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Part II

HC Exploration 
(a posteriori hypotheses)
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(i) Historical Features
6 000 years ago, the eternal fires (natural gas) 
were object of cult at Kirkouk. 

3000 years ago, the Chinese exploiting salt disco-
vered  gas (bamboo drilling till 200 m) which they 
used to dry the brine.

Asphalt is mentioned in the Bible (Dead Sea). It 
was used since Antiquity for waterproofness of 
boats, as mortar for houses and “gregeois” fires. 

The first oil wells were drilled in Baku (by hand), 
in 1594 (35 m).

(cont.)
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Bituminous sands were exploitet at Pechelbronn 
since 1735. 

Bituminous schists were exploited as fuels since 
1750 in China, and since 1850 in France (Autun) 
and in the Scotland.

First modern drilling (cable) took place in 1848 in 
Baku, in 1854 in Poland, in 1858 in Canada and 
finally, in 1859, in the United States.

First drilling rotary date of 1902 and is still used 
system.
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Annual production of organic matter is roughly 
23 Gt, in oceans, and 0,7 Gt, in onshore.

The big majority of organic matter is oxidized 
before sedimentation.

Fossil organic matter in sediments is less than  1 
% of the OM accumulated in 500 My.

 Resources of concentrated fossil fuels is roughly 
1 % fossil organic matter.

Ultimate conventional petroleum reserves are 
roughly  0,3 % of the resources.

(ii) Basic Concepts 

(cont.)
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Depending on HC problems explorationists 
must place themselves between two extreme 
situations:

Simple
Complex

However, 

“ All that is simple is false and all that is 
complex is useless” (P. Valéry)

In HC exploration, the easy and simple has 
already been found and produced. It remains 
the difficult, i.e. the complex.
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(iii) Reserves & Resources 

Reserves  = Future production with the current techniques and 
economy.

Resources = Either the volume of HC contained in the ground, 
or the volume of HC which one could produce 
without technical and economic constraint of 
the known fields or to discover.

Similarly, there is often confusion between Reserves (expected produc-
tion) and Resources (potential in the ground): 

Reserves are confidential and uncertain until the last day of production.

The term “reserves” is often treated as if it were synonymous with 
“proved reserves”. This practice completely ignores the fact that any 
prudent operator will have, at least internally, estimates of probable and 
possible reserves .

(cont.)
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In the reserves calculations, there are conflict 
between the deterministic approach (one value)  
and the probabilistic approach (three values).

Probabilities are subjective.

Only expected values can be added.

Only most likely values can be multiplied. 

Similarly, the value of the reserves can change 
substantial. It depends for they are and from 
they are. 

(cont.)
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External reserves:

 for bankers,
for the shareholder, 
for the tax agencies,
for the OPEC quotas, etc.

Internal reserves:

 from the geologist-geophysicist,
 from the reservoir engineer,
 from the economist,
 from the manager,
 from the state agency (cont.)

When analysing reserves, one must take into account 
that in a company there are different external and inter-
nal reserves.
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Motives for declaring the minimum
Explorationist: for large prospects to avoid being re-

garded as a dreamer.

Engineer: to reduce the risk of being wrong (a mean 
estimate implies being wrong 60% of the 
time).

Company: to secure apparent reserve growth over ti-
me which presents a more attractive fin-
ancial image; may reduce tax and, in some 
cases, to facilitate its competitive position.

In addition, the announced reserves can be: 
 (i) the minimum, 
(ii) the maximum, 

(iii) the mean.

(cont.)
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Motives for declaring the maximum
Explorationist: to make a small prospect sufficiently 

economic to pass corporate hurdles.

Company: to augment its share values; sale value; the 
stock options of its executives; over-come 
government constraints to depletion rate.

Countries: to provide collateral for debt.

OPEC:  to increase quota.

Soviet Union: to show the maximum theoretical reco-
very ignoring economic constraints.

(cont.)
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Motives for declaring the mean
(expected value)

Those seeking a valid national total. 

Notice that the mean value of a large number of fields is 
the sum of the mean value of each individual field, 

despite the fact that, statistically, 60% of the cases will 
prove  incorrect.

To avoid mistakes when comparing reserves proposed by 
different companies, its important do not forget the different 

practices, that can be summarised as follows:
(cont.)
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SPE/WPC (1997) reserves definitions are: 
Proved = reasonable certainty and high confidence= 90% 
Deterministic Probable = as likely as not= 50% 
Probabilistic proved+Probable = 50%

Companies listed on US stock market:

Reserves

They have to comply SEC (Securities & Exchange 
Comission) and to report only proved reserves, that is 
to say 67% probability (most likely) and not 90% as 
defined by SPE/WPC.

Field growth ( or reserves growth or appreciation)

Part of the neglected probable reserves become pro-
ved. It corresponds roughly to the different between 
the mean (±40%) and the most likely (±65%).

(cont.)
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Rest of the World:

Reserves

They correspond to 2P = Proved + Probable, which 
usually is 50% probability.

Field growth ( or reserves growth or appreciation)

It corresponds to the difference between mean 
(±40%) and 2P (±50%)

Why all this uncertainty on reserves estimation?

(cont.)
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Because, in exploration there is several actors with different 
cultures:

(cont.)

Explorationist

 He drills at least 8 dry holes out of 10 wildcats (he has 
the right to be wrong).

But only around 500 giants oil & gas fields were found out of 
around 50.000 fields, i.e. 1% of giants for 75% of reserves.

He looks for:

uncertainty (probability) over large range (<1 to 
115.000 Mb).

or high investiment with high risk (high profit)

 He plays with large number like the casino owner  
and he takes partners with same culture.
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Reservoir engineer

 He simulates a field development with large number 
of cells (up to 100.000) and for each production 
project, he computes just one reserve value

Banker

He looks for certainty and for one value for large 
investment for development only with small risk 
(small profit). His client has a different culture. He 
relies on outside experts.

Expert

He is supposed to know and to be always right, so he 
uses mainly a deterministic approach.
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(iv) Ultimate Reserves 
Ultimate Reserves correspond to the quantity of HC which 
will be produced in the end of the exploitation.

As we will see later, ultimate reserves can be estimate in 
several ways :

A) Accumulated creaming curves of discoveries 
versus the accumulated number exploratory 
wells. 

B) Annual percentage curves versus the cumulated  
accumulated production and discoveries. 

C) Correlation production and shifted discoveries.
(cont.)



October 2005 CCramez H.E.A.T. Consulting Switzerland

17

from J. Laherrere, 2000
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(v) Models to Assess Oil & Gas 
 (Discoveries & Production)

Models need to study the past reserves with time. Reserves are in fact the 
addition of all future productions until the end. The production of today 
was part of the reserves of yesterday.

(cont.)

There area large range of production and discovery models:

Creaming  curve with hyperbola;

Cumulative production with logistic curve;

Annual discovery and production with normal curve or 
derivative of logistic (Hubbert curve);

Parabolic fractal for field size-rank in a log-log display;

Lognormal distribution;

Stretched exponential, and so on.
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The best approach is to deal with the most homogeneous data 
covering the most natural area. So, in HC exploration (senso 
lato), gathering the fields by large Petroleum Systems, that is 
to say, in terms of generation of hydrocarbons, as the most 
important factor is the source-rocks (which has generated oil 
and gas), gives much better results than gathering fields by 
country.

(cont.)

We use mainly:
Creaming  curve with hyperbola;
Annual discovery and production with normal curve or 
derivative of logistic (Hubbert curve);
Lognormal;

The best model is to use a correlation between production and shifted 
discoveries, since the shift allows the forecast during the shift.
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Creaming curve (Shell):
Creaming curve = Law of diminishing returns

Cumulative discoveries versus the cumulative number of 
new field wildcats. 

 This curve is closer to an hyperbola. 

In most mature basins, most of the large fields, for instance, 
are found and only small fields are undiscovered.

When a new frontier is found,  as deepwater in West Africa, another 
hyperbola starts.

(cont.)
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The creaming curve was proposed by Shell several years ago. All curves fit 
with one or several hyperbolas. Each hyperbola represents a new explora-

tion cycle. (cont.)

from J. Laherrere, 2000
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The major problem with creaming curves is to guess if a new 
exploration cycle is possible. Only geologists could answer 
such a question by studying the petroleum potential.

Africa is an interesting example as the last cycle is recent. It 
started in 1992 with the deepwater and Sahara discoveries of 
Berkine. Geologists predict this new cycle, since 

a) Ben Berkine (Triassic reservoir) has been badly 
evaluated by Total (Sit Fatima #1), which was 
mainly interested in Devonian reservoirs, and 

b) The deepwater discoveries, in Angola and Nige-
ria, are just the extension of some discoveries on 
the shelf (turbidites). (cont.)
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The Hubbert curve (production vs time) is a bell-shape curve picking at 
mid-point. It is  based on the logistic function introduced in 1984 by the 

Belgian mathematician Verhulst as a law for population growth.
(cont.)
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The equation of the  Hubbert curve, i.e. for the cumulative 
production (CP) foe an ultimate (U), where tm is the in-
flexion point (corresponding to the peak time for the an-
nual production) is: 

                        CP = U / (1+Exp {-b(t-tm)}

In other words, the ultimate reserves are 0.8 times the 
peak production multiplied by half width, that is to say, 
the peak production is shifted by one year when ultimate 
reserves increase by 0.8 times the annual peak pro-
duction (peak production roughly at middle of ultimate 
reserves).

Let’s see two examples (cont.)
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Example 1: 

If the peak production is about 45Gb/a (or 120 Mb/d 
as in the forecast DOE/EIA IOE 98), 36 Gb of new 
dis-coveries will delay by one year. A discovery of 1 
Gb delays the peak by 10 days. 

Example 2: 

If the peak production is about 32 Gb/a (which is mo-
re likely), 26 Gb of discoveries will delay the peak by 
one year. A discovery of 1Gb delays the peak by 14 
days. 

(cont.)
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(cont.)
Future production is estimated either from ultimate reserves assessments or by 

extrapolating past production with a model.
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Models are better than numbers, however do not forget that  multi-solutions 
are more than possible. (cont.)
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(cont.)
It is the law of proportionality. Ex: it is easy for a millionaire to 

spend 1.000$ as for a billionaire to spendend 1.000.000$.

from J. Laherrere, 2000
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Lognormal:
 It works well when the mean is large compared to the 
standard deviation. When the mean is of the same order 
as the standard deviation, the probability curve is limi-
ted by zero and is deformed by this lower limit be-
coming asymmetrical. 

Lognormal plot needs frequency and if more data (ex: 
fields) is added, frequency changes. If the same plot is 
kept, it means that as many large fields as small fields 
have to be added. However, in mature basins only small 
are added.

(cont.)
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All models can be almost identical for the first 500 ranks, but they are quite different beyond. 
A model has to be checked on extrapolation for large ranks. The parabolic fractal has very 

often the best extrapolation.
(cont.)

from J. Laherrere, 2000
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Mandebrot-Zipf (linear):

Perfect Self-similarity = Power Law
Parabolic fractal in log-log display 

size (Sn)    rank (n)

(cont.)

or

The linear fractal is a theoretical interpretation of the nature. Every 
natural system (as the urban agglomeration in contrary to the political 
city boundaries)display a curve pattern as the world earthquakes (the 

Gutenberg-Richter law  being only the tangent to this curve).
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Parabolic Fractal:

Imperfect Self-similarity = Curved display

Parabolic fractal in log-log display 
size (Sn)    rank (n)

(cont.)
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GOM, Niger delta and the Saharan Triassic petroleum systems can be com-
pared with a parabolic fractal. GOm and Niger Delta are similar as they are 
dispersed habitat with many large fields of similar size. Sahara is a concen-
trated habitat with a “king effect” (Hassi Messaoud).

from J. Laherrere, 2000
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Message 1

Technology progress leads to faster and cheaper production. 
It has not much impact on conventional reserves revision as 

they are already anticipated. 
Technology is needed  for unconventional resources

The technique is much better than 
20 years ago, but you discover much 

lesser.

(vi) Exploration Messages 
 (a posterior hypotheses)

(cont.)
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Message 2

In the futur, the amount HC  discovered will be insignificant 
when compared with the amount of HC badly recognised or 

neglected within the fields already discovered. 

More than 85% of the convention-
al petroleum has already been dis-
covered. Energetically, the world is 
living on the past.

(cont.)



October 2005 CCramez H.E.A.T. Consulting Switzerland

36

(cont.)
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(cont.)



October 2005 CCramez H.E.A.T. Consulting Switzerland

38



October 2005 CCramez H.E.A.T. Consulting Switzerland

39

Excluding USA & Canada, one can say that at the end of 
the millennium:

Giant fields represent
 4% of the total fields and

 80% of the reserves.

Message 3

(cont.)
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The highest number of fields 
was reached in 1960-1970’s.

 The highest reserves was 
reached in 1960’s.

Message 4

(cont.)
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Giants’ middle size was ± 1 Gbep 
in 1920-30.

It increased to ± 11 Gbep in the 
1940’s.

It decreased to 1 Gbep in the 
1980’s.

Message 5

(cont.)
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80% of the remaining reserves 
(95% of the production) of the 
giant fields belongs to those dis-
covery before 1970. 

(Kirkouk, Hassi Messaoud, Rumaila, 
Ghawar, East Texas, etc.). 

Message 6

(cont.)
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Remaining Reserves 
Ex: Irak 

(cont.)
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Irak’s reserves
Ultimate recovery from giant fields of Irak is 
estimated to be 85 Gbbl. 

For comparison:

the estimation for North Dome Gas Field, in Qatar, is 
160 Gboe and

97 Gbbl for Ghawar Oil Field in Saudi Arabia.

Remaining recovery, or reserves, for the Iraqi 
giant fields is estimated to be 41 Gbbl, i.e. appro-
ximately one-half of the ultimate recovery (Horn, 
2003). 

let’s be more accurate
(cont.)
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(cont.)
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(cont.)
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(cont.)
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(cont.)
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The last new HC basin was 
recognised 30 years. 

The world is living on the 
discoveries of the past.

Message 7

(cont.)
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Who knows a petroleum basin that is not take into 
account in Bally’s  basin classification? 

Message 7
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Message 8

The oil production in the last 20 years was 
estimated  at 70 Mb/d: 

- 40 Mb/d from giant fields,
 - 7 Mb/d from small fields,
 -12 Mb/d from new developed fields,
- 10 Mb/d from improved fields and
 - 3 Mb/d  from new discoveries. 

(cont.)
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The Next Cycle 
of 

 HC Discoveries

Part III
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In the past, explorationists to find  HC should answer 
the following questions:

a) What basin? 

b) Where drill? 

c) Where test? 

d) How estimate the accumulation? 

e) How estimate de reserves? 

f) How develop? 

g) How maximise the recovery (or profit)?

(cont.)
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At present time, as depicted in part I & II, 
explorationists know that: 

1. The large and simple fields were dis-
covered by:

 Chance (serendipity), or

 U s i n g s i m p l e g e o l o g i c 

One should not forget, that in HC exploration we look for 
the less probable, the more probable is  the failure.

(cont.)
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2. The future Short Term HC reser-
ves* are those that in the past:

 Have been missed. 

 Have not been taken into 
*  Deepwater of  Eastern South Atlantic margins excluded

Cusiana (Colombia) and Peciko (Indonesia) are typical examples of 
rediscovered fields. 

Villeperdue (Paris basin) and Lombo East (Angola) are examples of re-
evaluated discoveries, Ben Berkine (Algeria).

The next cycle of HC discoveries will be composed by:

(cont.)
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3. Long Term HCs reserves will be 
mainly associated with:

 Foredeep basin. 

 Folded belts.

Where seismic data is whether impossible to acquire or useless 
(reflection free). Ex: Papua New Guinea, Andes, Rocky Mountains, 

Ural Mountains, Assam, etc.

In order to achieve such a discoveries (short & long term), explorationists 
must have a good data base and an appropriate exploration knowledge, 

that is to say, they must know how: (cont.)
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• To read a geologic map;
• To make balanced geological cross-sections;
• To criticise time contour maps;
• To test a trapping mechanism; 
• To interpret electrical logs;
• To make sequential interpretations;
• To locate the source rocks;
• To make reservoir predictions;
• To interpret dipmeters
• To interpret tests, pressures, etc.
• To localise hydrodynamism;

and so on.....
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Examples
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Cusiana Field 
(Colombian Foothills)

Cuisiana structure (Colombian foothills) was drilled several times (BP 
included). Hydrocarbons were found. The water plane contact was 
recognise too high. The accumulations were considered non-economical. 
The majority of the exploration area was relinquished. Triton took the 
area (Santiago das Atalayas Block). In 1983, John Durr (Triton) show us 
the data, where Triton recognised an untested structure of 35 km2.  The 
water-plane contact on the drilled wells was not too evident. Total strongly 
denied the proposed water-plane contact at such a depth. After recogni-
sing the presence of the structure in pre-stacked depth migrated data, 
Total took 40% of interest leaving the operatorship to Triton. Ten months 
later, Triton  farmout with BP which became operator. The exploration 
results corroborate the initial Total’s hypothesis. In fact, the water-plane   
1500 meters below. More than 2 Gb were put in evidence.
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Pre-Stack Depth Migration
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Cross Section of Bolivian Foothills 
through 

Cusiana Field
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Lombo East Field 
(Angola Offshore, Blk. 2)

After 19 wells (dry and non-commercial 
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Production Concessions 
Block 2 

Angola Offshore
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Mutamba #1 (1997) 
W.D. 25m, TMD 3467m. Tested 5200 b/d from 2 intervals 
10 MMBO in Malembo at 1600m depth 
8 MMBO + 10 BCFG in Middle Pinda at 3000m depth 

Veleiro #1 (1996) 
W.D. 20m, TMD 3688m. Tested 6400 b/d 35° oil from Pinda 
10 MMBO in Pinda at 2500m  (Veleiro-2 unsuccessful) 

Espadarte N. #1 (1996) 
W.D. 23m, TMD 4565m. Tested 9150 b/d light crude from Pinda 
5 MMBO in Pinda at 3000m, Wood Mackenzie estimates 30 MMBO 

Congro S. #1 (1996) 
W.D. 20m, TMD 3813m. 2300 b/d 43° +21 MMCFG/d 
17 MMBCond.  150 BCFG in Pinda at 2500m 

Etele #1 (1975) 
W.D. 29m; TMD 4111m 
5 MMBO, 39°, paraffinic oil + 25 BCFG in Tertiary (Eocene/Olig) at 3200m 

Robalo #1 (1989) 
W.D. 50m, TMD 4179m. Tested 3200 and 3500 b/d from two zones in Pinda 
with 35 °API oil and 0.5 MMBO in Pinda (Pacassa) at 3300m
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Villeperdue Field 
(Paris Basin)
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The discovery of Villeperdue was annonced in &982, b ut in 
fact tyhe reall discovery and even withj a short period of 

producin corresponds to Montmirail 102 in 1958.
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Geologic Cross-Section 
Paris Basin
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Peciko Field 
Mahakam Offshore 

(Indonesia)
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Peciko was in fact discovered in 1983 &bnd declared non 
commercial, NW Peciko 10 TCF hydrodynamism


