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Abstract 
This paper summarises the main problematics encountered 
when drilling deep water prospects and presents a collection 
of innovative technologies which would allow in a near future 
to solve these technical problematics as well as new and blue 
sky concepts to significantly reduce deep water development 
costs. 
 
Introduction 
Since 1967,TOTALFINAELF has been actively involved in 
deep water drilling operations but the saga really began in 
1976 with the building of PELERIN and PELICAN drill ships 
which broke a first water depth world record by drilling a well 
(925 m of water) offshore Algeria. It was followed by another 
outstanding performance in 1982 with two wells in the 
Mediterranean Sea (record of 1714 m of water depth). 
Following these campaigns, there was a lull in deepwater 
drilling that lasted about ten years. 
 
However, in 1994 the exploration Offshore Angola on the 
bloc 17 re-activated the drilling activity in deep waters. In 
1996, the exploration well GIR-1 was tested at 12500 barrels 
per day of API 32° oil. Two subsequent appraisal wells 
proved oil in place more than 1 Gbbl of oil and set in motion 
what would be the first major deepwater project in Golf of 
Guinea. Major technical challenge had to be overcome due to 
the specific conditions encountered. The deep and cold water 
conditions as well as the very specific unconsolidated nature 
of the reservoir required a collection of new technologies and 
practices. In december 2001, less than six years from 
discovery, TotaFinaElf brought the Girassol field into 
production and within six weeks a production plateau of 
200,000 bpd was reached. This has been recognised by the Oil 
Industry as a world class achievement for which TotalFinaElf 
received in 2002 the prestigious OTC reward. Close to the  

Girassol field, other major discoveries (Rosa, Lirio, Jasmin, 
Cravo and Dalia) have confirmed the exceptional potentialities 
of the bloc 17.  
 
More recently TotalFina Elf put on stream the deepest field 
ever completed world wide : the  Aconcagua gas field, which 
lies in 2200 m of water. Consequently, the Group has 
considered that deep off shore will become for the future a 
major tool of its growth and has launched an aggressive R&D 
program to push further and further the technico-economical 
deep water limits. 
 
Main Problematics Encountered When  
Drilling Deep Water Prospects 
Compared to shallow water, deep water consists of replacing 
part of the overburden by water. Typical geometries are 
presented in Fig. 1. In both cases, the target is located 3500 m 
from the sea level but, for the deep water case, 1800 m of 
overburden has been replaced by 1800 m of water whereas the 
reservoir located at 3300 m TVD from the mud line in the first 
shallow water case is only at 1500 m in the deep water case. 
These differences induce major consequences in terms of 
drilling and completion. From a drilling point of view, the key 
points are the following : 
 

1. The rig size has to support a much heavier architecture 
with increasing difficulties for station keeping if the rig is 
moored.  
 

2. The riser suffers from its size (length, volume, weight, 
mass) as well as from severe mechanical loading including 
effect of sea current and difficult meteo-ocean conditions. 
Riser management is particularly critical under disconnected 
mode for which the fluctuating axial tension should remain 
positive when the vessel heaves in order to avoid any 
slackening or dynamic buckling. 
 

3. The MWW 1 (Mud Weight Window - pore/fracturing 
pressure difference) is particularly difficult to manage. To 
better understand the MWW problematic, shallow and deep 
water cases have to be compared. For the shallow water case 
(Fig. 2), the MWW “opens” very close to the surface and 
allows the mud pressure (dotted red line) to remain inside the 
two bounds with a single mud weight over a quite long 
distance. By contrast for the Deep Water case, the MWW is 
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shifted downwards and the “small opening” of the window 
makes very difficult the adjustment of the mud weight 
between the two bounds particularly below the mud line. This 
is mainly due to the mud column located in the riser. The 
narrow MWW has major consequences on well architecture 
and drilling practices :  
 
 heavy casing program (i.e a well architecture with a 36” , 

26”, 20”,  16” and 13”5/8, 9”5/8 and 7” in GOM) with 
major consequences on the well cost, 

 
 kick more frequent but also kick control much more 

difficult that in conventional shallow water. First of all, 
due to the quite low velocity of the fluid in the large riser, 
the gas bubble is seen much later than in shallow water 
case. Secondly, high pressure losses through the very 
long K&C lines highly limit the kick circulation flow rate. 

 
4. The very specific HP/LT conditions prevailing at the 

mud line and resulting in acute problems with respect to the 
drilling fluids. It is well known that in conventional shallow 
water operations, the thermal profile across the well is only 
slightly affected by the water slice and that while circulating, 
there is only a small difference between down-hole and 
surface temperatures. This is due to the fact that across the 
formations, conduction largely prevails with respect to 
convection. By contrast in deep water operation, the situation 
will be inverted and convective effects will prevail as shown 
by CFD Fluent calculations (Fig. 3). Simulations performed 
with various sea current show that the convective effect 
appears significant if larger than 0,1 m/s. This very specific 
thermal profile has the following major consequences : 
 
 uncontrolled increase in mud rheology (i.e. viscosity) 

leading to the gelling of the drilling fluid and inducing 
abnormally high pressures particularly when re-initiating 
the circulation. Coupled with the MWW problematic 
these high circulation pressures can be the source of mud 
losses in shallow but also in deeper formation, 

 
 HP/LT conditions are very favourable to form gas 

hydrates above the freezing point of water if the pressure 
is sufficiently high. Gas kick are ideal thermodynamic 
conditions to form hydrate both in WBM and in the water 
phase of OBM. The consequences of hydrates formation 
can be catastrophic : plugging of C&K lines, BOPs, 
connectors and deterioration of the mud properties. To 
prevent hydrates formation, one can reduce the amount of 
free water available (using salts) or shift the 
thermodynamic equilibrium by adding “anti-freeze 
chemical” (glycol). However the application of such 
product is limited as they modify the mud weight which 
might be in contradiction with the narrow MWW. 
Furthermore they are not always enviromentally safe. 

 
 Because of low temperature, cementing of shallow 

casings is also a major concern.  Low sea bed 
temperatures makes cementing operations more difficult 

than in conventional shallow water operations (low 
temperature makes critical the thickening time). 

 
5. Apart the MWW and the specific p&T conditions the 

management of various phenomena such as sea bed 
instabilities, shallow gas and water flow or presence of natural 
gas hydrates at and just below the sea bed are of a strategic 
importance to minimise drilling risks.  Sea bed specific figures 
can be highlighted using new 3D imaging techniques. For 
instance, some remarkable seabed structures such as mud 
volcanoe or giant popmarks have been evidenced during the 
ZAIANGO campaign (Fig. 4) using both echography of the 
sea bed or 3D seismic. 
 
Finally, from a completion point of view deep water wells 
have to accomodate with : 
 

 unconsolidated nature of most turbiditic reservoirs 
requiring sand control system face to the payzone, 
 

 difficult and very costly access to well for any 
intervention during the production phase 

 
These last points will not be adressed in this paper. 
 
Innovative Solutions to Better Manage MWW  
Optimisation of the casing and mud programs of Deep Water 
wells requires first of all to forecast as reliably as possible 
pore, fracturing and mud pressures. While PWD is highly 
advised to refresh real time initial decisions. 
 
Better forecast of MWW. Pore and fracturing pressure fore-
casts remains a difficult problem requiring a cross validation 
of various data and methods. Pore & fracturing pressures can 
be forecasted by a proper treatment (very often empirical and 
issued from regional databases) of a large number of data 
among which pre-drill seismic data, wireline log data 
(including GR, ILD, DT, RHOB, Neutron, Porosity, Caliper), 
drilling data (including MW, total gas, gas peaks, torque, 
kicks) and direct pressure data (including RFT, LOT, RFT, 
MDT). Reliability of such forecasts are improved with time 
when the database is fed by new data (new wells or new 
seismic campaigns).  
 
The goal of DEA119 (lead by Knowledge Technology 2,3 with 
participation of 21 companies among which TFE) was to 
develop and improve methodology for pore and fracturation 
pressure prediction in specific deep-water wells. A deep water 
database including data from 122 wells located in the GOM 
has been built and different types of models based on porosity 
- effective stress relationship - have been tested and ranked 
with confidence factors. The best models have been selected 
and implemented in the PREDICT software. In particular, the 
TFE in house method (DELTA STACK seismic processing) 
was ranked in the top five. 
 
DEA 119 has also demonstrated the potentiality of basin 
modelling to predict geo-pressures for new wells. Using 
compaction laws allows well synthetic porosity, permeability 
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and pressure profiles to be produced along a new planned 
trajectory. The geo-pressure basin model can be updated while 
drilling to provide a look ahead of the bit or a continuous 
value of pore pressure in a given level ( 
Fig. 5).  
 
Better forecast of well pressure. A proper calculation of 
ECD (Equivalent Circulating Density) is a second step of 
strategic importance when planning a deep water well. This 
calculation however is much more complex than in 
conventional shallow water. In short a proper calculation of 
ECD will require good knowledge of both temperature profile 
(see previous section) and rheology thermo-dependency. 
 
Over the last four years many lab experiments at low 
temperature have been conducted on complex mud 
formulations including additive. The goal was to derive a 
predictive model able to reliably reproduce rheology of mud 
in a large range of temperature. Using the HB (Hershel 
Buckley) model conventionally used for drilling fluids and 
relating shear stress τ and shear rate, that is : 

nkγττ += 0  
the thermo-dependency of the three parameters (consistency 
index k, exponent n and threshold 0τ ) can be understood as 
follows : 
 

 k (with respect to reference state p0 & T0 - generally 
atmospheric pressure and low temperature) evolves 
as the viscosity of the base oil and follows an 
Arrhenius type law, 

 n is independent of temperature, 
 

 0τ  is highly dependent on the mud formulation 
(particularly additives). Its evolution versus 
temperature can be quite complex. the value of the 
threshold first decreases then increases above 15°C. 
This can be explained by the additives and the solids 
present in the emulsion (gelling agents inactive at 
low temperature are activated above 15°C).  

 
As a consequence, the rheological behaviour of the global 
drilling fluid versus temperature cannot be modelled properly 
by a simple Arrhenius law. A more complex approach based 
on the Quemada model 4 and taking into account the 
microstructure of the fluid is currently under investigation. 
First encouraging results have been obtained on a complex 
HDF 2000 mud (Fig. 6). 
 
Apart modelling, real time monitoring can be of a great help to 
better manage the MWW problematic. On one hand, PWD 
(Pressure While Drilling4) allows to measure real time annulus 
and drill pipe pressure. It has become a standard when drilling 
deep water prospect. Other existing (sonic, resistivity while 
drilling) or emerging technologies (VSP while drilling) also 

allow to get real time information about pore and frac 
pressure. 
Two innovative technologies. Better forecasts of pore, 
fracturing and mud pressure allow to better manage the MWW 
problematics but in difficult areas like GOM they are often 
insufficient. Let us mention two emerging technologies 
 
 DGD (Dual Gradient Drilling) consists of using two 

different densities in the annulus (Fig. 7) : a density as 
close as possible from 1 (hydrostatic density) in the riser 
and a density comprised between the pore and fracturing 
pressure face to the formation. This allows to treat an 
UDW situation as a common shallow water situation. 
Technically speaking, a DGD system requires several 
components not used in conventional drilling. Those 
items include mud lift pumps on the sea floor, a drill 
string down-hole valve to eliminate the U-tube effect 
when circulation is stopped and a sub-sea rotating device 
to provide a barrier between mud in the well-bore and sea 
water in the riser. A first full scale test has been 
successfully completed in 2001 (Green Canyon 136 - two 
sections drilled 5,6,7,8).  
 
Let us note that DGD could be achieved with a 
conventional architecture (except the down-hole drill 
string valve) by using the K&C lines (or the chemical 
line) to inject from the surface a “light” material (gas, 
light liquid or hollow glass beats) to be mixed with the 
mud at the BOP level. The hollow glass spheres solution 
which appears as the most viable is currently investigated 
in the scope of a multi-partners JIP by Maurer 
Engineering. 

 
 As they allow to multiply the number of casing points 

without significantly reducing the hole diameter, 
Expandable Tubular (Fig. 7) is another attractive method 
to solve the Mud Weight Window problematic. 
Furthermore, they can expand the potential range of 
application of emerging well architecture such as Slender 
wells or surface BOP drilling (see further section). 

 
Innovative Solutions to Manage Hydrate Problems 
 
Better forecast of hydrate risks. Conditions prevailing in 
deep water conditions are very favourable to form gas 
hydrates particularly when stopping circulation or during the 
occurrence of a kick. Forecast of potential hydrate formation 
and accumulation (where and when) in the mud column is 
therefore of a strategic importance during the planning phase 
of a deep water well. Three lab methods have been 
investigated. 
 
 The PVT cell allows to reproduce very large p,T 

conditions (several hundreds of bars, negative 
temperatures) corresponding both to formation and 
dissociation of hydrates. However, it works at constant 
volume and only for clean fluids since formation of 
hydrates is determined visually through a glass window, 
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 Fann 75 is a conventional p,T coaxial rheometer working 
at low temperature. It has been adapted to study hydrate 
formation by adding a system of gas injection. Compared 
to PVT cell, FANN75 can work either at constant volume 
or constant pressure. Apart hydrate dissociation point, it  
allows to follow mud rheology when hydrates have been 
formed. A clear example (Oil Based Mud) is presented in 
Fig. 8a. Temperature is regularly decreased and when 
hydrates appear, viscosity of the drilling fluid suddenly 
increases. With a further increase in temperature hydrates 
melt and the viscosity moves back to its initial value. 

 
 Differential calorimetry 9,10 consists of determining for a 

given pressure, temperature at which hydrate develop by 
measuring the amount of heat relaxed during the process 
(hydrate formation is a highly exothermal physical 
reaction - Fig. 8b). The test can be performed in any p,T 
conditions, with actual drilling fluid, under methane or 
natural gas pressure and possible gas circulationed. A 
field prototype has been designed and and should be 
tested second half 2003.  

 
Among the three techniques, DSC appears as the most reliable 
one. Consequently, an extensive laboratory campaign on 
water/sodium chloride/ethyl glycol systems has been launched 
in a large range of p,T conditions. Example of hydrate 
windows are presented in Fig. 9 for two different NaCl and 
glycol contents. Results are then used in a fluid/hydrate 
simulator in view of determining hydrate risks in the mud 
column then in evaluating the optimal content in chemical 
inhibitors to avoid hydrate problems. 
 
Hydrate removal in BOP stack. Once formed, hydrates are 
difficult to remove. It takes around twice more heat to 
dissociate hydrates than to melt ice. Furthermore, hydrates 
melting in a closed space can built several hundred bars of 
pressure, inducing burst and collapse of standard drilling 
tubular equipment. For many reasons BOP systems are very 
favourable to hydrates formation and act as “giant” cooling 
devices in which the “T” block connection increases the risks 
of hydrate formation. 
 
There are several possibilities to clear a hydrate plug among 
which internal and external heating, de-pressurization using 
conventional equipment like coiled tubing and nitrogen, 
chemical dissociation (mainly methanol) and mechanical 
removal by drilling or jetting. 
 
TFE has recently proposed a new method 11 (which can be 
preventive as well as remedial) which consists of heating the 
BOP stack by using the highly exothermal chemical 
decomposition of the oxygen peroxyd (H2O2) in contact with 
some catalyst. Lab experiments have allowed to identify a 
couple of catalysts (Palladium and Manganese) able to insure 
complete dissociation of the H202 under pressure. Then, a full 
scale test has been carried out on a Cameron 18”3/4 ID BOP 
connector equipped with a heating belt. Water circulating in the 
system is heated in the decomposition cell then injected in the 
heating belt. Both conventional and insulated tests (connector 

was insulated with rock wool) have been conducted with a 35% 
H202 (Fig. 10). 
Various cases including two different H202 contents and two 
different heat fluxes have been envisaged both for normal and 
insulated cases. In all cases, volumes and flow rates remain 
acceptable and confirm the applicability of the method. Some 
additional numerical calculations have confirmed the great 
interest to insulate the heating belt. 
 
Innovative Solutions to Better Predict  
and Control Kicks 
Location of the BOP stack is a main limitation in the kick 
control process. A gas bubble of 75 l at the surface is reduced 
to 25 l at 300 m of water depth and only to 2 l at 3000 m ! 
Furthermore, the low temperature encountered creates both a 
gelation of the mud and possible formation of hydrates in 
which part of the gas is trapped reducing the “apparent” free 
gas. Finally, the narrowness of the MWW makes probability 
of kick more acute. Consequently, detection and treatment of a 
kick requires much more reliable equipment, procedure and 
practice in Ultra Deep than in conventional shallow conditions 
for which BOP stack are located at the surface. 
 
How to reliaby predict kick occurrence. A good  posi-
tioning of the (surface) gas extractor allows a better and 
earlier evaluation of kick occurrence ( 
 
Fig. 11). However, with current equipment, extraction remains 
very often insufficient because of the low temperature of the 
mud and only a reduced spectrum of light hydrocarbons (C1 to 
C5) can be identified. Furthermore, quantification of CO2 et 
H2S remains questionable because of air pollution. New 
sophisticated equipment (heating extractor, vacuum line 
avoiding air pollution, mass spectrometer coupled with a 
conventional chromatograph and membrane sensor allowing 
the gas to be directly measured in the mud) should highly 
improve the situation in a near future. 
 
Other solutions involving the use of down hole measurement 
(temperature or micro waves measurement of permittivity) 
should also be investigated. 
 
New kick control AFR method 12. Deep Water well control 
with a subsea BOP is often difficult and in many 
circumstances impossible with method and procedure 
conventionally used on-shore or in shallow water operations. 
This is mainly due to the conjunction of high pressure losses 
through the very long K&C lines with the existence of very 
narrow Mud Weight Windows below the mud line. 
Consequently, after a kick, a well can only be circulated at 
best with a very low flow rate. With conventional driller’s 
method, mud is injected with SCR (Slow Circulation Rate) 
through the drill pipes, flows in the annulus up to the mud 
line, then returns through the Choke line up to the surface 
(BOP are supposed to be closed). AFR (Additional Flow 
Rate) method consists of injecting through the Kill Line, a 
light and thin (un-viscous) fluid (oil or water). This fluid is 
mixed with the mud flowing up in the annulus at the BOP 
level. Mixture (much lighter and thinner with respect to the 
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original mud) returns (as in the driller’s method) to the surface 
through the Choke Line. Difference between conventional 
driller’s method and AFR methods clearly appears on Fig. 12. 
With the driller’s method, mud (red) flows through all pipes 
(kill line, drill pipe, annulus and choke line) whereas with the 
AFR method, drill pipe and annulus are still flowed with mud 
whereas in choke line circulates a mixed lighter and thinner 
fluid (orange), the light fluid (green) being injected in the 
system through the kill line. A field test was carried out on 
well GIR108 (Girassol field – Angola 13) to validate the 
method Results have shown that in a large range of flow rates, 
friction losses are much lower for AFR than for SCR. 
However, at high flow rates (above 1200 l/min), AFR method 
looses its interest, flow becoming turbulent. 
 
Innovative Solutions to Better Manage 
the Riser Problematic 
As already pointed out, the riser remains a very senitive point 
both during drilling and production. Some new technologies 
boosted by IFP and implemented by TFE in BLOC 17 Angola 
have given very promising results in particular to reduce riser 
weight and riser trip time. 
 
Clip Riser 14. This technology was developed in France 
during the eighties by IFP and Framatome (Fig. 13). It allows 
a very fast and safe make up and break out of the riser joints 
thanks to an unconventional connector made with a double 
breech-block type with a rotating ring and four radial dogs to 
tighten it. CLIP RISER has a high load capacity and can be 
equipped with large diameter and high pressure K&C lines. It 
has been designed and optimised by using the Finite Element 
Framatome TITUS computer model. Furthermore, an 
extensive experimental testing program including stress 
analysis under tensile loads, fatigue resistance under cyclic 
loads as well as a 6000 Kpsi tensile test of a full scale 
prototype has been performed. In accordance with API 16R 
requirement, the design load of the coupling has been 
established at 3.5 millions pounds. IFP has licensed Kvearner 
Oilfield Products of in Houston for manufacturing. Two 21” 
OD CLIP RISERS manufactured in 1999 and 2000 are in 
service on the drill ships Pride Africa and Pride Angola 
operating on the Girassol Field. The main feature of the clip 
riser is first and foremost the rapidity of the coupling for make 
up and break out with a significant reduction of trip time (six 
joints per hour that is at least twice more than with 
conventional risers). 
 
Hybrid lines 14. Carried by IFP, TFE and Pride Forasol, this 
technology consists of replacing the existing K&C lines by 
lighter tubes composed of a steel core hoop wound with a 
carbon/polyamide thermoplastic strip. These composite hybrid 
tubes have been developed by Composite d’Aquitaine and 
tested by IFP in 2001. Results (simple burst, burst with 
temperature, long term temperature, long term pressure, cyclic 
temperature, external collapse pressure tests) showed that 
these tubes exhibit similar mechanical properties as those of a 
conventional steel but with a weight approximately divided by 
a factor 2 (Fig. 14). Three lines each 22 m long have then 
been manufactured. Two of them have been incorporated in 

the booster line of the riser assembly of well JASMIN 2 (Bloc 
17 – Angola) to be tested in field conditions. After eight 
months no dysfunctionning or failure have been reported. 
Hyperstatic System Integration. With conventional riser 
systems, the peripheric lines are fixed to the connector at one 
extremity of each riser joint and are free at the other extremity. 
Hence, they do not participate in sharing axial riser loads. The 
Hyperstatic Integration System consists of fixing the 
peripheral lines to the main riser tube at both extremity of 
each riser joint. As a result, the lines participate in resisting 
axial riser loads and the stresses are shared between the main 
tube and the peripheric lines. A physical instrumented model 
as well as numerical simulations have been performed at IFP 
to check the validity of the concept. The preliminary phase has 
shown that for a same global resistance, wall thickness of the 
main tube can be significantly reduced whereas peripheral 
lines are maintained in positive effective tension. A scale 1 
prototype has been build and instrumented. The conducted 
experiment allowed to confirm the viability of the concept. 
Full scale trials are planned to be conducted during summer 
2003 on the Pride Angola. Let us finally note that the 
combination of HIS and hybrid lines allows to reduce the total 
mass of the riser from around 30%. 
 
Innovative solutions to reduce costs 
Cost of wells is only justified  when associated with very high 
productivity (typical range of 20 to 40,000 barrels per day for 
the Girassol field). For smaller satellites or marginal 
accumulations, well cost becomes a killing factor. Apart the 
risks connected to the deep water specific environment 
(extensively discussed in the previous sections) which is a 
source of substantial NPT (Non Productive Time) the heavy 
well architecture (in particular the deployment of the 21” 
inches riser) requires oversized rigs of very low availability 
(daily rate of 300,000 $ per day for Girassol). In such a 
context, limiting the oversizing of the well by using lighter 
architectures becomes a real challenge since allowing the use 
of lighter & cheeper 2nd and 3rd generation semi-submersible 
rigs with much larger availability. 
 
Slender well concept. It consists of reducing the diameter of 
the drilling riser and allows to use 2nd/3rd generation semi-
submersible to drill deep water wells between 1000 m and 
2500 m. Results of several studies converge with a light 
architecture while maintaining a 8"1/2 hole in the reservoir. 
Standard bits and casings diameters can be used but one phase 
is lost compared to a conventional 21” riser program. This can 
bring a limitation for ERD or high pressure wells. However, if 
the same number of casing shoes is needed, bi-center bits can 
be used. Expandable tubulars technology is an alternative that 
can open many new horizons.   
 
An economical evaluation has shown the interest of this type 
of wells, if the pay off of the additional equipment and of the 
rig modifications is staggered over several years. Most of the 
savings are realized on the daily rate of the rig. The 
economical simulations conclude on a 8 to 20 % potential 
savings on the direct cost of the well considering a 3rd 
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generation modified rig and a 33 % potential savings on a 
development rig cost (Fig. 15). 
 
Surface BOP. This concept consists of deploying the BOP 
stack above the sea level (Fig. 16), like on a jack-up rig and 
not at the seabed as for floating vessels conventionally used 
for deep water drilling. To accomodate with a kick situation 
this configuration requires a high pressure riser. It presents 
numerous advantages : requirements for space and weight 
significantly reduced (smaller riser, no heavy K&C lines -
much cheaper rigs initially designed to operate in shallow to 
medium water depths can now be used in deeper waters-), rig 
time savings, easier BOP access and easier well control.  
 
The most basic architecture of a surface BOP well is presented 
in Fig. 17. The top hole is drilled riser less in 17”1/2 then 
covered by a high pressure 13”3/8 casing used as a riser for the 
next phases. BOP stack are then installed as for conventional 
shallow wells. Using this riser size the heaviest architecture 
achieved is a 4 casings program (13”3/8, 11”3/4, 9”5/8 & 7”). Let 
us note that 14” and 12”1/4 holes shall be under-reamed by 
using a bi-center bit. After drilling and testing, the casing/riser 
is plugged and cut at the mud line for the well to be 
abandoned. 
 
The above architecture has two major drawbacks. First and 
foremost, as the riser cannot be isolated at the mud line, any 
failure can have tremendous consequences both on safety and 
environment. Furthermore, because of the absence of sub-sea 
well head the design is made of a sucession of liners. 
Consequently, such an architecture can only be envisaged for 
exploration wells. Consequently, this architecture can only be 
envisaged for exploration wells. Two major modifications can 
be envisaged fort the future. 
 
For safety and environmental reasons a SIS (Sub-sea Isolation 
System) can be inserted at the mud line between a subsea well 
head and the foot of the riser. SIS is not a BOP (all well 
control operations are performed at surface) but a simple 
environmental safe guard designed in a similar manner as a 
surface BOP (ram type BOP 18”3/4 10000 psi with shear rams 
able to shear drill pipe in a case of emergency). This 
equipment will be used for the first time world wide by 
TOTALFINAELF on Dongalla campaign summer 2003. 
 
The using of a wellhead and a SIS coupled with a 16” riser 
could then allow to build a development well architecture with 
a suspended 9”5/8 as production casing (Fig. 18). However, 
such an architecture cannot be envisaged today with a 13”3/8 
casing (insifficient drift for the 9”5/8 casing hanger). Let us 
however insist on the fact that “surface BOP” does not mean 
dry well head. In most cases, well drilled with a surface BOP 
will be produced conventionnally using subsea trees, manifold 
and flow lines.  
 
Innovative Solution to Increase Departure 
The existence of marginal reserves  in satellites which cannot 
be developped economically with stand alone facilities makes 
attractive ERD technology as an alternative to sub sea tie 

back. However, if for conventional reservoirs, departure up to 
11 km is today a reality (Terra del Fuego, Witch Farm), the 
very shallow unconsolidated nature of deep water reservoir 
coupled with the acute MWW problematic makes quite 
unrealistic such performances in deep water conditions.  Two 
possible “blue sky” technologies described below have been 
carefully investigated by TFE 
 
CATWELL. This concept uses a steel catenary riser to make 
“departure” in the water. The catenary riser is connected to a 
horizontal conduit lying on the sea bed before entering in the 
well itself via a pre-batched conductor pipe. The well should 
be drilled with surface BOP and then produced using dry tree 
technology with expected reach ranging from 6 to 8 km in 
1500 m of water depth with a reservoir located 1200 m below 
mud line (Fig. 19). Many engineering studies have been 
performed. Clearly, the mechanical behaviour of the catenary 
riser, the conductor pipe implementation as well as the friction 
forces along the complex profile quickly appeared as potential 
killing factors.  
 
 In order to minimise top angle and dog leg along the 

Catenary Riser and to keep the required surface tension 
within reasonable limit (<1000 tons) a variable linear 
weight is required (weighted part at the riser top and 
lightened part at the riser bottom). Fatigue and wear have 
not yet been regarded but should also be a major concern.  

 
 Innovative sequence have been identified for the 

installation of the horizontal conductor pipe. The retained 
solution consists of batch setting the CP by surface pull 
using a drag embedment anchor. Geotechnical 
calculations and small scale lab trials have shown that 
surface pull will not be sufficient and jetting will be 
required to allow the conductor pipe to be set. 

 
 Finally, inherent limitation linked to the complex well 

profile (friction) strongly decreases the maximum 
achievable horizontal departure, the main limitation being 
the difficulty to run drill pipe in the hole because of 
buckling (such limitation does not exist in a classic ERD 
type well as the slant section is not fully horizontal). 
Calculation show that in 2500 m of water the ultimate 
horizontal departure to be considered for a CATWELL 
would be between 5 and 6 Km (3.2 Km for the conduit 
and the remaining from the well), providing that 
production casing and completion running operation are 
proved to be feasible.  

 
Bridge well. This other “blue sky” well concept consists of 
using an existing host well to produce fluids from another 
distant drainage area (feed zone) via a bridge well drilled from 
a separate wellhead location. The bridge well would include 
three sections : a feed section completed to drain the feed 
zone, a transport section between the feed zone and the host 
well, and a transfer zone completed to enable injection of 
fluids produced from the feed zone to be produced in turn by 
the host well. The bridge well surface completion would be 
plugged and abandoned (Fig. 20). Several reservoir studies 
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have prooved the interest of such a concept. A full scale test 
could be realised on shore in 2003. 
Conclusions 
The various technologies presented in this paper have been 
classified in three categories : green (mature technology), 
orange (prototype technology still requiring improvement and 
more investigation) and red (corresponds to a technology  or a 
problematic that is not at all mastered). 
 
Have been classified in green : pore pressure prediction, 
shallow gas detection, mud rheology in DW conditions, 
pressure & temperature calculation, riser & CP modelling, 
rheology prediction, forecast of hydrate risk & hydrate 
removal while drilling. In other words all the engineering 
tools and equipment required to properly design conventional  
subse sea DW wells are today available and reliable, 
 
Have been classified in orange : unconventional 
architectures like slender well or development SBOP for 
which qualification is still required on slim wellhead, SIS and 
tree. Can also be included in this category expandable 
tubulars, Dual Gradient Drilling, Dual Derrick and composite 
tubulars. 
 
Have been classified in red  : “blue sky concepts” for which 
no real trial have been performed. Catwell, Bridge well and 
Atlantis have typically to be included in this category. 
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Fig. 1 Main problematics encountered when 

drilling a deep water prospect. 
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Fig. 2 The Mud Weight Window problematic 
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Fig. 3 Temperature distribution along a riser calculated using the CFD Fluent 
a. Profiles at 1000 m for different mud flow 

Vertical profile (internal part of the riser) with and without sea current 
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Fig. 4 Remarkable seabed structures (giant pop-marks and mud volcanoes) 

Identified on OPL 246 both by seabed echography and 3D seismics 
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Fig. 5 Example of pore pressure determination using basin modelling 
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Fig. 6 Complex evolution of HB treshold versus 
temperature. Validation of the  

QUEMADA model on a HDF 2000 OBM 
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Fig. 7 Dual density gradient and expandable tubulars 
to solve the MWW problematic 
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Fig. 8 Mechanical method (top - FANN75) and Differential 
Scanning Calorimetry (bottom) 

 to predict experimentally formation od gas hydrate in 
drilling fluids. 
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Fig. 9 Examples of hydrate windows obtained with 
the Differential Scanning Calorimetry technique 
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Fig. 10 Test in Lescar facilities of new H2O2 hydrates preventive & curative method 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11 Impact of the location of the degasser on kick detection  
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Fig. 12 Comparaison between driller’s and AFR methods 

 
 
 
 

 
 

Fig. 13 Schematic of Clip Riser working principle 
Series of Clip Riser joints racked on Pride Africa 
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Fig. 14 IFP hybrid lines incorporated 
in the riser assembly 
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Fig. 15 Economics of slender rig compared to 

conventional 
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Fig. 16 Surface BOP system 
without SIS 
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Fig. 17 Typical exploration architecture with a SBOP 
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Fig. 18 Typical development architecture 
using a SIS and a supended 9”5/8 casing 
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Fig. 19 The CATWELL concept 
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Fig. 20 The BRIDGE well concept 
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