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Development of risk assessment model for equipment within the petroleum
industry
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Abstract: Maintenance department within petroleum industry seek to increasmenqusafety by means
of reducing the occurrence of the failure and its undesirable consequémcids study, a risk
assessment model is proposetiich includes the likelihood of the risk and the consequenckslafe.

A new mathematical equation is proposed to assess the likelihood adndskdentify the optimum
inspection interval. In addition, modified mathematical equation to evaluate cemseg of risk which
allow more generalization and accuracy of weighing the possible losséxrifpance, financial, ecology
and human) is developed. The results demonstrate an improvanteatassessment of the probability of
risk and provide better understanding of the impact of the nisthe major identified areas within the
petroleum industry.

Keywords: Maintenance Models and Engineering, Risk Assessment, Asset and mainteaaagement
and Maintenance and Related Services

rest of the paper is divided to cover the architecture and the
1. INTRODUCTION proposed model including the new and modified equations.
Risk assessment within the petroleum industry is abhe application and results of the proposed model are
important phase due to the intolerable consequences poésented to validate the proposed models and finally the
failure. Therefore, Maintenance team plans their tasks foonclusion is drawn.
prevgntwe mamtenanpe (PM) fqr the petrqleum equ'pmentEARCHlTECTURE OF THE PROPOSED MODEL
identify the most optimum maintenance intervals from the
perspective of reliability, availability and cost reduction a3he proposed model is expected to enhance estimation of the
well as unpredictability or uncertainty of the occurrence afsk and its consequences instead of the conventional method
the failure. One of the maintenance's tasks is to ensure that considers the multiplication of the likelihood by
system's reliability through preventing the possibility of theonsequences, which can be misleading. Incorporation of
occurrence of failure and eliminate the consequences of timedified models and a newly developed equation is proposed
risk. Thus, ensuring that the equipment would serve &% order to assess the risk. The proposed risk assessment
attended or planned till the next maintenance interval. model relies on the use of both qualitative and quantitative

In order to enhance the reliability of a system, ins ectiowethOdS' Figure (1) demonstrates the contents of the
. y y » INSP roposed model of estimating the risk for equipment within
interval would be planned to ensure that the equipmen

o i e petroleum industry and the following sections provide
reliability would meet the expectation of the plannedgtailed description of its components.

preventive maintenance. Inspection frequency is determine
according to risk exposure, which can be used to control a8y | ikelihood Assessment
unacceptable risk (Chang et al 2005).

Dawotola et al (2012) defined risk as “the considered In this step, an estimation of the probability of failure

expected loss or damage associated with the occurrence §cgurrence is performed by qualitative and quantitative
possible undesired event”. Reynolds (1996) stated that risk ~M€ans to build generic conception that consider the majority
assessment may be quantitative or qualitative in nature. Khgfhe facilities within the petroleum industry.

et al (2001) defined the science of risk assessment (RA)1.1 Qualitative Assessment

which has emerged in recent years with ever-increasing o o )

importance as a process that includes both qualitative aRgPPabilistic failure analysis is conducted using the fault tree
quantitative determination of risks and their social evaluatiognlysis (FTA). The use of FTA along with components
Maylor (2010) stated that the majority of risk managemefilure data and human reliability data enables the

activities rely on qualitative data which is obtained based digtermination of the frequency of occurrence of an accident
people’s perceptions of risk levels. (Dawotola et al 2009). The top event is identified based on

the detailed study of the process, control arrangement, and

In this study, a risk assessment model is proposed to guigéhaviour of components of the unit/plant. A logical
the maintenance teato carrying the risk assessment. The



dependency between the causes leading to the top evalidcated to outcomes of developed equafioi® instead of

(failure) is developed in this stage. using theF (At).
¢ Start ) Table.1. Assigning probability classifications
lipact *S - Class| Key Word Absolute value of (At) /LOR

| EREE e “ A | Very Unlikely 0.001

Quantitative Qualitative B Un”kely 0.05

Assessment Assessment C Neutral 0.3

D Likely 0.5

LOR
FTA E Very Likely 1

2.2 Consequences assessment
—Likelihood Assessment”—

- *\T/ - The objective of this phase is to estimate the consequences of
failure and its contribution to the system to prioritize
PerformanceH Human H Financial HEnvironment equipment and their components on the basis of their
J undesirable contribution to the system. Khan and Haddara
(2003) identified four impacted areas where consequences of
<:::C§E§gquences Assessﬁejj:::> the failure have to be evaluated which are: -system
\“:jgjj/ e performance loss (A), financial Loss (B) human health loss
L > Risk Evamat’};’,};>J (C) and environmental los<C). Equation (5) presents the
755/ combined loss in order to find the overall consequences of
v the risk. Equation (5) is modified to enable maintenance team
Preventive Action ‘ of prioritising the importance of the loss factors while
Fig. 1.Description of Risk Estimation Model investigating the four loss factors instead of following the
o proposed equation of Khan and Haddara (2003)which strict
2.1.2 Quantitative Assessment them into mathematically weighing the four losses equally.

Quantitative analysis is conducted to estimate the probabili@gnse uences = (W. A2 + W, B2 + W. C? + W, D21°5(5
of the occurrence of the risk. In order to validate the propose a e b ¢ » D36

risk estimation model, a degree of acceptance of risk has\Where, W, weight of performance lossy, weight of
be set up against the estimated risk. The developed propofieancial lossW. weight of human health loss and,
mathematical model (Likelihood of Risk@R)) is based on weight of environment loss.

the assumption that the risk depends exponentially onRime
where P is the physical age of the equipment ahik the
design age o& part/machine(the expected life of equipment) Factor (A) represents the system performance loss due to the
The assumption is that risk depends exponentially on tineguipment failure. Equation (6) is developed to represents the
(P) :- (Risk e P). system performance loss.

Risk(P) = F(AP) « GN(P/d) 1 4= Function performance Table (2) ©6)
Otherwise

2.2.1 System Performance Loss

Where, G is a positive growth factor of the risk and the time ) . )
required for risk to increase by one factor ofFGAP) is the Equation (6) shows two possible scenarios: - If the equipment

probability of the failure of the part/machine. has a stand-by redundancy, then this factor is considered as
_ zero. The second scenario: - if the equipment is a vital to the
Risk (P +d) = F(AP) x G"((P +d)/d) (2)  system then the proposed quantification scheme by Khan and
d is the designed life of the part or equipment. The timdaddara (2003) is considered to take the measures of the loss
required for risk to increase by one factor of G. as shown in table (2).
Risk (P + d) — F(AP) % GA(P/d) GA(d/d) (3) Ta_.b|_e.2. Perfor mance Function .
Class | Description Function

Therefore, if d=0 and G>1 thebOR (P) has exponential |

-Very important for system operation 8-10
growth. Thus, formula (3) can be written mathematically- as Y Imp Y P

-Failure would shut down the system

— A

LOR = F(4P) e*(P/d) “) Il -Important for good operation 6-8
The developed equation (4) is proposed to be applied for tyvo -Failure would adverse consequence
main purposes. The first purpose is to estimate the likelihopd ;™ "_Required for good operation 4-6
of the risk instead of relying on solely failure distribution and -Failure may affect the performance
the second purpose is to optimize the inspection intervals|as and may lead to subsequent failure
extensively shown in section (3-1). Bertolini et al (2009) _

v -Optional for good performance 2-4

proposed classification of the occurrence degree of the failyre g ! ;
to be compared to the outcomes of probability of the failute -Failure may have no immediate affe
F(4t) as shown in table (1). He relies on the Cumulative V -Optional for operation 0-2
Weibull distribution model to generak€At). However, in -Failure may not affect performance
this work, the same classification is applied but will be




2.2.2 Financial Loss (B) 2.2.3Human Health Loss (C)

Loss factor (B) accounts for the damages to the propeffhe consequences of failure on human health loss or factor
or/and equipment and major costs are involved as (€) are estimated using equation (11) (Khan and Haddara
consequence of the failure. Equation (7) is proposed (2003).
calculate the financial loss (B) which considers the losses jn_
terms of explosion as well as the losses in terms of correctié?a_ (AR) x (PD)/UFR (1)
or preventive maintenance:- Where, AR Area under the damage radius®nand UFR

_ _ Unacceptable fatality rate "suggested valué& (kerson) by
B = ((By + Cime) = Fnc)/ Fne (7) Khan and Haddara (2003)P.DI Population density in the
Where, B, Denotes financial loss of the property and theicinity of the event (Personsfin PDI is calgul.ated by (1'2)
facilities in terms of explosion or fire,,. and P, indicate Which considers the Number of people within the radius of

the Corrective maintenance cost and Preventive maintenafié@acted are#D1 and PDF1 Population distribution factor
cos respectively that reflects the heterogeneity of the population distribution

. within the impacted area. Hirst and Carter (2000) assigned
Khan and Haddara (2003) proposed equation (8) to calculgi®, yajues for this factor The factor is substituted as 1 if

B, as follows:- the population is uniformly distributed within 500m radius;
B, = (AR) X (AD)/UFL o) géiiéfe;?e population is localized away from the point of

Where:-AR is the area under the damage radiud @nd AD
is the asset density in the vicinity of the event (up until 500 #nDI = PD1 x PDF1 (12)
radius) ($/M). UFL is The level of an unacceptable financial.2.4 Environment Lss

loss which can be decided the maintenance management E'd . . .
assumed by Khan and Haddara (2003) as $1000.Saad %8 impact of failure on ecology (factor D) can be estimated
Mohamed (2015) proposed mathematical equation the use of the equation (13).

calculate the majority of the corrective maintenance cost= (AR) x (IM)/UDA (13)
within the specifically the petroleum industry and generall

to any petrochemical environment. ¥Vhere,UDA Unacceptable damaging $mThis value of this

parameter may change from one case to another due to the

Cone = {( m L Cop X Py ) F (g + tey) X E+ (V X edimated damaged aredV Indicates to the Impact factor
" " (ti+tsu) T and if the damage radius is greater than the distance between
Cpa) * Le+ Cpa + Csa + (= X Cpa) + (Cyr — an accident and the location of the ecosystem. This parameter
Dpr) X Cp + (Xy X tre X Sp) + ((ti + tsy) X Son X Xz)) can be quantified using figure (2) (Khan and Haddara 2003).
9) 1.2

where, C;, Cost of spare parts (), Probability of
replacement,t,; Production time loss excluding machine
setup time (hrs), t,, Machine set up time (hrs)a

Department's income due to one barrel £$)Production

cycle time (hrs)Y Number of damaged production by barrel
Cpq Value of damaged production ($), Legal fines in case
of environmental damages ($),;, Cost of cleaning non-
hazardous and hazardous materials ($)Cost of damaged

1

Importance factor
o o o
B [e)} o]

A\

parts due to the failure of another part (%), Due fine time 0.2

(hrs), Cy,r Time required complete corrective actions (hrs \
C, Cost of delay charges per unit ($X; Number of 0 ' ' !
maintenance personnel,. Time spent by the maintenance 0 1 10 50
personnel to repair failure(hrsg,,, Maintenance hourly rate Distance from the accident site (KM)
($).Son Operator's  hourly rate ($) aigd Number of Fig. 2.Quantification of Importance Factor (IM)

operational personnel.
3. APPLICATIONS AND RESULTS

P Indicates to the preventive maintenance cost that § ihis section, application of the proposed risk estimation is
required to preventive the failure and calculated by thé’pplied on two parts (Mixer 100 and Valve 101) of high
developed equation (10) (Saad and Mohamed 2015). pressure separator (Khan and Haddara 2004). The assumption
_ n made for this application is the result of the qualitative
Fne = {(Z i=1 Csp,, X Prpn) + (X1 X Smn X tip) + G + assessment for the likelihood of the risk is equal and
Coh} (10) therefore is not discussed in this application. Averages mean
time between failure (MTBF) for Mixer 101 is 6667 hrs (9.26
Where, C,, Cost of outhouse maintenance (&), Waste months) and MTBF for Valve 101 is 6410 hrs (8.90 months).
disposable cleaning cost. The outcome of the applied proposed LOR and its
recommendations for the inspection intervals will be



compared to the average MTBF of the parts in order fthe mean time between failures for Mixer 100 is 9.3 months.
estimate the validity of the proposed model in this aspect. Likelihood of risk crosses the growth factor at (4968hrg) an
I o reached 100% at (5616hrs). The advised interval inspection
3.1 Application (1): Mixer 100 time is accordingly suggested to take place between 6.9
Table (3) demonstrates time (T) in months and theonths and 7.8 months to ensure the part's health state can
implementation of the developed mathematical equation teach the next scheduled maintenance time (figure 4). In
guantify the likelihood of risk (LOR) by considering thecomparison with the reliance on the probability of the failure,
growth factor (G) which is calculated by dividing physicaLlOR proposed mathematical equations shows better
life by the design lifeMixer 100 physical life is considered translation of understanding and estimating the inspection
to be (9 months). For space limitation, not all data interned. interval time. In terms of overlapping inspection jobs, the

Table. 3. LOR and Growth Factor (G) for Mixer 100

priority of the inspection is decided on the highest value of

Figure (3) shows the behaviour of the probability of failure,,
and LOR against the part's life ratio. It demonstrates that tl?%
LOR crosses the life ratio of the part at about 6.9 months
(4968hrs) and reaches 100% at 7.8 months (5616hrs).

T G LOR T G LOR the consequences damages.

3.7 0.41 0.18 6.4 0.71 0.64

3.8 0.42 0.19 6.5 0.72 0.66 1.6

3.9 0.43 0.20 6.6 0.73 0.69 14

4 0.44 0.21 6.7 0.74 0.71

4.1 0.46 0.23 6.8 0.76 0.74 12

4.2 0.47 0.24 6.9 0.77 0.76 < 1.0 4

4.3 0.48 0.25 7 0.78 0.79 > *,

4.4 0.49 0.27 7.1 0.79 0.81 5 0.8 \\

45 0.50 0.28 7.2 0.80 0.84 — 06 \

4.6 0.51 0.29 7.3 0.81 0.87 0.4 \

4.7 0.52 0.31 7.4 0.82 0.90 \

48 | 053 | 032 | 75 | 083 | 093 02 %

49 054 034 76 084 096 O-O IIIIIIIIIIIIIIIIIIIIIIIIIIIILIIIIIIIIII

5 0.56 0.36 7.7 0.86 0.99 0.1 11 21 31 41 51 6.1 7.1 8.1

5.1 0.57 0.37 7.8 087 | 102 Time/months

gé 828 822 7é9 ggg 182 Fig.4.Optimum Inspection Interval for Mixer 100

5.4 0.60 0.43 8.1 0.90 1.11 3.2 Consequences of the Failure for the Mixer 100

9.5 0.61 0.45 8.2 0.91 1.14 Once the assessment of the likelihood of the risk is conducted
5.6 0.62 0.47 8.3 0.92 1.18 the maintenance team should move to the estimation of the
>.7 0.63 0.49 8.4 0.93 1.21 consequences of the failure.

5.8 0.64 0.51 8.5 0.94 1.24

5.9 0.66 0.53 5.6 0.96 1.28 Performance loss: - In this case, the assumption is that the
6 067 055 87 097 131 failure of the mixer 100 would lead to the stoppage of the
6.1 068 057 838 0.98 135 separator unit and therefore the performance loss would be
6.2 0.69 0.59 8.9 0.99 1.39 classi_fied as thg highest (10). The financial loss e_stimated by
6.3 0.70 0.61 9 1.00 142 applying Equation (7). Due to the fact that the failure of the

equipment has got no financial impact in terms of fire and
plosion leading t&,to be considered having zero value.
ble (4) presents the assumed related costs for maintenance

Fig. 3. The Behaviour of LOR arii\t (Mixer 100)

Table.4. Related maintenance Costs (Mixer 100)

16 Cost Value Unit
' s=== Ratio of Part life Csp 500 $
14 ——1OR Prp,, 100 %
1.2 Proba \ilih,/ Railure! Cwd 100 $
X /
2 05 / Smh 10 $ihrs
S 06 —~ 2 :
& //,/, X >
0.4 ~ 7 tec 5 hrs
0.2 t,; 7 hrs
/ ti
0 —/i/! ! tou 1 hrs
1 2 3 4.5 6.7 8 9 10 a 50 $
Time/ months m 300/24=0.08 $/hrs




Few assumptions are presumed in order to apply equation (Tpnths, the suggested time seems to leave enough time

. . before th ded f MTBF.
e The -equipment has no alternative (stand-b elore the recorded average o

equipment). 1.6
. e F\ /
e Costs are calculated in US dollar. 1.4
=—P/D
e The equipment process 300 barrels a day. 12 ! ,/
: | OR

Applying equation (9) of all expected and assumed costs
terms of corrective maintenance; we obtain the cost that m
occur:-

[any

/
/-

Percentages %
o
[0

Cme = {(500 X %100) + ((5 + 1) x (%) 100+

\

(%)+(5x5x10)+(5+1x5x10) ,/ e
- 0.4
Cme = 500 + 3750 + 100 + 75 + 250 + 300 // ///
Cme = $4975 0.2 / ‘/‘

Applying equation (10) we can calculate the preventiv £/
maintenance cost with the assumption that the producti 0 - '
time loss is less (88 in the case of corrective action. 1 2 3 4 5 6 7 8 9 10
C,.qandC,,0hare assumed to be zero: Time/Months
P = (500 X %100) + (5 x 10 x 8) =$900 Fig.4. The Behaviour of LOR anBAt Valve 102
Therefore, substituting the values 6f,, and P, into Figure (5) demonstrates the suggested inspection interval for
equation valve 102. The designed life of part/equipment is a main

4975-900 parameter for the outcomes of LOR. In case of the two parts
B=— "= 4.53 having the same value of probability of failure, the part with

_ _ shorter designed life will be resulting in higher value of LOR,
The failure of the part has no environmental or human lo§shich leads to prioritizing it for inspection.

impact and therefore, substitute the determined values for the

performance loss and the financial los®iaquation (5)with 1.6
the assumption that the weight given by the maintenance
prioritize the loss factors is eqial0.25). 1.4
Consequence = {(0.25 X 10%) + (0.25 x 4.53%)}%5 1.2
Consequence = 5.49
2 1.0
The outcome of the consequences will be taken into acco & ¢ g

while evaluating the overall risk of the equipment. F¢
demonstration purposes, the substituted values of giv 0.6
weights were considered to be equal in the provided ca

777

However, it may vary from one loss to another, which wou 0.4
lead to different consequences’ results 0.2
L 0.0
3.3 Application (2): Valve 102 A NMONM A N®MO WO o
. . OO0 ddaNmMmMm < < 0 O N o
The failure frequency for the Valve 102 is 6410/hours ar Time/Months

this value is converted into months (8.902 months).Th<
designed life for Valve 102 is assumed as 9 months. F|g 5. Opt|mum |nspection Interval for Valve 102

Figure (4) demonstrates the comparison between tBe1 Consequences of the Failure for Valve 102
cumulative distribution function(FAt) and | COR). The

capture of the figure is taken until the assumed physical life'® consequences of the risk on the system performance loss
time ends. are considered to be at the highest given the function of the

_ _ _ _ _ valve and therefore are substituted as 10. Equation (8) is
The consideration of the physical life of parts/equipmenfpplied to calculate the financial loss under the assumption
through the application of LOR assists in the prioritization ahat the failure of the valve would cause explosion. The area

planning the inspection intervals maintenance interventiognder the damage (AR) is estimated 4bamd the estimated
The growth factor (G) crosses the LOR at almost 6.6 monffysets density is 10000¥/m

(4752hrs) which is suggested the time of inspection until the

time where LOR =100% at 7.59 months (5465hrs).IBy = ((40 X 10000)/1000) = $400

comparison with the MTBF of valve 102 (6410hrs) 8.90rhe corrective maintenance costn{c)and preventive
maintenance costmc that occurs due to the failure of valve




102 are assumed to be equal to ¢hec and Pmcthat was consequences that include the condition of having stand by
calculated for mixer 100 which wésc=$4975 and spare system to accurately simulate the performance loss of
Pmc=$900. Thus, the financial loss is computed as followeithe production line. The equation of the financial loss was
(equation 78) developed to involve the balance between costs of corrective
and preventive actions. The analysis of the major related
B = ((400 + 4975) — 900)/900 costs assists in alerting the maintenance team to have an
B = 4.97 estimation of the involved costs and the possibility of

avoiding risk. The contribution of this work to the assessment

The human health loss factor is calculated by applying,q estimation of the probability of risk and its consequences
equation (11) and (12). The valueg of AR and UFR are (4@thin  the oil and gas industry can improve the
m2) and (1G person) respectively. The populationresnonsiveness to the possibility of risk as well as providing
distribution factor PDF1 is substituted as (1) on thgetter understanding of the impact of the risk on the major
assumption that the population is localised within less thaleas within this industry. Overall, this will particularly

500m and th? number of people within that area Os Jenhance the efficiency of maintenance by evaluating risk
persons. Thus:- which is imperative to the nature of the petroleum industry.

PDI = 10 x 1 = 10 persons/m® 5. REFERENCES
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