | U rgy. " oWer FlowOpt-100

Recycle-Delayed
Coker
Tube Heal Batance Closure | Indet Tubee T initiaksation ondy

Caloutate equal fluxes in af tubes
Speafy tube by tube heat fluc Foed Values

o et e Coma) * Drum model has in-built rigorous fractionator

Temp eratures Pressures Heat Fluxes

e Bottom ckt that helps to predict correct quality
-~ & = andquantityof FR
: b g =+« Although steady state, but works on
~  snapshots at time intervals of drum cycle
. - «'Foam-over’ tendency, ‘Drum C-factor’,
. = = VapourVelocity, ‘Coke Outage level
= assessment are some critical parameters that
* . o S—— can be correctly predicted
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DC-SIM Data Input, Calibration and Results &8C

- S e ——— =
* ‘Once through’ and U P = Il Oy Gt i G [ B s o e |
= ——— - == 1 gl =— = =
. . K Favctor Shift init | 05000 .|| | [Coke Make [iibyhi #3.58
t I d Convergence Tolerance Factor 1000002 COH Make on Feed [wi 5 38459
conventiona eS|g ns HZ$ Distribution Factar 0.2500 &8 Specity Majer D"“"“”’"‘ ] 22409
HHS Distribution Factor 0.1300 13838
| | Fumace Residence Time Factor 0.5000 s } Mal Mmls -.'N'w’ Fe,Hg 1 00518
can pe moaelie Drum T Scatng Facter 05000 | 1% . 80035
Fuinace P0|l1. t 0.5000 | Lk Ash |m 5,1 03000
W : e Top Tang Line Gutage M 5500 - HE 1093
. o . 1000 1"_' :":‘""‘u 2 a:';q[m u?.‘dgg | [sHOT COXE twt 31 0.0000
- Predicts % cracking at - | e -
re IC S o CraC n a : abeccept 50 Cylinder Height {1] 0.0000 111
nmrw [MMBtgal] 0.1500 : |
end of heater transfer | zmeoanee 1o oo
Coke Sullur TENEFI! re Factor Q0000
. Coke Sullur Pressure Facior 0.0000 jon inputs are far
I N e E‘R;“r"!"":“ c:“éﬂ:“‘ 0‘& By, Calibration Data are in
afl 'SCROF O 4 '
e B e D Reactor Meter. Predict case uies stored JE WWWWMEELJ
d rum dimension Calibration Factors. L 1
. g poit123 ulfr Temperwurg Fastsr 2 W?a—""' — - Combined Feed Ratio [recalculated) 1100
° FIelel“ty to mOdel [E] Delayed Coker (Fractianater = B B | [ Delayed Coker (Drum) s fren |:—--]a.m
E % C racked Holu,‘u |mu: 128713
y Cobumn Praduct Configuration Mt Gae Wl Gas - Aun Time Interval [seconds) 00000 \' Tatal Steas of Condensayl b hi) 2000
‘ | I Opening tnvent f Max 50,00 '
Haphtha « LGO = HGO pening inventary 5 o 1 i Comden mlp.— [Btu/ing 1520
eXt ra OW recyc e - EACR S e SourWater  w || Closing inventory [% of Max] 50,00 thc(ﬂr Gas Oil Volume Rate fmbpd] 0000000
. Co Run Time at Opening Inventory {seconds] < mply> Velocity Gas Ol Mass Rate [kib/ha) 0.0000
O e rat I O n ‘ Corventional - Aun Time ot Clasing Inventory [econds] < emply> Valaeity Gas Oil % of Furnace Feed (g} W
p Haphtha Coker Neghthe Opening Outage 1] 31,80 Recycle FZGO O Volume Rate fmbpdl 0.000000
Closing Outage [f1] SLE0 Wl Furnace Efficlency ] 7200
9
Minimum Outage [} 2100 Furnace Duty (Fired] [Geal|
. g Basns-1 - Closing bnwentary 3] 1. 764 =004
* Feed and impurities Toses St b Coke Volume 131 3 27000
Light Feed e Gl Cake Production Rate [Kib/hi] g
. . . . e Light Coker GO w || Weight of HC Vapar Lesving Drum [kib/he] 295
dlstrlbuted Wlth I n 50 F Heavy Gasall Caleulsted Dram Fill Time fto Min. Cutage] [secands) 5.279e 004
Tower Steam | Tray No, I—-— Heay Coktr G~ || |Dpum Liquid Haldup (3] 1064
<emply> = 1 Hotional Depth of Drum Liquid Haldup 1Y) 1858
Drum Vaper Space [f13] 23302 +004
Fractionator Feeds Tray U
pseudo components e T g — N o
cempty> = Wl 5 - T FUTACE v . [ACFLE 1.395e-004
i Coks Direm Drum Vapor Velaeity g 04071
H Drum C Fact 02451
° M Od el estimates co ke Tower Battom Recyele [Est)  Tower Bottoms (Est] m CLacas i
Tawer Recycle-Delayt - DCEM 14.77

‘S’ & ‘N’ from balance.
Coke quantity from
feed CCR *  Drum Liquid hold-up results provides insight into vapour/liquid

« 1ST Order reaction equilibrium over the coke surface that ultimately helps to predict correct
kinetic rates VCM & HGI properties of Coke
separately for cracking .

and coking using
‘Arhenius equation’

Drum foaming tendency predictions is another feature to troubleshoot
operations
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Coker Heater Modelling

- Based on actual geometry, tube-by-tube
heat balance, pressure drop, coke laydown
in tubes and transfer line and run-length e R

! Update

i i Current Coke Thickness  Coke Thickngaf 133 time Thg
reaictions m
p 1 0.0000 mm B m Unda Update |
m . m e

« Coke formation is a function of bulk and film
temperatures

:
CokFumace-10( - = x| [
[ [ [ [ [ B i o,
* Tube flow regime helps in optimisin SR o ot 3
L oM (] [Etumrnzp | Frotien Facer
1 Outlet 536.2 1.500 2203002 2.753e003 =
1 . J . . 2 Outlet 532 1633 2.70e002 27540003 i
elocity Steam’, extending de-coking cycle :
b 4 Outlet 413 1539 25160002 1857e-005 Outiet 14 !gﬂgﬂa[gqh):[c‘:Fur’!c}:ID;: 1931 !,;',
. . . 5 Outlet 430 2066 2683002 2935¢-003 Inlet 14 ‘;M m&; 350
6 Outlet 5467 2504 3.230e002 3393003 =
time, reducing peak oil temperatures of
b 8 Outlet 5473 3957 4578002 &7 35930003
9 Outlet 5407 5167 6£.022e002 4369 36040003
10 Quttiet 53356 6432 756582002 4008 35120003
u e S 11 Outiet 5%4 7783 9.567 002 369.5 36156003
12 Outiet 5190 2117 01173 0 3823003

13 Outiet 5115 10,45 01415 5229 35262003
14 Cutiet 5039 1.7 0.1690 305.7 3629¢003
15 Outiet 45640 130 0.1987 =9 36350003

600 Coke Trend over Run L ngth . Horizontal Flow G.Faph 1'69“'“ - - - i £ e Eff.ff’lfffff?f.f;hé“' SrETabIity Tooek rovile assing on Dessgn/ i OOt W
. * Pressure drop calculations are
o o Bubble based on widely accepted ‘Beggs &
;o il Brill’method
1.00 % m Wave = = Plug .
| | ; ,  Heat flux calculations are based on
T s e e SR, ST ‘Boltzmann-Levans’method that

===Coke Thickness 345 days Run e====Coke Thickness (100 Days Run) =B Hirdorts P Grigh ]

——Coke Thickness (200 Days Run)===Coke Thickness (300 Days Run) ¥ Dakev Chork Parsmeters useS fI ue gaS temperatu re -to iterate
and provide radiant flux
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KeC

A Yokogawa Company

We are continuously developing and
upgrading our skills and evolving our tools.

KBC is there to help you!
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