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Introduction

Produced water can be defined as "High volume waste-water separated from oil and gsfjk&is.produced f«tfh'subsurface
formations" (2). The water contains aliphatic and aromatic hydrocarbons, paniculate matter and soluble salts as well as elements
originating from the formations and from sea water injections. Residues of chemicals may also be present. The only components
in produced water analysed and reported on a regular basis today are aliphatic hydrocarbons measured by Freon (CFC 113)
extraction and infrared (IR) detection. The accepted North Sea discharge limit is 40 ppm. The last decade or so a growing
concern has developed regarding the water soluble constituents and their potential environmental effects.

In this presentation the focus will be on the chemical composition of produced water and on the challanges involved in
developing and implementing analytical methods. The focus will also be on the development of a new oil-in-water analytical
method as a replacement for the Freon method.

Produced water - analytical challenges

Produced water is a very complex mixture which contains thousands of substances in concentrations which fluctuate over
relative short time intervals depending on the production situation. The estimated total volume of produced water is 340 million
m^ in 1997 (4). The analytical challenges in the analysis of produced water are several. The following questions should be
adressed:
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• What are the compounds of environmental concern? <
• How should such compounds be analysed and how frequently?
• What should be the required accuracy and reproducibility of the methods used and how will the sampling procedure

influence the results?
• What should be the discharge limits of such compounds?

There will also be analytical and practical issues related to detection limits and available analytical equipment and skills.

Composition

The composition of produced water will vary considerably depending on whether it is an oil or gas production site, on the
specific formations and if more than one well is producing the water at the platform. Typical concentrations of some of the most
important organic compounds are tabulated on the next page. For the acidic compounds, derivatisation techniques are often used
prior to GC analysis.

The aliphatic hydrocarbons are not water soluble and are found as small dispersed droplets or associated with particles. The
aliphatic hydrocarbons is not believed to be the compounds with the highest potential environmental hazard in produced water
although they cause an increase in biological oxygen demand (BOD) (1). The figures obtained will be a function of oil/water
separation success. The analyses have up till now been straightforward and manageable by offshore staff using the Freon
extraction method.

Components
Aliphatics
Aliphatics <C5
Aliphatics >C5
Aromatics
BTEX
Naphtalenes

Polar compounds
Phenols

Fatty acids

Concentration

Typical - mg/1

1
5

8
1.5

5

300

- Oil Field (2)

Range - mg/1

0-6
0-30

0-20
0-4

1-11

30-800

Concentration

Typical - mg/1

1
10

25
1.5

5

150

- Gas Field (2)

Range - mg/1

0-6
0-60

0->50
0-4

0-22

0-500

Common
analytical

headspace-G
Freon-IR

Purge/Trap-
Solvent extra

GCMS

Solvent extra

GCMS
Isotachophor

or GC metho

The aromatics comprise the relatively water-soluble monoaromatics (benzene, toluene, ethylene and xylene; BTEX) as well as
bi- and polycyclic aromatic hydrocarbons (naphtalenes, phenylbenzenes; PAHs) (1-4). The phenolic compounds are phenol and
mostly C1-C4 alkylated phenols (4).

The aromatic and phenolic compounds are the most likely candidates for regular discharge analysis based on the current
knowledge of produced water discharges. This is mainly due to the sensitivty of early life stages offish to such compounds (3)
and the fact that these compounds can be found in the water column and in caged mussels close to the platforms (4). The levels
of both monoaromatic and phenolic compounds are normally higher from gas field production sites than from oil fields.
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OSPARS SEBA Group mentions PAHs and heavy metals as the new compounds to consider for offshore discharge analysis (6).

The bulk part of the fatty acids is straight chain C1-C6 carboxylic acids. They are easily degraded and not believed to be
environmetally hazardous (3). They will not be discussed further. Another group of acidic compounds are the naphthenic acids
(1). Not much is currently know about their concentrations and possible effects.

Many unidentified organic compounds may still be found in produced water. The reason why unknown compounds still exists is
the lack of analytical methods and standard materials.

Inorganic components consist mainly of cationic metals and anionic counterions dissolved in the water phase. Their presence can
influence the extraction efficiency during analysis of organic compounds. The dominating cations (references mainly from 3 and
4) are barium (0-200 mg/1), iron (0-11 mg/l) and zinc (0-200 mg/l). At some platforms copper (0.6 mg/1), lead (0.3 mg/l) and
mercury (0.03 mg/1) are found at higher concentrations than average for produced water off-shore. The dominating cation is
chloride (10,000-90,000 mg/l) followed by sulphate (800-1,000 mg/l) and bicarbonate (50-600 mg/l). The concentration of these
speceis seems to be dependent on the combined effect of formation water and injected sea water composition. The inorganic
components are not believed to contribute significantly to the environmental risk (1,2).

Small quantities of Natural Occuring Radioactive Material (NORM) are discharged with produced water. Their concentrations
are not believed to be above levels of concern (1) and will not discussed further.

Water-soluble constituents of production chemicals or their degradation products are found in produced water. Especially scale
inhibitors, corrosion inhibitors, biocides and flocculants have been focused upon because of their relative high water solubility,
relative large consumption and potential environmental hazard (5). Because of the large number of chemicals used, however, and
because of the problems and cost involved in developing analytical methods for these chemicals, other approaches are more
attractive than monitoring and reporting produced water levels. Chemicals should be chosen and their use optimised based on
their performance characteristics and on their potential or proven environmental hazards.

Sampling of produced water

Representativ sampling is the key issue in all types of analysis related to discharges. Sudden release situations will often require
other methods than the ones used for continuous releases. For detection of sudden incidents, some means of on-line or real-time
detection should be installed. In addition, manual samples should be taken during such incidents in order to estimate the releases
of specific components. In general, sampling frequency should be adapted to the known variations of components over time to
get good estimates of the concentrations. This is not easy when a few liters of samples a day are supposed to be representative of
large volumes of produced water.

Discharge analysis

This discussion will be limited to the aliphatic and aromatic hydrocarbons and the phenols based on the above discussion.

Oil-in-water

An European Union project with the aim of replacing the traditional oil-in-water analysis (above CIO) based on Freon extraction
method started in November 1996. Freon is on the Montreal Protocol phase out list as one of the most potent ozone depleting
substances. An alternative use of tetrachloroethene (perchloroethylene) or tetrachloromethan (carbontetrachloride) has been
suggested by PARCOM until a new standard method is available (6). The new methods should cover the 10 ppb - 1000 ppm
range and be applicable to effluent water off-shore and on-shore, as well as drinking-, ground-, and surfacewater analysis. New
methods will be recomended to the CEN/ISO workgroup late 1998. The partners in the project are SINTEF Applied Chemistry,
Norway (co-ordinator); the University of Liege, Belgium and Luxcontrol s.a. in Luxembourg. The project is supported by the
Norwegian State Pollution Authority (SFT) and by the Swedish Environmental Protection Agency (SNV).

The following methods are being evaluated as potential candidates for a new method:

• Liquid-liquid extraction with a hydrocarbon followed by deposition on a "3M" card and subsequent IR analysis.
• Liquid-liquid extraction with a hydrocarbon followed by analysis by GC equipped with MS or FID detector.
• Liquid-liquid extraction with a hydrocarbon, deposition of the extract on silica-rods and subsequent detection by FID

detection (also known as Iatroscan).
• Solid phase extraction (SPE), followed by analysis of the extract by GC-MS.
• Solid phase microextraction (SPME), followed by analysis by GC-MS.

All kinds of analytical methods can be used for oil discharge reporting provided a documentation on the correlation to the
approved and valid standard method can be provided.

Volatiles (below C10) will normally be analysed by some kind of purge technique (purge/trap or headspace).

Aromatic hydrocarbons

BTEX, naphtalenes and PAHs are normally extracted from produced water with an organic solvent and analysed on a GC-MS
systems (1-4). Depending on the pH of the water, phenols can be coextracted and analysed. Other means of extracting these
compounds from the waterphase is by using solid phase extraction devices. This can be done by using solid phase extraction
discs (7) or by using extraction columns. In the water column, semipermeable polymeric membrane devices (SPMD) or solid
phase microextraction techniques (SPME) will probably be better for analysing small quantities. The SPMD technique has been
tested in the OLF project (4). The solid phase extraction devices are desorbed using a suitable solvent or by thermic desorption
prior to GC-MS analysis.

The volatile BTEX compounds can be analysed in produced water by a purge/trap system followed by thermic desorption and
GC-MS analysis.
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Conclusions

New standard methods for oil-in-water analysis without use of Freon are being developed and will be recommended during
1998. In the meantime an exemption for the use of Freon and other halogenated solvents has been given for this purpose.

The analysis of mono-, di- and polycyclic- aromatic compounds as well as phenols should be considered by SFT/OSPAR for
discharge reporting based on the present knowledge of their effects and depending on the outcome of the field work conducted
by Statoil and Hydro for OLF this year. The frequency of such analyses and whether these analyses have to be performed
offshore or by more specialised laboratories onshore should also be decided.

Analytical methods for other compounds in produced water, including constituents in production chemicals, may be needed if
their discharged amounts and environmental effects indicates this.
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