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Figure 4. Laboratory methods for measurement of oxygen concentration. A – Portable flow-type analyzer MARK-3010, B – test-
kits Chemetrics, С – portable flow-type analyzer MARK-302Т.

A                                                           B                                                                         C

solution abrupt increase of oxygen concentration 
was observed. It was defined that jumps in oxygen 
concentration change recorded with inline analyzer 
were aligned with readings from sensors of IBA instant 
flow rate. It is associated with high oxygen solubility in 
alcohols, including isobutyl alcohol. Thus, IBA filling 
in truck tanks occurs not in fully sealed and isolated 
conditions, oxygen dissolved in IBA was coming into 
ASP solution and the sensor was recording that (Erke, 
Kostina, Bondar et al., 2018). It is noted that balanced 
concentration of oxygen in alcohol may reach dozens of 
mg/l (Kai Fischer, Michael Wilken, 2001; W. Rodgers 
Baird, Robert T. Foley, 1972). Attempts to perform 
measurement of oxygen content resulted in wide range, 
from several mg/l to 50-80 mg/l.

In order to guarantee removal of oxygen coming from 
IBA or other source it was decided to increase excess of 
sulfites with further reduction to 10-15 mg/l, as a result 
of which oxygen concentration reduced within several 
days. Then it was decided to reduce excess of sulfites 
and increase it only in cases of unexpected deviations 
from process mode norms (shutdown or insufficiency 
of nitrogen blanketing, loss of containment of tank 
equipment, etc.).

Recommendations on use of sulfites were also 
developed, because their use can have a number of 
side negative effects in West Salym as well as on 
other fields: sulfates as products of oxygen scavenging 
are processed by sulfate-reducing bacteria (SRB) 
producing hydrogen sulfate which leads to active 
corrosion of equipment and pipelines. Also barium in 
formation waters will produce barite (form of barium 
sulfate), sediments of which are extremely difficult to 
remove even with strong acids.

Sulfites as strong reducers, can also participate in 
radical reactions of polymer degradation, which means 
necessity of control over concentration of residual 
sulfites in water, but most sulfites after reaction with 
oxygen produce sulfates, anions inert in relation to free 
radical mechanisms, and residual sulfites in produced 

concentrations do not significantly affect viscosity. This 
was taken into account during development of program 
for control of water-chemical mode.

Analytical control program
Program of laboratory studies of ASP projects 

contains over 38 analytical indicators and over 45 applied 
methods, both standard (regulatory documentation, RD, 
GOSTs, ASTM) and specially developed for the project. 
Frequently several methods were simultaneously applied 
for key indicators, which is associated with the fact 
that the same indicators in different media, streams 
and conditions require the use different measurement 
methods. 

Measurement of dissolved oxygen concentration 
in laboratories is performed by Winckler’s method or 
method of iodometric titration (Guidance document 
52.24.419-2005. Mass concentration of dissolved 
oxygen in water. Method of performing measurements 
by iodometric method). Despite the fact that Winckler’s 
method is considered to be standard chemical method 
for solutions analysis with its multiple modifications 
simplifying studies, it is not possible to use it for 
operational express-analysis in field conditions (Erke, 
Kostina, Bondar et al., 2018). Therefore for operational 
measurement of dissolved oxygen concentration in water 
during the project analyzers of dissolved oxygen or 
oxymeters were used (Figure 4 А, C), as well as special 
test-kits for express determination of dissolved oxygen 
(visual colorimetric method, Figure 4 B).

After analysis of analytical instruments and 
consultations with manufacturers it was decided to 
use only devices based on more neutral method – 
amperometric method.

The principle of amperometric analyzer for dissolved 
oxygen is based on electrochemical method for 
measurement of oxygen concentration. 

Number of portable devices and two types of 
analytical instruments are used in the project for 
different ranges of measurement (from close to 
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Figure 5. Simplified diagram of ASP process (Erke, 
Kostina, Bondar et al., 2018). RVS 1 – artesian water tank; 
RVS 2 – treated water tank (permeate), RBS 3 – waste 
water tank; PS – pump station for transfer of artesian and 
treated water; WTS – water treatment station; units for 
preparation of mother solutions of chemicals (polymer, salt, soda, surfactant, isobutyl alcohol); HPPS – high pressure pump 
station for injection of ASP solutions into the reservoir. Flows of media in which analysis of dissolved oxygen concentration is 
performed are marked with figures: 1 – Artesian water; 2 – Treated water (permeate) downstream of RVS tank; 3 – Treated water 
(permeate) upstream of RVS tank; 4 – Polymer mother solution; 5 – Salt mother solution; 6 – Soda calcinated mother solution; 
7 – Surfactant and isobutyl alcohol mother solution; 8 – ASP mixture at inlet point of injection pump station after mixing; 9 – 
Sampling points on injection line of high pressure pumps.

balanced concentration values to insignificant values 
of several mkg/l). 

Selected express-methods for measurement of 
oxygen by visual colorimetric methods are also used for 
verification: Indigo blue carminic for values of at least 
1 mg/l and Rodhazine D for values in mkg/l (ASTM D 
888-87, Dissolved Oxygen in Water; ASTM D5543-
09, Standard Test Methods for Low-Level Dissolved 
Oxygen in Water) (Figure 4). 

For complete control over oxygen concentration 
at various stages of ASP process scheme a number of 
sampling points were designed and arranged, as well as 
flow-type analytical measuring instruments.

Green boxes in simplified diagram (Figure 5) of the 
process show sampling points, and yellow boxes – spots 
of oxygen control with flow-type analytical instruments, 
red arrow indicates spot of oxygen scavenger supply. 

Such number of control points of oxygen concentration 
allows to promptly identify reasons of concentration 
increase (oxygen sources), and use of three approaches 
to determination (portable instrument – test-kit – 
instrumentation) minimizes probability of wrong 
determination of oxygen concentration. In addition, 
special focus is made on determination of excess of 
sulfite-ions in various media, as indication of processes 
occurring in them. Absence of sulfites can become a 
signal for quick increase of oxygen level (Erke, Kostina, 
Bondar et al., 2018). It is particularly important to have 
an excess of chemical before mixing with isobutyl 
alcohol or other liquid, in which oxygen solubility can 
be significantly higher than in water.

Also, implementation of scheme with nitrogen 
blanketing of tank equipment allows to make a 
conclusion that process media should be protected after 
introduction of chemical scavenger or introduction of 
polymer into the process. That means that there is no 
need to make nitrogen blanketing in source water tanks, 
intermediate tanks of water treatment unit, etc.; which 
will allow to reduce operational expenditures.

Conclusions and recommendations
During implementation of ASP technology where 

one of the key roles is played by control over oxygen 
dissolved in water and solutions, it is important to take into 
account a number of factors and implement the following 
recommendations (Erke, Kostina, Bondar et al., 2018):

• At design stage it is required to exclude contact with 
atmospheric air by means of maintenance of nitrogen 
blanketing in tank equipment, especially for deoxygenated 
media, because the system will quickly return to balanced 
concentration of oxygen in water or water solution, which 
is mg/l units. There is no need to make nitrogen blanketing 
in tanks with source water, intermediate tanks of water 
treatment unit, etc.; this will allow to reduce OPEX.

• It is required to maintain excess of oxygen scavenger 
at acceptable level. Lack of excess is a signal of problem 
and increase of oxygen level in near future, big excess 
also can be the cause of polymer degradation; 

• It is required to comply with water-chemical mode 
for application of chemical scavenger which means 
maintenance of optimal temperature, рН and residence 
time;
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• It is required to take into account oxygen ingress 
with ASP components, especially those in which oxygen 
solubility is abnormally high;

• It is important to understand what methods of 
oxygen concentration measurement are applicable and 
optimal for different media, especially multi-component 
media, for this purpose it is required to consider side 
physical and chemical processes which may result in 
wrong measurement of oxygen concentration. Also, the 
use of different alternative methods will be useful for 
verification;

• Special focus should be made on development of 
sampling points system and their arrangement in order to 
exclude contact with atmosphere in process of sampling 
and compliance with sampling rules;

• When selecting a chemical method it is important 
to select the chemical, which application will not lead to 
additional actions for implementation of optimal water-
chemical modes.

References 
ASTM D 888-87, Dissolved Oxygen in Water, Test Method. A. Gilbert, 

T.W., Behymer, T.D., Castañeda, H.B. (1982, March). Determination of 
Dissolved Oxygen in Natural and Wastewaters. American Laboratory, 
pp. 119-134.

ASTM D 5543-09, Standard Test Methods for Low-Level Dissolved 
Oxygen in Water. 

Erke S.I., Kostina M.Yu., Bondar M.Yu., Shuster M.Yu., Karpan V.M. 
(2018). Dissolved oxygen control specifics in ASP project. Neftyanoe 
Khozyaystvo = Oil industry, 1, pp. 66-71. DOI: 10.24887/0028-2448-2018-
1-66-71 (In Russ.)

Isabel Vega, M. Isabel Hernández, Diana Masiero, Leticia Legarto, 
Silvana Gandi, Sergio Bosco, and Remigio Ruiz (2015). IOR: Improving 
Polymer Selection, Connecting Lab Results with Field Operation. AAPG Latin 
America Region, Geoscience Technology Workshop. Search and Discovery 
Article #41642

Kai Fischer, Michael Wilken (2001). Experimental determination 
of oxygen and nitrogen solubility in organic solvents up to 10 MPa at 
temperatures between 298 K and 398 K. J. Chem. Thermodynamics, 33(10), 
pp. 1285-1308. doi: https://doi.org/10.1006/jcht.2001.0837 

Klaassen R., Feron P.H.M., Jansen A.E. (2005). Membrane contactors in 
industrial applications. Chem. Eng. Res. Des., 83, pp. 234-246

Rubin Battino, Timothy R. Rettich, and Toshihiro Tominaga (1983). 
The Solubility of Oxygen and Ozone in Liquids. Journal of Physical and 
Chemical Reference Data, 12(163). doi: https://doi.org/10.1063/1.555680

Seright, R. S., Skjevrak, I. (2014). Effect of Dissolved Iron and 
Oxygen on Stability of HPAM Polymers. Society of Petroleum Engineers. 
doi:10.2118/169030-MS 

W. Rodgers Baird, and Robert T. Foley (1972). Solubility of oxygen 
in selected organic solvents. J. Chem. Eng. Data, 17(3), pp. 355-357. doi: 
10.1021/je60054a029

Wellington, S. L. (1983). Biopolymer Solution Viscosity Stabilization - 
Polymer Degradation and Antioxidant Use. Society of Petroleum Engineers. 
doi:10.2118/9296-PA

About the Authors
Mikhail Yu. Bondar – Leading Chemical Engineer
Salym Petroleum Development N.V.
31, Novinsky boul., Moscow, 123242, Russian 

Federation

Mikhail Yu. Shuster – ASP project Manager 
Salym Petroleum Development N.V.
31, Novinsky boul., Moscow, 123242, Russian 

Federation

Volodymyr M. Karpan – PhD, Reservoir Engineer
Salym Petroleum Development N.V.
31, Novinsky boul., Moscow, 123242, Russian 

Federation

Maria Yu. Kostina – Leading Specialist of the Technical 
Department, Salym Petroleum Development N.V.

31, Novinsky boul., Moscow, 123242, Russian 
Federation

Marat A. Azamatov – Head of the Department, Master 
of Physics, MSc Petroleum Engineering

Salym Petroleum Development N.V/
31, Novinsky boul., Moscow, 123242, Russian 

Federation

Manuscript received 30 November 2017; 
Accepted 2 March 2018; Published 30 March 2018


