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ABSTRACT

This paper provides an overview of the changes in deepwater and ultra-deepwater definitions,
the evolutions in drilling rigs, well design, drilling and completion practices, and equipment to
overcome many unique challenges and high drilling costs. Oil and gas drilling and development
in deepwater and ultra-deepwater have been around for more than 60 years and become more
and more important to the global petroleum industry. With each advancement in technology,
we can explore and produce hydrocarbons further offshore, at deeper water depths, and thus the
definitions of deepwater and ultra deepwater have been repeatedly rewritten. This segment of
the petroleum industry has experienced the highest growth and number of innovations thanks
to many giant deepwater discoveries turned into productive fields in the Gulf of Mexico, Brazil,
North Sea, West Africa, and elsewhere throughout the world. With more and more wells drilled
at ever increasing water depth, the drilling challenges, including both natural and operations haz-
ards increase exponentially, which result in more and more stringent technical requirements for
a safe operation. These are being met by the rapid and complicated evolution of BOPs and drill-
ships over several generations, optimization of deepwater big bore well design, and applications
of drilling and completion, marine navigation, ROV technologies and procedures, and sharing of
lessons learned. This demonstrates the industry's continued and focused interest in the process of
enabling resources extraction from this environment of deep and ultra-deep water, especially to
combat the high risks and high investment costs for deep and ultra-deep water projects, in which
drilling cost is the most significant share. In the second section, the paper looks at the hydrocarbon
potentials of Vietnam deepwater and ultra deepwater, the current status, and the various chal-
lenges, and proposes required steps to enable Vietnam to tap in this vast unexplored hydrocarbon
resources.
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INTRODUCTION

Deepwater and ultra deepwater definitions

The definitions of deepwater and ultra-deepwater
have changed significantly and often with advances
in our industry’s capabilities and technology. In the
1970s, a water depth above 200m, off the operational
limit of jack-up rigs, was regarded as deepwater . In
the “70s and ‘80s, a water depth limit up to 1,000m
could be reached with fixed drilling and production
platforms?. Later in the *90s and early 2000s these
depths can be drilled from spars, tension leg plat-
forms, or by using 4th- and 5th-generation semisub-
mersibles and drillships. Thus, water depths below
800m- 1200m have become “legacy” deepwater, and
now considered "mid water depth”. In the 2000s, the
developments of 6th generation semi-submersibles
and drillships further pushed the operational water
depth to over 3,000m 2. And within the last ten years,

the latest 7th and 8th generation drillships can oper-
ate at water depth up to 3,650m (12,000ft)>. Figure 1
shows the development of drillships throughout the
years and the ever increasing water depth they can op-
erate.

In this context, we will define “deepwater” for wa-
ter depths dominantly can only be drilled by semi-
submersibles and drillships, currently starting at
around 800m - 1,200m (4,000ft). “Ultra-deepwater” is
defined for water depths over 2,300m (7,500ft), where
new set of drilling challenges emerge that only recent
generation semi-submersibles and drillships can han-
dle, for example with the use of Dynamic Position Sys-
tem, dual-derrick technologies.

Drilling rigs for drilling in deepwater

Semi-submersibles and drillships are expensive
floating-type rigs equipped with dynamic positioning
systems (DPS) that allow them to stay stable, directly
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Figure 1: Evolution of operating water depths with different generations of floating drilling rigs

above the drilling sites against sea currents, winds,
and waves, although when operating in shallower
water depths the DPS can also be aided by mooring.
Rig moves are much faster than fixed drilling rigs.
A semisubmersible has legs or pontoons that are
partially immersed in water to help the rig’s top
stay afloat. It has a huge deck space, so big that in
2021 SpaceX bought two decommissioned semisub-
mersible rigs with plans to convert them into floating
launchpads for its enormous 120-meter-tall Starship
rockets?. On the other hand, a drillship requires no
towing and is unique by having a hole in the ship’s
structure from the main deck through the hull called
moonpool. Currently, drillships are the preferred
choice for far-flung locations and demand top dollars
for their day rate. At the time of writing this paper
(Q3/2023), there have been only two 8th generation

drillships built and in operation.

Figure 2 shows examples of semi-submersibles and
drillships of different generations. Dual-derrick, op-
erating water depth to 3,600m (12,000ft), 40,000ft
drilling depth, 15k-20k psi BOP, or hoisting capac-
ity over 2.5 million pounds are some technical at-
tributes that distinguish new generation deepwater
drilling rigs to their older generation companions.
These specifications allow these drilling rigs to over-
come the myriad of challenges when drilling in deep

and ultra-deep waters.

Deepwater and ultra deepwater drilling
challenges

Although deepwater and ultra-deepwater drilling seg-
ment has matured quickly and these wells have rapidly
become a significant contributor of the world oil and
gas supply (10.4 MMBOE/day in 2022) with an ex-
pected 60% growth to over 17 MMBOE/day by the
end of this decade®, there are huge inherent chal-
lenges that are unique to its environment. Some of
the unique challenges, by no means exhaustive, can
be categorized as follow:

Natural hazards

From risks to marine life with seismic acquisitions,
subsea operations in deepwater and ultra-deepwater
involved no natural visibility, changing currents at
different depths, low temperature-high pressures near
the seabed, all of which are not as frequently encoun-
tered as in shallower water depth.

The total darkness of deepwater can be overcome by
using remotely operated vehicles (ROVs) to provide
lights and visual support. However, even with ROV's
being deployed, the cuttings released to the seabed
while drilling the first riserless sections can cause mud
clouds that totally obscure the view of the wellhead for
a significant period of time.

A current above 2 knots (3.7 km/h) can cause many
problems’. Currents can cause vortex induced vibra-
tions (VIV) to the drilling riser, make wellbore re-
entries and setting subsea blowout preventer (BOP)
and lower marine riser package (LMRP) and Christ-
mas tree operations difficult and extremely risky to
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Figure 2: Notable semi-submersible drilling rigs and drillships (modified from °)

the integrity of the well. An unplanned drive-off
might occur as the drilling rig loses its ability to keep
its position above the drill site. In the worst case, this
will require an emergency disconnect (ED) to sepa-
rate the wellhead from the drilling rig. However, nor-
mally only near surface current velocity and direction
are recorded by the monitoring system.

The shallow layers below the sea bed are commonly
unconsolidated or very weakly compacted. Under low
effective stress, shallow water flows (SWF) can occur
during the riserless drilling sections, especially with
jetting operations. This geohazard can severely affect
the integrity of the deepwater hole being drilled.
Finally, for deepwater and ultra deepwater, the hydro-
static pressure is very high, while the water tempera-
ture is very low (around 4°C, or 39-40°F). These low
temperature-high pressure conditions are conducive
to the formation of hydrates, which in turn can easily
plug the drilling pipe and/or subsea BOP.

Operational hazards

The construction of a deepwater and/or ultra deepwa-
ter well also poses many technical challenges besides
the natural hazards. The vast distance between the
drill site and shore, ocean winds, and high seas make
logistics arrangements from the supply base very dif-
ficult. For efficient operations at remote locations,
drilling rigs are required to be self-reliant with as
much supply stocked and ready as possible. More-
over, the distance also negatively affects emergency
responses.

The deeper the water, the longer and heavier the drill
string, the casing string, and the riser become. Re-

spectively, they in turn require higher drill pipe spec-
ifications, using heavier landing strings, and equip-
ping riser tensioner with higher capacity to handle the
higher tensile loads.

The high pressure, low effective stress conditions
mean the required BOP pressure rating to guarantee
safe drilling operations is also very high. The stan-
dard BOP rating of deepwater well control system is
103 MPa (15k psi) for 7th generation drilling rigs,
and 138MPa (20k psi) for the newest 8th generation
drillships. Figure 3 shows the evolution of the subsea
BOPs over the years, with the current size and weight
being almost triple the size and weight of BOPs 20
years ago.

All these additional weights, from riser, BOP, and
casing results in new axial load bearing capacity and
bending moment requirements for the well founda-
tion, namely the conductor and surface hole sections.
The standardized size of conductor casing has domi-
nantly become 91.44 cm (36 inches) with setting shoe
depths ranging from 250 ft to 300 ft BML. Despite this
setting, many deepwater and ultradeepwater wells still
failed and had to be abandoned due to instability be-
cause the well total weight exceeded the conductor
casing loading capacity*'°.

Finally, in order to save tripping times for operations
like bit changes, running in casing, dual-derricks that
allow dual activities were developed since the 5th gen-
eration drilling rigs. For safe and efficient operations
at this level of complexity, crew competency and com-
munication among drilling crew - marine crew - and
ROV crew are essential.

182



Science & Technology Development Journal - Engineering and Technology 2025, 6(517):180-188

2003

2020

l'\ r{1 oS 6y A [ e T A=Y =S ' E
3.5
v ' { Mud line

<

4th Gen BOP 5th Gen BOP
580 kips, 4/5 rams 700 kips, 6 rams
=263 MT =317.5MT

6th Gen BOP 20K BOP
1,000 kips, 7 rams 1,500 kips, 7 rams
=453.5MT =680.4 MT

Figure 3: Deepwater and ultra deepwater subsea BOP and LMRP size and weight change over the year®

Deepwater drilling cost

In order to overcome these aforementioned chal-
lenges, operators have to pay prices at the highest level
to drill wells in deep- and ultradeep waters. The ma-
jority of the total well cost is the day rate paid to
the drilling contractors for the services of their top-
of-the-art drilling rigs and crews. The remainder is
costs for site survey, rig moves, tangibles, intangibles,
and miscellaneous items. While shallow water wells
may allow loggings and completions to be done offline
(e.g. by utilizing a much cheaper intervention and
completion unit (ICU) placed on a service vessel), for
deep and ultra-deepwater, all activities, from dry-hole
drilling, formation evaluation, to completion need to
be done with the drilling rig. Therefore, the total cost
can be up to 100 million dollars for a well. This great
cost depends heavily on the time to drill the well, and
especially the dayrate.

The time to drill a well depends on the rig move, the
total drilling depth and well complexities. Rig move
refers to the relocation of the drilling rig to the drill
site, which might require moving across the oceans.
With the latest generation rigs, the total drilling depth
can be more than 12 km (40,000 ft) long. Cou-
pled with complex well designs to overcomes various
drilling challenges, drilling operations could take a
few months to reach the well’s target depth. The fa-
mous and ill-fated Macondo well took BP more than

six months and two rigs to drill and complete, before
the blowout occurred and resulted in a massive dis-
aster to the well, the drilling rig Deepwater Horizon,
the drilling crew, and the natural environment of the
Gulf of Mexico !,

The day rate for drilling rigs capable of drilling ultra-
deepwater wells is the highest compared to other types
of drilling rigs. In the early 2010s when 7th gener-
ation rigs just came out, operators might have had
to pay a day rate at around 1 million US dollars a
day. The day rate plummeted during Covid-19 pan-
demic, as oil demand and oil prices dropped to record
levels, prompting companies to cut production, stop
drilling as deepwater and ultra-deepwater prospects

became uneconomic

. Figure 4 shows the average
day rates and total contracted utilizations of drillships
and semisubmersible that are capable of drilling ultra-
deepwater wells in the last three years'®. The average
day rate for an ultra-deepwater drillship fell below 200
thousand US dollars in late 2020 and early 2021 while
day rates for a semi-submersible were lower than 150
thousand US dollar. However, the day rates have
bounced back strongly since then, reaching close to
500 thousand US dollars a day in the latest reports °.
As day rate accounts for approximately half the total
cost to drill the well, similar wells can have very dif-
ferent cost, depending on the oil price forecast when
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Figure 4: Day rates of most complex drillships (right)

deepwater wells

an operator signs the drilling contract and how many
idle rigs are available at that time.

Deepwater well designs

The high well cost is one of the main contribu-
tors to the high break-even prices for deepwater and
ultra-deepwater projects. As a result, deepwater and
ultra-deepwater projects that are worth considering
must have significant reserves to justify development.
Then, the development strategy is that only a few
numbers of development wells in a deepwater and
ultra-deepwater field will be drilled to drain the re-
serves, in the shortest possible time. The number of
producers is significantly less compared to those in
onshore and/or shallow waters. Therefore, deepwater
and ultra deepwater wells must be designed that allow
high drawdown for high production rates '*. In Brazil,
Petrobras is currently producing 2.2 million barrels of
oil equivalent per day from 152 deepwater wells tar-

15

geting pre-salt reservoirs >, or an average of over 14
thousand BOEPD per well. Another strategy to save
drilling cost is that, when an exploration deepwater
well is found to be successful, operators would very
frequently employ the temporary abandonment prac-
tice so that the well can be re-completed and turned
into a producer once the production system is ready.
As a result, the well designs are quite similar between
exploration and development (production) wells.

The high production rate requirement leads to the de-
velopment and adoption of big bore well designs for
deepwater and ultra-deepwater wells. Designing the
well from the bottom up, the smallest hole section at
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and semi-submersible (left) capable of drilling ultra-

the bottom will need to accommodate a production
casing string or liner whose diameter is at least 24.45
cm (9 5/8 inches). Above that, a varying number of
intermediate casing or liner sections would then have
diameters between 11 % ” to 18, isolating and protect-
ing the well from problematic zones like salt, weak,
and/or overpressured formations. Finally, at the top,
two (sometimes three) sections of conductor and sur-
face casings are needed to serve as the well founda-
tion. The standard deepwater conductor casing there-
fore is 36 inches in diameter, while diameters of sur-
face casings vary from 20 to 28 inches >!%1°-18, These
diameters are 1.5 to 2 times bigger than typical con-
ductor and surfaces casings for onshore wells.

The standard, normal design for Gulf of Mexico deep-
water wells has 6-7 casing-liner sections while for
deeper wells, tight-clearance designs with 8-9 sections
might be required!”. For reservoirs that are only
1,000m (3,300ft) below mudline, a “slimhole” design
with 3 hole sections can be adopted '>'°. Figure 5!
shows different well designs for ultra-deepwater wells
in Brunei, South China Sea, highlighting the innova-
tions to simplify well structure to reduce the well cost.
To complete deepwater and ultra deepwater wells,
cased hole fracpack (CHFP) is the preferred method
as it can provide long-term protection to the bore-
holes, especially when the producing reservoirs are
weakly consolidated or unconsolidated?’. For more
competent reservoirs, open hole gravel pack (OHGP)
and open hole fracpack (OHFP) options are some-
times considered, as they allow higher rates and re-

t21

duce completion time and cost“*. However, when ei-
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Figure 5: Casing configuration for deepwater wells in Brunei '®

ther open hole completion method is chosen, the risk
of wellbore instability must be carefully evaluated.

VIETNAM DEEPWATER POTENTIAL
AND CHALLENGES

Vietnam deepwater basins and oil and gas
exploration status

In Vietnam, there are several sedimentary basins with
vast unexplored deepwater areas, namely Phu Khanh
basin, Tu Chinh-Vung May basin, Hoang Sa basin and
Truong Sa basin. The U.S. Energy Information Ad-
ministration, in 2019 estimated that Vietnam oil and
gas proved and probable reserves stand at about 3.0
billion barrels of oil and 20 trillion cubic feet of gas .
However, undiscovered resources in deepwater areas
can be much greater.

In these four deepwater basins, both well and seis-
mic data are sparse. Most recently, 14,500 line km
of multi-client 2D seismic, gravity and magnetic data
were acquired for Phu Khanh basin in 2008, which
helped enable exploration studies and very first deep-
water drilling activities in this basin >*. The first Viet-
nam true deepwater well TB-1X at over 1,600m wa-
ter depth, was drilled in 2015 in block 131 but it was
unsuccessful in finding commercial oil or gas accu-
mulations. The other well, TD-1X in block 130, was
drilled at over 1,000m water depth and was also a dry
hole. Thus, deepwater hydrocarbon potential assess-
ments still rely mainly on interpretations of available
seismic lines from which major sequences and struc-
tures have been identified.

In Phu Khanh basin, basin studies and recent well re-
sults in shallow water have confirmed its positive hy-
drocarbon potentials, with oil presence and existence
of both structural and non-structural traps >»*°. Shal-
low gas signatures from seismics data have also been
identified and interpreted as hydrate sources in the
deepwater areas - the eastern part of the basin %°.

Tu Chinh-Vung May basin has a large region where
water depth exceeds 1,000m, but only a handful of
2D seismic lines are available for the deepwater re-
gions?’. In Hoang Sa basin, many gas fields, includ-
ing several giant deepwater fields in over 1,500m wa-
ter depths were discovered and developed illegally by
China2%%, In Truong Sa basin, little exploration ac-
tivities were conducted due to tense maritime dispute
among countries in the region.

Vietnam deepwater challenges

Nowadays, advanced deepwater and ultra-deepwater
technologies and know-how are dominated by the
United States, Brazil, and Norway, while China is
catching up very quickly with massive investments
over the last ten to fifteen years. On the other hand,
at this point, Vietnam’s capability on its deepwater is
still very limited. There is a total lack of experience,
facilities, and understanding of deepwater and ultra-
deepwater technology. Seafloor topography, shallow
soil conditions, sea waves and currents patterns, hy-
drates accumulations, as well as and prediction of ex-
treme weather conditions like typhoons are things
that need to be studied further for deepwater areas.
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In order for Vietnam to reverse the situation, govern-
mental strategy, policy as well as financial supports
are clearly needed. Deepwater surveys and 2D and
3D seismic acquisitions will be needed in order to
have a better estimation understanding of the envi-
ronment and the subsurface of these basins. Facili-
ties such as geological survey vessels, supply vessels,
floating drilling rigs (semi-submersibles and/or drill-
ships), construction yards and bases for maintenance
and supply will need to be established. Finally, in-
ternational partnerships, collaborative academic and
industry research in deepwater technologies, from
exploration, drilling and completion, to flow assur-
ance, development strategies, from design to opera-
tions should be encouraged and pursued.

CONCLUSIONS

The definitions of deepwater and ultra-deepwater
have progressively evolved in the last fifty years, and
this segment’s contribution and importance to the
world oil and gas supply have been increasing at
an exponential rate. Modern floating drilling rigs
- semi-submersibles and drillships - are currently at
their 7th and 8th generations, and are capable of
drilling wells at locations up to 12,000ft in water
depth. To overcome its various challenges and ex-
pensive drilling costs, many of which are unique only
to deepwater and ultra-deepwater, a completely new
line of technologies for well structure (big bore sys-
tem), safety measures (15k-20k BOP), subsea equip-
ment and drilling-completion-production practices
have been developed and continuously refined.
Vietnam has four deepwater and ultra-deepwater
basins with large unexplored areas and high estimates
of undiscovered resources, although dry deepwater
wells were drilled in Phu Khanh basin. At the mo-
ment, Vietnam’s capability in deepwater oil and gas
segment is severely limited, and it would require a to-
tal collaborative effort from the government, the in-
dustry, the academia to reverse the situation.

ACKNOWLEDGEMENT

We acknowledge Ho Chi Minh University of Tech-
nology (HCMUT), VNU-HCM for supporting this
study.

CONFLICT OF INTEREST

The authors certify that this article is a research work
of the authors and has not been published elsewhere.
It did not copy previous research articles; There is no
conflict of interest for any individual, any agency or
organization.

AUTHORS’ CONTRIBUTION

The article ideas were contributed and supervised by
Trung Dung Tran. Le Nguyen Hai Nam provided
guidance and analyzed solutions suitable for Vietnam.
Nguyen Quoc Minh, Huynh Mai Tra and Luu Thi
My Duyen collected data, did analyses, and wrote the
manuscript.

All authors have read and approved the final
manuscript.

REFERENCES

1. Leffler WL, Sterling G, Pattarozzi R. Deepwater Petroleum Ex-
ploration & Production: A Nontechnical Guide. 2nd ed. New
York: PennWell Corp; 2011;.

2. Aird P.Deepwater Drilling. Elsevier; 2019;Available from: https:
//doi.org/10.1016/C2016-0-00499-0.

3. Great Ships '22: Deepwater Atlas, World’s First Eighth-
Gen  Ultra-Deepwater  Drillship  [Internet].  oedigi-
tal.com. Accessed 31 Aug 2023;Available from: hittps:
/Iwww.oedigital.com/news/501546- great- ships- 22- deepwater-
atlas-world- s- first- eighth- gen-ultra- deepwater- drillship.

4. Elon Musk’s SpaceX buys two Valaris rigs to build rocket
launchpads [Internet]. offshore-energy.biz. Accessed 31
Aug 2023,;Available from: https://www.offshore-energy.biz/
elon-musks- spacex- buys- two- valaris- rigs- to- build- rocket-
launchpads/.

5. Rennie A. Technical Advances in 7th Generation Ultra-
Deepwater Drillships [Internet]. aade.org. Accessed 30
Aug 2023;Available from: https://www.aade.org/application/
files/9815/7366/0321/AADE_DETG_10-17-2013_Andrew_
Rennie_-_Transocean.pdf.

6. McKay F, Rodger A. Global deepwater production to increase
60% [Internet]. woodmac.com. Accessed 31 Aug 2023;Avail-
able from: https://www.woodmac.com/news/opinion/global-
deepwater-production- to-increase-60/.

7. Cadwallader M. Eddy Lazarus & the Loop Current - Para-
lyzing the Gulf in 2014 [Internet]. aade.org. Accessed 30
Aug 2023;Available from: https://www.aade.org/application/
files/7915/7366/0330/DETG_Matt_Cadwallader_-_Horizon_
Marine_1-22-2015.pdf.

8. Rassenfoss S. Macondo Changed BOPs But There Is a Limit. J
Pet Technol. 2020;72(7):17-21;Available from: https://doi.org/
10.2118/0720-0017-JPT.

9. Akers TJ. Jetting of Structural Casing in Deepwater Environ-
ments: Job Design and Operational Practices. SPE Drill Com-
plet. 2008;23(1):29-40;Available from: https://doi.org/10.2118/
102378-PA.

10. CutrimFS, etal. Investigation of a Jetted Conductor Failureina
Pre-Salt Well and Lessons Learned [Internet]. Presented at the
Offshore Technology Conference; 2023;Available from: https:
//doi.org/10.4043/32596- MS.

11. Transocean Ltd. Macondo Well Incident Transocean Investiga-
tion Report [Internet]. USA: Transocean; 2011. 2023;Available
from: https://www.deepwater.com/documents/macondodocs/
00_transocean_vol_1.pdf.

12. Feder J. Offshore Enters Uncharted Waters. J Pet Technol.
2020;72(5):25-9;Available from: https://doi.org/10.2118/0520-
0025-JPT.

13. Petrodata Offshore Rig Day Rate Trends [Internet]. sp-
global.com. Accessed 15 Sep 2023;Available from:
https://www.spglobal.com/commodityinsights/en/ci/products/
oil- gas- drilling- rigs- offshore- day- rates.html.

14. Amoruso JD, et al. Julia Case History of the Stimulation and
Lower Completion to Meet the 10kpsi Drawdown Tertiary
Challenge [Internet]. Presented at the SPE Annual Technical
Conference and Exhibition; 2018;Available from: https://doi.
org/10.2118/191663- MS.

186


https://doi.org/10.1016/C2016-0-00499-0
https://doi.org/10.1016/C2016-0-00499-0
https://www.oedigital.com/news/501546-great-ships-22-deepwater-atlas-world-s-first-eighth-gen-ultra-deepwater-drillship
https://www.oedigital.com/news/501546-great-ships-22-deepwater-atlas-world-s-first-eighth-gen-ultra-deepwater-drillship
https://www.oedigital.com/news/501546-great-ships-22-deepwater-atlas-world-s-first-eighth-gen-ultra-deepwater-drillship
https://www.offshore-energy.biz/elon-musks-spacex-buys-two-valaris-rigs-to-build-rocket-launchpads/
https://www.offshore-energy.biz/elon-musks-spacex-buys-two-valaris-rigs-to-build-rocket-launchpads/
https://www.offshore-energy.biz/elon-musks-spacex-buys-two-valaris-rigs-to-build-rocket-launchpads/
https://www.aade.org/application/files/9815/7366/0321/AADE_DETG_10-17-2013_Andrew_Rennie_-_Transocean.pdf
https://www.aade.org/application/files/9815/7366/0321/AADE_DETG_10-17-2013_Andrew_Rennie_-_Transocean.pdf
https://www.aade.org/application/files/9815/7366/0321/AADE_DETG_10-17-2013_Andrew_Rennie_-_Transocean.pdf
https://www.woodmac.com/news/opinion/global-deepwater-production-to-increase-60/
https://www.woodmac.com/news/opinion/global-deepwater-production-to-increase-60/
https://www.aade.org/application/files/7915/7366/0330/DETG_Matt_Cadwallader_-_Horizon_Marine_1-22-2015.pdf
https://www.aade.org/application/files/7915/7366/0330/DETG_Matt_Cadwallader_-_Horizon_Marine_1-22-2015.pdf
https://www.aade.org/application/files/7915/7366/0330/DETG_Matt_Cadwallader_-_Horizon_Marine_1-22-2015.pdf
https://doi.org/10.2118/0720-0017-JPT
https://doi.org/10.2118/0720-0017-JPT
https://doi.org/10.2118/102378-PA
https://doi.org/10.2118/102378-PA
https://doi.org/10.4043/32596-MS
https://doi.org/10.4043/32596-MS
https://www.deepwater.com/documents/macondodocs/00_transocean_vol_1.pdf
https://www.deepwater.com/documents/macondodocs/00_transocean_vol_1.pdf
https://doi.org/10.2118/0520-0025-JPT
https://doi.org/10.2118/0520-0025-JPT
https://www.spglobal.com/commodityinsights/en/ci/products/oil-gas-drilling-rigs-offshore-day-rates.html
https://www.spglobal.com/commodityinsights/en/ci/products/oil-gas-drilling-rigs-offshore-day-rates.html
https://doi.org/10.2118/191663-MS
https://doi.org/10.2118/191663-MS

Science & Technology Development Journal - Engineering and Technology 2024, 6(S17):180-188

15.

20.

21.

22.

Pre-salt layer [Internet]. petrobras.com.br. 2023;Available
from: https://petrobras.com.bren/our-activities/performance-
areas/oil-and- gas- exploration-and- production/pre-salt/.

. Akers TJ. Improving Hole Quality and Casing-Running Perfor-

mance in Riserless Top Holes: Deepwater Angola. SPE Drill
Complet. 2009;24(4):484-97;Available from: https://doi.org/
10.2118/112630-PA.

. Deepwater Well Design and Construction - First edition. API

RP 96-2013; 2013;.

. Prasertamporn P. Enhanced Deepwater Conductor Jetting

Design for East Malaysia [Internet]. Presented at the Inter-
national Petroleum Technology Conference; 2016;Available
from: https://doi.org/10.2523/TPTC-18738-MS.

. Syazwan M, et al. Enhancement of Structural Conductor De-

sign and Execution of Jetting Operations for Ultra-Deepwater
Wells in Brunei [Internet]. Presented at the SPE Asia Pacific Oil
& Gas Conference and Exhibition; 2016;Available from: https:
//doi.org/10.2118/182427-MS.

King GE, Wildt PJ, O'Connell E. Sand Control Completion Re-
liability and Failure Rate Comparison With a Multi-Thousand
Well Database [Internet]. Presented at the SPE Annual Tech-
nical Conference and Exhibition; 2003;Available from: https:
//doi.org/10.2118/84262- MS.

Holicek B, Gadiyar B. Alternatives to Cased-Hole Comple-
tions in the Gulf of Mexico [Internet]. aade.org. 2023;Available
from: https://www.aade.org/application/files/4615/7366/0341/
DETG_1-26-2017_Robert_Holicek_-_Schlumberger.pdf.

The South China Sea [Internet]. eia.gov. Accessed 31 Aug
2023;Available from:
analysis/regions- of-interest/South_China_Sea.

https://www.eia.gov/international/

23.

24.

25.

26.

27.

28.

29.

Tad C, Jo M. Hydrocarbon Prospectivity of the Deep Water Phu
Khanh Basin [Poster]. Presented at AAPG Asia Pacific Region
Geosciences Technology Workshop “Tectonic Evolution and
Sedimentation of South China Sea Region”; 2015;.

Fyhn MBW, et al. Geological evolution, regional perspec-
tives and hydrocarbon potential of the northwest Phu Khanh
Basin, offshore Central Vietnam. Mar Pet Geol. 2009;26(1):1-
24;Available from: https://doi.org/10.1016/j.marpetgeo.2007.
07.014.

Huyen NT, Cuong TD, Hieu NT. Non-structural traps in the
post-rift succession of Phu Khanh Basin: Classification and
Depositional History. JMES. 2019;60(3). 2023;Available from:
http://jmes.humg.edu.vn/en/archives?article=1009.

Nguyen MH, Tran TN. Phu Khanh Sedimentary Basin and
Petroleum Potential. In: Nguyen H, editor. The Petroleum Ge-
ology and Resources of Vietnam. Hanoi, Vietnam: Science and
Technics Pub. House; 2009. p. 247-84;.

Cong LD, Tan MT, Tin NT, Thom VT. Characteristics of facies and
depositional environment of Tu Chinh - Vung May basin by
the results of seismic data analysis. Petrovietnam J. 2019;3:14-
21;Available from: http://pvj.com.vn/index.php/TCDK/article/
view/439.

Wang Z, Sun Z, Zhang Y, et al. Distribution and hydrocar-
bon accumulation mechanism of the giant deepwater Cen-
tral Canyon gas field in Qiongdongnan Basin, northern South
China Sea.J China Pet Explor.2016;21(4):54-64. 2023;Available
from: http://www.cped.cn/EN/Y2016/V21/14/54.

China’'s Deep Sea No. 1 gas field reaches 2 bcm milestone
[Internet]. globaltimes.cn. 2023;Available from: https://www.
globaltimes.cn/page/202206/1269017.shtml.

187


https://petrobras.com.bren/our-activities/performance-areas/oil-and-gas-exploration-and-production/pre-salt/
https://petrobras.com.bren/our-activities/performance-areas/oil-and-gas-exploration-and-production/pre-salt/
https://doi.org/10.2118/112630-PA
https://doi.org/10.2118/112630-PA
https://doi.org/10.2523/IPTC-18738-MS
https://doi.org/10.2118/182427-MS
https://doi.org/10.2118/182427-MS
https://doi.org/10.2118/84262-MS
https://doi.org/10.2118/84262-MS
https://www.aade.org/application/files/4615/7366/0341/DETG_1-26-2017_Robert_Holicek_-_Schlumberger.pdf
https://www.aade.org/application/files/4615/7366/0341/DETG_1-26-2017_Robert_Holicek_-_Schlumberger.pdf
https://www.eia.gov/international/analysis/regions-of-interest/South_China_Sea
https://www.eia.gov/international/analysis/regions-of-interest/South_China_Sea
https://doi.org/10.1016/j.marpetgeo.2007.07.014
https://doi.org/10.1016/j.marpetgeo.2007.07.014
http://jmes.humg.edu.vn/en/archives?article=1009
http://pvj.com.vn/index.php/TCDK/article/view/439
http://pvj.com.vn/index.php/TCDK/article/view/439
http://www.cped.cn/EN/Y2016/V21/I4/54
https://www.globaltimes.cn/page/202206/1269017.shtml
https://www.globaltimes.cn/page/202206/1269017.shtml

Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2024, 6(517):180-188

Open Access Full Text Article

Bai tong quan

Khoan nudc sau: nhitng khé khan thach thic, su phat trién cha
cdng tac thi cong khoan, thiét ké giéng va cac bai hoc cho Viét Nam

Nguyén Quéc Minh'-2, Luu Thi My Duyén’-23, Huynh Mai Tra'2, L& Nguyén Hai Nam'2, Tran Trung Diing"%

'Khoa Ky Thudt Dia Chdt Va Ddu Khi,
Dai hoc Bdch Khoa thanh phé Ho Chi
Minh (HCMUT), 268 diiong Ly Thuiong
Kiét, Quén 10, Thanh phé Ho Chi Minh,
Viét Nam.

’Pai Hoc Qudc Gia Thanh Phé Ho Chi
Minh, Phudng Linh Trung, Thanh Phé
Thi Diic, Viét Nam

*Viin phong dao tao quéc té, Dai Hoc
Bdch Khoa thanh phd H6 Chi Minh, 268
duong Ly Thuong Kiét, Qudn 10, Thanh
phé Hé Chi Minh, Viét Nam.

Lién hé

Tran Trung Diing, Khoa Ky Thuat Bia Chat
Va Dau Khi, Bai hoc Bach Khoa thanh phé HO
Chi Minh (HCMUT), 268 dudng Ly Thusng
Kiét, Quan 10, Thanh ph& HO Chi Minh, Viét
Nam.

Pai Hoc Qudc Gia Thanh Phd HO Chi Minh,
Phuong Linh Trung, Thanh Pho Tha Buc, Viét
Nam

Email: dungtt@hcmut.edu.vn
Lich st

® Ngay nhan: 02-10-2023

® Ngay chép nhéan: 11-6-2024
o Ngay dang: 31-12-2024

DOI :10.32508/stdjet.v6iS17.1261

M) Check for updates

TOM TAT

Bai viét nay cung cap cai nhin tdng quan vé nhiing thay déi trong dinh nghfa nudc sau va nudc siéu
sau, su phat trién ctia gian khoan, viéc thiét ké giéng, cong tac khoan va hoan thién giéng, cing
nhu céc thiét bi dé vuot qua hang loat khé khan thach thic dac thu va chi phi khoan cao. Viéc
khoan va phat trién dau khi & viing nudc sau va nudc siéu sau da ton tai hon 60 ndm va ngay cang
trd nén quan trong doi véi nganh dau khi toan cau. Véi mai tién b trong cong nghé, ching ta cé
thé kham phé va khai thac hydrocacbon & xa hon, & do sau nudc sau hon, va do dé dinh nghia vé
nudc sau va nudc siéu sau da dugc viét lai nhiéu lan. Phan khic nay ctia nganh dau khi da cé muc
tang trudng va s6 luong ddi mai cao nhat nh nhiéu phat hién dau khi khéng 16 & ving nudce sau
va phét trién ching thanh cac mé khai thac & Vinh Mexico, Brazil, Bién Bic, Tay Phi va nhiéu noi
khac trén khap thé gisi. Viéc ngay cang nhiéu giéng dudc khoan & d6 sau ngay cang tang khién
céc thach thiic khoan, bao gobm ca cdc mdi nguy hiém tu nhién va van hanh déu tang theo cép s8
nhan, dan dén cac yéu cau ky thuat ngay cang nghiém ngét hon dé van hanh an toan. Nhimg diéu
nay dang dudc dap ung bdi su phat trién nhanh chéng va phic tap clia hé théng chdéng phun trao
BOP va tau khoan qua nhiéu thé hé, t6i uu hoa thiét ké giéng khoan nudc sau véi than giéng Ién
cling nhu cac Ung dung khoan va hoan thién, diéu hudng hang hai, céng nghé va quy trinh van
hanh cac thiét bi diéu khién tirxa ROV, cling nhu viéc chia sé céc bai hoc kinh nghiém. Diéu nay thé
hién su quan tam khéng ngling clia nganh dau khi cho phép khai thac tai nguyén tir méi truong
nUGC sau va siéu sau , dac biét khi phai déi mat vdi rui ro cao va chi phi dau tu cao cho cac du an
NUAGC sau va siéu sau, trong do cé thé ké dén chi phi khoan rét cao. Trong phan thit hai, bai viét xem
xét tiém nang hydrocarbon nudc sau va nudc siéu sau clia Viét Nam, hién trang va nhiing thach
thuic, déng thai dé xuét cac budc can thiét dé co thé giup Viét Nam khai thac nguén tai nguyén
hydrocachon khéng 16 chua dugc kham phé nay.

Tu khoa: Khoan nudc sau, su tién bo trong thi cong khoan va thiét ké giéng, khoan nudc sau &
Viét Nam, thuc trang khoan nudc sau & Viét Nam, thach thiic cho Viét Nam, bai hoc cho Viét Nam
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