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Ethylene pipelines

A High-pressure pipelines enable cost
effective transportation of large ‘& " RasLaffan

Ad-Dahirah

amounts of fluid over long distance

A In Qatar, a recentlgonstructed
135km long pipeline transports
ethylenefrom Ras Laffan Industrial LG
City to Q-Chemll and QATOFIN e
plantsin Mesaieedndustrial City to s
produce higrand low density Messaid

polyethylene \

A Ethylene is a highly flammable W
material and thereforgafe
design/operation afthylene pipelines |
IS of paramounimportance
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Quantitative Risk Assessment

Pipeline outflow model:
MassFlow Rate

{

Consequence
modelling
Firethermal Explosion Atmospheric Environmental
radiation overpressure dispersion pollution
> Mitigation <
: : Safedistances to Emergencyesponse
Emergency isolation :
populated areas planning
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Pipeline decompression phenome

Rupture

plane: 1 atm

Unsteady compressible flow induced by the fluid
expansion to atmosphere at the rupture plane

Phase transition itheexpansion wave in the pipe
Cooling induced by expansion in the flow
Strong variatiorof physical properties of the phases with

pressure and temperature szersed-

High densityratio of the liquid and vapour phases car-
lead to stratification of the phases svaified |

Flow

o Po Do Do Do

A Theaccurate modelling of outflow following pipeline
rupture is highly challenging
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Outflow Modelling Challenge

A In the past the models have been validated against very
limited number of measurements
and there is no real validation data for ethylene

A Couplingan outflowmodel withan accurat&oSis another
Important aspect of developmentrobdelling

A Currently thereare no reliable validatedmodels,

accountingfor complexity of the flow and reakfluid
behaviour, suitable for QRA of ethylene pipelines
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The Project Objectives & Scope

Objective 1 (Lead: UCL): Objective 2 (Lead: TAMU-(Qatar):
Mathematical modelling Experimental validation

Develop Stat@f_the_art Slmulatlon Performethylene pipeline rupture tests%}ﬂ

tools for the quantitative risk to obtain experimental data for validati

— of outflow modeldeveloped
assessment of hydrocarbon pipelines,

based on accurate predictions of RS TN Jatar):
se study

transient outflow and
thermodynamic properties of fluid Demonstratéhe usefulnes_.s of the

: S L tools developed by applying them to
during pipeline depressurization a realisticpipeline in Qatar.

3

Objective 4 (Lead: TAMU-Qatar):
Communication

I | TEXAS AsM INERIS



http://www.ineris.fr/en
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Pipeline Outflow Model

Development of a heterogeneous ipltase flow
model, accounting for:

A Transient compressible nature of the flow;

A Flow regime dependentall friction and heatransfer;
A Heat capacity of thpipewall;

A Puncture size and location on the pipe;

A Physical properties of a multicomponent fluid,
predicted using validated Equation of Stdfe9

models
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Pipeline Outflow Model

Conservation equations:

da;p; N oa;piu;
at dx

da;piu;  da;piuf + a;P; :
at % =5
Source terms are

daipiE; | O0aipiH; flow regime

N B acrL

- f. [nt
ot 0x 6’/_) dependent
6av

mt 6x

whereh is the volume fraction as function of timand space;

ndP are density, total energy, total enthalpy and

pressure of the individual phases
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ENGIN ING EX|

Physical properties models

Phase equilibrium Rigorous mathematical model
Physical Properties for pipeline rupture:

A Density A Mass conservation

A Heat Capacity A Momentum conservation
A Sonic Velocity A Energy conservation

A JouleThomson Coefficient | > A Multiphase heterogeneous
A Isothermal Compressibility flow

Transport Properties: A Interphase mass and heat
A Viscosity transfer

A Diffusivity A Fluid/structure interaction

A Thermal conductivity




MARY KAY O'CONNOR
PROCESS SAFETY CENTER
ENT STATION

Thermodynamic models -'m

A Pengi Robinson (PRE0S

2 4 A4

0
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A Perturbed Chaii Statistical Association Fluid Theory (PFEAFT) E0S
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Ethylene Speed of Sound
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Ethylene Jould homson Coefficient
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6 ' ' ' | ' j | ' | Possible impurities:
— Pyre Ethylene A H dr
1% H,-Ethylene y Ogen_ _
5+ 1% C,-Ethylene i A Carbon Dioxide
A Methane
A Ethane
=47 | A Propane
= A Propylene
23 . A Butylene
7 A Butane
o A | A Butadiene
1 i
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Ethylenel MethaneVLE
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Ethylenei Carbon Dioxide VLE
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Ethylene mole fraction
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Ethylenei Hydrogen VLE
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VLE In TernaryMixtures
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=% < e HD camera

T~ Load cells

Schematic representation of the f@gieline (40 m long, 50mmd.),
showing thesthylene feedingquipment, and the locations of the pressure,
temperature and heat flux transducdmngthe pipe.
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Experimentaketup (INERIS)

High pressuré¢est pipeline (up to 7bar)
Heatingsystem(T°~10-15°C)
Thermalinsulation

Visualisationusing a transparent section
Buriedl i keo configura
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