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CHAPTER 8. RESERVOIR NANOROBOTS 
AND ВIONANOROBOTS 

Abstract 

The innovations and the achievements in the fie]d of nanotech­
nologies, molecu]ar, engineering and quantum caJculations open the 
new prospects of the development of technologies, medicine, defensive 
and textile branches of industry. The reservoir nanorobots will become 
our "eyes, ears and а nose" in the layer, with their help we will Ье able 
to analyze the fonnation pressure, temperature, fluid type, system of 
pores, to col\ect the infonnation in the built-in memory and to transfer 
the data to а surface. The deve\opment and the improvement of the res­
ervoir nanorobots will find an extensive application in the prospecting 
and the development of fields, in an assessment of the reservoir and the 
deposit geometrization, in well spacing, in monitoring the layer, in the 
development control to increase the oil recovery. 

Keywords: nanorobot, microrobot, Ьionanorobot, underwata 
robots, borehole robots, nanoemulsion, nanodispersion, nanobactaia, 
nanoparticles, perforation, log running, sensors, borehole tractor. 

Introduction 

The innovations and the achievements in the field of nanotech­
nologies, molecular, engineering and quantum calculations open the 
new prospects of the development of technologies, medicine, defensive 
and"textile branches of industry. Not enough attention was paid to the 
application of nanotechnologies for the solution of subsurface proЬ!ems 
of oil and gas industry. The first section gives the definitions of the ro­
bots in oil industry, the application of the reservoir technology, of the 
reservoir boundary, in а well. The second section presents the reservoir 
nanorobots, tasks, advantages, technical and economic parameters ofthe 
nanomaterial. The third section presents the definition of the reservoir 
Ьionanorobots, the purposes set before the robots, the tasks, the sensors, 
the nanoemulsion, the dendrimers. The fourth section considers the un­
derwater robots, а concept, the main characteristics ( on tl1e example of 
the Chinese underwater Arctic-ARV robot), the mission and the ad­
vantages of using the underwater robots. The fifth section characterizes 
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the borehole micro-robots, а concept, the main characteristics, the types, 
the movement and the management mechanism and their mission, the 
device and the principle ofwork оп the example ofthe borehole robot of 
the CIRCO сатрапу. The sixth sectioп gives the defiпitioп ofthe reser­
voir microrobots, а сопсерt, the maiп characteristics апd the missioп, 
the tasks, апd the purposes. The seveпth sectioп coпsiders the microe­
lectromechanical systems (MEMS), а сопсерt, the maiп characteristics 
and their application iп the oil and gas industry. 

8.1. Robots in oil industry 

The chapteг presents а short review of the technologies which are 
considered the most influential in the last decades, namely, microrobots, 
nanorobots, the robots supervising the operations of pipelines and wells. 
Each of these technologies has а deep impact оп the oil industry (see 
ТаЬ\еs l and 2). These technologies are applied in the reservoir, on the 
reservoir and well boundaries. They iпclude the clever devices for the 
contact control, the analyses of autonomous regions, the passive seismic 
monitoring, and the input of special liquids. Though the majority of 
them are simply dreams, the consideraЫe progresses which were made 
for achievement of these purposes are singled out. Oil industry, espe­
cially iп the extractiпg sector, has received а lot of atteпtioп receпtly. 
Some attention was positive, and some поt. This attention is caused Ьу 
таnу factors including the growth of the global demand for energy as а 
whole (in particular, for oil). Jn the world there is а great demand for 
energy (Administration of power iпformatioп, 2005), and the demaпd is 
expected to increase withiп the next several decades Ьу 2-3% а year. 

8.2. Reservoir nanorobots 

The naпoparticles сап Ье used in the drilling, the completioп, the 
stimulatioп, and the iпjection fluids, one сап drill faster, preveпt or re­
move пеаr wellbore damage, miпeback hydraulic fractures, plug water­
thief zoпes, reduce waterflood fiпgering, eпcourage oil production, апd 
prevent water breakthroughs. The high-pressure/high-temperature nano­
particles сап help delineate the waterflood front, identify bypassed oil 
location, map super-permeaЬility zoпes in-situ in the oil and gas reser­
voirs, map tortuosities in the rock, optimize the well placement, formu­
late realistic geological models, optimize а well design, deliпeate the 



extent of the asset, and target delivering the chemicals to support the 
enhanced oil recovery objectives. 

These robots of abollt 200-500 naпometers iп diameter are eп­
tered iпto the reservoir to study its characteristics, and they are iпtro­
duced in large amounts with the iпjected liquid into the reservoir (see 
Fig. 8.1-3). While staying in the reservoir, they will ana\yze the reser­
voir pressure, the temperatшe and the type of а fluid and to store this 
informatioп in memory which is bllilt in the robot. Then they will Ье 
lifted (at least the most par1 of them). Ву means of the пaпorobots the 
oilmeп have exact ideas about the reservoir, апd they use the data to 
create the reservoir models depending оп the reservoir size (the opera­
tion of nanorobots сал take some months). The control of the good 
working order of the robots happens in real time (through the borehole 
telemetry). The supply is provided from the friction with liquids or from 
the statioп iп а we\1), they also сап Ье added into the reservoir Ьу special 
папоgепегаtогs. Imagine that it is possiЬle to seпd these robots ahead of 
а drilliпg bit instead of the geonavigation, апd to find the water oil con­
tact. Several years ago it was improbaЬle, but the opportuпities are infi­
nite. The achievements iп the field of miпiaturization of пaпosensors 
hарреп quickly. The nanotechnologies have achieved coпsideraЬle suc­
cesses in the material апd medical fields, but not iп oil industry. Never­
theless, the efforts to achieve this progress iп our branch are uпdertakeп. 
For example, the SPE Expanded seminar of technology, "Nanotechnol­
ogies in Е&Р productioп: Nano-Scale revolutions of Mega-Scale calls" 
was held оп Febrllary 3-6, 2008 for this purpose. 

Мапу compaпies coпduct active researches on the development 
a.nd the introductioп of naпorobots. The SaudiAramco has achieved 
some success. The Saudi Aramco aпalysed а core in Ghawar Ьу 850 
plugs and plotted the distributions ofthe роге sizes. The distribution was 
Ьimodal, but an important observation is that the majority of pores are 
more thaп about 500 nanometers. As it became clear, the cores are gen­
erally 500 nanometers iп .size, respectively, the Ьionaпorobot must Ье 
smaller. Besides, the пaпoparticles of а certaiп size and the corтespoпd­
iпg coпceпtratioп are injected into the core samples, thus aпalyzing the 
morphology of the distribution of particles and their propagation. The 
followiпg step is performiпg а physical experiment iп which the пano­
particles of а certain size апd of the set coпceпtratioп eпter iпto the res­
ervoir. Besides, all the movemeпt of пanorobots through the роге space 
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is modeled in the software. ln other words, the first milestone in the pur­
suit of happiness of nanorobots is to answer the question in three ways: 
Ьу supervision of а роге size distribution, carrying out an empirical ex­
periment of the nanopartic\e injection, and the software for modeling 
(see Fig. 8.4). AIJ the tests are carried out Ьу means of а scanning elec­
tronic microscope and the power-disperse spectroscopy 

The tasks of nanorobots are: а reservoir limit test; а reservoir 
pressure analysis; а temperature measurement; an evaluation of а fluid 
type; the definition of the distribution of cracks and fractures in the res­
ervoir, the definition of the ways of higher permeability; the optimiza­
tion of the well spacing; the development and the creation of more real­
istic geological models of an asset; an address injection of chemica\ 
substances deep into the reservoir to increase the recovery of oil 
and gas. 

The advantages ofthe nanorobots are as follows: 
• an increase in the efficiency of the НС recovery = the growth of 

the quantity of the recoveraЬie reserves (the RF growth from 35% 
to 50% wi\1 almost douЫe the proved reserves); 

• а detailed idea of the pool boundaries in reservoir conditions, the 
characteristics ofthe fluid saturating the.formation; 

• an increase ofthe accuracy of drilling the wells; 
• the control of characteristics in real time and their adjustment if it 

is necessary. 
The purpose of а nanorobot is the reservoir distribution to collect 

the information and to analyze the reservoir pressure, the temperature, 
the type of а fluid, the system of pores, the residual oil, the change of 
physical and chemical properties and others. The information received 
in the course of work must Ье transferred to the surface where, Jater, it is 
possiЫe to solve how to use nanopartic]es to increase the oil recovery. 

The nanoparticles are divided into passive, active and reactive. 
The passive nanorobots are indicators which bear the information on 
various parameters such as temperature, structure, рН, concentration of 
ions and so on. The passive agents are bar coded with the intent to 
cross-correlate the injectors with the producers in the field. In some cas­
es they can Ье а fom1 of advanced DNA tracers. The active in-situ sens­
ing agents are basically reservoir environment markers. The active 
agents work to capture, sense and record the reservoir environment and 
to perform the fluid-typing activities during their journey between the 
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wells. The reactive agents are in-situ intervention agents that work to 
rectify unfavoraЫe hydrocarbon recovery conditions. They may act as 
the shear-thickening agents to optimize а hydrocarbon sweep efficiency 
or as nanocarriers to target delivering the chemicals (polymer, surfactant 
etc.) deeper into the reservoir. 

The waterflooding will Ье used to inject and to displace the func­
tionalized hydrophilic nanoagents that can Ье interrogated for their 3D 
location and the in-situ reservoir environment and condition (see 
Fig. 8.5). The remote interrogation templates could include the magnet­
ic/electromagnetic contrast agents or the acoustic/seismic noise agents. 
The process could postulate а nanoscale chemical delivery system to 
alter wettaЬility, reduce interfacial tension, and enhance oil recovery 
deep into the reservoir. А number of Resbot types (chemical, рН, elec­
trical, or thermal) can Ье postulated based on the functionality and the 
breakups of the nanotechnology definition. 

А magnetically guided nanorobot is basically а simple nanoparti­
cle comprising а ferromagnetic material. А nanoparticle can Ье consid­
ered as а nanorobot, because all the components and the functions that 
constitute а robotic system have been moved outside of the robot struc­
tшe. The actuation and the propulsion could Ье achieved using an exter­
nal magnetic field and its gradients that could apply а six degree - of­
freedom magnetic force on the nanoparticle(s) (see Figure 8.5). Sensing 
and tracking ofthe nanoparticle motion could Ье done using the extemal 
imaging modalities such as microscopes or magnetic resonance imaging 
(MRI) scanners. Once the actuation and sensing have been achieved 
using the external magnetic field and the imaging modalities then it is 
possiЬie to implement а closed loop control algorithm that will guide the 
nanoparticle/nanorobot at the desired location. The research in this field 
has been pioneered since 2003 Ьу Sylvain Martel at the Ecole Polytech­
nique de Montr'eal. А systematic approach to\vards МRI-based guid­
ance of nanoscale functionalized robotic capsules began for the first 
time in the summer of 2008 in the context of the European Project 
NANOMA. The researchers of the NANOMA team have successfully 
developed а process for producing agglomerates of ferromagnetic fi lled 
with the multi-walled carbon nanotubes (FMWCNT) that were аЬiе to 
Ье steered in а MRI system. Their process is сараЫе of producing verti­
cally alignedmulti-walled carbon nanotubes filled with а high aspect 
ratio nickel (Ni), iron (Fe), and cobalt (Со) with а sufficient magnetic 
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susceptibility artifact to Ье detected Ьу the MRI modality. The direction 
and the magnitude of the forces that are applied on the magnetic micro­
particles are generated according to а control law, where the feedback 
(i.e., the endovascular position ofthe microparticles) is calculated Ьу the 
processing of the MRI data. The navigation techniques in comЬiлatioл 
wit\1 ал appropriate chemical modification of the nanoparticles' surfaces 
yield а тоге localized and control\ed treatment as well as the controlled 
release mechanisms. One of the limitations of the MRI scanners for be­
ing used in the guidance of magnetic nanoparticles is the generation of 
weak magnetic gradients that are much smaller thaл those required to 
produce the adequate propulsioл forces that сал move алd guide the лa­
лorobots at the nanoscale. Оле way to resolve this challeлge is to devel­
op special\y desigлed electromagлetic systems that сал geлerate stroлg 
extemal magnetic fields with high magnetic gradients that сал Ье used 
iл the manipulatioл of the magлetic nanoparticles at the naлoscale. 
А five degree-of-freedom electromagnetic maлipulator has been devel­
oped in Brad Nelsoп's lаЬогаtогу that in its пewer version сап steer апd 
control the magnetic delivery nanoagents. 

In order for the nanorobot to carry out 'the reservoir tasks set, it 
must correspond to the following main components: size and form; sen­
sors; means of moЬility (movement); electricity generation; data stor­
age; telemetry and data transmission; control and navigation. lt is obvi­
ous that there are а number of proЬiems to realize it in the reservoir 
nano- scale (see Fig. 8.6). 

8.3. Reservoir Ьionanorobots 

The term bionanorobotics, first introduced in the year 2003, de­
notes all the nanorobotic systems that iлcJude the лaлocompoлents that 
are based ол the Ьiological elemeлts such as proteiлs and DNA. The 
blological elements are used to fabricate robotic systems. Plenty of mo­
lecular machines and machine components that could Ье used in reser­
voir лaлorobotics have already Ьеел developed Ьу the scieлtists comiлg 
from the fields of physics, chemistry, Ьiology, chemical and Ьiomedical 
engineering (see Fig. 8. 7). Jn ал effort to bridge the gap betweeл the 
physicists, the chemists, and the Ьiologists developing Ьionanorobotic 
systems and compoлents on the one hand and the robotics community 
оп the other haлd, the Dinos Mavroidis' group in the US and the Aл­
toine Ferrei•·a's group in France proposed several new Ьionanorobots 
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based оп а bottom-up approach inspired Ьу the equivalent approaches in 
the macro-robotics field. The Mavroidis' group focused оп two different 
protein-based nanomotors: (а) а viral-based linear nanomotor called 
VPL and (Ь) а protein-based nanogripper. 

In the nature the nanorobots are of а bacterial or а chemical char­
acter, or а cumulative one. The nanorobots must Ье less than 200-300 
nanometers, that is, less than а size of pores, various reservoir rocks, for 
а free movement in а роге system. То increase the oil production the 
active nanobacteria inject peculiar nanomicrobes which, in tum, push 
out the oil or improve its properties. It is necessary to reconsider and 
prove the technical and economic parameters of the Ьiomaterial which 
will Ье used as а basis of the nanobacteria. The main proЬiem in the de­
velopment of bioindicators and active Ьiorobots is that the size of such 
robots shouldn't exceed 500 nanometers. Most of the bacteria are of а 
size more than it is required, though the "nanobacteria" existence (the 
size 0,2-0,5 microns) which was found in а thermal source has been 
confirmed. The average diameter of the nanobacteria measured Ьу an 
electronic microscope is less than of any known cell of an organism. 

The ultrafiltrational methods give even smaller sizes. The nano­
bacteria can pass through the smaller pores than their own sizes and 
must have flexiЫe walls of cells. It was also proved that in filtration the 
nanobacteria lose part of their apatite layer. Changing the structure of 
the environment it is possiЬie to change the constitution of the complex­
es from nanoparticles, and it is possiЬie to design the nanobacteria of 
similar particles Ьу any ordered structure. Using this process the com­
plexes which are called Ьions were created. The Ьions can imitate the 
Ьiological fonns which seem living. They promise to explain further 
how the construction of the materials consisting of tiny nanoЬiocks, 
made and collected in the nature is taking place. And the understanding 
of the Tact how sma\1 particles were formed from the minerals in а com­
plex with the orgaпic molecules can clarify the emergence of life on the 
Earth Ьillions years ago. 

The reservoir Ьionanorobots сап Ье used for the solution of а 
wide range oftasks: 

- ln the increase ofthe efficiency of drilling operations, the use of 
nanorobots in the solution when drilling wells for the purpose of data 
collection and for geonavigation. 
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- ln prospecting Ьу the Ьionanorobots they are injected into the 
reservoir through the injected well and exposing the formation сап help 
define the boundary and the position ofthe oil- water contact. 

- The constant analysis of the properties will allow to receive а\1 
the geological and petrophysical data in real time. 

- In reservoir monitoring the Ьionanorobots will Ье аЬiе to neu­
tralize the water show, to change the properties of а fluid. 

- In the increase of the oil recovery of the reservoiг the Ьionano­
гobots are used for the delivery ofthe active additives, the suгface-active 
substances, the components increasing the coverage, the wettaЬility, and 
forcing out the residual oil. 

- In the creation of а роге network in геаl time thanks to sma\1 
sizes the bots are аЬ!е to analyze the рогеs and гegulaгly to change the 
cгeated model ofthe filtration. 

The main goal in the field of Ьionanorobotics is to use various Ьi­
ological elements whose function at the cellular level is to create а mo­
tion, а force, or а signal as nanorobotic components. These components 
peгfonn theiг prepгogrammed Ьiological function in гesponse to the spe­
cific physiochemical stimuli, but in an artificial setting. The pгoteins and 
the DNA could act as motors, mechanical joints, transmission elements, 
or sensoгs. If all these different components wеге assemЫed together in 
the proper proportion and orientation they would fonn the nanorobotic 
devices with multiple degrees of freedom, аЫе to apply forces and ma­
nipulate the objects in the nanoscale world. 

The size and the form depend on the mission and an operational 
environment of Ьionanorobots. The bot in the bottomhole formation 
zone differs from the bot in the гeservoir Ьу the size and the form. The 
reservoir naпorobot of the first generation was а simple spherical ball. 
The last projects form the bots in the form of bacteгia to improve the 
movement iп vaгious роге systems (see Fig. 8.8). The maiп criterioп of 
the desigп is а miпimum size fог а quieteг fгее penetratioп into the 
pores; otherwise there will occur the contamination and the decrease in 
the reservoir permeaЬility. The form depends оп the type ofthe rock and 
the роге system. The nuclear magnetic resonaпce and the accompanying 
researches can help determine the minimum size. 

Sensors. The nanorobots for а fu\1 performance of the functions 
must Ье аЫе to feel the change of the parameters of а well and the res­
ervoir. Thus, they must Ье сараЫе to record (а) the formation type of а 
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fluid; (Ь) the reservoir temperature; (с) the reservoir pressure; ( d) the 
key petro physica\ parameters; (е) the fluid factoгs; (е) the trajectory and 
the position, and so on. For the early prototypes 1-2 sensors are enough, 
it is а huge step foгward for cleveг tracers. Further, the number can in­
crease. 

The means of mobllity (movement) are an important factor. The 
early pгototypes were simply of а spherical fonn without any mobile 
mechanisms. They were injected into the reservoir and moved along the 
natural lines of the fluid flow from the injection to the producing wells. 
The advantage of using the nature's machine coшponents is that they 
are highly efficient and reliable. There are newest developments of ve­
hicles, for example, Peter Krall and his colleagues from univeгsity of 
lllinois in Chicago developed the molecu\ar screw with the Ыades 
fonned Ьу the flat aromatic molecules and the shaft from carbon nano­
tubes. The bionanorobots could Ье used to manipulate the nano-objects; 
to assemble and fabricate other machines or products; to perform 
maintenance, repair, and inspection operations. Figure 8.9. shows one 
such concept of а bionanorobot, with its "feet" made of l1elical peptides 
and its body using carbon nanotubes while the power unit is а bio­
moleculaг motor. Also, as an option, there is а movement option which 
copies the nature with the help of twists. The twist operated bacteria are 
the smallest fгее engine ofthe natuгe. 

Any of the movement methods must Ье practical and confonn to 
the following requirements: to move through а rock роге without jam­
ming and damaging the reservoir, to move without the aid of а fluid 
tlow under the influence of gravitational forces, oveгcoming the fluid 
viscosity, to Ье сараЬiе to move against а fluid flow, to change the 
movement direction. 

One тоге important factoг is the supply for the devices of intelli-
. gent nanorobots which wi\1 need the eneгgy to perfonn the planned op­

erations. In nano areas, depending on functions, the tension from tens to 
hundreds of picowatts, micro watts is required. The potential means 
geneгating the capacity for nanorobots are: the capacity from а fluid 
flow; the supply from the reservoir temperature; the capacity from the 
friction forces; the boгehole fuel elements fromthe monolithic hydrocar­
bons; the borehole power units. 

The data collection and stoгage are the key components of nano­
robots necessary to perfonn the main functions. The quantum calcula-
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tions сап help in future nano-data storage. The telemetry and the data 
transmission will Ье one of the most difficult tasks in creating а little 
miracle. The last data of the tests of the researchers of UC Irvine (Uni­
versity of Califomia, Irvine)- Zettl, Burke and others prove that is pos­
siЬie to create а radio from carbon nanotubes which have the size of 
some atoms in the diameter and have the opportunity to transfer the in­
fonnation in nano - scale. 

То complete successfully the activities described above, the virtu­
al prototyping tools based on the molecular dynamic (MD) simulators 
had to Ье developed in order to understand the protein molecular me­
chanics and to develop dynamic and kinematic models to study the bi­
onano-system perfonnance and control aspects. The aЬility to visualize 
the atom-to-atom interaction in real time and to observe the results in а 
ful\y immersive 30 environment was an additional feature ofsuch simu­
lations (see Fig. 8.1 0.) The virtual reality (VR) technology was app1ied 
in these MD simulators, which not only provided an immersive visuali­
zation but also gave an added functionality ofthe CAD-based design, а 
simulation, а navigation, an and interactive manipulation of molecular 
Ьiological components. The simulation system shown in Figure 8.11 
allows the manipulation, the connection, and the assemЬiy of the bio­
nanorobotic components in molecular dynamic simulations using real­
time VR devices such as stereo glasses, 3D trackers, force-feedback de­
vices, and а 3D graphical display. 

The control and tl1e navigation system - it is supposed to operate 
the Ьionanorobots from the surface. lt is almost impossible, but who 
knows, and we hope in future this question will Ье resolved. Many of 
the above criteria are only the planned purposes. lt сап take decades to 
design an ideal reservoir nanorobot, but it is possiЬie and today's tech­
nologies confinn it. Today, the oil and gas business applies the Ьi­
omethods to increase the oil recovery. The basis of таnу of them is 
nanobacteria. The most widespread and the most often applied ones are 
nanoemulsions, nanosuspensions and dendrimers. 

The nanodispersion, nanoemulsion or nanoliquid, is the Iiquid 
containing the particles and agglomerates ofthe particles with а specific 
size of 0.1 - 100 nanometers. Such liquids represent colloidal solutions 
of nanoparticles in the liquid solvent. Owing to the small amount of in­
clusions such systems possess special physical and chemical characteris­
tics. The share of the surface in them falls to 50% of а\1 the substances . 

• 14 



They possess the iпcreased superficial eпergy iп соппесtiоп with а Iarge 
пumber of atoms beiпg iп the excited state апd haviпg поt \ess thaп опе 
free electron at the external power level. The пaпodispersioпs are of var­
ious nature. The polyorganosilocanes, metallic, oxide, carЬide, nitride 
пanoparticles, саrЬоп naпotubes etc сап act as the dispersed substances. 
As the dispersive eпvironmeпt, the water or the ethyleпe glycol are usu­
ally used. Iп oil iпdustry the пaпoemulsioп water iп oil сап traпsfer the 
products поt transportaЫe with oil, owiпg to their iпsoluЬility, to the 
areas to which it is impossiЬ\e to supply large amounts of water because 
of the proЫems connected with corrosion, destructions etc. The evo\ u­
tioп of oil апd gas пanodispersions is а kiпetic control\ed process iп 
which the iпtermediate structures are separated from the equilibrium 
coпditioпs Ьу coпsideraЫe kiпetic barriers. Iп particular, the пaпoemul­
sioпs сап Ье used as carriers ofthe inhiЬitors of corrosioп, the inhiЬitors 
of asfaltene and paraffin deposits or for the acid treatment. The 
nanoemu\sions сап Ье used for cleaning the oil pipeliпes. Great pro­
spects are conпected with their use as carriers of the additives iпcompat­
ible with each other or to start the reactioп ofpolymerizatioп or jellifica­
tioп in the correspoпdiпg areas of а well. At present the maiп proЬ\em is 
high cost, as а result of the пееd to use high-energy systems, such as 
homogenizers of а high pressure, to obtain them. Due to their structure 
and instaЬility of the sizes of the uпits of the naпoemulsion, the naпo­
dispersioп, as а rule, is quite uпstaЫe. Their properties easily chaпge 
апd stroпgly depeпd оп the extemal iпflueпce. 

А deпdrimer is а macromolecule with а symmetric tree - like 
structure with regular braпchings. The deпdrimers beloпg to the class of 
the polymeric connectioпs which molecu\es have а Iarge number of 
branchiпgs. \п their receiviпg with each elementary act of coпnectiпg 
the monomer, the пumber of branchings iпcreases. As а result, with ап 
increase in the molecular. weight of such connectioпs the forrn апd the 
rigidity of the mo\ecules change, that is, as а rule, accompanied Ьу the 
change of physical and chemical properties of the denrimers, such as а 
characteristic viscosity, а soluЬility, а deпsity and other chaпges. The 
deпdrimers ofthe Зrd апd higher geпeratioпs are characterized Ьу а high 
density of the molecular structшe and have the form c\ose to spherical. 
The solutioпs of а dendrimer possess much lower viscosity, than the 
solutions of other substances with the same mo\ecular weight. The 
properties ofthe dendrimers in many respects are defined Ьу the type of 
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the functional groups on their surfaces. Т11е dendrimers with the hydro­
philic end groups (for example, carboxyl) are soluЫe in water, and with 
the fluororganic опеs are iп supercritical СО2. The deпdrimers are ac­
tively investigated iп conпection with the possiЬility of their use iп the 
most oil and gas areas. The dendrimers сап serve as peculiar containers 
to create the system of metal nanoparticles practically of the same size 
which сап Ье used as catalysts of chemical reactions. The scieпtists 
learned to hold the ions of metals оп the surface of the dendrimer Ьу 
meaпs of helatпy groups. Such dendrimers on the basis of gadolinium 
and magnesium аге actively used as contrasts when carrying out the re­
searches Ьу the method of the пuclear magnetic resonance. The den­
drimers with the photochromic groups are сараЫе to transform the light 
energy that is perspective for the use in optical devices. The dendrimers 
are сараЫе to form the complexes with other molecules, the stabllity of 
such complexes being supervised Ьу а conditioп ofthe environmeпt (see 
Fig. 8.12-8.13). 

Thaпks to the adjoining "branches" ofthe branched molecule, the 
intemal cavities in which there can Ье various small molecules not 
chemically connected with а dendrimer are formed. The dendrimers can 
also hold the substances with the radioactive ·marks, used for diagnos­
tics. Generally they fiпd application in medicine, but the technology is 
applicaЬie in oil and gas industry as well. The introduction of reservoir 
nanorobots in the process of oil production will help to save huge sums 
of money, will bring the technology prospecting, exploration and oil 
recovery to an absolutely new level. Tl1ey will change the developed 
"rules of the game" in oil and gas industry, creating the systems of con­
trol, estimation, supervision, monitoring and management of the reser­
voir and the deposit as а whole. 

The technology of the creation of the ideal reservoir nanorobot is 
at the conception stage, but it promises Ьig prospects. Having taken into 
accouпt the results received with the applicatioп of the naпoemulsioпs 
and the dendrimers, it is possiЫe to state with confidence that they de­
serve the future. ln the ХХ century, the reservoir flooding was intro­
duced for the purpose of increasing the oil recovery coefficient. Today, 
it is а standard technique which is applied almost in all the fields. lt is 
quite possiЫe that in some years the reservoir Ьionanorobots will Ье 
applied with the same success, as the basis for this purpose has already 
been created. 
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The bacterial - based nanorobotics. This type of а nanorobotic 
system is based оп the way the bacteria move in а porous environment. 
This is а "Ьiomimetic" type of nanorobot as it uses the systems or the 
concepts developed Ьу nature. The bacterial-based nanorobotic systems 
and some of their versions could also Ье as either а Ьionanorobotic sys­
tem ог а magnetically guided nanorobotic system as presented earlier. 
There are two different approaches in developing the bacterial-based 
nanorobotic systems. The first approach is using the living bacteria to 
serve as the nanorobotic system that v,iJI move in the porous environ­
ment and manipulate the objects in it. The other approach is developing 
the fully artificial bacteria-like nanorobots that are powered using an 
extemal magnetic field. The first approach is trying to take advantage of 
the Ьiological engineering already in place in the living bacteria and 
most importantly their propulsion capaЬility through their f1agella mo­
tors. The goal is to use а team of bacteria to move forward to а small 
object in а porous media and Ье able to control this process (the speed, 
direction, amount of displacement, and stop оп demand and resume this 
process). А special type of bacteria called magnetotactic bacteria (МТВ) 
offer тоге possiЬilities for the manipulation of the objects at the micro 
and nanoscale. The МТВ are the bacteria that possess magnetic nano­
particles on their membrane. Their main functional characteristic is 
magnetotaxis, i.e., they can orient along the Earth's geomagnetic field 
lines. The naturally embedded magnetic nanoparticles of the MTBs 
could Ье performed Ьу the extemal magnetic field to generate а torque 
for the МТВ steering control. The second approach in developing bacte­
rial-based nanorobotic systems is а Ьiomimetic one. The goal is to create 
COf!!pletely artificial nanoswimmers Ьу copying the nature's design from 
the bacteria. Inspired Ьу the spermatozoa motion, Dreyfus et al. devel­
oped а microswimmer consisting of а thin paramagnetic filament. Ву 
applying an oscillating magnetic field the swimmer propelled the cell 
through .а continuous defonnation ofthe filament in а manner somewhat 
similar to an eukaryotic flagel\um. The recent examples of an artificial 
f1agellum in the form ofa nanocoil that has been propelled using а rotat­
ing magnetic field have been proposed Ьу the Brad Nelson 's group (see 
Figure 8.14). The selfscrolling fabrication technique to fabricate the hel­
ical swimmers of а size comparaЬle to Е. coli which аге сараЬ!е of 
swimming in both water and paraffin oil has recently been perfonned as 
well Ьу the same group. 
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8.4. Underwater robots, concept, the main characteristics 
(оп the example of the Chinese underwater Arctic-ARV robot), 

mission and advantages of the use of underwater robots 

The uпderwater Arctic-ARV robot with the system of collabora­
tion of the automatioп апd the remote coпtrol has Ьееп iпdepeпdeпtly 
developed iп Chiпa. The experimeпts and the researches aпned at study­
ing the properties апd the opportuпities of the use of the underwater ro­
bots in oil апd gas area were carried out in conditions of the water area 
(uпder ice) being оп 84 °п.е. for the first time iп such high-latitudal wa­
ter area. The experts from Shaпghai University (Shaпghai Jiao Tong 
Uпiversity) created а robot with the remote control oriented to the 
depths of about 3,5 km which is опе of the most advaпced robots of а 
sort iп the world, апd the depth of 3,5 km the robot (the sizes: length of 
3 т, height of 1 ,8 т, the weight of 3 t) reaches in 30 minutes. 

The uпderwater robot is equipped with а sensor, five video cam­
eras, six underwater searchlights and two mechanical arms, .each of 
which is 4 times more thaп an arm of the persoп апd сап lift some hun­
dred kilograms. Two searchlights сап shine the area iп the radius of 100 
т round the robot. Accordiпg to the Chinese scientists, the Arctic-AR У 
robot will Ье used mainly for the research of microorganisms and deep­
water beings. The maiп objectives ofthe use ofthe underwater robots: 

- the survey and search operations, iпcludiпg the search and the 
inspection of the sunk objects, the inspection of underwater construc­
tions and communications (pipeliпes, caЬies, conduits); 

- the prospecting operations iпcluding а topographical and photo 
video survey of the seabed, an acoustic profiling апd а relief mapping; 

-the subglacial operations includiпg laying of pipelines, the саЫе 
at the Arctic bottom, the service of the systems of supervision and illu­
mination of an underwater environment; 

-the oceanographic researches, the monitoring of the water envi­
ronment; 

- the military operators, including an anti-sнbmarine investiga­
tion, the patrol, the safety of drilliпg platforms, etc. 

The advantages of the use of underwater robots. The absence of а 
man onboard the underwater machine allows: 

- to lower the costs of the developmeпt of the underwater robot iп 
comparisoп with the piloted devices; 

- to exclude the risk of humaп losses; 
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- to exclude the restrictions detennined Ьу the physiologicaJ op­
portunities of the crew ( the duration of autonomous swimming; а con­
stant stress determined Ьу the possiЬility of а sudden emergency situa­
tion ofbeariпg а coпstant threat to the Ji"es ofthe pilots). 

8.5. Boгehole micгoгobots, concept, main characteristics, types, 
movement and management mechanism and theiг mission 

The device апd the principle of the work are presented оп the ex­
ample ofthe borehole robot ofthe CIRCO company. The borehole robot 
of the CIRCO сотрапу is ап iпdepeпdeпt intra borehole robot. The de­
sign ofthe borehole robot is directed at providing the research programs 
and the wireless moпitoring of the uпderwater wells, the measurcmeпts 
of key variables iп wells and the communication with the surface. This 
technology doesп't demand а cabJe to traпsmit the electric power and the 
data апd allows carrying out а semipermaneпt monitoring of the well 
coпditioп. The independent robot is сараЬlе of moving in а weJI to the 
places of carryiпg out measurements and to transfer or load these data 
into а docking station. The measurements are carried out in the positions 
defiпed in advaпce. Such indicators as pressure, temperature and flow 
velocities are measured. The device (see Fig. 8.1 5) consists of: the driv­
ing back and the forward wheels (driving wheel); the transmission 
(gearbox); an electrical motor (eJectricalmotor). The power supply sys­
tem includes the following: а turЬine (turЬine); а generator (generator). 
The design is modular; the coupling of modules is magnetic (magnetic 
coupJiпg). The main idea ofthe model is that the autonomy of а product 
is reached at the expense ofthe continuous inflow of energy; the product 
streamlining Ьу the flow of oil/gas sets the turЬine connected with the 
generator in motioп, resulting in charging the onboard accumulator. 
When the energy becomes enough, the measurements (pressure, temper­
ature, flow velocity) are carried out and the broadcast session is trans­
mitted. The ways of the management and the control (see Fig. 8.16) аге 
from а surface through а cable ог autonomous. The classification ofwell 
robots is presented in Figure 8.17. The purpose of the robots is an in­
spection oftl1e condition ofwe\ls and pipelines and the data recording in 
the extracting wells. The borebole tractor is а robotic vehicle for work in 
the well channel. The basic purpose is the delivery of various loggiпg 
equipment, measuring devices and so оп iп various places of а weJI. 
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Ву the ways of movement the tractors are divided into two 
groups: 

1. The tractors on а wheel draft (SibTuffТrac, Sondex) аге ap­
plied to work in the cased well. 

2. The tractors moving as а wonn (SibMaxTRAC, SmartTrac) are 
applied to work iл ал орел well. 

The main domestic and foreign producers ofthe borehole tractors 
are such as the АМАК "ОВ" hardware and the methodica1 autonomous 
complex (development in 1996-98уу, production tests -in the year 
1998). Among the domestic producers the following developments are 
still possiЬie to Ье mentioлed: the JSC NPF Geofizika; the Geotroл 
company; the Schlumberger сотраnу tractors: the TuffГRAC алd 
MaxTRAC; the SmartTracs (USA); the Sondex - the European compa­
ny; the WeliTec and the Chinese product from the China Petrolium 
company. Application: Perforation; Carrying out logging; Analysis of 
the casing; Cemeлt and с01тоsiол assessment. The advantages are: the 
reduction of the risk of jamming of the equipment; an opportunity to 
саrту out logging iл horizontal wells; the simplification of the fishing 
operation (fishing); carrying out the tests in ~unning tools, against the 
fluid flow. 

8.6. Reservoir microrobots, concept, 
main characteristics and mission 

The microrobots are the devices from 1 mm to 16 mm, in size а 
device, slightly noticeaЬie to а hшnan еуе, studies the borehole space 
and the stratal space if necessary. The microrobots are injected into the 
borehole space and into the formation to study the characteristics; they 
are being injected into the reservoir with the injected fluid in great 
amounts. White staying in the reservoir, the microrobots are сараЬiе to 
analyze the reservoir pressure, the temperature, the type of а fluid and to 
store this information in the built-in memory. After passing through the 
formation the microrobots аге lifted to the surface in the produciлg 
wells (at least most ofthem). Ву means ofthe reservoir microrobots it is 
possiЬie to receive the exact ideas of the reservoir characteristics which 
аге used subsequently for the creatioл of models of the reservoir and 
the well. 

In the assemЬied fonn the microrobots гергеsелt the devices of 
160 mm high and weighing 0,06 kg. Ву the data of the Saudi Aramco it 
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is observed that most of the practical microrobots are made of wire in 
the form of round balls v.'hich, in tum, is very convenient, for example, 
for welding long seams with а small amount of extension. The previous­
Iy prepared seams in general can't often Ье welded Ьу а direct (straight) 
wire. Such а wire is possiЬie to weld, but only very short connections. 

The sensitive part of the manometer represents а glass cylinder in 
which the heater from а tungsten wire with the diameter ofO,OI mm and 
with the resistance of 80 Ohms is placed. То increase the sensitivity of 
the manometer in the range of high pressures it is necessary to use а 
straight wire. 

The tasks of microrobots are as follows: the temperature meas­
urement in the borehole space, the pressure measurement, the address 
injection ofthe chemical substances into the borehole space and into the 
reservoir, the assessment of а fluid, the optimization ofthe we\1 spacing. 

8.7. Microelectromechanical system (MEMS), concept, the main 
characteristics and their application in the oil and gas industry 

The MEMS is а set ofmicro devices ofthe most various design of 
application in which production the modified processing methods of 
microelectronics are used (see Fig. 8.18). The micro electromechanical 
systems are produced Ьу а comЬination of mechanical elements, sensors 
and electronics on the general silicon basis Ьу means of the micro pro­
duction technologies. All the e\ements can Ье realized in the form of а 
uniform product, and at once ten miles Ьу hundreds, as chips on а sili­
con plate. The basis of it is the approved traditional production technol­
ogy of semiconductor integrated chips. Their development began Ьу the 
~arly \960s, but the commercial application began since the 90s, and the 
earliest applications of the MEMS were the sensors of the pressure 
printing heads of stream printers and micromirrors of digital projectors 
quite recently, Ьу the early 2000s, of these 3 segments more than 80% 
of all production ofthe MEMS was necessary. Today they already work 
as impoгtant elements in automoЬile, medical and electronics industries. 

In. most cases the devices unite all the siliconless chips which are 
carrying out "brain" functions of the system with the micro mechanisms 
serving for it as "eyes" and "hands" with the MEMS. Such devices dif­
ferently react to the environment surrounding them. The sensors detect 
the temperature, mechanical, c\1emical and optical changes whereas the 
components of the power drive are physically established in а standard 
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position and measure and regulate various elements of the environment. 
The national scientific fund defines the "micro" - range from J micron 
to 1 mm, and the "nano" - range begins already outside 1 micron. For 
comparison, а diameter of а human hair is usually equal to 50-1 OOth 
(nm). No wonder these arguments in favor of the application of the 
MEMS technologies in the area of prospecting and development of 
fields are generally reduced to their sizes. 

The small sizes have their advantages. The MEMS Ыend the lim­
ited space, such as the wellbore or the bottomhole tool, and take а very 
little place where the free space is of paramount importance. Their need 
for power supply is comparaЬ\e with that for the silicon electronic chips 
and is low in comparison with the ordinary macroscopic devices which 
are carrying out the similar tasks. Besides, after а careful development 
of an effective mastering of manufacturing techniques of the MEMS the 
mass production of devices with the MEMS сап become profitaЬ\e. ln 
industry the MEMS have already proved the reliaЬility and an· ease of 
integration in the designed systems. 

Thanks to the production of the integrated schemes, silicon has 
been studied well. The level of the properties of silicon is idea\ in view 
of its crystal structure like diamond with an elementary cell (the small­
est repeating part of а crystal) of а cuЬic type. Ву the mechanical prop­
erties pure silicon is suitaЫe for the MEMS creation, and after alloying 
with admixtures, \Ve apply it in the production of the integrated 
schemes, its electric properties are possiЫe to modify according to the 
proper constructive requirements. 

The understanding of the properties of а crystal form of silicon is 
ofkey importance in the mechanical micro processing. The symmetry in 
regard to three main axes of its crystal and the communication between 
three crystallographic planes сап define the geometry of etching and, 
finally, the MEMS functionality. Being the basic structural element of 
the MEMS creation, silicon in the crystal form is made in tl1e form of 
plates and has rather а low prime cost. The polycrystalline and the 
amorphous forms of silicon are usually deposited in the form of thin 
films and also are often used in the production ofthe MEMS. The poly­
crystalline silicon (polysilicon) has become an especia\ly useful material 
for the production of micromechanical structures and the creation of 
electric connections in the devices with the MEMS. 
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The staпdard process of the productioп of the devices with the 
MEMS coпsists of three maiп stages. Оп а suitaЬie pallet, usually from 
silicon, sometimes from sapphire, thin films are grown up or deposited. 
lt is followed Ьу the process of lithography Ьу means of which а draw­
iпg is made, апd theп Ьу the etchiпg process which creates а three­
dimeпsioпal structure. This sequence сап Ье reiterated so as to create 
more complex structtrres. 

Sometimes the stages of sedimentation or etching are passed, а 
photoresist as а rule, а photosensitive emulsion or а polymer layer is 
used as а consumed layer in the creation of free suspended structures or 
templates for the selective cultivatioп of а пеw material. ln the course of 
p1·oductioп of the MEMS the fourth stage, that's, seaming of two and 
more plates together is possiЫe. 

All these processes must take place in the purest conditions, as оп 
such а scale even the smallest foreign particles сап result iп the defects, 
сараЫе to worseп the product characteristics. ln pure apartments there 
аге carefully controlled the concentration ofпatural pollutants, including 
the dust, microbes transterred Ьу air, aerosol particles and vapors of 
chemicals which are сараЫе to create complications in the MEMS pro­
duction. ln pure apartmeпts the extensive complex systems of filtratioп, 
circulation and а transition of the air through the locks are working, and 
also scrupulous procedures of maintenance of purity Ьу the working 
personnel аге introduced. In most cases оп one plate а set of devices is 
created. Then the plate is cut Ьу а high-precision tool, resulting in the 
MEMS party. 

Оп the increased scale - the ready plate containing 800 devices, 
though 50 of these chips are not functional control structures. The chips 
frtJm this plate will Ье used for the production of pressure sensors оп the 
basis of the MEMS of а joint development of the Schlumberger сотра­
nу and Californian institute oftechnology (Caltech). The diameter of'the 
plate is 1 00 т т ( 4 inches ), and each sensor microchip is of 2 х 2 т т in 
size. The MEMS devices сап feel, think, work and communicate. lt is 
possible to divide а\1 the MEMS devices into two groups depending оп 
their appointment: the sensors and the executive mechanisms-activators. 
They redirect the light, inject and mix the fluids, and also defect the 
molecules, the heat, the pressure or the movement. The interaction of 
the electronics, mechanics, the light or the working liquids operating 
together make up the micro electromechanical systems, or the MEMS. 
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There exist 3 main types ofthe MEMS: 
• Pressure sensors. 
• Chemical sensors. 
• Motion sensors (accelerometers and gyroscopes). 

The MEMS are widely used in the medical sphere, in production 
of cars, and also in the military, space, power, transport, oil and gas and 
construction industries. The MEMS are used in power industry. The 
power branch is developing,with the role of the use of the MEMS tech­
nologies increasing. The MEMS can promote the development of the 
new advanced techno!ogies to seize the new markets, to increase the 
efficiency of the existing markets. The MEMS can Ье used as tl1e basis 
for the new power sources: 
• the improvement of already existing industrial components; 
• the increase of efficiency of the oil and gas companies, namely 

prospecting and development offields. 
The oil and gas industry studies the new ways of images, moni­

toring and research of conditions direct!y on the remote fie!d facilities. 
The MEMS propose the perspective solutions for this segment, being 
highly sensitive sensors which are ofsmall sizes and reliaЬie. One ofthe 
examples of the application is the seismic image of deposits which сап 
Ье made Ьу means of the MEMS devices. The use of the MEMS offers 
the productivity improvement in addition to essential economy of means 
and time for а wide range of technologies for the oil and gas industry. 
Thanks to the possiЬility of а continuous control, these technologies сап 
become а basis ofsmart fields. 

Conclusion 

The introduction of robots iпto to the process of formation saves 
huge sums of money, will bring technological exploration апd oil recov­
ery to quite а пеw level. They will change the estaЫished "rules of the 
game" in the oil and gas industry, а system of monitoriпg, evaluation, 
supervision, monitoring and management of the reservoir and the for­
mation as а whole. The technology to create the perfect fonnation of 
nanorobots is still at the stage of conception, but it has great prospects. 
Takiпg iпto accouпt the results obtaiпed with the use of the nanoemul­
sioп, we сап surely say that they merit the future. lп the ХХ ceпtury 
there was introduced the waterfloodiпg reservoir to increase oil recov­
ery. At present, it is а standard procedure which is used almost in all 
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fie\ds. lt is possiЬ\e that in а few years the reservoir nanonorobots will 
Ье applied as well, because the basis for this has already been created. 
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Figures and taЬies to chapter 8 

Fig. 8.1. Nanorobots in роге space 

Рис. 8. 1. Нанороботы в пn.-.n",n .. 

Fig. 8.2. The size ofthe nanobot is one thousandth ofthe thickness ofa 
human hair 

Рис. 8.2. Размер нанаробота составляет 1/1000 от толщины челове­
ческого волоса 
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Fig. 8.3 Distribution ofnanoparticles in the sample ofcarbonate rock 

Рис. 8.3 Распределение наночастиц в образце карбонатной породы 
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Fig. 8.4. Injection ofnanoagents (Resbots) into the reservoir [14] 

Рис. 8.4. Нагнетание наноагентов (Resbots) в пласт [ 14] 
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Fig. 8.5. General concept of closed-loop system for propulsion and 

guidance of magnetically driven nanoparticles using external magnetic fields 
and imaging modalities 

Рис. 8.5. Общая концепция замкнутой системы для обеспечения 
движения и управления наночастиц,приводимых в движение магнитом, 

с помощью внешних магнитных полей и методов визуализации 

Fig. 8.6. А fully functional, autonomous nanorobot for in- situ monitor­
ing and its individual components [ ll] 

Рис. 8.6. Полностью функциональный, автономный наноробот для 
пластового мониторинга и его отдельные компоненты [ ll] 
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Fig. 8.7. Nanorobotics-a multidisciplinary field 

Рис. 8.7. Напороботика- междисциплинарная область знаний 

Fig. 8.8. The bots in the form ofbacteria to improve the movement in 
various pore systems 

Рис. 8.8. Боты в виде бактерий для улучшения движения в различ­
ных пористых системах 
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Fig. 8.9. А Ьioпaпorobotic orgaпism: саrЬоп пaпotubes form the maiп 
body; peptide limbs сап Ье used for locomotioп апd object maпipulatioп; а bi­
omolecular motor located at the head сап propel the device iп various porous 

eпviroпmeпts 

Рис. 8.9. Бионанороботный организм: углеродные нанатрубки обра­
зуют основной корпус; пептидные конечности можно использовать для 

передвижения и манипулирования объектами; биомолекулярный двига­

тель, расположенный на головке, может передвигать устройство в различ­

ных поровых средах 
HoiJ)fк t"'tll'ri...:•\ 

• 1 ·~ 

Fig. 8.1 О. Basic сопсерt of virtual eпviroпmeпt апd haptics techпology 
coupled to multiphysics computatioпal methods for bots delivery Ьу the пaпo­

vector simulatioп 

Рис. 8.1 О. Основная концепция виртуальной среды и тактильные 
технологии в сочетании с вычислительными методами мультифизики д.1я 

создания ботов путем вановекторного моделирования 
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Fig. 8.11. Experimental interactive simulation platform using virtual re­
ality interfaces. In the virtual molecular dynamics (VMD) environment, the 

user applies forces to simulated Ьio-nanorobotic structures via а force feedback 
haptic interface while manipulation is performed through а virtual hand. The 
head tracker is mounted оп а pair of shutter glasses for operator immersion 

Рис. 8. 11 . Экспериментальная интерактивная платформа моделиро­
вания с исnользованием виртуальных интерфейсов реальности. В вирту­

альной молекулярной динамике (VMD) окружающей среды, nользователь 
прикладынаст силы к искусственным био-нанороботным структурам с 

nомощью тактильного интерфейса с обратной связью no усилию во время 
маниnуляции виртуальной рукой. Поворотное устройство смонтировано 

на защитных очках для nогружения оnератора. Головной маниnуля­

тор/трекер, крепится на защитных очках для nогружения оnератора в вир­

туальную среду 
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Fig. 8.12. The scheme of synthetics of dendrimer increasing from core 

Рис. 8.12. Схема синтеза дендримера, растущего с сердцевины 
(двумерная nроекция) 
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Fig. 8.13. The synthesis of dendrimer 
Рис. 8.13. Синтез дендримера 

O.Os 3.6s 7.3s 1 0.9s 1 4.5s 

\ { f f \ 
Fig. 8.14. Artificial bacterial microswimmers developed at ЕТН Zurich. 

Ву adjusting the rotating speed and direction ofthe external magnetic field, 
velocity and direction ofthe motion ofthe helical swimmers сап Ье tuned in а 

controlled fashion [B.J. Nelson, ЕТН Zurich] 
Рис. 8.14. Искусственные бактериальные микроnлов­

uы,разработанные в ЕТН Zurich. Регулируя скорость вращения и наnрав­
ления внешнего магнитного nоля. скорость и наnравление движения сnи­

ральных rшовцов может быть наL:троена в уrrравляемом режиме. [BJ Нель-
1 сон, ЕТН Zurich] 
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Fig. 8. J 5 Driving gear 
Рис.8.15 Транспортный привод 

Fig.8.16 Contro/ mode 
Рис. 8.16. Способ управления 
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Figure 8.17. Classification ofrobots: (а) type ofpig, (Ь) type ofwheel, 
(с) type oftrack, (d) type ofspring, (е) type ofpacing, (f) type ofscrew, (g) 

type of spiral 
Рис. 8.17. Классификация роботов: (а) типа болванки, (Ь) колесный 

тип, (с) rусеничный тип, (d) пружинный тип, (е) шагающий тип. (f) чер­
вячный ТИП, (g) ВИНТОВОЙ 
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Fig. 8.18. Using of MEMS in diversity sphere 
Рис. 8.18. Использование МЭМС в различных сферах 
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CHAPTER 9. SMART PROCESSING AND TRANSPORT 

Abstract 

The smart field is based on the technology, the essence of which 
is that the installed borehole equipment makes it possible to сапу out 
the automated measurements and to transmit them from the site to the 
control station in real time. The operators constantly receive the relevant 
information enaЬiing them to manage the well operation more effective­
ly. Based on these measurements, the models are created, which help to 
calculate various options to reduce the cost of the development, the op­
timization, the production and the water injection into the reservoir. Us­
ing а constant flow of the integrated data, the effective solutions for the 
entire life of the wel1 сап Ье made. The pipelines operate at high pres­
sure, and the violation of their integrity results in the emissions of the 
products pumped. The sensitivity of the system, its accuracy and high 
speed, i.e., the abllity to detect the small leakages and mechankal dam­
ages in the shortest time, are the most impoitant requirements. Sma\1, 
but time-consuming leakages can, as the experience shows, result in 
significant environmental and financial consequences. 

Кеу words: Production control system in real time, advanced 
process controf, smart weffs, subsea production systems, subsea separa­
tm·s, wellhead valves for water injection, underwater separation, pres­
sure reduction and injection station, water injection pump, multipl1ase 
ритр, sand removal station, monitoring of production processes, distri­
bution control system, information and communication systems, enter­
prise production environments, automated control system, production 
relational database management system, gas collection and treatment 
system management in real time, intelligent process control over the 
systemfor gas treatment in real time, underwater jield, spiral-axial mul­
tiphase pumps, underwater compressor units, automated process con­
trol 5ystem of primary oil treatment, а system of supervisory control and 
the data acquisition, remote terminal, the central control room (dis­
patch center), soft-real-time mode, human-machine inteiface, ergonom­
ic operator's work, the information security ofthe enterprise, integrated 
communication system, а remote object, the central control рапе!, the 
data exchange in real time, the sensor network, the technology of se/f-
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orgamzmg wireless networks, smart pipelines, multiphase pipelines, 
monitoring, jiber-optic monitoring, subsea risers, distributed tempera­
ture sensor, risk management system of pipelines, main pipeline, com­
pressors. 

Main topics of the chapteг: 

The management of intra-field processing and transport of hydro­
carbons in real time. Smart intra-field pipelines, gas and condensate 
pipelines. The control systems of intra-field transport of oil, gas and 
condensate in real time. Underwater and surface systems of multiphase 
intra-field transport of products. The features of fiber-optic саЫе instal­
lation field pipelines. The advantages of using fiber-optic monitoring 
system. Gas leak detection system. The main causes of gas leakage dur­
ing transportation. Management of the intra-field oil transport in real 
time. The pipeline risk management system (PRMS). Vibroacoustic sys­
tem of continuous monitoring of an extended structure (SAMPO). The 
monitoring of the condition of intra-field pipelines using robotic sys­
tems. 

Introduction 

This chapter deals with the modern technical equipment and the 
software in the field of information and process automation and the pro­
duction management that еnаЫе to so!ve а wide range of tasks to im­
prove the efficiency of the development of oil fields. The proposed con­
cept of the сотраnу is based оп the smart field technology the essence 
of which is that the insta!led boreho!e equipment makes it possiЫe to 
carry out the atttomated measurements and to transmit them to the site in 
the control station in real time. The operators are constantly receiving 
the re!evant information, enaЫing them to manage the processing and 
transport operations more effectively. ln addition, it minimizes the 
number of visits to their multiple processing units and transport intra­
field pipelines, and hence it reduces the costs and risks of accidents. 
Based on these measurements, the models are created, which l1elp to 
calcнlate various options to redllce the cost of the development, the op­
timization, the production and the water injection into tl1e reservoir. Us­
ing а constant flow of the integrated data, the smart companies take 
more effective solutions for tl1e entire service of the processing units 
and transport intra-field pipelines. 
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9.1. Intelligent management system of the infield gathering 
and pгepaгation of hydгocaгbons in геаl time 

The modern information systems allow you to get in а convenient 
form for the operator the data from the wells, gathering stations, storage 
tanks, primary oil treatment plants, and the booster group pumping sta­
tions in real time. The materia\ basis for the collection of the infor­
mation is provided Ьу the modem controllers and the database manage­
ment systems that allow you to store and process the data from the in­
field gathering and preparation systems in real time, and from the rela­
tiona\ databases. On the pyramid (Fig. 9.1 leve\s of automation) they are 
levels Ll - L2. As part of the monitoring functions of the production 
processes and the dispatch management in modem infonnation systems 
including, the following tasks are solved. The user gets the basic values 
of the monitored parameters (flow rate, pressure, temperature, etc.) of 
the wells, а group of metering stations, the processing plants, the surface 
facilities, the storage and the delivery of the products, etc. in real time. 
ln this case the visualization of the bottlenecks is carried out: the screen 
provides the current values in comparison with their estaЬiished limits in 
the controlled pюcesses. The well operation data are processed and is­
sued upon the request in the format required. The user is supplied with 
the rich Ьу the opportunities the report generator that allows to design 
the reports in а standard fonnat in different directions: changeaЫe and 
daily production reports, reports on the production and the delivery of 
hydrocarbon, the injector volumes, the well status, etc. 

The monitoring and the reports оп the events, the data of which 
соте from the distributed control system (DCS) and the sensor systems 
security, are carried out. The sequence of the events that triggered the 
alarm are recorded and analyzed. А continuously verification of the 
safety valves on the potentially dangerous areas of gathering and the 
initial treatment of oil and gas is executed and on its basis the reports of 
any changes in their conditions are made up. For examp!e, Fig. 9.2 
(Window of application control ofthe valves) presents а !ist of standard 
reports generated Ьу а specific application of Safety Valve Scout Hon­
eywell on the contro] of valves. The monitoring and the analysis of all 
the equipment shut-downs directed at fixing all the reasons for shut­
downs, the shut offs on the basis of restoration in the history of the pro­
cess of а\1 the actions that led to the shutoffs are conducted. 
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The reports are prepared based on the made analysis (Figure 9.3 
Window of application of monitoring disconnections of technological 
facilities). А separate subsystem, along with the subsystems of fire and 
explosion dangers, is the subsystem control of pipeline leaks. Today one 
of the most promising areas is the acoustic systems to detect and locate 
the leaks. The advantages of such systems are the aЬility to operate at all 
the stages of the pipeline operation (start 1 stop pumps, changing the 
values of tlow rate, etc.), а low rate of false actions which is very im­
portant for the purposes of automated data protection, an easy mainte­
nance and а high reliaЬility of the operation. An important requiremcnt 
for а modern security system is its integration with а distributed control 
system, which allows to respond to potential threats and emergency sit­
uations, and to operate the equipment in а safe mode [4]. 

The modem production management system or the MES (Manu­
facturing Execution System) is the information and communication sys­
tem of the production environment of the enterprise. In the structure of 
the automated enterprise management the MES is connected with the 
process control systems (ERP Enterprise Resource Planning). The MES, 
collecting and processing the data in real time from the processing facil­
ities and control systems and the historical data from the production re­
lational databases, the MES supports the automatic or manua\ control of 
decision making. Simultaneously, the MES prepares and transmits the 
infon11ation in the required fon11 to the ERP. Cuпently, the following 
areas ofthe MES in oil companies can Ье identified. 

The present level of the introduction of the methods and the soft­
ware to manage the design and the development of oil fields еnаЫе you 
to formulate and solve complex optimization proЫems of the field de­
velopment. On the basis of а mathematical hydrodynamic model of the 
formation, which allows to take into account the mutual influence ofthe 
hydraulic wells; the proЫem ofselecting the optimum production rate of 
the recovery and tl1e injection wells. As an optimization criterion we 
refer to the technical and economic criteria such as minimizing the vol­
ume of associated water, subject to the limitations on the borehole pres­
sure and the implementation of the plans of oil production. Cuпently, to 
solve such proЫems an effective mathematical apparatus based on the 
methods of mathematical programming, and consideraЬly taking into 
account the specific character ofthe mathematical model ofthe proЫem 
has been developed [6]. While investigated and proposed were the 
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methods of solving а more general organization of the proЫems which 
along with the production rates include the optimum multitude of the 
newly commissioned wells from the infinitely many possiЬie drilling 
locations. The selection of the optimum option of the construction of the 
surface field faci\ities is performed. Given а set of indicators of field 
development options, calculated Ьу solving the above proЬlems, the 
proЫems of the optimal development of the ground-based aпangement 
are solved. То so\ve the proЫems that arise at this stage, special meth­
ods of integer programming [7] are used. 

То date, the number of refineries and petrochemical p\ants of 
Russian systems use the advanced control - the АРС (Advanced Process 
Control) [9]. The implementation of such systems at the facilities ofthe 
gas treatment and processing has not caпied out yet, despite the suitable 
conditions for such as а number oftechnologicaJ proЬ\ems, reducing the 
negative effect that сап Ье achieved through the use of the advanced 
contro\ systems. In this paper we propose а variant of the complex gas 
treatment plant (CGTP) with the he\p of the advanced control. The sec­
tions [10, 11] describe the features ofthe process facilities ofthe CGTP 
in the Cenomanian Urengoy gas field. In addition, the presence of simi­
Jar proЬlems at the CGTP for the Yamburgskoye Cenomanian gas field 
is pointed out in the review [ 12], thus enaЬling to make а conclusion 
about their generality and the abundance at the Russian field gas treat­
ment facilities. 

The functions of the Advanced Process Control. The CU (ad­
vanced control) is а set of software and algorithmic tools for the central­
ized management and the technical-economic optimization of complex 
systems. The advanced control includes three main concepts: 
• The multicoupl ing regulation, based on the model predictive c<>n­

trol (МРС - Model Predictive Control). 
• 

• 

The virtual analyzers (inferential measurements) - empirical -
neura\ network or regression - models that reflect the relationship 
ofthe immeasuraЬ\e parameter and the indirect factor. 
The technical and economic optimization in real time . 
The multicoupling control unit (for example, а co\umn with а 

coupled heat exchanger, а process fumace, etc.) can Ье realized with а 
single multiply controller regulating the PID control knobs that repre­
sent the basic automation system, or directly the actuators. 
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The virtual analyzers acting as the conventional measuring devic­
es can Ье used instead of them or in conjunction with them. As the im­
measuraЫe parameter often characterizes the performance of the entire 
automation system and wider the process facility in general and may Ье 
included in the objective function of the optimization or the restriction 
( e.g., the qua\ity of the output product, the dew point temperature, etc.), 
the virtual analyzers are а basis of the construction of the optimization 
system. The technical and economic optimization is usually calculated 
for the whole unit (for example, distillation, catalytic cracking, etc.) and 
is implemented as а larger unit that controls а set of multiply regulators. 
The control through the АРС system is used to solve the proЫems of 
two classes: а high quality staЬilization process based on the minimiza­
tion of the integral criterion of the quality of the transition process and 
the optimization ofthe process as the higher-level tasks. 

SCADA (abbreviated from English. Supervisory Control And Da­
ta Acquisition) is а system of supervisory control and data acquisition. 
The SCADA-systems еnаЫе the development of а control system in а 
client-server or in а distributed architecture (DCS abbreviated from 
English Distributed Control System). The SCADA-system consists of 
three components: 

1. The remote terminal, cal\ed in English Remote Terminal Unit 
(RTU). The complete processing of data information in real time passes 
through. This terminal may Ье differently designed. For example, it may 
represent the most primitive sensors that read the information from the 
process at specified intervals. The fault-tolerant multiprocessor compu­
ting devices are sometimes used as remote terminals. They process the 
information already in hard real time. 

2. The main central terminal or а master station. In English it is 
called Master Terminal Unit (MTU), Master Station (MS). It performs 
data processing and management at the highest level. The soft real-time 
is used here. The main task ofthe structural component ofthe SCADA­
system is the creation of а human-machine interface, providing the er­
gonomic work of the operator of control systems. Depending on the 
tasks to create the HMI, there are used both а single computer which 
receives ~11 the information from different points ofthe economic facili­
ties and the entire computing system that integrates all the local control 
panels. That is, in creating а central control panel, the proЬ\ems of the 
information security ofthe enterprise are solved. 
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3. The channcls of communication or the integrated communica­
tion system, which in English stands for Communication System (CS). 
Jts purpose is to create tl1e links between the remote sites and the central 
control unit [21 ]. 

9.2. Intelligent control of surface structures 
in the Salym Petroleum Development company 

The сотраnу has introduced new process methods, using ad­
vanced data collection tools to get the maximum recovery in the Salym 
fields. There have been formed specialized teams of technical experts 
from various fields, including the specialists in reservoir engineering, 
the field experts and the groups of international experts to develop the 
effective reservoir management programs. As а result of the extensive 
well operations and thanks to the samples of the core and reservoir flu­
ids, as well as the best logging practices, the most valuaЫe inforn1ation 
was renewed to understand the reservoir. This information is used for 
the following purposes: the improved well design, the optimization of 
drilling and well completion activities within the program Dril\ing the 
Limit, estaЬ\ishing of а common strategy to extract more oil at lower 
volumes and the impact of drilling operations on the environment. 

ln December 2006, the SPD began the work on the creation ofthe 
first in Russia "smart" wells in the Vadelyp field. The SPD started this 
project only with the installation of the flow meters for the automatic 
measurement of inflows in real time, but in case of the further inflow 
changes the well had to Ье physically shut-down. Subsequently, the 
сотраnу will equip the well with the control valves. After testing t-his 
technology in the Vadelyp field, the technology of "smart" wel\s will Ье 
transfeJТed to other fields ofthe Salym project. 

The data оп the reservoir, resulting from the construction and 
maintenance of wells, and, more recently, from the "smart" wells, are 
stored and analyzed in а high-precision production database created Ьу 
the engineers ofthe company. fn the year 2007, the SAP developed the 
first three-dimensional sector models of high resolution in the West 
Salym field. The models are based on the large amount of data on the 
structure of the reservoirs collected for the previous three years. The 
models make it possiЬie to visualize the dynamic fluid flows in three 
dimensions, and thus the engineers and the employees responsiЬie for 
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making decisions can bctter understand the behavior ofthe reservoir and 
improve the development of mineral resources to ensure а maximum 
recovery of oil. Now the corresponding group in the SAP is working on 
а complete integrated model ofthe West Salym field. 

The technology of "smart" fields and we\1-coordinated work of 
many specialists would have been impossiЬ\e without а modern com­
munication system. This system ensures the reliaЬ\e data transmission 
between the base camps, all the major objects in the Salym and the ex­
port oil pipeline valving. In is used in the integrated protection system 
that provides round the c\ock surveillance, the system of admission and 
the operation of the protection systems. The existing infrastructure of 
the inforrnation technology system meets the needs of the SAP in the 
modem means of communication, computerization and automation, and 
for many years to соте it will suit to the requirements ofthe company. 
In constructing the field facilities, there have also been installed the fi­
ber-optic communication lines, only in the West Salym their length be­
ing about 100 km. ln the coming decades, the data from the Salym fields 
will Ье used in the future developments to enhance the oil recovery fac­
tor. The basis of the telecommunication infrastructure is the microwave 
transmission system provided Ьу seven communication masts of up to 
82 meters. The wireless communication is connected to the general 
commuted telephone network, а cellular communication system in the 
field. This is one of the first digital systems in tl1e main telephone ser­
vice in Russia and the first similar system in the Khanty-Mansi Auton­
omous Okrug [ 18). 

The advantages of the integrated innovative technology "Smart 
Field" SAP are: а large-scale project of the management of wells and 
reservoirs directed at the development of systematic approaches and 
ensuring the sustainaЬility of the field development in the DR, regular 
monitoring ofthe rate of oil production and water injection into the bed, 
water cutting and pressure, the effective use of the stock, limiting the 
operating costs, optimization of water injection, increased production, 
improved planning and а more efficient oil recovery. The smart fields 
technology is а reliaЬ\e basis for the projects of the incremental oil pro­
dLJction, resulting in the fact that the system is allowed to close the well 
control cycle and reservoir, and the operators in the РРВ receive the in­
forrnation, process it using the tools of the integrated management of the 
well stock, determine the correlation ofthe parameters and the operators 
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in the РРВ as well regulate the operation of each well using an automat­
ic control system, reducing of unplanned downtirne, а longer trouЬ\e­
free operation of the borehole equipment, reducing the chemica\ con­
surnption, reducing the number of trips in the fie\d and reducing the cost 
of transport, increasing the staff efficiency in the oilfield, the boreole 
production increases Ьу an average of 2-2.5% per year, the operator 
spends most of his tirne in the control room serving 30-40 wells, the 
communication information transfer from the multiple well platforrn to 
the control zoorn is perfonned in real time, the operators more quick\y 
respond to the behavior of the borehole equipment, the smart technology 
on the intake, the water injection and treatment using the Fieldware Wa­
ter lnjection System, the system which is availaЫe both from the Salym 
platforms and from the office in Moscow [19]. 

9.3. Management of subsea data gathering and treatme.nt 
of oil and gas in real time 

The experience in the development of the North Sea and the 
Beaufort Sea fields demonstrates an active development of the offshore 
technology of the field development and preparation of well production. 
For the development of the Russian offshore technology it is necessary 
to attract actively the domestic scientific potential using the foreign one. 
The technology of the underwater treatment significantly enhances the 
tlexiЬility in the recovery of well production. Big operating companies 
with private capital, such as Shell, Exxon, Total, ВР, Woodside, Statoil 
and Petrobras, are \eaders in promoting the elaborations and applications 
of new offshore technologies in the injection and the treatment of the 
borehole fluid. They actively contribute to the development of all the 
areas of offshore technologies, despite the potentially high risk when 
investing in new elaborations. Norway has managed to create simulta­
neously а national innovation system and to make it part of а global one, 
it cou\d make the foreign corporations operating in the \оса! market 
spread the localization of their technologies in the country, or pass them 
to the Norwegian research institutions. The way of using the offshore 
field is considered as the most promising direction in developing the 
fields in such conditions as freezing and non-freezing seas using the 
equipment of treatment and injection of fluids in the submarine perfor-
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mance, including multi-phase pumps, separators, compressor units and 
subsea drilling rigs (Figure 9.5-6). 

The underwater treatment ofhydrocarboпs iпcludes the separation 
of reservoir fluid, the injection of sea water and gas compression. То 
еnаЫе the underwater treatment of production and а high-voltage elec­
trical supply over long distances, the modern system of control and 
managemeпt of the processes, the cost-effective iпstallation, the mainte­
пance апd the equipment removal are perfonned. The advantages ofthe 
uпderwater treatment of production are to improve the productive ca­
pacity of the рау to accelerate the recovery to the reduced capital and 
operating costs. The above advantages are becoming especially i m­
portant iп developing the fields in the Arctic because of deep-water de­
posits, the fields are large distance from the shore fisheries, the lack of 
infrastructure and harsh environmental coпditions. 

То date, the use of the multiphase pumps has become а real and 
viaЫe solution for the efficient movement of multi-phase gas-liquid 
flows from the wells at the bottom of the sea through the field pipelines 
and the risers onto the top structures ofthe platfonn or the onshore facil­
ities. Several types of pumps that are used both оп the deepwater fi~\ds 
of the Alaska shelf, and in the fields of the Gulf of Mexico, South 
America and Australia have been elaborated. The spiral-axial multi­
phase pumps сап pump large amounts of borehole products and exceed 
the rotary pumps Ьу gas ratio, and the piston pumps Ьу perfonnance. 
One of the latest developments is а high pressure pump of the High­
Boost МРР сотраnу Framo with the capacity of up to 1600 m3 1 h at 
pump pressure of up to 20 МРа which сап operate at gas-oil ratio of 
95%, which is а breakthrough techпology in tl1e possiЬilities of field 
development at depths of 2-3 km. Of wider application are the two 
screw pumps manufactured Ьу Bornemann, Flowserve, Nuovo Pignone, 
etc., which аге maiпly used to pump tl1e produced fluids with а high 
content of the gas phase. These pumps refer to one of the volumetric 
displacement categories э,nd remain operationa] even when the volume 
content ьf the gas phase is up 95%. The Bornemann сотраnу in recent 
years has made а significant step forward in the development ofthe sub­
sea multiphase pumps. So. in the уеаг 2007, the ВР company, setting 
two deepwater subsea pumps Bomemann МРС-335 in the King Field in 
the Gulf of Mexico, immediately broke two world records: its the depth 
(1700 m) and for the distance from the platfonn (29 km). 

49 



The main disadvantages ofthe modem multiphase pumps include 
а \ow (30 to 50%) efficiency of units. The work on improving the per­
formance of the multiphase pumps, conducted since the 1990s, enaЬ\es 
to hope for а significant progress in the coming years, given that the 
current efficiency of centrifuga\ pumps is 60--70% and of compressor 
ones is 70-90%. 

Originally they were intended for the use in the development of 
smalJ offshore fields in the North Sea, and then they found their applica­
tions in the fields with the existing platfonns, from which the manage­
ment ofthe subsea systems and supply are performed. 

The world's first real working installation ofthe subsea separation 
of production and the effective water injection into the reservoir mount­
ed on the Troll field, 80 km away from Bergen. The system con~ists of а 
horizontal gravitationa] separator, wherein the· hydrocarbon flow is sep­
arated into gas, oil and water. The structure ofthe subsea installation of 
the division of the reservoir products, in addition to the multi-phase 
pump and separator, includes wellhead equipment of the injection of 
produced water into the reservoir and the manifold for the distribution 
of the borehole flow. The separated water is pumped into the reservoir 
Ьу the multiphase pump developed Ьу the Framo finn, and oil and gas 
are transported together into the upper structures of the p\atfonn. The 
control system a]Jows you to monitor and contro] the Jevel of the phases 
in the separator, to change the perfonnance ofthe multiphase pump. The 
analysis of the underwater separation plants of Troll Pilot and У ASPS 
identified the need to further improvement of their perfofmance. Thus, 
the technical solutions used in the Tro]\ С field do not include the me­
chanical impurities separation system, since this equipment has а maxi­
mum size and the weight characteristics corresponding to the equipment 
used on Jand. The separator has been designed with а diverter line for а 
gas phase and the separation system of oil, water and sand (for instal\a­
tion in the Tordis field (Fig. 9.7)). 

The use of the separators under water can bring tangible benefits, 
including the increasing of the life of the field, reducing the probability 
of proЫems of hydrotizing in the marine risers and reducing the size of 
the equipment for the treatment of the products on the platfonn. These 
factors contributed to an increase in the number of projects of underwa­
ter separation which are often integrated with the pump and compressor 
units. The presence in the well production of а significant amount of 
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sand will require the improvement (upgrading) of the design of under­
water separators, especially when used in conjunction with the underwa­
ter gas compression units, resu\ting in the increased demands for the 
quality of treatment. The use of the underwater gas compression tech­
nology will extend the life ofthe fields at the late stage of development 
on the falling pressure schedule and the active water inflow. 

The beginning of the development of research in the field of un­
derwater compression can Ье considered the year 1990 associated with 
the fist compressor module (850 kW) constructed Ьу the сотраnу GE's 
Oil & Gas, and tested in the year 1992 in industrial conditions. ln the 
year 2001, GE's Oil & Gas and Aker Kvaemer signed а contract and 
joined the Norwegian govemment program Demo 2000, under which 
the projects for the construction and testing of subsea modu1es of 2.5 
and 12 MW were launched. The installation of 12.5 MW (vertica1 cen­
trifugal compressor GE's Oil & Gas driven Ьу an electric motor) is an 
experimental model on the way to the introduction of the subsea com­
pression technology in the Ormen Lange field. Jn constructing the Or­
men Lange field facilities (Fig. 9.8) in the year 2016 it is planned to use 
an underwater compressor unit consisting of four identica11ines (one is 
а reserve). Three of them will Ье commissioned during the first year of 
field development. Each of the four modules provides the increased 
pressure to 6 МРа and the capacity of about 60 million mЗ per day, and 
the electricity will Ье supplied from the shore substation. The similar 
developments in the field of underwater compression are imp1emented 
Ьу the Siemens and MAN Turbo companies in the project for Statoi1's in 
the Asgard fie1d. ln Norway there was tested the MAN Turbo's Hofim­
type installation, and in the year 2009 the Siemens ECO-IJ compressor 
was tested. Within the "Asgard" project the laboratory owned Ьу Statoil 
and Aker Solutions was carrying on а program to test the subsea com­
pressor units. This is due to the fact, that the Statoil сотраnу is plan­
ning to install two compressor units (8-1 О MW) in the Mikke1 gas­
condensate deposits from which the products are transported to the As­
gard В platform. lt is expected that, due to the installation of the com­
pressor modules, it will Ье possiЬie to increase the recoverability of the 
products up to 70-80%. 

The compressor station (CS) ofthe Aker So\utions for the Asgard 
field will include the processes of separation of liquid from gas and the 
pressure rise of each phase separately. As noted above, to launch 

51 



the project "Asgard" in the year 2014 with а maximum capacity 
of 10-18 million m3/day, two MAN Turbo compressor units of 10 MW 
are used. Each ofthem provides an increased pressure to 5 МРа and the 
capacity of approximately 25 million mЗ per day, and the electricity wi\1 
Ье supplied from the Asgard В platfonn. The compressor unit of the 
centrifugal design is intended to work witl1 wet gas, and has been devel­
oped with а high-speed motor (without gears and couplings), on mag­
netic bearings (without grease). The Statoi! is p!anning to р!асе the un­
derwater CS in the Gullfaks South field in cooperation with the Aker 
Solutions' Framo Engineering. Such а solution is an altemative to а spe­
cial platfonn designed for the compressor module. Nevertheless, under 
these conditions, there may Ье difficulties associated with th~ power 
transmission (20-40 mW) over \ong distances (about 140 km) [19]. 

9.4. Smart oil and gas transportation 

Petroleum products consist of а variaЬle mixture of oil, conden­
sate (light oils), natural gas, fonnation water, and fonnation solid parti­
cles (sands). Many technological challenges associated with petroleum 
production in the deep sea areas are а result of the action of these com­
ponents. ln particular, the presence of water along with gas in the prod­
uct flow increases the potential for hydrate formation and subsequent 
clogging of the pipelines. А recent MMS (Minerals Management Ser­
vice, USA) study classifies the subsea piping systems into four catego­
ries/types based largely оп the degree of separation of the components 
of crude oil that is achieved in future. The four classifications are: Туре 
1 - multiphase mixture transportation is carried out directly, Туре 2 -
partial separation of the production flow, Туре 3 - complete separation 
of the production flow in subsea conditions, and Туре 4 - export pipe­
line of high quality oil and gas. Туре 1 and 2 systems are currently be­
ing used Ьу the oil industry to produce oil and gas in the subsea envi-. 
ronment. Туре 3 and 4 systems are under development and may Ье used 
Ьу the oil industry to create oil and gas production activities. 

The multiphase pumps are the crucial subsea processing technol­
ogy. The multiphase pumps involve the use of а pump/boosting system 
to transport the multiphase mixture through pipelines on the floating 
production vessels, p\atfonns, or to shore. There is no separation of the 
multiphase mixture until it reaches the processing platfonn or facility. 
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The fonnation water and sands are pumped to the processing facility 
along with the other fluids. This makes it the most economically afford­
aЫe and achievaЫe system for subsea processing. These types of sys­
tems are applied to overcome the pressure losses associated with long 
pipelines and to ~nable flow rates outside the plugs (FMC Technolo­
gies). Ву eliminating the problems associated with plugs and high pres­
sures, the rate and the unifonnity of flows in the pipelines will increase. 

The multiphase pumping systems are а proven technology for 
subsea processing that has been used in the oil industry for several years 
around the world. There are three main types of multiphase pumps: hel i­
cal-axial, twin-screw, and piston. The helical-axial pump technology h~s 
been the estaЬ\ished iпdustry \eader. In Brazil the PETROBRAS initial­
ly attempted to install Hte Leistritz SMBS-500 of а twin-screw multi­
phase pumping system in 2006. Due to t/1e damage during the initial 
installation, the final installation was delayed until November/Decerr.ber 
2007, or later. The "Туре 2" system pгovides а partial sepю·ation of 
crude oil and fluid. These systems typical\y comblne а separator unit 
with а multiphase pumping system or the gas compression system to 
pump the separated liquids and gases to the surface. These systems are 
the most techпologically advanced systems curreпtly applied iп the sub­
sea processing. "Туре 2" systems сап Ье based either on а two-phase 
(gas/liquid) or three-phase (oil/gas/water) separation processes. Thesc 
systems have the potential to significantly reduce costs on the offs;,ore 
platforms Ьу placing the equipment, necessary to separate the reseгvoir 
products оп the seatloor. Ву placing the equipment оп the seatloor, tl1e 
capacity to process oil оп the platform should increase and the need to 
separate potentially large volumes of produced water оп the platfonn is 
е] iminated. The separation and the remova\ of produced water are espe­
cially important at the end of the field producing life when the water 
fraction increases. Separating the produced v.ater on the seatloor also 
keeps the produced water from entering the riser and the flowline sys­
tem, which, in tum, reduces the we\1 back pressure and allows to in­
crease oil production. The produced water can Ье а major contributing 
factor for gas hydrate formation in tlow lines. The separation of the pro­
duced water wil\ help to control the gas hydrate formation in the oil 
tlows (Devegowda and Scott, 2003). Reducing the volume of produced 
water entering the flowlines may also lead to reductions in the amount 

53 



of chemicals used to coпtrol the hydrate апd wax fonnatioп iп flow 
liпes. 

"Туре 2" technologies сап Ье combined \Vith the injection and tl1e 
stimulation. There are three options for the disposal of produced water: 
to pump to the surface along а separate flow line, reinject into the reser­
voirs, and to discharge iпto the surrouпdiпg water. Curreпt applicatioпs 
typically pump the produced water апd saпds to the surface where they 
receive further treatmeпt prior to disposal accordiпg to the existiпg regu­
latioпs. 

The iпjectioп of the produced water and saпds сап Ье elimiпated 
at the ехрепsе of pumpiпg these materials to the surface (FMC Tech­
пologies 2006Ь). Ву reduciпg the total volume of fluids, the iпjectioпs 
may also allow the use of smaller апd fewer flowliпes апd risers to the 
platfonn (Briпgedal et al, 1999). The iпjection of the produced water 
can also Ье used as а method of enhaпced oil recovery. When produced 
water is injected iпto the reservoir, the pressure withiп the reservoir сап 
Ье iпcreased, which will lead to ап iпcrease iп the amouпt ofthe oil pro­
duced. The iпjectioп is limited Ьу reservoir coпditioпs, апd the water 
quality, required for the iпjectioп, should meet the certaiп standards. 

The direct discharge of produced water to the amЬient seawater is 
the simplest method of disposal. The separatioп ofproduced water from 
the oil is not complete, апd the direct disposals would result in releasing 
of oil апd other chemicals (emulsifiers, etc.) iпto the sea. The deep res­
ervoirs may potentially have high conceпtrations of hydrogeп sulfide 
(H2S), which сап significantly iпcrease the toxicity of produced water. 
ln addition, the high partial pressure of gasses in deep sea conditions 
will increase their concentrations in produced water, potentially result­
iпg in hydrate formatioп at а high depth. The only practica\ method of 
discharge of produced sands is to mix them with the produced water and 
traпsport the sands to the surface for separation and disposa\ according 
to the current regulations. The technologies have not been developed to 
fully remove the oil and other chemicals from the produced sands. Fur­
thermore, curreпt regulations prohiЬit the discharge of produced sands. 
At present, "Туре 2" systems have sееп а limited use. Two large appli­
cations of this type of system are the Troll С iп the North Sea field апd 
the Yertical Aпnular Separatioп and Pumping System (VASPS) devel­
oped Ьу PETROBRAS апd field tested off the coast of Brazil. The 
У ASPS is comprised of а ceпtrifugal subsea separator comЬiпed with an 
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electrical submersible pump (ESP) The system is а two-phase separation 
process that separates the liquid and gas phases of the product. After the 
gas/liquid mixture, the liquid phase is separated and pumped to the plat­
form Ьу the ESP and the gas is vented to the platform. The V ASPS have 
proven to Ье а feasiЫe solution to increase subsea production from the 
marginal and mature fields. 

"Туре 3" systems involve а complete separation ofthe production 
flow in subsea conditions. This system assumes the use ofboth the sepa­
rator and the scrubber stages for the production slow. As was with а 
"Туре 2" system, the separation system is comblned with а pump (mul­
tiphase or single) or а gas compressor to move the product to the sur­
face. The majority of the produced water are removed from the produc­
tion stream and is either pumped to the surface, injected, or discharged 
into the sea. 

"Туре 4" systems will produce the quality of ехр011 pipeline of 
oil and gas. This system involves the use of а multi-stage separator witl1 
the additional Лuid treatment to produce oil and gas of export quality. 
The separation system is comblned with single-phase pumps or com­
pressors to move the product to the surface. All of the produced water 
would Ье removed and either pumped to the surface, injected, or 
charged into the sea. 

"Туре 3 and 4" systems have the possibility of extending the eco­
nomic life with the subsea development. These systems help to reduce 
significantly the costs associated with the lifting of large volumes of 
water to the surface (Scott et al. 2004). These systems are still under 
development and are not being used yet. They may Ье applied in the 
fLJtLJre. BecaLJse of their unproven status, there has Ьееп some resistance 
to the full use of sLJbsea oil and gas. Any application of these types of 
technologies will likely require cooperative efforts in oil industry. With 
the Туре 3 and 4 systems of the subsea processing, the issues connected 
with the displacement or disposal of sand in this system have not been 
taken into account. 

The subsea multiphase pumping is one of the most real and vital 
solutions for the effective oil recovery from subsea tie-backs. ln boost­
ing applications, seabed pшnps improve production economics Ьу re­
ducing backpressure on the reservoir which increases flow rates, and the 
total recoveraЫe reserves. In other applications, where there is poor 
sweep efficiency or low reservoir drive, single phase pumps can Ье used 
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to inject water (seawater ог produced water) into the well to increase 
pressure in the reservoir and sweep hydrocarbons from the formation, 
raising recovery and enaЬling the increased production rates. The bene­
fits are: accelerates production; increases recovery and extension of 
field \ife; facilitates production from \ow energy reservoirs; reduces 
ОРЕХ; improves tlow assurance performance; faster and safer start-up 
oflow energy wells. 

Leveraging our experience as а subsea system integrator, the 
FMC Technologies has developed а vast knowledge of pumping appli­
cations and the know how to apply the right technology to maximize the 
performance of the subsea system. То further the development of "state 
of the art"of pumping techno\ogy, FMC Technologies is collaborating 
with Sulzer Pumps Ltd., one ofthe leaders in pumping solutions, to ful­
ly qualify а new multiphase 3.2 MW 5,000 psi helico-axial pump sys­
tem f'or high boost app\ications. This new solution will leverage Su\zer 
Pumps' field-proven pump hydraulics coupled with the FMC Technolo­
gies's advanced high-speed permanent magnetic motor technology and 
subsea system design and integration experience. The product family 
will include: helico-axial multiphase pumps, hybrid pumps, and single­
phase centrifugal pumps. 

The subsea boosting has been proven as an effective means to in­
crease production rates and ultimate recovery. The key to achieving 
these goals is reducing back pressure оп the well. This becomes increas­
ingly more challenging in deepwater developments where back pres­
sures are higher due to the fluid gradient and in Iong step-outs where 
frictional pressure losses are inherently greater. FMC Technologies and 
Sulzer Pumps Ltd. have collaborated on а new, high speed 3.2 MW, 
5,000 psi helico-axial pump solution that addressed these challenges. 
Helico-axial pumps operate on а rotor-dynamic pumping principle and 
are а cross between а centrifugal pump and an axial compressor. The 
pump consists of multiple stages of impel\ers (helico-axial-type rotor) 
and circles of guide vanes (diffuser-type stators). The compression of 
the fluid is achieved through the transfer of kinetic energy from the ro­
tating impeller Ьlades through the fixed diffuser vanes. The technology 
has been developed to handle hydrocarbon flow at high gas volume 
fraction (GVF). The pump is сараЬlе of generating а differential pres­
sure up to 200 bar (2,900 psi) depending on the GVF and suction condi­
tions. The pump is driven Ьу а power-dense pennanent magnet motor 
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which offers higher speeds, power, and efficiency than an equivalent 
induction. 

One of the most effective ways to control the integrity of the 
pipeline and the timely detection of leaks and the delivert:d product is 
the development and implementation of specialized JMA - leak detec­
tion systems. Such systems are intensively developed both in our coun­
try and abroad. There are about 20 ofthese developments: 

1. Acoustic system: SNKGN-1-2 SNKGN imaging lnstitute at 
Tomsk Polytechnic University (Tomsk, Russia); А "Trap" system of 
LLC "Project-resource" (Russia, Nizhny Novgorod). 

2. Parametric systems: 
- Leak Detection System of the Сотраnу Process Automation 

Systems (PAS, Czech RepuЫic); 
- «LeakSpy» Сотраnу "Energoavtomatika" (Russia); «Leak De­

tection System» of Сотраnу SEIC (Italy); 
- «Pipeline Leak Detection System» of Tokyo Keiso-KROНNE 

Pte. Ltd. (Singapore ); 
- «А TMOS (ТМ) Pipe» сотраnу А TMOS (UK); «Leak detection 

and location system» of Simulation Softwaгe Limited (UK). 
3. Based on the fiber-optic саЫе: Vibroacoustic monitoring sys­

tem based on the fiber-optic cable LLC "Hughes" (Russia); the Fiber­
optic sensor ( cable) for the detection of leaks of oil products of the JSC 
spills and oil "Management Company" Constellatioп "with IPM RAS 
(Russia); "The Rapid remote control of leaks (ODC)" of CJSC 
"MosF\owline", based оп the measurement of conductivity of insu\ating 
coating line; 

4. «Secure Pipe» of Australia's «Future Fibre Techпologies». 
Currently, the pipeliпes are operated Ьу а пumber of systems, 

which are based оп differeпt physical priпciples. The acoustic system 
records in the acoustic frequency the range of the waves generated Ьу 
leaks. Parametric systems are based on the measurement of pressure апd 
flow rate ofthe product. There are also systems that work on other phys­
ical priпciples, amoпg which; in particular, the monitoring system based 
оп the fiber-optic cable should Ье poiпted out. 

The fiber- optic monitoring system is intended for the contiпuous 
monitori.ng and visualization in real time of the vibration state and the 
integrity of the pipeliпe. The vibration moпitoring system enaЬies to 
detect the changes around and within the pipeline to discover the соп-
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ductiпg of various techпical operatioпs close to it, e.g, the coпstructioп 
equipmeпt operation, ап attempt to dig or try to damage the gas pipeliпe. 
As а seпsitive e\emeпt (vibroseпsor) iп the vibratioп moпitoriпg sys­
tem,use is made ofthe seamless fiber- optic саЬ\е, located aloпg the gas 
pipeliпe (buried in the grouпd, апd so оп а hiddeп locatioп) or mouпted 
directly оп the surface ofthe pipeliпe (clear placemeпt). For best results, 
the distaпce from the seпsor to the pipe walls should поt exceed 1 meter. 
The iпstallatioп and the mouпtiпg of the саЫе is performed Ьу the \i­
ceпsed professioпals. 

А cable seпsor coпtaiпs по electric coпductors апd no special re­
quiremeпts for the placemeпt. The coпstructioп of а cable seпsor is typi­
cally 4-6 km iп leпgth. They аге соппесtеd together Ьу special protected 
joints for the fiber-optic саЫе. Connectiпg ofthe саЫеs апd thelr subse­
queпt repair iп case of the rupture аге performed Ьу weldiпg of optical 
fibers. 

Fuпctioпally, the vibratioп moпitoriпg system consists of а vi­
brosensor and the software and hardware uпit, which includes the source 
апd the receiver of the secondary traпsmitter апd the computer with а 
specia\ software. The software апd hardware uпit are assemЬ\ed at the 
moпitoriпg site. The designed software displays the processed signal iп 
real time and provides а permanent record iп the memory. The commu­
пication between the modules of protectioп is performed through the 
«Ethernet» - it is the most соттоп standard of !оса\ networks at pre­
sent. 

The advantages of the fiber optic monitoring system are: а con­
tinuous aпalysis of the pipeliпe conditioп, an iпstaпt reactioп to the 
event; high accuracy (+ - 5 m) of determiпing the place of the failure. 
The possiЬility of classifyiпg the followiпg types of failures are as fol­
lows: а mechaпica\ effect оп the metal of the pipeline, а broken саЬ\е, 
gas leakages, vehicle access to the pipeline or the excavation пеаrЬу; the 
high sensitivity of the system. The registratioп of the impact in the dis­
placemeпt of the sensor Ьу Зх\ 0-7, the leпgth of the area coпtrolled Ьу 
one operating module is up to 150 km. Relatively recently there has 
Ьееп developed а system of distributed iпtegrity moпitoriпg (DTS) pipe­
line, in which а fiber-optic саЫе is used as а sensor, which al\ows you 
to control temperature change ( delta Т 0

) and tension (LlE) at every point 
along the eпtire length ofthe pipeline. The change ofthe delta Т 0 and 1 
ог ~Е in апу section of the pipe results iп changes of the parameters of 
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the adjacent optical fiber, which is continuously receiving the probe 
pulses from the meter. When the probe pulse reaches the proЫem area, 
part of the optical signal is reflected back. 

The localization ofthe events is based on the use ofthe principle 
of the radar, that is, the length of time between the moment of start of 
the optical pulse in the optical fiber sensor and the receiving time of the 
back reflected pulse to the photographic recorder of the measuring de­
vice. Knowing the speed of light propagation in the optical fiber and the 
time elapsed between the sending of а signal and its retum, it is easy t() 
determine the distance to an obstacle, from which the light waves are 
reflected. Jf the back reflected pulse retumed after 2 sec, the distance to 
the obstacle is approximately 300 m, because the light has covered this 
route twice - from the transmitter to the obstacle and from the obstacle 
to the transmitter. 

The PRMS (Pipeline risk management system) users are subdi­
vided into three categories. The first category comprises the empiiJyees 
with limited access to the system functions. Such an employee may 
view all the pipeline data, but he or she may only edit the sections ac­
cessiЬ!e to him or her. The second category comprises the performance 
unit (PU) administrators. Such administrators may edit the data on any 
facility or event within the certain PU. An administrator may clost:' а 
reporting period, but may not open such а period. Once the reports аге 
closed, any changes to the system may only Ье made as agreed Ьу а 
higher level administrator. 

The third user category consists of the Corporate Center (СС) 
administrators who have access to all the system ftmctions. А СС ad­
ministrator may edit the references, assign the system roles, view tl1e 
event logs, and edit all the sections, open and close reports. In addition, 
the СС administrators track the operations of the PU administrator and 
make sure that the PU administrators close any rc:porting periods in а 
timely fashion. 

Pipeline risk management system structure. ln terms of the struc­
ture, the PRMS is а modular system consisting of five modules. lts key 
modu\e is "Pipelines"; in addition, there аге such modu\es as "Import", 
"Reports", "References", .and "Settings". In future it is planned to in­
crease the functional possibilities of the PRMS in pipeline operations. 
The "Pipelines" module Iists all the pipelines with the selection filtering 
capaЬi\ity. The parameter display field sorts the data alphabetically for 
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the text values, and for numerical values they are sorted from minimum 
to maximum ( or vice versa). The standard filters include the perfor­
mance unit names, status and the purpose of а given pipeline, year of 
commissioning of the pipeline, etc. Ln addition, the user can see the 
technical condition of the facility and the degree of risk involved in op­
erating the pipeline at present. Each risk category is color-coded. Red 
means а very high risk, orange indicates the need for extra actions on 
the pipeline, yellow shows that the pipeline needs attention even though 
the actions may Ье deferred, while green refers to а proЬ\em-free pipe­
line. 

The "Sections" sub-module of the "Pipelines" module contains 
the inforrnation on the pipeline sections, river crossings, and the proper­
ties of the product pumped through any pipeline. The specialized sec­
tions on "Leaks", "Technical diagnostics", "Maintenance", and "Corro­
sion prevention" contain the information regarding relevant events, 
linked to the time interva\ and the relevant facility. These sections allow 
for files to Ье attached as text documents (MS Word, Excel or PDF), 
images, or photos. Furtherrnore, an operating risk module has been cre­
ated within the PRМS using the priority setting model. It may Ье used to 
change the preset calculation algorithms, to update automatically the 
calculation results, and to save any changes made to the system. Any 
change made in this way results in а reca!culation of the risk level as­
signed to the relevant pipeline; this value is always up-to-date. Current­
ly, the discussions are under way to see if the information may Ье en­
tered into the PRMS at an earlier фtе, i.e., on the occurrence of any 
event, rather than on the completion oft\1e relevant reporting period. For 
instance, in case а leak occurs, the information regarding such а leak 
must Ье input into this system right away. The "Repo11s" module makes 
it possiЬie to generate reports automatically. Meanwhile, whereas the 
reports аге used to Ье generated once а month, nowadays reports may Ье 
uploaded as of the сштеnt point in time, covering any PU and any topic, 
such as pipelines, pipeline sections, leaks, technical diagnostics, repairs, 
corrosion protection, river crossings, etc. In order to expedite the infor­
mation input, the system features an lmport module. The information 
may Ье imported as MS Ехсе\ files matching а preset template, or keyed 
in manually. The Reference module contains reference information re­
garding the Company's organization, pipeline characteristics and ас-
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tions, corrosion protection status, estimation references. The reference 
information is changed only Ьу а CC-level administrator at the request 
of any user of а group. Finally, the Settings module enaЫes to manage 
the users' access control, the event logging, and tl1e system visit statis­
tics, along with the calculation and official services. ln its turn, the Peri­
od Lock sub-module enaЫes to restrict the data entry and to edit the in­
formation within а preset time interval. 

9.5. Systems of smart FlexiЬie pipelines 

А visualiser of subsea risers. Drilling of wells on land and on the 
sea requires such equipment that would ensure tl1e safe and cost­
effective operations as а whole. On the sea the offshore drilling of oil 
and gas wells is much more complex, because it uses specific technical 
devices and systems, which are never used on the land. 

These technical devices are: а system for anchoring and position­
ing of marine units (IPU), the underwater wellhead and the Ьlowout 
preventer, the compensation pitching system unsupported Ьу the off­
shore drilling units (MODU), etc. А riser is а colurnn of pipes (steel, 
flexiЬle), stretching from the ship to the bottom, the wellhead. The risers 
have been used since 2003 in the offshore of Brazil and the Gulf of 
Mexico. А marine producing riser is а thin, flexiЬie structure that con­
nects the wellhead on the sea bottom with the stationary or movaЬle 
platform or а ship, а kind of а pipe that transports the intemal flow of 
hydrocarbons during production. 

The design ofthe complex technical systems, such as, the floating 
offshore rigs, and in а more general sense, all the offshore oil and gas 
systems is impossiЬle without the preliminary strength and dynamic 
analysis of critical components. The ocean currents, the lateral move­
ment of the floating marine devices, wind and wave loads, accidental 
disconnection of the marine riser and offshore drill pipes from the un­
derwater wellhead have а decisive impact оп the dynamics and reliaЬil­
ity of the underwater marine drill string and thus the safety of all the 
activities in the sea as а whole. А recent implementation of the fiber­
optic control built-in flexiЬle riser is an important step оп the path ofthe 
formation of а riser monitoring structure. Sharing the optical sensor 
point and а fully distributed optic-fiber opens new possiЬilities to moni­
tor different characteristics and technological actions such as break of 
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the outer shell, transporting of condensate polymer temperature and pipe 
temperature measurements during the shut ins, wear and broken wires. 

Some of the benefits of the fiber-optic sensor systems for use in 
monitoring of risers are: multiplexing (mixing in English) sealing the 
channe\, i.e., sending multiple streams (channels) with а lower data rate 
(bandwidth) for one channel, which is higher than the most conventional 
electronic sensors and requires fewer number of саЬ\еs, as well as their 
resistance to e\ectromagnetic interference. The fiber-optic sensors are 
passive sensors, and use only the low power light signa\s for more accu­
rate measurements and the data transmission over the fiber-optic саЬ\е. 

The new advances in optical technology and the methods of pro­
ducing risers mean that а set of real-time monitoring can provid~ а much 
more accurate picture of the riser condition during the operation. This 
improves the decision-making, enaЬ\ing to solve the structural and tem­
perature issues to Ье detected at an early stage, and to eliminate most 
effectively meeting the safety and regulatory requirements and to ensure 
the maximum performance ofthe field. 

The risers can Ье used in various configurations with the buoyan­
cy of the module and other accessories in order to customize the system 
for specific conditions. А typical configuration of the deepwater plat­
forms is а freely hanging chain line, where the tlexiЬle riser is attached 
directly to the mounting surface to the seabed. 

The unbonded flexiЬ\e pipes of the composite structures consti­
tute several concentric layers of steel and polymers, with the main layers 
(from central Ьоге outward): the frame is made of profiled steel strip to 
lock, for the main purpose of resisting the extemal pressure; the inner liner 
is made of а polymeric material, which is the main fluid barrier in fonn­
ing the bore; the armor pressure is typically С- or Z-shaped steel wire 
previously connected with each .other, mainly to resist the internal 
pressure in the bore; the anti-wear tape between various metallic layers; 
the outer sheath made of а polymeric material to protect the pipes from the 
marine environment. 

The flexiЬ\e risers are used to supp\y gas and liquid products which 
vary in temperature and pressure depending on the operating conditions 
and on extemal pressure at varying loads. А failure in operation wi\l result 
in stoppage ofproduction and hence а significant economic \osses. 

The real-time monitoring сап provide а far more accurate picture of 
the riser condition during the operation. This improves and solves the 
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structural and temperature issues to Ье detected at the earliest possib\e 
stage and enaЬ\es to eliminate them in the most efficient manner, ensur­
ing the maximum oilfield productivity. Within the last few years а number 
of techniques have been developed for monitoring the flexiЬie pipelines 
(Carneval et al. 2006; Marinho et al. 2008; Pipa et а\. 2010; Weppenaar et 
а\. 2008). Most of these techniques were developed for monitoring the 
integrity of the outer sheath or the integrity of the tensile of sheathing 
wires. Опе of the most promisiпg techпologies for real-time moпitoriпg 
is building- in the optical fibers in flexiЬ\e risers. The optical fibers have 
shown very good properties especially for measuring temperature and 
strain in the Iongitudinal direction along the length of the fiber. This 
technology has been utilized for many years in other industries, and its 
support is an extensive raпge of the iпstalled equipment and the proce­
dures from the optical telecommuпications industry. Building- in the op­
tical fiber has the advantages as there are no protrusions on the outside of 
the pipe and it is not affected Ьу the changes in the pipe diameter, for 
example in tuning the limiters, so that the optical fibers can Ье used to 
monitor anywhere along the pipe. The technique has been developed to 
expose optical fibers in grooves in the tensile sheathing wires, which аге 
then incorporated into the flexiЬ\e pipe (Andersen 2001). 

The temperature control. The temperature monitoring of the an­
nulus region of а flexiЫe pipe (the section between the inner and outer 
sheath) сап yield important information about the operational condition 
ofthe pipe system. ln the monitoring operation the temperatures сап assist 
with the process control iп case of а temporary shut-in of the flow in the 
bore. For certain production materials the hydrate plug сап Ье formed if 
the temperature drops below а certain point. These plugs are very difficult 
to dissolve, once fonned iп the pipe. With а temperature monitoriпg sys­
tem in the flexible pipe the information сап Ье obtaiпed for deciding 
whether to tum the flow back or to leave it at the same level with the fluid 
dissolvent. 

Another operational application is the moпitoring of the flexible 
pipeline for hot spots with auditioned insulation on the pipe. This can Ье 
in the region of the pipe immediately under the f1oating vessel where а 
bend of stiffпess is mounted оп the top of the riser to protect from tl1e 
Ьепd. lf а well is runniпg at а high temperature, these hot spots may 
reach the temperatures which increase the susceptibllity to agiпg for 
some of the polymer materials. 
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Since cotтosion is severely aggravated Ьу the supply of fresh sea­
water, it is important to Ье аЬ\е to detect а second failure or а fault in 
repairing on the already flooded risers. With а built- in fiber-optic tem­
perature monitoring system, the outer sheath failure can Ье detected both 
under the wet annulus conditions and the dry ones. 

The detection of an outer sheath failure with а temperature 
monitoring system is based on the temperature difference which is typ­
ically present between the bore and the amЬient ocean water. The ther­
mal design of а flexiЬle pipe line is such that the main temperature drop 
will Ье through the two polymer layers (inner liner and outer sheath). 
The temperature profiles of the outer wa\1 of а typical flexiЬie pipeline 
are shown for four diffet·ent temperatшe differences between the Ьоге 
and the medium in Figure 9.8. If any failures appear in the outer 
sheath, the temperature will Ье lowered in relation to the temperature 
of the medium locally at the position of the failure, as shown in Fig­
шe 9.8. 

The temperature monitoring system is based on the optical fiber 
sensors built- in in the annulus ofthe flexiЬ\e riser. То Ье аЫе to detect 
an outer sheath failure, the monitoring system must Ье аЬlе to detect the 
temperature continuously a\ong the entire length of the instrumented 
pipe, and to reveal the cohereпt data of temperature, time and posi­
tioп. The main specifications for а temperature measurement system 
are: sensing range of -40 to + 130 °С.; temperature resolution of 0.2 °С.; 
spatial resolution of 1 т, sampling rate 1 /minute. 

The distributed temperature sensor (DTS). The unique feature 
of the distributed temperature sensor (DTS), shown in Figure 9.9, 
is that the system сап obtain the profile measurement along the en­
tire \ength of the sensing саЬ!е, at intervals of every 1 m, over а range 
of 1 О km, giving the temperature measurements at 10,000 individual 
sensing points. The DTS illuminates the glass core of the optical fiber 
with а laser pulse of l О nanoseconds in duration (this corresponds to а 
lm pulse). As the optics, the pulse propagates down the fiber and it 
undergoes scattering, even in the absence of impurities and structural 
defects. Part ofthis scattered radiation is known as Raman scattering, for 
which some of the light travels back towards the analyzer with а wave­
\ength that is shifted either side of the original (see in Figure 9.8а). The 
ratio ofthe two components has а well-defined function oftemperature. It 
is this ratio, in conjunction with the time the moment of an optical pulse, 
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which is used to detennine the temperature of the fiber at а given point. 
The DTS can provide very accurate tempe1·ature measurements, de­
pending on the шeasurement parameters, it сап have resolutions of 
better tl1an 0.01 ос. А measurement time of 30 seconds is required to 
achieve а temperatшe resolution better than 0.05°С along the full length 
of2 km offiber. А long range ofversions ofthe DTS (>40 km) will oper­
ate at а wavelength of 1550 nm. The shorter wavelength versions are 
limited to -1 О km but are likely to Ье more suitaЫe for use in risers 
as they are more resistant to а differential loss caused Ьу hydrogen 
darkening. 

DTS of the monitoring systems have been used in а variety of 
field f01· temperature profile monitoring, pш1icularly for the pipelines 
and oil and gas wells. The best performance is provided Ьу installing а 
multimode optical fiber, when the specifications are within the raisers re­
quired for outer sheath failure monitoring. The DTS сап Ье both with iп­
te\ligent alanns including the general system alarms, fiber break, zoning 
temperature limit max/min or alanns trend and hotspot/cold spots of 
alarm (point of deviatioп from average) to provide ап automatic outer 
sheath failure monitoring and feedback for the process control. 

The data management and visualization. In order to make the 
main technologies accessible to the end users, ап integrated data manage­
meпt system is not required. While we have discussed in detail the bene­
fits of the пеw moпitoring techпologies, а disadvantage can Ье the 
volumes of data (Big Data) geпerated Ьу such systems. Bearing iп miпd 
the DTS as а rule, the geпeratioпs iп one reading per meter of а riser with 
multiple fibers may have the order of 20,000 temperature readiпgs for 
every survey. The temperature of the survey сап Ье geпerated as ofteп 
as every 1 О seconds, the dynamic strain being several times а second. 

ln the office the domaiп iпdividual databases exist for tl1e distrib­
uted data sets (DTS, strain and others), as well as the data referring to 
the sources. А full client interface combiпes differeпt monitoriпg 
data and correlates with the operating information available from the 
servers such as the production data historian. This gives the experienced 
users ап easy access to all the different types of iпformation they may 
need. The web browser сап support the configuraЬie alarms апd а coп­
trol board display which was preconfigured to show the users the real 
time data and health in the system providing а single, easy to use inter­
face for all the monitoring systems. 
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The system has been designed to Ье fully compatiЬie witl1 the 
secure network environments operated Ьу most major operating 
companies. The configuration and communication network is shown 
in Figure 9.10. 

Conclusion 

Modern infonnation systems allow you to get, in а convenient 
fonn for the operator, the data from wells, gathering stations, storage 
tanks, primary oil processing plants, booster and group of pumping sta­
tions in real time. As part ofthe monitoring functions of production pro­
cesses and dispatch management, the modern infonnation systems solve 
the following tasks as well. The user gets the basic values of monitored 
parameters (flow rate, pressure, temperature, etc.) of the wells, group 
metering stations, processing plants of surfa.ce facilities, storage and 
delivery of products, etc. in real time. То date, the number of units of 
refineries and petrochemical plants Russian systems use the advanced 
process control, the АРС. The CU (advanced control) is а set of soft­
ware and algorithmic tools for centralized management and technical­
economic optimization of complex systems. The control via the CU sys­
tem is used for solving the problems oftwo classes: а high quality staЬi­
lization process Ьу minimizing the integral criterion ofthe quality ofthe 
transition process and optimizing the process as а higher-level task. Us­
ing а constant flow of integrated data, the SPD takes more effective so­
lutions for the entire life ofthe we\1. The data on the reservoir, resulting 
from the construction and maintenance of wells and, more recently, of 
"smart" wells, are stored and analyzed in а high-precision production 
database created Ьу the engineer of the сотраnу. Now the correspond­
ing group in the SAP is working on а complete integrated model of the 
West Salym field. То date, the use of multiphase pumps has become а 
real and viaЬie solutio~ for the efficient movement of multi-phase gas­
liquid flows from the wells at the bottom of the sea through the field 
pipelines and risers on the platfonn top structures and onshore facilities. 
Several types of pumps that are used for deepwater offshore in Alaska, 
and in the fields of the Gulf of Mexico, South America and Australia 
have been developed. The main disadvantage of the modern multiphase 
pumps is а low (30 to 50%) efficiency. The process control system for 
oil (PCS) is designed to automate the ОТР process, the automation con-
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trol of the specialists, activities and the management of technological 
processes and production, to ensure timely information control (moni­
toring) of the technological mode of devices and installations of the 
ОТР, high-perforrnance process contro! of the ОТР. Smart Wire!ess so­
lutions provide access to all the valuaЬJe information availaЬ\e to the 
company. lt will Ье possiЬ\e to add new points of measurement, where 
previous\y it was not possiЬ!e ог required too much work to connect. 
Smart Wireless solutions provide the ability to connect direct!y the 
measuring devices in а wireless network, and then to get the info1mation 
to the control system via а wireless gateway. Each sensor is equipped 
with its own antenna, and an autonomous power source for maintaining 
the efficiency for а long time. Using the smart pipelines enaЬ!es us to 
reduce significantly the risk of emergency cases with the enviroпmental 
consequences of th~ accidents in the pipe!ine; to comply with the re­
quirements ofthe legislation, the intemational treaties, the standards and 
regulations in the field of environmenta] management, the environmen­
tal protection and the ecological safety; to raise the status ofthe custom­
er as an environmentally focused company, based on the trust ofinterna­
tional environmental organizations, partners, customers and the popula­
tion in the regions where the Customer operates; the increased recoveГ); 
the reduced capital and operating costs. These advantages become esoe­
cially significant in deeper sea fields; at greater distance from the field 
to the shore; with the lack of infrastructure; in more severe environmeп­
tal conditions. 
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Figures to chapter 9 
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Fig.9.1. Automatization levels 
Рис.9.1. Уровни автоматизации 

Safety Valve Scout включает 7 стандартных отчетов: 

• Сnисок клаnанов. nревысивших время срабатывания 
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Fig. 9.2. Valves work control script 
Рис. 9.2. Окно приложекия контроля работы клапанов 
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Анализ отключений ESDtPSD 
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Fig. 9.3. Monitoring oftechnological objects switching off 
Рис. 9.3. Мониторинг отключений технологических объектов 
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Fig. 9.4. Main concepts of АРС 
Рис. 9.4. Основные концеnции УУ 
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ЕДИНЫЙ ТЕХНОЛОrиЧЕСКИЙ &IIOK 

Fig. 9.5. Integrated system for collecting and preparing in real time 
Рис. 9.5. Интегрированная система сбора и подготовки в РРВ 

Fig. 9.6. Equipment for subsea oil preparation 
Рис.9.6. Оборудование для подводной подготовки продукции 

Fig. 9.7. Subsea separation in the Tordis oilfield 
Рис. 9.7. Подводная сепарация на месторождении Тордис 
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Fig. 9.8. Scheme oftransmitting data via Smart Wireless 
Рис. 9.8. Схема передачи данных посредством Smart Wire\ess 
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Fig. 9.8а. Temperature profile across the section of а typical flex­
iЫe pipe structure for four different temperature differences between 

bore and amblent. ln the case of an outer sheath breach the temperature 
will decrease towards amblent 

Рис. 9.8а. Темпераrурный профиль по сечению струкrуры гибкой 

трубы для четырех различных перепадов температур(\, 2, 3, 4) между 
отверстием и окружающей средой. В случае нарушения внешней оболоч­

ки темпераrура снизится, до окружающей 
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Figure 9.9: The DTS provides а full profile Ьу measuring the tem­
perature every 1 т along the optical fiber. Temperature is detennined from 

ratio of Raman scattered components in the spectrum from а given point 
(inset) 

Рисунок 9.9: Датчик темпераrуры предоставляет полный профиль 
путем измерения температуры каждого 1 м по оrrгическому волокну. Тем­
пераrура определяется из соотношения комбинационного рассеянного 

компонента Рамана в спектре от заданной точки (вставка) 
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Figure 9.10: Riser temperature data and location infonnation 
Рисунок 9.10: Темпераrурные данные и информация о местонахож­

дении 
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CHAPTER 1 О. ECOMONITORING IN REAL TIME 

Abstract 

Oil and gas industry has а strong and complex impact on the envi­
ronment. Since oil spills will inevitaЬ!y involve any operations on its 
production and transportation, the scales of leakages are very different, 
and can Ье relatively minor and easily accumulate with ecosystems, as 
well as catastrophic, destroying the entire marine Ьiota. The extraction 
and the use of oil and gas lead to anthropogenic impacts on the envi­
ronment during the entire production cycle, from exploration, extraction 
and transportation of oil to the recovery and consumption of petroleum 
products. The construction, development and operation of wells in the 
uninhaЬited areas underrnine the natural ecosystem. Оле of the most 
significant ecological violations occurs due to the drilling wells when 
carrying out prospecting, exploration and exploitation of oil and gas 
fields. The research is needed in order to find an ecologically expedient 
balance maintained at а level that gives the maximal ecological, social 
and economic effect in the development of the area of the depths con­
taining hydrocarbons. The ecological monitoring in real time is an in­
dispensaЬ!e element in а comprehensive program of socio-economic 
development of different regions, territorial production complexes and 
individual enterprises. The eco\ogica\ monitoring of oil and gas fields in 
real time is considered as а set of integrated tools for monitoring anthro­
pogenic and natural sources of impact, the environment, the dynamics of 
the changes taking place in it, the forecast of the deve\opment and the 
management ofthe situations. The bases ofthe monitoring are systemat­
ic observations of the ecological effects and the interaction between the 
nature, the people and the petroleum industry. 

Keywords: Ecological monitoring in real time, multi-level eco­
logical monitoring, robotic control, aerospace monitoring, remote 
sounding of the earth, satellite ecological monitoring, information pro­
vision of eco-monitoring, unmanned flying machines. 
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Main topics of the chapter: 

The ecological monitoring of the extraction of oil and gas in real 
time, the main characteristics of the system of the multi-Jevel ecologica] 
monitoring of oil and gas field development in real time and the types of 
subsystems, the robotic monitoring of the technical state of the surface 
and the subsea oil and gas facilities to predict the degree oftheir injury, 
the comprehensive ecological monitoring of tl1e potentially dangerous 
surface, the water and marine facilities; the aerospace monitoring of the 
field, the aerospace monitoring of the processes of oil and gas field de­
velopment in rea\ time: the concept, the goa\s, the objectives, а struc­
ture, the processing steps of aerospace infonnation in real time on the 
examp!e of monitoring of oil spi!!s in the Gulf of Mexico after the acci­
dent on April 20, 201 О ecological monitoring of oil spiJ!s in real time, 
remote sounding of the earth for the tasks of monitoring of oi 1 spiJis and 
pollution in real time- the goals and the objectives, the main advantages 
of satellite subsystems of eco\ogical monitoring of oil spills in real time, 
the main tasks ofthe subsystem ofinformation support ofoil spill moni­
toring in real time, the use of unmanned flying machines (UFM) in the 
oil and gas business, the goals and the objectives; the advantages of the 
unmanned flying machines over the pilot flying machines (PFM) and 
the examples ofthe use of unmanned flying machines in the oil and gas 
business; ecological monitoring witl1 the use of drones, the unmanned 
helicopters and balloons in real time, for example, tl1e Samot]or field. 

Introduction 

The ecological monitoring of oiJ and gas fie\ds in real time is 
considered as а set of integrated tools for monitoring anthropogenic and 
natural sources of an impact, the environment, the dynamics of changes 
taking place in it, the forecast of the development and the management 
of situations. Subsection J 0.1. analyzes the current trends of the deve!­
opment of eco\ogica\ monitoring of the extraction of oil and gas in real 
time, the main characteristics of the system of multi-level ecologica\ 
monitoring of oil and gas development in real time and the types of sub­
systems, the robotic contro] ofthe technical state ofthe surface and sub­
sea oil and gas facilities to predict the degree of their inj ury, the com­
plex systems of ecological monitoring in real time, the potentially haz­
ardous surface, water and marine facilities. Subsection 1 0.2. gives а de-
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tailed description of practical application of aerospace monitoring of the 
field in rea1 time. Separately, there were analyzed the methods of aero­
space monitoring of the processes in oi1 and gas fie1ds in rea1 time: the 
concept, the goa1s, the objectives, the structure The description is given 
to the use of remote sounding of the earth for the monitoring problems 
of oil spills and pollution in real time, the main advantages of satellite 
ecological monitoring subsystem of oi1 spills in rea1 time. Subsection 
1 0.3. presents the concept of the eco1ogica1 monitoring of oil spills in 
real time, the main proЬ\ems of the information security subsysiem, the 
processing steps of aerospace information in real time. as an example, 
the monitoring of oil spills in the Gulf of Mexico. Subsection 1 0.4. 
demonstrates the possiЬility of using unmanned flying machines (UFM) 
in the oil and gas business, the goa\s and the objectives, describes the 
advantages of unmanned flying machines over the pi1ot flying machines 
(PFM), provides the ecological monitoring data with the use of drones, 
unmanned helicopters and bal\oons in real time, the Samotlor field as an 
example. 

10.1. Ecological monitoring of oil and gas extraction in real time 

Fa11ing of oil and its components into the environment, the air, the 
water, or the soi1 causes а change in their physical, chemical and Ьio1og­
ica1 properties and characteristics disturЬing the flow of natural Ьio­
chemical processes. During the transformation the oil hydrocarbons are 
сараЫе of fon11ing toxic compounds possessing the properties hazard­
ous to human health, including carcinogenic ones, characterized Ьу re­
sistance to microЬial decomposition. The monitoring of oil pollution in 
the environment is one of the most difficult tasks. The variety of petro­
leum products encloses the complexity ofthe proЬiem oftheir monitor­
ing: each product having its own conditioned chemical composition has 
an individua1 so1uЬi1ity and Ьiodegradation. 

Maximum perrnissiЬ\e concentrations (МРС) of oil po11ution in 
various ecological objects depend on the type of oil products or water 
utility and are as follows: water from - 0.001 (phenol) to 3 mg 1 1; the 
accepted total content of oil products in accordance with OST 38.01378-
85 is 0.05 mg 1 1 and for the soil - 0.1 mg 1 kg. The maximum peП11issi­
Ьle concentration of total content of oil products in soi1 is not standard­
ized; the maximum permissiЬle concentration for certain oil products 
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are: benzene - 0.3 mg 1 kg; toluene - 0.3 mg 1 kg; xylene - 0.3 mg 1 kg; 
for air- 0.05-5 mg/ m. 

In the development special attention is given to the observations 
of the macro benthic communities, because their composition is domi­
nated Ьу the long-living species with long life cycles. Thanks to these 
forms, the structure of communities preserves the traces of anthropogen­
ic impact, which is very valuaЬie in tenns of the long-term monitoring. 
ln their infrared range oil and oil products have their individual absorp­
tion spectra. The infrared aпalysis of hydrocarboпs uses а range of О. 7 to 
25 microns, which is usually divided into three regions: пеаr - О. 7 - 2.5 
microns, the area of main frequeпcies - 2.5-6 microns, far - 6-25 mi­
crons. The far-infrared area is used primarily to identify the source of 
coпtaminatioп. On this basis there were created the instruments for iп­
frared spectroscopy, а fuпdamentally new step being the elaboratioп of 
the laboratory of iпfrared spectrometers based on the Fourier traпsform. 
The majority of domestic апd foreign portaЫe iпfrared analyzers of oil 
products perfonn the measuremeпts of the coпcentrations of oil pollu­
tioп оп the same wavelength. The fluorescent methods are characterized 
Ьу а high speed and sensitivity, which allows them to Ье used for the 
systematic moпitoriпg of the Ьiosphere and hydrosphere, апd for deter­
mining the micro elements, as well as the total coпtent of the coпtami­
пating orgaпic substances апd iпdividual orgaпic compounds. The fluo­
resceпt aпalysis is also used in determining in the air the polyaromatic 
hydrocarbons and their derivatives. The iпstruments for the fluoresceпt 
aпalysis сап Ье divided iпto two groups: fluorimeters and spectrometers. 
The fluorimeter uses filters, апd the fluorescence spectrometers use dif­
fraction lattices. 

The main clюmcteristics of tl1e system of multi-level ecological 
monitoring of oil and gas .field development in real time and types о/ 
subsystems. The system of coпtinuous monitoring of subsurface struc­
tures in the sea water areas should provide the infonnatioп on the key 
parameters of the marine eпviroпmeпt in real time to assess the curreпt 
impact, оп the оп е hand, оп the objects of subsoi 1 structures and, on the 
other haпd, оп the most important components of marine ecosystems. 
The maiп objective of the iпtegrated ecological moпitoriпg in real time 
is to moпitor the possiЬie man-made pollution. An early detection of 
leaks of pollutaпts is required to take timely measures to preveпt the 
major aocidents. The long~term monitoring data are used to moпitor the 
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status of key ecological parameters and to distinguish the human factors 
оп the background of natural trends. 

The ecological monitoring system in real time has the following 
characteristics: it has а multi-layered structure; provides the continuous 
iпformation оп changes in the key parameters of the state of the iпteract­
iпg пatural eпviroпmeпts: the surface layer of the atmosphere, the sea 
surfaces, of the water mass, of the seabed including the sedimentary 
layer and the Earth's crust, it uses the multisensor approach applying the 
modern remote and contact technical means and methods, it is cost­
effective, апd is mainly based оп the domestic technologies, it is region­
ally-adapted with accouпt of specific regional characteristics of the shelf 
zone, the !оса! structure and the dynamics of ecosystems and the nature 
of the anthropogenic pressures, as well as taking into account .the fea­
tures of the regional climate. In this case, it uses the new scieпtific and 
techпological solutioпs, including the automation of measuremeпts, the 
robotics, and the case processiпg methods of satellite data and signal 
recognition. The technical complex of the multi-level ecological moni­
toring in real time includes the following subsystems: hydro­
meteorological monitoring, monitoring of the presence of oil pollution 
in the marine environment; geodynamic monitoring, monitoring of sub­
surface structure from а vessel; satellite monitoring, information provi-
sion. 

The robotic technical inspection of the underwater oil and gas fa­
cilities to predict the degree of their injury. An active elaboration of the 
world ocean Ьу the developed countries necessitates the intensive con­
ducting of underwater operations both at small and average-depths and 
at the deep-sea depth, at various facilities and in various conditions. The 
Underwater work is а complex of operations with the utilization of the 
widest range oftechnical means. Such means include the remotely oper­
ated unmanned underwater vehicles (ROUUV) (Fig.l 0.1.). The world 
experience in using these devices says that without the use of the tele­
ported unmanned under water vehicles it is impossible to imagine the 
development of offshore oil and gas industry in the shelf region. The 
Modern self-propelled unmanned underwater vehicles (UUV) are а sep­
arate class of robotic objects with the inherent tasks, the specific fea­
tures of the technology, the composition of the systems and the func­
tional properties. All the self-propelled unmanned underwater vehicles 
are divided into two subclasses: the non-autonomous (anchored) un-
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тanned underwater vehicles and the autonoтous unтanned underwater 
vehicles (AUUV). The non-autonoтous unтanned underwater vehicles 
include the self-propelled or anchored underwater vehicles. The non­
autonoтous under\vater vehicles principally require the presence of the 
power supply wire channel and the reтote control (саЫе bundle). ln а 
class of non-autonoтous unmanned underwater vehicles of interest are 
the self propelled vehicles (vehicles with the propulsion systeт). The 
autonoтoLIS uшnanned underwater vehicles are the selfpropelled un­
тanned underwater vehicles with the autonoтous power supply system 
and, as а rule, the wireless reтote control and а channel of coтmunica­
tion. The unтanned underwater vehicles with the autonoтous power 
supply system, but with а wire pilot channel and the comтunication 
channel (usually on the basis ofthe fiber-optic line), constitute а class of 
semi-autonomous units. Depending on the tasks, the remote-control un­
manned underwater vehicles can Ье equipped with а sensor system to 
measure the hydrochemical, hydroЬiological, hydrophysical parameters: 
the teтperature, the salinity, the transparency, the oxygen and phyto­
plankton concentrations, and the electrical conductivity. 

The complex of the reтote-control unmanned under water vehi­
cles includes the acoustic positioning system, which allows to determine 
their position in relative coordinates, and with the help of the satellite 
navigation system оп board, the vessel to define the accurate abso\ ute 
coordinates the reтote control unmanned underwater vehicles and the 
faculties under study. The optional equipment of remote- control un­
manned underwater vehicles in addition to the sensors and data acquisi­
tion systems may include: а view sonar-circular, а side-scan sonar, а 
profiler, а mu\ti-beaт sonar, an ultrasonic thickness gage or tlaw detec­
tor, а laser size тeter аЬ\е to scale video, laser detection system of oil 
spills, the locator, the 4, 5, 6 or 7-functional тanipulators, the underwa­
ter electric and hydraulic tools, the inertial navigation systeт, the spe­
cial equipment and sensors on request ofthe custoтer. 

Complex systems of ecological monito1·ing of natural envimn­
ments. Сотр!ех systems оГ ecological monitoring are carried out at 
three тain stages: the stages of construction, operation and abandon­
тent of the deposit. А соттоn requireтent is the precise coordination 
ofthe monitoring component,namely, physical, geochemical and Ьiolog­
ical measurements are performed at the same station grid. The first stage 
of the comprehensive ecological monitoring includes the ecological 
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baseline survey before the start of drilling exploration wells. Synchro­
nously with the process of drilling exploration wells on а regular grid of 
stations and the standard procedure, the first monitoring survey is per­
formed. Its main task is to ensure the ecological safety of the drilling 
operations. At this stage of the field development, as а rule, there is no 
confirmed information оп the characteristics of stocks, the development 
scheme. 

During all the field development а long term monitoring is per­
formed. In this case, the monitoring surveys conducted Ьу ships over а 
large area are advisaЫe to Ье carried out every three years. The satellite 
monitoring of the water should Ье conducted on а monthly basis during 
this period (in the ice-free seasons). The monitoring of hydrological, 
hydro-chemical, Ьiological, geophysical parameters of the environment 
in the area of the producing complex is performed almost continuously 
Ьу the autonomous саЬiе at the bottom and at the submerged plants. For 
the purposes of ecological safety, it is necessary to conduct а continuous 
monitoring ofthe technica\ parameters ofthe industrial facility with the 
appropriate sensors. 

After а complete elimination ofthe marine industrial facility, it is 
necessary to perform at least two geo-ecological surveys of the former 
field with а gap of several years. This period is determined Ьу the dura­
tion of the processes of natural restoration in the region. If the conse­
quences of the elimination of the facility continue to Ье observed, the 
monitoring from the ·ship should Ье extended. ln the presence of the un­
derwater pipelines or the tanker transportation of the product, the meas­
urements a\ong the route are carried out regularly, preferably with а res­
olution of 5-1 О km. If during the measurement the presence of а strong 
or previously expected impact is observed an operative local regular 
grid of stations with а space of 200-500 т is established for the purpose 
ofan exact localization ofthe source. 

The technical particularities of oil field development on the shelf 
are difficult to estimate and to prevent а possiЬie impact on the fragile 
Arctic ecosystems during the oi! fie!d deve!opment. The environmental 
protection in the Arctic Regions is ensured Ьу the legal environmental 
protection. The legal base of the oil and gas field development in the 
offshore of the Russian Regions is insufficient to promote the environ­
mental protection in the Arctic. The authors present the measures of а 
legal base development which will provide the environmental protection 
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ofthe Arctic Zone ofthe Russian Federation in future. The existing state 
systeш of tl1e ecological шonitoring and the experience of the "United 
Monitoring Systeш" prograшs are preseпted. lt is very iшportant to es­
timate the ecological damage and liquidate it in time. The responsibility 
for nature pollution must Ье strictly defined Ьу the special norms of \e­
gal documents. The results of the study сап Ье used for the maintenance 
of the environmental protection in the perspective regions of oil re­
sources development and for the improvement of regional and interna­
tiona] systems of oil spills response in the Arctic. 

1 0.2. Aerospace monitoring of the field in real time 

The aerospace monitoring of oil and gas fields in real time is а 
system of space-time observations of the territory in order to assess their 
condition and prognosis, implemented Ьу the aerospace systems of the 
remote sensing of the Eartl1 using integrated geographic infonnation 
systems. The aerospace monitoring is divided into the remote monitor­
ing - а set of aviation and space monitoring. Sometimes this notion in­
cludes tracking the environment with the instruments installed in the 
almost impassible p\aces of the earth (in the mountains in the Far 
North), their readings being transmitted to tl1e monitoring centers using 
the methods of long-distance transmission of information (Ьу radio, 
through wire, the satellites, and so on). The aviation monitoring is car­
ried out Ьу aircraft, helicopters, airsl1ips and other flying machines (in­
cluding floating balloons, etc.) not rising to tl1e height of the space 
(mostly from outside the troposphere). The space monitoring is tl1e 
monitoring from space suгveying. 

ln the Jet Propulsion Laboratory (JPL) the robot ofthe spacecraft 
is operating million of miles from the Earth. The capaЬilities of the ro­
botics developed at the JPL have been applied to the Mars Pathfinder, 
Mars Exploration Rover, Deep Space 1, EOS 1 and other space missions 
and are used at таnу JPL of tl1e research projects conducted for the 
NASA, the US Department of Defense and the private industry. Alt­
hough developed for space applications, these technoJogies are also 
J1ighJy relevant to the proЬ!ems in oil and gas field development and 
production. The benefits from the introduction of these technologies 
include а greater precision, an increased r·eliability, а reduced Lrncertain­
ty, an increased productivity, а reduced cost, and the accelerated deveJ­
opment and the schedules of the completion of the tasks. The instru-
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ments and the Earth-orblting satellites developed at the JPL study the 
geology, hydrology, ecology, oceanography, gravity and the climate of 
the Earth. There are а number of similarities between the app\ied space 
technologies and the applications in the oil & gas industry (Oxnevad, 
2010). In both cases, the systems will Ье deployed at remote locations 
with the limited access for the intervention, maintenance or repair. The 
operational environments often encounter harsh temperatures, pressures 
and material corrosion. The reliaЬility of the systems is extremely im­
portant in space and in the oil and gas industry. The failures can Ье cata­
strophic both financially and in the puЬiic perception, thus weakening 
the support for the programs. 

Aerospace monitoring of oil and gas development process in real 
time: the concept, goals, objectives, а structure. In organizing the space 
monitoring in the interests of the oil and gas industry it is necessary to 
use the principles inherent in complex information systems. The process 
of aerospace monitoring of the oi\ and gas bearing areas and the faci\i­
ties of the oil and gas complex forms the initial information (space im­
ages, and other data of the remote sensing and the geophysical infor­
mation as we\1.) When using the air services for monitoring, the opera­
tional processing of information in some cases may Ье carried out on 
board the aircraft and its results can Ье transmitted to the consumers in 
real time or сал arrive at the ground processing devices. The infor­
mation from different satellites can Ье effectively relieved at the antenna 
complexes of land receiving centers. То monitor the oil, gas and product 
lines efficiently, the radio tomography method is used based on the mul­
ti-frequency radio sounding. 

Remote sounding of the Earth for the tasks of monitoring of oil 
spills and pollution in real time. The Remote sounding of the earth is the 
obseгvation and measurement of the energy and polarization characteris­
tics of the radiation of facilities in various ranges of the electromagnetic 
radiation in order to determine the location, type, and properties of tem­
poral variaЬility ofthe environmental structures without any direct con­
tact of the measuring device with them. ln the last decade, much atten­
tion was paid to the study of the world ocean Ьу means of remote sound­
ing (RS), which facilitates the monitoring of the global anthropogenic 
pollutions of waters. Each year the oil po\lution scale is significantly 
increasing because of the increased volume of production and the trans­
portation of oil products. А timely detection in satellite images of the 
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places in real time, subject to this kind of pollution, prevents the risk of 
damage to the environment. The remote radar sounding сап Ье used for 
the detection and monitoring of oil pollution оп the sea surface. In the 
pictures the oil field appears as dark spots ofthe reduced intensity ofthe 
backscattered signal. The proЬ\em is that in the light winds these spots 
are not easy to distinguish from, for example, some types of organic 
films, the wind shadow areas, ice, upwelling zones (the process of 
upwelling to the surface). The oil spilled in the sea forms the films of 
different thicknesses, as crude oil and products of its processing are 
complex mixtures. ln the form of aggregates, in the emulsified fon11 and 
in films oil сап exist in the ocean for а long time. The largest number of 
oil films is detected in the summer months, so in this period the observa­
tion should Ье done with great саге and frequent regularity for the 
prompt and an efficient detection of the accidents connected with oil 
pollution of waters. On the radar images the oil spills are characterized 
Ьу а form ( oil pollution is characterized Ьу а simple geometric form), 
the edges (smooth boundary with а higher gradient than the slicks of 
natural origin), the size (too Jarge spots are usua\Jy slicks of natural 
origin, such as algae or plankton co\onies); the geographical location 
(primarily tl1e oil spills occur in the oil production areas or oil transpor­
tation routes). The processing ofthe data obtained from the radar remote 
probe is conducted Ьу the experienced technologists and experts, and 
tl1e efficiency of the data processing is essential for а rapid response to 
an ernergency. 

Since Мау 2010 the Petrobras has been using space sensors ofthe 
r·ernote sensing for its sea surface monitoring program in the Campos, 
Santos and Espirito Santo Basins of the southeastern Brazilian coast. 
The data of the ocean color (SeaWiFS and MODIS), the thennal infra­
red radiation (NOAA/ А VHRR), а scatterometer (QuikSCAT) and а syn­
thetic bottom hole radar (RADARSA Т -1 and ENYISAT) were integrat­
ed in order to detect and clшracterize different sorts of marine pollution 
and meteo-oceanographic phenomena. The near rea\ time processing 
and delivery of the SAR data allow to check and process timely the 
samples of remotely registered areas. The satellite sensors operating in 
the visible part ofthe spectrum are used to monitor the ocean color vari-
1tions and the Ьiomass changes associated wit/1 them. Т11е thermal infra­
red radiometers are ideal to monitor the featuressuch as oceanic fronts 
:шd upwelling \ines. The major limitation for both types of sensors is the 
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extensive and persistent presence of clouds in the monitored area. Such 
microwave sensors of the image of space SAR сап collect the oceanic 
images, regardless of the cloud cover. With the space SAR systems 
availaЫe it is possiЫe to have almost а daily synoptic view of large are­
as with а suitaЫe spatial resolution for the detection of different natural 
and men-made events. The integrated analysis of these data presents an 
important decision tool for emergencies, as well as for the elaboration of 
the plans and the evaluation ofthe impacts ofthe oil industry activity. 

The main advantages of the satellite subsystems of есо- monitor­
ing of oil spills in real time. The subsystem ofthe satellite monitoring of 
oil pollution should Ье primarily based on radar satellites. It provides the 
detection of oil spills and their sources of origin in the vast water area, 
the estimation of the direction and velocity of the oil spill moving. А 
wider application of satellite techniques using color scanners, infrared 
radiometers, altimeters and scatter meters allows to estimate the concen­
tration ofthe suspended matter and chlorophyll, the primary production 
in the near-surface layer of the sea, and the sea surface temperature, 
speed and direction ofthe near-water wind, sea surface level anomalies. 
The satellite observations provide а regular sequence of spatial distribu­
tions of each ofthe above parameters and allow а timely detection ofthe 
occurring changes and to identify their causes. The satellite observations 
make it possible to track the sources of the detected contaminants and 
thereby to distinguish the pollution caused Ьу the oil and gas producing 
activities from the pollution not associated with this activity. 

10.3. Ecological monitoring of oil spills in real time 

With increasing of oil production from year to year an issue of 
ecological protection and the elimination of the consequences of oil 
spills on land, in rivers and seas is becoming sharper. The information 
on oil spills and pipeline breaks in the Jargest oil producing and refining 
companies is insufficient. The proЬiem of detection, Iocalization of oil 
spills and liquidation oftheir consciences in rea\ time is complex. In the 
oil and gas industry а threat to oil spills may Ье an emergency, an acci­
dent, а failure to comply with the technical standards of safety. А mod­
ern approach to the application of geographical information systems 
(GIS) in ecological monitoring has been proposed. There are а number 
of foreign developments of geographical information systems that solve 
а variety of industrial or regional problems. Such information systems 
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are focused оп the study and monitoriлg of the same objects, for exam­
ple, the Tactical Response Рlал and Florida Marine Spill Analysis Sys­
tems aimed at the study алd protectioл of water area алd the coastal 
zоле of the Gulf of Mexico. !л Norway, Thailaлd алd Jарал there have 
been developed the geographical iлformatioл systems to assess the eco­
logical coлdition of the facilities алd to simulate the emergency situa­
tioлs. 

At preseлt, the global treлd is to create ал орел Jлterлet of the 
modules of the geographical iлfonnatioл systems for moлitoriлg the 
ecological safety of oil алd gas complexes iл real time. Ал example of 
these geographical iлfonnatioл systems сал Ье the iлteractive maps iл 
real time from the Google алd Уалdех compaлies. То get this platfonn, 
it is лecessary to develop the database of the geographical iлformatioл 
system that will iлclude the iлfonnatioл ол oil алd gas facilities iл view 
oftheir attributes, such as, the type ofthe facility, the area алd the pow­
er. lл integrating the open geographical information system developed 
Ьу the Google with the developed database, the obtained result can Ье 
used iл monitoring the oil and gas facilities in real time. In creating of 
special units of the infonnatioл processing, the system can act as а plat­
form for forecasting and oil spill liquidatioл. То work with the user, it is 
necessary to create the WEB interface. The scheme of the recei ved i n­
foпnation system is preseлted in Figure 1 0.2. 

The stages ofprocessing of aerospace information in real time оп 
the example of monitm·ing the oil spills in tl1e Gulf of Mexico ajteг the 
accident оп Apгil 20, 2010. The subject treatment was carried out on­
line and involved the following stages: masking the land, isolation of 
cloLtd, isolating tl1e region of interest, selecting the optimal parameters 
for the classification of the area of iлterest usiлg the algorithm 
ISODAT А; allocatioл of the classes correspondiлg to two levels of the 
oil pollutioл ofthe water surface; traciлg the results алd their iлtegratioл 
iлto the geographical iлfonnation systems. Fig. 1 0.3. presents an exam­
ple of processing the multispectral satellite image takeл ол М ау 31, 
201 О from the board of the Terra satellite. The same Figure shows the 
result of the classification Ьу the cluster analysis and а map with the 
area of the oil image propagatioл displayed iл the Google Earth system. 
Compiliлg the maps of oil pollutioл ол the results of the Modis data 
processiлg iл the program Modis Earth Мар алd Google Earth resulted 
iл creatiлg а map of the distributioл of spots. With the ENYI 4.5. pro-
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gram, the fol\owing pictures (MODIS) (Fig. 10.4.) were processed. As а 
result, one сал clearly see the dynamics and the area of propagation of 
the oil slick in real time. The most informative are the data obtained Ьу 
the MODIS spectroradiometer, mounted on the TERRA and AQUA 
satellites (Figure 1 0.5. ). The space optica\ images obtained Ьу using the 
MODIS, have extremely high inforrnation for their comprehension level 
and are freely availaЬ\e. As part of this work, there were used the 
MOD02HKM seven-channel images with а spatial resolution of 500 
meters. The product loading of the MODIS data from the web-server of 
the operator, as well as their preliminary and subject processing were 
perfonned at the Research Center of Aerospace Monitoring "Aerospace" 
during the implementation of the operational monitoring of the effects 
of the accident in the Gulf of Mexico. 

The main tasks of the subsystem of the information support of the 
eco-monitoring of oil spills in real time. The mai n purpose of the infor­
mation subsystems is to provide the following: the collection апd pro­
cessing of the data from different subsystems of observations (station­
ary, ship's, satellite), tl1e analysis of the information and the transmis­
sion of the infonnation products created on its basis to the corporate 
bodies of management of industrial and eco\ogical safety, and puЬ\ic 
authorities of the maпagement of natural resources and the ecological 
p1·otection. It's reasonab\e fo1· the information products to include the 
following infonnation: the evaluation of the anthropogenic impact, the 
forecast of possible adverse changes in the correspoпding elements of 
the пatural environmeпt and the natural complex in general, the recom­
mended measures that reduce the negative effects and Jocalize the hu­
man activity. 

The functioning of the iпformation subsystem should Ье oer­
fonned in two modes: operational in real time mode and reserving the 
aggregate infonnation. 

10.4. Using unmanned flying machines (UFM) in the oil 
and gas business, goals and objectives 

An unmanned flying machine (sometimes abbreviated as UFM, 
which is often colloquially called as "drone" in English) is а flying ma­
chine without а crew оп board. lп the oil and gas business the drones 
сап Ье used in the cases when the working conditions are unsafe for а 
man. We refer here also to the work in full darkness, in coпditions of 
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sandstonns and at extremely high and low temperatures. These are flies 
over the sea in the Arctic and in the deserts, it is necessary to make 
regular flights along the same route. То use drones is economically prof­
itaЫe. The drones consume up to 20% less fuel. The average price of а 
mile of shooting drops from $ 15 to $ 3, compared with the manned ve­
hicles. Unmanned systems offer а higher quality material than the sys­
tems controlled Ьу а man. This is due to the fact that tl1ey have lower 
metal mass, thus providing а lower level of noise and interference in the 
measurements ofthe magnetic and gravitational fields. А drone сап take 
on board up to 50 kg of equipment and work within 14 hours. The 
drones have a/most no restrictions concerning the working height. One 
of the best examples of such а case is patrolling the pipeline. lt can Ье 
realized with the help ofthe satellite, but the relation of "price 1 quality" 
will give а way to the drones very much. This method will greatly de­
pend on the time, because the satellite is not always over the object of 
interest. For this purpose Chevron Техасосотраnу uses the lsraeli un­
manned flying vehicle Aerostar, successfully applying it in their facili­
ties in Angola and Nigeria. The unmanned systems offer а higher quali­
ty material than the systems controlled Ьу man. This is due to the fact 
that they have lower metal mass, thus providing а Jower level of noise 
and interference in the measurements of the magnetic and gravitational 
fields. 

Ecological monitoring with the use of drones, unmanned IJelicop­
ters and balloons in 1·eal time оп the example of the Samot!m·.fie!d. Т11е 

TNK-BP is planning to use tl1e unmanned tlying vehicles to monitor the 
Samotlor tield. The experimental production testing of drones. specially 
designed for the TNK-BP in the Center for Space Research in Korolev 
near Moscow, is currently being performed in Westem Siberia. А l1igl1-
tech drone, equipped with а digital camera and а video recorder, as \vell 
as а theпnovisioп, is adapted for the use in harsl1 eпviroпmeпts and сап 
Ье off-liпe to pгovide overall moпitoring of the situation, to assess tl1e 
ecological sitLшtion and to identify the irregularities iп the infrastrllcture 
and pipelines in remote areas of the field. According to а sOLirce iп the 
сотраnу, it is expected that alгeady in 2012-2013 у у tl1e llnmanned tly­
ing vehicles will Ье flyiпg arouпd the clock over tl1e entire pipeline sys­
tem withiп tl1e license areas of the TNK-BP to monitor cuttings in, 
breakthroughs and unauthorized approach to the pipelines. Tl1e 
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Samotlor field needs 6 drones which will explore every part ofthe pipe­
line 4 times а day. 

This method of monitoring wi\1 Ье used in the field of almost 2 
million square kilometers in area where the unmanned flying vehicles 
(UAV) are used. The flight range is 100 km, апd the non-stop flying 
over the territory of the facilities апd fields сап Iast up to four hours. In 
the case of oilleakage in the pipeliпe, the machine will see and give the 
coordiпates with а precision of ceпtimeters. All the data iп real time en­
ter the control room. lt also accumulates the inforrnatioп obtained 
through the GPS seпsors estaЬ\ished оп the drilling rigs. The Samotlor 
oil field has become the first field in Russia, modeled iп 30. Thaпks to 
the virtual simulatioп of the field, the experts see the field facilities in 
small detail апd have а full understaпding of its condition, choose the 
optimal methods ofthe production process control. The modern trackiпg 
system a\lows you to receive the regu\ar inforrnation on the volumes of 
recovery and hydrocarbon reserves, to control the integrity of the pro­
duction facilities, the availability of breakthroughs or illegal cuttings in. 

Conclusion 

Falling of oil апd its compoпents into the eпvironment, iп the air, 
the water, the soil causes а change in their physical, chemical and bio­
logica\ properties and characteristics disturЬing the flow of natural Ьio­
chemical processes. During the traпsformatioп the oil hydrocarboпs аге 
сараЬ\е of forrning toxic compounds possessing the properties hazard­
ous to human health, including carcinogenic and characterized Ьу re­
sistance to microbial degradation. In the infrared range oi\ апd oil prod­
ucts have their individual absorption spectra. Оп this basis there were 
created the instruments for infrared spectroscopy, а fundarnentally new 
step beiпg the elaboration of the laboratory of the infrared spectrometer 
based оп the Fourier transfoгm. The aerospace moпitoring is divided 
into the remote moпitoriпg- а set of aviation апd space monitoring. The 
aviation monitoring is carried out Ьу aircraft, helicopters, airships and 
other flying machines (including floating balloons, etc.) not rising to the 
height of the space (mostly from outside the troposphere). The space 
monitoring is the monitoring of space surveyiпg. Tracking the natural 
eпvironmeпt Ьу using the instrumeпts iпstalled iп the impassiЫe places 
of the earth (in the mouпtains, in the Far North), their indications are 
being transmitted to the monitoring centers usiпg the rnethods of long-

90 



distance transmission of information (Ьу radio, through the wire, the 
satellite, etc.). The global trend is to create an open internet of the mod­
u\es of the geographical information systems for monitoring tl1e envi­
ronmental safety of oil and gas complexes in real time. The main oil­
producing and oil refining companies are already oriented to the use of 
geoinformatics in their information system. The geographical infor­
mation system is а means of creating an integrated platform for the 
monitoring and modeling of oil spills in real time. The mapping basis of 
the geographic information systems сап Ье the open interactive maps 
from the Google and Yandex companies. An unmanned flying marching 
((UFM) is sometimes abbreviated as (UFM), which is often colloquially 
called as «dгone" in English) is а flying machine without а crew on 
board. ln the oil and gas business the drones сап Ье used when the 
\vorking conditions are unsafe for а man. The drones have almost no 
restrictions conceming the working height. То use drones is economi­
cally profitaЫe. The drones consume up to 20% less fuel. An unmanned 
flying machine (а drone) can take on board up to 50 kg of equipment 
and work within 14 hours. The average price of а mile shooting drops 
from $ 15 to $ 3, compared with the manned machines. Т/1е unmanned 
systems offer а higher quality material than the systems controlled Ьу 
man. This is due to the fact that they have Iower metal mass, thus 
providing а lower level ofnoise and interference in the measurements of 
tl1e magnetic and gravitational fields. 
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Fig.l 0.1. Remotely controlled unmanned underwater vehicle 
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Fig. 1 0.2. The scheme of an information system for environmental 
monitoring 

Рис.\ 0.2. Схема информационной системы экологического 
мониторинга 
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Fig.l 0.3. Fonnation maps of oil pollution in the Gulf ofMexico on the 
results of image processing, 31.05.1 О Terra satellite 

Рис.\0.3. Карты залежей с нефтяными загрязнениями в Мексикан­

ском заливе по результатам обработки изображения, полученного 31.05.1 О 
со спутника Terra 

l\lмy 9, 2010 Мау 11,2010 Мау 17,2010 

Fig.l 0.4. The result ofprocessing of satellite images using ENVI 4.5., 
GulfofMexico 

Рис. 1 0.4. Результат обработки космических изображений с помо­
щью программы ENVI 4.5., Мексиканский залив 
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Fig.\0.5. TERRA and AQUA satellites 
Рис.\0.5. Спутники TERRA и AQUA 
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CHAPTER 11. SMART ASSET OPERA TIONS 

Abstract 

The chapter is devoted to the effective management of the assets 
of oil companies in real time being an actua\ proЫem at present. The 
assets of oil companies include wells, pumping equipment, tanks, sur­
face facilities, pipe\ines, separators, etc. Natura\ resources become an 
economic asset of oil and gas companies when it comes to their rational 
use, а deliberate choice of the most prefeпed and practical option 
among а\1 the entire set of altemative uses. This paper provides exam­
ples of asset management systems, and special attention is paid to the 
analysis ofthe effectiveness of new systems for evaluating the assets of 
oil companies. Ву the year 2013 the packages of such programs as IВМ 
Maximo, А vocet, etc. of evaluation of the cost of assets of the сотрапу 
in real time had been elaborated. 

Кеу words: Asset management in RТМ, the assets of the enter­
prise in RТМ, current assets, the interaction of the team, e.ffective data 
management, efficient operation of enterprises in RТМ, liquid assets, 
enterprise resource planning, enterprise asset management. 

Introduction 

This chapter consists of 5 sections: management of oil and gas as­
sets of the сотраnу in real time - the concept, goa\s and objectives, 
types of ass'ets of oil and gas companies, the decision of IВМ Maximo 
for Oil and Gas industry, the Avocet integrated asset management, the 
interaction of the team, the impact of the level of experts on decision­
making on the management of oil and gas assets. 

Section 11.1. describes the concepts of oil and gas assets, the 
goals and objectives of asset management of the oil and gas companies 
in RTM, section 11.2. Jists the types of productive assets, including oil 
and gas assets. Sections 11.3. and 11.4. present the ways of solving the 
asset management in RTM and the last section 11.5. analyzes the impact 
of the level of experts on decision-making оп the management of oil and 
gas assets. 
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11.1. Asset Management in oil and gas сотраnу in real time­
concept, goals and objectives 

Nowadays, natural resources are used efficiently enough. There 
are not clear and transparent conditions of use of the natural resources. 
ln this case the structure of the exhaustiЬie natural resources is steadily 
worsening. Natшal resources are not only the basis for tl1e development 
of the economy and the social sphere, but also the guarantee of the no r­
mal vital functions of future generations. The resources become an eco­
nomic asset when it comes to their rational use, а deliberate clюice of 
the most preferred and practical option among all the set of a\temative 
uses. fn today's oil and gas сотраnу there is а close correlation of the 
asset val uation represented Ьу the reserves of hydrocarbons in the 
depths, with the major cost and technological indicators of the activities 
ofthe oil and gas company. The assets ofoil and gas companies include 
wells, pumping equipment, tanks, surface facilities, pipelines, separa­
tors, etc. The most important task is to develop the organizational and 
economic system сараЫе of ensuring the efficient use of assets. The 
management of oil and gas assets (economic assets) in real time means 
an efficient ttse of natural resources of oil and gas companies using 
software packages (\ВМ Maximo, Avocet) to assess the value of the 
companies that had been estaЬiisl1ed Ьу the year 2013. These are sys­
tems of strategic management of the production сотраnу that can oper­
ate at а global level and with а simple adaptation to !оса! requirements. 
lt is necessary to solve complex proЫems in managing the assets oftl1e 
oil and gas companies. The most important ofthem are the following: 

- the foпnation of organizational and economic system capable to 
ensure an efficient use oftl1e assets in tl1e oil and gas companies РРВ; 

- tl1e creation of the necessary of technological infrastructure tlшt 
would ensure the operation and continuous improvement of the man­
agements system assets ofthe company; 

- the foпnation of the team аЫе to successflllly meet the chal­
lenges of а sustainaЫe use of the assets in tl1e difficult and controversial 
economic conditions ofthe modern economy. 

The three main components of the growth in the value of assets 
mLlSt Ье closely related: the definition of the objectives and their qualita­
tive and qllantitative identification, and analysis of the value chain in 
order to increase tl1e return of eacl1 element of the chain. Tl1e foпnation 
ofthe integrated management in RTM is а rather complicated process of 
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adoption and implementation of solutions devt:loped Ьу the experts. 1t is 
necessary to link together various parts ofthe orgaпizatioп, providing а 
strategy, an elaboration, the implementation of cuпent plans, as well as 
the technological development. The element of the integrated manage­
ment is the formation of an asset management system related to the hy­
drocarbon reserves in the depths with effective work. 

11.2. Types of Assets in oil and gas companies 

The operational and finaпcial assets are defined. The financial as­
sets are cash and various forms of the requirements for the right to eam 
the income. The production assets are divided into taпgiЬie and intangi­
Ьie. The tangiЬie assets are: hydrocarbon reserves in the depths, the 
fixed capital stocks (wells, pipeliпes, storage facilities, processing plaпt, 
etc.). The iпtangiЬie assets iпclude the qualificatioпs of the persoпnel of 
the company, pateпts, iпventioпs, techпical inпovatioпs, reputation of 
the companies. The optimization ofthe company's assets is made at dif­
ferent hierarchical levels of the сотраnу (from the wellhead choke to 
the development system), оп differeпt time scales from seconds to the 
life of the field. All the assets of the сотрапу can Ье divided iпto the 
followiпg hierarchy levels: 

Level 1: compressors, pumping statioпs, steam generators, elec­
tric centrifugal pumps; 

Level 2: the gathering апd treatment of products; 
Level 3: the field (reservoir, wells, surface facilities, transporta-

tioп of products ); 
Level 4: а group offields; 
Level 5: а vertically integrated oil and gas company. 
The reserves of miпeral resources in the bowels refer to the basic 

productive assets. Hydrocarboп reserves relate to tangiЬie assets, they 
are actually involved iп the productioп process апd are the subject ofthe 
applicatioп of efforts Ьу various mining companies, but they are puЬiic 
property. Subsoil users are those who develop пatural resources, that is, 
oil and natural gas, and quickly, on time, deliver the product to the mar­
ket. An asset in the eyes of the investor is а balance value of the wel\s, 
equipment, as well as an integrated company. The valuation of assets of 
the company, presented Ьу the hydrocarbon reserves in the depths, has а 
sigпificant impact оп а\1 the major resultiпg performance of its activi­
ties. The resulting performaпce of the oil and gas companies involves: 
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the vo\ume of production; the cost of production; the value of the assets 
of the company; the profit on the current operations; the va\ue of the 
shares; the capitalization of assets etc. All these indicators are closely 
related to each other as the profits on current operations affect the value 
ofthe assets ofthe.company, the supply ofreserves also directly affects 
the level of capitalization ofthe company, etc. 

The analysis ofthe asset management in the oil business can more 
clearly represent some of the key features of this process. Namely, the 
role of asset management systems presented Ьу the l1ydrocarbon re­
sources in the depths is valid and even increases. 

11.3. IBM Maximo Solution for Oil and gas Industry 

The IВМ is actively developing the innovative solutions for the 
oil and gas industry which will еnаЬ!е the system, as а whole, to adapt 
better, to Ье more efficient, safer and smarter. The IВМ Maximo Asset 
Management is а product of the IВМ automating the processes of tl1e 
operations management, maintenance and repair of technological 
equipment and the facilities of the transportation and operation infra­
structure of the company. А distinctive feature compared to other sys­
tems of this class is the extended functionality of the service manage­
ment and service relationships. The effective business depends on the 
reliaЬility of equipment and on the degree of the influence of the occur­
ring failures on the market losses. ln this case, tl1e condition of the 
equipment may resLilt in not only direct but also indirect \osses, so yotl 
need to evaluate tl1e technical condition qualitatively. Уон can get tl1e 
estimates of the current state of the eqllipment, wl1ile the furtl1e1· devel­
opment ofthe tools wi\1 enable to assess the risks, predicting а change in 
tl1e state and the extent of occl!rring arisi ng defects. Tl1e critical state ot' 
the equipment, the condition forecast wit\1 the risk assessment are tl1e 
key points in the formation of influence to maintain the readiness for tl1e 
ope1·ation. А comparison of the costs and their impact on the effectiv·e 
bt1siness of the programs a\lows you to create repair or modernizatioп, 
technical re-eqtiipment. 

The system provides the following fнnctioпality: managing the 
1 ifecycle of production equipment; planning of repairs апd maintenance, 
the reпovatioп and replacement of fixed assets; management of the pro­
dl!ction staff; the creation of а unified system of managemeпt of the 
production document action. 
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The new generation technologies are an integrated model of asset 
management, а field, and in а variety of companies they are called as: 
"Optimization of an intelligent field and а remote management»,an in­
telligent tield and remote control management 1 infonn, «The integrated 
model of asset management» - Integrated Asset Operation model 
(lOAM). These systems are similar in aims and objectives, they are de­
signed to simulate various scenarios for the development ofthe situation 
in the production and give а solution. 

The petroleum engineers сал communicate with the control center 
from anywhere in the world using а computer, analyze the infonnation 
оп the field and make а decision on the optimization its operation. Cre­
ating such а system requires carefuJ gathering of information about the 
wells and the field, the experience of many experts. Today parts of the 
system are functioning in old fields. And at present the newly designed 
(new) fields have such an opportunity. lt was presented at the SPE con­
ference, in the report made Ьу Andrew Meblan from the Salym Petrole­
um Development Company. Andrew Mablan, deputy director of the 
production department of CPAs, received а regional reward (Russia and 
the Caspian region) from Ganesh Thakur, the President of the Interna­
tional Society of Petroleum Engineers (SPE). It marked the achieve­
ments of Mabiana in improving the safety and efficiency of extraction 
and exploitation of the oil field with the help of "smart fields", which 
today in Russia are recognized as one of the best in the monitoring and 
control ofthe weJI stock and is considered for the implementation in the 
fields of other companies. 

11.4. Avocet Integrated Asset Management 

The Avocet provides а single solution for the entire life cycle of 
the field which integrates the production stratum, weJ\s, surface infra­
structure and the equipment for processing, as well as the operating pa­
rameters of field facilities, financial performance and economic condi­
tions into а single management environment of production, collection 
and transportation of hydrocarbons. The success of the implementation 
of the technical solutions depends on the technology and the staff. Since 
the geography of oil and gas companies is becoming increasingly di­
verse, the companies must rely оп the experts who are far away from the 
oil fields as well as on each other. With the use of the А vocet IAM the 
experts in different areas, regardless of where they are located, build the 
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models, the results of which are transmitted to the end integrated model. 
Working together, they identify and eliminate the constraints that could 
lead to an increase in the cost or а decrease in the perfonnance. The in­
tegrated models based on economic indicators clearly show the effec­
tiveness of the proiect and help to extend the life cycle of the asset. The 
Avocet IAM allows to improve the quality of decisions at the planning 
stage ofthe field development, to optimize the production and to control 
the costs. 

11.5. The interaction of а team, the influence of the competence 
of specialists оп decision-making on the management 

of oil and gas assets 

А person joining the team must Ье prepared to meet the challeng­
es of both the professional and interpersonal values. In other words, he 
must Ье аЬ!е to perform the respective roles of specialist, а colleague, а 
mentor. etc., which are the basis for taking him or her to the team. The 
analysis ofthe operation ofvarious teams enaЬies to identify the fo]Jow­
ing qualities ofthe professionals, the manifestation ofwhich contributes 
to the creation of successful teams: responsibility for their work and the 
whole team; the knowledge and professional skills; the quality of the 
execution of activities; the desire for cooperation, trust in colleagues; 
the reliaЬility; the aЬility to accept criticism; а willingness to а compro­
mise, communication skills. These qualities deserved the maximшn rat­
ing in the cause of extensive studies of maximum rating. Btlt apart from 
them there are mentioned dozens of qualities with lower rating vaiLJes, 
but also playing an important role. 

The aЬility ofemployees to work in а team is as important as tl1eir 
professional knowledge. The management team needs I1ighly responsi­
Ьle, creative and professional people. And moreover it is important that 
not only the head but also the team members themselves should Ье 
aware of it. The team not on]y collectively generate the criteria for the 
selection ofthe personnel, but also focuses on the individual characteris­
tics of each of the participants, delegating the functional tasks according 
to а person's aЬility and not vice versa, as it is the case in the bureaLJcrat­
ic structures. Very often at the first stage of the formation there appears 
an exaggerated idea of the team members themselves as professionals, 
everyone expects himself well-trained and аЬ!е to solve any prob\ern. 
The joint work pretty quickly brings the realization of inconsistencies of 
their ideas and real possiЬilities, and this happens independently and is 
an additional incentive to the education. The education in tl1is team is 
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coпsidered пecessary both for the team, and for the specialist as iпcreas­
iпg the persoпal skills. The staff provides the constaпt chaпges and the 
transformation of the organization necessary for its success. Thus, the 
formation of а team is also the development of the ability of its mem­
bers to educate themselves on the basis of practice, coordinating the 
расе of their personal development, the transition from periodical im­
proviпg of their qualifications to the concept of humaп resource devel­
opment ofthe team. 

The team form ofthe orgaпizatioп ofthe work is а departure from 
the traditional fonns caused Ьу the unforeseen technical violation of the 
haЬitual style ofthe work (а sharp reduction ofterms, а manifestation of 
unexpected obstacles, new things, etc.). 

Conclusion 

The effective business of oil and gas companies depeпds on the 
reliaЬility of equipment and оп the degree of the influence of the occur­
riпg failures on the market losses. In this case the conditioп of the 
equipment may result in not опlу direct but also indirect losses, so you 
пееd to evaluate the techпical coпditioп qualitatively. You сап get the 
estimates of the current state of the equipmeпt, while the further devel­
opment ofthe tools wi\1 enaЬie to assess the risks, predicting а change in 
the state and the extent of occurring defects. The critical state of the 
equipment, the forecast with the risk assessment is the key point in the 
formation of influence to maiпtaiп the readiпess for the operation. А 
comparisoп of costs апd their impact оп the effective business enaЬies 
to elaborate the programs of repair or modemizatioп, technical re­
equipmeпt. 
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CHAPTER 12. POSC STANDARDS 

Abstract 

Some of the international standards of data exchange were devel­
oped in oil and gas industry, part of them was integrated into ЕС prac­

tice at the end of the year 201 1: ISO 15926, "Irltegration of data for total 

operation oftl1e refineries including the gathering and treatment systems 
о{ oil and gas'';POSC standards (Petrotechnical Open Sottware Corpora­
tion); WIТSML (Wellsite lnformation Transt"er Standards Markup Lan­
guage)- standards in the drilling; PRODML- standards in the produc­

tion; RESQML -standards in the development. Nowadays there is а 

complex of operations for integration of standards in pipeline transpor­
tation [ 1 ]. 

Кеу words: Smart oif and gas fields, industria! standшds, 
WIТSML standш·d of oil and gas data in the drilling, PRDDML stand­
ard of oil and gas data in pmduction, RESQML standard of oil and gas 
data in the development, Petmtechnical Open Software Corpomtion 
(POSC), Data storage, Data base, POSC exchangeformat, Model ojtl1e 
Epicente1· data, User 's interface, Digital platform, ExtendaЬle maгkup 
language, Reservoi1· modeling, Data format, Modeling and analysis, 
Visualization in real time, Solutions of applied tasks, Monitoгing о/ 

dгilling pmcesses, Sava. 

Main topics of the chapter: 

Standards of oil and gas data. Petrotechnical Ореп Software Cor­

poration's standards (POSC). WITSML standards ot' oil and gas data in 
the drilling. PRODML standards of oil and gas data in the productioп. 
RESQML standards of oil and gas data in tl1e development -. PRODML 
production standard - tl1e purposes, development l1istory. Chai·acteгis­
tics of Data according to PRODML. Advantages and disadvaпtages of 

using PRODML.WISTML drilling standard - ршроsе, advantages and 
disadvantages. Characteristics of the processes covered Ьу the WIТSML 
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standard. RESQML development standard. The purpose of the 
RESQML standard. ExtendaЬie markup language for reservoi~ model­
ing. Features of RESQML deve\opment standard. The main causes and 
requisites of creating POSC - the main advantages of creating 
POSC.POSC data storage -data models and exchange format. The object 
of POSC activities. Examples of POSC business benefits. 

Introduction 

When the engiпeers work with smart fields they are faced with 
huge amounts of iпformation. Iп today's smart fields these volumes сап 
simultaneously Ье tens or hundreds of petabytes (РВ) 1 peЬibytes (РIВ). 
The work with such amount of data may Ье realized only with the avail­
aЬility of standardized forms of their presentation. То ensure the uni­
fonn standards base, several major oil and gas compaпies in the U.S. 
and Europe founded the Petrotechnica\ Open Software Corporation 
(POSC) in October 1990. From the beginning it was а non-profit, neu­
tral organization to the suppliers. Its work is dedicated to providing а 
unified set of specifications that wi\1 allow the data to flow easily be­
tween software products manufactured Ьу different organizations, апd 
the user to easily switch from опе applicatioп to aпother. The preseпce 
of common staпdards ensures that the results of different researches of 
intelligent we\ls will Ье in а format compatiЬie with the rest of the data 
received at the next stages of the study of wel\s and fields in general. 
With the guaraпteed compatiЬility of data, the eпgineers сап more effec­
tively use а variety of applications. Another advaпtage of having stand­
ards is the fact that they allow the sharing of products from different 
vendors. Finally, the exchange of infonnation, or at the request to the 
database the standards will еnаЬ\е the geoscientists to differentiate the 
"raw" curves апd treated curves easier, and also to distiпguish the other 
features of the data, such as the type of treatmeпt that has Ьееп applied. 
the performers of the treatment, etc. The ideпtification of such bend 
marks is particularly relevant for smart companies with the automated 
work with databases. 
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12.1. Standards of Petrotechnical 
Open Software Corporation (POSC) 

The main advantages of creating POSC. Previously, oi] and gas 
companies faced the proЫems of data management and dramatically 
increasing additional costs of the computer systems. Н idden costs man i­
fested, for example, because of the need to develop the software to 
transfer the acquired application to а format corresponding to one fLIПC­
tioning in tl1e applications of the сотраnу. The effective development 
of software required consideraЫe costs for training the personne] and, in 
extreme cases, it was necessary to create something \ike the "Depart­
ment of'reforrnatting" [2] to facilitate the data transfer between different 
applications. It is not profitaЬ\e for the intelligent companies to keep 
extra units ofthe staffand to allocate the funds for reformatting. In addi­
tion, the proЫems associated with the infon11ation processing lead to а 
decrease in the ve]ocity of analytical processes, which complicates the 
work in rea\ time. Under these conditions, any method that ensures the 
software а free access to the properly formatted input data wi\1 result in 
а significant increase in labour productivity. This method is the software 
standardization. 

The main advantages of creating the POSC are: the removal of 
barriers to the purchase of computer techno\ogy from different vendors, 
and the ability to communicate with each other and with the corporate 
databases from different applications, the aЬility to use multiple applica­
tions togetl1er. facilitating the user's activities. incгeasing the Jabor 
prodLJctivity, the rapid deployment of new and the better use of existing 
technologies, reducing the design cycle time, reducing additional costs 
and income growtl1, tl1e rationalization of economic and investment 
portfolios. 

POSC data stшage -data models and exchange fшmat. Tl1ere is а 
clear need to maintain and manage the technical data of the Е & Р be­
yond а variety of applications. Among the POSC the data storage loca­
tion is called а POSC data warehouse (POSC Data Storage - DS). The 
DS specification allows different organizations to distribLJte tl1eir data in 
different ways. The POSC specifications provide all these configura­
tions and ways to multiple data storages, so that they could have an ac­
cess to each other at any time. Each DS may comprise many different 
types of data. They need to Ье identified, determined and assigned to а 
certain type of structure. The POSC l1as created such а structural model 
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cal\ed the "Epicenter", it is defined independently of any application and 
comprehensively describes the required DS content. The Role of the 
Epicenter Zero is to determine in what form the software interface will 
present the data from the DS to the applications. The Epicentre is the 
only commercial data mode1 that provides an access to the data about 
the data and the information sharing throughout the life cycle of the as­
set. The applications a\so need access to the data that are not yet part of 
the data warehouse of the POSC. These amounts of the data must Ье 
avai1aЬie for а number of softwares created Ьу different companies. 
Consequently, there is а need in the genera1, physical format to share all 
the types of the Е & Р data and to archi ve them for the future reference. 
The benefits of having the POSC exchange format are that the employ­
ees will have fewer proЬ\ems in passing the data between the special­
ized systems, for the application to have а sing1e format will reduce the 
need to support а large number of the exchange ones, the consumers 
will Ье able to determine the comp1iance of the standard mode1 format, 
and a\so to download and to get access to the data without any transla-
tion. 

The object of POSC activities.Some time later, after introducing 
the Epicenter, the intellectua1 Техаса сотраnу decided to apply the 
commercial standards to its main Kem River project (an oi1 field in Cal­
ifomia, USA). This project was created for their perforation of we1\s to 
increase the production Ьу 10%. The field was in the third stage of de­
velopment and produced more than 11 tons of oil per day. At that the 
time the costs were only spent to provide the steam injection to displace 
the Ъеаvу oils. Decreasing of water saturation Ьу 1% led to the in­
creased profits Ьу $ 45 million а year. The field was managed Ьу 2 ge­
ologists. They decided to integrate on the market the current software 
with the Epicenter model. The total cost ofthe project, visualization and 
access data system amounted to more than $ 0.5 mi\lion. As а result of 
the integration, an enhanced production was to 14 tons 1 day, which 
made it possible to complete the project 12 months ahead of schedule. 
The total cost of the project was paid off in 9 days after increasing the 
production. The asset management team attributed these results to the 
improved data management and visualization. These two ingredients for 
success are the most fundamental of all the smart technologies. After the 
success with the Kern River, about 25 other companies began to derriand 
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for the Epicenter model. These and other projects cost Iess than $ 30,000 
and were implemented for 1 day [3, 4, 5). 

Tl1e use of the POSC standards enaЬles to achieve not only а sig­
nificant economic but also а technological effect. That is, it contributes 
to increase profits, not only Ьу reducing the finance and the time spent 
оп the work with the data, but also Ьу enhancing oil production, which 
becomes possiЬie thanks to more efficient work with the data and, as а 
consequence, to the adoption of more effective so!Litions of the man­
agement of smar1 fields. 

12.2. Standards of oil and gas data in the drilling- WITSML 

WJSTML drilling standard - purpose, advantages and disad­
vantages. The year 2000 marked the beginning of the development of 
the WITSML standards to transfer the data in а serial foпn, and their 
integrations from different rigs in the XML format. The pioneers in this 
project are the ВР and the Statoil. The Energetic сотраnу provides an 
independent SL1pport to the WIТSML standards from the beginning of 
the year 2003, when а specialized group, the WITSML Special Interest 
Group (SIG),was formed. The planned development allowed the group 
to include the representatives from all major and many other oil and ser­
vice companies. The WITSML is primarily the implementation of WIТS 
on the contemporary Janguage, transportation and program basis: 
through the XML, Intemet and Web services. The WJТSML is designed 
to improve the decision-making, tlыnks to the continuous flow of real­
time data. The WIТSML,developing thanks to the Energistics company. 
has more than 50 member companies, members of а special team en­
gaged in solving the specific proЬiems, as well as it was included into 
over 40 software products and applications used Ьу oil and gas cornpa­
nies around the world. 

Most oil companies have already implemented the WITSML 
tecl1nology to transmit the data in real time from the drilling rigs and 
from their archives, or are planning to do so in the near futllre. The vol­
ume of software compatiЬie with the WIТSML is increasing in response 
to tl1ese demands, and the standard itself is consideraЬiy becoming а 
treaty oЬiigation already, especially when it relates to the new fields. At 
the moment а number ofreasons cause the dep\oyment ofthe WIТSML. 
The standard provides the intelligent tools for the data integration and is 
the basis for the technology of the drilling centers. At tl1e moment. the 
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latest version of WПSML 1.4 supports the optimization of the automat­
ed use of the scenarios to minimize the user's intervention in the pro­
cessing of data streams. It is supplemented with the new data objects for 
а more flexiЫe description of the coordinate reference system (Coordi­
nate Reference Systems), while the operator (as opposed to the vendor­
а сотраnу that develops and distributes software) focuses on the daily 
drilling report. ln the preparation process of the version there were pro­
cessed over hundreds of requests for optimization. One of its main ad­
vantages is the ability to expand and to supplement easily to support the 
future technologies of the well engineering. The advantages of using а 
standardized approach to the information exchange on drilling are an 
intuitive to most engineers, drillers and drilling authorities and are usu­
ally characterized Ьу the following aspects: 

\. The WПSML enaЬies to increase the retum on the investments 
in high-tech areas, and opens up the new possiЬilities for the automation 
and optimization of the energy companies that would otherwise Ье im­
possiЬle or difficult. 

2. The WПSML reduces the cost of information exchange be­
tween the software applications within а сотраnу - developer and be­
tween companies - developers, joint ventures, partners, contractors and 
regulatory bodies. 

3. The WITSML reduces the costs for the replacement or substi­
tution ofthe software, and as а result, improves the functionalities. 

At the sarne time, its adoption and implementation contribute to 
the increased level through the promotion of branch standards. The pub­
lished specifications of the WIТSML exchange formats of а specific 
integrator (the customer) are always availaЬie. The undersigned client 
receives the data of the integrator, to whose puЬ\ished procedure it is 
connected. То retrieve the historical data if the connection is lost (for 
exarnple, faults on the satel\ite link), the WITSML provides а special 
type of the «GetFromStore» request using the non-state Web-protocols. 
The «GetFromStore>> enaЬies not only to receive the data stream, but 
also to perform the application request to the availaЫe objects, such as 
"we\1", "well bore" and to retrieve the data sorted Ьу the mnemonics, 
interva\s, updates, etc. This flexiЬility requires special efforts to ensure 
the information security. The basic data of the field geophysics can Ье 
only obtained during and immediately after drilling (before the column 
cernenting). They are expensive. The we\1 data can enaЬle to evaluate 
the reserves and hence the cost of the fields. This is extremely valuaЫe 
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business information. То protect it, the network constraints do not ustшl­
ly permit to enter the corporate network from the external environment. 
So that the companies engaged in the aggregation of data could search 
for and check their data directly while drilling of wells, they need а ге­
тоtе access inside the data center of the service сотраnу engaged in 
drilling. Alternatively, they сап provide а place on your intranet to the 
service companies, but in this case it is necessary to support the multiple 
systems of different service companies with their infrastructure of inter­
action and secшity. 

The WITSML document is presented in а convenient XML for­
тat. Froт the people who know the English teпninology of well log­
ging, it does not require great skills of sight-reading. According to the 
Petrolink сотраnу 95% of the integration proЫems is associated with 
the gatheriпg and coordination of tl1e data of well drilliпg. The 
WITSML сап obviously help to improve the situation. But there are 
some cons: the WITSML is still not well knowп апd is more difficult to 
use in tl1e field treatment. Due to the lack of the universally recognized 
industrial sample, the WIТSML flexibility is potentially fraught with 
confusion апd duplicatioп in the data types. lп theory, the work with the 
WIТSML data scheme should Ье quite simple, оп the relatioпship of the 
objects: 

Well --> Wellbore ~ The borehole inclination (patl1 for lюle) -> 

log strtrcture. 
But every service сотраnу iтpleтeпts this scheme in its own 

way. One сотраnу stores both path logging data, апd the information 
оп the incliпation iп the same structure, the standard ML request will 
not work. Another сотраnу does not follow the normal WITS authori­
zation procedure of point-to-point connection, etc. ln contrast to the 
W!TS replicated mапу times and long configured, the practical experi­
ence iп implementing and applying the WIТSML hasn't been estab­
lished yet. 

The WITSML was 'iпvented' Ьу the custoтers, producing and 
тajor service companies which decided to save money on the integra­
tion of the data availaЫe to them from variotrs soшces. The implemen­
tation depends on the service operators directly iпvolved in drilling and 
data collection. For them, the transition to the new foпnat is fraugl1t 
with additional costs. The Service companies may have private data and 
iпternal formats, the access of the third parties to wl1ich is uпdesirable. 
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The integration with the customers in the overal\ network on\ine, re­
quired to implement а secure service-oriented architecture of the 
WITSML, contradicts the rules of the internal security of many compa­
nies. The WIТSML development costs have not been in vain. Not re­
placing the WIТS in the coordination of businesses, the WIТSML 
proved а very useful tool for cross-program and cross-system integra­
tion, especially in the g\obally distributed companies. Instead of con­
necting in pairs the programs and corporate databases, there appeared а 
possibllity to display all their intemal circuits on the WITSML circuit, 
saving significant efforts оп the analysis and the development. То date, 
at the market there appeared the ready WIТSML - adapters widely 
spread in the world of geophysical software systems. 

Characteristics of the processes covered Ьу the WJTSML. The 
processes covered Ьу the standard are: the assemЬ!y 1 disassemЬ!y ofthe 
equipment, drilling, making а connection, the welbore enlargement, the 
pilot borehole drilling, core sampling, drilling mud treatment, the drill 
string assemЬ\y running into the well, the pulling out of the string, the 
preventive maintenance of drilling equipment, the repair of drilling 
equipment, hauling the tackle system, wire-line directional survey log­
ging, casing running, casing cementing, plugging-back, cementing un­
der pressure, molding, waiting on cement, drilling out of cement, 
mounting 1 dismounting of anti - aircraft defence, pipe formation test­
ing, fishing operations, well orientation operations, killing the well, 
stitching the pipes, the expectation of weather conditions, underwater 
operations, wellhead overflow test, the column pressure testing, deter­
mination of the rock strength under the shoe, absorption, а short drill 
stem assemЬ\y running, а short drill stem assemЬ\y pulling out. 

Some energy companies,such as Statoil and Saudi Aramco, have 
long recognized the benefits of using the WIТSML and as а result, their 
master service agreements stated that the WIТSML should Ье used for 
the provision of drilling data in real time. This does not apply to а wider 
sector ofthe oi\ and gas industry. The introduction ofthe new technolo­
gy simply because of the efficiency is mainly perceived in the industry 
as а solution that "it would Ье nice to accept" rather than "it is necessary 
to accept". In the case of а new well design, there are two distinct stages 
- planning of the well and preparing the well for the operation. 8oth 
stages require the support of the service team, working in the well- per­
fonned Ьу the depth and drilling disciplines of the service, as shown in 
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Fig. 1. А number of software tools will Ье used Ьу the engineers -
specialists and the crew in tl1e well to support the planning and prepar­
ing the well for the operation. This structure will Ье more valuaЫe for 
the business with planning in advance. The individual processes аге 
clearly represented Ьу the majority of oil and gas companies, but to 
what extent they are related to the effective sharing of the data is signif­
icantly different depending on the project. The main reason for this is 
the use of the approach "do it the way we did before," and, besides, 
there is no planning of fu\1 information f1ow. The exchange of infor­
mation is sometimes considered as а necessary evil rather than is treated 
as an opportunity to increase the full effect in tl1e work of project man­
agers and team leaders at the wells. 

The situation is more complicated in using the software from dif­
ferent vendors, which happens very often. Despite the fact that to date 
the WITSML offers only а partial solution ofthe proЫem, the standard 
moves towards а significantly increasing the efficiency of the data ex­
change in the future, since the development is accelerated due to the 
demand of the end. ln conclusion, it should Ье noted that the subject of 
the information exchange should Ье а critical aspect of the well prepar­
ing system for operation and the use ofthe WIТSML is likely to have а 
major impact on the value of the project. There are fixed documented 
cases when the WITSML significantly increased the profitaЬility of the 
project, but often the standardization is not part ofthe project strategy. lt 
may Ье so that tlюse who are responsiЫe for making decisions оп the 
project do not have the technical expertise in the field of WITSML and 
do not imagine \Vhat important role it сап play. Under these circшn­
stances, the result in the best case will Ье achieving some profit despite 
the ineffectiveness of data exchange. The key isslle in this case is what 
collld Ье the retum on the project, if the WITSML \vas а part of tl1e 
overall strategy. And what is more important is tl1e fact, how much there 
will Ье the overall retum from the oil and gas indllstry in the universal 
introduction and use ofthe WIТSML. 

12.3. Standards of oil and gas data in the production- PRODML 

PRODML pгoduction standшd- tl1e purpose, development llis­
tmy. The PRODML is а commercia\ initiative designed to provide 
standard interfaces between different software products whicl1 is used to 
monitor, manage and optimize the production of l1ydrocarbons. Tl1e 
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purpose of the PRODML is an optimization in real time, that is, an in­
stant process of the implemeпtatioп of the technology and any decision 
in the curreпt recovery process. The PRODML also епаЫеs to deploy а 
р\ап of а field iп electroпic forrn for а uпified control and to provide а 
single source of reliaЬie iпforrnatioп Ьу the optimizatioп cycles. Ver­
sioп 1.0 was developed in the year 2005 as а result of concentrated апd 
joiпt efforts оп the part of the five oil compaпies: ВР, Chevroп, Exx­
oпMobll, Shell апd Statoil. At the moment, the workiпg group of the 
community has more than 30 companies developing the standards for 
production. 

Characteristics of the data according to PRODML. At the re­
quest, the data traпsfer of the following пature сап Ье performed in the 
following ways: 

• Passing volumes of the extгaction and injection with account of 
the coпditions everywhere. You сап take iпto accouпt the measured, 
modeled, recommended, and other types of data. 

• Testiпg ofthe well. 
• Distributed fiber-optic temperature measurements (Distributed 

Temperature Seпsiпg DTS) and other data from the well seпsors and 
transmitters. 

•Operational 1·eporting on interпal operational, partner and state 
standards. 

Advantages and disadvantages ofusing PRODML. 8oth the oper­
ators апd the veпdors beпefit from the data ofthese standards. The oper­
ators ·are guaraпteed а high degree of compatibllity betweeп different 
veпdors' software products апd the reduction of the integration costs. 
They are also guaranteed the improvement of the production efficiency 
апd cost reductioп through а more efficieпt use of iпforrnatioп. With ап 
access to more timely informatioп, the operators will Ье аЬ!е to support 
the system workiпg at the well better and to coпtribute to the optimiza­
tion of productioп and its internal processes. The veпdors will get an 
opportunity to integrate тоге easily their software products into the ar­
chitecture of the customer while reducing the cost of the recovery and 
the development. 

Ultimately, the industry gets an advantage due to the improved 
standards which permit the resource owпers, the operators, the custom­
ers and the regulators to exchange easily the data with greater opera­
tioпal reliabllity. The operators сап exchange the iпformatioп and со\-
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laborate with the partners, the government and the service providers 
more efficiently, ensuring the observance of the contractual, corporate 
and other liaЬilities. There is also noted an increase in the operation se­
curity: the possiЬility of remote monitoring, collaboration and instant 
intervention to solve the proЬiems are added up to а reduction of risks to 
the personnel and the safer working conditions. 

12.4. Standards of oil and gas data in the development- RESQML 

RESQML development standard-The purpose of the standard. 
Modeling of the deposits is а multi-stage, multi-disciplinary and inter­
disciplinary process. The "literate" modeling requires geophysical, geo­
logical, geochemical and petrophysical data. Up-to-data models of the 
tanks are sufficiently detailed and can display important geological fea­
tures, and can weigh up to tens of terabytes. Fast and high-quality data 
exchange is а key point in the workflow. The proЬiems in the absence of 
а single standard are: 

• the data are often lost, because only part of them сап Ье ex­
ported or imported between different software packages; 

• the Multi format data transmission is а time-consuming pro­
cess requiring that the user should have а lot of experience and patience; 

• the absence of а Llnified standard of data storage and transmis­
sion acts as а barrier to the introduction of new applications and tl1e 
work flovv integration. 

The Standard allo\vs а quick and an effective exclыnge of data 
witiiOLit losses and the real-time interaction of all tl1e Е & Р processes. 

ExtendaЬ!e markup language jог гesavoiг mode!ing. n1e stand­
ard development (RESQML) is an extendaЬie markup langllage for 
modeling tl1e reservoirs. Тl1is is а foпnat witl1 tl1e exteпsion used t'or 
storage, export /import of data. lt allows you а quick and reliaЬie trans­
mit of three-dimeпsional models witl1 rшrlti-million cells. The standard 
is designed Ьу the Energistics, а global on-pгofit organization, managiпg 
tl1e open data and the standards in tl1e development and productioп of 
l1ydrocarbons. Tl1e standard lшs been applied since .JanLiaгy. 2012. 

Featuгes of RESQML development standm·d. Tl1e RESQML al­
lows LIS to represent the model as а framework consistiпg of' lюrizons. 
faults, areas of disagreement and chronological relationsl1ips betvveeп 
them. The SL1pport of multiple geometric representatioпs of eacl1 item, 
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including а set of points, а regular two-dimensional grid, а triangular 
surface and sets of curves has been realized. The transmission of the 
information оп the horizons and faults does not require any communica­
tion with the three-dimensiona1 grid. The app1ication of the standard 
ensures а quick and easy data import 1 export, as regard1ess of the 
amount of information, the transmitted fi1es wi11 Ье only two, namely, 
the main document with the extension and an additional one with the 
extension.resqm1.h5; а simple updating ofthe model, for example, when 
necessary, to transmit on1y а fau1t, or а structura1 surface, not the entire 
mode1, the improved features ofthe grid, which operate in the construc­
tion of mu1ti-million-cell mode1, all the e1ements of the reservoir have 
their own coordinates, and the integration with the WIТSML and the 
PRODML is supported with the following WITSML objects: а we11, the 
wellbore, а trajectory, а formation marker, а welllog; etc. 

12.5. Standardization barriers in oil and gas industry 

The aging of the workforce in the industry and the increased ex­
ploration and production of oil and gas in harsh environmental condi­
tions will raise the need of the urgent adoption of standards. Because of 
the reduction of experienced engineers working at the well sites and also 
the rising costs of the personne1 maintenance at these sites, the petrole­
um companies wi11 re1y more оп their data processing centers that will 
process the information coming from these remote sites, require the data 
in standard formats and use the standard protocols to Ье cost-efficient. 
The industry сап benefit from the experience of other industries and 
move straight to а standardized environment. The lagging industries are 
аЬ\е to deve1op their position Ьу the immediate adopting of advanced 
techno1ogies rather than Ьу replicating the previous technological areas. 
The strategy must Ье built around the status of the \agging oil industry 
so as to use it as an advantage. This will require that the oil industry 
shou1d understand the character and the driving forces of the industry 
and also spread the industrial processes and technologies. An important 
part of adopting of standards is finding the ways to coordinate with oth­
er firms and to set а growth strategy for the transition from the current 
methods to the improved standards. Using the efforts of contractors, 
operators, and governmental entities, the improvements in reporting on 
the exploration and production activities, а better reaction to the world 
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market and the environmental condition сап Ье achieved. The compati­
Ьility of the data allows making better decisions - throughout all the 
processes, drilling and well completion, development and production, 
and finally operations and maintenance. This also will ensшe the gov­
emmental bodies а better control of the environmental impact and the 
production monitoring with fewer personne\. 

Conclusion 

Standards al\ow us to accept more effective solutions on manag­
ing smart fields in real time due to more qualitative information ob­
tained through the improved access to full information, and with the 
aЬility to work more effectively with this information. The presence of 
standards \eads to а significant increasing of the fina\ business results, 
i.e. reduction in tl1e finance and the time on the spent work and the in­
creasing profits Ьу enlшncing the production of oil or gas and а more 
rational utilization of mineral resources. The industry gets an advantage 
due to the improved standards which permit the source owners, opera­
tors, and regulators customers to exchange easily the data with greater 
operationa\ reliaЬility. The operators can exchange the information and 
collaborate with the partners, the government and the service companies 
more efticiently, ensuring the observance of the contractLial, corporate 
and other liaЬilities. There is also noted an increase in tl1e operations 
security: the possiЬility of remote monitoring, col\aboration and instant 
intervention to solve the proЫems are added up to а redttction оГ risks to 
the persoпnel and the safer workiпg conditions. The ttse of tl1e POSC 
standards enaЫes to achieve not опlу а significant economic but also а 
technological effect in the management of smart fields. 
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CHAPTER 13. HIGH PERFORMANCE COMPUTER 

Abstract 

In the reservoir development the oil companies faced the task of 
an effective extraction of raw materials. The investigations and comput­

er simulations should Ье executed before drilling of new wells, choosing 
the method of oil and gas production. The simulation of oil and gas field 
model апd its analysis Ьу moderп software is required before proceediпg 
to the developmeпt iп practice. The simulatioп is also necessary in the 
working out of the measures to iпcrease the productivity of the existing 
wells, as the bad-considered actions сап cause more harm thaп benefit. 

Keywords: ЗD visualization, supercompute1·, real-time regime 
(RTR), а database of tl1e ext1·emely Ьig data, parallel computing, hig/1-
performance computing system (НРС), simulation, sound с/шппеl, res­
ervoir, gigabyte system. 

lntroduction 

In the given chapter the technology of creating of three­
dimeпsional digital models of oil and gas fields and the formation of the 
design and technical solutioпs оп this base are described. Presented are 
the basic program software prodllcts of the world's leading Vendors tl1at 
provide the given technology to optimize which tl1e additional algoritl1-
mic and software prodllcts are offered. The concept of extremely Ьig oil 
and gas data (Big Data), the solution of wl1ich is an actual topic in our 

time of high technology, has Ьееп revealed. The description is given to 
the concept of а database management system in real time, tl1e main 
f"unctions of' the database in real time are enumerated. Т11е Section "3D 
modeling and design" inclвdes а description of the methods апd tecl1-
nologies for the creation of models, their scope, goals and objectives. 

The 3D visвalization section inclвdes the types of the data required to 
create the visualization. its functions, progress of tl1e 3D visualization 
over tl1e past decades. Т11е technology of tl1e casing visualizeг is pre­
sented,as well as its actвality and application in practice. 
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13.1. The concept of the proЬlem Big Data 

The Ьig data in iпfonnation technology is а series of approaches, 
tools and methods for processing of structured and unstructured data of 
large amounts and а significant diversity to gain the human-readaЫe 
results, effective in conditions of the continuous increase, the distribu­
tion through the numerous computer network, formed in the Iate 2000s, 
the alternative traditional database management systems and the solu­
tions ofthe Business Intelligence class. The series includes the means of 
massive and parallel processing of indefinite structured data, first of all, 
the decisions ofthe NoSQL category, algorithms, MapReduce, software 
frameworks and the libraries of the Hadoop project. As the defining 
characteristics for the Ьig data there are pointed out ''three Vs»: volume 
(Engish volume, in terms of value of the physical volume ), speed (Eng. 
velocity in terms of both the rate of an increase and the need for high­
speed processing and getting the resu\ts), diversity (Eng.variety, in the 
sense of the possiЬility of simultaneous processing of different types of 
structured and semi-structured data). It is most frequently indicated as а 
basic principle of processing the Ьig data SN-architecture (Eng. Shared 
Nothing Architecture), providing massive and parallel processing, scal­
aЬle without degradation into hundreds or thousands of processing cen­
ters. At the same time, McKinsey, except for the NoSQL, MapReduce, 
Hadoop, R, technologies considered Ьу most analysts, includes the con­
text of applicaЬility to handle the Ьig data and the Business Intelligence 
technologies and relational database management systems with the SQL 
\anguage support. ln December 201 О, the ORACLE сотраnу issued the 
first in the world open database management system in real time. For 
example, using the sensors mounted on the equipment in the field, the 
field system can collect the operating data and analyze the key parame­
ters of the wells. This helps to control the operation of а more proactive 
way of planning the preventative servicing plan and avoiding break­
downs ofthe equipment. 

The knowledge management systems allow you to record the ex­
perience of the employees and to create "virtual experts" to manage the 
actions of the operators in relatively simple situations. As а result, part 
of the \oad is removed from the actual experts who can Ье engaged in 
more important and complex cases. In the construction of а smart field 
there are its own proЬiems. If in many new fields the modern control 
equipment is installed, the older ones often provide only а Iimited set of 
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data. ln fact, part of the key infonnation, as before, is collected in the 
paper. And even iftl1e data are collected electronically, most companies 
store them in the isolated computer systems, which are often difficult to 
"communicate" with each other. 

The solution is to find а way to integrate all the systems and to 
make the technology infrastrllcture а soLtrce of profits, not disappoint­
ment. То Ье effectively analyzed, the data must Ье stored in one location 
and in а standardized form. This will еnаЫе to avoid conflicts arising 
from the storage of data in the isolated systems. А smart field is not j ust 
the data. With the help of modem technology the original data from the 
field are converted into the meaningful inforrnation, based on whicl1, the 
experts can increase prodllction, reduce costs and optimize operations. 
The Oracle is а leader in the processing of Ьig data. Figures 13.1, 13.2, 
13.3 describe the brief schemes of the traditional data processing and the 
processing ofЬig data Ьу the Oracle [4]. 

13.2. Systems of data base management in real time 

Systems of data base management. The p1·incipa/ ideas of modern 
injOJ·mation technology are based оп tl1e concept of databases (DB). 
The systems of data base management in real time, in contrast to tl1e 
conventional database management, have time constraints on the trans­
action execution, that is, the data must Ье actual and retum at а clearly 
defined period of time, not to lose their val ue Ьу the time the transaction 
is completed. А particular type of the database management systems in 
real time are the systems with а multi-level access security (Multi Level 
Security), the users of which have different levels of access and work 
only witl1 the grollps of objects of а definite level of confidentiality. 
Sucl1 systems are llsed in tl1e ministries of defense, aviation systems and 
automated process of trading in stock markets. When designing а data­
base management system in real time with the MLS, it is important not 
only to achieve the criteria of security, bLtt also tl1e preservation of the 
existing criterion of efficiency, that is, the amount oГtl1e missed dead­
lines. 

The purpose of tl1e systems operating in real time is tl1e interac­
tion with the objects of the external (relative to the system) world in the 
rate of processes taking place in these objects. This is due to the fact tlшt 
the input signal in sucl1 systems usually corresponds to some changes in 
the physical process. and tl1e Olttput signal (most often а process control 
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signal) must Ье associated with these changes at а certain period oftime. 
This time is often referred to as the response time of the system, it is 
used to describe the SRT. The external events to which the system re­
sponds, in general, occur at random times. The processing of any up­
coming events is to perform а sequence of actions, in advance limited 
Ьу time frames. For example, an external event may Ье the availaЬility 
of the data from the asynchronously operating device, which is not di­
rectly controlled Ьу the operator. 

The main functions of the systems of data base management in 
rea\ time. 

Defining the data. The database management system should allow 
the definition of the data (extemal schemes, conceptual and intemal 
schemes of corresponding images). For this purpose the database man­
agement system includes а language processor for various languages of 
the data definitions. 

Data processing. The DBMS should handle the requests of а user 
for the selection and modification of the data as well. For this purpose 
the database includes the components of the language processor of the 
data processing. 

Data security and integrity. The DBMS should monitor the re­
quests and prevent the attempts to break the security and integrity. 

Data recovery and duplication. The DBMS should provide the 
data recovery after disturbances. 

Data Dictionary. The DBMS must provide а function of the data 
dictionary. The dictionary can Ье considered as а system database that 
contains the information about the data of the user's database, that is, 
contains definitioяs of other objects in the system. The dictionary is in­
tegrated i nto the database, defi ned Ьу it and contains а descri ption of it. 

The DBMS must function at the peak performance. Usually the 
modern database management system contains the following compo­
nents: nucleus, which is responsiЬle for data management in the extemal 
and operative memory and logging; CPU database language that opti­
mizes the requests to retrieve and update the data, and to create, as а 
rule, the machine-independent executaЬie native code; the subsystem of 
the support ofthe execution time that interprets the programs ofthe data 
manipulation, creating а user's interface with а DBMS; as well as the 
utilities (external utilities), providing а number of options for the 
maintenance ofthe information system. 
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Means of database organization. The database management ena­
Ыes to organize the operation with the remote offices within а single 
information space in order to obtain the information about the state of 
affairs in the geographically remote subdivisions of the organization, 
and for the employees to obtain promptly the necessary infonnation 
from the central computer. The requirements for the database include: 
the monitoring ofthe integrity ofthe transmitted data; the use ofvarious 
communication channels; the ensuring of the efficient loading of the 
whole system; а completeness of the data, the presentation, that is, the 
data in the database shou\d adequately represent а\1 the infonnation 
about the object and they should Ье sufficient for the data processing 
systems; the insurance of the preservation of the infonnation when pro­
cessing it; the provision of the access to the data; the integrity of the 
database, that is, the data must Ье stored in their processing Ьу the data 
processing systems; the flexibility of the data structure, that is, the DB 
should allow to change the data structure without disturbing its integrity 
and completeness when the outer conditions change; the feasiЬility. 

There should Ье an objective presentation of а variety of objects, tl1eir 
properties and relations; the availaЬility, that is, the database must pro­
vide а differentiated access ofthe users to the data. 

The DBMS processes the infonnation that is in the database. lt 
must meet the following requirements: 

1. data independence, flexiЬility, data protection; 
2. the support to both centralized and distributed database; 
3. protection of the database from the mismatch in the mode of 

puЬiic access. · 
The main tools in the database management systems are: the job 

descriptions of the database structure; the construction of the screen 
forms for data entry, viewing and processing in on-line; the tools for 
creating the requests to retrieve the data under specified conditions; 
means of reporting from the database to print the processing results in 
the user's form; means of reporting from the database to print the pro­
cessing results in а user's form; the language of tools - macros, а built-in 
algorithmic language (Dbase, Visual Basic, etc.), а request language 
(SQL), etc.; tl1e tools for creating tl1e user's applications (application 
generator, tools for creating menus and control panel applications) that 
еnаЫе to fix various operations with the database in а siлgle process. 
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The database maпagemeпt system сап have the iпcluding or basic 
programmiпg laпguage. Iп the DBMS with the host laпguage, its оwп 
algorithmic laпguage is used allowiпg to except the data maпipulatioп 
operatioпs to perform various calculatioпs апd data processiпg. The 
staпdard relatioпal request language is а SQL structured request laп­
guage [2], [4]. 

13.3. Supercomputer in modeling 

The year 1976 сап perhaps Ье called the begiппiпg of the era of 
supercomputers, wheп the first Cray vector system 1 appeared. Workiпg 
with а limited set of applicatioпs at that time, the Cray 1 showed such 
impressive results, when compared to the coпveпtioпal systems, that it 
deserved the name "supercomputer" and deteпnined the developmeпt of 
the industry of high-tech performaпce computing for many years. But 
more than two decades ofthe joiпt evolutioп ofthe architectures апd the 
software systems оп the market, there appeared the systems with radi­
cally differeпt characteristics, so the concept of the "supercomputer" 
became а multi-valued and had to Ье revised repeatedly. 

The attempts to defiпe а supercomputer relying only оп the per­
fonnaпce have led to the пееd to coпtinually raise the bar that separates 
it from а workstation or even from а commoп desktop computer. Only 
in the last 15 years, the conditions have been changed several times. Ву 
definition of the Oxtord Dictionary of Computer Science in 1986, in 
order to get this proud пате, the capacity should Ье of 10 Mflops (mil­
lions of operations with а floating comma per second). In the early 90's 
the mark of200 Mflops was overcome followed Ьу 1 GFLOPS. 

Oil, gas and supercomputers. The efficiency of operations iп the 
oil апd gas industry is directly related to the use of powerful supercom­
puters to solve large-scale computational tasks ensuriпg the quality of 
the search and exploration of oil and gas fields, the increase of the 
productivity of the existing wells and the reduction of eпvironmeпtal 
damage iп their development. Nowadays all over the world, everyone is 
well aware that the improved efficiency of oil and gas industry is direct­
ly dependent оп the power ofthe applied high - efficient computing sys­
tems. Out of 500 most powerful supercomputers in the world their ap­
plicatioп iп geophysics Ьу oil апd gas service companies in exploratioп, 
prospecting and development ranks third in the use. In order to find and 
develop oil and gas fields effectively, the geophysicists analyze the re-
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sults of applying various physical methods of remote sensing data joint­
Jy with the data of prospecting, expJoration and production weJJs, as 
well as the diverse geological information. 

Among the geophysical research methods seismic, electromagnet­
ic and gravitational ones сал Ье noted. At present the seismic explora­
tion in the search for oil and gas is mainly used. The idea ofthe method 
is that on the earth surface (or the sea surface) the artificial, for example, 
Ьу explosion elastic waves, are stimulated, which are then recorded on 
the earth surface Ьу the geophones, special devices. The waves reflected 
from the boundaries ofthe rocks with different physical properties са!Т)' 
the information about these properties. 

The process of extracting information from the seismic data is as 
follows. First of all, it is necessary to suppress the coherent and incoher­
ent noise, the so-called wave-interfeгences. Then it's пecessary to build 
а velocity-depth model ofthe environment describing the propagation of 
waves at the macro-Jevel, а three-dimensional depth image of the part of 
the earth's crust in the area under study. Finally, it's necessary to attempt 
to analyze the composition and the properties of rocks and to predict the 
presence of deposits of oil and 1 or gas. During the processing of th~ 
information recorded in the seismic survey, rather а complex and di­
verse mathematical tool is used. The suppression of the interference 
waves requires the application of various single-measured and multi­
dimensionaJ filters, both in time and in frequency domain and also in the 
Radon transformation. During the construction of the velocity-depth 
model use is made ofthe tomographic methods which are reduced to the 
solution of large systems of linear equations. Finally, in the process of 
constructing of the depth imaging of the medium there are used these or 
other means of direct or opposite wave field continuation, i.e., to obtain 
the estimates of the wave equation solutions. There are appl ied both the 
numerical methods, including the method of finite differences or finite 
elements, and the numerical analysis when the Kirchhoff integral device 
is used. 

It's possiЫe to make а conclusion justified Ьу serious and costJy 
computations such as, after analyzing the cost of well drilling. The on­
land drilling of one well costs the oil сотраnу on average US $5 mil­
lion, while the offshore drilling using а drilling platform or а vessel may 
exceed US $100 million. That is why the leading foreign oil service 
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compaпies апd research ceпters are actively iпvestiпg iп the develop­
meпt related to the supercomputiпg techпologies. After all, the speed 
and the quality ofthe calculatioпs directly affect the time апd the quality 
of search for fields, the accuracy of exploration апd development dri\1-
ing, the efficieпcy of oil апd gas recovery during the field development 
life. The success of the prospectiпg drilling is enhaпced through the 
high-performaпce processing апd interpretatioп of seismic data, апd the 
effectiveness of subsoil use is iпcreased through а high-precisioп hydro­
dynamic simulation. Iп particular, in the old, depleted fields, these 
methods сап significantly improve the oil recovery factor. Accordiпg to 
the CERA eпergy consulting agency (USA), in the пехt 3-5 years, the 
use of supercomputer calculations will provide: ап increase iп the пum­
ber of the oi 1 produced in the field Ьу 2-7%; the reductioп of the cost of 
oil production Ьу 1 0-25%; an increased production rate of 2-4%. 

The stage of oil and gas production is called field development. Iп 
order to extract oil from the porous country rocks, several wells are 
drilled which are injected under pressure. А variety of solutions, hot 
steam апd сап arraпge а controlled fire at а depth of several kilometers 
in order to reheat the solid fractions of hydrocarbons. Iп order for these 
processes to Ье effective апd productive, according to the initial results 
of the seismic data and we\1 testing (оп а computer build), the volumet­
ric geologica\ and hydrodynamic models of the fields are built on the 
computer that are constantly specified and verified. For such models the 
complex mathematical algorithms are used taking into account huпdreds 
and thousaпds of different parameters simultaneously, which requires 
the use of the most powerful supercomputers. The more powerful and 
the better used design algorithms are the higher quality апd accuracy of 
the model building and, the quality of the decision-makiпg, that directly 
affect the efficiency and lifetime of the producing fields of hydrocar­
bons. 

А particular proЫem is that the volume ofthe origiпal seismic da­
ta of the exploration of one field сап Ье tens of terabytes. As an exam­
ple, а study case сап Ье mentioned: the fonniпg of а depth image оп а 
1000 km2 usiпg the algorithm of reverse time migration, which is re­
duced to а two-fold solution of the wave equation Ьу the method of fi­
nite differences in the space-time domain, it takes 6 months usiпg the 
1024 processiпg cores [3]. 
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13.4. Fiber-optic measuring system 

In the last 5-7 years the fiber - optic measuring system has been 
widely used in the following areas: measurement of temperature and 
pressure characteristics; downhole flowmetering; continuous well moni­
toring; 4С and 4D development monitoring of the visualizer of the cas­
ing and the cementing process. The fiber - optic cable consists of а glass 
or quartz core for а direct data transfer, and the surrounding sheath and 
it can transmit the signal without losses of information. The fiber- optic 
systems are "transparent" with respect to various data coding systems 
and are compatiЫe with the systems of many electronic device manu­
facturers (Kalatel, Sensonnatic, Philips, Panasonic, etc.). The range of 
the fiber- optic equipment is from -40 to +75 о С. The equipment design 
ensures а reliaЫe operation ofa fiber-optic system in the event offailure 
of any element. The faulty module in the Ьlock will not affect the opera­
tion or perfonnance of the other modules in this Ыосk. When transfer­
ring video signals over small and large distances, the fiber- optic sys­
tems do not require electrical or optical adj ustments. The fiber-optic 
connection guarantees minimum noises and а high security. The plastic 
fibers are used in the grip length of not more than 100 m and at а re­
stricted speed (<50 MHz). RecentJy, there have been developed plastic 
fibers suitaЬ\e for the transmission at the rate of 40 Gbit 1 с with а саЬiе 
length of 30 т and at а rate of 5.35 GЬit 1 с with а саЫе Iength of220 m 
(Lightware N4 2007). The probability of an error in the fiber-optic 
transmission is <iO-i О, which in many cases makes it unnecessary to 
control the integrity ofthe messages. 

Doиmhole jiber- optic sensors. А real time is an infonnation and 
communication stage of oil and gas fieJd deveJopment technology, the 
main production products of which are infonnation and knowledge. The 
information and communication stage of oil and gas science develop­
ment, namely, geophysics (4D seismic), geology and oil and gas field 
development (4D monitoring) is different from the past Ьу the necessity 
to operate а meta volume of geological field data. In the oil and gas in­
dustry the process of the avalanche flow of infonnation has begun. The 
progress has been made in the technology of receivers ( 4С seismic sen­
sors, fiber- optic sensors in the we/Js, the system of gathering, treatment 
and transportation of oil and gas ). The production technology of the fi­
ber-optic receivers (sensors) is continuously improved, which leads to 
the further increase of data. The 3D geological and hydrodynamic mod-
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els also generate huge amouпts of synthetic data. In modem oil and gas 
science the geological and field analysis ofterabytes and even petabytes 
of seismic, geophysical, field-test data has become а routine task. 

The first fiber-optic sensor was installed in the well in the year 
1996. The Jeading foreign companies working with the fiber-optic sen­
sors are Schlumberger, Shell, and Halliburton. The Schlumberger has 
estaЬ\ished such seпsors iп more than 300 wells with а total length of 
the fiber-optic over 600 km. The fiber-optic downhole seпsors represeпt 
а system that includes an optical fiber which is Jocated in а borehole in 
the test interval, and а computer data acquisition and processing unit, 
installed on the surface. The fiber-optic is both а distributed temperature 
seпsor (pressure) апd а traпsmissioп information chaпnel from the well­
bore to the surface. The device operates оп the principle of traпsmitting 
the light impulses generated Ьу the laser through the optical fiber and 
processing the reflected signals under а certain program. The technology 
based оп Bragg grating allows you to comЬine the sensors inside the 
fiber-optic channel, tuming а monolithic structure into one continuous 
seпsor. 

The variations in temperature, pressure or stress оп the fiber-optic 
change the length of the reflected light wave. The fiber- optic sensor is 
аЬ\е to withstand high temperature, pressure and vibration. The fiber­
optic sensor allows to measure the temperature profile in the well in the 
range from -40 to + 3 50 о С, with an accuracy of ± 1 о С. 1t provides а 
distributed metering system at ап iпterval of 1 т, to the depth of 
5000 т. 

The fiber-optic seпsors are classified according to the type of ac­
tion: ampl itude; interferential; distributed ( direct and inverse scatteriпg); 
fluorescent; inter-fiber lattice; comЬiпed. The sensor of the temperature 
ог the pressure is а single-mode or а multimode optical fiber, protected 
Ьу the outside sheath of steel wires. Such а sensor designed in the form 
of а сштiеr саЬ!е ensures it а good flexiЬility and, simultaneously, а 
high tensile strength with the gravity of about 350 g 1 т. The fiber- optic 
sensor can Ье iпstal\ed in the produciпg апd the injection wells. The fi­
ber-optic cable is mounted оп the outer side of the tuЬiпg or the outside 
of the productioп casing. Wheп iпstal\iпg the fiber-optic cable on the 
tuЬing, the life ofthe system corresponds to the iпterrepair period ofthe 
well operation from 1 to 5 years while in the cable installing on the pro­
duction casing, the welllives up to 20-30 years. 
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When mounting оп the outside of the tuЬing, the protected fiber­
optic is laid along the perforated portion ofthe pipe. The optical fiber is 
put through the structural elements of the downhole equipment (packer) 
and along the body of the submersiЫe electrical pump. When installing 
the fiber-optic саЫе on the outside of the production casing, the latter is 
mounted above the roof of productive strata оп the technology of the 
collar cementing. The lower part of the column in the area of the pro­
ductive strata is equipped with the sectional filters. The optical fiЬer is 
laid on the outside ofthe column filters with а pass through the structur­
al elements of the managed packers, sleeves and the collar cementing 
packer. 

The steeJ pipe for placing the optical fiber is mounted on the outer 
side ofthe casing above the cementing basket assemЬly and is cemented 
together with the column. The time of measuring the temperature profile 
and 1 or pressure of one well is 2 min. According to the «Sensa» сатра­
nу, which today is one of the Jeaders in the introduction of the fiber­
optic technology, only through the use of the information in РРВ, the 
сотраnу has achieved the productivity increase of а number of wells in 
the Gulf of Mexico Ьу 36%. 

The distinctive features of the fiber-optic sensors in comparison 
with the traditional methods of the thennopiezometry are: measurement 
of the thermal field and 1 or the pressure field (profile) along the well­
bore in real time; high reliaЬility and long life of the fiber- optic sensor; 
high staЬility of the system of the thermopiezometry for the interrepair 
time or the life of the well; immunity to electromagnetic interference; 
remote control (up to several kilometers); measurement with high accu­
racy; inertness to chemicals. The fiber-optic sensors of the downhole 
survey and monitoring ofwells in РРВ provide: the control ofthe layers 
in the process of production and injection under steady-state and the 
dynamics of operation conditions of the well; the control of the dynam­
ics of movement of inter- fluid contacts; the monitoring of the move­
ment of the fluid along the tuЬing to identify the areas of possiЬJe for­
mation of paraffin plugs and gas hydrate Ьlocks; the monitoring of the 
technical condition of the production casing and the tuЬing, the defini­
tion of nongermetic zones and casing cross flows; the monitoring ofthe 
submersiЬie pump or gas lift valve system. The advantages of using the 
fiber-optic sensors are: the measurement of the parameters of the well 
operation in real time; а small number of components resistant to vibra-
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tion; а high sensitivity and а wide working range; а flexiЬility, а distrib­
uted reading system, the consideration of many parameters. 

То ensure the well monitoring using the fiber-optic technology in 
РРВ, use is made of the following equipment: а submersiЬie fiber optic 
(annored) саЫе; the data acquisition and processing unit; а wellhead 
interface саЬ!е for а cable outJet to the surface; the саЬ!е connectors; the 
tuЬing mandrel for а fiber-optic sensor. А submersiЫe amюred fiber­
optic саЬlе a\lows to receive and to transmit to the surface in real time 
the highly accurate continuous information on the following well pa­
rameters:the pressure, the temperature, the flow rate, the phase composi­
tion of the mixture, the temperature distribution in the borehole, the 
seismic data. А standard саЫе consists oftwo single-mode (for measur­
ing pressure, flow rate and seismic vibrations) fibers and one multimode 
fiber for temperature measurement in the wellbore. The period of use of 
this sensor is comparable with the lifetime ofthe well [4]. 

13.5. Нigh-performance computing in real time 

The high-performance computing (НРС) is in the use of parallel 
processing for running the advanced programs efficiently, reliaЫy and 
quickly. The term especially applies to the systems that function above а 
teraflop or 1 О 12 floating-point operations per second. The tenn НРС is 
occasionally used as а synonym for supercomputers, although technical­
ly а supercomputer is а system that currently perfo1111s а high operation­
al rate for computers. The software has been written for а serial compu­
tation: to Ье couched on а single computer with а single central pro­
cessing Unit (CPU). А proЬ!em is split into а discrete series of instruc­
tions. The instructions are executed one after another. Only one instruc­
tion may Ье executed at any moment (Fig 13.6). From the simplest point 
of view, the Parallel computing is the simultaneous use of multiple 
computing. It will work using several pгocessing resources to solve а 
computational proЬiem: the proЬiem is broken into the discrete parts 
that can Ье so]ved concurrently, Each part is further broken into а series 
of instructions, the instructions from each part execute simuJtaneousJy 
on different CPUs (Fig 13.7). 

The computing resources may Ье: а single computeг with multiple 
processors; an arЬitrary number of computers connected to а network; а 
comЬination of both. The computational proЬiems shou\d Ье аЬ!е: to Ье 
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broken into discrete pieces of work that сал Ье solved simultaneously; 
to execute multiple program instructions at any moment; to Ье sofved in 
less time with multipfe coriiputing resources than with а single compu­
ting resource. 

The parallel calculation algorithm. The parallelization of the cal­
culation is provided in two ways simultaneously. It is the use of а para]­
lel simulator and the separation (preprocessing) of the field model into 
sectors, followed Ьу а parallel calculation of these sectors. If а serial 
simulator is used, the parallelization is limited to а sector division. The 
software for parallel calculations is shown in Fig. 13.8 and consists of 
Ыocks: а control С ++ code; а parallel С + + code with the MPICH2 
library; an Eclipse Parallel Simulator with а MPI/ Pro library; the ana­
lyzer ofthe supercomputer loading С++; the data (warehouse) storage. 
The managing С + + code is responsiЫe for running all the other units, 
including the executor of the parallel code, the optimizer of the model 
with post-and preprocessors, а log analyzer, the exchange of boundary 
conditions, the analyzer of supercomputer loading, as well as а user in­
terface. The model optimizer divides the model into the sectors (their 
number is ns), then it integrates into the entire model. The separation is 
carried out in а staggered manner so that the calculation of one sector 
did not depend on the calculation ofthe other, that is, it had no boundary 
conditions. The simu]ation of the sector depends on the results of mod­
eling ofthe neighboring sectors, so the exchange ofboundary conditions 
takes place when the calculation results of the related sectors are ready. 
Each sector has its own catalog for storing the initial, settlement com­
putes and boundary data. 

The Contractor of the parallel code starts the computing sectors, 
i.e., individual Eclipse Parallel streams. The Eclipse Parallel Simulator 
uses the standard MPI 1 Pro library. The launch of"the simulator with the 
parameters is controlled Ьу tl1e "parallel С + + code », which carries out 
the launch of the simulator with the specified input parameters. After 
reaching the required accuracy of the calculation, the merging of the 
sectors in the entire mode\ (post-processing) is performed. 

The leading analyzer perforrns а continuous monitoring ofthe uti­
lization of the supercomputer hardware resources (CPU loading, RАМ, 
hard disk, etc.) and records measurements in а log. This and other jour­
nals (Joumal of Eclipse, а log of all С++ codes) are processed Ьу the 
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log analyzer, and Ьу the results of this analysis the control messages are 
generated. А user сап react these messages and intervene in the process 
of calculation, for example, spending additional separation ofthe sector, 
or to stop the flow with poor calculation parameters (4]. 

13.6. 3D Simulation of oil and gas processing 

The reservoir simulation is another important application of the 
НРС systems. It helps us to understand the flow processes in the reser­
voir. The seismic interpretation of the core data and the well \ogs аге 
used to create geological ог static mode\s. А high resolution of reservoir 
models has provided many insights into the reservoir processes in Jarge 
reservoir models. Because of its obvious benefit, there is а great motiva­
tion to build very many high resolution models for an accurate capture 
of the heterogeneity in the reservoirs. Fig. \3.9 schematical\y shows the 
main stages of creating three-dimensional models of oi\ and gas fields. 
All the stages аге interrelated and mutually supplementary as it process­
es the information on the formation and saturating fluids. The interpreta­
tion of the geophysical data and petrophysical parameters can distin­
guish the faults often occurring in carbonate reservoirs, for example, а 
vertical fracture with the help of а detailed ХМАС acoustic \ogging 
(Baker Hughes). The construction of the structural model of the роге 
space al\ows finding out the distribution of the vertical and horizontal 
fractures and, as а consequence, to determine the predominant flow 
along or perpendicular to the bedding. 

Constructing а static reservoir model allows us to determine the 
distribution of fluids in the reservoir, the dependence of the main pa­
rameters of the liquid and gas on the specific geological and physical 
conditions. With account ofthe environment ofsedimentation and facies 
architecture, the facies analysis of the productive strata contributes to 
the building of а more detailed geological and static reservoir model. 
The analysis of the results of the hydrodynamic research enaЬ\es to re­
vea\ the distribution of the basic properties of formations both vertically 
and laterally. 

The results ofthe above studies are taken into account in the con­
struction ofa hydrodynamic model ofthe filtration offluids in а particu­
lar reservoir. The construction of а defined dynamic model is based on 
the selection of typical flow elements, which mainly depend on the tex­
ture of sedimentation. This is particularly important for carbonate rocks, 
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as the carbonate texture has а significant impact on the variaЬility о( 
permeaЬility and distribution of bound water. 

The optimized scenario of the development or the further devel­
opment of the deposit using modern computer technologies certainly 
differs Ьу а lower degree ofrisks and high profitaЫeness. 

The method of tagged points is adapted to describe the distribu­
tion of discontinuous small barriers within the sand body. The discretc 
stochastic method is used to simulate the geo\ogica\ features of the de­
posit, discrete Ьу its nature of clay or sand bodies, facies bodies. lt is 
based оп а probaЬilistic assessment of the sizes of clay inter-layers, 
which are determined Ьу using the cumulative distribution frequencies. 
This method basical\y al\ows you to describe the form of sand and clay 
bodies, the most characteristic of the simulated sedimentary environ­
ments (channels, bars, etc.). But the researchers are increasingly turning 
to the more simple geometric forms, such as rectangles and squares. The 
method of tagged points is similar to the procedure proposed Ьу Hal­
dorsen, Lake (1984). For the 3D model each clay interlayer is generated 
Ьу random setting of six numbers: three of them define х, у and z coor­
dinates of the center of the body, and the other three - thickness, height 
and length. The generation of clay layers lasts as long as а certain 
amount of с! ау layers for the selected zone of the formation is achieved. 
This proportion is defined from the data analysis ofthe borehole drilled 
in the area. These functions describe the probaЬility that the next clay 
interlayer will appear at а certain distance from the point coordinates (х, 
у, z) of the current clay interlayer. This approach is particularly effec­
tive for the sedimentary environments, in which the appearance of clay 
layers is not purely random Ьу nature (rivers, aeolian, the distal cones of 
deepwater marine sediments). 

On the basis of the tagged points, the SESIMIRA program has 
been developed. It consists of two stages: the generation of reservoir 
geometry, the elements of sedimentation, faults and any fixed geological 
features; an accidental filling of the remaining space Ьу the discrete el­
ements of а smaller scale. The body shapes are usually presented either 
rectangular or ellipsoidal. 

The Boolean sets are used for modeling the unconformities 
(lenses, facies and faults) in the sandy block. ln this case, the lenses and 
facies are represented as random points in space of the reservoir. This 
method depends on several parameters: the lenses density destitution in 
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volume; center shapes of lenses and facies ( constant or variaЫe ); their 
dimensions and orientation of the compass. These models also allow 
you to display the form of geological bodies not only in the form of rec­
tangles and squares, but also in the forms that are similar configurations 
to the beds of paleorivers, the bars. The disadvantages of this approach 
should Ье explained Ьу the fact that there is assumed an independence of 
facies distributions from each other. The krigging method is used to in­
terpolate the corre\ated surfaces between the wel\s. 

Monte Carlo sampling. А random distribution of small clay inter 
layers within the formation сап Ье generated using the Monte Carlo 
probabllistic modeling procedure. In this case the Monte Carlo method 
is used for а direct probabilistic modeling. lt is based on the computer 
simulation of probability distributions using а pseudo-random numbers. 
An important role is played Ьу the assumptions regarding the probability 
of the lateral dimensions of clay. For the first time the procedure was 
proposed Ьу Н. Haldorsen, L. Lake (1984). In it the random number 
generator determines the random location, the width of the clay layer. 
The Monte Carlo sampling is also used to assign the random probabili­
ties continuity of clay layers in the space between the holes. lfthis prob­
aЬility is less than the probabllity determined Ьу an expert, it is believed 
that the clay interlayer is continuous between these wel!s. Otherwise, а 
random number of cells containing sand is generated оп the line con­
necting these wells. The effectiveness ofthe Monte Carlo method slight­
ly depends on the size and the geometric features of the reservoir struc­
ture, and this is its obvious advantage. The trained Artificial Neural 
Network was used as а ргоху function for а Monte Carlo simulation. 
The probabl!ity distributions for the input parameters are being estab­
lished. А total of 10,000 trials are carried out during the Monte Carlo 
simulation. Fig. 13.14 shows the resulting probaЬility distribution. The 
result was а logarithmic-normal probability distributioп with а 50% -
probaЬility of recovery of 122 200 m. The sensitivity aпalysis showed 
that the permeabl!ity had the greatest effect оп the results, followed Ьу 
the maximum GOR achieved at the maximum optimal, size of the gas 
drive [4]. 

Simulation of random Markov fields. The Markov field model 
(Ripley, 1987) is used as an alternative to the traditional compiliпg of 
clay maps to describe the distribution of с!ау layers that correlate be­
tween two and а large number ofwells. А model based оп а probabllis-
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tic assessment of the continuity of clays between the pairs of wells ena­
Ьies to sirnLJiate river channel erosion of clay layers. The simulation ot' 
Markov fields can generally. present more realistic models from geolog­
ical point ofview. From the point ofview ofthe \оса\ distribution ofthe 
parameters, а less realistic situation is modeled. In particular, unrealistic 
are the foi1Тis of clay barriers such as rectangular, square. The number of 
randomly simulated sand cells between the wells has also а strong effect 
on the model of clay barriers. The Markov field model includes а de­
scription of the distribution of facies and the use of clay thicknesses i11 
tei1Тis of Markov transition probaЬilities. The Markov process is а pro­
cess in which the curтent state depends only on the previous state. 

The Gaussian mndom fields are one of the methods of construc­
tion of continuous stochastic models (porosity, permeaЬility). Before 
constructing the Gaussian field, the layer is divided into the basic ele­
ments of sedimentation Ьу vertical and Jateral (up to 10 items). Each 
element of sedimentation is determined Ьу: the mathematical expecta­
tion (average) for each petrophysical value, the interval change of each 
petrophysical value for the element of sedimentation; the inter-vaiLJe 
correlation matrix, the spatial correlation function (spherical, exponen­
tial, ог fractal). These values are determined from the we\1 data, or are 
based on the expert data. The distribution function of each facies in 
space relies on the subordinate ofthe normal (Gaussian) distribution. 

The ReO softvюre includes а number of solutions for simulation 
and optimization of the ground-field equipment and the operating infra­
structure which practically include all the items from the wellhead 
equipment to the processing plants. This application simulates the entire 
production system as а whole and simultaneously optimizes the manu­
facturing process considering the economic model defined Ьу the user. 
The СОМ interface allows you to connect to the package any inde­
pendently developed program to model the wells and the treatment pro­
cesses including even the Ехсе\ spreadsheet. The ReO software package 
simulates the behavior of any reservoir fluid considering its fractional 
composition and а wide range of temperatures and pressures. The con­
struction of the model of black oil provides а set of standard commercial 
ratios of pressure 1 volume 1 temperature (PVT), such as the Standings, 
Glaso, Petroski-Farshad ratios, etc. For the mixed media the DOT model 
is constructed using the equation of state. Six equations of state, includ­
ing the Peng-Robinson and the Soave-Redlich-Kwong equation, are in-
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tegrated in the ReO package. The database of formation fluids supplied 
with the application campuses the characteristics of the componeпts 
coпtaiпs up to С45, includiпg the staпdard iпorganic compouпds which 
сап Ье detected iп them. All this allows the user to eпter the data on the 
DOT quickly. The software supports all the major equipmeпt used iп the 
staпdard systems of oil апd gas recovery, namely, fittiпgs, field pipe­
liпes, risers with the upstream апd dowпstream flows, pipe fittings, 
maпifolds, multi-phase separators, heat exchaпgers, gas compressors, 
pumps, СО2 апd H2S absorbers etc. 

The built-iп object-orieпted object-store database stores all the 
configuratioпs ofthe productioп systems апd пetworks together with the 
calculated results. This allows you to create, evaluate, and easily com­
pare different sceпarios. The ReO forecast allows you to build а com­
plex model of the uпdergrouпd апd grouпd пetwork for ап accurate pre­
dictioп. It соппесts ReO with а model, the program of the uпdergrouпd 
part through the WellFlo package. The model ofthe uпdergrouпd part of 
the network is а MatBal software module used to calculate the material 
balance. The ReO can also interact with other layers simulators 
(Figure 13.1 0). 

Reservoir modeling/simulation. Wheп run, every reservoir simu­
lator requires the iпput data that defiпe the model. The iпput data should 
generate the output data that represeпt the results of the performed cal­
culations. In spite of different reservoir simulation codes having differ­
eпt fonnats for eпtering the data, they all have some basic components 
iп commoп. All the further modeliпg process will depeпd оп these data. 
The iпput file must Ье set up before startiпg the simulatioп process. The 
data file may Ье set up Ьу manual editiпg (if it is in ASCII fonnat), or 
Ьу using а Graphical User Interface (GUI). Whichever method is used, 
most data files will Ье divided into certain key sections such as: model 
dimeпsioпs; grid апd rock properties; fluid properties; iпitial coпditions; 
output requiremeпts; productioп schedule. The additioпal (optioпal) sec­
tions may allow the manipulation ofthe imported grid structures and the 
subdivision ofthe grid in the regions. 

The pre-processors may Ье used: to define grid and rock proper­
ties; to define fluid properties; to coпvert the results of special core 
aпalysis data to а fonn that сап Ье used iп the simulatioп; to upscale the 
rock data so that to defiпe the sizes of grid cells; with their help used; to 
define vertical flow perfonnaпce taЬies; to set up the productioп sched-
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ule. The output ofthe reservoir flow calculations is usually performed in 
two fonns which in both cases results in the creation of files that сап Ье 
stored and read at а later date. The first category of output data is typi­
cally referred to as "sшnmary" data and the second type of output coп­
sists offield grid data. The two types are as follows: 

а) The summary data consisting of calculated parameters such as 
oil, water and gas flows, well bottom or well head pressure, etc. Thes~ 
data may Ье plotted as charts, usually as а function of time, either Ьу 
using а specialized post-processing software, or Ьу using а staпdard 
graphing software such as Microsoft Excel or Lotus 1, 2, 3; 

(Ь) The grid data consisting of such values as pressure or satura­
tion for each cell so as to characterize them at any moment. These files 
are typically in а Ьinary format which means that they may only Ье read 
Ьу the appropriate post-processing software. 

Fig. 13.11, Fig. 13.12 show а pattem of а reservoir, an examp1e of 
modeling and mapping of each cell. 

Treating the uncertainties in Reservoir-Performance Prediction 
(Artificial Neural Netw01·k). Very often, the simu1ation ofmode1s is per­
fonned to design the field development plans. Because of the low level 
of the availaЬie information during the early developmeпt stage, а raпge 
of uncertainty in the prediction must Ье considered. Such uncertainties 
сап Ье handled with the Artificial Neural Network (ANNs). The math­
ematical prediction models (simulation models) are detailed and power­
ful predictive tools that сап answer many questions regarding the sub­
surface engineering. Due to the large uncertainties, the prediction results 
will have а broad range especially in the early development phase. То 
take into account the whole range о{ possiЬie outcomes of the reservoir 
simulation, it is necessary to treat the mathematical models Ьу а Sllcces­
sive optimization processing thousands of times. There is а requirement 
of finding а solutioп which will meet both the staпdards of the subsoil 
uncertainties and the economic considerations with the greatest profiles. 
Because of the computational time involved, these methods are not of­
ten used. The formations of а response surface that сап predict таnу 
possiЬie outcomes of а mathematics simulation Ьу processing а large 
variety of input parameters could provide а solution to this proЬiem. The 
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response surface must cover the non-linear dependencies of the input 
and output parameters. 

The experimental design and the response surface modeling have 
been used to de\ineate the subsurface uncertainties. Соттоn applica­
tions include the probabllities ofthe toted oil reserves in the geological 
model, estimating the uncertainty in the predevelopment or redeveloped 
projects, in predicting the production performance in different cases of 
field development, and in the optimization the of the well sparing to 
maximize the profits. 

Methodology. Fig. 13.13 shows the proposed workflow. First of 
all, а limited number ofsimulation operations is carried out to define the 
most sensitive input parameters. In these operations the parameters are 
transformed into the minimum or to the value опе at а time after select­
ing the most influential input parameters, three values (minimum, best­
estimated, and maximum) are defined. The experimental design aims at 
obtaining the maximum inforrnation with а minimum number ofsimula­
tion runs. An own minimum number of testing processes is required for 
the Artificial Neural Network to get the accurate data. With these data 
sets containing output and input parameters and the corresponding out­
put of several additional runs, an Artificial Neural Network is trained 
and tested. After defining the probabllities of every input parameter, the 
Artificial Neural Network is used as а ргоху function for а Monte Carlo 
simulation. The use of the probaЬility distributions of the input varia­
Ьies, together with the proxy function, provided the opportunity of r:eali­
zations for thousands of solutions and, thus, the possiЬie final solutions 
have been defined. 

Reservoir Model. The given oil reservoir contains а gas сар and а 
small aquifer. While the depth of the gas/oil contact (GOC) is known Ьу 
the wells, the gas-cap size is uncertain. The exact point of the oillwater 
contact (OWC) is not known, only there is the deepest oil-bearing hori­
zon. The gas/oil ratio (GOR) was steadily increasing since the first pro­
duction. As the aquifeг is small, it generates little energy. The gas сар 
and the dissolved gas drive аге the main driving forces of oil recovery. 
The single case of the production of the free gas in the GOC zone is 
enough to obtain а low oil recovery factor. An additional well aimed at 
deeper areas of the reservoir сап provide the opportunity to recover 
more oil down the bed dip. То increase oil recovery even more, there is 
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opportunity to inject water .down the angle of the fed dip or gas up the 
dip. One of the crucial questions is the time of shutting in of the up dip 
well to maintain а sufficient pressure formed Ьу а gas-cap drive for 
maximizing the recovery factor. 

Dejinition of Uncertainties. After carrying out а limited number 
of simulation runs, four parameters were identified as the most sensitive 
relative to the cumulative oil production: gas-cap size; the position of 
downdip well producing oil and which depends оп the position of the 
OWC; the penneaЬility; the maximum GOR. The minimum, most prob­
aЬie and maximum values for different parameters were defined. 

Experimental Design and Neural Network. The central 
composite experimental designs were set up with 25 simulation runs. 
Five additional runs were set up to test the model. The Artificial Neural 
Networks consisted of the four stated input parameters and five neurons 
in the hidden layer. The cumulative production after 15 years was de­
fined as the network output data. With the defined minimum, best esti­
mated, and maximum values for the input parameters, the cumulative 
production after 15 years was in the range of from 104 000 to 173 000 
т. The test results showed the maximum deviation of 7%. 

13. 7. 3D Visualization of Oil and Gas Processing in Real Time 

The availaЬility of reliaЫe and timely information on the course 
of any op~rating process, its "visualization" is obviously the key to 
managing this process both Ьу the operator and Ьу the automated con­
trol. The infonnation systems used in the oil fields are becoming тоге 
advanced, and the realization of value and convenience of the infor­
mation they collect is constantly improving. The modem information 
systems allow you to get in а convenient form for the operator the data 
from the wells, gathering stations, storage tanks, primary oil treatment 
plants, booster and group pumping stations in real time. The material 
basis for the collection of infonnation is provided Ьу the modern con­
trollers and database management systems that allow you to store and 
process the data of operating processes both in real time and from rela­
tional databases. On the pyramid (Figure 13.1 5) tl1ese are levels L 1 - L2. 
The user gets the values of the basic monitored parameters (flow rate, 
pressure, temperature, etc.) of the wells, group metering stations, pro­
cessing plants of surface facilities, storage and delivery of" products, etc. 
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in real time. Jn doing this, the visualization of the bottlenecks the screen 
displays the current values in comparison with their estaЫished limits in 
the controlled processes. The data of the well tests are processed and 
issued upon the request in the required forrnat. The user is supplied with 
the inherently rich report generator that allows to design the reports in а 
standard forrnat in different directions: changeab!e and daily production 
reports, reports on the production and delivery of hydrocarbon injection 
volumes, status of wells, etc. 

The graphical visualization began to Ье widely used since the 
mid 80s. The 3D visualization of seismic data, GIS and the development 
enaЬ!ed to get quickly the horizontal and vertical slices of the structure 
scanned Ьу rotating, animation, glossing over with smooth color transi­
tions. Using this technique, the specialists have got the opportunity to 
analyze the ЗМ models ofthe oil reservoir from the top, the bottom, the 
side and the inside. The \ogging data, contour maps, seismic sections, 
and even color photographs of the соте can Ье sent from one data center 
to another in а few minutes. The computers сап simultaпeously correlate 
over 30 wells. The synthesis of а variety of data with а simultaneous 
visualization allows you to analyze and geological aspects and the de­
velopment process both on the macro-and the micro-scale. The comput­
er visualization is а tool enaЫing to reflect the 3D images of the reser­
voir structure апd for multiphase fluid flow inside this structure. lп the 
construction of 3D models, the following data types are used: scalar, 
vector, matrix. The scalar data (pressure, saturation, rock types, facies) 
are more often known Ьу the results of well tests and аге a.veraged (ог 
expert estimated) for the reservoir. The vector data (to sand content, 
clay content, porosity) сап Ье obtaiпed on the basis of GIS data Ьу log­
gings. The matrix data (2, 3, .. , n-dimensional) are the estimated data of 
numerical reservoir models and the development processes. The color 
scheme in the case of discrete types of data is strongly tied to the appro­
priate value (for example, red is the porous reservoir type, Ыuе is the 
fractured reservoir type). The color scheme (iп the form of а raiпbow) 
for continuous data types may reflect а quantitative change iп the pa­
rameter (oil saturation, porosity, etc.) from the lower (cool colors) to 
high values (warrn colors). The modern computers can retlect more than 
one million tones, half-tones and shades. There are several ways to build 
3D images of the forrnatioп апd the developmeпt processes. The most 
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соттоn of theт is а тethod of isoline or isosurface тeasureтent. То 
show the rate ofthe change ofthe paraтeter in the 3D space isogradient 
the тарs are prepared. 

Creating the high-perfonnance coтputing systeтs has set the sci­
entists а new challenge nakedly, the developтent ofthe 3D systeтs for 
the visualization of geological and field processes in real tiтe. The use 
of the digital technologies will increase the efficiency of the develop­
тent thus resulting in the reduction of the operating costs Ьу 5% and 
capital costs Ьу 1 0%; additional recovery of residual oil in old fields; the 
achieveтent of 50% recovery factor through the introduction of innova­
tive technologies (see Fig. 13.16). 

The data on the geology and the developтent of oil and gas re­
sources can Ье both statistical (tiтe-independent) and dynaтic (tiтe­
varying). For the dynaтic paraтeters (oil saturation, pressure) the dis­
tribution maps may Ье reproduced at regular time intervals. The analysis 
of the results of mathematical modeling requires powerful tools for vis­
ualizing the 3D flows in complex, irregular and dynamic \attices. These 
tools can help а reservoir engineer to build quickly а lattice to describe 
the flow of tluids in а complex constructed environment. Typically, 
such an operation for а large, complex system of reservoirs with frac­
tures (Gullfaks, Norway) takes several months. The development ofthe 
tools of the integrated approach (Figure 13.1 9) is currently more im­
portant than the efforts to increase the coтputing power and perfor­
mance. Fig. 13.'18-13.22 show the process ofvisualization in real time 
ofthe Halliburton, Schlumberger, Conoco Philips, Par-adigm companies. 

Vizualizer of the casing. Shell and Baker Hughes Jncorporated 
companies have developed а system which allows to monitor the defor­
mation of the sand screen and the casing shape in real tiтe using fiber 
optics. This systeт is а visualizer of the casing and the cementing pro­
cess in real time (VCPB). The VCPB uses the Bragg grating sensors 
embedded in the sand screen, instrumentally related to the fiber-optic 
cable to monitor the deformation and displays three-dimensional images 
of high-resolution deforrnation on the screen. The nature of the defor­
mation of the hole over its cross section depending on the properties of 
the occurring unstable rocks is divided into two types: the increasing 
cross-sectional area of the wellbore or reducing it. The first is the result 
of cavings and collapses of well boreholes. The second type of defor-
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mation of the wellbore ( narrowing) is associated with the occurrence in 
well section of the montmorillonite clays, сараЬ!е of constant flux till 
the complete shutoff of the well. Tens of thousands of sensors are ar­
ranged spirally at а distance of 1 cm from each other, each of which is 
сараЬ\е of measuring submicron deformations. They provide а continu­
ous real-time monitoring of the pipe defonnations, sealing the oil and 
gas reservoir we\1 integrity, without any extemal intervention. They all 
a\so fix al\ the pipe stresses, including the axial load, collapse of pipes, 
pressure and temperature. 

The VCPB is currently used for both the casing and the 9 5/8-inch 
gravel peak. The first successful real- time test ofthe casing was held in 
the Pinedale field (Wyoming, USA, the Shell company, 2008). The sys­
tem was used for the section oftwo 7-inch casings from different angles 
of winding fiber-optic on the casing, the winding angle detennining the 
sensitivity of а particular defonnation condition. The key points of ce­
menting of casing ( cement injection, the movement of the bridge plugs) 
were clearly displayed on the screen. 

The latest developments in the field of smart sensors enable to 
carry out а "subtle" monitoring of the operating equipment that allows 
preventing the fau\ts before they occur. А huge number of tiny sensors 
were installed next to all the equipment. If the vibration of the engine 
exceeds the permissible level, the sensor detects а change of the motion 
rate, and the data аге transmitted from one sensor to another until they 
reach the computer. The computer includes an alann signal system, and 
the working crews begin to repair the engine prior to the damage. 
[1,3,4]. 

13.8. А Multimodal Reservoir Simulation 

Saudi Aramco's Multimodal Simulation Environment (Muse) is 
an environment that integrates а voice-advisory system with the multi­
modal visualization. This environment provides а stereo- compatiЬility 

of the 30 visualization, the force feedback using the haptic devices, and 
the data ultrasonic processing. А new-generation reservoir simulators 
аге capable of handling millions of cells and imply that the geological 
details сап Ье handled without а intensive scaling up which сап Jead to а 
direct seismic integration of the hydrodynamic simulation. Unfortunate­
ly, the abllity to analyze the information doesn 't keep расе with these 
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advaпces iп full тeasure. Receпtly, tl1e devices that fuпction as а "30 
тouse" with haptic (i.e., touch) capaЬilities have appeared. These de­
vices have the aЬility to move and to study the тode!s inside the Earth 
models. · 

Multimodal Data Analysis. In coпtrast with the coпventional 
software systems that provide only the 30 visualization as the тeans for 
the data interpretation and analysis, this systeт uses two additional 
"chanпels" for the sensor interaction: а sensing element (haptics) and а 
sound (sound tracking). The reservoiт simulatioп results, that ате loaded 
into the system, сап Ье attached to more than one of these three 
chaппels. 

The numbeт of the data (i.e., simulation of vaтiaЫes) that сап Ье 
loaded is limited only Ьу the volume of addressed тетату system, as а 
тesult, only thтee volumes can Ье attached to the channels. The other 
volumes availaЫe in the system сап Ье searched over the chanпel.'> at 
any tiтe. All the loaded volumes, whether they are attached to the 
channels от not, can Ье тonitoтed Ьу the systeт using the rulec; pre­
scribed Ьу the engineeтs. 

Fот example, the engineeт can visualize а 3D pressure distтibu­
tion, feel the permeaЬility changes with the haptic device and hear 
chaпgiпg of oil or gas saturation through the loud speakers. The values 
of these properties are fixed for а range of О to 255, siтilar to а typical 
color тар. Also, the simulation results of such as 3D distтibution of the 
mole fraction of hydrogen sulfide (H2S) от the acoustic iтpedance fтот 
an elastic model can Ье tracked as the events, even ifthey ате not direct­
ly attached to any chanпel. 

Visualization Channel. The so-called "rainbows" are color тарs 
which are typical (e.g., Ыuе for low values, red for high). The color тар 
panel is fully editaЬ!e, and the engineers can choose the uррет and loweт 
limits to coпcentтate on specific value raпges, if so desired. Fig. 13.23 
shows typical 3D displays of different siтulation of output variaЬies 
(pressure, gas satuтatioп, and H2S mole fraction). 

Haptic Channel. The system uses а 3D mouselike haptic device 
that сап Ье тoved in six directioпs inside the data volume. The device 
pтovides the engineer with а force-feedback seпsation. The amount of 
the force тesistance is passed on to the haptic device and is felt Ьу the 
eпgiпeer's haпd when тoving of the stylus апd is reflected in "haptic 
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maps". А great resistance can Ье assigned to the high-value ranges (e.g., 
high HS coпceпtratioп) or а low-value raпges (e.g., low perrneaЬility), 
as desired. The zero-resistaпce or low-resistaпce ranges сап Ье assigпed 
to low or average va\ues that are of less iпterest to the aпaly­
sis/i пterpretatioп. 

Sound Channel. The sound map has Ьееп desigпed so that each 
value correspoпds to а giveп note ofa musical iпstrumeпt. The choice of 
musical iпstrumeпts follows the standard of musical instruments of the 
digital interface taЬ!es. Three sliders сап provide а musical note, vol­
ume, апd an iпstrumeпt. The musical поtе raпges from О (СОО) to 127 
(G9), spaпniпg 1 О octaves, where each octave coпtaiпs the пotes to G 
with the accompanying flats апd sharp objects. The volume raпges from 
О (silent) to 127 (very Ioud). The instrument ranges from О (graпd 

acoustic рiапо) to 127 (gunshot). For example, а high gas saturation сап 
Ье assigned to а trumpet in C-sharp, а low gas saturation to а flute in B­
flat, and а very low gas saturatioп (апd regioпs below the gas/water con­
tact) to а Freпch hom iп F. The rule based оп the automated iпterpreta­
tioп ofthe system has the aЬility to analyze all ofthe data on the basis of 
the rules set а priori Ьу the engineers. As а temporary in advances, the 
пеw state of the simulatioп is aпalyzed Ьу the set of the rules and the 
certain eveпts. These eveпts curreпtly use опlу the visual апd souпd 
chaппels. 

А specific message сап Ье iпcluded iп the rules so that the text to 
the utility speech is the message to warm the eпgineer when certaiп 
conditions occur. The scope of the search can Ье confin~d to specific 
wells, all the wells, or the full 30 grid. The system searches throughout 
the entire data set and identifies the wells or cell locatioпs where the 
condition occurs. For example, the rule "Find all the wells in which 
pressure of <6,000 psi" will result iп the followiпg: the system 'vill re­
port "Pressure below 6,000 at Well R-2", wheпever this coпditioп oc­
curs at We\1 R-2 duriпg the simulation. Similarly, the rule "Find all the 
Ыocks in which oil saturation is >0.05" will result in the system report­
ing "Coпdensate dropout at gridЫock 45, 85, 65" whenever this condi­
tion occurs during the simulatioп. In setting up these rules, the engineer 
has а fu\1 coпtrol over the message that should Ье spokeп, with the sys­
tem automatically addiпg the result ofthe search iпto the message [4]. 
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Conclusion 

The rapid development of computer simulation technology has 
made the field simulation more widespread. Most of today's oi 1 and gas 
companies are using digital 30-modeling in the design and the devel­
opment of new fields, in determining the best way to extract the re­
sources, and also apply the permanently operating geological and tech­
nological models for managing the development of oil and gas fields in 
real time. А characteristic feature of the modern development of tl1e ex­
ploitation of hydrocarbons (НС) is the computerization and the wide­
spread use of information and communication technologies. The course 
paper points out the obvious achievements of the information and com­
munication technologies and the computerization of oil and gas field 
development. The paper considers the proЬiem of optimizing the 30-
modeling of oil and gas field Ьу using the НРС. The using of t\1~: 30-
simu\ation model is proposed for а rapid analysis of \arge models witl1-
out desensitization is presented. Creating the 30 static and dynamic 
models is а long process that takes from several months to а year ог 
more. In this regard, presently the issues of the development and the 
improvement of the information and communication technologies stili 
remain relevant. There is а special demand for the modeling system us­
ing the gigacells generated as the result of dividing the model into large 
amount of cells. Processing of the information received from each cell. 
requires а modeling system with advanced possiЬilities. Such systems 
are necessary for considering the geological data of the cells, when tl1c 
hydrodynamic models of the reservoir unite the cells to facilitate tl1e 
processing. 
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Fig. 13.19. Sysdrill: 3D well visualization (Paradigm) 
Рис. 13.19. Sysdrill: 3D визуализация скважины (Paradigm) 
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Fig. 13.20. Offshore operations' visualization team (Schlumberger) 
Рис. 13.20. Команда по визуализации морских операций. (Schlumberger) 

250m 

Fig. 13.21. Wellpath modeling with porosity logging (Schlumberger) 
Рис. 13. 21. Модель фактической геонавигации wellpath 

с каротажем пористости (Schlumberger) 
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Рис. 13.23. 3D дисплеи различных выходных данных моделирова­

ния 

\58 



Conclusion 

The тain trends of the тodem developтent of the sтart тanu­
facturing coтplexes are: 

1. Creating а unified systeт of тanageтent and decision-тaking 
in real time. 

2. Unification of collecting production data from millions of sen­
sors, preparation, processing and transтission of the industrial тetadata 
on the basis of соттоn standards, data fonnats and coттunication 
protocols. 

3. Smart тanageтent processes of the environmentally friendly 
use of energy, transport, roads, weather, resources - metal, water, air, 
land; logistics supply of physical and cheтical reagents, spare parts, 
equipтent, тarketing products in the industrial coтplexes in real tiтe. 

4. Siтulation of тechanical, physical, cheтicat, technical, tech­
nological, industrial, environтental, financial processes, training, 
transport, processing and sale of products in the mode, as close to real 
time: 2015- quarterly, 2025- тonthly, 2035- weekly and 2045- daily 
regimen. 

5. The transition to а ful\y autoтated (unmanned) technology to 
new industrial сотр1ехеs to the years 2025-30. 

6. The transтission of infonnation on the state of intelligent 
manufacturing сотраnу on the Russian stock exchanges in real time. 

7. Provision of annua1 hour1y labor productivity growth in sтart 
тanufacturing coтpanies froт 5 to 7% (annual hourly labor productivi­
ty growth in the U.S. engineering and technical personnel is 6%; in­
creasing in the annual hourly wage ofthe engineering and technical per­
sonnel in the U .S. is 1% ). 

ln modern conditions, industry sbould iтprove the technological, 
тanufacturing, and information and comrnunication processes to тееt 
the long-tenn productivity growth in OECD countries. Few ofthe exist­
ing тanufacturing coтpanies will survive the requireтents of the tiтe. 
These tasks require the production companies the maximum concentra­
tion of its efforts оп the implementation of smart technology at every 
stage ofthe cycle. The introduction ofthe smart technologies in the pro­
duction cycle of the key coтpanies should Ье supported Ьу the Gov­
ernтent ofthe Russian Federation in the form ofa state prograт for the 
period 2015-25 years. Otherwise, the Russian production companies 
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may Ье companies with high capital and operating costs and unattractive 
for investment. This will lead to а loss of position in the global market 
and the difficu\ties in developing the resources of the Wor\d Ocean, 
Eastern Siberia and the Far East. 

Кеу manufacturing companies сап realize the gradual restructur­
ing of the industrial complex through the use of smart technologies in 
real-time to upgrade fixed assets, retrain the scientific and technical 
staff, а major control centers and link them to the p\aces of production, 
preparation, processing and transportation of products and stock ex­
changes. In а highly competitive global market demands time withstand 
those companies that are аЬ\е to look at two steps forward. 
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