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Measurement Guidelines in the Newfoundland and Labrador and Nova Scotia Offshore Areas

October 2003

PART ONE - General

1.1

Introduction

The Canada-Newfoundland Offshore Petroleum Board (C-NOPB) and Canada-Nova
Scotia Offshore Petroleum Board (C-NSOPB) are the authorities responsible for the
administration of the regulations pertaining to the exploration for and production of
petroleum in the Newfoundland and Labrador and Nova Scotia offshore areas, pursuant to
the Canada-Newfoundland Atlantic Accord Implementation Act, the Canada-
Newfoundland and Labrador Atlantic Accord Implementation Newfoundland and Labrador
Act, the Canada-Nova Scotia Offshore Petroleum Resources Accord Implementation Act,
and the Canada-Nova Scotia Offshore Petroleum Resources Accord Implementation (Nova
Scotia) Act.

In this document the following definition is used: Board refers to the Canada-
Newfoundland Offshore Petroleum Board in respect of production operations in the
Newfoundland and Labrador offshore area and the Canada-Nova Scotia Offshore
Petroleum Board in respect of production operations in the Nova Scotia offshore area.

To ensure clarity, greater certainty, and consistency within the regulatory regime, these
Guidelines create a framework for activities in the Newfoundland and Labrador and Nova
Scotia offshore areas. The Guidelines provide specific direction where the Board has been
given the authority to prescribe and guidance where the Board may approve certain
activities. Further, direction is also given on how the Board interprets the broadly-based
legislative requirements governing the offshore area. To ensure responsiveness, these
Guidelines may be reviewed from time to time, and where necessary, updated. As part of
any planning process for activity in the offshore area, contact should be made with the
appropriate departments of the Board to confirm the status of any particular Guideline and
any legislative requirements.

This document contains guidelines for Operators in the Newfoundland and Labrador and
Nova Scotia offshore areas for use in the design, construction and operation of metering
systems for which the Chief Conservation Officer (CCO) approval is required under Part
VI of the Newfoundland Offshore Area Petroleum Production and Conservation
Regulations and the Nova Scotia Offshore Area Production and Conservation Regulations
(the Production and Conservation Regulations). Part VI of these regulations is based on
Part 14 of the Oil and Gas Conservation Regulations of Alberta, which are designed for
onshore activities and are not always appropriate for offshore operations. Therefore, the
Board has based the guidelines on the United Kingdom’s Department of Trade and
Industry, Oil and Gas Office Guidance Notes for Standards for Petroleum Measurement
Under the Petroleum (Production) Regulations, September 1997 Issue 5'. In doing so, the
Board ensured that these guidelines followed the intent of Part VI and Part XI (Sections
72,73 and 74) of the Production and Conservation Regulations.

"Issue 6, since released was reviewed for significant modifications. Updates to these Guidelines will be considered in
the future.
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1.1.1 Contact Information
For activities in the Newfoundland and Labrador offshore area, please contact:

Chief Conservation Officer
Canada-Newfoundland Offshore Petroleum Board
5th Floor TD Place, 140 Water Street

St. John's, Newfoundland A1C 6H6

Phone: (709) 778-1400

For activities in the Nova Scotia offshore area, please contact:

Manager, Health, Safety and Operations
Canada-Nova Scotia Offshore Petroleum Board
6" Floor TD Center, 1791 Barrington Street
Halifax, Nova Scotia B3J 3K9

Phone: (902) 422-5588

1.2 Regulatory Framework

Part VI and Part XI of the Production and Conservation Regulations sets out the respective
measurement and reporting requirements for Operators in the Newfoundland and Labrador
and Nova Scotia offshore areas. According to Part VI, all produced and injected fluids are
to be measured and, where appropriate, allocated in accordance with a flow system and
flow calculations and allocation procedures as approved by the CCO. The CCO must also
approve the transfer meter where it is not contained in the flow system. Since the
Governments of Newfoundland and Labrador and Nova Scotia are royalty owners, the
respective Board will consult government officials on the suitability of the transfer meter.

Additionally, amongst others, the following Sections necessarily require measurement of
produced and injected fluids:

e For the Newfoundland and Labrador offshore area Section 154 of the Canada-
Newfoundland Atlantic Accord Implementation Act and for the Nova Scotia
offshore area Section 159 of the Act prohibiting waste;

e Section 29 of the Production and Conservation Regulations requiring Reservoir
Management; and

e Sections 72, 73 and 74 of the Production and Conservation Regulation requiring
operating and production records.

Where oil and gas is delivered to shore via a pipeline which serves as a common
transportation route for a number of fields then the “method of measurement” will include
the measurement of petroleum at the terminal serving the relevant pipeline and the
allocation procedures used to determine each contributing field’s share of the petroleum
used at or exported from the terminal.
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The Board’s Conservation Officers may, at their discretion, inspect metering systems at
any stage from construction through commissioning. To satisfy the CCO that no
unauthorised alterations to the approved flow system and flow calculations and allocation
procedures have been made, throughout the producing life of a field, Operators may expect
the flow system and associated records to be routinely inspected by Conservation Officers.
Additional non-routine inspections may be required if circumstances warrant.

As the royalty owners, the provincial governments of Newfoundland and Labrador and
Nova Scotia have various agreements and legislation concerning the calculation of their
royalty share. The accurate recording and reporting of petroleum volumes is critical to this
calculation.

Therefore the Government of Newfoundland and Labrador reserves the right to participate

fully in any inspections, witnessing and approvals of Custody Transfer Meters. In
addition, the CCO will provide copies of all relevant documents and will liaison with the
Province concerning Custody Transfer Meters.

The CCO will require a third party audit of the flow system design prior to initiating
construction activities, the flow system and procedures prior to their use and within six
months of initiation of oil and/or gas production. The CCO may also require third party
audits during production operations. The third party audit will be either co-ordinated by the
Board or the Operator. In either case all costs are to be paid by the Operator. Where the
CCO directs the Operator to co-ordinate the third party audit, prior to conducting the audit
the Operator must obtain the CCO’s approval of the scope of work and a potential list of
auditors from which one will be selected to conduct the audit. A copy of all third party
audit reports is to be provided to the CCO and the Operator.

1.3  Application of These Guidelines

It is intended that the guidance contained in this document should be interpreted as
representing general minimum requirements, and relaxation will only be considered in
special circumstances. However this guidance should not be viewed as prescriptive;
alternative specifications to those given in this document will be considered provided that
they can be shown to give a similar or greater level of fidelity, accuracy and reliability.

In order to assist an Operator in determining the purpose and selecting a measurement
category, the Operator should contact the Board at an early stage in the consideration of the
development (pre Field Development Plan Application), to the level of detail that is
available. Early consideration of measurement requirements will enable the Operator to
complete the screening of options at an earlier stage and so minimise the effort in system
evaluation. Early communication is for the benefit of the Operator and is intended to avoid
the pitfall of proceeding with a system design that is unacceptable to the CCO. In this
regard, it is recommended that the Operator submit a metering philosophy document to the
CCO such that clarification can be provided, where necessary, with respect to
measurement requirements.
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1.3.1 New Technology

It is not intended that adherence to this guidance inhibit innovation, but if an Operator
wishes to use new technology or to deploy existing technology in a novel setting then it
will be necessary for the Operator to provide full justification. In any case where new
technology is proposed, the CCO may require that the Operator establish an evaluation
program. The CCO should be consulted about being involved in the design;
implementation and evaluation of the findings of any such program, and may call for
independent experts to assist it in this assessment.

If it is proposed to use the new technology of multiphase metering it will be expected to
perform as well as or better than the traditional test separator method. The technology is
still at an early stage in its development and there are prospects for significant
improvements. A significant problem with the new technology is that the rate of
development is so rapid that the various standards bodies both national and international
are unable to produce standards or codes of practice on a time scale that would permit early
deployment. While the prospects appear good at present for the rapid improvement of this
technology to the stage where it will achieve wider acceptance by the industry a watching
brief will be kept on the developing situation.

1.3.2 Flexibility for Marginal Cases

These Guidelines are intended to cover normal operating conditions. As discussed before,
the Boards intend to be flexible in their application and are open to Operators proposing
alternatives where justified. This may be in the case where alternative technology or
procedures can demonstrate producing comparable results but also allows for alternative
proposals in the case of marginal cases. Examples of marginal cases could include, but are
not limited to; marginally economic field developments, low flow rates, changes in rates
over field life and possible relaxations of requirements justified through a track record of
operating experience developed over time.

For example, in the case of a marginally economic field development, the requirement for
3-phase separation to meet the highest standards of measurement only achievable on single
phase fluids, has the potential to make such a development uneconomic. Therefore, when
reviewing an Operator’s measurement proposals for a so called ‘marginal’ field, on an
exception basis the CCO may relax measurement requirements, as specified in these
guidelines, in the interests of encouraging the development of these oil and gas reserves.

For such relaxation to be granted in the case of an economic argument, the CCO will
however require economic justification from the Operator. This need only be a ‘broad-
brush’ indication, but it should include the following:

e Details of the relevant field economic parameters (e.g. predicted production
profiles and development costs).
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e The measurement options considered (one of which will necessarily be a ‘Fiscal
Quality’ solution).

e The approximate cost to the project that would have been incurred by the
installation of a ‘Fiscal Quality’ measurement system and the economic
justification for the rejection of this solution.

e The cost of the system actually proposed and the resultant savings in
comparison with the ‘Fiscal Quality’ solution.

In many cases the economics are so clear-cut that there is little choice over which class of
measurement is appropriate for a particular field development. However, less clear-cut
cases may present the Operator with a difficult choice — whether to jeopardise revenue by
the installation of a cheaper, but more uncertain, measurement system, or to reduce
operational exposure to unfavourable systematic bias by investing money in higher-quality
measurement.

The CCO will generally require the latter approach in such cases.
For other types of exceptions Operators may be able to technically demonstrate
equivalence of results through an alternative approach or may be able to use track records

of operations to justify alternative options.

Such flexibility is intended to apply throughout these Guidelines.

1.4  Purpose for Which Measurement is Required

The first task in determining the suitability of a proposed measurement system or systems
is to identify the purposes for which measurement is required,

a) where measurements are to account for petroleum produced from the licensed
area; or

b) where measurements are to enable reservoir management, or

c¢) for other purposes relevant to the licence.

Amongst the most usual purposes under (a) are;

).  To safeguard revenues from royalty paying field.
i1).  To allocate production from shared facilities to different fields or fiscal
regimes.

The most usual purposes under (b) are;

1).  To track total reservoir volumes to determine recovery efficiency and to
identify targets.
i1).  To improve the understanding of reservoir behaviour to enable effective
reservoir management strategies to be implemented.
ii1).  To track volumes produced and injected for pressure maintenance and
conservation of the total resource.
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iv).  To establish clearly whether a reservoir is no longer economically viable
prior to initiating abandonment procedures.

The most usual purposes under (c) are;

).  To establish viability of a reservoir as a production prospect as for example
with extended formation flow tests (EFFT) and pilot schemes.
i1).  Flare gas measurement, fuel gas and utilities use.
ii1).  For environmental monitoring.
iv).  To account for drill cuttings and waste fluids injected into a formation.
v).  To measure any other produced or injected fluids per the Production and
Conservation Regulations.

1.5  Categories of Measurement Systems

This section is intended to provide an overview of measurement categories and
measurement requirements. It is not possible to capture all cases and more details are
provided in subsequent sections of the Guidelines, but it should provide an overview of
expectations for most normal operations. Though some examples are provided to add
clarity, it should be noted that it has not been attempted to capture every possible case with
an example. Within each category of measurement there will be scope to vary the detailed
method of achieving the measurement objective.

At the early discussion stage, the Operator and the CCO will agree on the
categorisation of a measurement system and associated accuracy requirements. For
new field developments, the Operator is encouraged to contact the CCO early in the
field development stage to discuss the appropriate measurement category. The
measurement technique employed and its uncertainty, and the operating procedures used
should be appropriate for the fluid and service in question. Rather than fitting a
measurement category to a particular field, it is more appropriate to consider at the design
stage the economics of a particular field and the standard of measurement that will be
supported. This will indicate whether or not the project economics will support separation
and dedicated processing of fluids prior to their measurement and export. The CCO will
normally press Operators for the best standard of measurement consistent with economic
considerations.

Once the appropriate Measurement Category for a particular development has been agreed,
this must be regarded as no more than a ‘first step’. Whatever the class of measurement
system, the target uncertainty will only be met if adequate supporting measures are taken.
For example the fact that a measurement system has been designed to ‘fiscal quality
measurement’ standards for liquids does not mean that its liquid hydrocarbon measurement
will therefore meet its design uncertainty of better than 0.25%. Rather, this is the
potentially achievable level of uncertainty that such a system will achieve, if operated and
maintained correctly.
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The appropriate level of maintenance for a measurement system will of course depend on
the ‘class’ of measurement desired. Fiscal quality systems will generally require the
highest degree of attention.

1.5.1 Overview of Measurement Categories

For petroleum fluids the Board considers three levels of metering accuracy, shown in Table

1 below:
Table 1 - Categories of Measurement
Hydrocarbon Hydrocarbon
Liquid Gas
Fiscal or custody transfer quality measurement 0.25% 1 %
Field or platform allocation 1 % 3%
Well allocation 5% 5%

Fiscal Quality Measurement is required at points of custody transfer and at the
export of the offshore system where the two points are different. The offshore
system may include more than one connected production platform.

Field or Platform Allocation denotes the accuracy required for the total flow from
a system to be allocated to a single field or platform in a multi-field or platform
development, where total flow is later measured further down the production
stream by an approved fiscal quality meter, as described above.

Well Allocation is the level of accuracy required for allocation of total flow to an
individual well.

Following agreement with the CCO, as discussed in Section 1.3.2, a flow system may not
support fiscal quality measurement, even if it is a custody transfer point. In this case,
where fiscal quality would be normally required but has been exempted, then the lower
quality measurement of field, platform or well allocation would be used for ‘fiscal
purposes’.

An example of field allocation is discussed below and this discussion can be equally
applied to well allocation, though accuracies will differ as shown in Table 1 above.
Allocation accuracy is normally tracked on a day to day basis by proration factor. For
example, if a platform accuracy of 3% is required for gas, then the proration factor of the
measured fiscal volume to the sum of the measured platform flow volumes would ideally
be 1.0, but may vary between 0.97 and 1.03, averaged on a volume per reporting period
basis. Where proration factor is given by:

) Actual Volume
Proration Factor =

Estimated Volume
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Actual volume is the accurate volume, measured by a more accurate meter, to be
allocated and estimated volume is the sum of volumes from the less accurate
meters. For example, in a multi-field development with several platforms, the field
or platform proration factor would be calculated using the actual volume measured
at the system export fiscal meter and the estimated volume would be the sum of the
less accurately metered individual platform or field volumes. The volumes are to
be for one report period, whether daily, monthly or as otherwise agreed.

For a platform with 3 wells, the well proration factor would be calculated using the actual
volume as measured at the platform export and the estimated volume would be the sum of
the 3 well metered or estimated volumes.

Though monitoring of the proration factor will be the means of tracking measurement
performance on a regular basis, the design basis of the measurement system must also be
able to demonstrate the required accuracies can be achieved, e.g. 3% for field or platform
total gas metering, 5% for individual well metering, etc.
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1.5.2 Summary Table of Measurement Uncertainty Requirements

Table 2 — Overall Measurement Uncertainties

Overall Measurement

Uncertainty

(1) Fiscal Quality, Oil +0.25 %
(i1) Fiscal Quality, Gas +1 %
(ii1) Platform or Field Allocated Oil +1 %
(iv) Platform or Field Allocated Gas +3 %
(v) Platform Produced Water +4 %
(vi) Well Oil +5 %
(vii) Well Gas +5 %
(viii)Well Water +5%
(ix) Flaring

(a) High Pressure Flare +5%

(b) Low Pressure Flare +10 %
(x) Fuel Gas +3 %
(x1) Injection Water +4 %
(xi1) Gas Injection +3 %
(xiii)Waste Fluid Injection +15%
(xiv) Utility Gas* +3 %

*Utility gas is further defined in Section 3.4 of these Guidelines.

Note: Fiscal quality and platform, field and well allocation requirements are described in
Section 1.5.1 above. Platform, field or well measurement may be required at fiscal quality,
or may be used for fiscal purpose, if they are from separate royalty regimes or are the sole
production source prior to export from the offshore. Again, if exceptions are required, as
discussed in Section 1.3.2, early communication with the CCO is recommended.
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Custody
Transfer
Gas
1%
To Terminal or Other Platform
with Custody Transfer
1%

Total
Water Injection Platform
g’&s {> Gas Injection
Waste Fluid Injection Gas Lift (Utility) 3%
15% Gas
Fuel Gas 3%
Well Allocation HP Flare
(oil, gas, water) 5%
5%
LP Flare

Field, Platform or Group Separator

10% (Continuous Measurement)

Oil
1% Water
0,
Searato
e

Total
Field, Platform or Group Separator Platform
(Intermittent M easurement) 0il Storage Custody
5% Group 1% Transfer
Separation J >
Oil
% 0.25%
Platform Produced To Terminal or Other Platform
Water with Custody Transfer

1%

4%
Figure 1 — Process Flow Diagram Showing Measurement Uncertainties

1.5.3 Fiscal Quality Measurement

The term fiscal in the context of measurement systems can have different definitions in
different areas of the world. This Section describes the term fiscal as it is applied
throughout these guidelines. In its simplest definition, fiscal is the highest quality, or most
accurate, measurement in the system. Though strictly speaking the term ‘fiscal
metering’ implies a service, not a quality, it is used throughout these guidelines to also
represent a quality.

‘Fiscal’ literally means ‘concerned with government finance’. Fiscal metering may
therefore be defined as metering of fluids that will ultimately have an impact on
government finance. Government revenue can be affected through:

e Royalty
e Corporation Tax

The first of these is levied more or less directly on production, the other on company profit
— which is clearly related to oil production.

Within the jurisdictions of the Board, fiscal quality measurements are the highest
quality of measurements required at any points of custody transfer and at the export
point from offshore systems where the two measurement points are different.
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A fiscal meter is any system, or element of that system, that is used to determine
production rates that will ultimately generate revenue for an Operator.

Depending on the particular allocation mechanism for a field, the term ‘fiscal’ can
therefore potentially be applied to measurement of:

Separator flow rates

Well-test flow rates

Gas Flared

Fuel and Utility Gas

Gas Injected

e Hydrocarbon Content in Produced Water Discharged

[It should be noted that though these measurements are not required to be
made to fiscal quality accuracies as described in these Guidelines, rather
these measurements may be used for fiscal purposes. |

The CCO will require fiscal quality measurement, which by industry consensus is +£0.25%
uncertainty for hydrocarbon liquid (i.e. oil, LPG, condensate) and +1.0% for gas for
all fields which contain a production facility which processes oil and gas prior to leaving
the facility or at a point of custody transfer. (The ‘facility’ may be a group of connected
platforms). These are overall uncertainties and are derived from an appropriate statistical
combination of the component uncertainties in the measurement system. The equipment
used to achieve this level of performance will vary according to the particular
circumstances of each development. The deployment of new technology in this area, while
superficially attractive, carries with it in the early phases of its use, the additional problem
of establishing confidence in the equipment and the suitability of the re-certification
procedures (as discussed in Section 1.3.1).

1.5.4 Field or Platform Allocation Metering

This category of measurement is usually taken to mean measurement by which a quantity
of product which has been metered to a higher standard is attributed to different sources
Continuous measurement to an uncertainty not greater than +1.0% would be required
for liquid hydrocarbons and not greater than £3.0% for hydrocarbon gases, provided
that the overall larger uncertainties do not mask significant systematic errors which would
introduce bias in the production accounting. Proration factors are expected to stay within
the following ranges:

Fluid Proration Factor Range
Hydrocarbon Liquid 0.99 to 1.01
Hydrocarbon Gas 0.97 to 1.03
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The Operator is expected to investigate the cause of proration factors outside these ranges.
Proration factors will be monitored on a monthly basis following the submission of the
monthly production reports. Following a request from the CCO, Operators will be
required to report the cause and corrective measures being taken following repeated
deviations outside the accepted ranges. Proration factors may be monitored more
frequently than monthly at project start-ups or following periods of repeated deviations.
(Further details on reporting requirements are discussed in Section 8.4.2 of these
Guidelines.)

Platform water (produced, injected and water injected into the process stream) must be
metered to an accuracy of +4 %.

Field Allocation measurement by intermittent methods; “Flow Sampling”

In the case where field economics do not support continuous measurement, ‘allocation by
flow sampling’ will be considered on an exception basis. (This use of the term flow
sampling should not be confused with the industry practice of “allocation by well test.”
Flow sampling means the allocation of flow to different fields using a test separator,
whereas allocation by well test means allocating total flow from a field to different wells
using a test separator.) To permit the use of a test separator for field allocation it may be
necessary to enhance the test separator metering capability both in terms of the
instrumentation used and in the operating procedures. Target uncertainties for allocation
by flow sampling should be of the order of +5%.

1.5.5 Well Allocation Measurement

Accuracy of well flows are required to £5%. Where fluids produced from a pool are not
directly measured at a well, the volumes produced must be estimated based on a flow
calculation and allocation procedure which will permit a reasonable accurate determination
of the fluids produced from each well in the pool. Monthly proration factors are expected
to stay within the range of 0.95 to 1.05 for oil water and gas. The Operator is expected to
investigate the cause of proration factors outside this range.  As for Field or Platform
allocation metering, following a request from the CCO, Operators will be required to
report the cause and corrective measures being taken following repeated deviations outside
the accepted ranges.

1.5.6 Fuel Gas, Gas Injection and Utility Gas

For fuel gas, gas injection and utilities the measurement is usually categorised as normal
process quality measurement. The measurement uncertainty expected for this class of
measurement is £3.0%.
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1.5.7 Produced Water and Water Injection

The measurement uncertainty expected for produced water and water injection is +4.0%.

1.5.8 Drill Cuttings and Waste Fluid Injection

All fluids injected into a well must be measured. A relaxed measurement standard may be
used for this purpose. The measurement uncertainty expected for this class of
measurement is =15 %.

1.6 Reference Standard Documents

Reference standards commonly used in the oil and gas industry for petroleum
measurement are listed in Appendix 1. The standards listed deal by their very nature with
established methods and technology and offer no guidance as to best practice in the
deployment of new and emerging technologies in the field of fluid flow measurement and
allied topics. Operators should use the standards to guide and inform their discussions
with the CCO in arriving at a consensus view as to what constitutes “good oilfield
practice” in the specific context of the proposed development.

Facilities and operations are expected to meet the revision of the Standards available at the
time of approval. However, in the case of new or modification construction, new and
modified facilities would need to meet the latest standards.

If an Operator proposes to deploy a new technology in the proposed method of
measurement for which no recognised standards exist then it will be necessary for the
Operator to provide a detailed justification. This justification may involve the
establishment of a program of tests to evaluate the performance of the chosen equipment.
The objectives, design, methodology and acceptance criteria of any evaluation program
should be agreed in advance with the CCO.

The CCO and Conservation Officers should be given the opportunity to witness tests at
their discretion. Such evaluation programs may also be necessary where it is intended to
deploy existing technology in a novel setting. The Operator should consider the inclusion
of independent experts in any evaluation program.
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1.7

Documentation Requirements
The Operator of a field or terminal must apply to the CCO for approval of:

(a) the flow system and flow calculation procedure to measure quantities of oil, gas and
water produced from or injected into each well in a pool, used as fuel or for artificial lift
or disposed of;

(b) an allocation procedure to allocate total measured quantities of oil, gas, and water
produced from or injected into a pool during a reporting period back to individual wells
in a pool where individual well production or injection is not measured separately and
allocate production to fields that are using a common storage or processing facility.

These documents must be submitted and approved before production from a field
commences. However, as discussed in Section 1.3, early communication is advised prior to
the Field Development Application to avoid the operator proceeding with a system design
that is unacceptable to the CCO. The level of these discussions will only be available to the
level of design complete at the time, but at the very least, the metering philosophy or concept
level discussions would be expected.

An application for approval of the flow system should include the following:

(a) metering schematics showing the location of all meters used in the measurement and
allocation procedure and all streams which will be estimated rather than directly
measured;

(b) Specifications of the type, configuration and dimension of any meters and meter runs,
meter proving equipment, sampling devices used to obtain fluid samples for
determination of sediment and water content, devices to correct measured quantities of
petroleum for temperature and pressure effects and devices for measuring temperature or
pressure to be used in the flow calculation procedure;

(c) adescription of each type of meter including:

(1) flow rate range, operating temperature and pressure,

(i1) any measuring, sampling, monitoring or compensation device to be used in
conjunction with the meter,

(ii1))  details of the operating conditions to which each meter will be subject including
the range of flow rates, intermittent or continuous, the temperature and the
maximum pressure drop across the meter,

(iv)  details of the meter accuracy and a description of the proposed operating
procedure including calibrations and checking of equipment for maintenance of
accuracy; and

(d) adescription of the test separators and the basis for selecting the capacity and quantity of
test separators.

An application for the approval of the flow calculation procedure should include:
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(a) a description of the equipment, computer software and mathematical formulae to be used
to convert raw meter output to a measured quantity of oil, gas or water;

(b) a description of the equipment, computer software and mathematical formulae and
correlations of pressure, volume and temperature to be used to convert quantity of oil,
gas or water at measured conditions to an equivalent volume at standard conditions for
reporting purposes, or to estimate quantities of oil, gas and water in streams not directly
measured;

(c) the frequency at which calculations will be made and an assessment of accuracy of the
calculation algorithm including the effects of unintentional rounding errors for each
metering location; and

(d) specimen calculations indicating how reported quantities of oil, gas and water are
obtained giving correction factors proposed for converting meter and instrument
readings to standard conditions.

An application for approval of the allocation procedure should include the following:

(a) proposed flow sampling or well testing procedures, duration and frequencies;

(b) a description of the equipment, computer software and mathematical formulae used in
the allocation procedure;

(c) the accuracy capability of the allocation procedure including an analysis of the system
measurement accuracy using the procedures established in the API Manual of Petroleum
Measurement Standards;

(d) a description of the pools to which production will be allocated; and

(e) details of the procedure for allocating production to a typical well including a sample
calculation with an explanation of each used and a schematic flow diagram showing the
points at which the measurements were made.

In addition, the Operator will be expected to provide the following:

a) A description of the personnel organizational structure for management of the
measurement system including responsibilities and training of personnel.

b) The security provisions for changing any of the flow calculations and allocation
procedures should be noted;

¢) A description of the procedures that will be used to estimate flow rates for those short
periods of time when any meter may be out of service.

The Operator should ensure that a suitable level of spares should be retained to ensure the
integrity of the meters is maintained and this spares inventory should reflect past operating
experience. Spare parts philosophies for key instruments should be included in the initial
flow system description.

The Operator is also required to retain a daily production record and submit a monthly
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1.8

production report. The information required to be contained in the daily production record
is contained in Appendix 2.

Operators in the Newfoundland Offshore Area are referred to the Board’s document
Guidelines Respecting Monthly Production Reporting for Producing Fields in the
Newfoundland Offshore Area — September 2001 for the monthly reporting requirements.

Operators in the Nova Scotia Offshore Area are requested to contact the C-NSOPB for
details on the monthly reporting requirements.

Operators are also required to submit daily informal production data. This is considered
informal in that the monthly report will contain the auditable, formal report of production
data. Due to the timeliness of the daily production data it is more likely that erroneous
data may be submitted and this would be corrected for the monthly report. However the
daily data is considered important for the Board to be appropriately aware of reservoir
management issues in a timely fashion.

Plant Balances

1.8.1 Overall Plant Balance

The Operator is expected to maintain a plant balance for all fluids produced, injected,
transferred, disposed of or used for fuel, gas lift or other utilities. In addition, for gas
fields, the Operator is required to submit an overall plant balance on a monthly basis. The
plant balance incorporates all offshore wells, platforms and custody transfer points.
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PART TWO - Measurement of Liquid Petroleum including Crude, LPG, and
Gas Condensate.

This part of the Measurement Guidelines is intended for use with liquid petroleum that is
sufficiently above its vapour pressure such that there is no significant risk of gas break-out at the
meter. Where this condition is not met, Operators are strongly advised to exercise caution in
applying the principles and guidance provided here.

While this section of the guidelines focuses largely on mechanical type meters for measurement of
crude, LPG and gas condensate, it is not meant to be restrictive of any other meter types that may
achieve the required measurement accuracy. Coriolis and Ultrasonic meters have made significant
progress in this regard. However, prior to using these newer technologies (for fiscal purpose) the
Operator must demonstrate to the Chief Conservation Officer (CCO) that it is suitable for the
intended application. Therefore, early dialogue is encouraged. The CCO’s approval of these
technologies for fiscal applications is required prior to designing the flow system.

This Part of the Guidelines is laid out as follows:

1). 2.1 Fiscal Quality Measurements of Liquid Petroleum and Associated Facilities
i1). 2.2 Field or Platform Allocation of Liquid Petroleum
ii1). 2.3 Well Allocation of Liquid Petroleum

2.1 Fiscal Quality Measurement of Petroleum Liquids
2.1.1 Mode of Measurement

Hydrocarbon measurements for requirements pursuant to the regulations should be
reported in volumetric units and be measured in cubic metres. The overall level of
uncertainty required for fiscal quality measurements of liquid petroleum is £0.25%. Fiscal
quality measurement is required at points of custody transfer and at the export point of
offshore production facilities in circumstances where the two are not a common
measurement point.

The volumes should be referred to standard reference conditions of 15°C temperature and
101.325 kPa pressure. The metering system should compute referred volumes by means of
individual meter temperature compensation and totalisers. Pressure compensation will
always be required whether continuously or by a fixed factor determined at each proving as
appropriate. Alternative systems giving equivalent results can be considered.

2.1.2 Meters and Associated Pipe Work
The meter should generate the electrical signal directly from the movement of the meter

internals without any intermediate gearing or mechanical parts. Electronic interpolation
systems may be accepted. Although the meters traditionally used for this service are either
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turbine or positive displacement meters, new types are available which if properly installed
and operated can deliver similar levels of performance.

Number of Meter Runs

A sufficient number of parallel meter streams should be provided to ensure that, at the
nominal maximum design production rate, at least one stand-by meter is available, to
maintain a high level of availability.

Isolation Valving

Adequate valving should be provided such that individual meters may be safely removed
from service without shutting down the entire metering system.

General Design and Installation Criteria

Metering stations should have a common inlet header and, if necessary, a common outlet
header to ensure uniform measuring conditions at all metering streams, temperature and
pressure transducers and density meters. However if product of differing physical
properties is produced by separate production trains and is not fully commingled before
metering then it may be necessary to have separate measurement of the differing fluids.

2.1.3 Secondary Measurements

Temperature and Pressure Measurement

Temperature and pressure measurement points should be representative of conditions at the
meter inlet and situated as close to the meter as possible without infringing the
requirements of the API Measurement Manual. In practice, this means approximately 5
diameters downstream of the meter location.

Temperature measurements that affect the accuracy of the metering system should have an
overall loop accuracy of at least 0.5°C, and the corresponding readout should have a
resolution of at least 0.2°C. This is equivalent to an uncertainty of approximately 0.05% in
Crr (temperature corrected liquid volume). Thermowells should be provided adjacent to
the temperature transmitters to allow temperature checks by means of certified
thermometers.

Pressure measurements that affect the accuracy of the metering system should have an
overall loop accuracy of at least 50 kPa and the corresponding readout should have a
resolution of at least 10 kPa.

Density Meters

Dual density meters should normally be used and should feature a density discrepancy
alarm system. Where single density meter systems are used, high and low set point
alarms should be used. Suitable sampling facilities shall be provided in close proximity
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to the density meter(s) in all cases. Provision should be made for solvent flushing on
systems where wax deposition may be a problem.

Density meters should be installed as close to the volume flow meters as possible and be
provided with thermowells and pressure indicators so that it may be demonstrated that
there is no significant difference from the volume flow meters’ inlet conditions. If this is
not the case, temperature and pressure compensation must be applied. If the density meters
are in a recirculation loop then the inlet probe should be a correctly designed sample take-
off probe and positioned to extract a flow of representative composition.

2.1.4 Prover Loops and Sphere Detectors

Preferably prover loops should be of the bi-directional type to eliminate possible
directional bias. They should have a suitable lining. The flanged joints within the
calibrated volume should have metal to metal contact and there should be continuity within
the bore.

Connections should be provided on the prover loop to facilitate recalibration with suitable
calibration equipment which may be a dedicated water draw tank or a portable calibration
prover loop and transfer meter, or a small volume type prover.

Provers should be constructed according to the following criteria:

1) Number of meter pulses generated over swept volume should be at least 20,000
pulses (This is equivalent to 10,000 pulses between detectors on bi-directional
provers, or the equivalent accuracy greater than 1 pulse in 10,000 be achieved.).

i1) Resolution of detector/displacer system to be compatible with requirement (i).

ii1) Displacer velocity not to exceed 3m/s to avoid slippage past the displacer but may
be faster with piston type provers if seal integrity can be demonstrated.

Because the resolution of the detector/displacer system can only be gauged by the actual
performance of the prover, the CCO expects the manufacturer to demonstrate an
acceptable repeatability during calibration of the prover, such that on 5 consecutive round
trips the range of volumes does not exceed +0.01% of the mean volume. Alternatively, a
statistically equivalent repeatability criterion for small volume provers or meter pulse
gating systems may be used.

For offshore use, or in remote locations, prover loops should be fitted with dual sphere
detectors and switches at each end of the swept volume. At least two volumes should be
calibrated so that failure of a detector or switch does not invalidate the prover calibration.
The detector should be designed such that the contacting head of the detector protrudes far
enough into the prover pipe to ensure switching takes place at all flow rates met with
during calibration and normal operation. Detectors and switches should be adequately
waterproofed against a corrosive marine environment.
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In the case of mechanical switches, each sphere detector should have a dedicated micro-
switch. The actuation of each detector unit should be set during manufacture so that
should it be necessary to replace a detector unit during service there will be a minimal
change in prover calibrated volume.

NOTE: Other designs of prover may be considered subject to their being in accord with
good oilfield practice.

2.1.5 Recirculation Facilities

Where recirculation systems are fitted around the metering system, full logging of
recirculation and any other non-export flows through the meters must be maintained. Any
such system must be properly operated and maintained.

Recirculation facilities intended for the use of pump testing etc. should be fitted upstream
of the metering system.

2.1.6 Pulse Transmission (PD and Turbine Meters)

The metering signals (see also section 8.1) should be generated by a dual meter head pick-
up system in accordance with either Level A or Level B of the IP 252/76 Code of Practice.
This is to indicate if signals are "good" or to warn of incipient failure of meter or pulse
transmission.

A pulse comparator should be installed which signals an alarm when a pre-set number of
error pulses occurs on either of the transmission lines in accordance with the above code.
The pre-set alarm level should be adjustable, and when an alarm occurs it should be
recorded on a non-resettable comparator register. Where the pulse error alarm is
determined by an error rate, the error threshold shall be less than 1 count in 106. Pulse
discrepancies that occur during the low flow rates experienced during meter starting and
stopping should be inhibited. This is to avoid the initiation of alarms for routine process
situations thereby tending to induce a casual attitude to alarms in general.

The pulse transmission to the prover counter should be from one or both of the secured
lines to the pulse comparator, and precautions should be taken to avoid any signal
interference in the spur from the comparator line. This is to ensure that meter factors are
determined with quality pulses (i.e., as good as those pulses used to totalise production).
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2.1.7 Totalisers and Compensators
Storage of Constants

All computer and compensating functions, other than data input conversions, should be
made by digital methods. All calculation constants should be securely stored within the
computer and should also be easily available for inspection at the appropriate resolution.

Each meter run should have an instrument computing uncorrected volumes at line
conditions in which meter factors should be capable of being set to a resolution of at least
0.03% of value. In volumetric measuring systems, a liquid pressure correction may be
included in the computation as this correction is usually small and of constant magnitude.
Where a metering skid operates over a wide range of pressures as a routine then continuous
correction for pressure effects may be appropriate.

Totalisers

Totalisers on individual meter run instruments and station summators should have
sufficient digits to prevent rollover more frequently than once every two months. The
resolution of the totalisers should be such as to comply with this rollover criterion.
Totalisers should provide resolution sufficient to permit totalisation checks to be
completed within a reasonably short time frame.

Totalisers and summators should be non-resettable and should be provided with battery-
driven back-up or permanent memories where they are of the non-mechanical type.

Flow computer manufacturers should consider the provision of a separate ‘maintenance’
totalisation register for use during totalisation checks.

The procedures to be used for correcting flow during any period of mismeasurement
should be made available.

For the volumetric mode of measurement, automatic temperature compensation is required.
Temperature compensation should be carried out on each individual meter stream. The
liquid thermal expansion coefficient should be fully adjustable over the range likely to be
encountered in practice and have a resolution of at least 1%.

Corrections to meter throughput for water and sediment content should be applied
retrospectively based on the analysis of the flow-proportional sample. However it is
recognised that the new generation of water-in-oil meters is approaching levels of
performance associated with traditional methods and is likely to become acceptable within
the currency of this document. Any application to use new methods will be reviewed on a
case by case basis according to the policy for adopting new technology.
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2.1.8 Other Instrumentation

To provide a history of meter operation and flowing conditions and a record of meter
malfunctions, each meter-run should be provided with a continuous chart recording of flow
rate and metering temperature. Alternatively, electronic data recording will be accepted
provided that the recording frequency is adequate and the system logs all metering alarms.
Recording intervals no greater than 4 hours will normally be considered adequate.

In mass measurement systems, the density signals from the density meters should also be
recorded continuously by a chart recorder or electronic data recorder at the same interval as
noted above. A digital read-out is also required with a resolution of at least 4 significant
figures.

Sampling System

Crude oil metering systems should be provided with automatic flow proportional sampling
systems for the determination of average water content, average density and for analysis
purposes. It is important to ensure that properly designed sample probes are used and
positioned in such a way as to ensure representative sampling. Sample extraction rates
should be “isokinetic” according to ISO 3171. These samples are required to account for
dry oil quantities and allocated quantity determination. They may also be used for
valuation purposes. In special circumstances when flows are specifically held constant
(e.g. well testing) spot or time based sampling may be acceptable. The use of on-line
water-in-oil monitors will be dealt with in accordance with the new technology procedures.

In crude oil systems where slugs of water may occur, in line water detection probes should
be fitted to detect abnormal levels of water content. Continuous recordings of percentage
water content and a high-level alarm system should be provided. Data from this source
should not normally be used in determining dry oil quantities. This may only be used as a
back-up in case of failure of agreed sampling and analysis procedures.

2.1.9 Security

In order to show if accidental or malicious interference with these critical components has
occurred, all meter factor settings and reset buttons, where allowed, should be secured with
a seal, lock or password to prevent unauthorised adjustment. Prover loop sphere detectors
and associated micro-switches should also be secured by locks or seals.

Valves on re-circulation lines, provided for the purposes of off-line meter testing via re-
circulation loops, must be provided with approved type locks.
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2.2

2.1.10 Calibration Facilities

Adequate test facilities should be provided with metering systems to facilitate the checking
and calibration of all computing and totalising systems. The calibration of test equipment
shall be traceable to National standards of measurement.

Field or Platform Measurement Allocation of Petroleum Liquids

Field or Platform Allocation denotes the accuracy required for the total flow from a
system to be allocated to a single field or platform in a multi-field or platform
development, where total flow is later measured further down the production stream by an
approved fiscal quality meter, as described in Section 1.5.1.

As discussed in section 1.5.1, following agreement with the CCO, as discussed in Section
1.3.2, a flow system that is a point of custody transfer may not support fiscal quality
measurement. In this case, where fiscal quality would be normally required but has been
exempted, then the lower quality measurement of field, platform or well allocation would
be used for ‘fiscal purposes’.

Two measurement scenarios (Continuous and Intermittent) are recognised in this
situation, with continuous measurement being the most desirable.

As noted in Section 1.5 early dialogue with the CCO is encouraged such that the
category of measurement can be agreed upon.

Continuous Measurement

Continuous measurement to an uncertainty not greater than +1.0% is required for liquid
hydrocarbons. Proration factors are expected to stay within the range 0.99 to 1.01

Dedicated separation and process trains with measurement capabilities to a high standard
will be required to meet these accuracies. The best levels of allocation metering can
sometimes approach “fiscal” standards. In order to approach fiscal standards of allocation
metering, it would be necessary to have separate processing of the product streams.

Allocation metering systems approaching fiscal standards will in most cases use traditional
equipment in the design of the metering system. The main difference from full fiscal
metering standards is likely to be the removal of in-situ proving requirements. The meters
would be installed on the outlet of the last separator stage and each train would be
nominally identical. Fiscally metered production at the export or sales meter would then
be prorated based on the allocation meter quantities.
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This method has the advantage of reducing the effect of any systematic errors which may
be present in the allocation metering system but are masked by the larger overall random
uncertainties of the allocation meters.

In circumstances where it is not practicable to fully process the product streams then the
next best option will be to place the allocation meters in the outlet pipework of the first
stage separator. This option runs the risk of free gas being present in the product streams
unless precautions are taken to ensure that the meters are installed in such a position where
gas breakout is not likely to occur.

If the choice of allocation meter is not of the traditional variety but is for example a
Coriolis or ultrasonic meter, particular care should be taken in matching the expected range
of process conditions to the operational envelope of the selected meter type. These newer
meters can be particularly sensitive to installation effects or process conditions particularly
if there is a risk of free gas being present in the product stream.

Intermittent Measurement

Intermittent measurement to an uncertainty not greater than £5.0% is required for liquid
hydrocarbons. Proration factors are expected to stay within the range 0.95 to 1.05.

This scenario arises in situations which do not support the provision of dedicated
separation and process trains, and the facility for continuous measurement. Under this
scenario, allocation using intermittent or “flow sampling” techniques may be permissible.
In most cases this will involve the use of a three-phase test separator. These tests are
usually conducted at least twice per month. Ultimately, the frequency of the tests will be
dictated by operating performance. In this regard, the CCO may change the required
testing frequency depending on whether or not proration factor tolerances are being met.

In the case of a new development where it is proposed at the outset to use a single
production installation to co-produce more than one field then maximum advantage should
be taken to make use of the opportunities afforded by a new-build situation to configure
the process equipment to maximise the accuracy that the use of a test separator can
provide.

Positioning the test separator within reach of the export meter prover may be possible. If
that is the case then the small additional investment in a few metres of pipe and some
valves offers the possibility of in-situ proving of the test separator meter(s). This, taken in
conjunction with the selection of high quality instrumentation and flow computers, will
result in the contribution to the overall uncertainty in the measurements used for allocation
of the commingled out-turn by the meters being as small as practicable. The main
contribution to the uncertainty will then arise from causes basically outside the Operator’s
control. These uncertainties stem principally from the variability of the process conditions
in relation to flow rates, densities, water cut, incomplete separation, free gas in liquid
streams, liquid carry over in gas streams, oil remaining in the water etc.
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In situations where the test separator measurement is used for fiscal purposes, one of the
new generation of water in oil meters should be installed in the oil leg of the separator to
reduce the error in dry oil accounting when the oil stream has significant water content.

If wells of significantly different physical properties and process conditions are to be
allocated using flow sampling techniques then additional precautions will be necessary to
ensure that each well is treated equitably in the allocation process. The pressure and
temperature in the main production separators may be significantly different from those
obtained in the test separator during different well tests. This will result in a different test
GOR from a production GOR. To compensate for this a process simulation should be run
for each well on both the test separator and the main production separator. This will
enable a correction or “shrinkage” factor to be determined. The use of such a factor should
result in the sum of well head production being in closer agreement with the sum of the
installation out-turn. Such adjustments have the merit of tending to reduce any systematic
differences between wells of significantly different properties when using flow sampling
for allocation purposes. This is particularly important if some of the wells are sub-sea
completions tied back through long sub-sea flow lines.

In the circumstances where a new satellite field is to be co-produced using existing process
equipment on a parent platform the scope for the operation of the test separator to the
levels of accuracy achievable in the new-build circumstances described above is severely
limited.

If an Operator proposes to use an existing test separator to allocate production between
different fields then it will be necessary to provide the CCO with full engineering details of
the test separator and its instrumentation in order that an evaluation can be made of its
likely performance as an allocation flow sampler. In general it is unlikely that pipework
modifications would be called for but where there is scope to enhance the metrology by
upgrading instruments and flow computers this would normally be required.

Although the provision of permanent in-situ proving facilities for the test separator meters
is unlikely to be feasible, consideration should be given to the proving of the meters in-situ
using a portable small volume prover. It is recognised that there may be space and access
restrictions that would make this approach impractical.

The allocation of the commingled production should be based on the principal of prorating
the sums of the wellhead production (corrected if necessary for differences between test
and production process conditions) from each contributing field. This procedure has the
effect of minimising the impact that any undetected systematic errors might have on the
equitability of the allocation.

In very exceptional circumstances, where the migration of uncertainties caused by relative
flow rates and differing uncertainties of metering methods does not introduce unacceptable
bias in the allocation of production, the use of difference methods may be permitted.
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2.3

Well Allocation of Petroleum Liquids and Reservoir Management
— Test Separator

Since the test separator may be called on to test wells exhibiting very wide differences in
product quality, process conditions and flow rates it is unrealistic to expect universally
high standards of metering. The conditions ranging from steady flowing dry oil to
slugging flow of high water content oil with significant amounts of produced solids as well
as temperature variations from sea bed conditions to 100°C imposes severe limitations on
the results achievable. In view of this a wide range of uncertainties is associated with this
type of measurement. Typical target uncertainty is +5%. It is acknowledged that some
installations with very favourable operating conditions may improve significantly on these
figures.

While a conventional test separator may be equipped with a turbine meter or meters in the
oil leg, orifice plate in the gas leg and magnetic flow meter in the water leg, there is scope
for significant variations in test separator meter configurations. Operators might wish to
consider whether Coriolis, vortex shedding, ultrasonic or other meter types offer
advantages in the provision of test separator meters.

The majority of wells are tested by diverting the well to be tested from the main production
separator to the test separator for direct exclusive testing of the well. There may be
circumstances where testing by difference may be a viable or even preferred option.
Where circumstances permit there may be advantages particularly with sub-sea satellites
for testing by difference. For developments where it is not necessary to provide for round
trip pigging the elimination of a sub-sea test line may benefit the field economics.

Special precautions may be necessary when testing satellite wells connected to a parent
platform by long sub-sea lines that when switching from production to test that the same
flowing tubing head pressure exists under both test and production configurations. Failure
to test the well under normal operating conditioned will introduce additional errors to the
test data.
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PART THREE - Measurement of Gas

This Part of the Measurement Guidelines is intended for use exclusively with single-phase gas.
Where liquids or other contaminants are thought to be present, Operators are strongly advised to
exercise caution in applying the principles and advice provided here.

While this section of the guidelines focuses largely on orifice meters for measurement of gas, it is
not meant to be restrictive of any other meter types that may achieve the required measurement
accuracy. Ultrasonic meters have made significant progress in this regard. However, prior to
using these newer technologies the Operator must demonstrate to the Chief Conservation Officer
(CCO) that it is suitable for the intended application. Therefore, early dialogue is encouraged.
The CCO’s approval of these technologies is required prior to designing the flow system.

This Part of the Guidelines is laid out as follows:

1). 3.1 Fiscal Quality Measurements of Gas Production (and Associated Facilities)

i1). 3.2 Field or Platform Allocation of Gas Production

ii1). 3.3 Well Allocation of Gas Production (Test Separator for Reservoir
Management)

iv). 3.4 Utility, Gas Injection and Fuel Gas Measurement

v). 3.5 Flare or Vent Gas Measurement

3.1 Fiscal Quality Measurement of Gas Production
3.1.1 Mode of Measurement

Petroleum or gas measurements for requirements pursuant to the regulations should be
reported in volumetric units and be measured in cubic metres. The overall level of
uncertainty required for fiscal quality measurements of gaseous petroleum is +1.0%. Fiscal
quality measurement is required at points of custody transfer and at the export point of
offshore production facilities in circumstances where the two are not a common
measurement point.

All measurements must be reported in volumetric units and should be made on single
phase gas streams. The volume reported should be referred to the standard reference
conditions of 15°C temperature and 101.325 kPa absolute pressure (dry to the level
specified in contractual specification).

Sampling
Suitable sampling facilities shall be provided for the purpose of obtaining representative

samples. This requirement may be influenced by the type of instrumentation incorporated
in the measuring system.
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Gas Density

The continuous measurement of gas density is preferred but the density of the gas being
metered may be computed from pressure and temperature measurements together with gas
composition using a suitable equation of state and agreed computational techniques.

Gas density is normally measured in a ‘by-pass’ line to avoid introducing flow profile
disturbances. Useful guidance on correct design is provided by the IP Petroleum
Measurement Manual Part VII, Section 2, on Continuous Density Measurement.

It is important that the gas entering the density meter is representative of the gas in the line,
in respect of composition, temperature, and pressure. This becomes critically important if,
as is generally the case, the pressure and temperature are not measured directly at the
density meter.

In the DTI'’s experience, failure to take account of this factor in the design of density meter
installations is one of the principal causes of significant mismeasurement in ‘real’ North
Sea applications.

Operators may therefore consider the use of density meters fitted with temperature
elements, although the re-verification of these temperature elements may itself be
problematic. No standard facility presently exists to measure temperature directly at the
density meter.

Therefore, unless the temperature is measured directly at the density meter, installations
must be designed so that

o The effect of ambient conditions (normally a cooling one) on the temperature of the
gas sample is minimised. This may mean keeping the density meter inlet line in
close thermal contact with the meter tube; ideally it should be placed under any
insulation. In extreme cases it may be necessary to heat-trace the line; in this case
care must be taken not to over-heat the sample.

o There is no pressure drop between the density meter and the point in the system
where pressure is normally measured. Therefore all isolation valves between the
density meter and the pressure measurement point must be of the full-bore type.

Density meter installations should be designed so that, as well as meeting the above
criteria, they also offer the facility for easy and efficient removal of densitometers and,
preferably, the facility to readily view their Serial Numbers for auditing purposes.

3.1.2 Design-Criteria

Where orifice meter systems are used, the design and operation should comply with ISO
5167-1 but with the additional specifications given below: Please note that items (a) — (h)
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are the normally applied criteria, but should be viewed as flexible as long as the Operator
can demonstrate that the 1% target uncertainty is still achievable.

(a) Maximum beta ratio 0.6.
(b) Maximum Reynolds number 3.3 x 107.

(c) Maximum differential pressure of 50 kPa is preferred. Higher differential
pressures may be used where it is demonstrated that the conditions of ¢), f) and g)
are met.

(d) The metering assembly should be designed and constructed such that the
minimum uncertainties specified in ISO 5167-1 are achieved.

(e) The total deformation including static and elastic deformation of the orifice plate
at maximum differential pressure shall be less than 1%.

(f) The uncertainty in flow caused by total deformation of the orifice plate shall be
less than 0.1%.

(g) The location of the differential pressure tappings with respect to the orifice plate
shall remain within the tolerances given in ISO 5167-1 over the operating ranges
of differential pressures transmitters. Where plate carriers utilise resilient seals
care must be taken to ensure that the load on the plate caused by the maximum
differential pressure does not move the plate out of pressure tapping tolerance.

(h) Special considerations may be applicable where pulsations are unavoidable but
normally the uncertainty due to any such effects should be kept below 0.1%.

For existing metering systems, where orifice meters are employed, proposals to implement
new or modified requirements contained within the current revision of ISO 5167-1, either
partially or in full, should be discussed with the CCO prior to implementation.

Where metering systems other than orifice plate metering are to be used, the systems
together with their flow compensating devices, should be of the types agreed by the CCO
and should be calibrated over as much of the operating pressure, temperature and flow
range as is reasonably practicable. Proposals for any extrapolation of such calibrations and
correlations of the operating conditions should be presented.

Meter Runs

Sufficient meter runs should be provided to ensure that, at the maximum design field
production rate or utility rate, at least one stand-by meter is available. Due consideration
should be given to the provision of adequate valves so that individual meters may be
removed from service without shutting down the entire metering system.

Secondary Instrumentation
Secondary instrumentation, line pressure and temperature, differential pressure, flowing

density, density at base or reference conditions where appropriate and the flow computers
should be specified and their positions in the system should be located such that
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representative measurement is ensured. In many applications the compositional analysis of
the gas is required and it is necessary to provide for gas sampling or on-line analysis.

Consideration should be given during the design of a measurement system for the
provision of back-up instrumentation to cover the failure of normal instrumentation, and
also for the provision of suitable facilities for the on-site calibration of secondary metering
equipment.

Avoidance of Liquid Carry-Over

Metering stations should be designed to be free from any carry over into the metering
section, and from any condensation or separation that would have a significant effect on
measurement uncertainties.

Overall Design Accuracy & Measurement Uncertainty

An indication of the overall design accuracy and measurement uncertainty of the metering
system together with the sources of error should be given (paragraph 11.1 of ISO 5167-1).
The assessment of uncertainties in gas measurement should be calculated in accordance
with ISO 5167-1.

3.1.3 Computers and Compensators
Dedicated Flow Computers

A flow computer should be dedicated to each meter run. Alternatively if multiple meter
runs are computed by one machine a hot operating standby must be provided to allow
maintenance or replacement to be carried out without interruption of flow.

Storage of Constants

All computer and compensating functions, other than data input conversions, should be
made by digital methods. All calculation constants should be securely stored in the
computer and should be easily available for inspection. Equipment should be designed so
that constants can be adjusted, but only by authorised personnel. After initial agreement of
stored constants, as included in the flow system application (see Section 1.7), subsequent
changes in the computer should be made only with agreement of the CCO. Where it is
necessary to use manual inputs of data into the computer, e.g. base density, the use of this
data should be automatically logged.

Flow computers and databases should be designed so that measurement accuracy is not
compromised by inadequate resolution on the display of critical constants.
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Totalisers

Totalisers on individual and station summators should have sufficient digits to prevent roll-
over more frequently than every two months. Totalisers should normally have a resolution
of 1000 standard cubic metres, or decimal submultiples thereof. Totalisers and summators
should be non-resettable and where they are of the non-mechanical type should be
provided with battery driven back-up or permanent memories.

Where external totalisers or summators are not installed, the resolution of the flow
computer totalisers should be such as to comply not only with this rollover criterion, but
also allow totalisation tests to be performed to the required tolerance. These totalisers
should also be non-resettable. If the resolution of the totalisers cannot meet both the
rollover and totalisation test requirements, consideration should be given to the provision
of a totalisation test function within the flow or database computer.

Flow computer manufacturers should consider the provision of a separate ‘maintenance’
totalisation register for use during totalisation checks.

Compensation for influencing parameters, such as pressure and temperature, should be
carried out in the flow computer by digital methods using approved algorithms.

If it is proposed to use new technology such as time of flight ultrasonic meters then details
of the proposed equipment, layout and verification procedures should be discussed with the
CCO at the earliest opportunity.

Consistency Within Systems

In a gas gathering system the Operator responsible for the gathering should ensure that the
basic metering data, flow formulae and computational techniques are compatible
throughout all the fields connected to the gathering system.

Calorific Value Determination

The average heating value (energy per unit volume, flow weighted average) of custody
transfer gas must be reported to the CCO monthly. Provision for the determination of the
calorific value of custody transfer gas should be made.

Requirements for Notification of Board

The Board will require adequate notice (normally at least 14 days) of the factory inspection
and calibration of primary and secondary equipment, including flow computers, in order

that the Conservation Officers may witness these tests at their discretion.

Adequate verification or, where appropriate, calibration equipment should be provided to
enable the performance of meters, computers, totalisers, etc. to be assessed. Reference or
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transfer standards shall be certified by a laboratory with recognised traceability to National
Standards.

3.1.4 The Calculation of Design Uncertainties in Flow Measurement using Orifice
Plate Meters According to ISO 5167-1

Over normal production flowrates the overall uncertainty should be better than £1.0%.

In the case of differential pressure transmitters, it is important to use realistic field values
as the choice of uncertainty value has an impact on the operational turndown of the system
and also on the setting of the change over point(s) for metering systems incorporating both
high and low range transmitters.

Field or Platform Allocation of Gas Production

Field or Platform Allocation denotes the accuracy required for the total flow from a
system to be allocated to a single field or platform in a multi-field or platform
development, where total flow is later measured further down the production stream by an
approved fiscal quality meter, as described in Section 1.5.1.

As discussed in section 1.5.1, following agreement with the CCO, as discussed in Section
1.3.2, a flow system that is a point of custody transfer may not support fiscal quality
measurement. In this case, where fiscal quality would be normally required but has been
exempted, then the lower quality measurement of field, platform or well allocation would
be used for ‘fiscal purposes’.

Continuous measurement to an uncertainty not greater than £3.0% is required for gas
production. Proration factors are expected to stay within the range 0.97 to 1.03

3.2.1 Dry Gas Measurement

For the purposes of this section the term “dry gas” is taken to mean gas which is at a
temperature sufficiently above the dew point that condensation does not occur in the meter
tubes upstream of the principal flow measuring element or within the downstream section
of pipe between the principal element and the sample take-off point.

In circumstances where the fiscal status of production from different fields using common
process or transportation infrastructure does not call for full fiscal quality metering it is
normal to refer to the class of measurement system as “allocation” metering. Care should
be taken to differentiate between the process of allocation where fiscal quality
measurement may be required and the class of measurement frequently referred to as
“allocation metering” where relaxed standards of measurement may be appropriate.
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Uncertainties for dry gas allocation metering systems will be £3.0%. In order to achieve
this level of uncertainty the basic design of the metering station will be similar to a fiscal
quality metering station. The relaxed level of uncertainty is achieved through simplified
procedures for the operation and periodic verification of the metering system.

If a multi-path ultrasonic meter is the preferred instrument in a particular application it may
be possible depending on the circumstances to dispense with a redundant meter run. The
multi-path nature of such instruments may be deemed to provide the required level of
redundancy. In order for such a configuration to be accepted it would be necessary to
demonstrate that the loss of accuracy suffered by the failure of one chord does not take the
system outside the agreed uncertainty and that a spare set of transducers is available to
enable full operational capability to be reinstated within a reasonable time.

If it is proposed to operate a single stream metering system the ability to change
transmitters under pressure should be fully assessed. If for safety or operational reasons it
is not possible to replace transmitters under pressure then suitable isolation valves
upstream and downstream of the meter must be provided and the impact of such a
configuration on the ability of the installation to meet daily nominations when it is
necessary to work on the meter be recognised.

If the proposed allocation metering system is to be installed on a “not normally manned
platform” then in order to ensure the required level of availability and to avoid
unscheduled visits to the installation it may be necessary to include an appropriate level of
redundancy in the instrumentation associated with the meter(s).

3.2.2 Allocation: Wet Gas Measurement

For the purpose of this section, wet gas is taken to mean gas that is in equilibrium with
either water or gas condensate or both in the flowing gas stream. It is not intended to
address the measurement of gas with a sufficient liquid content to be deemed two phase
flow. The precise value of the liquid-to-gas ratio (LGR) defining wet gas or two phase
boundary cannot be stated as it will depend on process variables such as gas velocity,
water/condensate ratio, line temperature and pressure. As a guide LGRs greater than about
0.2% for stratified flow and 0.5% for annular mist flow are likely to require two phase
flow measurement techniques.

The types of meter presently considered suitable for wet gas metering are; orifice plates
with drain holes, Venturis, V-cone meters and ultrasonic meters. The requirements for
orifice plates with drain holes are covered in the British Standard, BS1042, Section 2,
referenced in Appendix 1.

Special precautions over and above those required for dry gas will be necessary in the
design and operation of any meter to be used in wet gas.

Venturi meters must be designed and installed broadly in accordance with ISO 5167-1.
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If an Operator chooses to meter wet gas using a Venturi, the arrangement of pressure
tappings quoted in ISO 5167-1 should not be used as this could result in liquid finding its
way into the impulse lines of the pressure and differential pressure transmitters. Single
pressure tapping on the top of the meter would normally suffice.

When any differential pressure device is used to measure wet gas, corrections should be
applied to the discharge coefficient to take account of the liquid content. The methods of
Murdock! and Chisholm” as modified by Jamieson and Dickenson’ may be used to correct
for the effect of liquid content.

As present work to correlate the difference between calculated pressure recovery and
measured pressure recovery as a function of liquid content holds the promise of a direct on
line measurement of liquid content, all new developments should provide a pressure
tapping at the recovered pressure position in the downstream section of the metering tube.
This small pre investment offers the prospect in the near future of measuring the LGR
continuously on line at a negligible cost.

Operators of existing wet gas metering systems should consider whether the potential
benefits of such a system warrant the retrofitting of a suitable pressure tapping.

If wet gas allocation meters are to be installed on not-normally-manned installations
redundant instrumentation should be utilised to minimise the need for unscheduled visits to
the installation while providing a high level of availability.

[1] J W Murdock, Two-Phase Flow Measurements with Orifices. Journal of Basic
Engineering 1962.

[2] D Chisholm, Two Phase Flow Through Sharp Edged Orifices. Research Note.
Journal of Mechanical Engineering Science 1977.

[3] A W Jamieson and P F Dickenson, High Accuracy Wet Gas Metering. North Sea
Flow Measurement Workshop 1993.

Well Allocation of Gaseous Petroleum and Test Separators for Reservoir
Management

Since the test separator may be called on to test wells exhibiting very wide differences in
product quality, process conditions and flow rates it is unrealistic to expect universally
high standards of metering. The conditions ranging from steady flowing dry oil to
slugging flow of high water content oil with significant amounts of produced solids as well
as temperature variations from sea bed conditions to 100°C imposes severe limitations on
the results achievable. In view of this a wide range of uncertainties is associated with this
type of measurement. Typical target uncertainty is +5%. It is acknowledged that some
installations with very favourable operating conditions may improve significantly on these
figures.
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If the test separator measurement constitutes part of the total platform measurement then it
will require measurement uncertainties inline with those required for field or platform
allocation that is uncertainty not greater than £3.0% is required for gas.

Traditional instrumentation may still be the favoured option for gas field test separator
operations. However if wet gas allocation metering is also to be used on the installation
then the use of the test separator to determine LGRs takes on an additional importance as
well as the reservoir management function.

The use of new technology such as ultrasonic and Coriolis meters may offer significant
advantages in terms of space and weight requirements while offering comparable levels of
accuracy.

The use of a Coriolis meter in the liquid leg may in some circumstances provide a measure
of the proportions of water and condensate in the liquid stream using the density
measurement capability with knowledge of the densities of the produced water and
condensate.

Utility, Gas Injection and Fuel Gas Measurement

Where gas is used for utility purposes such as gas lift, oxygen stripping and power
generation or for gas injection process quality measurement will generally be considered
adequate. The level of measurement uncertainty considered appropriate for this class of
measurement system is £3%. It will normally be considered sufficient for a single
measurement point to be used to account for all utility consumption (but not including gas
injection). However for operational reasons the platform Operator may wish to have
separate metering for each consumption unit on the installation. This will be acceptable to
the CCO. Details of the selected measurement system should be included in the
documentation sent to the CCO for review.

If the gas used on an installation does not originate from the field being produced by the
parent platform other procedures may be required.

In circumstances where a satellite field is produced using the process equipment of a parent
installation then a method of accounting for the amount of gas used in producing a satellite
should be provided. In some cases this may involve the provision of dedicated
measurement equipment. It may also be possible to account for individual field usage
based on the relative proportions of service required. This may take into account such
factors as throughput, pumping or gas compression requirements, water treatment or
injection requirements and any other service which involves the use of gas in its provision.

If an installation is gas deficient and it is necessary to import gas from a pipeline system
for power generation and utilities use then it will normally be necessary to have a “fiscal
quality” metering system to account for gas imported as the pipeline will be transporting
“fiscally” metered gas.
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Gas transported between two installations via a dedicated pipeline for use on the importing
platform for utilities purposes may, depending on the fiscal status of the exporting
installation, make use of less-than-fiscal quality measurement.

3.5 Flare or Vent Gas Measurement

Flare gas is to be measured or calculated. Vent gas should be measured or otherwise
accounted for. In recent years significant advances have been made in the technologies of
flare gas measurement. Operators are encouraged wherever practical to measure the
quantities of gas vented from an installation. The uncertainties likely to be achievable in
flare gas metering systems will be of the order of +5% for high pressure flare systems,
and £10 % for low pressure flare systems.
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PART FOUR - Multiphase Petroleum

The ability to meter to a satisfactory degree of uncertainty oil, gas and water in multiphase
mixtures without recourse to expensive separation is perhaps the greatest challenge facing the oil
and gas measurement industry.

This Part is intended to provide Operators with guidance on the relevant considerations regarding
the potential application, selection, operation and re-verification of multiphase meters.

Any Operator contemplating the use of multiphase metering should make contact with the Chief
Conservation Officer (CCO) at the earliest possible stage.

The acceptability of a multiphase meter for a particular development will depend in large measure
on the match between the instrument’s operating characteristics and the anticipated ‘in-service’
process conditions. It may in some circumstances be necessary to implement an evaluation
program to assess the suitability of a meter for a particular set of process conditions. The CCO
should be involved in the design and conduct of such an evaluation program. The objectives and
acceptability criteria should be agreed in advance with the CCO before the start of any testing.
Conservation Officers may, at their discretion, witness the testing of a meter under evaluation.

This Part of the Guidelines is laid out as follows:

1). 4.1 Fiscal Quality Measurements of Multiphase Petroleum
i1). 4.2 Field or Platform Allocation of Multiphase Petroleum
i1i1). 4.3 Well Allocation of Multiphase Petroleum

iv). 4.4 Standards

4.1 Fiscal Quality Measurements of Multiphase Petroleum

Unfortunately the achievable levels of uncertainty, even under laboratory conditions,
remain such that multiphase metering is essentially an option of ‘last resort’ in fiscal
measurement applications, when fields and resources are so marginal that even ‘Flow
Sampling’ is ruled out. The in-situ reverification of these meters, once in service, to
demonstrate that even these levels of uncertainty are being met, is difficult if not
impossible.

4.2 Field or Platform Allocation of Multiphase Petroleum

The first task when considering the use of a multiphase meter for allocation purposes is to
decide the levels of uncertainty which are appropriate for each phase. This will depend on
the value of the phase and the production rate. Clearly a highly accurate measurement on a
phase comprising only a few per cent of the production is unlikely to be either cost
effective or necessary. The accuracy with which the hydrocarbon flows can be determined
will take precedence over the accuracy of water flows. However, water fraction
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measurement may have a high significance depending on the absolute value of the water
cut in any particular multiphase flow.

At present the “universal” multiphase meter covering all flow regimes and all possible
phase proportions from 0% to 100% of oil, water and gas does not exist. Consideration
should be given at the outset to the possible need to use different types of multiphase
meters at the start of production than those that may be required at different stages in the
life of the field. A detailed evaluation of the predicted production profiles in terms of the
changes to GOR and water cut expected over the life of the field will give some indication
of the possible changes in multiphase meters which should be planned.

As these instruments at present have large uncertainties there is a risk that significant
systematic errors could be masked by the overall random uncertainties. When considering
the use of these meters, good repeatability is an important consideration particularly where
the opportunity exists for in-situ calibration. By considering other measurement points
throughout the production and transportation system procedures can be devised to establish
if any bias exists and steps taken to eliminate it as part of the initial verification. If such
opportunities do not exist within the basic design of the production facilities then
modifications should be considered to enable verification tests to be performed.

It is not practicable to suggest what verification provisions should be made in this
document, as any such provision will of necessity be tailored to the particular type of
instrument and the process environment in which it is installed.

Well Allocation of Multiphase Petroleum

There are a number of options for the use of multiphase meters for well testing. Potential
benefits include the elimination of test separators or reduced well test time and frequency
of well tests. Subsea satellite developments with long subsea test flowlines may also
benefit from this technology. These benefits will only be available if the individual fields’
process characteristics are amenable to such treatment. Depending on pipework
configuration and deployment strategy of multiphase meters another potential benefit is
continuous well monitoring or failing that, frequent well monitoring at, say, daily intervals.

Topside use of multiphase meters may be either on their own or in conjunction with a test
separator. A multiphase meter in each well flowline may provide a satisfactory level of
well management information without the need for a test separator although such an
arrangement makes the extraction of well samples more difficult. In some instances a test
separator may be required for multiphase meter calibration and well sampling.

If it is proposed to dispense with a test separator and rely entirely on multiphase metering
for well testing then care must be taken to ensure that the full range of process conditions
presented by wells is within the performance envelope of the selected meter. If flow rates
from the range of wells to be managed by the system is very wide then it may be necessary
to install more than one meter to provide cover for the full range of flows and process
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conditions likely to be encountered. As one meter or type of meter may not cover the
range of conditions which may arise throughout the life of the installation consideration
should be given at the outset to the possible need to change either the size or type of
instrument needed.

In the case of sub-sea satellite clusters the choice of individual well meters or a single
meter on a test manifold should be considered. If the properties of the process fluid are
such that round trip pigging is not required the saving of a sub sea test line can be
significant compared to the costs of sub-sea multiphase meters.

Standards
No standards exist as yet to assist engineers in designing multiphase metering systems.
Reporting Meter Performance

The difficulty is compounded by the fact that there is no accepted standard for quoting the
performance and accuracy characteristics of multiphase meters. It is essential when
considering a manufacturer’s performance and accuracy statements to understand the
implications of accuracy’s quoted in different ways. There are three common ways in
which multiphase meter accuracies are presented:

1) % phase volume flow rate.
1) % total multiphase flow rate.

ii1) % gas and liquid flow rate plus absolute uncertainty of water cut in liquid phase.

Method 1) is favoured by metrologists and clearly represents performance as stated. This
method may not be the most practical for extreme cases of phase fractionation. Methods
i1) and ii1) while quoting relatively small numbers of the order of 5% to 10% for gas/liquid
phase uncertainties and 2% or 3% for percentage water cut may nevertheless exhibit very
large individual phase errors of 100% or more depending on the absolute value of the
percentage water. A useful guide to multiphase metering is to be found in the Handbook
of Multiphase Metering produced by the Norwegian Society for Oil and Gas Measurement
in Stavanger, Norway.
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PART FIVE - Produced and Injected Water

5.1 Produced and Injected Water

Where water is produced in association with oil or gas or injected into a reservoir for
pressure maintenance or disposal purposes process quality measurement will generally be
considered adequate. The level of measurement uncertainty considered appropriate for this
class of measurement system is of the order of +4%. Details of the selected measurement
system should be included in the documentation sent to the Chief Conservation Officer
(CCO) for review.

In terms of allocation of water production to individual wells an accuracy of +5% is
considered reasonable.
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PART SIX — Drill Cuttings and Waste Fluid Injection and Measurement

6.1 Drill Cuttings and Waste Fluid Injection

All waste fluids injected into a well must be measured. Examples of waste fluid include
drill cuttings and mud. Details of the selected measurement system should be included in
the documentation sent to the Chief Conservation Officer (CCO) for review.

In terms of allocation of drill cuttings and waste fluid injection to individual wells an
accuracy of £15% is considered reasonable.
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PART SEVEN - Operating Procedures

This Part of the Guidelines is laid out as follows:

1). 7.1 Hydrocarbon Liquid Measurement Systems
i1). 7.2 Gaseous Measurement Systems

i11). 7.3 Multiphase Measurement Systems

iv). 7.4 General Procedures

7.1 Hydrocarbon Liquid Measurement Systems

These procedures cover the metering of hydrocarbon liquid volume with particular
emphasis on crude oil measurement, and are based on the operational characteristics to be
expected of a typical metering station equipped with turbine meters. Where other types of
meter have been approved a variant of these procedures may be appropriate. The
performance of individual metering stations will depend on the particular characteristics of
both the metering system and flow system and the type of hydrocarbon being metered:
therefore deviations from these procedures may be necessary in special cases, for example
measurements on very viscous crude oils, or low lubricity fluids such as gas condensate.

Operators are required to submit their proposals for the operation and calibration of their
metering systems to the Chief Conservation Officer (CCO) prior to the commencement of
commissioning and operation.

7.1.1 Prover Calibration

Prover loops shall be calibrated at the manufacturer's works by methods described in API,
IP or ISO standards as part of their systems checks, and again after installation on site.
Two copies of the calibration certificate for each of these and all subsequent calibrations
should be sent to the CCO. Such certificates should show the reference numbers of the
sphere detectors used in the calibration, and the traceability to national standards of the
calibration equipment.

While a metering station is in service, prover loops must be calibrated at a frequency of not
less than once a year. Where this is not possible for operational or weather reasons, a two-
month period of grace will be allowed. Operation beyond this period requires dispensation
from the CCO.

For small/marginal fields, or fields that are in decline and producing at a rate that is only a
fraction of the rate originally approved in the Development Plan (ie. reduced Custody
Transfer / Offload frequency), the CCO may consider extending the prover calibration
interval beyond 12 months provided the following conditions are met:
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I. The 5 most recent prover calibrations demonstrate that each calibrated volume has
remained within a range of £0.02% of its mean over these 5 calibrations,

2. The 5 most recent prover calibrations demonstrate that the shift in each calibrated
volume, from the 1* to the 5t calibrations, is within £0.02%.

Operators wishing to pursue the possibility of extending their prover calibration beyond 12
months, and whose systems meet the above criteria, should contact the CCO to discuss the
matter more fully.

Inspection of all critical valves and instrumentation along with the sphere, checking of
sphere size, sphericity, etc. should take place prior to calibration. After calibration the
sphere detectors and switches should be sealed.

Any maintenance work on the prover that could affect the swept volume, e.g. changes of
sphere detectors and switches, should not be undertaken without prior notice to the CCO
which will advise if a recalibration is required.

The CCO must be given at least 14 days notice of all prover loop calibrations so that
arrangements for witnessing can be made.

7.1.2 Determination of Meter Characteristics

For new or modified meters which are to be operated over a wide flow range covering flow
rates below 50% of maximum, characteristic curves of meter factor versus flow rate should
be determined for each meter. These curves should cover a range of approximately 20% to
100% of maximum flow rate, subject to any system restriction on flow rate. From these
curves the permissible flow rate variations at a given meter factor setting will be
determined.

Meters that are to be operated normally only at above 50% maximum flow rate, except
during starting and stopping, will not be subject to the above requirement provided it can
be shown that a meter factor variation of not greater than 0.1% occurs over the working
flow rate range.

7.1.3 Meter Proving in Service

The requirements governing the intervals between turbine meter proving are:

o For a newly commissioned metering station in a continuous production system (as
distinct from tanker loading), meters shall be proved three times a week at
approximately equal intervals between proving. Provided the meter factor scatter is
acceptable to the CCO, this frequency may be reduced to twice a week at the end of
the first month and once a week at the end of the second month.
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o For the tanker loading systems, the frequency of proving will depend on the duration
of the loading and the individual production system characteristics. Generally,
proving should be done once during tanker loading operations, when flow has
stabilized.

Meters must also be proved:

(a) When the flow rate through the meter changes by a significant amount - this change
in flow will depend on the gradient of the meter's flow characteristics in any
particular installation and would normally be such that a change in meter factor
greater than 0.1% does not arise from the change in flow rate. If the change in flow
rate is a scheduled long-term change then the meter(s) should be reproved at the first
opportunity. If the flow rate change is unscheduled then the meters should be
reproved if the estimated duration of the changed flow is 6 hours or more.

(b) When any significant change in a process variable such as temperature, pressure or
density of the liquid hydrocarbon occurs for extended periods as for flow in (a) above
that is likely to cause a change in meter factor of 0.1% or more. Practical values of
these limits are of the order of 5°C temperature, 1000 kPa pressure and 2% density.

(c) If scale or wax deposition occurs then a higher frequency of proving may be
necessary until the deposition problem can be overcome.

Where meter types other than turbine meters are in use, the type and frequency of meter
factor proving by the Operator will be determined on an individual basis by the CCO after
consultation with the Operator. Account will be taken of the meter type, process fluid and
operational load cycle. Where meters employing novel technology are to be used, extra
evaluation periods and tests will usually be required before acceptance of a long-term
operational schedule can be determined.

7.1.4 Meter Factors

Meter factors should be based on the average of at least five proof runs. All consecutive
five proof runs must lie within +£0.05% of the mean value. Full details of the proof runs,
together with flow rates, pressures and temperatures should be entered in the Record of
Meter Provings.

In particularly difficult situations where process stability sufficient for proving purposes
cannot be achieved then a special proving regime may be agreed after consultation with the
CCO. The purpose of a non-standard proving regime is to arrive at a good average meter
factor that represents the meter’s performance under unstable operating conditions. In
seeking to determine a meter factor under unstable process conditions it is acknowledged
that a significant proportion of the variability in meter factors is not due to the meter’s
intrinsic repeatability but to the variations in process conditions during the meter proving.

On metering installations where the meter factor is set manually, the change in factor
should be done in such a way as to prevent loss in the measured flow. Also, the new factor
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7.2

setting should be checked by a second person who should sign to this effect in the Record
of Meter Proving.

Gaseous Measurement Systems

These procedures cover the metering of petroleum in the gaseous phase. They will also be
appropriate for gas at high pressure when it is sometimes referred to as a “dense phase
fluid”. These procedures primarily address orifice plate metering station. Many of the
provisions will be applicable to metering stations employing other measurement
technologies with variations as appropriate.

Operators are required to submit their proposals for the operation and periodic verification
of their metering systems to the CCO prior to the commencement of commissioning and
operation.  These will include proposed calibration intervals for the ancillary
instrumentation.

7.2.1 Pre-Commissioning

The Operator should prepare a schedule of pre-commissioning tests that are designed to
demonstrate the operability of salient aspects of the metrology as detailed within ISO
5167-1. In particular there shall be an examination of the interior of the meter tubes and of
the orifice plates to ensure that they conform to the relevant provisions of the Standard.

7.2.2 Start-up Precautions

If there is a risk that debris including dust, mill scale or other foreign matter may be
present in the process upstream of the meters then consideration must be given to the use
of “start-up” plates to avoid damage to the primary elements for long-term metering
service. Instruments that may be susceptible to damage or malfunction if exposed to
foreign matter should be isolated from the process for the first 24 to 48 hours after start-up.
Instruments most likely to be affected are densitometers and gas chromatographs. During
this period the flow computers should preferably use a default gas composition to calculate
the gas density at operating conditions or use a keypad value of gas density representative
of the operating conditions. The computer should be returned to “live input” density as
soon as the clean-up is complete.

7.2.3 Differential Pressure Measurement

Differential pressure transmitters should be calibrated at high static pressure representative
of the normal operating pressure for the instrument. In the UK when this is not possible,
high static calibrations are performed at a suitable calibration facility and subsequently
“footprinted” at atmospheric pressure for use in periodic verifications offshore. As
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facilities are not available locally for this technique, the overall uncertainty in metering
accuracies should take into account effects related to calibration at different static
pressures.

7.2.4 Ancillary Instrumentation

Detailed procedures for the verification of ancillary instrumentation such as pressure,
temperature, gas chromatography, density and relative density where appropriate should be
prepared for review by the CCO.

Sampling systems for product characterisation may use conventional methods or where
appropriate on-line gas chromatographs.

Calibrations should be carried out using test equipment that is dedicated to the metering
systems and is traceable to National Standards.

The recalibration frequency for each component in the system should be included in the
procedures document. It is expected that initially the calibration frequency for most
components will be monthly. As a history of the stability of the instrumentation is built up
it may be appropriate to increase the intervals between recalibrations. As this would
constitute a change in the “method of measurement” prior consent must be sought by the
Operator before any relaxation of calibration procedures can be granted. In order to
support such an application it will be necessary to show that the instruments remain within
tolerance on a number of successive recalibrations and are returned to service in the “as
found” condition.

The CCO may consider a recalibration schedule based on “health checking” procedures in
circumstances where signal data analysis systems are in place to monitor the condition of
the instrumentation and indicate when an instrument is moving out of its specification. A
full justification should be supplied if an Operator wishes to adopt such procedures. This
should include an analysis of the impact such procedures would have on the overall
uncertainty of the metering system.

When calculating the overall uncertainty of metering installations Operators should use
realistic “field” values for the uncertainties of the ancillary instrumentation rather than the
manufacturers’ claimed values. The uncertainties claimed by manufacturers for their
equipment is usually the best the equipment is able to deliver under ideal laboratory
conditions.

In the case of differential pressure transmitters it is important to use realistic field values as
the choice of uncertainty value has an impact on the setting of the change over point for
systems with high and low range transmitters.

The tolerances used when recalibrating ancillary instrumentation should be set at a level
which, while not being so tight as to make their achievement under field conditions
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extremely difficult, should not be so lax as to risk compromising the overall target
uncertainty for the class of measurement in question.

When density is calculated from a compositional analysis and process conditions of
pressure and temperature using an approved equation of state, the accuracy of the ancillary
instrumentation has an additional significance. Typical sensitivities of calculated density
to process variables are:

Variable Change % Change in Density
Pressure 1% 1.0
Temperature 1°C 0.7
Molecular Wt 1% 1.6

7.2.5 Inspection of Orifice Plates and Meter Tubes
The interval between successive orifice plate inspections should initially be one month.
Once it has been established that plate contamination is not likely, this interval may be

extended after consultation with the CCO. A typical inspection sequence, assuming that
the condition of the plates is satisfactory on each occasion, might be:

o 6 plate inspections at 1-month intervals.

. 2 plate inspections at 3-month intervals.

. 2 plate inspections at 6-monthly intervals.
o Annual plate inspection.

On plate contamination being encountered, the inspection frequency should automatically
revert to the previous stage in the above sequence. Plates should, however, be inspected
following an operational upset that could cause damage to the plates.

When carrying out an examination of an orifice plate in the field it is not necessary to
conduct a full gauging examination to ISO 5167-1 tolerances. The main points to look for
in a field inspection of an orifice plate include plate flatness, cleanliness, freedom from
damage to the plate surfaces and particularly damage or rounding of the sharp edge.

It may from time to time be necessary to examine the condition of the meter tubes in
pressure differential metering systems, (orifice plate or Venturi) to ensure that corrosion,
erosion or contamination has not occurred to an extent likely to affect the accuracy of the
meter. These examinations may be considered necessary if periodic plate examinations
show persistent contamination. Particular attention should be paid to the section extending
2 pipe-diameters upstream of the orifice plate and to the condition of the penetration of the
pressure tappings through the meter tube wall. If flow conditioners are used these should
also be examined.
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7.3

7.4

7.2.6 Other Meters

Where meters other than orifice meters are used such as turbine meters or multi-path
ultrasonic meters singly or in combination and appropriate operating and verification
procedures should be discussed at the design stage with the CCO.

Multiphase Measurement Systems

As operating experience in the field with multiphase meters is at present extremely limited,
it is not proposed to give detailed guidance on operating procedures for this class of
instrument.

Operators should discuss the details of their proposed operating procedures at an early
stage with the CCO. All opportunities for periodic verification should be investigated.
This is likely to involve plans to make use of scheduled shut downs of contributing
production streams to establish continued satisfactory operation of the meter. Contingency
plans should also be in place to make opportunistic use of unscheduled shut downs to
provide supporting evidence of meter performance.

As the technology is developing rapidly, Operators should keep a watching brief on
developments that may refine their instrumentation capability through increasingly
sophisticated signal-processing techniques. As our understanding of multiphase metering
advances there is significant scope to use advanced signal processing techniques to get
more and better information from the existing multiphase metering hardware.

General Procedures

Metering stations should be operated and maintained in accordance with the manufacturers'
recommendations: particular attention should be paid to flow stabilisation prior to meter
proving, checking of block and bleed valves for leaks.

The temperature-compensated totals associated with the individual meters are to be used as
the basis of the approved measurements at each metering station.

7.4.1 Documentation to be kept at the Meter Station

The Operator must maintain a log book (either manual or CCO approved electronic form)
for the prover detailing all calibrations, sphere detector serial numbers and any
maintenance work done on the prover loop and its associated equipment.

A manual or CCO approved electronic log must be kept for each meter showing details of:
1) type and identifying particulars including location and product measured;

i1) totaliser reading(s) on commencement of metering;
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iii))  all mechanical or electrical repairs or adjustments made to the meter or its read-
out equipment;

iv)  metering errors due to equipment malfunction, incorrect operation etc., including
date, time and totaliser readings both at the time or recognition of an error
condition and when remedial action is completed;

V) alarms, together with reasons;

vi)  any breakdown of meter or withdrawal from normal service, including time and
totaliser readings;

vii)  replacement of security seals when broken;
viii) record all re-circulation activities.

The Operator must also keep a Meter Proving Record for each meter giving the full details
of each proof run. This record may be kept in either hard copy or CCO approved
electronic form and should include a running plot, or similar control chart, so that any
undue change or fluctuation in meter factors may be easily detected.

A manual log or automatic recording should also be kept, at intervals of not more than 4
hours, of the following parameters;

1) all meter totaliser readings;

i1) meter flow rates (also relevant meter factors), pressure and temperature, and (if
measured continuously) density;

1i1) any change in meter pulse comparator register readings.

One of these sets of readings should be recorded at 24.00 hours, or at the agreed time for
taking daily closing figures if different.

Other parameters such as liquid density and percentage BS & W content should be
recorded at agreed intervals, if not already included in the automatic log.

Records of parameters such as meter flow rate, liquid temperature and density should be
kept at the metering station for at least 4 months.

All above records should be available at all reasonable times for inspection by a
Conservation Officer.
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7.4.2 Direct Reporting to the Board

Operators should notify the CCO prior to any major maintenance or re-calibration work on
the metering and proving system. The CCO should also be notified, preferably by
telephone, email or fax, when any abnormal situation or error occurs which could require
significant adjustments to the totalised meter throughputs.

If a flow meter should require removal for maintenance work or replacement, a fax or
email should be sent to the CCO detailing the serial numbers of the meters concerned and
the reasons for the action taken.

When corrections to meter totalised figures are required due to known metering errors, a
formal report should be submitted to the CCO detailing the times of the occurrence,
totaliser readings at start and finish, required corrections to these readings, and reasons for
the errors occurring.

The CCO or Conservation Officer should be notified of any flow meter failure. Details of
the remedial action being taken including the procedure used to estimate volumes while the
meter is out of service should be provided. The CCO or Conservation Officer should be
notified when the situation has been rectified and the flow meter has been
repaired/replaced and is functioning properly.
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APPENDICES

Appendix 1

Reference Standard Documents

1.1

1.2

Institute of Petroleum,

61 New Cavendish Street,
London WIM 8AR,
United Kingdom.

Petroleum Measurement Manual

Part VI Sampling.

Part VII  Density.

Part X Meter Proving.

Part XIII Fidelity and Security of Measurement Data Systems.

Part XV Metering System. Section 1 A Guide to Liquid Metering Systems 1987.

IP 200 (API 2540; ASTM D1250) Petroleum Measurement Tables 1980.

Vol. VII Table 54A Generalised Crude Oil, Correction of Volume to 15°C Against Density
at 15°C.

Vol. IX Table 54C Volume Correction Factors for Individual and Special Applications,
Volume correction to 15°C Against Thermal Expansion Coefficients at 15°C.

Vol. X Background, Development and Computer Documentation.

Petroleum Measurement Paper No. 2.

Guidelines for Users of the Petroleum Measurement Tables (APl Std 2540; (IP200);
ANSI/ASTM D 1250) - September 1984.

American Petroleum Institute
1220 L Street, Northwest,
Washington D.C. 20005,
U.S.A.

Manual of Petroleum Measurement Standards.

Chapter 4 Proving Systems.

Chapter 5 Liquid Metering.

Chapter 6 Metering Assemblies.

Chapter 8 Sampling.

Chapter 9 Density Determination.

Chapter 10 Sediment and Water.

Chapter 11.2.1 Compressibility Factors for Hydrocarbons, 600 to 1074 Kg/m?.
Chapter 11.2.1M Compressibility Factors for Hydrocarbons 350 to 637 Kg/m?®.
Chapter 12 Calculation of Petroleum Quantities.
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1.3 ISO (International Organisation for Standardisation)
Case Postale 56
CH-1211 Geneva 20

Switzerland

ISO 2714 Liquid Hydrocarbons - Volumetric measurement by displacement meter
systems other than dispensing pumps.

ISO 2715 Liquid Hydrocarbons - Volumetric measurement by turbine meter systems.

ISO3170 Petroleum Liquids - Manual sampling.

ISO 3171 Petroleum liquids - Automatic pipeline sampling.

ISO 3675 Crude petroleum and liquid petroleum products - Laboratory determination
of density or relative density -- Hydrometer method.

ISO 3735 Crude petroleum and fuel oils - Determination of sediment --Extraction
method.
ISO 4124 Liquid hydrocarbons --Dynamic measurement --Statistical control of

volumetric metering systems.

ISO 6551 Petroleum liquids and gases - Fidelity and security of dynamic
measurement - cabled transmission of electric and/or electronic pulsed data.

ISO 7278 Liquid hydrocarbons -- Dynamic measurement -- Proving systems for
volumetric meters.

ISO 5167-1 Measurement of fluid flow by means of pressure differential devices.

ISO 6976 Natural gas -- Calculation of calorific values, density, relative density and
Wobbe index from composition.

A number of relevant international standards are at the Draft International Standard (DIS)
stage. When these documents are adopted as full ISO standards they should be included in
the list of standards to which reference would routinely be made in arriving at the design of
a metering system.

1.4  British Standards Institute
389 Chiswick High Road,
London W4 4AL,

United Kingdom

Many British Standards are now uniform with international standards and where this is the
case are issued by the British Standards Institute as dual numbered standards. BS 1042 is
one such standard. However only part one of the British standard is uniform with the ISO
equivalent, ISO 5167-1. The other parts of the British standard give guidance on the use of
orifice plates with drain holes and the effect on discharge coefficients of non-ideal
installation. The additional parts of the British standard are a useful source of practical
guidance.

BS 1904 Industrial Platinum Resistance Elements.
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Appendix 2

Daily Production Record

The daily production record should not be included as part of the daily operating record. This
record should contain the following information:

(a)

(b)

(c)

(d)

(e)

For production wells:
e cstimated oil, gas and water production (m’/d) water/oil, gas/oil or gas/water
ratios;
total number of hours well is in production;
average separator or treater pressure and temperature;
tubing head and/or subsurface pressure; and
where a well is tested during the day to which the record applies:
= the oil, gas and water production rate (m’/d) and total volume produced on
test,
= hours on test, and
= pressure and temperature of test separator.

For injection wells:

e estimated amount of gas, water, natural gas liquids, oil or other substances injected
into the well;

e the source from which the gas, water, natural gas liquids, oil or other substances
were obtained;

e tubing head pressure and temperature; and

e the number of hours each substance was injected into the well.

Estimate of total oil, gas and water production; also an instantaneous flow rate, static
pressure, differential pressure and flowing temperature taken at the same time each day;

Estimate of total gas, water, natural gas liquids or other substance injected into the well;
also of instantaneous flow rate, static pressure, differential pressure, and flowing
temperature taken at the same time each day;

Particulars as to the inventories and disposition of all production including the
following:
e open and closing oil in storage;
e oil and gas volume transferred from the installation, where a ship is used to
transport oil, the name of the tanker;
e gasused:
= as fuel, and
= for gas lift operation;
e oil and/or gas flared; and
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e oil that is used as a hydraulic power fluid for artificial lift;

(f) Ifoil or gas is sold, the name of the purchaser and/or transporter;

(g) Estimates should be provided for any produced fluids that were not measured, lost or
spilled;

(h) Details of calibration of meters and associated measurement equipment that is part of
the approved flow system;

(i) For each approved meter, all information used to calculate a flow volume should be
recorded. The information should include where appropriate:

(j) meter identification number;

e instantaneous flow rate;
static pressure;
differential pressure;
flowing temperature;
line size;
orifice size;
atmospheric pressure;
basic orifice factor;
real gas relative density factor;
flowing temperature factor;
Reynolds number factor;
expansion factor;
pressure base factor;
temperature base factor;
super compressibility factor;
any other factors used,
orifice flow constant;
meter conversion factor;
gas and/or liquid analyses and analysis date; and
relative density.

All factors used in the approved flow calculation procedures should be recorded.

(k) Any of the flow parameter changes which could influence flow calculations should be
noted. These include:
e orifice change;
e gas/liquid analyses update; and
e changes to the database used in flow calculations.

Q) A record should be kept of all alarms that may have an effect on the measurement
accuracy of the flow system. The time of each alarm condition and time of

Appendices Page 54 of 57



Measurement Guidelines in the Newfoundland and Labrador and Nova Scotia Offshore Areas
October 2003

clearing of each alarm should be recorded. Alarms should be provided for the
following:

master terminal unit failure;

remote terminal unit failure;

communication failures;

low power warnings;

changes to database;

high/low differential pressure; and

over range values.

All volumes separated are to be adjusted to standard conditions and in accordance with the
allocation and flow calculation procedures approved. The original recording of measurements
used to determine the particulars for the record should be included with the record.

A daily production record must be kept for each pool. The daily production record should
only be submitted to the CCO when requested. Typically, the CCO will not require this
record to be submitted but the Conservation Officers will require access to the record for
auditing purposes.

The record form should be viewed by the CCO prior to initiation of production to confirm that
the appropriate information is being recorded.

The daily production record for a pool is to be retained by the Operator until production from
the field is abandoned. Prior to destroying the record, the CCO requests a copy of the record.
The daily production record is the primary accounting record to keep track of all fluids
produced from a well and injected into a well in a pool and disposition of produced fluids.
This record will be reviewed by a Conservation Officer during an audit of the flow system
and allocation and calculation procedures.

Where a digital copy of this record exists, the CCO may request a copy of the record in digital
format.
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Appendix 3

Acronyms

API American Petroleum Institute

BS British Standards Institute

BS&W Basic Sediment and Water

CCO Chief Conservation Officer

C-NOPB Canada-Newfoundland Offshore Petroleum Board
C-NSOPB Canada-Nova Scotia Offshore Petroleum Board

DTI United Kingdom’s Department of Trade and Industry
EFFT Extended Formation Flow Tests

GOR Gas Oil Ratio

1P Institute of Petroleum

ISO International Organisation for Standardisation

LGR Liquid Gas Ratio

LPG Liquid Petroleum Gas

Definitions

Act — refers to the Canada-Newfoundland Offshore Petroleum Resources Accord

Implementation (Newfoundland) Act in respect of production operations in the Newfoundland
and Labrador offshore area and the Canada-Nova Scotia Offshore Petroleum Resources
Accord Implementation (Nova Scotia) Act in respect of production operations in the Nova
Scotia offshore area

Board - refers to the C-NOPB in respect of production operations in the Newfoundland and
Labrador offshore area and the C-NSOPB in respect of production operations in the Nova
Scotia offshore area
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Chief Conservation Officer —the person designated as the Chief Conservation Officer by the
Board pursuant to Section 137

Conservation Officers — officers appointed by the Board to administer and enforce sections
of the Act

Development Well - a well that is so located in relation to another well penetrating an
accumulation of petroleum that it is considered to be a well or part of a well drilled for the
purpose of production or observation or for the injection or disposal of fluid into or from the
accumulation

Fiscal Quality Measurement - is required at points of custody transfer and at the export of
the offshore system where the two points are different. The offshore system may include more
than one connected production platform.

Field or Platform Allocation - denotes the accuracy required for the total flow from a system
to be allocated to a single field, platform or group separator

Fluid - gas or liquid, or gas and liquid in combination
Gas Well - a well that produces gas from a gas pool or from the gas cap portion of an oil pool

Injection Well - a development well that is used for the injection of fluids into a pool or field
Offshore Area means the lands and submarine areas described in Section 2 of the Acts.

Oil Well - a well that produces oil from an oil pool

Operator- a person who has applied for or has been issued a production operations
authorization or has applied for or has been granted an approval for a development plan

Metering Accuracy - Metering Accuracy is typically referred to as measurement uncertainty.

Measurement Uncertainty - The interval within which the true value of flow can be
expected to lie with a suitably high probability is termed the uncertainty of measurement.

Production and Conservation Regulations — refers to the Newfoundland Offshore Area
Petroleum Production and Conservation Regulations and the Nova Scotia Area Production
and Conservation Regulations

Well Allocation - is the level of accuracy required for allocation of total flow to an individual
well
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