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The article considers the issue of improving the efficiency of exploiting the acting oil fields and transportation 

system on the basis of modern hi-tech technologies to control the extracted and transported material. Factors are stud-
ied that lower the reliability of oil flow measurements, both qualitatively and quantitatively, the main ambiguities are 
described of using current systems for metrological account of oil transported through the pipelines. The effect is 
studied of inclusions in the transported oil flow on measurement efficiency.  

A technique is suggested for selective measurements of separate phases in the complex multi-phase flows with 
isotropic radio emission, the principal relationships are presented to describe the intensity of direct and scattered 
gamma-radiation on flow parameters. Criteria are given for developing a measurement system that would control the 
actual component composition of the flow with time, hence the amount of oil transported; that would enable organiz-
ing a centralized open department to control the quality of oil and transportation conditions, upgrade the level of pro-
duction and provide high measurement accuracy.  

Results are presented of testing the technique on an operating oil field; the relative error margin of measuring 
free gas content was 0.2 %. The range is reviewed of possible applications for the measurement system of multi-
phase multi-component flows, developed in the Saint Petersburg Mining University. 
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Introduction. All the industries handling large masses of raw materials or products have to deal 

with large scale spatially distributed complex topologies and geographies of flow transportation sys-
tems. Generally, flows may be split into two types: homogenic (Newtonian) and heterogenic (multi-
phase and multi-component). One of the extremely important common characteristics of heterogenic 
flows is their inhomogeneity, corresponding, in particular, to specific features of hydrocarbon flows in 
oil industry.  

Under the conditions of low global oil prices it will be extremely difficult to maintain the achieved 
level of oil production even in the mid-range prospect: developing new deposits would demand extra 
support, including that from the state. In such a situation the proper way forward lies with upgrading the 
efficiency of exploiting operational fields on the basis of high tech extraction technologies and control 
of raw materials produced and transported. This fact proves close attention of the state to that issue as 
manifested by the adoption of numerous regulatory documents. Flow metrology in mining industry to 
provide measurements on sites of oil and gas complex numbers more than 120 such regulatory docu-
ments [4, 5, 11]. Consider, for example, GOST R8.615-2005 "State System for Ensuring the Uniformity 
of Measurements. Measuring the Amount of oil and associated gas Extracted from Earth Entrails. Gen-
eral Metrological and Technical Requirements". It requires measuring the composition, properties and 
amount of produced oil, periodicity of studies, permissible error margins and sets other specifications. 
Practically it turns out as the need to measure and record in real time (the account being recorded and 
TID protected) the discharge and amount of gas, water and oil, produced at each well; measure the mi-
croconcentration of free gas and water in the backbone oil pipeline. Providing accurate component-by-
component measurement of the discharge of hydrocarbon flows will make it possible to upgrade pro-
duction level via implementing the respective production complexes and lower the level of harpy wastes 
of the national oil reserves [3].  

Task setting. The analysis of measurement systems for oil flows used in the course of its produc-
tion and transportation has demonstrated that the requirements of state standard are often violated (the 
main causes for that are presented in Fig. 1). In particular, the problem arises because of the complexity 
of the task of determining concentration of inclusions (free gas, water) in the flows of transported sub-
stance. This is an outrageous violation of technology regulations, which entails an avalanche of deterio-
rations in the techniques, technologies and instruments involved in the production of hydrocarbons 
[6, 9, 10, 13].  
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Currently oil discharge is controlled mostly by flow discharge meters that are highly effective for 

homogeneous single component flows. When measuring oil flows additional errors emerge due to dif-
ferences in the density of various phases, hence, of their velocities. Note that the accounting units of 
the Russian oil facilities mainly control the composition of transported oil using laboratory tests, their 
frequency varying from one hour to several weeks, in dependence of tested parameter. The 
composition of oil coming from production well is not constant with time, and that causes frequent 
discrepancies between the data of measurements taken earlier and the actual phase composition of oil 
flow [1, 2, 10]. Developing a measurement system that would control the actual component 
composition of the flow with time, hence the amount of oil transported; that would enable organizing 
a centralized open department to control the quality of oil and transportation conditions, upgrade the 
level of production and provide high measurement accuracy. Providing accurate control of the compo-
sition of oil flows would help to reduce significantly energy consumption and increase pipeline pro-
ductivity, provide energy efficient transportation of hydrocarbons and development of transportation 
infrastructure in general. 

Proposed solution. The principal criteria in choosing a system for measurements of a heterogenic 
oil flow through a pipeline: separation-free; contact-free; reliability; density measurement range for the 
controlled medium: 100-1,100 kg/m3; free gas content measurement range: 5-75 % (larger values to be 
measurable at oil field producing wells); water content variations: 0-100 %. Oil pipelines need meas-
urement capability of very low component contents (e.g., the dynamic range for free gas is 0-2 % abs.), 
and free water in the flow has a similar dynamic range.  

Lately measurement systems meeting such requirements were designed by the collaborators of 
Saint Petersburg Mining University together with the "Complex-Resource" LLC. Contact-free meas-
urement techniques using radio isotopic radiation is based on Compton scattering and photoelectric ab-
sorption of gamma-quanta; an important feature of the technique is that one needs to detect both direct 
and scattered radiation to provide high measurement accuracy and possibility to control the flow across 
the full cross-section of the pipe [3, 12, 14].  

The measurement system consists of two principal components: the primary transducer interacting 
with the controlled flow and feeding the informative parameter to the secondary instrument in which the 
obtained value is processed and calibrated. The composition of the primary transducer includes the block 
of gamma-radiation which is a protective collimating device that forms a narrow beam of radiation by the 
Сs-137 radionuclide emitting in the energy range of 0.2-1.0 MeV and a detection block built around a 
scintillation crystal of NaJ(Тl), a photomultiplier tube and a pulse forming unit. The sought parameters 
of the flow (e.g., free gas content in oil) are estimated from the intensity of output gamma radiation sig-
nal in the secondary instrument [8]. The intensity of a narrow beam of direct gamma-radiation propagat-
ing through a layer of density ρ and depth d with temporally permanent properties follows the Lambert-
Beer exponential law: 
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Fig. 1. Factors affecting the qualitative and quantitative results of measuring oil flows 
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Nh = Nh0exp(–μh0d) = Nh0exp(–μhρd),(1) 

where Nh0, Nh are the intensities of direct 
radiation in the absence and presence of 
the controlled medium, respectively; µh0, 
µh are the linear and mass attenuation co-
efficients for the direct radiation propa-
gating through the medium. 

The intensity of scattered radiation 
propagating through the controlled me-
dium of density ρ, may, for certain con-
ditions, be described by a linear rela-
tionship 

N = N0(1 – μ0d) = N0(1 – μρd),    (2) 

where N0, N are the intensities of scat-
tered radiation in the absence and pres-
ence of the controlled medium, respec-
tively; d is the parameter indicating the 
thickness of the medium for direct radia-
tion that becomes ambiguous for scat-
tered radiation (since radiation is also 
generated within the layer of the medium 
itself). Therefore, when measuring sub-
stance density by the attenuation of inten-
sity of scattered radiation it is convenient 
to use the product µd as such parameter.  

Discussion. Using the data from 
measurements in several lines control 
may be organized to cover a single site. 
The data for each oil backbone line are 
fed to the operator in the form presented 
in Fig. 2. 

Field tests of the measurement sys-
tem run on the basis of "Lukoil-Komi" 
LLC have made it possible to assess 
reliability of the proposed technique. 

The spatial diagram of the intensity distribution of gamma-radiation yielded by the control of gas con-
stituent is presented in Fig. 3. To analyze measurement errors the flow of a composition known in ad-
vance was controlled. Light parts of the spectrogram correspond to density pulsations in the flow, i.е. 
these are splashes. For more exact analysis one needs to strike the signal from noises, for which pur-
pose it is processed using a filter, then wavelet analysis is performed including the plotting of autocor-
relation function and retrieval of RMS deviation and the average value.  

The conducted studies have demonstrated that the results obtained are in complete mutual correla-
tion with the actual values. The relative error margin for free gas measurements is 0.2 %, which meets in 
full the requirements of state standard for oil producers. Therefore, the developed measurement system 
on the basis of radioactive isotope radiation is recommended for use in control of the parameters and 
characteristics of the transported multi-phase flows by metrological services of Russian enterprises. 

Conclusion. The proposed technique based on using radioactive isotope radiation features high 
penetration capability, high sensitivity to density changes, full or partial interchangeability of its princi-
pal units, simple methodology, and is capable to register various inclusions in oil flows with high accu-
racy, including gas component, which is its main advantage. The instrumentation designed may be ap-
plied to scientific studies in the interest of oil, gas and coal industries [7], geology, nuclear power indus-
try, chemical and mining industries. Such a wide application range proves once again valuability of the 
technique we propose. 

 

Fig. 2. The front panel of imitational model for the system to control several 
wells is 

Fig. 3. The signal (for the 1-200 fragment) and wavelet spectrum of radiation 
intensity curve  



 

 

DOI 10.18454/PMI.2016.4.564 
 

R.М.Proskuryakov, А.V.Коptevа 
Nondestructive techniques to control the quality… 

567 
Oil and gas 

REFERENCES 
 

1. Boris А.А., Lyagov A.V. Opredelenie rezhima techenija potoka gazozhidkostnoj smesi v truboprovodah na ustanovkah 
putevogo sbrosa vody arlanskoj gruppy mestorozhdenij (Determination of Flow Regime of Gas-Liquid Mixture in Water Release 
Pipeline Installation at Arlanskoe Group of Fields). Neftegazovoe delo. 2012. N 2, p.66-78. 

2. Brill Dzh.P., Mukerdzhi Kh. Mnogofaznyj potok v skvazhinah (Multiphase Flow in Wells). Institut komp'yuternykh issledo-
vanii. Izhevsk. 2006, p. 384. 

3. Kopteva A.V. Nerazrushajushhij kontrol' plotnosti nefti na osnove radioizotopnogo izluchenija (Non-Destructive Testing of 
Oil Density Based on Radioisotope Radiation). Jekspozicija Neft' Gaz. 2015. N 3, p.58-61. 

4. Lishchuk A.N. Uchet uglevodorodnogo syr'ja: novyj vzgljad na privychnye veshhi (Accounting of Hydrocarbon Raw Mate-
rials: A New Look on Familiar Things). Neftjanoe hozjajstvo. 2013. N 3, p.1-3. 

5. Perchik A.I. Truboprovodnoe pravo (Pipeline right). Мoscow: Oil and Gas. 2002, p.368. 
6. Proskuryakov R.M., Dement'yev A.S. Postroenie sistemy diagnostiki tehnicheskogo sostojanija nefteprovoda na osnove 

postojannogo pul'sirujushhego magnitnogo polja (Building the System of Diagnostics of Technical Condition of the Oil Pipeline on 
the Basis of Continuous Pulsed Magnetic Field). Zapiski Gornogo instituta. 2016. Vol.218, p.59-63. 

7. Proskuryakov R.M., Voytyuk I.N., Kopteva A.V. Avtomaticheskaja kompensacija vlijanija meshajushhih faktorov na iz-
merenie ob''emnoj massy uglja iz ochistnogo zaboja (Automatic Compensation of Influence of Confounding Factors on Measurement 
of Coal Volumes in Stoping Face). Zapiski Gornogo instituta. 2012. Vol.195, p.281-284. 

8. Proskuryakov R.M., Kopteva A.V., Voytyuk I.N. Avtomaticheskaja korrektirovka metrologicheskih harakteristik izmeritelej 
sluchajnyh signalov pervichnym preobrazovatelеm analizatora zhidkostnyh potokov (Automatic Adjustment of Metrology Character-
istics of Random Signals Sensing Devices by Fluid Stream Analyzers). Zapiski Gornogo instituta. 2012. Vol.195, p.277-280. 

9. Okugbaye E., Smit D., Teuveni B., Toski Je., Hanssen B. Evolycuya izmereniy mnogofaznyh potokov i ih vliyanie na uprav-
lenye ekspluataciey (Evolution of Measurements of Multiphase Flows and their Impact on Operation Management). Neftegazovoe 
obozrenie. 2003. N 1, p.68-77. 

10. Sharipov P.K., Fatkullin A.A., Vasil'ev A.A. K voprosu izmerenij i ucheta debita produkcii skvazhin (On Issues of 
Measurement and Accounting of Well Product Debits). Avtomatizatsiya, telemekhanizatsiya i svyaz' v neftyanoi promyshlen-
nosti. 2009. N 3, p.7-9. 

11. Yaryshev G.M., Yaryshev Yu.G., Gorchakov V.G. Ispol'zovanie sovremennyh metodov dlja monitoringa otborov gaza i ga-
zovogo faktora na baze standartnyh AGZU «Sputnik» i sredstv kontrolja tehnologicheskih rezhimov raboty skvazhin na 
mestorozhdenijah OOO «Lukojl-Komi» (Use of Modern Technologies for Monitoring Gas Extraction and Gas Factor Using Stan-
dard Sputnik Gaging Gas Separator and Technological Mode of Operation Control Media on Fields of OOO Lukoil Komi). 
Jekspozicija Neft' Gaz. 2009. N 1, p.20-21. 

12. Bieberle A., Härting H., Rabha S., Schubert M., Hampel U. Gamma-ray computed tomography for imaging of multiphase 
flows. Chemie Ingenieur Technik. 2013. N 7, р.1002-1011. 

13. Gysling D.L., Loose D., Sonarbased H. Volumetric Flow and Entrained Air. Measurement for Pulp and Paper. Applica-
tions. TAPPI Spring Technical Conference. Chicago. IL. 2003, p.58-61. 

14. Ochoa B.A., Kruspe T., Goodbread J. New Sensor for Viscosity and Fluid Density Measurement for Oil Well Drilling Ap-
plications. IEEE International Conference. Sensors and Measuring Systems. 2014. N 17, p.1-6. 

 
Authors: R.М.Proskuryakov, Dr. of Engineering Sciences, Professor, app@mail.ru (Saint-Petersburg Mining University, 

Russia), А.V.Kopteva, PhD in Engineering Sciences, Assistant Lecturer, alexandrakopteva@gmail.com (Saint-Petersburg Mining 
University, Russia).  

The paper was accepted for publication on 15 March, 2016.  
 


