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Screening Criteria For
Underbalanced Drilling

Properly designed and executed underbalanced drilling operations can eliminate

or significantly reduce formation damage, mud or drill solids invasion, lost circulation,
o - .

fluid entrainment and trapping effects, and potential adverse reactions of drilling fluids

with the reservoir matrix or in-situ reservoir fluids. The key to selecting appropriate

reservoir candidates is achieving a balance of technical, safety and economic factors.

nderbalanced drilling is
increasingly used worldwide
to reduce near wellbore for-
mation damage problems in
oil and gas producing formations. It is
not necessarily a panacea for all for-
mation damage problems. In fact, if
an underbalanced drilling operation is
poorly designed and executed, there
may be potential for greater damage
than if a properly implemented over-
balanced operation had been used.

If implemented properly, underbal-
anced drilling can increase oil and gas
well profitability by reducing invasive
formation damage to maximize pro-
duction rates and by increasing ROP
to reduce drilling time and costs. It
can also eliminate various technical
problems associated with overbal-
anced drilling operations such as dif-
ferential sticking and lost circulation.

There have been many cases in
which underbalanced drilling has been
particularly successful in providing
added value to operators, and the
resulting publicity has contributed to
the technology’s rapidly increasing
popularity. Unfortunately, there have
also been many instances where
underbalanced drilling operations
have been less successful, not due to a

U

deficiency in the basic technology, but
to the faulty execution or inappropri-
ate application of the underbalanced
drilling technology.

Not every reservoir is an ideal can-
didate for an underbalanced drilling
operation and in some cases distinct
disadvantages may exist in trying to
execute an underbalanced drilling
operation in comparison to a simpler
more conventional overbalanced
application. Extensive field experience
has played an important role in deter-
mining the following key criteria and
design considerations that should be
examined when evaluating a well,
Screening criteria are also provided to
help operators ascertain if a given for-
mation is, in fact, a viable underbal-
anced drilling candidate.

What Is Underbalanced Drilling?

Underbalanced drilling happens any
time the effective circulating downhole
pressure of a drilling Buid—which is
equal to the hydrostatic pressure of
the fluid column, plus pump pressure,
plus the associated frictional pressure
drop due to circulation—is greater
than the effective pore pressure in the
formation adjacent to the well bore.
Most normally pressured formations

are in an overbalanced state when.
conventional water-based fluids are
used in typical oilfield operations. If
lower density oil-based drilling Huids
are used or high natural formation
pressures are present, an underbal-
anced condition may be generated:
This condition, sometimes called “flow
drilling,” has been used successfully in
Texas for years in the Austin Chalk.
This article focuses on the condition
where the formation pressure is low
enough that an effective underbalance
pressure cannot be achieved downhole
without using a- non-condensable gas
to lower the effective fluid density of
the circulating drilling fluid. This type
of generation of underbalanced condi-
tions is often referred to as “artificial”
underbalanced drilling.

Caveats To Underbalanced Drilling
The major advantages of underbal-
anced drilling, such as increased ROP
and decreased formation damage, are
well known.'” Avoiding lost circulation
and sticking problems by using a less
costly mud system can be a powerful
incentive to try underbalanced drilling.
Enabling oil production and fow test-
ing during drilling operations—and
avoiding the need for expensive com-
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GRAVITY INDUCED INVASION IN
UNDERBALANCED DRILLING OPERATIONS
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Fig. 1. Fluid invasion of macrofractures can happen even in underbalanced drilling due to

the force of gravity.

pletion and stimulation operations—

are excellent financial reasons for

underbalanced drilling.

However, there are potential disad-
vantages to the underbalanced
drilling process, particularly if it is
poorly designed and executed.**"*
These include:

u Wellbore stability and- consolidation
concerns.

& Safety and well control concerns in
high pressure or sour environments.

# Increased costs for drilling.

u Inability to use conventional MWD
technology for through-string injec-
tion techniques.

A Spontaneous countercurrent imbibi-
tion effects.

w Gravity drainage effects in high per-
meability zones, even under constant
underbalanced fiow conditions.

u Condensate dropout or gas libera-
tion effects. -

a Near wellbore mechanical damage
such as glazing or mashing.

@ Increased propensity for corrosion
problems if air or oxygen-contain-
ing gas is used to generate the

A

underbalanced condition.
m Discontinuous underbalanced condi-
tioning.

Continuity Is Crucial

Failure to maintain a continuously

underbalanced condition can result

in periodic overbalanced pressure

pulses, or spikes, that can cause sig-

nificant invasive damage. These

spikes can be due to:

a Pipe connections.

® Bit trips.

a Conventional MWD signal trans-
missions.

m Localized depletion effects.

@ Frictional Aow effects.

= Hydrostatic column effects.

s Multiple zones of different pressures,

@ Variable pressure in a common
zone.

= Poor knowledge of original reservoir

pressure.

m Operational or supply problems.
Eliminating or minimizing these

conditions can keep pressure spikes

from ruining an otherwise viable
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Underbalanced drilling can yield
significant increases in production if
conventional overbalanced approach-
es have experienced formation dam-
age or if problems such as differential
sticking have occum;d However, it
will not improve production from

reservoirs that sxmply have

marginal
‘Jow permeability. The two main crite-

ria in deciding whether or not to

implement underbalanced drilling

technology in a given reservoir situa-
tion are:

# Determining if underbalanced drill-
ing offers a significant technical or
economic advantage compared to
traditional overbalanced drilling
methods, and

# Determining if there is an expecwd
increase in value that justifies any

Appropriate Candidates For
Underbalanced Drilling

Reservoirs With Lost Circulation or
Fluid Invasion Potential. These
would include zones with intercrys-
talline permeability of more than
1,000 md; large, macroscopic open
fractures; heterogeneous carbonates
with massive interconnected vugular
porosity; or pressure depleted zones
that would result in overbalance pres-
sures greater than 1,000 psi. The worst
case scenario for overbalanced: drilling
would be a combination of one of

‘these high permeability features with

significant pressure depletion.

These reservoir candidates are
prime applications for underbalanced
drilling due to the difficulty of design-
ing effective overbalanced fluid sys-
temns. Particularly in the case of frac-
tured or heterogenous carbonate
reservoirs, it is difficult to generate
uniform, stable filter cakes to prevent
invasion by mud filtrate and solids,
and still allow unrestricted flow from
the formation after cleanup. When fil-
ter cakes do form in such situations,
they often cause problems with differ-
ential sticking, which can lead to the
catastrophic situation of stuck pipe.

Keep in mind that some Auid losses
may occur in horizontal wells with
macroscopic permeability features due
to gravity-induced drainage (Fig. 1).*
Formations With Rock-Fluid Sensi-
tivity. Considerable formation damage
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ILLUSTRATION OF EFFECT OF RELATIVE
PERMEABILITY. CURVE CONFIGURATION OMN SEVERITY. OF
AQUECUS OR HYDROCARBON PHASE TRAPPING
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can be caused by the adverse reaction
of incompatible water-based filtrates
with in-situ clays or other reactive
materials. Many formations contain
hydratable clays such- as smectite or
mixed-layer reactive clays. These clays
will-expand on contact with non-inhib-
ited:water-based fluids and can signifi-
cantly affect productivity and, in some
cases, near-wellbore consolidation.
Some formations may also contain
deflocculatible clays and fines, or
migratable materials, such as kaolinite
clay, detrital rocks ents, pyrobi-
tumen and anhydrite. Many of these
problems can be addressed through
cither underbalanced drilling or the
appropriate use of overbalanced tech-
nology with oil-based or inhibited
water-based fluids.

Formations With. Fluid-Fluid Sensi-
tivity. Underbalanced drilling can pre-
vent the invasion of incompatible
drilling fluid fltrate into the forma-
tion, which can mitigate adverse reac-
tions of these invading fluids with the
formation brine or oil. One such reac-
tion is the formation of highly viscous
oil-in-water emulsions which may
become trapped in the near wellbore
region. Other reactions include reduc-
tion in permeability due to deasphalt-
ing of reservoir crude by invading oil-
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‘based fluids, scale formation and
solids precipitation by mixing incom-
patible water-based mud filtrate with
in-situ formation brine. -
Appropriate geochemical testmg
and compatibility testing can elimi-
nate this problem. for most conven-
tional overbalanced operations.
However, in extreme situations,
underbalanced drilling may be used
to avoid-introdiicing potentially reac-
tive mateérial into the formation in the
first place.
Formations With Potential For
Spontaneous Imbibition. The mech-
anism of aqueous and hydrocarbon
phase trapping has been discussed in
detail in-the literature.""** Permanent
entrapment of water or hydrocarbons
in the near wellbore region can result
in reduced formation productivity due
to adverse relative permenbility effects
(Fig. 2). If the wrong base fluid is used,
underbalanced drilling may aggravate
this problem due to spontaneous
countercurrent imbibition effects.
However, appropriately designed
underbalanced drilling technology can
be an efficient means of mitigating
potential problems with fluid retention
and trapping effects. Using a non-wet-
ting fluid as the base fluid for an
underbalanced drilling operation can

Hart’s Petroleum Engineer International

prevent spontaneous 1mb1bmon and
reduce phase trapping potential as
long as underbalanced conditions are
maintained. This would prevent direct
displacement and entrapment of the
base drilling fluid into the formation.

Formations of Highly Variable
Quality. Highly laminated formations
or massive sandstone or carbonate for-
mations that exhibit wide variations in
reservoir permeabnhty poroslty or

pore throat size distribution represent

‘major challenges to designing effective
overbalanced systems. In these scenar-
ios, overbalanced systems are usually

vd‘mgned to protect the better quahty

portions of the matrix, from-which:tle
majority. of productxon is expected to
occur. This can result in s1gmﬁcant
damage to other portions of potemJal‘
ly productive formation. The use of
underbalanced drilling technology i in
some of these situations can. result in
more uniform productlon from- the
target interval. :

Formations With Low ROP. For
some hard: rock formanons, rates of
penetration (ROP) up to 10: times
higher can be obtained with. underbal-
anced' drilling compared to overbal-!
anced drilling, thereby reducmg
drilling times and associated: costs. If
a limited numberofcass theprimary

‘motivation. for underbalanced: drilling

has been for ROP purposes rather
than formation damage avoidance.

Contraindications For ’
Underbalanced Dirilling
Combination Of High Pressure And
High Permeability. Although deep,
high-pressure, high-permeability
zones represent one of the best poten-
tial applications for underbalanced
drilling from a formation damage per-
spective, safety and well control issucs
at the surface may arise. Downhole
pressures above 4,300 psi, particularly
in gas reservoirs, are more suited to
conventional rotary drilling equipment
and rotating diverter heads. The use of
coiled tubing drilling in such situa-
tions may be preferable, as surface
pressure ratings are much higher.
Conversely, if high surface injection
pressures are required, a large volume
of pressurized fluid at the surface in
the uninjected CT string may also pre-
sent a safety hazard.
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TYPICAL BOTTOMHOLE PRESSURE SURVEY
DURING AN UNDERBALANCED DRILLING OPERATION
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Fig. 3. Bottomhole pressure spikes that occur when breaking for connections can be
reduced by circulating nitrogen prior to connections. This will help maintain a continuous

underbalance condition.

Non-continuous Underbalance
Conditions. This is the greatest indi-
cation that an underbalanced drilling
operation may not be suitable. Many
of the formation damage mitigation
aspects of underbalanced drilling
would be lost and the operator may
actually cause greater damage if
underbalanced conditions are not
maintained continuously during both
drilling and completion operations.
There is little advantage to drilling in
an underbalanced mode and then
completing the well in an overbal-
anced mode, unless increased ROP is
the only motivation for underbal-
anced drilling. It should be empha-
sized that real-time downhole pres-
sure measurements are essential to
ensure the success of any underbal-
anced drilling operation. The use of
EMT technology for conventional
jointed pipe drilling has improved
the ability to monitor downhole pres-
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sures in these operations. This
approach is preferable to convention-
al MWD operations that periodically
pulse the formation with an overbal-
anced pressure condition, or costly
parasite or concentric string
approaches. The reliability of EMT
technology still limits its use in for-
mations greater than 8,200 ft (2,500
m), but current improvements like
mid-string repeater stations promise
to extend the technology to deeper
applications.

Coiled tubing drilling represents
what many feel is the future in under-
balanced drilling due to its ability to
maintain more continuously under-
balanced conditions. Additionally,
using an internal wireline approach
for MWD will be less problematic.
However, current coiled tubing tech-
nology is limited with respect to depth
and extended reach applications.

If conventional jointed pipe is
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used, pressure pulses during connec-
tions can be minimized by using dou-
ble pipe stands, rapid connections and
appropriate circulation practices prior
to breaking for connections to main-
tain more uniform underbalanced
conditions (Fig. 3). Top drive rigs offer
the advantage of drilling with triple
pipe stands, which further reduces the
number of connections required.
Underbalanced drilling should be
avoided in reservoirs where any type
of hydrostatic kill on the formation
would be required for specialized
completions, bit trips, etc.
Reservoir Pressure Constraints.
As a general rule, reservoirs having
multiple zones of different pres-
sures—or significant areal pressurc
variations in a- given target zone—
are undesirable candidates for
underbalanced drilling.
Normal Formations. Most forma-
tions would benefit from a perfectly
designed and executed underbalanced
drilling operation, but underbalanced
drilling operations can be more
expensive than conventional overbal-
anced drilling, and by their nature
may have certain risks and:problems.
For normal formations, such as
homogeneous intercrystalline forma-
tions with permeability less than 500
md, and formations with low rock-
fluid and-Auid-Auid sensitivity, a.prop-
erly designed overbalanced operation
may yield comparable or superior
results to a more expensive and risky
underbalanced operation.

Screening Process '

Proper reservoir screening is essential
for vertical or horizontal underbal-
anced drilling. Using the following sys-
tems approach, operators can gather
enough information to initiate the
design work for a viable underbal-
anced drilling process. The recom-
mended “12 Steps” for the evaluation
process include:

Step 1. Gather complete information
(see sidebar) from pre-existing data
sources or acquire data directly, if
necessary. )

Step 2. Have drilling, reservoir engi-
neering, geology and underbalanced
drilling experts prescreen the prelimi-
nary data to determine whether the
well meets the base criteria for opti-
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DATA NMEEDED PRIOR TO SCREENING PRDCESS

| Reservoir Properties
® Current downhale pressure

m Pressure variations within a common
reservoir zone

m Presence of multiple producing
zones and prossurss ineach zone.

B Location

CoOntacts,

of ail, water and gas

cation of
sealing/nen-sealing faults.

m Presence and lo

Rock Properties
m Location and classification of
differant litholegical flow u
m Vertical and haonzontal in-
| permeability
m Forosit

nits,

st

® Pore size and pore throat
distribution of major rock types.

m Presence of macroscopic
permeahility features like fractures,
VLIS, atc

® Continuity of reserveir strata and
MACrOsCOpic permie: .'; i'iL-_xr features.

u Matr nposition, including grains

¥, B

8 Geome

3| strength-and

properties of targ

m Initial saturation char: -rn:-r':.r. -5 of
el

= Capiliary characteristics

B \Wettability characteristics,

et Tormation.

the target zone (S

m Relative permeability characteristics
Pwater, oi-and Jas).
m Glazing potential

Reserveoir Fluid Properties

® Compasition of ail, gas and water

m Asphiltene and paraffin content of
ail

® Cloud and pour point of oil

e oot of

‘f.! .‘|I.-."|'.!-.I-:-.-' 3t downhole

m Bubble point pressure and PVT

propert ies af ol

mal underbalanced drilling implemen-
tation described above.

Step 3. Review all gathered informa-
tion. This is best done by a cross-
functional team consisting of drilling
engineers, reservoir engineers, geolo-
gists, geophysicists, petrophysicists,
production engineers, underbalanced
drilling experts, consultants, laborato-
ry and analytical staff, regulatory and
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® Dewpoint pressure and CVD [
properties of rich gases

In-Situ Fluid/Drilling Fluid

Compatibility

m Emulsion potential

& Hydrate potential

m Scale potantial

m Potential for precipitation formation
or-asphaltene depaosition

® Gas entrainment and
disengagement characteristics

& Explosion potential,

m Corrosion potential

m Dagradation of base fluid resulting
from dilution by produced formation
fluids

Rock/Drilling Fluid Compatibility |

= Potential adverse reaction with clays.

m Reaction with overlying ar
interbadded hydratable shales. |

tion disselution

® Countercurrent imbibition potential. |

m Reactivity with cuthings and cuttings
transport potential

& Forma

Choice of Base Fluid

m Produced water.

ash water.
u [nhibited brine.
m Inhibited brine with sofids control, |

ruche
m Refined crudes.

m Produced o
m Foams |

Choice of Density |
Reducing Agents
u Nitrogen,
m Matural Gas. |
Oxygen content reduced air.
m Air.
m Flue Gas.
u Low density suspended solids, such
a5 glnhﬁ :':.I'.Z"}"HE'HJII:'.F\..
m Low density liquids
safety experts and representatives
from the drilling and service compa-
nies that will be involved in the oper-
ation. Begin the initial planning to
drill the well.
Step 4. Assimilate and review the best
possible services and techniques to
drill and complete the reservoir in a
proper underbalanced fashion.
Step 5. Select key personnel and
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equipment:to execute the underbal-
anced drilling operation.
Step 6. Conduct a prespud meetmg
Step 7. Procure, transport, set up*
and test the equipment.
Step 8. Commence the underbal-
anced drilling operation: Acquire
the maximum amount of useful data
during operations.
Step 9. Continually review real-time
data abtained during underbalanced
drilling and make adjustmen
based on the dats sure thal the
5 drilled according to the origi
nal design, with contmgencws for
unexpected events.
Step 10. Complete the well in un-
derbalanced mode.
Step 11. Carry out a post-completion
review by the cross functional team.
Step 12. Begin production and
repeat the Step 11 review process.
Underbalanced drilling is a com-
plex process which should not be
designed or implemented-on a gut feel
basis, or because it appears to be the
trendy approach to a-difficult problem.

1 Lo er

well i

"When properly designed and executed,

underbalanced drilling provides a
whole new approach to complex reser-
voir management problems and may
Facilitate the economic completion
and exploitation of reserves unobtain-
able by any other type of currently
available technology. Detailed' study
and design of the underbalanced
drilling process by a multifaceted
reservoir team is required, along with
acquisition of the necessary data to
ensure that the operation is viable for
the reservoir under consideration.
Failure to carefully plan and design
may result in significant losses of capi-
tal and production potential. @
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