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* Buzzard Field Overview

* Monitoring System Strategy

* Flow Measurement Technology
* Value to Nexen

« Case Study: Producer to Injector
» Conclusions
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* Buzzard Field — located in the North Sea, 60 km NE of Aberdeen
« Discovered in 2001; drilling commenced in 2005; first oil in 2007
* Production: About 200,000 bpd; Water injection about 300,000 bpd
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Permanent Sensors
o Pressure / Temperature
o Flowmeter

o Distributed Temperature Sensing

Target Life = life-of-field
o Installation success

o Longevity

Data Continuity
o Delivery to end users
o Reliability

o Strategy: “make it safe & simple, make it work”™
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Initial scope: 27 wells
o P/T, 2-phase flowmeter, DTS for each well
o 2 single-mode and 1 multi-mode fibre from tubing hanger to packer

o Flowmeters at depths above bubble point pressure (oil/water)

Decision made to expand to 37 wells

o Similar sensors based on performance, reliability, and flexibility

PDMS accommodated expansion

o Single topside instrumentation

o As new sensors installed, they are added to the instrument interface
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* Integrated flowmeter and P/T gauge — all fiber-based
« Non-intrusive, non-invasive, full-bore, no pressure loss
« Zonal liguid and gas phase measurements

« High turndown ratio, bidirectional



Downhole Optical Flowmeter
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« Turbulent pipe flow contains eddies (vortical structures)
« Eddies exert dynamic pressure onto pipe causing strain

« Sensors outside the pipe track eddies and sound waves
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Downhole Optical Flowmeter
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« Eddies exert dynamic pressure onto pipe causing strain
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Real-time production monitoring, optimization and allocation

o Well performance is determined by back-tracking and comparing export
and PDMS measurements

« P/T - Drawdown management (Sand control)

* Problem diagnostics: when there is a mismatch between the
real-time values and model predictions

« Distributed temperature profiling for calibration and flow
correlation in well performance modeling

« Gas lift monitoring and management (checking injection points)
« Leak detection/confirmation in diagnostic/retroactive mode

« DTS: used for diagnostics, but data require downloading,
processing, filtering (output not real-time for day-to-day use)
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DTS system pinpointed leak

Saved dedicated intervention run

Gas lift orifice recovered and replaced
Teardown revealed flow cutting on check dart

Production restored

Recovered Orifice Valve New Stock Valve

(2)

(1) (3)
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 PDMS reduced the testing frequency from once
a month to once every 3 months

o Typical time loss for well testing: 1 hour per well per month
o Gain per well: 2 hours per well every quarter
o 74 hours (37 wells) gain in 3 months
o This translates to a quantitative impact on deferment
« Test separator available, but PDMS is used for

continuous well monitoring, optimization and
daily production allocation
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* Reduction in frequency of well testing

o Production optimization / deferment reduction by about 5%

 Flexibility of getting data from 37 wells using only one
topside instrumentation

o Reduction in initial investment for equipment

o Data acquisition frequency per well has been sufficient so far
for the level of optimization required

o As the optimization requirement is increased, data frequency
can be increased by adding more topside instrumentation

« No additional measurement equipment needed for
producer/injector conversion
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« Dedicated injection well required to maintain pressure
support

« Two wells identified for water and gas injection

o Water injector: oil line removed, water line installed

o Gas injector: gas injection feasibility study — Not used!

« WI Well didn'’t include topside-metering solution;
utilization of downhole two-phase flowmeters was
Important

 PDMS is flexible to accommodate the service change
o Flowmeter measurement bidirectional

o Independent of the type of fluid
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Injector mode since 2011

« Changing well conditions were adapted by the PDMS

« Further optimization can be made with better SoS of

Injected water



Conclusions — Overall Impact (2 nexen

ACN

« Essential for determination of well performance

* Reliable and necessary for real-time production
optimization

« Enabling daily allocation

« Reduction of well test frequency in test separator
* Problem diagnostics

« Well integrity management (leak detection, etc.)

« Singular cases such as well service conversion
from producer to injector
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« Multi-well, multi-sensor optical systems are proven
o Reliable
o Expansion: flexible
o Remote system access: beneficial, fast results

o Monitoring objectives: successfully met

« Adapting changing Field/Well conditions
o Well service change: successful (e.g. producer-to-injector)
o Fluid composition change: demonstrated

* Production plateau; well potential > system potential
o No pressure on well optimization so far

o System and its technology not used to its full potential yet
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DTS has not been used effectively as the production is on
a plateau with a lot of excess well capacity

o Real-time monitoring would be valuable for optimization

« Level of optimization is expected to increase when the field
comes off the plateau

o Gas lifting

o Well management

« DTS may have the potential to be more useful/valuable,
especially iffwhen the data can be displayed real-time

« Golden Eagle is also planning use the same technology.
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