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Introduction

The purpose of this standard is to provide guidance for the installation and operation of
a WCA (water cut analyzer) for on-line measurement of water content in petroleum and
petroleum products in real-time for use in conjunction with an automatic sampling
system that is compliant with API MPMS Chapter 8.2 for the purpose of custody
transfer. The WCA shall be used in conjunction with a sampling system compliant with
API MPMS Chapter 8.2. Identical installations of a WCA in the same process conditions
and of the same installation and design of a proven WCA may preclude the field
acceptance testing.

Guidance is also provided for the collection of consistent data to allow for long term
performance assessment.

This standard also provides useful guidance in the use of WCA'’s for non-custody
applications, although the burden of requiring acceptance and ongoing verification
testing is likely to be less stringent. Operation with different crude oils or different
process conditions to those originally tested requires additional testing and verification.
This technology shall be viewed as one of several methods to determine the water in
petroleum and petroleum products. The method for measuring water in petroleum shall
be selected with consideration given to installation, application, and properties of the
product(s) being measured.

Where the WCA flow-weighted average readings can be deemed to be within
acceptable reproducibility of the automatic samples for a specified liquid under identical
process conditions, by agreement between parties such WCA readings may be
considered for use as a fallback in lieu of the automatic samples.

1.0 Scope

To provide requirements for application, installation, operation, initial testing and
ongoing verification for the use of water cut analysers (WCA) for custody transfer of
petroleum and petroleum products which shall be used in conjunction with an automatic
sampling system that is compliant with APl MPMS Chapter 8.2.

2.0 References
API Manual of Petroleum Measurement Standards:

e API MPMS, Chapter 8.1, “Standard Practice for Manual Sampling of Petroleum and
Petroleum Products”

e API MPMS, Chapter 8.2, “Standard Practice for Automatic Sampling of Petroleum
and Petroleum Products”

e API MPMS, Chapter 8.3, “Standard Practice for Handling and Remixing Samples of
Petroleum and Petroleum Products”

e API MPMS, Chapter 10.4, “Standard Determination of Water and/or Sediment in
Crude Oil by the Centrifuge Method (Field Procedure)”
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e API MPMS, Chapter 10.9, “Standard Test Method for Water in Crude Oils by
Coulometric Karl Fischer Titration”

e API MPMS, Chapter 13.3, “Measurement Uncertainty”

e API MPMS, Chapter 21.2, “Flow Measurement Using Electronic Metering Systems,
Addendum to Section 2 -- Flow Measurement Using Electronic Metering Systems,
Inferred Mass”

3.0 Definitions
For the purposes of this document, the following definitions apply.

auxiliary measurement device

Additional measurement (devices) required to allow the primary measure to be made.
Typically for a WCA this may be density, temperature, salinity, or other properties that
may influence the primary measurement.

flow-weighted average (FWA)

The average of a variable over a volume weighted by the reading over an incremental
volume. It can be the average of the variable values sampled at uniform volume
intervals, or it can be the average of variable values sampled at uniform time intervals
and weighted by the incremental volume that occurred during that time interval.

performance acceptance testing (PAT), initial acceptance testing, water injection
proving

Performance testing that allows the WCA system to be qualified for use in a specific
application (see also verification testing). Also known as proving.

representative sample
A portion extracted from a total volume that contains the constituents in the same
proportions that are present in that total volume.

WCA verification testing
Ongoing monitoring using the comparison of results from the automatic sampler to the
WCA that confirms that the WCA system is within operating specifications.

water cut analyzer (WCA)
Devices that provide an on-line, continuous measurement of water content in a
hydrocarbon/water mixture under flowing conditions.

WCA system

A WCA system may be composed of one or more WCAs, stream conditioning, other
measurement devices (e.g., temperature, pressure, density, flow, etc.), and a computer
to assimilate, compile, and report the data.

4.0 Significance and Use

The WCA provides instantaneous water percent readings. When coupled with a
metering device, the total amount of water can be determined.
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5.0 Operating Criteria
5.1 General

To determine the total water content, the WCA may be provisioned with a flow input
to allow local calculation of the total water volume and water cut percentage or a
WCA weighted average is calculated as described in APl MPMS Chapter 21.2
within another device.

The standard does not preclude any technology that meets the scope.

A WCA may require additional auxiliary measurement equipment or instruments
such as temperature, pressure, or density.

A WCA may be a full bore or an insertion type device; the WCA may be installed
directly in the main pipeline or within a slip stream sample loop.

The WCA system installed shall be ranged/scaled to allow optimal accuracy for
normal service recognizing that excursions beyond the normal range may have
significant influence on the overall accuracy, for example, where slugging occurs.

An example for a worst-case scenario, any high “out of range” readings may be
considered to be fully saturated (100% water); therefore, the volume of metered
product during such periods shall be considered pure water and accounted for as
such by any net oil calculation made. The total volume that has passed through the
pipeline for which the WCA is out of scale shall be recorded.

To use a WCA, it is recommended that the instrument be evaluated with respect to
section 6.0 and 8.0. Annex A, Figures A.1 and A.2, shows two typical WCA
installations.

To improve the confidence in the WCA system, it is recommended that an overall
uncertainty evaluation be made. The evaluation shall include the uncertainties of
the measurement system, to include the WCA and the auxiliary measurement
devices used within the system. An example of uncertainty calculations can be
found in API MPMS Chapter 13.3.

All auxiliary measurement devices and equipment associated with the WCA system
shall be verified at a frequency that is consistent with the calibration verification
frequencies recommended by the manufacturer, contract, regulatory agencies
and/or company policy or procedures, whichever is more stringent, used for other
measurement instrumentation.

The following are potential influences on the performance of the WCA. The impact
of these may depend on the instrument technology and the manufacturer of the
WCA. Consult the manufacturer for additional information.
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e Non-homogeneity of the flow in the main process and, when applicable, in the
sample loop

e Cavitation
e Freegas

e Liquid composition: Chemicals including additives, sand, wax, scale, salinity,
asphaltenes, etc.

e Ambient and process temperature variation
e Density and viscosity of oil
e Pressure variation

e Installation effects, including orientation of measurement elements, vibration,
etc.

6.0 Installation Requirements
6.1 General

Within a typical water analysis system (WCA) there are two additional water
measurement devices which assist in the performance acceptance and diagnostic
evaluation.

¢ The reference device is the automatic sampler which shall be tested and
meet the performance criteria as defined in APl MPMS Chapter 8.2. The
WCA FWA (flow-weighted average) results will be compared on an
ongoing basis to this device to allow development of a level of
confidence in its performance.

e In addition, a manual spot sample point should be installed in systems to
allow troubleshooting/diagnostics of the WCA.

The WCA system shall be installed to obtain a representative measurement taken
from a homogenous flowing stream as described in API MPMS Chapter 8.2 and per
the manufacturer’'s recommended installation guidelines.

For a WCA installed in a sample loop, the flow through the sample loop shall be
representative of the main flowing stream, refer to Annex A Figure A.1. Where
possible a manual sample point should be fitted to the sample loop.

When used direct in line the WCA should be ideally installed upstream of the
automatic sample extractor probe, refer to Annex A Figure A.2. Due to change in
flow profile, a sample extractor fitted upstream of the WCA can affect the WCA
reading.

A means of recording the WCA instantaneous and FWA readings shall be provided
for calibration/verification/diagnostics. Documents
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6.2 Manual Spot Sampling Point

To allow for diagnostics/verification of the WCA and to ensure representivity, the
manual sample point should be as close as practical to the WCA. The manual
sample point should be designed and operated in compliance with API MPMS
Chapter 8.1 and optimized for the proposed analytical method. If practical, other
take-offs (for example a wall tapping) may be used, provided that said manual
sample point is tested during the performance acceptance testing (water injection
test) to determine if it adequately tracks the WCA and can be useful for diagnostic
evaluation.

The manual sample point design shall consider the following additional constraints;

a. Where water is fully entrained, it separates slowly from the oil and therefore
a volume collected may be easily and reproducibly subsampled. However,
this is not the case when water has been injected or for light viscosity
products. Therefore, it is critical that the manual sample process allows for
the required volume of sample to be taken in a controlled manner.

b. A manual sample point will normally comprise a primary isolation valve and a
second valve that can be used to control the flowrate. A local pressure
gauge between the primary and secondary isolation valve will prove useful.

The interconnecting tubing between the manual sample extraction point and the
sample receptacle (or glassware, whichever is used) shall be as short as possible
and flushed at a rate high enough to clear any residual fluids before and between
when samples are collected.

The adjustment of flowrate used through the manual sample point can be influential
on the repeatability/ reproducibility of the result. Once adjusted, this flowrate shall
not be changed during the acceptance testing process. Be sure to record the
nominal sample flowrate used.

It is recommended that an estimate is made of the volume between the tip of the
manual sample probe (if used) and the end of the tubing entering the collection
vessel; and that typically between 6-10 times this volume is flushed in-between
each sample collected for analysis.

The flowrate through the manual sample point shall be adequate to prevent any
water fallout, the flowrate will therefore be determined by the size of the tubing
used.

7.0 Performance Acceptance Testing (PAT)

This section describes the method for performance acceptance testing of WCA systems
in conjunction with the automatic sampling system.
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7.1 General

The basis of the performance acceptance testing procedure is described in API
MPMS Chapter 8.2, “Water Injection Volume-Balanced Tests” which is a direct
comparison of the primary measure of metered oil and metered injected water
passing the automatic sampling system. These same primary measures can be
used to evaluate the performance of the WCA system.

After a WCA system is installed and commissioned, the WCA system performance
shall be tested prior to using it for custody transfer measurement and also at
intervals that shall follow the recommendations used for the automatic sampler
outlined in API MPMS Chapter 8.2.

The test procedure for a WCA is described in this section and within the flowchart
Figure 2.

If a manual sample point is installed, this shall also be tested as part of the
performance acceptance testing procedures according to the procedure described
in Figure 2. It is recommended that the manual sample point is adjusted for flowrate
(per 6.2) before the main testing is undertaken.

Generally, WCA readings within +/- 0.03% water by volume are considered as
stable; manual samples should not be taken if the WCA readings are not stable.

It may be desirable to increase, for a few minutes, the mainline flowrate before
starting a Performance Acceptance Test sequence and after each water injection
test period (before the automatic sample collection/WCA FWA period is stopped) to
clear any low spots of residual water that may have collected and are held up
during the water injection phase.

All components of the WCA system shall be verified or calibrated per
manufacturer’s guidelines prior to, or in conjunction with, installation and before the
execution of any performance acceptance testing.

Adjustments shall not be made to WCA calibration after step 6 of flowchart Figure
2. during the performance acceptance test. During subsequent operations if the

WCA calibration values require adjustment, these shall be recorded in such a way
as to allow direct comparison of WCA all batch values to a single calibration point.

Raw WCA data should be collected only under flowing conditions.
All WCA readings taken during the testing process shall be compensated by any
applicable auxiliary measurements as required (for example, density, temperature,

pressure) so that the WCA readings are a direct representation of the calculated
water content. Raw (uncompensated) data should also be recorded, if available.
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