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SAFETY OF EMERGENCY RELEASES CONTAINING SOLID PHASE

The quantitative risk assessment is the most accurate way of risk determination and the basic
approach of obtaining valuable information for further risk management. The risk can be determined
as a probability of some event with hazardous consequences occurring during time diapason such as
one year. There are variable applications of risk assessment in industry and the technology of risk
assessment constantly improves because of widely spread using of risk-oriented approach.
Regulations in all countries create specific influence for engineering methods integrating safety in the
technology systems. However there are various scientific problems in quantitative risk assessment in
specific situations during risk studies. Such situation has occurred in flare pipeline system of
combined polymer and refining enterprise. Solid particles of polymers as products of polymer
synthesis can be contained in emergency releases and can create deposits along the pipeline of flare
system which can be the cause of significant declination from design intent and lead to decreasing or
even stopping of the flow rate. The blockage of pipeline can lead to depressurization and rupture of
apparatuses with dangerous chemicals inside and consequences can vary from economic losses to
ecological damage or even people death. In the current study quantitative method of risk assessment
of the flare system has been developed, applied and studied. Main focus was on hazards due the
deposition of solid polymer particles along the pipeline and following pipeline blockage. The
deposition of solid polymer particles has been simulated, design intent declination criteria have been
chosen. The probability of design intent declination has been defined using methods of mathematical
statistics and probability theory. Advantages, disadvantages and limits of developed quantitative
method of risk assessment have been discussed in the study. The results of study showed that the new
approach of quantitative risk assessment of pipe transport systems where deposits occurs can be
implemented in a fast way and has easy-to-understand algorithm. The output data showed that the
expected frequency of emergency releases, concentration and size of solid particles, flow parameters
and the time needed to reach the design intent declination during continuous emergency release have
great influence on the risk value of design intent declination.
Keywords: quantitative risk assessment, flare system, particle deposition, pipeline blockage,
probability
Introduction
Adhesion of solid phase on the internal surface of pipelines is a common a reason of declination from design
intent and of hazardous consequences. Solid particles, hydrocarbon hydrates, crystalized fluid, coagulated oil
and paraffin wax moving along the pipe with main flow can create deposits which can decrease flow rate or even
stop it, increase pressure in the pipeline and lead to leakage or rupture [1]. According to [2] decreasing of
temperature, defects in pipeline, improper separation device installation, increasing of pressure can cause a
serious pipeline blockage and explosion accidents can occur. Possible hazards of pipeline blockage could be as
follows:
« people death (3 people died during North Sea accidents 1990 — 1993) [3];
« operation progress delay [3];
« economic losses (US $ 700 million during North Sea accidents 1990 — 1993, each day loss US $ 10
million during several months of Qatar accidents 2011 — 2013) [3];
« ecological damage, etc.
Emergency releases on flare can also contain a certain amount of solid phase for example if such releases occur
on polymer production plants. To decrease the percentage of solid phase in emergency release, separators,
industrial cyclones and filters are widely applied. However even after proper installation of such filtering
equipment small amount of thin powder can last in emergency release and can cause the deposition in flare
system. These facts make impossible total solid phase separation so there is non-zero likelihood of severe
consequences due to deposition of solid phase, pipeline blockage, depressurization and rupture of reactors or
other vessels. The combination of likelihood and measurable consequences can be called a “risk” and the
quantitative risk assessment procedure (as a preferable practice in this case) should be done [4]. In the current
study the existing flare system with possible solid particle deposition was analysed and risk assessment method
was developed based on the particle deposition model, probability theory, Fault Tree Analysis technology [5 —
7]. Based on the results of risk assessment, risk management criteria were evaluated and applied [8].
Theoretical study
Explanation of case study on the principal scheme
The risks of pipeline blockage of global flare system was investigated, the principal scheme of flare system is depicted
on Figure 1. There are 5 reactors (R1 — R5) of conversion ethylene and propylene to polyethylene and polypropylene
correspondently. Reactors are equipped by Pressure-Relief Devices and can create emergency releases with solid
polymer particle contamination. Separator S-1 provides some degree of purification of emergency release from solid
contaminant. After separator S-1 there is some amount of solid phase which remains in the release. Thereby the
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phenomena of solid particle deposition can be observed on the pipeline connecting nodes 3 — 8 and risk of design intent

declination can occur.
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Figure 1. Schematic depiction of case-study flare system with solid particle contamination of emergency releases

There are several other installations which are making the emergency releases in the global flare system and connect to
the global flare system in nodes 4 and 5. We investigate only one pipeline (hodes 3 — 8) connecting the Separator S-1
and the head of flare. Separator S-2 provides only liquid phase separation and assumed to be a node (6/7) with special
resistivity. The resulting pipeline where particle deposition occurs is shown on Figure 2.
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Figure 2. Schematic depiction of pipeline where solid particle deposition occurs during emergency releases

As design intent the flow rate of total emergency release has been chosen. The total emergency release is a sum of
emergency releases from reactors R-1 — R-2 and consists of ethylene gas, propylene gas and polymer particles. Thereby
the object of study has been defined and method explained below was applied in the way of obtaining the probability of
certain declination from design intent during given period of time.

Quantitative risk assessment method



Objective: to determine the probability of reaching the specific amount of emergency releases per year which lead to
declination from design intent of flare system.
Decision-making: based on the obtained risk data, a decision should be made on the possibility of further operation of
the pipeline and on the frequency of inspection and cleaning of the inner surface of the pipeline.
Input data:

1) The probability of valve actuation per year;

2) Calculation of valves (relieving pressure, temperature, composition of the emergency release, valve capacity,
valve location);

3) The parameters of the apparatus on which the valve is located (temperature, pressure, composition and
amount of the mixture stored in it);

4) The duration of the release;

5) Hydraulic calculation of the pipeline;

6) Strength calculation of the pipeline.
The worst release is defined as one of the possible releases at which, for the same simulation time of release and
particles deposition, the greatest resistance of the pipeline section with respect to the calibration system is observed.
The calibration system is a gas (air, a mixture of hydrocarbons, etc.), which is closest in its hydrodynamic properties
(kinematic viscosity, density, molecular weight) to mixtures in all apparatuses in which the presence of solid impurities
is possible. The mixture that is closest to the rest of the mixtures, which exists in one of the devices with its parameters
of state, can be taken as the calibration system.
To determine the worst case emergency release, we followed these steps:

1) To carry out a series of numerical experiments for a fixed duration of simulation (e.g. 100 seconds), with
release parameters corresponding to the parameters of the state of mixtures in the apparatus;

2) At the end of the test, record the distribution of the profile of the thickness of deposits on the walls of the
pipeline;

3) For each obtained profile of the sediment thickness, make a hydraulic calculation for the pipeline in relation
to the calibration system;

4) Record the flow rates of the calibration system for different profiles of sediment thickness: the profile of the
sediment, which gives the lowest flow rate, refers to the worst release.
In order to determine the time to reach the minimum flow rate of the pipeline (according to design intent), it is
necessary to simulate the sedimentation of solids for the worst release.
Let’s take the pressure at the inlet to the pipeline equal to the maximum allowable pressure at a given point (node 3) in
the pipeline. The duration of the release, at which there is a decrease in the flow rate of the pipeline below the
calculated-necessary, is the time to reach the declination from design intent.
To determine the likelihood of reaching the minimum allowable flow rate of the pipeline during the year, it is necessary
to find out the number n,,. of releases that must be made in order to reduce the flow rate of the pipeline to the
minimum allowable value according to the formula:
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where: t;;,, — time [s] to reach the minimum allowable flow rate in the pipeline for the worst release; At,,. — average
duration [s] of release.
The average emergency release duration can be determined as:
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where: k — the number of apparatuses producing discharges containing solid particles; At; — duration [s] of release from
the i-th apparatus.

Suppose the number of emergency releases is a random variable and appearance of this number can be described by the
Poisson distribution law. Let’s consider the frequency [year-1] A5y of valve actuation, located on each of the apparatuses,
the release of which contains solid particles. Then the probability that there will be no less than ng,. discharges
containing solid particles is [6]:

P(2 Ngye) = 1 = E7%5°7" P(D) (3)
The probability that discharges will occur i times during 1 year is [6]:
P(i) = ?— e™? 4)

where: a — the mathematical expectation of the number of discharges in 1 year.
Parameter a is calculated as follows [6]:
a=>A"1T (5)
where: t — observation time (1 year).
The total emergency release frequency A5 can be defined as:

Nk
Ay =X (6)
where: A; — frequency of emergency release from the i-th valve; N, — the number of valves through which mixtures
containing solid particles are discharged.

The frequency of valve actuation can be determined if the probability of at least one actuation of the valve per year of

observations is known [6]:
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Equation (7) gives:
In(1-RB(= 1) = At - 4 = - 2AED) ®)

Thereby, using equations (1) - (8), the probability of reaching the minimum allowable flow rate of the pipeline within 1
year is determined.

Results and discussion
Analysis of solid particles movement in the flare system showed that the pipeline with possible solid phase deposition
starts in the node 3, moves through nodes 4,5,6,7 and finishes in the node 8 (Figure 2).
The pipeline with particle deposition phenomena consists of two parts:

« the first part with length ~ 150 m, diameter ~ 200 mm and connects separator S-1 and joint point 5 (the
connection with 1200 mm diameter pipeline of general flare system);

« the second part with length over 3000 m, diameter ~ 1200 mm and connects node 5 with flare head 8 (Figure
1).

The deposition of solid particles of polymer was simulated under conditions:

» moving fluid: gas consisting of ethylene and propylene;

* pressure in the node 3: ~250000 Pa;

* pressure in the node 8: 101325 Pa;

« the flow is isothermal, the temperature ~ 340 K;

« solid particles composition: polypropylene;

« solid particle size: 125 pm;

« solid particle concentration: 0.1 % by mass of moving fluid exactly after separator S-1.
As design intent the value 2.658 kg/sec of mass flow rate of the maximal emergency release has been chosen. Design
intent declination is a decreasing of the flow rate in the pipeline less than 2.658 kg/sec. The results of numerical
simulation showed that the design intent declination was observed approximately at 21500 seconds of simulation time
(Figure 3).
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Figure 3. The graph of mass flow rate dependence from time in the pipeline where the process of solid phase deposition
occurred

After additional simulation for 60000 seconds, the critical part of pipeline with the largest deposits thickness has been
observed starting from separator S-1 until the joint point 5. The deposit thickness was more than 0.09 m in the point
near S-1 at the moment of time 60000 (Figure 4).
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Figure 4. Deposits thickness distribution along the pipe at 60000 sec

The diameter of pipe (accounting deposit thickness) was about 0.02 m at 60000-th second which corresponds to almost
total pipeline blockage. This phenomenon can be explained in terms of deposition model: the deposition rate is related



to size and concentration of particles, the fluid properties such as temperature, viscosity and density [5]. All mentioned
above parameters have their maximum at points which located closer to S-1 and affect the deposition rate making its
value the largest in comparison to more far-located relatively to the node 3 points of pipeline.

The closest points relatively to node 3 were analysed and time-dependency of average deposits thickness was obtained
and depicted at Figure 5.
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Figure 5. Time-dependency of deposits thickness near the node 3

The monotonous almost linear increasing of the deposits thickness can be observed at Figure 5 though some noticeable
decreasing of deposition rate can be seen after 40000 seconds. This phenomenon can be explained by decreasing of the
flow rate due the solid phase deposition process.
The probability of specific amount of emergency releases Py(= 1) which leads to design intent declination was
obtained using method of Fault Tree Analysis [7]. The value of probability P..(= 1) is 6.08:10" per year, so the
expected amount of the releases Ay during a 1 year is 6.099-10° correspondently to equation (8). The average time
At,,. Of the releases is about 120 seconds. Using equation (1) and considering the time 21500 sec of design intent
declination, the amount of the releases n,,. needed to reach the big enough resistivity of pipeline is about 179 times.
The probability P(= n,,.) of reaching more than 179 emergency releases during a year accounting the expected
amount A5 = 6.099-107° of releases per year makes the probability of this event less than 107 per year. So the results of
risk analysis allows exploitation of the polymer production installation connected to the flare system because of
neglected influence on the total individual risk (acceptable value is about 10 per year) of the risk caused by pipeline
blockage due to solid particles contamination and deposition [4].
Conclusions
The developed method of quantitative risk assessment of pipeline systems with possible solid phase contamination has
shown applicability to real dangerous object on example of flare system of refinery and polymer enterprise. Obtained
data showed that there is no significant probability of pipeline blockage (value of probability < 10717 per year) for
further exploitation of flare system with possible solid phase contamination after emergency releases from polymer
synthesis reactors. The main reason of acceptable risk value is low probability of emergency release due to advanced
automation control system. There is significant limitation: if continuous releases with solid phase can occur then the
risk is unacceptable because of the time of total blockage during continuous release is about 17 hours. The most critical
part of flare system is the pipeline of diameter 200 mm (nodes 3 — 5) which is located between separator S-1 and joint
point 5 with 1200 mm diameter pipeline due the high deposition rate of solid particles. The large deposition rate in the
critical part compared to the other part of flare system occurs due the next reasons:

« high concentration of solid phase after separator S-1;

« relatively high velocity, turbulence and density of the flow in critical part of pipeline;

* low diameter of critical part (200 mm against 1200 mm of the diameter of other part of pipeline).

There are some disadvantages of the used particle deposition model [5] which can greatly influence on results or
time needed for data preparation:

« not sufficient validation of particle deposition model causes uncertainty in the output data;

« equal length of elementary parts causes difficultness of defining the Darcy coefficient of the elementary parts.
The disadvantages of the risk analysis method can be such as using only one probability distribution law (Poisson
equation); conservative estimations like the probability of particle sticking to the pipe wall equals 1 (which is less than
1 in reality) etc.
Thereafter new developed approach can be applied for quantitative risk assessment with some limitations and
considerations. The method should be refined in both ways: improving the particle deposition model and method of
probability estimation of design intent declination and can be used as a base for future risk studies of pipeline blockage
in chemical, oil or gas industry.
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Kinoxicna oyinka pusuxy € Haubitbu mMOYHUM CROCOOOM BUSHAYEHHA PUSUKY MA OCHOBHUM NIOX00OM OMPUMAHHS
YinHOI inghopmayii 015 nodanbWI020 YNPABHIHHA pusuKamuy. Pusux modxcna eusnauumu K iMOSIipHICMb nesHoi nodii 3
Hebe3neuHuMy HACAIOKAMU, WO MOodce 8i00Y8amucs NpoOmsacoM YdAco8020 Nepiody, HANPuKiad, 00HO20 POKY. YV
NPOMUCTIOBOCIT  ICHYIOMb PI3HI 8ApPIaHMU 3ACMOCY8AHHS OYIHKU PUSUKY, 1 MEXHONO02Is OYIHKU PUSUKY NOCMIUHO
B800CKOHANIOEMBCS 3A80AKU ULUPOKOMY PO3NOBCIOONCEHHIO BUKOPUCMAHHSA PUSUK-OPIEHMO8AH020 nioxo0y. Hopmamueni
akmu y 6cix Kpainax ocoOmusuM YUHOM 6NIAUBAIOMb HA THIHCEHEPHI MEmOoOU, o CMOCYIOMbCs Oe3NeKy MexXHON0IYHUX
cucmem. OOHax, ni0 uyac OOCHIONCEHb PU3UKIE, ICHYIOMb DI3HI HAYKOBL NpoOieMu KIIbKICHOI OYIHKU PUSUKY 8
KoHKpemuux cumyayisix. Taxa cumyayis manra Mmicye y ¢haxeivHiti mpyOonposionii cucmemi KOMOIHO8AHO20
noaiMeprHo2o ma Hagmonepepobrnoeo nionpuemcmea. Teepoi uacmunku noximepié K NPOOYKMU CUHME3Y NONIMEPIE
MOICYMb MICIUMUCS 8 ABAPIUHUX GUKUOAX | MOJCYMb CIMBOPIO8amu 8iOKIA0eH s 830082ic mpyOonpogody gaxenvhol
cucmemu, wo Modice OYmu RPULUHOIO 3HAYHO20 BIOXULEHHS 810 Yinel npoeKmy i npuzeecmu 00 3MeHueH s abo Hasimy
3YynuHKY sumpamu nomoky. bnokysanus mpy6onpogody moosice npuzgecmu 0o poseepmemuszayii ma po3puey anapamis
3 HeOe3NneuHUMU XIMIYHUMU PedOBUHAMU 8CepeOuni, I HACAIOKU MOJNCYMb 8apI08amucs 6i0 eKOHOMIYHUX empam 00
eKoI02iuHOl WKoOU abo Hagime 3azubeni awoel. Y ybomy 00CHiONCeHHI pO3pOONEHO, 3ACMOCOBAHO MA BUBYEHO
KLIbKICHULL MemoO oyiHKU pusuky ¢gaxenvroi cucmemu. OcHogHa ysaza 6yna 30cepeddiceHd Ha Hebe3neKax, nog sa3aHux
3 0CAONCEHHAM MBEPOUX YACMUHOK NOIIMepy 630082C MpyOONpo8ooy ma HACMYNHUM OJOKY8AHHS MPYOONPOBOOJY.
Byno nposedeno mooento8anHs 0CaOHCeHHs MEEPOUx YACMUHOK NoJimepy, 00pano Kpumepii 6iOXuieHHs 6i0 yineu
npoexmy. Imosipuicmev 6iOXuneHus 6i0 yineu npoekmy Bu3HaAYeHa 3a OO0NOMO2010 Memooie MamemMamuiHoi
cmamucmuky ma meopii umogipHocmeu. Y 0ocaiodicenui 062080pi08aAnUCy nepesdau, HeOONiKU Mad 0OMeHCeHHs.
PO3p0obNIeH020 KiNbKICHO20 Memody oyinku pusuxy. Pezynomamu docniddcenns noxaszanu, wo HOGUU nioXio KilbKicHOI
OYIHKU PU3UKIE cucmem mpyoonposodis, Oe ei00yearomvcs GIOKIAOeHHS MEepool @azu, modce Oymu weUoOKo
B8NPOBAICEHULL MA MAE Ne2KUll 0151 PO3YMIHHA aneopumm. Buxioni oani nokazanu, wo ouixygana yacmoma aeapiiHux
BUKUOIB, KOHYEeHMpayis i posmip meEepoux uACMUHOK, Napamempu NOMOKY Md 4ac, HeoOXiOHUutli O0nsi 00CACHEeHHs.
BIOXUNIEHHS NPOEKMHUX HAMIPIG nio uac be3nepeperoco asapiliHo2o SUKUOY, MAOMb 8EIUKULL BNIUE HA 3HAYEHHS PUSUK)
8IOXUNIEHHS IO Yilell NPOeKm) .

Knrwuosi cnoea: KinbKkicHa OyiHKG pUu3uKy, cucmema CHANAXY, OCAONCEHHS YACMUHOK, 3aKVNOpKa mpyOoonposooy,
1UMOGIpHICY

Konuuecmeennasn oyenxa pucka Aensemcsa Haubonee MoYHbIM CNOCOOOM OnpedeneHuUs PUCKA U OCHOBHBIM HOOX000M
nony4eHus: yeHHou ungopmayuu 0 danvbhetiue2o ynpagienus puckamu. Puck moocno onpederums kax 6eposmiocms
onpeodenenHozo codbimus ¢ ONACHBIMU NOCIEOCMBUAMU, KOMOPOe MOICEN HPOUCXOOUMb 6 MeYeHUe 6PeMEHHO2O
nepuooa, Hanpumep, 00H020 200d. B npomviuwineHnocmu cywjecmeylom pasiuyHble 6apuaHmuvl npumeHeHus OYeHKU
PUCKA, U MEXHONO2USI OYEHKU DPUCKA NOCMOSHHO COBEPUIEHCMEYemcs 01a200aps WUPOKOMY PACHpOCHpPaHeHUIo
UCNONb30BAHUS PUCK-OPUCHMUPOBAHHO20 N00X00d. HopmamugHble akmpl 60 6cex CmMpanax 0cooblM 00pazom GIusOm
Ha uHdICeHepHble Memoobl, Kacarwuecs bezonacnocmu mexnonocudeckux cucmem. OOHaKo, 60 6pems Uccied08anull
PUCKO8, CYWECMEYIOM PA3IUYHbIE HAYYHble NPOOLeMbl KOIUYECMEEHHOU OYEHKU PUCKA 6 KOHKDEMHbIX CUMYAYusx.
Taxkas cumyayus umena mecmo 6 axeivbHoUu mpy6OnPOGOOHOU cucmeme KOMOUHUPOBAHHOZO NOAUMEPHO20 U
Heppmenepepabamuléaiowe2o npeonpusmus. Teepovie uacmuybl NOAUMEPOS KAK NPOOYKMbL CUHME3A NOTUMEDPOB MO2YTM
€00epaHcamvpCst 8 ABAPULIHLIX 8bIOPOCAX U MO2YN CO30A8AMb OMIONCEHUST 6001b MPYOONP0800a (haKeIbHOU cucmembl,
Ymo Mmodkcem Oblmb NPUYUHOL SHAUUMETLHO20 OMKIOHEHUSL OM Yenell NPOeKma U npugecmu K YMeHbUe U Ui 0axce
ocmanogke pacxooa nomoxa. Bnoxupoexa mpyb6onposoda Mmodcem npusecmu K pazeepMemusayuu U paspoiey
annapamos ¢ ONACHBIMU XUMUYECKUMU 6eujecmeamu 6Hympu, u HOCIeOCmeUs MOSYm 6apbupoeamvcs om
9KOHOMUYECKUX NOMePb 00 IKOI0SUHECK020 Ywepba unu oadce eudenu arodei. B smom ucciedosanuu papaboman,
NpUMEHeH U U3Y4eH KOMUYeCIBEeHMbIl Memoo OyeHKU pucka Gaxenvnoti cucmemvl. OCHOBHOe 6HUMAHUE OBLIO
COCPeOomoyeno Ha ONACHOCMAX, CEA3AHHBIX C 0CANCOEHUeM MBEPObIX YACMUY NoauMepa 8001b mpybonpogoda u


https://www.hcpetroleum.hk/wap/news-detail/46

nocnedyrowel  610Kupoekol  mpyoonposoda. bviio nposedeHo MOOenupo8aHue 0cCaxicoeHus meepovbix YACMUy
noaumepa, uzopan Kpumepuil OMKIOHeHUs Om yeneu npoexma. Beposmumocmv omxionenuss om yeneti npoexma
onpeoenena ¢ NOMOWBIO Memo008 MAMEMAMUYECKON CMAMUCIMUKY U meopuu eepossmuocmeil. B uccredosanuu
06cyaHcoanucy npeumywecmed, HeOOCMAmKU U 02PAHUYeHUsT PaspaboOmanHO20 KOAUYECTNBEHHO20 Memood OYeHKU
pucka. Pesynomamol uccreooseanus noxasanu, uymo HOGuUL NOOX00 KOIUHECHIBEHHOU OYEHKU PUCKO8 CUCTEM
mpy60onpogooos, eoe nPoUCXo0sam OMI0NHCEHUs MEepOoll (asvl, Modcem Oblmb ObICMPO 8HEOPEeH U UmMeem ae2Kull OJis
NOHUMAHUsL  aneopumm. BulxoOHble OanHble NOKA3AMU, YMO 0XHCUOAEMAsl HACMOMA A8APULIHLIX  6bIOPOCOS,
KOHYeHmpayust U pasmep meepoblx Hacmuy, HAPAMempvl HOMOKA U 6peMsl, Heobxooumoe Ol OOCHUICEHUs.
OMKIOHEHUsI NPOEKMHBIX HAMEPEHUIl 60 8PeMsl HenpepblGHO20 A8APULIHO20 GblOpOCa, uMelom 00Nbuloe GIUsHUE Ha
3HAYEHUE PUCKA OMKIOHEHUsl OM Yeell NPOeKma.

Kniouesvle cnosa: KoauuecmeeHHdas OYeHKA PUCKA, (DAKeTbHAs CUCMeEMA, OCANCOeHUe Yacmuy, 3dcopeHue
mpy60onpo8ooa, 6eposimMHOCHb.
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