
CHAPTER 4
THE IMPLEMENTATION OF MODIFIED FMEA

4.1 The result of suggestion activity
In the suggestion activity, the technicians from all of process area will be 

assigned to consider the points that are the sources of loss of energy in their 
responsible process areas. In the analysis, each process area is divided into sections 
by using process flow diagram in order to make it efficient for analysis as shown in 
table 4.1. In each section, the small group that is assigned to analyze the failure mode 
will consider on the point or equipment that may be the cause o f loss of energy and 
list into the modified FMEA form as shown in Appendix I

Table 4.1: F ailure m ode analysis d ivid in g  section
Unit Section code Description
VDU VDU-l Feed preheating section

VDU-2 Heater section
VDU-3 Vacuum distillation column
VDU-4 Stripping section

PDA PDA-1 Feed/Extraction section
PDA-2 DAO recovery section
PDA-3 Solvent recovery section
PDA-4 Asphalt recovery section

MPU MPU-1 Feed/Extraction section
MPU-2 Raffinate recovery section
MPU-3 Extract recovery section
MPU-4 Solvent recovery section

HFU HFU-1 Feed/Reactor section
HFU-2 Stripping section
HFU-3 Hydrogen section

SDU SDU-1 Feed chilling section
SDU-2 Filter section
SDU-3 DWO recovery section
SDU-4 SLW recovery section
SDU-5 Solvent recovery section

BBU BBU-1 Feed/Reactor section
BBU-2 Off gas section

Utility UT-1 Cooling water
UT-2 Instrument air
UT-3 Steam/Condensate
UT-4 Hot oil heater
UT-5 Sour water treating

Note See detail in process flow diagram in Appendix J
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From the list of failure modes in Appendix I, the potential failure modes that are 

possible and reasonable to proceed are selected by the working team as following.
1) L oss o f fu e l  o il a n d  steam  fr o m  fu rn a ce :  At the VDU and Hot oil system’s 

furnaces, we always find that the percent of excess Oxygen remaining from 
combustion is around 5% of total flue gas. From theory, the optimum point 
excess Oxygen is around 2.0% -  2.5%. It means that if the excess Oxygen can be 
reduced, the fuel oil and steam used from the furnaces can also be reduced. 
Figure 4.1 shows the working of the furnace.

h

Flue gas

F igu re  4 .1: The w orkin g  o f  the fu rn a ce

2) L oss o f  steam  in so ur w ater strip p ing  unit: The function of sour water stripping 
unit (รพ ร) is to remove Hydrogen Sulfide (H2S) and Ammonia gas from the 
wastewater before sending to wastewater treatment process. In this unit steam is 
injected to the stripping column to strip the sour gases. From the calculation, the 
optimization ratio o f steam used and sour water is 1 ton of steam per 10 tons of 
sour water. But from the record, the steam is always used more than optimum 
point that causes the loss o f steam. The diagram of ร พ ร  is shown in figure 4.2.
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F igu re 4.2: The sou r w ater stripp in g  u n it

3 ) L o s s  o f  s te a m  in th e  tr a c in g  s y s te m :  The steam used to warm the pipeline that 
contains high viscosity fluid is called steam tracing. The steam that is condensed 
from the warming line will be trapped by steam trap. If  the steam trap is not 
working properly, it will allow the steam that is not used go with the condensed 
steam that causes the loss of steam. Figure 4.3 shows the steam tracing system’s 
working

steam in

►
steam  traced line

fluid flow 
--------►

Steam + condensate
ป ี

stea m  trap

F igure 4.3: The w orking o f  steam  tracing



29
4) L oss o f  e lectric ity  fr o m  the ligh ting  o f  the dew axing  fi lte r :  The filters used to 

separate petroleum wax from oil in the solvent dewaxing unit have many lamps 
to see the forming of wax crystal in the filter cloth. From the present practice, the 
only half of lighting system has been used all time but the another half is rarely 
used that is the loss of energy if the both sides of lighting must be turned together 
every time. The dewaxing filter is shown in figure 4.4.

F igu re 4.4: D ew axin g f i l te r

5) E xcess a ir  fr o m  bitum en b low ing  unit (BBU): In the bitumen blowing process, 
compressed air from air compressor will be injected to the bitumen blowing 
tower to oxidized the light hydrocarbon compound in the bitumen feed. With the 
process design, both units have their air compressors and when both units are run, 
the excess compressed air is vented to the atmosphere that is the loss of 
electricity.
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F igure 4.5: B itum en  b low ing un it diagram

6) E xcess a ir fr o m  instrum ent a ir com pressor: The instrument air compressor is 
used to supply compressed air to control the opening of control valves. It is found 
that the excess air is always vented to the atmosphere that is the loss of 
electricity.

7) The excess o f  coo ling  w ater ’ร tem perature: The cooling water system is used to 
supply water to remove heat from process and the high temperature returned from 
the process will be cold by cooling fans. The design temperature o f supply water 
is 32°c but from the record the supply water’s temperature is always lower than 
30°c that is the loss of energy.

Outlet airA A A Outlet airท A it

F igu re 4.6: C ooling w ater system  diagram
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8) L o s s  o f  e n e r g y  f r o m  a ir  f i n  c o o le r  (A F C ): The AFC is the equipment that is used 
to remove heat from process by using air. Many temperature control systems in 
the process use control valve to control the flow through the AFC to control the 
fluid’s temperature (see figure 4.7) that make the energy used in AFC is not 
utilized.

temperature control

9) L o s s  o f  e n e r g y  in s te a m  l e t  d o w n  s y s te m :  There are 2 steam systems used in 
process, low-pressure system and medium-pressure system. The medium- 
pressure steam (14.7 barg) is imported from steam suppler to drive steam turbines 
in the process and transfer to low-pressure steam (2.7 barg) to use in the process.

F igure 4.8: S team  system  diagram
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But in case of the consumption of low-pressure steam is more than the 

capacity of steam turbine to produce, the medium-pressure steam will be let down 
to low-pressure steam by passing the control valves that is the loss of energy 
because the energy from the pressure reduction can not be used.

lO ^oss o f  e n e r g y  f r o m  lo w e r  te m p e r a tu r e  o f  ru n d o w n  p r o d u c t :  In the process, AFC 
is also used to cool down the product rundown from the process before running to 
the storage tanks to avoid the tanks’ boil over from the contaminated water in the 
tanks. From the present practice, many of rundown intermediate products are 
over cold down before running to storage tanks and reheated when they are sent 
to the next process unit that is the loss of energy.

A ir  F in  C o o le r

C o o lin g  a ir 
in le t

F igu re 4.9: The cooling system  o f  rundow n p ro d u c t

4.2 Potential failure modes and effects identification
From the result of the suggestion activity, the potential failure modes and effects 

are defined by cross-functional team as table 4.2.
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Table 4.2: P o ten tia l fa ilu re  m odes an d effects

P r o c e s s  s e r v i c e  f u n c t i o n I f  1 F a i l u r e  m o d e

N o .- ’.?£»,4û£  - รพ!.1!!. - ■ $̂?*jè f̂e îjffig'iftiji *.1.. ' -'r.- y . '  — ’̂ - -

D e scrip tio n

VDU heater ’ Ï  c
ไ 7  ' À  "- ’S ' -ร ์' '

Hot oil heater: 7

J i  1-3 i  1  ฟ ้!  1

1

2

V D U  Heater's efficiency is low  

H O U  Heater's efficiency is low

Sour Water stripping :
■ ' H - - '  ■  พ

3 Excess stripping steam

Steam tracing line ÿ
ป ีâ  - f f e É É É ^

4 Failure o f  steam traps

Dewaxing! filter Ughtingp̂

- Q m m
5 One side o f  the dewaxing fdters does not need lighting a ll the 

time.

Bitumen blowing unit air
.ไ: -' > - '7 7  ไ ■ . -  • ~ t  T W  A  พ  ■ ?. * 7 . t  compressors -r

•;■ ■ ■  f - i ,

6 The compressed air from the compressor is excess and always 

blown to atmosphere.

Instrument air compressor 7 The compressed air from  the compressor is excess and always 

blown to atmosphere.

Cooling water system. . 8 The temperature o f  cooling water supply is lower than designed 

value.

x f n l l

9 The temperature outlet o f  A F C  is controlled by using by-pass 

valve.

MP/LP steamleE^^^ '̂.:. 10 M P  steam is letdown to L P  steam w ith the rate o f  4 -  5 T P H

constantly.

Product rundown 1 11 Too low  product run down temperature

temperature M

- - f y - ' i  - y  - i " r

4.3 Risk Priority Number (RPN) calculation
After the potential failure modes are defined, the severity of the effect, potential 

cause and detection method will be considered to calculate the risk priority number 
(RPN) by using the modified criteria. The calculated RPN is described in table 4.3. 
(See detail of calculation in Appendix I)
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Table 4.3 : R P N  calcu lation

Failure!* Potential Effect (ร) of s i  Potential Cause(s) 0 Detection Method D R .
Mode No. Failùre é j /Mechanism(s) of Failure c e p .

1E|. :ธ| ร c t N .

1 ' Loss of fuel oil and steam :6s Too high air flow rate 7 % Excess Oxygen, (directly 2 8 4
for atomizing cf j (excess of combustion air ). effect to the furnace’s

."ÜKÜ
a  c .«c . • ’ • •<: ■ »v.’ii- Sis efficiency)

.spv jÊ*■ ไ?ร? ’ Loss steam for atomizing 91Too high air flow rate
■. *• ■ . '■•‘น‘•ไ?

10 % Excess Oxygen, (directly 2 1 8 0

' f and fuel oil ■ (excess of combustion air ). effect to the furnace’s 
efficiency)

3
ฒ

Loss of steam and 
increasing of amount of 
waste water

'.^ ;ร

5* Steam used in stripping 
ร;! process is excess.! I
I f■
I f  SI

Loss of steam ฐเ Corrosion or fouling in
. Ill steam trap

Loss o f  electricity. : 4 | There is no separation
c w î t r V i  t o  ç p n a r a t p l v  t i i r

; valilter.
I Loss of electricity: 6} The air compressor of each

unit is dèsigned at over 
capacity:

ไSrV; - ‘ -3£;.jr- . .

6 Sour water to steam ratio 3 9 0

indicator.

5 Check steam trap working. 6 2 1 0

IQ Visual checking and 7 2 8 0

current indicator of 
. 3 electricity used for the 

’filters’ lighting.
10; Air pressure control valve 2 1 2 0  

%  output.

le cooling fan’s motor is 
fixed speed type, so, it can 
not reduce its speed 

9,11 although the water supply’s 
j temperature is lower thangag ■

.'ไ design value.

- ■■
10 Cooling water supply’s 2 1 0 0

l : temperature indicator.
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Table 4.3: R PIS/ calculation (continue)
9 Loss of electricity. 4  ‘ The design is not 

ะ optimization.
10 Measure the current 2 8 0

consumed by AFC motor.

10 1 k / Loss of energy (both 
electricity and steam)

6; No existing steam turbine 10 % output of let down valve. 2 1 2 0  

suitable to support this flow 
rate of let down steam.

11

il
Loss of energy (both 
electricity and steam)

41 Too much cooling down 10 Product rundown 
'M  rate of AFC. temperature indicator

2 8 0

F r o m  t h e  R P N  c a l c u l a t i o n ,  t h e  p o t e n t i a l  f a i l u r e  m o d e s  t h a t  w i l l  b e  s o l v e d  i s  p r i o r i t i z e d  

a s  s h o w n  i n  t a b l e  4 . 4 .

Table 4.4: The p r io r ity  o fp o te n tia l fa ilu re  m odes to be so lved
RPN 
280 
210

One side of the dewaxing filters does not need lighting all the time. 
Failure of steam traps4  ;. \ 1% Failure of steam traps
IHOU Heater's efficiency, is low

2  ;i ' . ไ . ,6 V. The compressed aน- from the con
180

Vît1.
The compressed an from the compressor is excess and always blown to 
atmosphere.

120

MP steam is letdown to LP steam with the rate of 4 - 5 TPH constantly. 120
The temperature of cooling water supply is lower than designed value. loot
Excess stripping steam -, 90 V
The compressed air from the compressor is excess and always blown toÈ / i" -■* ■ ■ ' V- ' 'ะ'-4»̂'-'- : . ’ ะ . ะ-',- ■ 'โพุ'''. :■ - ■■ . . '
atmosphere.

- yy { : If
] VDU Heater's efficiency is low: o ร '“'f:1'v\พ '• •’'..'ะ'- fi'.i ••:.*.y ■ . ;; ะ '. ; ' .

90'ไ•
84เร

The temperature outlet of AFC is controlled by using by-pass valve. 80
Too low product run down temperatureพ  ■

80: ;
. โ.': /. i .ü



36
4 .4  A c t io n  p la n

I n  o r d e r  t o  r e d u c e  R P N ,  t h e  f a c to r s  t h a t  a r e  s e v e r i t y ,  o c c u r r e n c e  a n d  d e t e c t i o n  

l e v e l  o f  e a c h  p o t e n t i a l  f a i l u r e  m o d e  a r e  c o n s i d e r e d  b y  t h e  t e a m  to  f i n d  o u t  t h e  m o s t  

p o s s i b l e  o p t i o n  to  b e  d o n e .  I n  c o n s i d e r a t i o n ,  t h e  e a s e  o f  m o d i f i c a t i o n  a n d  e f f e c t i v e  

n e s s  o f  t h e  r e s u l t  a r e  t h e  i m p o r t a n t  f a c to r s  in  d e c i s i o n  m a k i n g .

F r o m  t h e  p r i o r i t y  o f  R P N ,  t h e  a c t i o n  p l a n s  to  s o l v e  t h e  f a i l u r e  m o d e s  a r e  e s t a b l i s h  

a s  f o l l o w i n g .

P oten tia l fa ilu re  m ode No. 5: M odify  separation  lighting  sw itch  at dew a xing  f i l te r  
I n  o r d e r  t o  s a v e  t h e  c o s t  o f  e l e c t r i c i t y ,  t h e  s e p a r a t i o n  l i g h t i n g  s w i t c h  s h o u l d  b e  

m o d i f i e d  t o  s e p a r a t e l y  c o n t r o l  t h e  u s i n g  o f  f i l t e r s ’ l i g h t i n g  ( S e e  f i g u r e  4 .1 0 ) .  

M o r e o v e r ,  t o  m o d i f y  s e p a r a t i o n  s w i t c h  c a n  s a v e  t h e  c o s t  o f  b u l b s  b e c a u s e  i t  r e d u c e s  

t h e  u n n e c e s s a r y  u s i n g  o f  l i g h t i n g  t h a t  m e a n s  t h e  r e d u c t i o n  o f  s e v e r i t y  a n d  o c c u r r e n c e  

l e v e l  o f  t h e  f a i l u r e  m o d e . .

F igu re 4.10: M odifica tion  o f  dew axin g f i l t e r ’s  ligh tin g  sw itch

P oten tia l fa ilu re  m ode No. 4: Se t up steam  trap inspection a n d  repa irin g  p rogram  
I n  t h e  p l a n t ,  t h e r e  a r e  m o r e  t h a n  2 ,0 0 0  s t e a m  t r a p s  u s e d .  T h e  f a i l u r e  o f  s t e a m  

t r a p s  c a u s e s  t h e  l o s s  o f  l o t s  o f  s t e a m  t h a t  c a n  n o t  b e  v i s u a l  c h e c k e d .  I n  o r d e r  t o  c h e c k  

t h e  w o r k i n g  o f  s t e a m  t r a p ,  t h e r e  a r e  t w o  w a y s  t o  c o n s i d e r ;  p u r c h a s e  t h e  s t e a m  t r a p

ModifiedSwitch

Lar

1
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i n s p e c t i o n  k i d s  a n d  c o n t a c t  t h e  s u p p l y  to  d o  t h i s  j o b .  I n  t h i s  c a s e  t h e  c o m p a n y  

c o n s i d e r  t o  c o n t a c t  t h e  s u p p l i e r  b e c a u s e  t h e y  d o  n o t  w a n t  t o  i n v e s t  t h e  a s s e t  a n d  t h e  

s e r v i c e  c o s t  o f  s u p p l i e r  i s  n o t  s o  e x p e n s i v e .  A f t e r  t h e  w o r k i n g  o f  s t e a m  t r a p  is  

i n s p e c t e d ,  t h e  r e p a i r i n g  p l a n  m u s t  b e  s e t  t o  r e p a i r  t h e  f a i l e d  s t e a m  t r a p .  F i n a l l y ,  t h e  

s t e a m  c o n s u m p t i o n  a n d  e v a l u a t i o n  p l a n  m u s t  b e  e s t a b l i s h e d  in  o r d e r  t o  m o n i t o r  t h e  

p e r f o r m a n c e  o f  t h e  s t e a m  s y s t e m  c o n t i n u o u s l y .  W i t h  th i s  a c t i o n  p l a n  t h e  s e v e r i t y  a n d  

o c c u r r e n c e  l e v e l  c a n  b e  r e d u c e d .

P oten tia l fa ilu r e  m ode No. 2: R educe excess o  2 fr o m  ho t o il fu rn a c e  by m odify ing  
0 2 con tro ller

T h e  c a u s e  o f  e x c e s s  O x y g e n  f r o m  t h e  f u r n a c e  i s  t h e  c o m b u s t i o n  c o n t r o l l e r  i s  n o t  

w o r k i n g  p r o p e r l y .  I n  o r d e r  t o  u s e  t h e  c o m b u s t i o n  c o n t r o l  s y s t e m  e f f i c i e n t l y ,  t h e  

s y s t e m  m u s t  b e  m o d i f i e d  to  c o n t r o l  t h e  f l o w  r a t e  o f  i n l e t  c o m b u s t i o n  a i r  r e l a t i v e l y  

w i t h  t h e  p e r c e n t  o f  e x c e s s  O x y g e n  f r o m  f lu e  g a s .  W i t h  t h i s  m o d i f i c a t i o n ,  t h e  p e r c e n t  

o f  e x c e s s  O x y g e n  c a n  b e  s e t  a t  o p t i m u m  p o i n t  b y  c o n t r o l l i n g  t h e  a m o u n t  o f  i n l e t  a i r ’s 

f l o w  r a t e .  W i t h  t h i s  m o d i f i c a t i o n ,  t h e  o c c u r r e n c e  l e v e l  o f  t h e  f a i l u r e  m o d e  c a n  b e  

r e d u c e d .

li

Flue gas

F igu re 4 .11: M odifica tion  o f  0 2 con tro ller
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P o ten tia l fa ilu re  m ode No. 6: B itum en b low ing  units ’ com m on a ir  line m odification  
T h e  c a p a c i t y  o f  o n e  o f  b i t u m e n  b l o w i n g  u n i t ’s  a i r  c o m p r e s s o r  c a n  s u p p o r t  b o t h  

u n i t s  i n  t h e  s a m e  t i m e  in  c a s e  o f  t h e  u n i t s  a r e  r u n n i n g  in  l o w  t h r o u g h  p u t .  S o ,  i f  t h e  

o u t l e t  l i n e s  o f  t h e  t w o  a i r  c o m p r e s s o r s  a r e  m o d i f i e d  to  b e  c o m m o n  l i n e ,  o n e  o f  a i r  

c o m p r e s s o r  c a n  b e  s t o p p e d  t h a t  c a n  s a v e  th e  c o s t  o f  e l e c t r i c i t y .  W i t h  t h i s  

m o d i f i c a t i o n ,  s e v e r i t y  a n d  o c c u r r e n c e  l e v e l  o f  t h e  f a i l u r e  m o d e  c a n  b e  r e d u c e d  

e f f e c t i v e l y ,  ( s e e  f i g u r e  4 .1 2 )

P oten tia l fa ilu re  m ode No. 10: M odification  o f  new  steam  turbine
I n  o r d e r  t o  a v o i d  t h e  l e t  d o w n  o f  m e d i u m - p r e s s u r e  s t e a m  t o  l o w  p r e s s u r e - p r e s s u r e  

s t e a m ,  t h e  n e w  s t e a m  t u r b i n e  t h a t  h a s  t h e  c o m p a t i b l e  c a p a c i t y  to  s u p p o r t  t h e  

m e d i u m - p r e s s u r e  s t e a m  l e t  d o w n  f l o w  r a t e  s h o u l d  b e  i n s t a l l e d .  W i t h  t h e  n e w  s t e a m  

t u r b i n e ,  t h e  e l e c t r i c i t y  u s e d  in  t h e  m o d i f i e d  p u m p  c a n  b e  r e d u c e d  b e c a u s e  t h e  e n e r g y  

f r o m  m e d i u m  p r e s s u r e  s t e a m  w i l l  b e  u s e d  i n s t e a d ,  ( s e e  f i g u r e  4 .1 3 )



39

MP steam letdown valve

F ig u re  4.13: M o d ifica tio n  o f  n ew  steam  tu rb in e
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