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Abstract

This paper presents the new software which specifically developed based on Visual Studio 2010 for Daging
Qilfield China includes the most complex light hydrocarbon pipeline network system in Asia, has become a powerful
auxiliary tool to manage fieldada, make scheduling plans for batching operation, and optisymenping plans.
Firstly, DMM for recording and managing field data is summarized. Then, the batch scheduling simulation module
called SSM for the difficult batehcheduling issues of the mple-source pipeline network system is introduced.
Finally, SOM, that is Scheduling Optimization Module, is indicated for solving the pratfiehe pumps being
started up/shudown frequently.
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1. Introduction

DagingOQilfield is the biggest oil and gaseliminary processinbase in ChinaThe annwal output of Daging Oilfield
amounts about 800 thousand tons of light hydrocarbon, 67 thousand tons of which are transporthkghibyydeocarbon
pipeline network system. After years of continuous development, the system has resulted in a numpgrethtehaving
various specifications, all kinds of hydrocarbgenerating stations, many types of gas processing and crude stabilization units,
adopting the most advanced technology around the world, and the largest light hydrocarbon storage slefffxiamgming
depot. The network system produces mainly three kinds of hydrocarbons, including deep cooling hydrocarbon, crude
stabilization hydrocarbon, and shallow freezing hydrocarbon. Its purpose is to transport light hydrocarbons to downstream
marketsin order to guarantee the rapid expansion of Daging Oilfield's economy. However, in doing so, resulting problems in
daily operation include low automation level of data management and scheduling, and a high frequency of pump
startup/shutdown operation, wh hadbecomemore and more critical with the rising hydrocarbon transportégiski1].

China University of PetroleuBeijing has now developed a software that integrates three modules including a Data
Management ModulédDMM), a Scheduling Simulation Mtule (SSM), and a Scheduling Optimization Mod&OM),

which has solved these issues mentioned above effectively

2. DMM

Today (2012)thelight hydrocarbon pipeline network system is still in the development;statie future, the structure

of the systenwill inevitably become more complex since the number of light hydrocarbon processing devices, oil and gas
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processing equipent tanks and pumps of all stations will also rise rapidly. More importartlystituentssaturated vapor
pressures, and the carbon dioxide contents of light hydrocarbons produced from each unit are fluctuating throughout syster
operation. So, it isrdtical that field staffs must record the accuraferationaldata for each section of the system at the
appropriate time enabling them to adjust the processing according to the changed physical properties and productions of ligt
hydrocarbons. Neverthalg, until the development of this new software, there had not been any data management software
controlling the system. Previously, a great amount of essential historical data, which could cover many volumes would be,
recorded manually and archived to &abe system data. This working mode ooty resulted in a waste ahanpower

material and financial resources, but also reduced the working efficiency of the enterprise.

The field data must be mastered by staffs during system running mainly includes:

(1) Information on38 pipelines(total length is about 410.9km), suchexsgraphical positiorstartedandendpoint, design

pressure, diameter, wall thickness and ledtavery pipeling

(2) Information on light hydrocarbaoin the 16 oil and gagrocessg stations including productiondensity viscosity, type

constituentbubble point pressure efrerylight hydrocarborand the amount of mixeldydrocarborvolume
(3) Information on thel0 pumps such apump typeanddata m thecharacteristic curve
(4) Informationon the 95 tanks such aslesign pressure, volume, opesatpressureandliquid level of each tank

DMM, therefore, can be seen as the data management module developed to record and manage field data, as mention
above, for the systerithe main interface of DMM displays the topological structure of the whole rlesystem in details
(shown inFig. 1). Each hydrocarbegenerating statiolof the network systemhas its own independenstationinterface.
Clicking any rectangle witlkoloron DMM, the station interface dialog box of the corresponding station for data management

will pop upin Fig. 2.

@9 Daging 0ilfield light hydrocarbon pipeline network system — DEN

View Information Data(¥) Help(H)

Dl %

O crude stabilization hydrocarbon

B shallow freezing hydrocarbon

O deep cooling hydrocarbon Yixi Meteringplant

Dongyouku

Xingsanjiedian

I Beierer
Beieryi

Zhonggqi
Beiyier

L
ya / Sanan
zhongsan

Beiyivi

Nanya

Hongya Xingwuyi

Xingsan

Layi
Xingjiu

O

jingxi

Nanyi

Horizontal-Coordinatel105, Yertical-CoordinateS03 2012-10-10 2C

Fig. 1 Themaininterface of DMM
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Fig.2 The station interface dialog box
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volume.
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The Sanan station located at the downstream of the XingQu Line @reoisly station that produces three kinds of light
hydrocarbons among the network system. Eighows the station interface of Samaud it isdivided into our management
blocks, comprisingipeline block, stationblock, pump block, and tankblock. DMM designs all the field data withigh
frequency and importance as management data and displays them by various ways of frames, pictures or forms. In addition,
clearly describes the properties of all kinds of light hydrocarbons, the numbers and deticadtga of pumps, and the
operation parameters of storage tanks. By clicking any station of the dendrogram (which is on the left side), it aso will th
switch to its statiointerface whereuporall the information will be changed in a secpbyglclick i n g Calcblagiodi but t on

the mixedhydrocarbon calculation interface will then poping-ig. 3.

The mixed hydrocarboietween different batchesll affectthe quality of light hydrocarborendredue theexport
price of light hydrocarbor. Therefoe, accurately calculan of the lengthor volumeof mixed hydrocarbomlaysa very

important significancén pipeline transportationThe calculation for mixedhydrocarbon can decrease profit loss.

At present,most operatoreommonly useAustin-Palfreyformulato calculatemixed hydrocarbon volumim various
domestic and foreign engineering compani&be formula is also recommendeth the pipeline engineering design
specificationgn China The empirical formula is madbéased orthe large number of tesandproduction dataf pipelineby

AustenandCharles Bell Fryegalculated as follows
(a) Kinematic viscosity

Thekinematic viscosity of thenixedhydrocarbon is calculatdry theempirical formula {). This viscosity is one of the
parameterso calculae Reynolds

Iglg(3 10° +0.89) =%Iglg(nA3 10°+0.89) +%Ig lg(n,310° +0.89) 1)

n, o8 8 thekinematic viscosityf A hydrocarborundertransporationtemperaturem?/s;
ng 6 & thekinematic viscosityf B hydrocarborundertransporationtempeature me/s;

n 8 & thekinematic viscosity of thenixed hydrocarborbetween A and Bm?/s.
(b) Reynolds

The citical Reynoldss calculated using the formuld)(

Re, =10000 ¢>7 (2)

€ 0 0 natural bgarithm equals t®.87.

d 0 0 pipeineinside diametem;

Re, d 0 the gitical Reynoldsof mixedhydrocarbon
(c) Mixed hydrocarbon

The length oimixedhydracarbonis calculated using the formul3)(

C=1175d%L*° Re** 3)

c 0 0 the length of mixedhydrocarbonm,;

d 8 8 pipelineinside diametem;

L 6 8 pipeline lengthm.
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In summaryDMM has been developed to:

(1) Chargetheway of data storageprocessing, andpplicationmodein the systembased orthe strongsharing and low
redundancyf DMM.

(2) Improwe the way to extensivelyretrieve, amend, updatand expand pipeline data, in order tguarantedhe security,

integity, reliability, and managemeefficiency of fied data.

(3) Captue and memorie all the reattime datg andtracks the main operating parameters atmistorical condiions of
equipmentso as to standardize and package the relevant records desired by management. As a result, files are forme

enablingusersto accurately knowthe charactésticsof the pipelinenetwork

Therebyfield staffscan get various specific datccording to their needs, which are necessatydtwhscheduling and
pipeline network running. DMM, therefore, not only meets the neesprdynformation to management of all the basic data

of the pipeline network system, but also achieves thespgled, accuracy and integrity of data collection.

3. SSM

SSM is the batch scheduling simulation module developed forcaingplicatedbatchscheduling issues of the
multiple-source pipeline network system. Most research until now has been oteshrostchedling plansfor multi-product
or hydrocarbon pipeline operations, atehlswith pipelines featuring a single inptgrminal[2-4]. The input operation of
intermediate stations raises several rablematicissues. SSM establishes a network schedulingeimadd develops

suitable algorithms to provide a secure and accurate basis for system operation.

Daginglight hydrocarbon pipeline network is a branched multgmerce system with all its processing stations being
injection points.One injection point isnesource Restricted by itspecificstructure today, the system has to adopt blending
transportation mode to transport the products to the Guangming depot. In addition, thegh enargy cost caused by this
mode.The continuous fluctuation of hyaltarbon physical properties caused by the current blending transportation mode
influences the stability and security of the system operation. Therié¢fees necessary and advisable that the Daging Oilfield
decided to use batching operation mode for pet&ltransportation. This transformation will reduce energy consumption of
pumps and raise economic benefits.

Schedulingand managementf multiple-source light hydrocarbosysteminvolve light hydrocarbon production, tank
capacity,and system coordirtion. The coreof the taskis to developschedulingplansto meet the injection requirements
ensure pipeline safegndefficientoperationfb, 6]. The pipeline whichluns with batching operatiois scheduledccording to
a scheduleOperatorscannotwitnessthe operatiorand locatiorof different kinds of hydrocarbon$q it needs tesimulate
pipeline operating conditiorte ensure schedulingccuracySSMfirstly, calculats the velocity bynjection flowrate ancpipe
crosssectional areghendividesthe velocity bythe distancéetween station® work out arriving time. This wikimulate the
operation of light hydrocarbasrwith operationatime [7].

All information about batch stripping under the ground is complicated and invisible during th@esadtirce pipeline
network system operation. Considering theersephysical properties of light hydrocarbons, the important factors closely
related to mixeeéhydrocarbon lost is the batéhtegrity[8]. New batches injected will increase the mixegbrocabon loss.
Batch sequence along the pipeline is no longer the same as when they were injeetétial station. A batch may not fall
behind those batches that injected the pipeline previously4FRigd 5). The injection operation of the intermeslistations
may either insert a new batch or increase the volume of some existing batches.

Copyright© TAETI



International Journal of Engineering and Technology Innovatih,4, no. 1, 2014, pp. 48-58 53
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Fig. 4 The hydrocarbotype of Batch D is not the sameBatchA or BatchB, but a new batch.
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Fig. 5 The hydrocarbotype of Batch D is the same BatchA or BatchB, thusincreasing the size of the batch whose t
is the same aBatchD in the pipeline after the injection operation.
As it shownin Fig. 4 and Fig5, even thougBatchA has been injected earlier at the source, it mgyréeededdy Batch
D, which pumped from a downstream injection termibatausehte hydrocarbotype of Batch D, however, may or may not
be the same aBatchA or BatchB, it is difficult to decide the exact time of injecting Batch D in order to make the mixed
hydrocarbon alttle as possible. The new batches injected at intermediate stations increase the difficulty of scheduling. The
injecting operation statiorhatchorder, flow rate, start/end time ofrew batch will affect not only the volume of mixed

hydrocarbon at thénal terminal, but also the stability and the econompipélinenetwork operation as a whole.

SSM solves the alhjection scheduling problems of mesh topology based on the current structure of the branched
pipeline system. It can quickly make and dliate scheduling plans for batching operation, alsdincreases the amounts of
batch volume as much as possible so-asdacethe number obatcheq9]. In order todecreas¢he operationastaffsinput
steps when they are working, SSM can read alicstiata about the pipeline network, such as hydrocarbon properties, pump

datg and so on from the database managed by DMM.

An input schedule plan determines the input stations which batches are inserted, the order in which batches are injecte
the entemg hydrocarbons type, and the lengths, flow rates and start/end tinbedécb&s[10]. When making injection

scheduling plans for all stations, the following constraints are taken into consideration:

(1) Theinputtingsequences and volume of different kindéigdrocarbons at the initial station and at intermediate s&tion
(2) Totaltank capacity and curreliquid level of all tanks at all stations along the pipejine

(3) The longespumprunning time of all pumps

(4) The transportation capacity of the pipeline.

Fig. 6 describes a batch interface strip picture provided by SSM for the XingQu Line One which consists of five stations
including Xingwuyi, Xingsan, Hongya, Xingyand SananGuangmingdepot is thdinal terminal of this pipeline. As can be
seen thefigure reflects a lot of information intuitively and clearly, which includes the injection plans for batching operation,
the flow rates at different times and different locations, and the different kinds of hydrocarbons.irjetethe horizontal
axis represes time andhe verticalaxis represents the distance from the initial station.shbet horizontaline illustrates the
injecting process, the thickness of which is proportional to the flow rate. The data shown in the status bar fronitefteo rig
the distance between the location of the mouse pointer and the initial station, the begin and end points of injecting

time-windows.
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Fig. 6 The perspicuoudatch interface strip picture of XingQu Line One

SSM not only can predict thmtchstrip processyut also calculates hydraulic simulation to work out the flow rates and
pressures during the running time along XingQu Line ;®m&reover, SSM can simulate the pressure curve according to
different parameters. Users can select discharge pressure astatiiah whereupon the pressures along the pipeline during
the whole running time can be found out. For example, set the discharge pressure at initial stpadirdd A), 3.5Ma
(Area B) and 3Nja (Area C) respectivelytaking 25 hours, 45 hours and 6&uins after the initial running time as simulation
time points(Fig. 7)[11].

Initial pressure 4MPa, 25h

3.5 —— Initial pressure 4MPa, 45h

) A w— Initial pressure 4MPa, 65h
e INnitial pressure 3. 5MPa, 25h
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Fig. 7 The history curves of pressure after SSM simulation. SSM can calculate hydraulic simulation according to ¢
set of discharge pressuresthé initial station. Consideringpipeline's pressure bearing capacity and permi
minimum pressure, field staff can adjust the initial station's discharge pressure based on the pressure curve
pipeline.
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Fig. 8 shovs how the inlet flow and discharge flow of eachistatvary with time.
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Fig. 8 The history curve of inlet flow of SSNDifferent colors represeulifferentstationsThe horizontal axis is timand
the vertical axiss the inletflow. Theinjectionof light hydrocarborwill increaseheinlet flow. Theinlet flow equals
to zero means that there is no injection durinig time periodlt is important to master thariationof inlet flow and
discharge flow when system runnirignployeecan ascertain thgangerougonditions from the history curves aft
SSM simulation

Previously, the schedulingof light hydrocarbon pipeline system is accomplished through artifemal nanual
calculation Software calculating is faster than manual methbhathermorethe software noveffersthe new transportation
modeto replaceoriginal mixed mode to cancel latee-refining processSSMhasimproved transport efficiendyom process
and work timeOverall, SSM has the following functions:

(1) Makes and simulates the plan of injection operation, and tracks the mixeddrpdromterface
(2) Makes a dynamic simulation of the pressure along the pipeline

(3) Calculates the pressutdeopalong the pipeline at the given moment

(4) Calculates the pressure of some station during a certain period pf time

(5) Providesthe historycurves of inét/discharge flow at all stations.

4. SOM

Hitherto, at a station, once per day each kind of hydrocarbon was pumped, which resulted in the pumps being starte
up/shutd own frequentl vy, thus increasing the a@enmlpsk,¢he elecyic o f
energy consume, and the inevitable significant effect on the pipeline network pressure fluctuation. Tiiedigtbaseffect
on the stable running of the pipeline network and increased the health and safety dakg @beraion. SOM, that is
Scheduling Optimization Module, takes the batches sequences constraints, the time window constraints, and the depot capac
constraints at stations into consideration, establishes an optimal model, which hdevedsped to provide theptimal time

window combination of injecting hydrocarbon rapidly and to solve the frequent pump operation gidtjlem

SOM calculates the optimal hydrocarbmansportatiotime-windows according to the model and ascertains the most
appropriatetimes wha& pumping operations cover the shortest time, yet the volumes of hydrocarbon transpamtdtien
largest, through a critical path analysis of the systeinthe same time, SOM can simulate optimal pumping required in the
case of there being differendesthe content of theanksat each statian

4.1 Model assumptions

This gpeline network system scheduling optimizatismestrictecby manyaspect®f factos. On the other handaking
into accounthe difficulty of solving the modelt need to makesome assumptions
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