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Executive Summary

Introduction

1.3. Purpose of this document. 

The purpose of this document is to plan and synchronize the PRODML community project work and energy company-funded pilot work, with common project details for the first flow of three flows of the PRODML project. This flow is intended to support “Gas Lift Optimization”. This is envisioned as a process whereby gas lift gas injection rate to each well is continuously adjusted to fulfil an objective functions within given constraints. Objective functions might be maximizing oil production from all wells using minimum volume of gas lift gas.
1.4. Project background. 

PRODML is a project to establish an industry standard data exchange format for applications to support production operations. For details see www.prodml.org
The project team has selected an approach in which use cases have been described which summarises the day-to-day challenges encountered by an energy company to optimise the exploitation of its resources.  The PRODML project is focused on Use Cases that are described in the PRODML Scope Statement document.  These Use Cases handle optimisation of a combination of hydrocarbon products, and deal with a variety of capacity and schedule constraints.

The method described in the PRODML Scope Statement document calls for a set of parallel activity that is implemented in a staggered schedule, that helps produce a series of results and allows the project to validate internally in a practical way to achieve efficiency and effectiveness.  The parallel activity is organized around a set of 3 Flows that are subsets of the 2 Use Cases.

A number of commercial applications are available to support energy companies to address these challenges. These applications are to be used as a suite and depend on each other and exchange of information between them is crucial. 

The approach taken by the PRODML team is to describe typical sequences in which the various applications are involved. These sequences are referred to as “flows”. 

The first flow that was described addresses a real-time gas lift optimisation process. This flow is the topic of this document.

2. Flow #1 - Purpose
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Revision History

This document summarises the data requirements for Flow # 1 as discussed and agreed by participants at the meeting in Rijswijk 21-22 November 2005 and subsequently written up by Laurence Ormerod as Draft 1.

Draft 2 as revised extensively at a working team meeting on 9 December, and incorporating a dataset provided by Ron Cramer.

Draft 3 altered to explain flow of XML data and the existence of need for “wrappers” or “orchestrators” to mediate between data sources and “dumb” simulators.  Based on discussion between Ron Cramer, Gary Masters and Laurence Ormerod 13 Dec 05.

Draft 4 incorporating corrections and clarifications by Lew Edison, and further feedback from the Flow # 1 Team at the conference call Friday 16 Dec 05 when the document (subject to these last changes) was approved for delivery to the Technical Team.
Draft 5 altered to incorporate extensions for additional team data, such as the Vendor Application Data Survey.
Context - Objective for Flow # 1 – Recap

It was agreed that for the limited purposes of getting a POC for Flow # 1, its objective should be agreed to be “gas lift optimisation” in the sense of, “the optimal allocation of gas to a number of wells given objectives and constraints”.  The term “gas lift optimisation” is often used to mean the whole process of running a set of gas lifted wells in “the best way”, so also includes surveillance, design, etc.  The team agreed that surveillance as a concept was dealt with in Flow # 2, thereby keeping Flow # 1 as simple as possible, and abiding by the guidance of the PRODML Project, which restricts the focus to optimisation that can be achieved by making changes in the existing production configuration that can be effectuated within one day.
Since the meeting, a proposed glossary entry for Real Time Gas Lift Optimization has been drafted by Ron Cramer as follows:

Process whereby gas lift gas injection rate to each well is continuously adjusted to fulfil an objective function within given constraints. Objective function might be maximizing oil production from all wells using minimum volume of gas lift gas. Constraints might be: 

- using gas lift gas from a dedicated source 

- production capped at the available processing capability of the surface well oil, gas and water facilities 

- no changes to gas lift injection valves 

- unconstrained water production 

- economic considerations not taken into account
- wells available for production

This is more or less what Flow # 1 does on a simplified network, with the exception of the “available processing capability” which has been ignored – i.e. assumed to be uncapped - in this flow.

Approach - Network Model for Flow # 1

The team worked using the simplified “black box” model of a network comprising flow units A to H which had been provided by earlier work.  The diagram, updated with the current data points is shown in figure 1 below.  The data points are listed in a table elsewhere in this document.  Red are input data points and blue output.  Circular markers indicate the data point is at a port on a flow unit, ribbon markers indicate it is an internal attribute of the flow unit.
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Flow # 1 Physical Schematic

A = gas compression

B = injection manifold

C = gas injection line and choke

D = gas lifted well

E = wellhead

F = well flow line and choke

G = production manifold

H = separator


Figure 1 – Flow # 1 Physical Schematic

Assumptions About Physical Nature of Units for Flow # 1 Purposes

The team agreed that a greatly simplified model of the physical nature of the system was appropriate in order to speed up the attainment of a POC.  In particular the following assumptions were made concerning the flow units:

A. Gas Compression – assumed only 1 “effective compressor” to be present.  In other words, if there are multiple compressors, unit A will represent their composite performance and availability.

B. Gas Injection Manifold – assumed only 1 to be present.  Also ignored hydraulics of this unit and its gas flow from unit A.  Thus pressure at discharge port of A is also pressure at discharge of B.  B is acting only as a “junction”.

C. Gas Lift Controllers – assumed 3 to be present (one per well, D).

D. Gas Lifted Wells – assumed 3 to be present.

E. Wellheads – assumed 3 to be present (one per well D).  Assumed these contain Block Valves so that the flow can be “on” or “off”.  Ignored pressure drops across this unit (except when set to “off”).

F. Flowline Chokes and Flowlines – assumed 3 to be present (one per well D).  Assumed these are “fully open” and not to be used to control back pressure and flow in Flow # 1.  Ignored pressure drop across these units.

G. Production Manifold – assumed only 1 to be present.  Also ignored hydraulics of this unit and its production stream flow from units F and to unit H.  Thus pressure at discharge port of D (the well) is also pressure at inlet port of H (the separator).

H. Separator – assumed only 1 to be present.  For the purposes of Flow # 1, test separator line up will be dealt with by allowing the wells to be allocated a fixed amount of gas (see below).  The physical line up to a different separator will not be included.

The team accepted that this was a greatly simplified network but agreed that if we could establish how to communicate with it in order to satisfy the gas lift optimisation objective, then it will be possible to extend it, removing some of the simplifying assumptions above and also adding further “real world” behaviour, in later use cases based on Flow # 1.

Scope & Specification - Data Requirements for Flow # 1
Nature of Computations in Flow # 1

The essence of Flow # 1’s computation is shown in figure 2 below, in which the schematic of figure 1 has been expanded to show the 3 wells considered in Flow # 1.
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Figure 2 – Flow # 1 Physical Schematic with Wells Flowing
In this figure, the key inputs are the constraints on gas available for gas lift at A, and the delivery pressure that the wells must flow against at H.  These are likely to be constrained as a result of operational requirements, e.g. compressor capacity, separator performance.

The key output is the allocation of gas to the 3 wells D.  This gas volume must sum to less than or equal to the constraint on gas available at A.  This output is what may be termed a set of “recommended” gas injection rates.  The controllers C are then valves which will try and hold the actual real system rates at those “set points” which correspond to the recommended rates.

Other outputs are the simulated pressures and temperatures at various points in the system.

It was assumed that the physical description of all the units encompassed by the Flow # 1 network (that is, A to H) will be contained within the different simulation/optimisation packages which are either vendor supplied or provided in-house.  These are the different well models, network models, process models etc as appropriate.  These models are assumed to be “black boxes” which have been set up prior to commencing to use Flow # 1.  The transfer of this “static” description is out of the scope of Flow # 1.

The task of Flow # 1 is to pass the simulator the dynamic data (as listed and labelled in this document), because this is the data that may change multiple times each day.
Note on Optimisation Computation
For information only, the wells have characteristic performance curves of oil (and water and gas) produced as a function of lift gas injected and back pressure at the wellhead.  The simulators need to work out the optimum combination of lift gas allocation amongst the wells (green, yellow and pink in figure 2) and also all the pressure drops in the network, the compressor and simulator behaviour etc.  A typical set of curves for a single well is shown below in figure 3.  Oil produced is the y-axis against gas injected on the x-axis, and each curve represents a different value of back-pressure at the wellhead.

[image: image9.emf]
Figure 3 – Typical Well Performance Curve

Note – in Flow # 1 these curves are internal to the simulators.

Additional Functionality in Flow # 1

The team agreed that, in addition to being to perform the “standard” optimisation problem described above, it was desirable that Flow # 1 exhibit sufficient “real life” capabilities as to demonstrate to potential sponsors how the model can be expanded to eventually cope with all real life complexity.

With this end in mind, two extra items of functionality were introduced:

1. The ability to over-ride the gas injection rate at any well.  This is desirable because there may be periods when the recommended rates from the simulator are not desired (e.g. when a well is being tested and a steady rate of gas is required).  Rather than ignore the simulator’s result, it is better to feed it with the target rate, so that it can set this will to the target rate and then work out the best use of gas to the other wells.  Referring to figure 2, if for example the green well was on test, then the value of gas required to be injected to the green well would be an input given to the simulator.  It would then work out the best result based on being able to vary to gas injected to the yellow and pink wells.

2. The ability to simulate closed-in wells.  This is desirable because there are periods when a well may be closed in, e.g. for maintenance.  Again, it is better to feed the simulator with this fact so that it can again allocate optimum gas amongst the other wells.  The way this will be done in Flow # 1 is to allow the communication of the status of the well head block valves.  Referring to figure 4 below, if the green well is shut in, then the status of its wellhead block valve in E will be set to shut and communicated to the simulator, which will then work out the best result based on being able to vary the gas injected to the yellow and pink wells.
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Figure 4 – Physical Schematic with One Well Shut-In

Data Flow within Flow # 1

It is important to realise that the whole of the computation associated with the network shown in the figures above is calculated in one step.  Flow # 1 therefore consists of, upon detecting a change above a defined threshold in an input parameter, assembling the data required for a “run” of the optimisation computation, passing this in one set of input data to the simulator with a request for a computation, and then receiving back the computed results in one set of output data.  If any single item of input data should subsequently vary, the simulator will need to be re-run, and all the output data from it will change.

The next paragraph explains the “general” Flow # 1 data flow envisaged, whilst the second paragraph proposes a simplified POC version of this data flow.

General Case.  Figure 5 below shows the envisaged flow of data.  The red box represents the “orchestration” of preparing a simulator run.  It will obtain data from SCADA and also will probably have a manual data entry since not every item of data required will be found in SCADA. There may be other sources of data.  This application may either poll various inputs for a change in status that would trigger Flow # 1, or it may subscribe to alarms which can be set in SCADA and which signal a change in status which requires a Flow # 1 run.  This “consolidation” application will then pass the data set to the simulator with a request for a new simulation.  Once this run is complete, the results will come back to a “distribution” application.  In general, set points will go to SCADA for implementation in the field, whilst simulated flow results will go to surveillance tools, probably to be compared with measured data. This latter operation is the realm of Flow # 2.
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Figure 5 – General Case Flow of Data in Flow # 1 Applications
Simplified Case for POC.  The consolidation of data can be simplified if we assume that all the data is available in a historian.  The historian can be assumed to contain the live data for the inputs required of Flow # 1.  Alarms can be assumed to be set in the Historian such that, upon any of input variables changing by more than a pre-determined threshold, an alarm will generated.  This alarm will signal in effect, “Run of Flow # 1 Required”.  

The data consolidator application will subscribe to that alarm.  Upon receiving the alarm, it will have function of requesting from the historian the XLM data file containing the input data required for Flow # 1.  (An alternative is that the alarm also causes the historian itself to generate the XML file and send it to the data consolidator).  Architecturally it may be simpler though to assume that the data is requested once the consolidator is ready to receive it.

Once the data file is passed to the consolidator, it will invoke the simulator and pass on the XML data file.   The simulator will pass the results XML file to the data distributor. The POC Flow #1 will be required only to route the data back to the historian.

The role of the data consolidator and distributor may appear to be redundant.  It is possible that the simulator itself will be capable of receiving and supplying the data just as the consolidator and distributor are.  However, in the general case it is not so simple as relying on the historian to contain all the up to date, correct data.  There may be cases where instrumentation is known to be bad, or frequent cases where the data required is not all stored in one historian.  It may reside on different systems.  Additionally, there may be a need for other, as yet unspecified, manual intervention or input.  Looking at the output side, there may well be a need for data to be directed to different applications, for example a historian for set point data and a monitoring application for simulated flows and pressures.  For the reasons, in general the existence of these two “wrapper” or orchestration applications will be required.

The simplified approach is shown in figure 6.  Arrows show the flow of XML data.
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Figure 6 – Simplified POC Flow of Data in Flow # 1 Applications

Data Schema for Flow # 1

The concept is that the “Production Reporting” schema can be extended to allow the passing of data in categories such as “constraints”, “simulated results”, and maybe others, in addition to the current model of flows in a network.  It will be necessary in Flow # 1 and elsewhere to be able to distinguish between these categories of data.  Most of the data within these categories will be the sort of flow rates, pressure, temperatures etc. that are supported in the schema.  However, there are some items of information pertaining to the internal status of the flow units.

It will be necessary to be able to identify flow units and the ports on those units.  The schema does already provide for this.  However, it may be useful to extend the model to include specific types of units (e.g. the types A to H) with defined inlet and discharge ports (depending on the unit type).

Data Points for Flow # 1

The following table summarises the flow of data into and out of the simulator.  

Data is listed by single item.  Each is associated with a flow unit, and an attribute of that unit (either at a port or an internal attribute).  The number of instances in Flow # 1 is shown.  Next the data source is shown – input (from the “consolidator” to the simulator), and output (from the simulator to the “distributor”).  Then the specific data item is shown in English and with a generally understood abbreviation.  The type of data (flow rate, pressure etc) and the units are then shown.  Finally the category of data – e.g., constraint, simulated value or current status, is shown.

Notes are used to explain some of the details of this data set.

The red input items and blue output items are so coloured in figure 1.  Data items associated with a port are round labels in figure 1, whilst internal attributes are ribbon shaped.

It is important to recognise that the output from this simulation run does not need to contain the input.  The input parameters remain fixed and are not changed by the simulation.  One type of output parameter,  Lift Gas Injection Rates, may equal corresponding input parameters.  E.g.,  item 4 below which is the Recommended Optimum Total Lift Gas Injection Rate, may equal input parameter item 1 below which is the Maximum Available Total Lift Gas Injection Rate.  Similarly at the well level, item 5 (if set) will equal item 6 (these being respectively fixed rates imposed on the solution, and the results which will honour that fixed rate).  However, these two types of parameters are not equivalent and the input should be regarded as distinct from the output. 
	Item ID
	Associated Flow Unit
	Attribute of Flow Unit
	No. Instances in flow # 1
	Data Source
	Data Item
	Data Type
	Data Units
	Data Category
	Notes

	1
	A
	discharge port
	1
	Input
	Maximum available total  lift gas (Qgi max)
	Gas Volume Rate
	m3/day
	Constraint
	The compressors are rolled up into one unit and an external piece of software or a manual input is assumed to be providing the actual injection gas maximum available.  (The actual gas used may be less than or equal to this value, depending on how much is optimally required.  See Item 4).

	2
	A
	discharge port
	1
	Input
	Lift gas discharge pressure (P HP gas)
	Pressure
	Kpa
	Constraint
	The pressure of the lift gas is assumed to be fixed at this value and assumed not to vary with gas volume supplied.  Again, this input will come from software or manual input of the compressor performance.

	3
	A
	discharge port
	1
	Input
	Lift gas discharge temperature (T HP gas)
	Temperature
	deg C
	Constraint
	Similar comments as for the discharge pressure.

	4
	A
	discharge port
	1
	Output
	Recommended optimum total lift gas (Qgi total)
	Gas Volume Rate
	m3/day
	Simulated Value
	The total gas recommended to be optimally used may be less than or equal to, the maximum available (for which see item 1), depending on how much is calculated to be optimally required.

	5
	C
	discharge port
	0 to 3 (optional)
	Input
	Fixed Lift Gas Injection Rate for well (Qgi well fixed) (optional data)
	Gas Volume Rate
	m3/day
	Constraint (Optional)
	This input is an option.  It is required so that wells which are on test or which otherwise have a need for a given fixed lift gas rate can have this solution imposed on them.  The selection of which well(s) to fix the rate for is assumed to be performed externally.  When this option is exercised, then the black box will be responsible for returning the value constrained here as the result value (item 5).  If this data is optionally not provided, the black box is free to allocate gas to wells in accordance with its algorithms.

	6
	C
	discharge port
	3
	Output
	Recommended optimum lift gas volume per well (Qgi well)
	Gas Volume Rate
	m3/day
	Simulated Value
	Each lift gas controller (C) will have recommended optimum lift gas volume.  (This flow corresponds to the lift gas injected into each well but it was decided that it should be associated with the physical object actually providing the control.)  Note that the sum of the volumes over all C’s should equal the total lift gas recommended for the network in Item 4.

	7
	C
	discharge port
	3
	Output
	Lift gas injection pressure (CHP well)
	Pressure
	Kpa
	Simulated Value
	Each lift gas controller (C) will actually perform its task by partially choking the flow of gas to the well.  The pressure at the discharge of C needs to be the pressure which the well D requires in order to “accept” the volume of lift gas allocated.

	8
	C
	internal to the Unit
	3
	Output
	Setting for valve (“set point”)
	Gas Volume Rate
	m3/day
	Simulated Value
	There is a need to decide which types of variable for this output will be supported.  The possibilities are: 

1.     Qgi well (equivalent to data item 6), i.e. the result the controller must achieve.  

2.     Delta pressure (equivalent to item 2 which is an input less item 7 which is an output), this being the pressure drop the controller must achieve.  Note: inlet port pressure is equal to item 2 because of ignoring of hydraulics of gas flow between A and C.  

3.     Choke setting (i.e. degree of fully open to fully shut, e.g. 32/64ths) that the controller must be set at – this requires that the black box model contains the required physical model).

	9
	D
	discharge port
	3
	Output
	Production Stream Flowrate of oil (Qo) per well
	Oil Volume Rate
	m3/day
	Simulated Value
	The production stream of each well in the network - oil phase.

	10
	D
	discharge port
	3
	Output
	Production Stream Flowrates of water (Qw) per well
	Water Volume Rate
	m3/day
	Simulated Value
	The production stream of each well in the network - water phase.  

A future option is to use BSW (water cut) in conjunction with oil rate, instead of water rate.

	11
	D
	discharge port
	3
	Output
	Production Stream Flowrates of total gas (Qg total) per well
	Gas Volume Rate
	m3/day
	Simulated Value
	The production stream of each well in the network - gas phase.  Total gas will be used.  

Future options are: output Formation Gas (formation gas = total gas - injected gas); or to use GOR (gas oil ratio) in conjunction with oil rate, instead of gas rate.

	12
	D
	discharge port
	3
	Output
	Wellhead flowing pressure (THP or WHP)
	Pressure
	Kpa
	Simulated Value
	In the case of Flow # 1, this will be equal to item 15 because of the ignoring of hydraulics of the flow from D to H.  Generally this will not be the case and this pressure will be an independent output result.  

	13
	D
	discharge port
	3
	Output
	Wellhead flowing temperature (THT or WHT)
	Temperature
	deg C
	Simulated Value
	This will be unique for each well.

	14
	E
	internal to the Unit
	3
	Input
	Status – open or closed
	Binary
	Open or closed
	Current Status
	It will be possible to optimise including the fact that some wells are optionally shut in.  This will be controlled at the wellhead unit which contains a block valve.  This valve is binary – open or closed.  If a well is shut in, the black box will be responsible for making sure that this well gets zero lift gas, and produces zero flow, and for reporting this via items 5, 9, 10 and 11.

Production chokes also exist in Unit F, though will not be deployed in Flow # 1.  

	15
	H
	inlet port
	1
	Input
	Separator Pressure (P sep)
	Pressure
	Kpa
	Constraint
	The delivery pressure is a constraint on the optimisation and must be provided.  

Note that in future, processing volume constraints etc may be added at this point or in more detail within different separator units.

	16
	H
	inlet port
	1
	Output
	Producing stream temperature at separator inlet (T sep)
	Temperature
	deg C
	Simulated Value
	The produced stream composite temperature will be calculated by the simulator.

	17
	H
	discharge port - oil
	1
	Output
	Production Stream Flowrate of oil (Qo) for network
	Oil Volume Rate
	m3/day
	Simulated Value
	The production stream of the network - oil phase.

	18
	H
	discharge port - water
	1
	Output
	Production Stream Flowrates of water (Qw) for network
	Water Volume Rate
	m3/day
	Simulated Value
	The production stream of the network - water phase.  

A future option is to use BSW (water cut) in conjunction with oil rate, instead of water rate.

	19
	H
	discharge port - gas
	1
	Output
	Production Stream Flowrates of total gas (Qg total) for network
	Gas Volume Rate
	m3/day
	Simulated Value
	The production stream the network - gas phase.  Total gas will be used.  

Future options are: output Formation Gas (formation gas = total gas - injected gas); or to use GOR (gas oil ratio) in conjunction with oil rate, instead of gas rate.


Example Data Set

The way in which Flow # 1 would work is illustrated by the following data set.  This takes a few rows from the full set of cases provided by Ron Cramer of Shell.  These selected cases are then given times such that the following imaginary daily operational schedule is displayed:

1. Midnight – full compressor performance and all wells flowing.  Set points running from previous day.

2. 06:00 – reduction in gas available to roughly half normal volume.  Trigger Flow # 1 to advise on new set points.

3. 08:00 – well 1 shut in temporarily.  Slight impact on available gas, reduced slightly.  Trigger Flow # 1 to advise on how to re-deploy the gas volume previously consumed by well 1, now available for wells 2 and 3.

4. 12:00 – compressor problem almost fixed, and well 1 now ready to resume production.  Trigger Flow # 1 to advise on use of nearly maximum gas volume with all 3 wells. This continues then until midnight.

Note:  that each single row in this table represents a complete Flow # 1 process.  Flow # 1 happens each time there is a change in input parameters.   The rows in the table (corresponding to the events listed above) comprise 4 “Flow # 1 Events”, each of which is a distinct and isolated process.  The multiple instances of Flow # 1 are simply put together to represent how Flow # 1 will typically be used and triggered throughout an operating period of a day or several days.

Note:  the table below shows only a cut down set of fields (just lift gas rates and oil production rates) only in order to save space and allow the reader to see the essential purpose of maximising oil given a limited amount of lift gas.  These are the parameters plotted in figure 7.  In reality, all the data inputs and outputs will be used each time.
	 
	Collective Wells (W1, W2, W3)
	Individual Wells

	 
	
	W1
	W2
	W3

	Time
	Lift Gas Available (1)
	Total Oil (17)
	Recommended lift gas W1 (6)
	Oil Rate W1 (9)
	Recommended lift gas W2 (6)
	Oil Rate W2 (9)
	Recommended lift gas W3 (6)
	Oil Rate W3 (9)

	Hours
	m3/day
	m3/day
	m3/day
	m3/day
	m3/day
	m3/day
	m3/day
	m3/day

	00:00:00
	66544
	70
	21237
	7
	25485
	33
	19821
	28

	06:00:00
	35396
	63
	11326
	7
	11326
	27
	12742
	28

	08:00:00
	33980
	61
	0
	0
	21237
	32
	12742
	28

	12:00:00
	59465
	70
	15574
	7
	25485
	33
	18405
	28

	23:59:00
	59465
	70
	15574
	7
	25485
	33
	18405
	28


Each time there is a change in gas available, wells available or (not shown in this example) any of the other inputs listed above for Flow # 1, then Flow # 1 will need to be triggered so that the new set points are obtained together with (again, not shown in this example), the other outputs generated for monitoring purposes.

Referring to Figure 7 below, this shows the profile of these events as seen on a 24 hour chart of key variables.

Gas volumes are shown on the left hand axis with solid lines.  Oil volumes are on the right hand axis with dotted lines.

The key input is the yellow solid line – Lift Gas Available.

The key outputs are the 3 solid lines green, red and blue showing the gas recommended for wells 1, 2 and 3.

Also shown is the total oil rate (yellow dotted) and the rates from each well (green, red and blue dotted).  These are what the simulator will have maximised (Total Oil is the Objective Function).

Note the events at 06:00, 08:00 and 12:00.  These are the times where a trigger (manual or automatic) has made Flow # 1 run.  

· At 06:00 Lift Gas Available drops and all 3 wells can be seen to have had their recommended lift gas allocations cut accordingly.  

· At 08:00, well 1 is shut in.  Note how its lift gas and production (green lines)  both drop to zero.  This is an external constraint in this case.  Observe how the simulator has re-allocated the gas from this well to well 2, increasing its production rate (red lines).  As a result, total production (yellow dotted) drops by less than the drop from well 1, because well 2 increases by using well 1’s lift gas.  This is a typical benefit of optimisation.  

· At 12:00, well 1 restarts and at the same time gas compression is restored, giving the last Flow # 1 run of the day.
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Figure 7 – Profile Chart of Some Key Inputs and Outputs of Flow # 1 over 24 Hour Period
Full Example Data Set

The following table is a full set of fields corresponding to the 3 well Flow # 1 demo case.  Each row corresponds to a “run” or re-calculation of the Flow.  The rows correspond to the  imaginary daily operations schedule used above.
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m3/day kpa deg C kpa m3/day deg C m3/day m3/day m3/day m3/day m3/day m3/day binary kpa kpa deg C m3/day m3/day m3/day m3/day m3/day m3/day binary kpa kpa deg C m3/day m3/day m3/day m3/day m3/day m3/day binary kpa kpa deg C m3/day m3/day m3/day

00:00:00

66544 5500 40 380 66543 57 70 673 77905 21237 21237 Flowing 3155 824 59 7 25485 25485 Flowing 3700 400 72 33 19821 19821 Flowing 5500 1000 75 28

06:00:00

35396 5500 40 380 35394 57 63 638 46007 11326 11326 Flowing 3155 824 59 7 11326 11326 Flowing 3700 400 72 27 12742 12742 Flowing 5500 1000 75 28

08:00:00

33980 5500 40 380 33979 57 61 566 43001 0 0 Closed-in 5600 1100 70 0 21237 21237 Flowing 3700 400 72 32 12742 12742 Flowing 5500 1000 75 28

12:00:00

59465 5500 40 380 59464 57 70 671 70797 15574 15574 Flowing 3155 824 59 7 25485 25485 Flowing 3700 400 72 33 18405 18405 Flowing 5500 1000 75 28

Collective Wells (W1, W2, W3)

W1 W2 W3

Individual Wells


In sections – Total Section:

	 
	Collective Wells (W1, W2, W3)

	 
	

	Time
	Lift Gas Available (1)
	Lift Gas Press (2)
	Lift Gas Temp (3)
	Separator Press (15)
	Recommended lift gas Total (4)
	Separator Temp (16)
	Total Oil (17)
	Water (18)
	Total Gas (19)

	Hours
	m3/day
	kpa
	deg C
	kpa
	m3/day
	deg C
	m3/day
	m3/day
	m3/day

	00:00:00
	66544
	5500
	40
	380
	66543
	57
	70
	673
	77905

	06:00:00
	35396
	5500
	40
	380
	35394
	57
	63
	638
	46007

	08:00:00
	33980
	5500
	40
	380
	33979
	57
	61
	566
	43001

	12:00:00
	59465
	5500
	40
	380
	59464
	57
	70
	671
	70797


Section per well (for each of W1, W2, W3)

	W1

	Recommended lift gas W1 (6)
	Recommended Set Point W1 (8)
	Fixed Lift Gas Rate W1 (5)
	Status W1(14)
	CHP W1 (7)
	THP W1 (12)
	THT W1 (13)
	Oil Rate W1 (9)
	Water Rate W1 (10)
	Total Gas Rate W1 (11)

	m3/day
	m3/day
	m3/day
	binary
	kpa
	Kpa
	Deg C
	m3/day
	m3/day
	m3/day

	21237
	21237
	
	Flowing
	3155
	824
	59
	7
	
	 

	11326
	11326
	
	Flowing
	3155
	824
	59
	7
	
	 

	0
	0
	
	Closed-in
	5600
	1100
	70
	0
	
	 

	15574
	15574
	
	Flowing
	3155
	824
	59
	7
	
	 


Note: fixed lift gas rate option not used in this example data so far – if so it would appear as an input value under field 5 for any well where fixed lift gas rate (i.e. over-riding the simulator) was required.

Water and Total Gas Rates per well not supplied in example set – will be returned from simulator similar to oil rates.

9. Vendor Application Survey

10. High Level Test Scenarios
The PRODML Project includes a set of tests to validate the design.  These tests are organized to support the Project design process, which is based on 3 business process “flows”.

The objectives of these tests include:

1. Are the components readily available?

2. Can we detail the data flows?
3. Can we support both monolithic and granular application architectures?
4. Can we specify the interaction in terms of web services?
5. Can products from different vendors interoperate?
6. Does the design work?

The tests are designed by decomposing the business process “flows” into their data flows, and then the applications and a minimum data set are identified.

11. HLTS 1a Basic Gas Lift Optimization – Monolithic

This flow provides basic functions for optimization of a cluster of gas lift wells.  It excludes the enhancements that will be tested in HLTS’s for flows 2 and 3.

The optimization objective function for a given gas lift system is to produce maximum amount of oil with minimal lift gas with the following constraints:

1. Production capped at the available processing capability of the surface and well oil, gas and water facilities

2. No changes to gas lift valves

3. Unconstrained water production 

4. Economic considerations not taken into account

Where the gas lift system comprises of the following

1. 3 Wells supplied with lift gas from dedicated source of gas lift gas, one effective compressor through 3 injection wells.

2. Surface processing facilities consisting of manifolds, gravity separators, gas cleaning equipment and gas compressors to provide a source of lift gas

This HLTS considers the combination of:

1. Historian

2. Monolithic gas lift optimization application

PRODML traffic in this HLTS is the following:

· Between the Historian and Monolithic gas lift optimization application of different vendors, with the following data listed in the Flow 1 Data Requirements Document:

1. Well status

2. Separator pressure

3. Valve setpoints

4. Lift gas discharge pressure Wellhead flowing pressure (THP or WHP)

5. Wellhead flowing temperature (THT or WHT)
.

12. HLTS 1b Basic Gas Lift Optimization – Granular

This flow provides basic functions for optimization of a cluster of gas lift wells.  It excludes the enhancements that will be tested in HLTS’s for flows 2 and 3.

The optimization objective function for a given gas lift system is to produce maximum amount of oil with minimal lift gas with the following constraints:

1. Production capped at the available processing capability of the surface and well oil, gas and water facilities

2. No changes to gas lift valves

3. Unconstrained water production 

4. Economic considerations not taken into account

Where the gas lift system comprises of the following

1. Wells supplied with lift gas from dedicated source of gas lift gas, one effective compressor through 3 injection wells

2. Surface processing facilities consisting of manifolds, gravity separators, gas cleaning equipment and gas compressors to provide a source of lift gas

This HLTS considers the combination of:

1. Historian connected to data acquisition and control system

2. Data consolidation application

3. Simulator application (granular optimizer)

4. Data distribution application

PRODML traffic in this HLTS is the following:

· Between the Historian and the Data consolidation application of different vendors, with the following data listed in the Flow 1 Data Requirements Document:

1. Well status

2. Separator pressure

3. Lift gas discharge pressure
4. Wellhead flowing pressure (THP or WHP)

5. Wellhead flowing temperature (THT or WHT)
· Between the Data consolidation application and the Simulator application of different vendors, with the following data listed in the Flow 1 Data Requirements Document:

1. Well status

2. Separator pressure

3. Lift gas discharge pressure

4. Maximum available total lift gas (Qgi max) – manual input through Data consolidation application
5. Lift gas discharge pressure (P HP gas) ) – manual input through Data consolidation application) – manual input through Data consolidation application
6. Lift gas discharge temperature (T HP gas) ) – manual input through Data consolidation application
7. Status – open or closed

8. Separator Pressure (P sep)

9. Producing stream temperature at separator inlet (T sep)

· Between the Simulator application and the Data distribution application of different vendors, with the following data listed in the Flow 1 Data Requirements Document:

1. Valve Setpoints

2. Producing stream temperature at separator inlet (T sep)

3. Production Stream Flow rate of oil (Qo) for network

4. Production Stream Flow rates of water (Qw) for network

5. Production Stream Flow rates of total gas (Qg total) for network

13. Project phasing, timing and milestones
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13.1. Project phasing

The project will be executed in three phases.

Scope & Define. During Phase 1 Scope and Define phase, the PRODML problem space and scope of the project will be defined and validated with the project governance and through aggressive peer review. The project scope will be determined, and the project viability will be assessed. In the case of PRODML this approach is to define three or more work “flows” that 1.) Fit within our guiding Use Cases and 2.) Represent significant value both to the Operating Companies and the Vendor members of the team. The first Unified Project Plan will be drafted, resources will be defined and gaps in requirements defined. The components that will be used in the flow (i.e. applications and databases) will be specified in generic terms. The governance of the project will be defined. Again during this Phase the Content and the Technical teams will focus on different objectives with the Content Team working to further define and tell the “story” the selected flows and the Technical Team developing the first draft of the Reference Architecture.

Analyze and Design. During Phase 2 “Analyze and Design” phase, a detailed data model, process flows, data dependencies and processes will be developed. The Content and Technical teams come together and develop the first version of the interoperability components that will be required, in terms of messages, data objects and web service interfaces for each of the flows. Early “Proof of Concept” XML and schema will be developed and validated with both operating and vendor communities.

Build & Deploy. During this final phase of the PRODML project, actual automated XML and Schema will be developed in testable, interoperable, interdependent components. Test team partners of operating companies and vendors will be formed and specific applications, systems, and data sets will be modified to accommodate these new PRODML interoperable components. These same components will be made publicly available along with “lessons learned” on a public web site (www.PRODML.org). 

13.2. Timing

a) Scope and Define – November 2005

b) Analyze and Design – February 2006

c) Build and Deploy – March to August 2006

13.3. Milestones

13.3.1. Acceptance of Flow #1 POP – December 15, 2005

13.3.2. Acceptance of Project Plan – January 31, 2006

13.3.3. Draft Specifications – December 15, 2006

13.3.4. Pilot demonstration – June 2006

13.3.5. Harmonised specifications – February 2006

14. Tasks

The complete Unified Project Plan in JPG format.
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15. Way of Working

The project will be implemented using the approach defined in the PRODML Scope Statement document.  The establishment of standards is an open process and subject to the public domain.  As such, all correspondence and publications will be reviewed by the PRODML Organizational Committee to insure compliance with these objectives until such time that the PRODML Steering Committee is seated, upon which they will assume this responsibility.

16. Staffing and Funding

16.1. Note – When the “Disbursement Operational Procedures” (DOP) document is complete it will be inserted here.

16.2. Funding principles

· All costs and expenses incurred by Participant to attend Work Group meetings, participate in teams, review Work Group output, or otherwise participate in the Work Group, shall be the responsibility of Participant, as covered under the Workgroup Participation Agreement.

· For specific project-related work, performed during the Execute and Operate phase, the vendor members of the PRODML team will be reimbursed for their actual costs without a profit mark-up.

· If products of vendor members are to be used in proof-of-concept or pilot situations, the member will supply free-of-charge demo versions of these projects. 

· Product licenses of other products will be paid for by the sponsor companies

17. Challenges and Risks

Model performance is dependent on the incoming data quality (accuracy, completeness and frequency), the model quality (accuracy, robustness and completeness) and synchronization of multiple models (part of data set integrity).  One of the challenges is to establish confidence in best case performance of the selected models and their operating environment.

Another challenge is measuring the performance of the optimization loop.  The target models must be compared to a reference set of models or a reference set of data for a similar operations condition.  This means that the reference must either have higher quality than the target model or have a practical way to compare reference and actual data.

Mitigating the risks can be achieved by implementing the most comprehensive approach to automated model and data quality management.  This can include a full back allocation using field-wide rigorous steady-state models and algorithms for data quality management (including error optimization in the processing facilities, genetic algorithms etc.)

The project scope must include labour and software to manage the loop, act on advice from the advisory tools, troubleshoot problems in a timely manner, and collect the performance information.
Another challenge is the validity of this configuration.  Flow 1 intentionally simplifies the implementation and “practical” aspects of data attributes are intentionally deferred to Flow 3.  The Flow 1 scope is viable for a pilot project in an actual oil field, but the environment must be amenable (sufficiently stable operations).
Appendix 1: Use case description

1. Setting

The example case consists of an offshore field with a series of wells producing oil and gas. Some of the wells produce primarily oil, with associated gas, other wells produce primarily gas, with condensate as by-product. The gas is contaminated with CO2, but the percentage varies widely across the field. The oil production is limited by the amount of gas that can be sold to the customers; flaring is contractually penalised. The gas is delivered to two facilities: a power plant and a LNG plant. Both these customers have a swinging demand. The power has a daily demand variation of about 50%. There are frequent opportunities to sell additional LNG cargoes; the penalty for missed contract-cargoes is high.

Some of the oil wells are free flowing, but the majority utilise artificial lift, mostly gaslift. The liftgas is obtained from the gas system, sometimes requiring additional compression.

The gas plant contract specifies the maximum acceptable contamination as a percentage, the LNG plant as a tonnage. A comprehensive blending system is available to mix the production from different gas sources to meet contractual requirements regarding contamination.

2. Constraints

· The focus is day-to-day optimisation and must be accomplished by manipulating the existing operational facilities. 
Planned changes to this infrastructure, however, must be taken into account.

· Not all wells and facilities can be utilised all the time, because of scheduled maintenance, and the inaccessibility of certain assets that can not be remotely operated during parts of the year.

· All elements of the production system must be operating within their limits. (e.g. maximum draw down, minimum and maximum flow rates etc)

3. Business Objective

The company wishes to operate the field in an optimum manner, meeting the gas contracts with maximum permissible contamination, producing maximum amount of oil.

In addition the company wishes to closely monitor all facilities to detect all variations from expected behaviour in a timely fashion.

4. The methodology

The basic methodology that underpins the operation of the field is based on simulating the performance of the field in different configurations and selecting the configuration that optimally meets the demands.

The tools required to do this are:

· Modelling tools for reservoir, wells and surface facilities that produce models with adequate accuracy to predict the performance for short and medium term,

· Simulation and optimisation tools that can advise an optimum configuration of the production facility. These tools are used for planning purposes (maximum 2 years planning horizon), but also in response to events (cargo opportunity, equipment outage, etc).

· Tools to gather actual performance information. Where direct measurements are made they can be retrieved from a data historian) . Where direct measurements are not available the data needs to be retrieved from reconciliation programs or other data processing tools.

· Monitoring tools to compare the actual with modelled behaviour and advise on corrective action as needed

· Execution tools to implement the selected configuration.

5.  Workflows

5.1 Component workflows

Several workflows are used to construct and maintain models of the reservoir, wells and surface facilities. The purpose of these workflows is twofold:

· to make sure the models are sufficient to support the production workflows, and

· to detect malfunctions in the production system in an early stage.

a) Modelling

This process is used to create models of the individual components of the production system that can be used to predict the performance of the component with known accuracy. 

Models are used for reservoir, wells and surface facilities and are valid within a specified time-window.

b) Simulation. 

The simulation processes are integrated with the forecasting process of the production workflow. The individual models, combined with the operational settings, yield component performance.

c) Execution

d) Monitoring and Reconciliation

The monitoring process continuously acquires data various places in the production system. Sometimes this data can be used immediately, sometimes the data needs to be processed before it represents a reliable representation of the performance at the desired location.

In particular, where production is measured accurate only at a few points, reallocation of contribution of the various wells needs to be computed to be able to assess how well its model is doing.

e) Analysis and Advisory

The analysis process compares modelled behaviour with actual performance at regular and frequent intervals. If the difference between these exceeds a preset level advisory processes will be invoked to determine the root cause of this difference. These causes include unexpected behaviour of the reservoir, such as gas breakthrough or drop in reservoir pressure, but also malfunctions in the processing system, such as stuck valves etc.

5.2 Production workflows. 
These workflow contains the steps for model-based control of a production facility.

a) Modelling

The purpose of the modelling step is to compile a computer representation of the entire asset which can be used to reliably forecast the behaviour of the real asset in various configurations and under a range of operational conditions. 

This process involves compiling a total asset model from the separate components model that constitute the production system.

b) Forecasting

The forecasting process is used to predict the performance of the asset in a particular configuration and operational condition.

c) Optimisation

The optimisation process is used to select an optimum configuration of the production system, to meet business requirements. This process uses input from other sources to constrain the number of available configurations and conditions.

The optimisation process It is tightly coupled to the forecasting process.

d) Execution

The execution involves implementing the selected operational configuration, by manipulating the appropriate controls (DCS setpoints, valves, etc), either remotely or manually. 

As far as the first version of PRODML is concerned, data exchange between the office domain and the field controls are outside of the scope.

e) Monitoring

The output of the new configuration is monitored (or computed) at the delivery point and compared to the desired production. If the deviation from the desired level and composition exceeds preset ranges, the feedback control process is activated.

f) Feedback control

The feedback control process uses the models to minimise the difference between actual and desired output. The new configuration is activated.


















I. 
J. 
K. 
L. 
M. 
N. 
O. 
P. 










1. 
2. 
3. 
4. 



	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	
	
	
	
	



	
	
	
	
	
1. 
2. 
3. 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


***************** End of Flow #1 POP Data Requirements *****************
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Figure � SEQ Figure \* ARABIC �112� - Matrix of business activities associated with production.
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