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Abstract A huge amount of crude oil associated water is produced from the Upper
Assam oil field which contains contaminants and is harmful to the environment on
direct disposal. From the analysis, we have observed the high presence of turbidity,
salinity, Oil andGrease (O&G), Total Suspended Solid (TSS), Total Dissolved Solids
(TDS), organic and inorganic constituents. These water samples were not considered
safe for disposal according to the rules and regulations provided by the Central Pollu-
tion Control Board (CPCB) of India and have to be treated. Initially, theywere treated
in a sand filter which proves to be cost-effective but the turbidity, O&G, and potas-
sium ion parameters were not within limits. On further treatment in Hollow Fiber
Membrane Module setup (HFMS) with microfiltration (MF) and Ultra Filtration
(UF) membranes, the previous parameters were brought within range. The decrease
in absorbance showed the reduction of contaminants on treatment.
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1 Introduction

The crude oil associated water is produced from the subsurface along with crude
oil (CO). This water contains contaminants in the form of organic and inorganic
constituents alongwith dissolved and suspended solids. The procedure for producing
and processing causes changes in temperature and pressure of oil field water [1]. The
addition of treated chemicals, along with the presence of produced gas, oil, and likely
solids, would change the properties of the water and its behavior. Understanding
the mechanism of water is the key to predict and control many problems related
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to it. Also, the salt composition is an excellent source of information about the
particular reservoir and its depletion process. Water produced with petroleum is
growing in importance fromanenvironmental point of view. In the past, the associated
water was directly disposed of into the environment without treatment, affecting the
biochemical oxygen demand (BOD) of the living organisms in water, but nowadays
the government has provided strict rules and regulations for its disposal into the
environment as it contains harmful contaminants which may affect plants, humans
and living organisms on consumption [1–3].

2 Materials and Methods

Materials: Six samples of CO were taken for analysis along with Calcium chloride,
De-oiler, Potassiumchloride, Silver chloride, Sodiumchloride, Potassiumhydroxide,
Hydrazine sulfate, Hexamethylenetetramine, Ethanol, Petroleum Ether, Ethylene
diamine tetraacetic acid (EDTA), Disodium Salt Dihydrate, Erichrome Black
T, Calcium Carbonate, Lithium Carbonate, Hydrochloric Acid, Phenolphthalein,
Toluene, Filter paper, sand, sandstone, and charcoal were used.

Methods: The OFPW was separated from crude oil using a separating funnel.
The pH, salinity, conductivity, TDS, Turbidity and Dissolved Oxygen (DO) were
analyzed in water analyzer. The TSS was measured in the Millipore assembly. The
O&G was evaluated in separating funnel using petroleum ether. The Biochemical
Oxygen Demand (BOD) was tested in BOD incubator. The Na, Li, Ca and K were
determined in flame photometer, while Al, B, P, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe,
Mn, Mg, Ni, Pb, Sr, Te, Zn, Ti were determined in Atomic Absorption Spectrometer
(AAS) and InducedCoupled PlasmaOptical Emission Spectrometer (ICP-OES). The
OFPWwas initially treated using a filter of sand, sandstone and charcoal of standard
sizes. The membrane treatment was done in Hollow Fiber Membrane Module setup
(HFMS) with MF and UF membranes (Figs. 1, 2, 3, 4, 5, 6).

3 Results

3.1 Results of Physical and Chemical Analyses

4 Discussion

The OFPW samples of the Upper Assam Basin were analyzed after a varied process
of treatment. Initially, the samples were brown in color with a temperature of 90 °C
and turbidity of above 100 NTU which is not safe for disposal into the environment
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Fig. 1 Graphical
representation of Total
Dissolved Solid after stages
of treatment

190

690

1190

1690

2190

2690

1 2 3 4 5 6

TD
S

Sample

TDS (ppm)

Untreated Sand filter M.F U.F.

Fig. 2 Graphical
representation of Turbidity
after stages of treatment
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according to the guidelines provided by Central Pollution Control Board (CPCB) of
India. Therefore, the following sampleswere first treated in a filter of sand, sandstone,
and charcoal of standard sizes and then in the HFMS with MF and UF membranes
for its safe disposal. The pH of the sample is governed by the solubility of carbonates
and biocarbonates whereas its salinity is governed by monovalent and divalent ions.
The values of TDS and turbidity have to be within limits as they contribute to the
presence of dissolved organic solutes and colloidal particles respectively [2, 4]. The
TSSdetermines the presence of suspended solidswhose particles are above 2microns
and its removal is governed by Stokes’ law. The levels of DO have to increase after
treatment as it is essential for the aquatic living organisms to survive. The biological
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Fig. 3 Graphical
representation of Total
Suspended Solid after stages
of treatment
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Fig. 4 Graphical
representation of Oil &
Grease after stages of
treatment
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toxicity problems and environmental pollution are related to the presence of organics
and inorganics in OFPW, whose presence has been lowered with treatment in sand
filter and HFMS [1, 5].
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Fig. 5 Graphical
representation of Sodium
(Na) after stages of treatment
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Fig. 6 Graphical
representation of Calcium
(Ca) after stages of treatment
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5 Conclusions

The OFPW contains a complex mixture of both organics and inorganics which has to
be treated before disposal into the environment through disposalwells or in secondary
recovery pressuremaintenance byWater Injection Plants (WIPs). Thiswater contains
contaminants which affect the salinity and decrease DO concentration due to the
formation of sludge deposits. Also, it may plug and choke the pores at the subsur-
face of the disposal sites which decreases the effectiveness of various Enhanced Oil
Recovery (EOR) techniques [1–3]. The sand filter is highly effective in decreasing



2094 T. Gogoi et al.

various parameters within specification provided by CPCB of India except turbidity,
O&G, and potassium ion. The following three parameters were brought within limits
by treating in HFMS with MF and UF membranes. Also, we have observed that the
contaminants were absorbed tremendously on the sand filter and on further treatment
in HFMS, the contaminants were reduced significantly.

References

1. Gogoi T.J., Gogoi S.B.: Analyses and treatment of oil field formation water of upper Assam
Basin (India). In: Banerjee S., Barati R., Patil S. (eds.), Advances in Petroleum Engi-
neering and Petroleum Geochemistry. Advances in Science, Technology & Innovation (IEREK
Interdisciplinary Series for Sustainable Development). Springer, Cham (2019)

2. Tapan, G.J., Subrata, G.B., Shilpi, S.: A green approach for oil field produced waters of upper
Assam Basin. In: Sustainability Issues in Environmental Geotechnics of Springer International,
Sequence number 11, Print ISBN: 978–3–030–01929–7 (2019)

3. Gogoi, S.B., Sen, R.K., Rajbongshi, A., Hazarika, K.: Characterization of oil field produced
waters of upper Assam Basin, India. Int. J. New Technol. Sci. Eng. 2(1), Issn 2349–0780 (2015)

4. Khastar-Boroujeni, M., Esmaili, K., Samadi-Boroujeni, H., Ziaei, A.: Wastewater effect on the
deposition of cohesive sediment. J. Environ. Eng. 144(1) (2018)

5. Goyal, M.K., Surampalli, R.Y.: Impact of climate change on water resources in India. J. Environ.
Eng. 144(7) (2018)


	 Comparative Study of Various Treatment Processes of Crude Oil Associated Water Produced from the Upper Assam Basin (India)
	1 Introduction
	2 Materials and Methods
	3 Results
	3.1 Results of Physical and Chemical Analyses

	4 Discussion
	5 Conclusions
	References




