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Abstract

The giant oil fields of the world are only a small fraction of the total number of fields, but their
importance is hugedver 50% of the world oil production came from giants by 2005 and more
than haft of the worlds tiimate reserves are found in giants. Based on this it is reasdoable
assumehat the future development of the giant oil fields will have a significant impact on the
world oil supply.

In order to better understand the giant fields and their futurevimeinaone must first
understand their historylhis study has used a comprehensive database on giant oil fields in
order todetermine theitypical parameters, such as the average dedditeeand lifetimes of
giants. he evolution of giant oil field bek@ur has beennvestigated to better understand
future behaviourOne conclusion is that new technology and production methods have generally
lead to high depletion rate and rapid declifibe historical trend points towards high decline
rates of fields arrently on plateau production.

The peak productiorgenerally occurs before half the ultimate reserves have been
produced in giant oil fieldsA strong correlation between depletianpeak and average decline
rate is also foundserifying that high de@tionrateleads to rapid declin®ur result also implies
thatdepletionanalysis can be used to rule out unrealistic production expectations from a known
reserve, or to connect an estimated production level to a needed reserve base.
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Introduction

There aretwo main ways of defining a giant oil field. One systemis based on ultimately
recoverable resirces(URR), defining a giant as a field with URR more than & Gh The
American Association of Petroleum Geologists (AAPG) follows this definition and has
published a series of memoires about giant oil fields and their geology (AAPG, 1970; 1980;
1992; 2003; 2005). Othdater studies have used basically the same definition systenri(ideh
1978; Robelius, 2007).

The othersystemis to use production level, where a giant is a field produeinoge than
100 000 barrels per day (bpd) for more than one year (Simmons, Ba@2don this definition
of giant oil fields, also fields with pduction over 100 000 bpd have been incluntethe data
set used in this stugdgven though they are not giants with respect to URR. It should however be
noted that there are only about 20 such fields in tétahore detailed discussion of the giant
field data used in this study can be found in the thesis by Robelius (2007).

However the discovery ofjiant fieldsis a thingof the past since a majority of the largest
giant fields are over 50 years old and the discovery tiemtearly for fewergiant fields with
smaller volumegFigure 1) The produdbn by subclass can be seen igufe 2.Understanding
of how each subclass behaves is essential for understanding and accuratelyfutapectsil
production.
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Figure 1. Discovey trend for giant oil fields.The discoveredolume referdo the backdated
ultimatelyrecoverable resourcedodified from Robelius (2007)
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oil production from the 1950s to the 1980s chiefly came from increased production from Middle
East giants. The Ne®PEC nation fields peaked in the 1980s and have been in decline since
then. The small upturn after 2000 coincides with the réwf&ussian oil production after the

fall of the Soviet Union.

Giant ollfield data

The data for this study has been taken from the giant oil field database compiled by Robelius
(2007). AAPG was the main source for information about discovery year, gedirst oil
production, URR and cumulative productiGAAPG, 1970; 1980; 1992; 2003; 2005pther
sources such as James (2000), the UK department of Trade & InqDgity, IHS, the
NorwegianPetroleum Directorate (NPDArab Oil & Gas Directory (198@008) have also been
usedin the data compilatiorin order to minimize the dynamic aspect of URR estimates, proven
plus probable (2Pjeserveshas been used (Robelius, 200The need to use 2P reserves is
justified by Bentley et a(2007).

Production da were obtained fronpetroleum related trade journals like AAPG
Explorer, Offshore, Offshore Engineer, Petroleum Review, Petroleum Economist, Upstream and
World Oil. Other sources included statistical yearbooks fidRD, DTI, Petréleos Mexicanos
(PEMEX), Nigerian National Petroleum Company (NNP@phd similar sourcesCloser
description of the database and how it was compiled can be found in Robelius (2007)



Aim of this study

This study will use the production profiles of over 300 giant oil fields terdehe their typical
production behaviour. The approach is statistical analysis baggddunctiondata for individual
fields to find the average values of giant oil fields. The fields will be divided into various
subgroups to better reflect their diffatgoroperties and driving forces.

Production behaviourgsgameters, such as decline and depletion rate, will be investigated
in order to show differences in behaviour among the subgréMpsalso intend to show that
depletion can be a useful parameter goedicting the onset of declindlso the impact from
technology can be revealed by studying how these parameters have evolved owathimtae
giant oil field populationThis is meant as wider investigation of the results earlier obtained by
Gowdyand Julia (2007).

Finally some brief remarks of how the derived values and parameters can be used to
model future oil production from giant fields will be madgepletion rates are used in oll
production forecasts (Makividiko, 2007; Campbell and Heap&008). A closer investigation
of depletion on a fieldby-field basis may therefore benefit depletion modelling.

The produced share of the ultimate reserves when the peak occurs is also a heavily
debated topicHubbert (1956)riginally statedthat thepeak would occur when approximately
half the resource had been consun@ampbell and Laherrere (1998) later agreeile others
disagreed (Lynch, 2004). By studying giant oil fields and the produced shares of URR at peak,
the discussion can be brouglowh toa field-level and mee clearer.

The declineanalysis hadeen used to model decline in existing productionmany
cases This study also uses a larger data set than Robelius (2007) in order to determine a
reasonable decline ratéor giant oilfidds. The derived parameters for may also be used to better
model how each subgroup behaves, i.e. better reflecting the differences between onshore and
offshore production or between OPEC and-@#?EC fieldsThe findings will also be compared
with the resiis of the fieldby-field analyses performed bZambridge Energy Research
AssociatesCERA, 2007) andmternational Energy AgendyEA, 2008).

M ethodologyand definitions

The giant fields can sometimes be very viihaved and follova theoretical prodction profile
quite closely(Figure 3. In some field, productionhas been influenced hyars, sabotage and
temporary shutlowns for political reasons. These fields are generally harder to anatytteey
do not display similarly clear trends stagesMany fields within OPEC have been partly shut
downfor a few yearsor even mothballed duririgng periods.

The production profile of a giant field generally has a long plateau phase, thus no clear
fpealdb can be found. Hi r s c hon lfa@dOr0o8der toddefihei anplatdau a4 %
and the end of t hat peaktyeamirethisssmdy Hdweversoma fieldsddo as t h
have a clear and distinct peak in their production curves, especially smaller giants.

The decline rate, the averagenaal decrease in production after the plateau phase ends,
is carefully analyzed. An average annual decline rate, corresponding to an exponential decline
curve model, was fitted to actual production data for the-peak region, using least square
methods.The exponential decline curve model was first proposed by Arps (1945). Further
development of this method was done by Fetkovich (1980) and Muelle(E9&l).

Due to the simplicity of Arps empirical approathe basic relations has remained as a
bentmark for industry for analysis and interpretation of production data. Although, one should
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note that the empirical relations has also been shown to be the physict@riongplutions for

various cases, such as the exponential decline curve is the phsdaid#on to the constant
pressure case (Hurst, 1934; van Everdingen and Hurst, 1949). The advantage of the decline curve
analysis is that it is virtually independent of the size and shape of the reservoir or the actual
drive-mechanism (Doublet, 1994), @ding the need for more detailed reservoir or production
data.
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Figure 3: Theoretical production profile of an oilfieldlescribing various stages of development
in an idealized caseAdapted fronfeyginand Ryzhik(2001) andRobelius (2007)

The exponential decline model has been shown to be in good agreement with actual field
data, both for describing the past and forecasting the future (H66k and Aleklett, 2@d8Xhe
exponential decline model it naturally follows tli@lds show no major change in their decline
behaviour over time, ansequently therés no need to divide the decline ggde into several
stages Despite thisother studieshave chosen to split théecline phase into thresulstages
(CERA, 2007; IEA, 2008)For a closer study of the decline até giant oil fieldsand what it
means for future oil production a separate study has been performed (HGOR@A&).

The depletion rate, i.e. the amount of tremaining ultimate reservebat is extracted
each yearis also analyzedTlhis parameter is calculated using URR and historical production
data.The depletion rate when the field peaks or dtedslateau phase is here calléepletionat-
peakand corresponds to the percentageeohaining reservéha is produced when the onset of
decline startsThis parameter is essential for thexmmum depletion rate model, which has been
discussed in detaby others (Jakobsson et,a2008).The decline rate, in comparison, is only
derived from production dat&€onsequently, depletion can be seen as a paracegiable of
bridging the gap between production and geology.

The cumulativeamount of the URR thdtasbeen produced at the onset of deglinere
c a | ICardProdiURRat-peald, is also investigatedThis parameter is derived from the
historical production data and the URR estimétés useful for determining how much of the
URR can be produced from a field before it will begin to decligure 4 5, 6 and7 illustrate
the conceptwith depletionat-peak and CumProd/URRat-peak both on a theoretical and
empirical basis.



Naturally there is some uncertainty in the URR estimates, and this will influence both

depletionrateand the share of URR produced at peak, as thegareed fromboth URR and
production dataHundreds of URR estimates for different giant oil fields have been compiled for
this study.However, in many cases only one URR estimate pat figls found and had to be
used. Closer discussion of thpread in URR estimatesan be found irRobelius (2007)A

higher URR value will yield lower depletion and share of URR produced at peak, while a lower

URR value will result in the opposite.
Also the time between discovery to first,oil
oil to orset of decling

c adistoeedyto-first oildo and from first

h e r efirstod-toldeelihe i$i determined for each fieldhese two
parameters show how long it has taken from discovery to start of commercial oil production and

for how longa field wasin build-up or plateau phase before it stdrte decline.They can be
calculated using the discovery year, year of firgt ppoduction and the peak yeafhese
parameterprovideinformationaboutthe life time ofa giant olil field.
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Figure 4: A theoretical productiomprofile of a giant oil fieldis used to show how the depletion
rate and the produced share of the UBRIveas the field passes through various stages of its

life. When the plateau

ends

t -dut-peakfapdeCarprod/URRat u r s

peakcan be found. Th€umProd/URRat-peakis expressed in percent and has been scaled with

a factor 10 to fit in the same axis as depletion rate.
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Figure 5: Theactual production profile of th&lorwegian giant ofield Ula. Thepeak occurred

in 1993 at a depletion rate of 8% with 53% of the URR producedvhich is quite
representative of many offshore giant fields in the North Sea region
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Figure 6: The famous giant oilfield Prudhoe Bay in the U$Ae peakhappenedn 1988 at a
depletion rate of 7.2% with 46% of the URR produced
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Figure 7: The production curve of the Nigerian giant field Jones Crééks field peaked at a
depletion rate of 7.0%vith only 11.5% of the UR producedMajor disturbancesdue to civil
war, sabotage antkbelattacks have greatly influenced production.

Characteristic behaviour

The first and most necessary division one must do is to split the giant fields into two subclasses,
land-based anaffshore fields. Becausef the financial and practical differences between these
two types of installations, this division is needed to establish a comprehensive picture of how
each subclass behavé further division into OPEG@ields and norfOPEC field hasalso been
made. This is to refledbetterthe potentially different behaviour of giants with no political
restrictions on production and those limited by quota systéhese is a significant difference in
the actual production strategy between th®tgrestricted fields in OPEC and those fields
outside that organizatids control.

This study covers 33giant oil fields with a combined URR of over 00 Gb, based on
the most optimistic URR estimations available the databaseThe estimates for swe fields
vary significantly in some caseBor exampleURR-estimates for Ghawar range from-550
Gb. Closer discussion of the URR estimates can be found in Robelius (2007).

A total of 214 (~65%)fields are landbased while 117 (~35%)areoffshoreinstallations
261 fields (~79%) have been classified g®stplateau and in declinend of thesel 70 (~65%)
are landbased and 9(~35%) are offshore.OPEC controls or has controllet43 ~43%) of the
fields. Gabon are na longer member of OPEC, bwutasformerly a partof the organisation;
consequently their fields are therefore classified as OfHd> because they have been
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subjected to the quota systeGame applies to Ecuador, which suspended its OPEC membership
in 1992 and rejoined in 200Ih total the OPECclassincludes104 (~73%)fields on land and 3
offshore(~27%) Outside OPEC190 fields have been studiewith 110fields (~58%) onshore

and 78(~42%) offshore.The North SeaRussiaand the US can perhaps beenas the most
important regions witin the norROPEC group.

Based on the production curves some parameters can be calculated for each field. The
number of fields is also large enough to provide reasonable statistics and form a sound mean
value of the giant oil fields as a groufhesevalues were also weighted against peak/plateau
productionto provide an alternative view.able 1 shows the values of all analyzed giant fields
regardless of their ggraphical location or which nation controls them. It should be noted that
such a wide up is likely to miss the details and differences betwéaninstanceland and
offshore fields.

The mean value wasalculatedas the arithmeticmean The median value/as defined as
thecommon median, i.e. the value that separated the lower hak pitulation from the upper
half. The standard deviation was defined aEquationl. The productiorveighted average was
defined a€Equation2. The reason for weighting against the peak/plateau production level was to
find a suitable way of giving greateveight to fields which play a larger role in the production.
This means that a 1 Mbpd field will be regarded as more important than a 100 000 bpd field. We
believe that this weighting is better than using the cumulative production,sgiceroduction
flows matter more to theoil market than modest flavunder longer timesHowever no
weighting method can be seen as optimal, our choice will also be a complement to IEA (2008),
which weighted against cumulative production.

_[RG=D? |
g = (n—1) Equation(1)

Where n = sample size; = arithmetic mean of sample

__ XDi*P; .
PW-decline =—— Equation(2)
LP;
WhereD; = decline forindividualfields according to the exponential decline curve model,
P, = peakor plateau production level afdividual fields

From Table 1 it can be seen that there is a significant spread in the data and simple
calculations, without taking the special properties of various subgroups into account, does not
give very trustworthynumbers.Figure 8, 9, 10 and 11 gives a better example of tispreadin
some of the data.



Table 1: Characteristic parametersf giant fields. Fields thathave not yeteached the decline
phase(as of 2005)are excludedln total the posplateau behviour of 261 giant oil fields,
distributed all over the world, is summarized here.

All Giant Fields Mean Median Prod. weight Std. dev.
Depletion-at-peak 8.1% 7.2% 7.2% 4.3%
Decline rate -6.5% -5.3% -5.5% 4.9%
Cum. Prod./URR-at-peak |  38.6% 38.3% 36.8% 16.9%
Discovery-to-First Oil 52years | 3.0years| 4.2years 5.7 years
First Oil -to-Decline 17.7 years| 13.0 years| 18.7 years 16.1 years

An analysis of giant oil fields divided into onshore and offshore fields gitid results
displayed inTable 2 Bothland and offshore fields enter the decline phase when about 40% of
the URR have been produced, but offshore fields tend to extract the oil at a higher rate than land
based fields. This also explains why the average lifetimes of offshore fields are grentéor
landfields and why they decline fastddnsurprisingly, me can alsposeethat offshore fields
require more time from discovery to the start of commercial oil produdibbhis is logical due

to the higher investments required for offshoitatations.
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Figure 8: Histogram of the depleticat-peak of the 170postplateau giant fields located on
land. A small spread occurs, but the vast majority is centered intb@%interval. Despite the
fact that all the studid field are widely differenin terms of reservoirs, production strateg
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Table 2: Characteristic behaviar of land and offshore field§'he land group include7D post
plateaufields and the offshore group gbstplateau fieldsFields thathave not yeended their

plateau phase or arén build-up phaseare excludedas of 2005)

Land Fields Mean Median Prod. Weight Std. Dev.
Depletion-at-peak 6.8% 6.1% 5.8% 3.5%
Decline rate -4.9% -4.4% -3.9% 3.5%
Cum. Prod. /URR atpeak | 38.1% 36.2% 34.1% 17.5%
Discovery-to-First Oil 46years| 3.0years| 3.7 years 5.4 years
First Oil -to-Decline 21.4 years| 16.0 years| 21.0 years 17.9 years

Offshore Fields Mean Median Prod. Weight Std. Dev.
Depletion-at-peak 10.4% 9.4% 11.0% 4.8%
Decline rate -9.4% -9.0% -9.7% 5.8%
Cum. Prod. / URRatpeak | 39.4% 40.3% 44.0% 15.7%
Discovery-to-First Oil 6.3 years | 5.0 years 5.3 years 6.0 years
First Oil -to-Decline 10.8 years| 8.0years | 12.4years 8.3 years

Table 3: Characteristic behaviour of ne®@PEC fieldsin total 164 fieldsare analysegdof which

67 fields areoffshore and 9are located onland. Fields thathave not yeended their plateau
phase or are in buildip phase are excluded (as of 200/).total 87% of all giants outside
OPEC carbe classified as pogtlateay this corresponds thaving 83% of all the URR in giant

oil fields outside OPE@cated in posplateau fields

All Non-OPEC fields Mean Median Prod. weight | Std. Dev.
Depletion-at-peak 9.1% 8.0% 8.7% 4,7%
Decline rate -7.5% -6.3% -7.1% 5,0%
Cum. Prod. / URR at peak | 42.2% 41.4% 40.7% 16,7%
Discovery-to-First Oil 50years| 3.0years| 3.8years | 5,1years
First Oil -to-Decline 19.1 years| 14.0 years| 17.9years | 17,6years

Non-OPEC land Mean Median | Prod. weight | Std. Dev.
Depletion-at-peak 7.5% 6.5% 6.8% 3,7%
Decline rate -5.7% -4. 7% -5.2% 3,6%
Cum. Prod. / URR at peak | 42.8% 40.5% 37.4% 18,0%
Discovery-to-First Oil 40vyears | 2.0years| 2.6years | 4,9years
First Oil -to-Decline 25.0 years| 19.0 years| 21.2 years | 19,7years

Non-OPEC offshore Mean Median | Prod. weight | Std. Dev.
Depletion-at-peak 11.5% 10.6% 11.8% 4,9%
Decline rate -10.0% -9.4% -10.3% 5,6%
Cum. Prod. /URR at peak | 41.3% 41.6% 46.2% 14,7%
Discovery-to-First Ol 6.3years | 5.0years| 5.7years | 5,2years
First Oil -to-Decline 10.4 years| 9.0years| 12.6years | 8,0years
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FromTable 2 it can be seen that the actual difference in behaviour for land and offshore fields is
significant. This division also reduces the dispersion in the data and yields a more reliable result.
The results of the meOPEC fields can be seen iaffle3. Once again the high depletion,
high declineratesand short lifetime of offshore fields compared to land fields can be s&he.
average declineate of all nonrOPEC giant fields is above 7%, indicating that 4@REC
production will be droppingelatively fast especially in offshore regions
Many of the low decline rates can be found in fdidm the U\ that peaked prior to
the 197Gs. In fact most of the nofOPEC land group is dominated by the AJ&nd its giant
fields. The norROPEC offshore grquis mostly dominated bgiant fields in the North Sea.
Many fields both giant fields and smaller on@sthe North Sea show a high decline régi@ok
andAleklett, 2008 Zittel, 200)).

Table 4: Characteristic behaviour of OPEfelds In total 97 fields, of which 2 fields are
offshore and 7&re located on landFields thathave not yeended their plateau phase or are in
build-up phase are excluded (as of 200B)total 67% of all OPEC giant fields can be classified
as postplateau, which correspodto having48% of all URRn OPEC gians in postplateau
fields.

All OPEC fields Mean Median Prod. weight | Std. Dev.
Depletion-at-peak 6.3% 5.9% 5.3% 2,8%
Decline rate -4.8% -4.1% -3.4% 4,2%
Cum. Prod. /URR at peak |  32.4% 31.6% 31.5% 15,3%
Discovery-to-First Oil 5.6years| 3.0years| 4.7years | 6,3years
First Oil -to-Decline 15.6 years| 12.0 years| 19.8 years | 13,1lyears

OPEC land Mean Median | Prod. weight | Std. Dev.
Depletion-at-peak 5.9% 5.4% 4.9% 2,7%
Decline rate -3.8% -3.8% -2.8% 2,8%
Cum. Prod. /URR at peak |  31.8% 31.2% 31.0% 14,6%
Discovery-to-First Oil 53years| 3.0years| 4.8vyears | 6,3years
First Oil -to-Decline 16.7 years| 12.5years| 20.8 years | 13,9years

OPEC offshore Mean Median | Prod. weight | Std. Dev.
Depletion-at-peak 7.5% 7.7% 7.5% 2,8%
Decline rate -7.7% -6.1% -7.5% 6,1%
Cum. Prod. /URR atpeak | 34.1% 33.8% 34.8% 17,6%
Discovery-to-First Ol 6.4years| 4.0vyears| 3.9years | 7,5years
First Oil -to-Decline 12.0years| 7.0years| 12.0years | 9,3years

In comparison to the ne@PEC group oneam see that the OPEC group generally has lower
depletion rate and decline rag as seen imable 4 One quite intriguing detail is that OPEC
fields tend to exit the plateau phase at a lower percentage of the URR as produced Jdlismes.
is in many waysan explanation for the lower decline ratestead of a prolonged plateaa
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longer decline phase with less annual decrdwsegenerally been favoured as a production
strategycompared tdahe nonOPECfields.

Both land and offshore fields within OPEhtketo have much softefecline rates than
their nonOPEC counterparts. The general conclusion from this is that the OPEC queta sys
has been quite efficient in restrictipgoductionlevels and maintaining the longevity of fields
rather tharextracting he oil fasterwith the accompanyingigh decline rates

Evolution of the field behaviour

Many of the giant fields are old and had their plateau phases before much of the modern
technologyutilized today was implemented and standardiZéxsbrefore it carbe useful to study
the evolution of field behaviouand how this has changedver time due tothe introduction of
new technology and production methods

The year thatafield left plateau production will be used to form subgroups. For instance
if a field started to decline sometime between 12969 it will be sorted ito the 1950s group
and so onThe same subdivisions @seviouslywill be used here to present a comprehensive
picture of how the behaviour has changed from group to group. It shoulddroles noted that
in some cases the available statistios pooy especially in the 2000s due ttee low numberof
fields that started to decline this decade

Results for land and offshore fieldan be seen imables 5 and 6respectivelyThe trends
are clear anatendency towards higher depletion, decline rate and share of URR piagler
the plateau phase is ovaan be seefor the giant oil fieldsAlso the time from first commercial
oil production to the onset of decline hamsiderablyincreasedas haghe proportionof URR
producedbefore a field enters the decline phasall this can be summarized as generally
prolonged plateau phase compared to further back in time.

One can therefore conclude tteateragedecline ratedor the giantoil fields as a group
are increasing with timegven though individual field decline ratare constanbnce the field
hasleft plateau productianThis is in agreement withERA (2007). The important conclusion
CERA fails to draw from the historical tresdin oil field behaviour is thathe fields thatare
declining now omwill begin to decline in the near term will do seth an average decline rate
generally highethan thefields that left plateau levearlierin history.

New technology andhe introduction of new production methods have greatly altered
decline behaviour and the typical parameters for the 1960s are not valid Eb@ayively this
means also that one must apply a generally higher decline rate to the giant fields in the future.
The lowaverage value 06% annually is not representative tbe giant fields that are about to
leave the plateau level in the near and medium témlonged plateau level and increased
depletion made possible by new technologesultin a generally highedecline rate.New
technology has made it possible to extracfroin fieldsfaster ando keep flow rates high for an
extended period of time, but onpeoductionstarts to fall itfalls more rapidly.This is ingood
agreement with another study on tedogg and exhaustion (GowdyndJulia, 2007).
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Table 5: Evolution of the behaviour of ladshsedgiant fields. The decade that the fields left
plateau production is used to form the different subgroljpe standard deviation is given

based orthe samfe.

# fields Depletion-at-peak | Mean | Median | Prod. weight| Std. Dev.
23 Pre 1960 6,2% 4,7% 6,6% 3,3%

19 1960s 7,3% 6,8% 8,7% 2,5%

72 1970s 6,4% 5,6% 4,9% 3,4%

25 1980s 6,3% 6,1% 5,6% 1,9%

28 1990s 7,8% 7,0% 6,9% 4,5%

4 2000s| 11,6% 11,0% 12,1% 4,8%
#fields | Average Field Declinel Mean | Median | Prod. weight| Std. Dev.
23 Pre 1960 -4,2% -4,4% -4,2% 1,6%

19 1960s| -5,1% -5,5% -5,9% 3,0%

72 1970s| -4,2% -3,9% -3,0% 3,1%

25 1980s| -4,4% -4,1% -3,9% 2,6%

28 1990s| -6,9% -5,6% -5,6% 4,8%

4 2000s| -10,7% -9,8% -10,1% 3,5%

# fields Cum./URR at Peak| Mean | Median | Prod. weight| Std. Dev.
23 Pre 1960 37,5%| 36,1% 31,1% 13,9%

19 1960s| 35,1%| 30,0% 34,0% 18,4%

72 1970s| 36,3%| 34,2% 31,1% 19,3%

25 1980s| 37,2%| 31,6% 33,6% 14,7%

28 1990s| 44,9%| 40,2% 44, 7% 16,4%

4 2000s| 46,2% 45,2% 46,5% 15,7%

# fields| Discovery-to-First Oil Mean | Median | Prod. weight| Std. Dev.
23 Pre 1960 2,4 1,0 2,3 3,3

19 1960s 1,7 15 2,0 1,6

72 1970s 4,1 3,0 4,4 4,6

25 1980s 4,7 2,0 3,2 6,2

28 1990s 5,2 3,0 3,9 57

4 2000s 15 15 1,5 1,7

# fields First Oil -to-Decline| Mean | Median | Prod. weight| Std. Dev.
23 Pre 1960 18,2 17,0 38,3 10,4

19 1960s 17,0 8,0 12,4 19,4

72 1970s 19,9 14,0 19,8 15,6

25 1980s 23,6 16,0 22,1 18,8

28 1990s 27,8 21,5 28,9 24,2

4 2000s 26,3 25,5 25,9 23,5
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Table 6. Evoluion of the behaviour of offshore giant fields. The decade that the fields left
plateau production is used to form the different subgroups.

# fields Depletion-at-peak| Mean | Median | Prod. weight| Std. Dev.
0 Pre 1960 - - - -

2 1960s 5,3% 5,3% 5,9% 2,4%

17 1970s 7,7% 7,9% 8,1% 3,0%

16 1980s 9,8% 9,9% 10,5% 3,4%

35 1990s| 10,9% 9,6% 11,2% 5,2%

19 2000s| 13,0% 12,3% 12,4% 5,0%

# fields| Average Field Decline] Mean | Median | Prod. weight| Std. Dev.
0 Pre 1960 - - - -

2 1960s| -2,8% -2,8% -3,7% 3,3%

17 1970s| -5,9% -6,1% -6,3% 3,5%

16 1980s| -7,9% -7,5% -8,9% 4,1%

35 1990s| -10,4%| -11,4% -10,6% 6,6%

19 2000s| -12,5%| -12,6% -10,8% 51%

# fields Cum./URR at Peak| Mean| Median | Prod. weight| Std. Dev.
0 Pre 1960 - - -

2 1960s| 29,8%| 29,8% 33,4% 13,7%

17 1970s| 29,1%| 25,1% 28,5% 14,9%

16 1980s| 39,3%| 39,6% 40,4% 12,5%

35 1990s| 43,8%| 44,8% 46,3% 14,9%

19 2000s| 41,2%| 40,4% 49,8% 17,3%

# fields| Discoveryto-First Oil Mean | Median | Prod. weight| Std. Dev.
0 Pre 1960 - - - -

2 1960s 3,5 3,5 3,0 2,1

17 1970s 3,8 3,0 3,2 1,9

16 1980s 3,9 3,5 3,8 2,8

35 1990s 57 5,0 52 3,9

19 2000s 9,4 7,5 6,9 7,1

# fields First Oil -to-Decline| Mean| Median | Prod. weight| Std. Dev.
0 Pre 1960 - - - -

2 1960s 13,0 13,0 14,1 4,2

17 1970s 9,2 7,0 7,4 8,5

16 1980s 8,3 8,0 8,1 4,3

35 1990s 12,4 11,0 13,0 9,2

19 2000s 11,0 8,0 15,8 9,2
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The landand offshore division isusefulto show the general behavioof giant oil field but it
does not distinguistbetween fields subjected to the OPEC qgtsytstemwith its political
restrictionsand thosgg r oduci ng under -comditiore It i$ifspeaadly evitennk et 0
Table 5that someunusualbehaviour occurreduring the 1970s and 1980Bhis isvery likely
connected to the oil crises at that time and the large number of -©O81E®lled land #&lds that
behaved unnatally for political reasons.

By applying the OPEC anabnOPEC division one can better see how the differences in
behavioumhaveevolved for the two group@able 7 and 8)Especially in the OPE@roup the oil
crisis in the 1970scan clearlybe seen, with a large number of fields starting to decline
prematurelyat asmall percentage of the URR produced comparebdasenonOPEC fields that
reached the onset of decline in the same deddde.also means that the OPEC fieldskeal at
lower depletion valuesienceshowing low average decline rates.
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Table 7: Evolution of the behaviour afonOPEC giantfields. The decade that the fields left

plateau production is used to form the different subgroups.

# fields Depletion-at-peak | Mean | Median | Prod. weight| Std. Dev.
13 Pre 1960 6,4% 4,3% 6,9% 4,2%
12 1960s 6,3% 6,5% 6,8% 1,7%
46 1970s 7,9% 6,8% 7,5% 4,0%
33 1980s 8,2% 7,2% 8,2% 3,1%
40 1990s| 10,9% 9,5% 10,1% 5,6%
20 2000s| 13,3% 12,4% 12,3% 4,9%
# fields| Average field declinel Mean| Median | Prod. weight| Std. Dev.
13 Pre 1960 -4,2% -3,8% -4,3% 1,7%
12 1960s| -4,9% -4,9% -6,0% 2,5%
46 1970s| -5,8% -4,7% -4,9% 3,1%
33 1980s| -6,3% -5,3% -4,6% 3,6%
40 1990s| -10,2% -9,5% -6,5% 6,6%
20 2000s| -11,7%| -11,8% -9,9% 4,3%
# fields Cum./URR at Peak| Mean| Median | Prod. weight| Std. Dev.
13 Pre 1960 37,3%| 31,9% 28,2% 16,0%
12 1960s| 40,9%| 42,8% 37,8% 18,0%
46 1970s| 42,8%| 43,9% 38,5% 20,6%
33 1980s| 38,4%| 37,7% 33,3% 14,3%
40 1990s| 45,6%| 44,8% 46,8% 14,9%
20 2000s| 44,3%| 43,6% 53,2% 15,6%
# fields| Discovery-to-First Oil Mean | Median | Prod. weight| Std. Dev.
13 Pre 1960 2,3 0,0 1,7 3,8
12 1960s 2,1 2,0 2,4 1,9
46 1970s 3,2 2,5 2,5 3,0
33 1980s 4,5 3,0 2,3 5,6
40 1990s 6,1 55 4,2 4,9
20 2000s 8,6 6,0 0,9 7,4
# fields First Oil-to-Decline| Mean | Median | Prod. weight| Std. Dev.
13 Pre 1960 18,3 16,0 12,1 11,6
12 1960s 23,9 18,0 20,0 20,8
46 1970s 22,8 23,5 21,9 16,0
33 1980s 17,1 9,0 18,1 17,2
40 1990s 18,0 12,0 29,8 21,7
20 2000s 13,5 11,0 36,2 12,3
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Table 8: Evolutionof the behaviour of OPEC giant fields. The decade that the fields left plateau

production is used to form the different subgroups.

# fields Depletion-at-peak | Mean | Median | Prod. weight| Std. Dev.
10 Pre 1960 5,8% 5,5% 6,1% 1,8%

8 1960s 8,3% 7,9% 10,2% 3,1%

43 1970s 5,3% 4,9% 4,2% 2,1%

8 1980s 5,5% 5,2% 3,4% 2,3%

24 1990s 7,3% 7,1% 6,3% 3,0%

4 2000s| 10,2% 8,3% 14,1% 4,6%

# fields| Average field decline] Mean| Median | Prod. weight| Std. Dev.
10 Pre 1960 -4,3% -4,7% -4,0% 1,5%

8 1960s| -4,9% -5,5% -5,9% 3,9%

43 1970s| -3,2% -3,1% -2,2% 2,6%

8 1980s| -3,7% -4,1% -1,9% 3,2%

24 1990s| -6,6% -5,7% -4,0% 4,5%

4 2000s| -14,7%| -12,2% -10,2% 7,5%

# fields Cum./URR at Peak| Mean| Median | Prod. weight| Std. Dev.
10 Pre 1960 37,7%| 36,9% 36,1% 11,4%

8 1960s| 25,1%| 24,4% 30,%% 13,4%

43 1970s| 26,5%| 24,1% 28,2% 13,0%

8 1980s| 36,7%| 35,1% 34,6% 12,1%

24 1990s| 42,0%| 42,8% 41,1% 16,3%

4 2000s| 30,7%| 28,9% 40,6% 20,4%

# fields| Discovery-to-First Oil Mean | Median | Prod. weight| Std. Dev.
10 Pre 1960 2,6 1,5 3,4 2,6

8 1960s 1,6 1,5 1,7 1,2

43 1970s 4,9 3,0 5,2 53

8 1980s 3,9 4,5 6,2 2,6

24 1990s 4,3 3,0 3,5 4,2

4 2000s 5,5 4,5 2,1 5,6

# fields First Oil -to-Decline| Mean | Median | Prod. weight| Std. Dev.
10 Pre 1960 18,1 17,0 17,2 9,1

8 1960s 5,6 4,5 54 3,9

43 1970s 12,8 7,0 19,0 12,6

8 1980s 20,0 16,0 34,1 15,0

24 1990s 21,1 215 27,4 13,3

4 2000s 14,0 55 17,0 20,1
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Discussion

The historical evolution ofdepletionrat-peak values for giant fieldds of great interest, as
depletionat-peakcan be used to make crude estimatesvizen a field will enter the decline
phaseWhen a field is in plateau productidtnis possible to estimat@hen onset of declineill
occur, using depletion analysisThe narrow spread in depletiatpeak for giant oil fields
(Figure 8), provides a reanable ground for estimating the peak years of giant fields currently in
build-up or plateau phas@. production peak occurring at too low depletiatecan therefore be
regarded as a production disturbance, due togemogical reasons, rather than theset of
depletiondriven decline. This is obvious in the case of many Middle East fields that peaked in
the 1970sin the wake of the oil crises at that time.

The depletiorat-peak may also be used to control UB&imates using production
curves If a field is reasonably welbbehaved and lsareached the onset of decline, one can
assume that approximately the same depledtgeak was reached as for similar giarfsr
field on plateau levelone can assume that the depletion rate must be lower thapptbal
depletionat-peak levels, otherwise the field would have begun to decline. This can be used to
rule out some URR estimates. TaeormousCantarellfield of Mexico is estimated to contain
ultimate reservesfoll-20 Gb (Robelius, 2007)correspondig to depletioratpeak values of
66.27.5% It is only the depletiorat-peak values between-1%% that are reasonable, if
Cantarell is assumed to behave similar as other giant oilfields (Figure 8), so thestiRRtes
giving depletion levels outside thisterval may be regarded asirealistic. Consequently,
depletion connects production output to reselpase since only some depletion rates are
possible for a given reserve bagi¢hout reaching a peak production

Alternatively the depletiomat-peak carbe used as a reasonable value for the maximum
depletion rate ina maximum depletion ratenodel in order to forecast future oil production
(Jakobsson et al2008). Understanding depletion and its impawt decline is also vital for
determining how the fure will unfold. The depletion rate of a region is limited by the depletion
rates of the individual fields that make up the region. Further studies of the connection between
depletion rates of oil fields and regions should be undertaken to better esthblisktual
relationship. Depletion models have been used GBampbell and Sivertsson (2003),
Makivierikko (2007), Campbeland Heapeg2008) It is our hope that the derived depletion
behaviour of giant oil fields cabenefitdepletion modelling of futureil production Field-by-
field analysis showsa narrow distribution of depletiorates in giant oil fieldsjustifying the use
of depletion as a tool for production forecasting.

The produced share of URR the onset of declinean also be used in thensa way to
make crude estimates of when a field will reach the onset of deClimaverage, lrout 40% of
the URRhasbeen produced for the o r |gidra il fieldswhen they leave plateau production
and enter the decline phase. Looking atdineulative poduction and URR it is then possible to
estimate how long a fieldan remairon plateau production.

As an exampleonsiderGhawar, thew o r |ladg@ést oil field By 2005its cumulative
production wasround @ Gb andwe will make the optimistic assumptiaf aURR of 150 Gb
Assuming that the productiomas constant at around 5 Mbpd for 2006 and 2007 the produced
share of URR by end of 2007 was 43Whis is inline with the 48% of reserves produceas
stated bySaudiAramco (2004) This is just about thiypical share of URR produced at the onset
of decline and can be seen asiraicationthat the peaking of Ghawar is not very far away.
Ghawaris already subject to extensive watefection and other secondary measures a high
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decline rate seems likelgnce the onset of decline begifss Simmons (208) pointed out
A Wilight in theDeserbis likely not farin the future

Prolonging plateau production and increasing production levels is equivalent to
increasing the depletion of the fielllost of thewor | dds gi ants have al so
many of these fields are subject to measures to increase recovery (BabadagliD20idg) of
new wells and installation of more equipment chabay the actualonset of decline for some
years, but once thatil field startsto declinethe decline isfaster. Studies have shown that
production technology seldom increases the ultimate regovather only masksincreasing
resourceexhaustiorby increasing the depletioate(GowdyandJulia, 2007).

A strorg correlation between depleti@atpeak and average decline ragealso found
The correlation coefficient igalculated tobe 0.74. Unsurprisingly, his can be seen as
verification of theironic nature ofdepletion of finite resourcesich as oil théibeter you do the
job; the sooner it endso.

Conclusions

The characteristic behaviour of giant oil fields has been carefully examined intudis te
establishstatistically reasonable parametafsith a large database covering the r |gidnd il
fields that were responsible for well ovB0% of total oil output in 2005, it has been possible to
characteris¢he typical behaviour of giant oil fields.

The evolution of the parameters has shown that fields leaving plateau prodincthoan
future will decline more rapidly than fields frourther back in history A larger share of the
URR will alsobe produced before the field reaches the onset of decline. The increased depletion
of the fields made possiblby new technologies;an be seen as the main exylgonfor this.

The norROPEC group contains mostly giant oil fields that have reached decline phase.
total 87% of all giant oil fields in this group can be classified as-plastau and 84% of the
nonOPEC giant oil fieldURR is located in decling fields.Most of thenonOPECfields have
already show the typical behavioufor this groupand the small share that remain to stbis
behaviour will have aelativelysmall impact on the world supply situation.

Regarding OPEQmore than 50% of alURR in their giant fields is also located in fields
that have noyetreacted the onset of declineh@&ystill have plenty of oil left in fields that have
not begun to decline, so the future production strategy and the resulting decline rates of OPEC
giant oil fields will be veryinfluential on the future world oil supplyThe polonged plateau
productionand higher depletion of those fields will mean thairtdecline will be fast once they
leave their plateau phases.

From our study of the evolution d¢itld behaviouy one can see that the average values
found in Table 1 are not applicable to the giant fields that are about to leave the plateau stage in
the near and medium terriMore reasonable values can be obtained by treatingitfezedt
subgroups eparately (a@ble 2, 3 and 4and combining them with the historical trends in giant
oilfield behaviour When it comes to the average decline rates of giant oilfields, our results end
up in the same range as CERA (2007) and IEA (200} is discussed imore detail in H66k
et al (2008).0ur resultanay also be ugel in all forms of decline modellingf oil production

Calculating general mean values of all giants, regardless of when in time they reached the
onset of declineis interesting but do notproperly reflect the behavioural changes imposed by
new technology and production methods. Therefore those mean ealogsl notbe used as
representative values for future decline in fields that will leave their plateau levels in the near or
medium ternfuture. To find realistic values for fields that are about to reach the onset of decline
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the effects of technology must be includ&lith the introduction of new technology and
production methods the behaviour has changed dramatically over the decaldegderplateau
production with its corresponding high decline rates has been favoured compared to the
behaviour of the 1960s and before. Based on the historical trend in giant oilfield behaviour it is
reasonable to assume that future fields will declmlze depleted faster than fields from before.

The introduction of new technology and production methods has greatly enhanced
depletion and made it possible to extend plateau produatidrprevent therset of declindor
some timebut oncethe declinestarts is rateis higher. In many wayshe use otechnologyto
extend plateau productiomill disguiseincreasing scarcity, as earlier pointed out by Goaxg
Julid (2007).Production management may therefore chose between a relatively shorter plateau
phase and gentle decline or a longer plateau stage with generally higher decline.

Furthermore, we propose depletion as a useful parameter to bridge the gap between
production and geology. Depletion analysis can be used to rule out unrealistic production
expectations from &nown reserve, or to connecnastimatedproduction level to aneeded
reserve baseDepletionanalysiscanalsorule out unreasonable URR estimates for individual
oilfields or be utilized toobtainbasicestimates of the URR from prodiant figures The narrow
spread in depleticatpeak provides a solid ground for depletion modeling of oil production
(Figure 8).From a physical point of view, it is the extent of depletion that is the governing factor
of giant oil field behavior. As expeasd, we also found a strong correlation between depletion
and decline.

Finally we can conclude that the peak usually occurs before haliltineate reserves
have been produced in giant oil field&z:rom a large fieleby-field analysisof the largest
contibuting gioup to the world oil productiont cannot be claimed that the peak would occur
after more than half of the ultimate reserves have been prodUgsdresult brings strength to
the original assumption by Hubbert (1956), but more comprehensiWgsianaf the connection
between individual fields and regions are encouraged to better illuminate this topic.
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