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OIL IN PRODUCED WATER ANALYSIS

–GUIDELINE ON CRITERIA FOR ALTERNATIVE METHOD ACCEPTANCE AND GENERAL GUIDELINES ON SAMPLE TAKING AND HANDLING
(Reference number: 2006-6)

1
INTRODUCTION

In response to OSPAR Recommendation 2001/1 for the Management of Produced Water from Offshore Installations, a new reference method for the determination of the concentration of dispersed oil in produced water has been agreed (OSPAR reference number 2005-15). This method is a modified version of the ISO 9377-2 method. The Recommendation also permits the use of alternative analysis methods that yield equivalent results. 

A joint industry project entitled “Oil-in-Water Analysis Method” (OIWAM) was carried out in the UK aimed at identifying the best practical means of implementing the new OSPAR reference method. It also aimed to establish a realistic set of acceptance criteria for alternative methods and to provide best practice guidance on produced water sample taking and handling. The project was supported by the Department of Trade and Industry (UK), State Supervision of Mines (NL), NOGEPA (NL) and 8 UK offshore operators. The report generated by this work forms the basis of this document.

This document provides guidance on acceptance criteria and calibration approaches that may be used to allow alternative oil in water analysis methods to be used and accepted. Best practical guidance on sample taking and handling is also included and is intended to complement the guidance given in the OSPAR Reference Method (OSPAR reference number 2005-15). 

It is recognised that direct offshore implementation of the OSPAR Reference Method may be the best technical option overall, avoid any need to convert results from one method to another. However it is also recognised that at present the complex instrumentation needed for this method may limit or prevent the implementation on certain offshore installations and therefore alternative analysis methods, using more simple and robust techniques, could be useful.

2
GUIDELINE ON ALTERNATIVE METHOD ACCEPTANCE 

For an alternative analysis method to be deemed acceptable, the single most important factor is whether or not an alternative method produces results that are statistically the same as the OSPAR Reference Method. 

There are two possible methods that one may use: 

a) Statistical significance tests (F tests and Student-T tests). 

b) Correlation between the two methods.

Statistical significance tests are generally limited to a single level (concentration) of results or a narrow (concentration) range of results (i.e. generally within the same magnitude) and are not regarded as suitable in terms of method acceptance.

For offshore oil-in-water analysis where concentration ranges are generally in the 0 to 100 mg/l range, establishing a correlation using linear regression between two methods is considered to be the most appropriate way forward in terms of accepting the results from an alternative method.      

In developing acceptance criteria it is important to establish a correlation between an alternative method and the reference method and also to ensure the validity of the correlation with time in a way that can be accepted by the competent authority.  While the principle of establishing acceptance criteria may be simple, procedures involved for meeting these acceptance criteria may not. 

For the indirect implementation of the new OSPAR Reference Method by using offshore laboratory based bench top analysers and online monitors, different calibration approaches are suggested in the following sections. 
3
IMPLEMENTING THE OSPAR REFERENCE METHOD USING A BENCH TOP ANALYSER

3.1 
General Approach/Steps

a) Select and procure a bench top oil-in-water analyser / instrument.

b) Select a laboratory (normally onshore) that is acceptable to the competent authority and where the OSPAR Reference Method can be carried out. 

3.2 
Initial Calibration

a) The laboratory calibrates the bench top analyser according to the manufacturer’s instructions. 

b) The laboratory carries out calibration tests using either produced water field samples or using oil in water standard solutions prepared using a representative oil sample. A stabilised crude oil from a particular reservoir may fulfil these requirements.

c) Calibration test results from the alternative method are plotted against results from the OSPAR Reference Method. A linear regression of the data points is carried out and a regression coefficient generated. 

d) The laboratory establishes a correlation between the two methods. The calibrated analyser with the established correlation is then ready for use offshore. The correlation may be built into the instrument and/or supplied with graph on a paper. When a graph is supplied, it is suggested that as a minimum, the serial number of the instrument, the name of the installations on which it can be used and the date of construction of the graph are noted on the graph.

3.3  
   Regular validation and recalibration 
a) Validation: validation is suggested once a month initially.

b) Recalibration: recalibration should be carried out if monthly validation has indicated unacceptable variations or the instrument has been serviced, damaged, repaired or interfered with. 

3.4
Approaches for calibration
3.4.1 
Specific Issues

a) The choice of alternative method instruments, analysis techniques and solvents will be made by the individual operator but will be subject to possible guidance and /or regulations from the appropriate competent authority. 

b) Before calibration tests are carried out to establish a correlation between the alternative method and     the OSPAR Reference Method, the instrument used in the alternative method should be calibrated according to the manufacturer’s instructions. The OSPAR Reference Method must be established according to the procedures detailed in the OSPAR Reference Method of Analysis for the Determination of the Dispersed Oil Content in Produced Water (OSPAR reference number 2005-15).

c) Establish a valid correlation using produced water field samples or laboratory prepared samples: 

3.4.2
Method A – Calibration using produced water field samples

a) 12 duplicate produced water samples (i.e. 24 samples) are taken from the offshore installation produced water sample point over an appropriate period of time. 12 samples are analysed by the OSPAR Reference Method and the other 12 samples by the alternative analysis method. The calibration curve should cover a concentration range of 0 to 80 mg/l and the concentration range of the samples should be evenly distributed. 
b) Samples upstream of the designated sampling point should also be taken (if possible), analysed and included in the construction of the calibration graph. These samples would be expected to have higher dispersed oil content than samples taken further downstream. The inclusion of these samples (in the data set) should ensure that there is a better distribution of data points over the 0 to 80 mg/l concentration range.  
c) Samples are collected using an appropriate sampling device or method e.g. ‘Y’ or ‘T’ piece sampling device, auto-sampler or filling duplicate sample bottles in one-third portions.

d) Assuming that the oil content of the samples lies within the linear range of both methods, a linear regression analysis is carried out. The calibration curve is expressed as:

Y = aX + b 









Y represents the alternative method measurement and X represents the OSPAR Reference Method measurement. When plotting a graph it is helpful to refer to the document titled “Preparation of Calibration Curves – a Guide to Best Practice” published by the Laboratory of the Government Chemist (UK) (LGC/VAM/2003/032 -September 2003). Using statistics the upper and lower 95% confidence limits and the regression coefficient are calculated and should be shown on the graph.

e) Validation: After the initial calibration, 4 duplicate samples (i.e. 8 samples) per calendar month are taken and analysed using both methods. In practice this means that 4 samples are analysed by the alternative method and 4 by the OSPAR Reference Method. This will generate 4 calibration points. 

f) If these four calibration points are within the 95% confidence limits they are added to the calibration data set and the four oldest points are discarded. A new calibration line is then calculated together with  the new 95% confidence limits. 

g) However, if the 4 new calibration points are outside the 95% confidence limits, 8 duplicate samples are analysed over a specified period of time (see 3.4.2 (a)) and a new calibration line is calculated using the 12 (8 + 4) data points. 

h) Until a new 12-point calibration graph can be drawn, as an interim measure a temporary calibration can be established using the 4 calibration points that were outside the original 95% confidence limits.

3.4.3  Method B1 – Calibration using laboratory prepared standard solutions and alternative analysis method (solvent other than n-pentane)

a) A minimum of six calibration standard solutions covering a concentration range from 0 to 80 mg of oil per litre of water should be prepared for analysis by the alternative method. The concentrations of the calibration standards should be evenly spaced. 

b) Standard solutions of oil (see 3.2 (b)) in solvent are prepared by either direct injection of oil into a solvent solution or by back extraction, using solvent, of the oil phase of a laboratory prepared produced water sample. The preferred means of formulating the standard solution will be specified by the competent authority.

c) The above procedure is repeated using the same concentration levels of oil in water but this time standard solutions of oil in n-pentane are prepared for analysis by the OSPAR Reference method.

d) The respective standard solutions of oil in solvent are analysed by the alternative method and the OSPAR Reference method. The resultant data are plotted along with the calculated linear regression equation and the 95% upper and lower confidence limits.

e) Both sets of standard solutions must be retained for validation purposes and stored in a fridge when not in use. They should also not be kept for longer than 6 months. 

f) Validation should be carried out typically once per calendar month. Validation can be achieved by analysing the respective standard solutions (see 3.4.3 (b) and (c)) by the appropriate analysis method i.e. specified alternative method or OSPAR Reference Method. The corresponding result is then checked against the original calibration. If the result is within the 95% confidence limits, the calibration is considered to be still valid. If the result is outside the 95% confidence limit, a second pair of samples should be analysed by the appropriate analysis method. If the second result is outside the 95% confidence limits, then a new calibration should be established as per 3.4.3 (a). 

g) The calibration method as detailed above will cover, the 0 to 80 mg/l range of oil in water and linear responses for both methods should be reasonably assumed.

h) The correlation is only valid for the specific process stream in question.  Different process streams may have different characteristics because of their different origin.

3.4.4  Method B2 – Calibration using laboratory prepared standard solutions and alternative analysis method (using n-pentane)
a) Some alternative analysis methods utilise n-pentane as the solvent to extract oil from the produced water sample. If the extraction procedure follows the steps of the OSPAR Reference Method (excluding the addition of any internal standard), the need for calibration of the alternative method is reduced to doing a correlation study between instruments/methods.

b) Method B1 should be followed when using Method B2, substituting the word n-pentane for the word solvent. Only one set of calibration standards need be prepared when using Method B2 and care should be taken to ensure that there is sufficient volume of the calibration standards available to permit validation by both the alternative method and the OSPAR Reference Method.

3.5    Dealing with instrument breakdown

a) Measurement of oil in produced water is not only for competent authority reporting purposes but also for production process control.  It is therefore desirable that a back-up analyser is in place, or is available at short notice, that can be quickly calibrated against the OSPAR Reference Method and then sent offshore. Before the back-up analyser arrives, daily samples should be taken (in line with competent authority guidelines), acidified and stored in line with the Guideline 6 in Section 4. The samples should be analysed as soon as the analyser is available. 

b) Other calibration approaches, subject to the approval of the competent authority, may also be used for the purpose of establishing a valid correlation between an alternative method and the OSPAR Reference Method.

4
IMPLEMENTING THE OSPAR REFERENCE METHOD USING AN ONLINE MONITOR

4.1  
General Approach/Steps

When operators are ready to fit an online monitor on an offshore installation, an approved alternative oil in water analysis method must be first made available offshore. Such a method will serve as:

a) An analysis method for reporting before an online analyser is approved.

b) A reference (or secondary reference) method for calibrating the online monitor.

c) A reference (or secondary reference) method for validating the online monitor calibration.
d) A back-up system in-case the online monitor breaks down or fails to produce valid results.
4.2     Implementation of an online monitor: 

a) Select and procure a suitable online monitor.               
b) Install the monitor in accordance with the manufacturer’s and/or vendor’s instructions.

c) Establish a calibration by analysing duplicate field samples by both the online monitor and the calibrated offshore method.  

d) Validate the calibration on a weekly basis.

e) Update the calibration curve on a monthly basis.

f) Collect and process data for reporting purposes.

4.3 
Specific Issues 

4.3.1 Installation: Online oil in water analysers should only be installed where they can be easily accessed. If the online monitor is installed on a by-pass line, then the length of the sampling line should be kept to a minimum. Sampling devices that divide a process stream into two parallel streams should be checked / validated with a bench top analyser to ensure that the two substreams give identical conditions before an online OIW monitor is installed.  Dividing streams may give rise to differences in flow, concentration and turbulence.

4.3.2 Sampling: It is important that there is an appropriate sampling device fitted so that parallel samples can be taken and analysed by the approved method. Taking parallel samples from the sampling device must not affect the online monitor’s performance / analysis in any way. The instrument supplier should be consulted to advise on how the instrument should be installed. 

4.3.3 Calibration: Following the installation and commissioning of an online monitor, calibration using collected field-produced water samples should be carried out. As a minimum, 10 calibration points should be obtained. For each calibration point, three samples should be taken and analysed by the approved method. An average reading is then obtained from the online monitor during the period when the corresponding samples were taken. 

4.3.4 Calibration Concentration Range: Samples should be taken such that a maximum calibration concentration range is obtained. Samples should be taken at a time when the process is expected to be reasonably steady, i.e. for the period when the three manual samples are taken.
4.3.5 Construction of a calibration curve: A calibration curve is generated by plotting the average readings from the online monitor against the average values from analysing the field samples. The points are fitted using linear regression with the 95% confidence limits calculated using a software package.  A calibration graph with the 95% confidence limits shown should then be printed out. The online monitor’s serial number, the date of the calibration, linear regression coefficients and analyst’s signature must be noted on the graph.

4.3.6 Re-calibration requirements: re-calibration is required if the online monitor has been serviced, damaged, repaired or interfered with. Re-calibration is also required if calibration checks have indicated so as detailed in 3.2.9 below. 

4.3.7 Validation: Each week a validation should be carried out. A validation is carried out by taking three samples and analysing by the approved method. An average reading is then obtained from the online monitor during the period when the corresponding samples were taken. The results are then plotted onto the calibration chart. If the results are within the 95% confidence limit, then it is acceptable to keep using the calibration curve.  If not, another calibration check must be carried out and if the latest point is within the 95% confidence limits, then it is acceptable to keep using the calibration curve. If the latest point is outside the 95% confidence limits, a new calibration curve must be established. 

4.3.8 Monthly calibration curve update: At the end of each calendar month, a new calibration curve is constructed by adding the latest calibration check points (all those within the 95% confidence limits) into the original calibration data points with the new 95% confidence limits calculated. The purpose of doing this is that over a period of time the calibration curve will cover a reasonably good concentration range. The step also in some way addresses the issue of calibration curve validity against time.  

4.3.9 Approval from the competent authority: Following the successful generation of a calibration graph, the operator may wish to seek formal approval from the competent authority. Approval to report oil in water figures obtained from an on-line monitor in lieu of traditional sampling and analysis methods will be on a case-by-case basis.

4.3.10   Reporting of oil in water data: Before an online monitor is approved for reporting purposes, routine oil in water sampling, analysis (using the approved method) and reporting should continue until the data from the online monitor is accepted by the competent authority. 

4.3.11   Reporting of oil in water data from an online monitor: Online monitors gather data continuously. It is important that an accurate monthly average dispersed oil in water figure be calculated. The oil in water figures reported to the competent authority must be in terms of OSPAR Reference Method. 

4.3.12   Dealing with online monitor breakdown: If an online monitor breaks down, or is considered to be unreliable, there must be an immediate return to a competent authority-approved sampling and analysis programme.
4.3.13   Responsibility: It remains the responsibility of the operator to ensure that the calibration procedure is carried out correctly and adhered to. 

4.3.14   Other calibration approaches: Other calibration approaches may also be used providing that it can be demonstrated that there is no statistically significant difference between the results obtained from the online monitor and those obtained from the OSPAR Reference Method. 

5
SAMPLE TAKING AND SAMPLE HANDLING

5.1 
General 
OSPAR Recommendation 2001/1 on the management of produced water defines the frequency and timing of sampling, thereby distinguishing between (a) installations that discharge continuously and (b) discharges from unmanned installations, batch discharges and small discharges.  In the latter case the frequency and timing of sampling should make sure that samples are representative of the effluent, taking into account operational aspects and logistics.  The following should therefore be considered to demonstrate minimum compliance with the Recommendation:

a) Manned installations discharging more than 2 tonnes of dispersed oil per annum: at least 16 samples per month are required to be taken and analysed.  These samples shall be taken at approximately equal intervals of time.

b) Manned installations discharging not more than 2 tonnes of dispersed oil per annum: produced water samples should be collected and analysed at least once per month, at approximately equal time intervals.

c) Unmanned installations: at least one sample is taken every time the installation is visited.  Should the installation be temporarily manned for more than 48 hours, it is suggested that one sample is taken every 48 hours.

Sampling points used shall comply with Sampling Guideline 1 below.

5.2      Specific Guidelines for Sampling 

Additional information on produced water sampling handling and treatment may also be found in the ISO 9377-2 and ISO 5667-3 standards. The following guidelines are specific to the offshore oil and gas industry.
Guideline 1: Sample Point Location
The sampling point shall be immediately downstream of the final oil-water separation, and from, or just downstream of, a turbulent region where good mixing of the fluid is present.
Guideline 2: Design of Sample Point

Spot Samples

a) Vertical up-flow is the preferred orientation for installation of an end of pipe sample point.

b) Where practical, a centre line pitot should always be used.  These are available commercially and can be of such a design that they can be withdrawn for inspection.  Pitots can also be made very easily using stainless steel tubing.  The pitot should be of at least ½” bore and the edges of the pitot should be smoothed off prior to use. On older installations, where installation of centre line pitots may prove difficult, side-wall sampling may be used together with a suitably designed sample point.

c) For external valving at the sample point, there will normally be a requirement for double block and bleed valving, although this may vary according to operator and / or national practice.  Ideally, full-bore sample valves should be used, such as ball valves.  Specifications for valving on offshore installations normally mean that other valve types may be required, such as needle or gate valves.

d) The distance between the sample probe and the sample valving should always be minimised, as the longer the sample line, the greater the chance of errors influencing any subsequent analysis.  For example, where a sample point has not been flushed properly, there is a possibility that oil residue retained within the sample line will introduce an artificially high result.

e) Sample tubing requires no special guidelines, other than the material used should be compatible with the fluids being sampled.  Generally, stainless steel is the preferred material of choice offshore, although special alloys may be required subject to fluid characteristics.

Online Sampling (with an Oil-in-Water Monitor)

A wide range of online oil-in-water monitoring technology is available commercially and the nature of how they operate in terms of both their detection principle and method of sampling can vary significantly.  Some systems operate using a side-stream from the main process, whilst others can be installed directly in to the main pipe.  Some general guidelines can, however, be applied to the installation of online systems such that representative sampling is achieved.

f) Where online systems require a side-stream feed to the monitor, the feed should be provided by way of a dedicated sample connection.  A centre line pitot should be used to ensure that the sample is representative.  Depending on the available head and the monitor flow requirements, the sample may need to be pumped to the monitor.

g) Where online systems require the installation of a probe into the main pipe, the location should be such that there is confidence that the probe is exposed to representative flow conditions.

h) The distance between the sample point and any external online monitor, should be minimised as far as practically possible.

i) Prior to any samples being collected, the sample point should be left flowing for at least 1 minute 

Guideline 3: Sample Flow Rate and Sample Point Condition

a) Sample points not in continuous use can naturally cause hydrocarbons and/or solids to collect within the probe.  It is therefore essential that adequate flushing time be provided prior to a sample being taken.  As an absolute minimum, the sample point should be flushed for 1 minute before a sample is taken. 

b) For ideal representative sampling, the sample point should be allowed to flow continuously to a suitable drain on the installation.

c) The sample point itself should be maintained in good working order.
d) Where the main pipe flow is low and there are concerns about possible stratification, installation of an orifice plate to restrict flow and maintain turbulence should be considered.
Guideline 4: Sample Bottle Requirements

The following guidelines are provided with respect to sample bottle requirements.

a) Borosilicate 3,3 or equivalent glass bottles of at least 500 ml capacity should be used for collection of the samples.  Sample volumes of close to 1000ml are required for analysis of low concentrations and with different methods.  The ISO 5667-3 standard specifies 1000ml samples for hydrocarbons.

b) The bottle caps must be teflon lined.  This is very important in preventing any potential contamination of the sample from plastic bottle caps.

c) All sample bottles should be solvent washed prior to use and left to dry. 

d) Where bottles are reused for produced water analysis, they should be solvent rinsed and then washed thoroughly and dried after each sampling event. 


Guideline 5: Sample Handling Following Sampling

The following steps are provided as guidelines for collection and subsequent storage of produced water samples:

a) Run the sample point as per Guideline 3. 

b) Fill the sample bottle, taking care not to overfill it.  

c) Add HCl to acidify the sample to a pH<2. Note the volume of acid added.

d) Cap the bottle.

e) Cool the sample immediately to 20(C or 10(C if using the OSPAR Reference Method and analyse as soon as possible. The cap should be loosened during the cooling process and then tightened securely.

f) Sample sparging (bubbling) using nitrogen (or any other gas) should not be used under any circumstances unless it is an accepted part of the analytical method and has been discussed and agreed with the competent authority.   

g) The use of florisil to treat the sample extract is recommended where there are concerns that polar components may interfere with the analysis/detection method. This step will ensure that polar components are removed from the sample extract before quantification. This is in accordance with the OSPAR Reference Method in which the use of florisil is specified.

h) If the samples are not going to be analysed immediately, they should be stored at 4°C in a refrigerator. Prior to any analysis being carried out, they should be warmed to the temperature specified in (e).

i) For sample shipment, sample bottles should be stored and transported in suitable sealed containers to prevent ingress of light.

Guideline 6: Sample Storage

a) The maximum storage time between sampling and analysis should be minimised as much as possible and reflect the type of sample being stored. Produced water samples taken from a gas/condensate installation should be analysed within one week of the sample being taken and samples taken from an oil platform should be analysed within one calendar month of the sample being taken. 

b) For samples taken and analysed offshore, analysis should be completed within 12 hrs of the sample being taken.

c) Where analysis within the recommended times is impractical due to logistical or other reasons, then the results should be accompanied by a statement to the effect that the results may not have been reflective of the concentration at the time of sampling, and that the maximum preservation time has been exceeded. 

Guideline 7: Labelling & Documentation Requirements

During sampling the bottles should be labelled with the following information:

a) Sample number

b) Date and time

c) Sample point location

d) Name of installation

e) Personnel involved in collection of sample

f) Type and amount of preservative added e.g. 2ml HCl

6
GENERAL CONSIDERATIONS / COMMENTS

a) The above recommended implementation approaches are based on the assumption that a linear regression between an alternative oil-in-water analysis method and the OSPAR Reference Method exists over the calibration range for each of the specific offshore oil and gas installations that discharge produced water. 

b) Operators should carry out their calibrations as early as possible before 1 January 2007. This will enable competent authorities and operators to gauge the merits and limitations of the suggested approaches and to take appropriate remedy / amendment actions before the agreed implementation date.  

c) There is no absolute oil-in-water value. Results of oil-in-water analysis will always be method dependent. The process of analysing oil in produced water is composed of three steps, namely: 

i) Collecting the produced water sample

ii) Extracting the oil from the sample, and 

iii) Quantifying the oil extracted


Each of these steps has a set of errors associated with it.   

d) For online monitors, calibration using a ”reference sample method” is impracticable as oily water samples are unstable. Therefore the only way to obtain a calibration is to use so called “paired sample method” following the installation of the online monitor offshore.  

e) If the OSPAR Reference Method is implemented by using alternative methods offshore, depending on the initial experience, criteria / practices used, the acceptance criteria may be tightened or relaxed, e.g. the number of validations, calibration checks that one has to carry out etc. 

f) As onshore laboratories will play a key role in the implementation of the OSPAR Reference Method, the validation process in these laboratories should be clearly documented and should be available for inspection upon the request by the competent authority. 

GLOSSARY

This glossary gives explanations for some of the terms and words used in the text. 

Arithmetic mean: sum of measured values divided by the number of values

Alternative method: any oil-in-water analysis method other than the OSPAR Reference Method

Bias: consistent deviation of the measured value from the accepted reference value. It is a systemic error source, relating to the indication of a measuring instrument

Calibration: a set of operations that establishes, under specific conditions, the relationship between the output of a measurement system and the accepted values of the calibration standards (e.g. amount or quantity of analyte) 

Calibration by the reference sample method: means that samples that have been accurately tested by the reference method are injected into an analyser and the corresponding analyser value obtained.    

Confidence limit: a number expressing the degree of confidence in a quoted result, e.g. 95%. The probability that the value of the measurement lies within the quoted range of uncertainty

Correlation: interdependence or relationship between data from an alternative method and that from a reference method

Linear regression: same as least-squares linear regression, which works by finding the “best line” through the data that minimises the sums of squares of the residuals.   

OSPAR Reference Method: OSPAR Reference Method of Analysis for the Determination of the Dispersed Oil Content in Produced Water (OSPAR reference number 2005-15). This method, using gas chromatography with flame ionization detection (GC-FID) after extraction of the oil with n-pentane, is a modified version of ISO 9377-2:2000.

Standard deviation: the positive square root of the variance, giving a measure of the distribution of values in a Normal probability distribution

Significance tests: allows one to compare two sets of results in an objective and unbiased way. Student t-test is a statistical procedure used to compare mean values. F-test is used to compare the spread of results in two data sets.

Validation: to confirm that the calibration is still valid. 

� This agreement replaces agreement number 2005-16
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