




East?Why So Much Oil in the Middle
��    ��� ����� �������� ���� ��� ����� �������� ����   ��

In terms of oil reserves, the Middle East is second to none. 
This “oil miracle” of the world has been shaped by a set of 
favorable factors, some global and others local, inscribed in 
the geologic history of the region.

TO P I C  G E O S C I E N C E E X P L A I N E D

� e term “Middle East” is not without problems. First, it has colonial connotations, as the term 
� rst appeared in the mid-nineteenth century as part of the Europe-centered division of the East 
into the Near, Middle and Far East. Second, there is no consensus on the geographic extent of 
the Middle East. Some de� ne it as the region between India and Egypt, in which case it has 
been aptly designated by the United Nations as Western Asia. Other de� nitions also add North 
Africa or central Asia. 
 For the purpose of this article, the term “Middle East” focuses on the oil-rich countries in 
southwest Asia including Iran, Iraq, Syria, Kuwait, Saudi Arabia, Bahrain, Qatar, United Arab 
Emirates (UAE), Oman, and Yemen. � ese ten countries together have an area of 5.1 million 
square kilometers or about 3.4% of Earth’s land surface, but they possess 60% of world’s known 
oil reserves and 41% of natural gas reserves. 
 From time to time, regions such as the Caspian or West Africa have been fantasized as 
“another Middle East” but none has materialized, which begs this important question: Why 
is there so much oil in the Middle East? � is article synthesizes our knowledge about this 
question and brie� y describes the geological factors for the abundance of oil in the Middle East.

�������� ������ ��� ������
� e Proterozoic-Cambrian transition at 542 Ma opened a new chapter in the geologic history 
of the Middle East with far-reaching implications for petroleum resources of this region. After 
a long history of ocean subduction and micro-continental collision along the northeastern 
margin of Africa, from about 700 Ma to 600 Ma, the basement rock of the Middle East (the 
Nubian-Arabian shield) was consolidated. � is event, together with some other collisions as-
sembled the supercontinent of Gondwana in the southern hemisphere, comprised by Africa, 
India, Australia, Antarctica, and South America. � e Middle East was then positioned on 
the north-facing passive margin of Gondwana. � roughout Paleozoic and Mesozoic times, 
the Middle East was a locus of sedimentation over a long and wide shelf a� ected, from time 
to time, by sea level changes. As Gondwana consolidated at the turn of the Cambrian, mi-
croorganisms and marine species also rapidly evolved and diversi� ed, thus enriching marine 
sediments with organic carbon necessary for oil generation. 
 � e Tethys Ocean, which washed the northern margin of Gondwana, was not a single 
ocean, but developed in at least three oceanic basins: Proto-Tethys (Infracambrian-Carbonif-
erous), Paleo-Tethys (Ordovician-Early Jurassic), and Neo-Tethys (Permian-Paleocene). � is 

��
��� 
���
��	, �
.�.

  

�-�����:

 “����� ����� “   
- ��� ����� ���������

The main trail on the Brazilian side of the falls ter-
minates along an elevated walkway that is com-
pletely surrounded by falls. Here, the spray can 
soak you in minutes, while feeling and hearing the 
thunderous roar of the water.

Iguaçu Falls is one of the 
most spectacular natural 
sceneries in the world, 
caused by a wide-spread vol-
canic event in conjunction 
with continental rifting  in 
the Early Cretaceous. � is 
rifting episode has also con-
tributed to the hydrocarbon 
potential on both sides of 
the Atlantic Ocean.  

��    ��� ����� ������� ���� ��� ����� ������� ����   ��

The area is protected by two 
national parks. Iguaçu National 
Park on the Brazil side of the river 
consists of 1,700 km², while 
the Iguazú National Park on the 
Argentina side encompasses 668 
km². They were designated UNES-
CO World Heritage Sites in 1986 
and 1984, respectively.
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With more than 2 billion 

barrels of oil to be recovered, 

StatoilHydro has a huge 

resource to tap into in the  

Alberta oil sands. It may very 

well last into the second half 

of this century.

Mariann Skeide and Andy Williams in the Statoil-
Hydro Calgary of�ce discuss the well paths of an 
injector (above) and a producer (below). In this 
case, the producing well went out of the oil zone 
as the base of it came in higher than predicted. 
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Drilling 
Uphill
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In Brunei, Shell has an ongoing programme 
drilling into the reservoir from below. Drilling, 
completing and producing an upside-down 
well, however, poses a number of interesting 
questions.

���� ���


� e independent Sultanate of Brunei Da-
russalam in North-West Borneo has been 
a leader in oil� eld technology almost since 
the start of the oil business. Geology surveys 
were di
  cult to conduct in the 	 at coastal 
swamp area near Seria in the mid 1920s, so 
the early explorers used the relatively new-
fangled method of gravity surveying. After 
a core-drilling campaign in the late 1920s, 
the Seria Field discovery well was drilled in 
1929, 	 owing oil and gas from a depth of 288 
metres (945 feet).

��� ����� �����
� e Seria Field is located on an anticline that 
straddles the present-day coastline. Although 
the most predominant trapping style in this 
region is controlled by load-induced deltaic 
tectonics, basement-controlled tectonics 
and uplift have played a major role in Seria. 
� e internal structure of the anticline is very 
complex, with a collapsed crest and many thin 
reservoirs and complex faults, especially in the 
northern (o� shore) 	 ank.
 Seria, operated by Brunei Shell Petroleum 
Sdn. Bhd., is de� ned as a giant oil� eld and 
achieved one billion barrels of production 
in 1991, which was marked by the distinc-
tive one billion barrel monument, opened by 
His Majesty Sultan Haji Hassanal Bolkiah. 
Although the � eld is still producing, by the 
1990s production was considerably less than 
the peak of the 1950s of over 100,000 barrels 
a day. But most of the production was from 
the onshore part, the complexity and shallow 
water (2 to 10m) of the Northern Flank 
having deterred exploration and development 
until then. 
 3D to improve imaging 
In 1989, a 3D seismic survey had been 
acquired over the Seria anticline and the sur-
rounding area, but could not fully 
resolve the complex shallow 
crestal and North Flank 
areas in spite of the best 
reprocessing available 
during the 1990s. 
Towards the end of 
that decade, technol-
ogy once again came 
into play on both 
the geoscience and 
drilling sides, to give 
the Seria Field a new 
lease of life.
 In 1998, a high resolu-
tion 3D survey was acquired 

over part of the previous 3D, to cover the 
central part of the Seria Field and much of 
the North Flank. � e survey used the latest 
seismic technology of the late 1990s, with 
close shot and receiver line spacing and in-
tervals and over 2,000 channels per shot. 
Close attention was paid to the continuity of 
multi-azimuth sampling, with, if possible, no 
omitted or o� set shots. 
 Whereas the 1989 survey had mixed Vibro-
seis with explosives and airgun sources, all shots 
in 1998 were impulse sources, buried charges 
onshore and airguns o� shore. Micro-charges 
and special Magnaseis™ detonators were even 
used by a specially trained crew in the town 
and other sensitive areas to maintain coverage 
whilst observing the highest safety standards. 
 � e new data proved to be of high quality 
and much improved vertical and spatial reso-
lution. With both the old and new 3D surveys 
processed using pre-stack depth migration, a 
multi-disciplinary evaluation team made new 
maps showing the as yet unexplored prospects 
in the near-o� shore areas. To further acceler-
ate the programme, the prospects were split 
into clusters so exploration could continue 
while development was taking place at the 
� rst discoveries.

� ��������� ������� �� 
��������
Having de� ned the sub-surface su
  ciently 
to be able to launch a development pro-
gramme, the next challenge was the drilling 
campaign. � e very shallow water meant 
it would not be cost-e� ective to drill into 
the complex fault traps from o� shore. John 
Church, a geologist and geophysicist by 
training, and now the development leader 
for Brunei Shell’s North Flank Field, explains 
that the main problem is that the fault blocks 

trapping the hydrocarbons dip toward 
the shore:

“Logically, given the geometry 
of these formations, you 

would traditionally drill 
and develop them using 
o� shore infrastruc-
ture. But that’s much 
more expensive than 
using an onshore rig, 
and quite ridiculous 
given that it’s so close 

to the shore that you 
could literally swim out 

to it. So we looked at how 
we could access the formations 

Core drilling in Seria in 1927In 2004, the � rst discovery well was drilled under the shallow marine surf zone of the northern � ank of the giant Seria � eld
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Hydrocarbon Resources: The Canadian Oil Sands
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CASCADE

Deep-Water Gulf of Mexico 
Sediments, similar to these off the current Mississippi delta, derived from 
the north, have been filling in the Gulf of Mexico since Jurassic time..
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With 12 recently announced deep-water discoveries and an aggressive leasing schedule for the Western 
and Central Gulf of Mexico, exploration and production technology is being pushed to its limits. To meet 
industry needs to image deeper and more obscure targets, TGS-NOPEC Geophysical Company has over 2.5 
million km of 2-D and 88,000 km2 of 3-D seismic data available in the Gulf, of which this line is an example. The Ocean Confidence semi-submersible rig is used to drill deep prospects 
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Q & A

Providing Real Time Solutions

In summary, what benefits do Logging 
While Drilling (LWD) have when com-
pared to wireline logging? 

A major benefit is the improvement in 
the quality of logging data when measur-
ing just after the formation is exposed. 
LWD also has the inherent ability to cap-
ture a 360° image of the entire borehole 
due to the rotation of the tools. However, 
in my opinion the greatest advantage of 
LWD is the ability to acquire and present 
the data while drilling. This gives us the 
opportunity to react to the information 
in order to improve the placement of the 
well, to better understand our reservoirs, 
to mitigate drilling hazards and to improve 
operational efficiency. That’s the true value 
of LWD.

LWD has gradually replaced wireline 
logging. Is this the beginning of the end 
for wireline logging?

There has been an increasing shift from 
LWD to wireline logging over the last 5-10 
years and I think we will continue to see 
this shift. There are still some areas and 
applications where wireline definitely will 
be around for years to come. Vertical explo-
ration wells with fast deployment and log-
ging and limited challenges with regard to 
well placement and drilling hazards will be 
such areas.

The bottleneck in both MWD and LWD 
is transmission of data from the borehole 
to the surface. What is the latest develop-
ment in this regard?

We have seen and will see important 
changes in transmission speeds. The intro-
duction of wired pipe telemetry is a para-
digm shift in the industry. As this bottle-
neck is being removed, we will, for a couple 
of years, see an adjustment in the way the 
operator and ourselves use the information 
and make decisions based on this infor-
mation. A colleague of mine compared 
this with the switch of internet-connectiv-
ity from dial-up to broadband. Traditional 
mudpulse telemetry will be around for 
many years though. Recent introductions 
of both downhole and surface mudpulse 

technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased 
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

I definitely see the LWD technology push 
continuing. The technologies will be more 
widely used and the benefits will become 
more readily accepted. The combination 
of marginal field developments and less 
accessible reserves with high rig rates will 
push operators to try and minimize their 
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in 
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an 
everyday basis. Do you find that they are 
concerned about logging cost rather than 
seeing the possibilities for decreased 
overall cost and increased production? 

I think there has been a very positive 
development among our customers. We 
have more and more customers looking 
at drilling and evaluation services with 
a value-based, rather than a pure cost-
based approach. This way of looking at 
things accounts for the value of specific 
services based on the total benefit for 
a project versus just the cost involved. 
Another trend that shows increased value 
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators 
and service providers.

Trond Gravem has a M.Sc. in Petroleum Engineer-
ing from the Norwegian University of Science and 
Technology. He has worked with both oil companies 
and service organisations, and following a techni-
cal career, he is now sales and marketing manager, 
drilling and evaluation, for Baker Hughes INTEQ in 
Stavanger, Norway.

Logging While Drilling (LWD) is increasingly gaining popularity, with customers starting to look 
at drilling and evaluation services with a value-based, rather than a pure cost-based approach. 
GEO ExPro talked to Trond Graven in Baker Hughes INTEQ in Stavanger, Norway, about the status 
and future of LWD.

Logging While Drilling (LWD)
LWD involves logging the properties of the formation and reservoir fluids while drilling and 

before drilling fluids invade the formation, similar to open-hole, wireline logs. The most frequently 
used measurements include gamma ray, resistivity, density, porosity, acoustic travel time and 
formation pore pressure.

82   GEO ExPro October 2007
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technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

 definitely see the LWD technology push 
continuing. The technologies will be more
widely used and the benefits will become 
more readily accepted. The combination
of marginal field developments and less 
accessible reserves with high rig rates will
push operators to try and minimize their
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an
everyday basis. Do you find that they are 
concerned about logging cost rather than
seeing the possibilities for decreased 
overall cost and increased production? 

 think there has been a very positive
development among our customers. We
have more and more customers looking
at drilling and evaluation services with
a value-based, rather than a pure cost-
based approach. This way of looking at
things accounts for the value of specific 
services based on the total benefit for
a project versus just the cost involved. 
Another trend that shows increased value
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators
and service providers.
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Robbie Gries as the President of AAPG.
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Deep-Water Gulf of Mexico 
Sediments, similar to these off the current Mississippi delta, derived from 
the north, have been filling in the Gulf of Mexico since Jurassic time..
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With 12 recently announced deep-water discoveries and an aggressive leasing schedule for the Western 
and Central Gulf of Mexico, exploration and production technology is being pushed to its limits. To meet 
industry needs to image deeper and more obscure targets, TGS-NOPEC Geophysical Company has over 2.5 
million km of 2-D and 88,000 km2 of 3-D seismic data available in the Gulf, of which this line is an example. The Ocean Confidence semi-submersible rig is used to drill deep prospects 
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Q & A

Providing Real Time Solutions

In summary, what benefits do Logging 
While Drilling (LWD) have when com-
pared to wireline logging? 

A major benefit is the improvement in 
the quality of logging data when measur-
ing just after the formation is exposed. 
LWD also has the inherent ability to cap-
ture a 360° image of the entire borehole 
due to the rotation of the tools. However, 
in my opinion the greatest advantage of 
LWD is the ability to acquire and present 
the data while drilling. This gives us the 
opportunity to react to the information 
in order to improve the placement of the 
well, to better understand our reservoirs, 
to mitigate drilling hazards and to improve 
operational efficiency. That’s the true value 
of LWD.

LWD has gradually replaced wireline 
logging. Is this the beginning of the end 
for wireline logging?

There has been an increasing shift from 
LWD to wireline logging over the last 5-10 
years and I think we will continue to see 
this shift. There are still some areas and 
applications where wireline definitely will 
be around for years to come. Vertical explo-
ration wells with fast deployment and log-
ging and limited challenges with regard to 
well placement and drilling hazards will be 
such areas.

The bottleneck in both MWD and LWD 
is transmission of data from the borehole 
to the surface. What is the latest develop-
ment in this regard?

We have seen and will see important 
changes in transmission speeds. The intro-
duction of wired pipe telemetry is a para-
digm shift in the industry. As this bottle-
neck is being removed, we will, for a couple 
of years, see an adjustment in the way the 
operator and ourselves use the information 
and make decisions based on this infor-
mation. A colleague of mine compared 
this with the switch of internet-connectiv-
ity from dial-up to broadband. Traditional 
mudpulse telemetry will be around for 
many years though. Recent introductions 
of both downhole and surface mudpulse 

technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased 
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

I definitely see the LWD technology push 
continuing. The technologies will be more 
widely used and the benefits will become 
more readily accepted. The combination 
of marginal field developments and less 
accessible reserves with high rig rates will 
push operators to try and minimize their 
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in 
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an 
everyday basis. Do you find that they are 
concerned about logging cost rather than 
seeing the possibilities for decreased 
overall cost and increased production? 

I think there has been a very positive 
development among our customers. We 
have more and more customers looking 
at drilling and evaluation services with 
a value-based, rather than a pure cost-
based approach. This way of looking at 
things accounts for the value of specific 
services based on the total benefit for 
a project versus just the cost involved. 
Another trend that shows increased value 
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators 
and service providers.

Trond Gravem has a M.Sc. in Petroleum Engineer-
ing from the Norwegian University of Science and 
Technology. He has worked with both oil companies 
and service organisations, and following a techni-
cal career, he is now sales and marketing manager, 
drilling and evaluation, for Baker Hughes INTEQ in 
Stavanger, Norway.

Logging While Drilling (LWD) is increasingly gaining popularity, with customers starting to look 
at drilling and evaluation services with a value-based, rather than a pure cost-based approach. 
GEO ExPro talked to Trond Graven in Baker Hughes INTEQ in Stavanger, Norway, about the status 
and future of LWD.

Logging While Drilling (LWD)
LWD involves logging the properties of the formation and reservoir fluids while drilling and 

before drilling fluids invade the formation, similar to open-hole, wireline logs. The most frequently 
used measurements include gamma ray, resistivity, density, porosity, acoustic travel time and 
formation pore pressure.
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technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

 definitely see the LWD technology push 
continuing. The technologies will be more
widely used and the benefits will become 
more readily accepted. The combination
of marginal field developments and less 
accessible reserves with high rig rates will
push operators to try and minimize their
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an
everyday basis. Do you find that they are 
concerned about logging cost rather than
seeing the possibilities for decreased 
overall cost and increased production? 

 think there has been a very positive
development among our customers. We
have more and more customers looking
at drilling and evaluation services with
a value-based, rather than a pure cost-
based approach. This way of looking at
things accounts for the value of specific 
services based on the total benefit for
a project versus just the cost involved. 
Another trend that shows increased value
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators
and service providers.
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Deep-Water Gulf of Mexico 
Sediments, similar to these off the current Mississippi delta, derived from 
the north, have been filling in the Gulf of Mexico since Jurassic time..
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With 12 recently announced deep-water discoveries and an aggressive leasing schedule for the Western 
and Central Gulf of Mexico, exploration and production technology is being pushed to its limits. To meet 
industry needs to image deeper and more obscure targets, TGS-NOPEC Geophysical Company has over 2.5 
million km of 2-D and 88,000 km2 of 3-D seismic data available in the Gulf, of which this line is an example. The Ocean Confidence semi-submersible rig is used to drill deep prospects 
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Q & A

Providing Real Time Solutions

In summary, what benefits do Logging 
While Drilling (LWD) have when com-
pared to wireline logging? 

A major benefit is the improvement in 
the quality of logging data when measur-
ing just after the formation is exposed. 
LWD also has the inherent ability to cap-
ture a 360° image of the entire borehole 
due to the rotation of the tools. However, 
in my opinion the greatest advantage of 
LWD is the ability to acquire and present 
the data while drilling. This gives us the 
opportunity to react to the information 
in order to improve the placement of the 
well, to better understand our reservoirs, 
to mitigate drilling hazards and to improve 
operational efficiency. That’s the true value 
of LWD.

LWD has gradually replaced wireline 
logging. Is this the beginning of the end 
for wireline logging?

There has been an increasing shift from 
LWD to wireline logging over the last 5-10 
years and I think we will continue to see 
this shift. There are still some areas and 
applications where wireline definitely will 
be around for years to come. Vertical explo-
ration wells with fast deployment and log-
ging and limited challenges with regard to 
well placement and drilling hazards will be 
such areas.

The bottleneck in both MWD and LWD 
is transmission of data from the borehole 
to the surface. What is the latest develop-
ment in this regard?

We have seen and will see important 
changes in transmission speeds. The intro-
duction of wired pipe telemetry is a para-
digm shift in the industry. As this bottle-
neck is being removed, we will, for a couple 
of years, see an adjustment in the way the 
operator and ourselves use the information 
and make decisions based on this infor-
mation. A colleague of mine compared 
this with the switch of internet-connectiv-
ity from dial-up to broadband. Traditional 
mudpulse telemetry will be around for 
many years though. Recent introductions 
of both downhole and surface mudpulse 

technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased 
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

I definitely see the LWD technology push 
continuing. The technologies will be more 
widely used and the benefits will become 
more readily accepted. The combination 
of marginal field developments and less 
accessible reserves with high rig rates will 
push operators to try and minimize their 
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in 
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an 
everyday basis. Do you find that they are 
concerned about logging cost rather than 
seeing the possibilities for decreased 
overall cost and increased production? 

I think there has been a very positive 
development among our customers. We 
have more and more customers looking 
at drilling and evaluation services with 
a value-based, rather than a pure cost-
based approach. This way of looking at 
things accounts for the value of specific 
services based on the total benefit for 
a project versus just the cost involved. 
Another trend that shows increased value 
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators 
and service providers.

Trond Gravem has a M.Sc. in Petroleum Engineer-
ing from the Norwegian University of Science and 
Technology. He has worked with both oil companies 
and service organisations, and following a techni-
cal career, he is now sales and marketing manager, 
drilling and evaluation, for Baker Hughes INTEQ in 
Stavanger, Norway.

Logging While Drilling (LWD) is increasingly gaining popularity, with customers starting to look 
at drilling and evaluation services with a value-based, rather than a pure cost-based approach. 
GEO ExPro talked to Trond Graven in Baker Hughes INTEQ in Stavanger, Norway, about the status 
and future of LWD.

Logging While Drilling (LWD)
LWD involves logging the properties of the formation and reservoir fluids while drilling and 

before drilling fluids invade the formation, similar to open-hole, wireline logs. The most frequently 
used measurements include gamma ray, resistivity, density, porosity, acoustic travel time and 
formation pore pressure.
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technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

 definitely see the LWD technology push 
continuing. The technologies will be more
widely used and the benefits will become 
more readily accepted. The combination
of marginal field developments and less 
accessible reserves with high rig rates will
push operators to try and minimize their
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an
everyday basis. Do you find that they are 
concerned about logging cost rather than
seeing the possibilities for decreased 
overall cost and increased production? 

 think there has been a very positive
development among our customers. We
have more and more customers looking
at drilling and evaluation services with
a value-based, rather than a pure cost-
based approach. This way of looking at
things accounts for the value of specific 
services based on the total benefit for
a project versus just the cost involved. 
Another trend that shows increased value
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators
and service providers.
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Sediments, similar to these off the current Mississippi delta, derived from 
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With 12 recently announced deep-water discoveries and an aggressive leasing schedule for the Western 
and Central Gulf of Mexico, exploration and production technology is being pushed to its limits. To meet 
industry needs to image deeper and more obscure targets, TGS-NOPEC Geophysical Company has over 2.5 
million km of 2-D and 88,000 km2 of 3-D seismic data available in the Gulf, of which this line is an example. The Ocean Confidence semi-submersible rig is used to drill deep prospects 
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Q & A

Providing Real Time Solutions

In summary, what benefits do Logging 
While Drilling (LWD) have when com-
pared to wireline logging? 

A major benefit is the improvement in 
the quality of logging data when measur-
ing just after the formation is exposed. 
LWD also has the inherent ability to cap-
ture a 360° image of the entire borehole 
due to the rotation of the tools. However, 
in my opinion the greatest advantage of 
LWD is the ability to acquire and present 
the data while drilling. This gives us the 
opportunity to react to the information 
in order to improve the placement of the 
well, to better understand our reservoirs, 
to mitigate drilling hazards and to improve 
operational efficiency. That’s the true value 
of LWD.

LWD has gradually replaced wireline 
logging. Is this the beginning of the end 
for wireline logging?

There has been an increasing shift from 
LWD to wireline logging over the last 5-10 
years and I think we will continue to see 
this shift. There are still some areas and 
applications where wireline definitely will 
be around for years to come. Vertical explo-
ration wells with fast deployment and log-
ging and limited challenges with regard to 
well placement and drilling hazards will be 
such areas.

The bottleneck in both MWD and LWD 
is transmission of data from the borehole 
to the surface. What is the latest develop-
ment in this regard?

We have seen and will see important 
changes in transmission speeds. The intro-
duction of wired pipe telemetry is a para-
digm shift in the industry. As this bottle-
neck is being removed, we will, for a couple 
of years, see an adjustment in the way the 
operator and ourselves use the information 
and make decisions based on this infor-
mation. A colleague of mine compared 
this with the switch of internet-connectiv-
ity from dial-up to broadband. Traditional 
mudpulse telemetry will be around for 
many years though. Recent introductions 
of both downhole and surface mudpulse 

technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased 
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

I definitely see the LWD technology push 
continuing. The technologies will be more 
widely used and the benefits will become 
more readily accepted. The combination 
of marginal field developments and less 
accessible reserves with high rig rates will 
push operators to try and minimize their 
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in 
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an 
everyday basis. Do you find that they are 
concerned about logging cost rather than 
seeing the possibilities for decreased 
overall cost and increased production? 

I think there has been a very positive 
development among our customers. We 
have more and more customers looking 
at drilling and evaluation services with 
a value-based, rather than a pure cost-
based approach. This way of looking at 
things accounts for the value of specific 
services based on the total benefit for 
a project versus just the cost involved. 
Another trend that shows increased value 
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators 
and service providers.

Trond Gravem has a M.Sc. in Petroleum Engineer-
ing from the Norwegian University of Science and 
Technology. He has worked with both oil companies 
and service organisations, and following a techni-
cal career, he is now sales and marketing manager, 
drilling and evaluation, for Baker Hughes INTEQ in 
Stavanger, Norway.

Logging While Drilling (LWD) is increasingly gaining popularity, with customers starting to look 
at drilling and evaluation services with a value-based, rather than a pure cost-based approach. 
GEO ExPro talked to Trond Graven in Baker Hughes INTEQ in Stavanger, Norway, about the status 
and future of LWD.

Logging While Drilling (LWD)
LWD involves logging the properties of the formation and reservoir fluids while drilling and 

before drilling fluids invade the formation, similar to open-hole, wireline logs. The most frequently 
used measurements include gamma ray, resistivity, density, porosity, acoustic travel time and 
formation pore pressure.
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technologies have greatly improved telem-
etry rates and data. The amount of infor-
mation available in real-time has increased
10-fold through smarter compression of 
data and improved bandwidth.

A series of LWD tools has been intro-
duced through the last couple of decades. 
Will this technology push continue?

 definitely see the LWD technology push 
continuing. The technologies will be more
widely used and the benefits will become 
more readily accepted. The combination
of marginal field developments and less 
accessible reserves with high rig rates will
push operators to try and minimize their
operational risk while improving oil recov-
ery. This, in turn, will drive further develop-
ment and application of LWD technolo-
gies, as the need for real-time answers in
these environments will become increas-
ingly important as improved recovery of 
reserves becomes more challenging. 

You are dealing with customers on an
everyday basis. Do you find that they are 
concerned about logging cost rather than
seeing the possibilities for decreased 
overall cost and increased production? 

 think there has been a very positive
development among our customers. We
have more and more customers looking
at drilling and evaluation services with
a value-based, rather than a pure cost-
based approach. This way of looking at
things accounts for the value of specific 
services based on the total benefit for
a project versus just the cost involved. 
Another trend that shows increased value
focus is manifested through growing use 
of performance bonus agreements that 
provide win-win solutions for operators
and service providers.
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The eastern Bight Basin showing the 2009 acreage 
release area, sub-basins, wells, and 2007 dredge 
sample locations.

Index map of the 315 km long foldout line shown in 
red and the remainder of the 5,000 km regional data 
acquired by ION Geophysical Corporation in 2009.  
The program utilized 10 km offsets with a record 
length of 18 seconds to image the deep reaches of 
the basin.
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Structural elements of the eastern Bight Basin showing 2009 Release Areas
and wells. Locations of seismic lines used in figures are shown.
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Where well symbol information is sourced from publicly available "open file" data, it has been provided by Geoscience Australia from Well Completion Reports.  These symbols were generated from open file data as at
31 March 2009.  Where well symbol information is not publicly available from titleholders' data, the information has been extracted from other public sources.
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New Insights into  

Australia’s Bight Basin
The first regional seismic program designed to collect data through the crustal section in 

the Ceduna Sub-basin of the Bight Basin is providing key information and the first seismic 

images of untested petroleum systems.

See full story starting on page 39.
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