
Properly designed and executed underbalanced drilling operations can eliminate

or significantly reduce fonnation damage, moo or drill solids invasion, lost circulation,
.

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

with the reservoir matrix or in-situ reservoir fluids. me key to selecting appropriate
'\

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

. nderbalanced drilling is increasingly used worldwide

to ~uce near wellbore for-

mation damage problems in

oil and gas producing fonnations. It is

not necessarily a panacea for all for-

mation damage problems. In fact, if

an undeJi)a)anced drilling operation is

poorly designed and executed, there

may be potential for greater damage

than if a properly implemented over-

1:MIIancedoperation had been used.

If implemented properly, underba.l-

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 I~t 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 SI_~, not due to a

are in an overbalanced state when
conventional water-based fluids are
used in typical oilfield o~tions. If
lower density oil-based drilling Buids
are used or high natUral fonnation
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 eff-ective Buid density of
the circuJating drilling Buid. This type
of generation of underbalanced condi-
tions is often refen'ed to as "artificial-
underbalanced drilling.

deficiency in the basic technology, but
to the faully execution or inappropri-
ate application of the underbalanced
drilling re<:hnology.

Not every re5er\IOir is an ideal can-
didate for an underbalanced drilling
opel'3tion and in some cases distinct
disadvantages may exist in noying to
execute an undet'balanced drilling
~tion in comI:.rison to a simpler
more conventional overbalanced
application. Extensi~ field experi~
has played an important role in deter-
mining the foUowing 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.

Caveats To Underbal81Ced Dr8ng
The major advantages of underbal-
anced drilling, such as increased ROP
and decreased formation damage. are
well known.'" Avoiding ~ circulation
and sticking problems by using a less
~y mud system can be a powerful
incentive to by underOOJanced drilling.
Enabling oil production and Bow test-
ing during drilling operations-and
avoiding the need for expensive com-

What Is Unde~ Dr8ng?
Underbalanced drilling happens any
time the e~ve circulating downhole
pl'eSSure of a drilling fluid-which is
equal to the hydrostatic pressure of
the Buid column. plus pump pressure,
plus the associated rrictional pressure
dl"Op due to circulation-is greater
than the ~tive pore pressure in the
fonnation adjacent to the well bore.
Most normally pressured formations
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Underbalanced drilling can yield
s~cant increases in ptOOuction if
conventional overbalaIx:ed approach-
es have experienced formation dam-
age 01" if problems such as ~tiaI
Sticking have gccu1Ted: However, it
will not improve pI-c:;duction from
marginall'eselVOirs that sirriply have
10 --"ill. The tWO ~ crite-w }"" ..~ ty;. .
ria in deciding whether ~r not to
implement underbalanced drilling
technology in a given reservoir situa-
tion are:
.Detennini ng if UIKIerbalanced drill-

ing offers a signifi~t technical or
economic advan~e <;()m~d to
traditional overb~anced l;Jrilling
methods.~d

. DeteI11lini~ if there is ~ ~Ctl..-d
increase in value that jUstifies any
associatedriSk.

Appropriate Candidates For
Underbalanced Dri1ling
Resenoirs With I.ost ~tion (H"
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 W()Uld result in overmlance pres-
sures greater than 1,000 psi, 'I1he worst
~ scenario fur 0\Ierb81anced 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 overbalan~' Buid sys-
tems. Particularly in the ~ of frac-
tured or heterogenc;>us carbonate
reservoirs, it is difficult to generate
unifom1, stable filter cakes to prevent
invasion by mud fil~te and solids,
and still allow unrestricted Bow from
~ foImation after C~B-Up. 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 Buid losses
may occur in horizontal wells with
rnacr1:s:Opic ~bility features due
to gravity-induced drainage (Fig. 1),'
Fo~!i~ With Rock-Fluid Senal-
drity. Considerable fonnation damage

Fig. 1. FluId nv..Ion of m6w -vt;- --u..s ~ happen - .. ~ d~ due to
the~ofgravlty.

underbalanced condition.
. Discontinuous underbalancedcondi-

tioning.

Con~ Is CnId8I
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:. Pipe connections.
. Bit trips.
. Conventional MWD signal trans-

missions.
. Localized depletion effects.
. Frictional Bow effects.
. Hydrostatic column effects.
. Multiple zones of different pressures.
. Variable pressure in a common

zone.
. Poor knowledge of original ~ir

pressure.
. Operational or supply problems.

Eliminating or minimizing these
conditions can keep pressure spikes
from ruining an otherwise viable
~aIX:ed drilling project.

pletion and stimulation operations-
are excellent financial reasons for
underbalalx:ed drilling.

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

cxmcems.
. Safety and well control concerns in

high pressure or sour environments.. Ina'eased costs for drilling.
. Inability to use conventional MWD

~ology for through-string injec-
tion techniques.

. Spontaneous coun~t imbibi-
tion effects.

. Gravity drainage effects in high per-
meability zones, ewn under constant
underbalanced Bow conditions.

. Condensate dropout or gas libera-
tion ~.

. 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
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FIg. 2. Pha.. trapping can range from slight to .evere depending on the relative
permeabllty curves.

, .
prevent spontaneo~ imbibition 8\ld
reduce phase trapping potential as
lopg as ~~ancedconditions ~
maintained. This ~d revent direct p
displ~~ent and en~pment of the. .
~~ fltrlq: in~!J1e fotfua9co~
Form~tioD. ~f ~.hly Va~.~le
~ty. Highly ~ted foFItlations
or massive sandstone or Carbonate for-
mations that exhibit Wide variations in
reservou permeability. p6~osity or
~ thr()a.t size 4ist1ibUtion~~t
.. .. cl1a11 to desi 1 ~ effecii
~Jor eDges &,~&g ye
OvCrbalanced $y8teIn$, In theSe ~-
ips, o~¥~c~ SY$~ms ~ ~y
~ed...to prqtect dle be~ q~ty
P9~ons of the matrix, from .which ~tlle
~jority ~f pioductio~ is ~~\.t9
ocCUr. This CcaD resiiIt iq Si8ni~~t

d~ t9.other PO~~ns ofpotenti~1.
ly p~uctive fom1ation. 'l1he Qse of
underoaIanced ~ technolOgy 'in
some of these Si~ti'c;i1s Can.'~Ult in
more un~form prOdhctionfrom the
~t intelVal.
Formations With Low Rep. For
s~me hard:rockforrf{atioJ{; ~tes of,
penetration (Rap} up to 1iO: tim~s

~ can be ob~ with.~-
anced' drilling compared to ov~~l-:
anced drilling, ther:eby r~ducing
~titnes and ~a~;c~.Jrl
a liniited;num~ of~ the p~
moti~oq;fur ~~~ceCi '~g
has beep fOr ROP pupposes ~tneI'than formation daroage avoidance. .

based fl~i4s, sc:ale for:niatio~ an4
solids precipitation by mixing incom-
patible wa~ m~ filtrate wittl
in-situ fonnationbrine: "' ;

r ~

Appropriate geochemical ~~
and compatibWtY testing can eliJP;i-
nate this prob.em fQr: most conven-
tional oveI1balanced operations.-".
However, in ~xtl'eme situatiops,
unde~ced ~ ~y be ~
to avoid. intrQdqcing potentially reac-
tive material into the formation in the
first place.
Formations With Potential For
Spoa~ ImIXbltbL The mcech-
anism of aqueous and hydrocarbon
phase trapping has been discussed in
detail in the ijterature.II.'J ~ermanent
entrapment of water or hydJ'ocarbons
in the near ~ region can result
in reduced fonnation produCtivity due
to adverse relative permeability effects
(FIg. 2). If the ~Qg base 8uid is used,
unden.Janced 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 8uid retention
and trapping effects. Using a non-wet-
ting fluid as the base fluid for an
underba1anced drilling operation can

Contraindications For .
Underbalanced Drilling
Combination Of High Pressure ~
lligh Permeability. Although deep,
high-pressure, high-perm~abilitY
zones represent one of the best po~n-
tial applications for underbalanced
drilling from a fonnation damage per-
spective. safety and well contrortsSUcs
at the sUrlace may arise. Downhole
pressures above 4,300 psi. particularly
in gas 1"eseIVOirs. are more suited to
conventional, rotary drilling equipment
and rotating diverter heads. The use of
coiled tubing drllling in such situa-
tions may be preferable, as surface
pressure ratings are much higher.
Conversely, if high surface injection
pressures are ~ a large volume
of pressurized fluid at the swface in
the uninjected cr string may also pre-
~t a safety hazard

can be caused by the adverse reaction
of inc'ompatible watel'-based filtrates
with in-situ clays or other reactive
mateclal~. Many fo~ations con~n
hydioatable clays such as smectite or
mixed-la~ reactive cla'ys' 'l1hese ~ys
will'~ on ' contact with non-inhib-
ited~ Water~f 8uids and can~-
candy affect productivity and; in some
cases, neal'"wellbore consolidation.
Some formations may also contain
deflocculatible clays and fines. or
~table materials, such as kaolinite
clay, denital rocks ~ents, pyrobi-
turnen !1nd anhydrite. Many of these
problems can be addressed through
either underbalanced drilling or the
app~te use of 0Yerbalanced tech-
nology with oil-based or inhibited
water-based 8uids.
F~~tio~ With FIuid.Fhdd SeDai.
~ Und erl.1anced drilling can ~
vent the invasion of incompatible
drilling 8uid filtrate into the forma-
tion, which can mitigate adverse reac-
tions of these invading 8uids with the
fonnation 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 penneability due to deasphalt-
ing of reservoir crude by invading oil-
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used, p~ pulses ,d~ connec-
tionS Can re mwmized by using dou-
ble pip'e stands, rapid connections and
appropriate circuJation practices prior
to breaking for connections to main-
tain "more uniform undel'balanced.
conditions (Fig. 3). Top dri~ rlgsoffer
the advan~e of drilling with niple
pipe stands, which further ~uces the
number of conn~tions required;

Underbalanced drilling should be
avojded in reservoirs where any type
of hydrostatic kill on the fonnation
wo~ld be required for specialized
completions, bit trips, etc.
Reservoir Preuure Conatraints.
Asa general ~Ie,reservoirs having
multiple zones of different pre~-
sures-Or significant areal pressurc:
variations in a given targe"t zone-
are undesirable candidates for
underbalanced drilling.
Normal Formations" MoSt fonna-
tions would benefit from a perfectly
designed, and executed underbalancoo
drilling ope!:'ation, but underbalanced
drilling operations can be morc
expensive than conventional overbal-
anced drilling. and by their natul"e
may have certain risks and Pl'Oblems.
For normal formations, such as
homogeneous intercrystalline fonna-
tions with penneability l~ than 500
md. and fonnations with low rock-
fluid andOuid-Ouid sensitivity. a,prop-
erly designed overbalanced operation
may yield comparable or superior
results to a more ~ive and risky
underbaJanced operatioti.

Fig. 3. Bo~ L" ~ spices that OCOIr when bt-eaking for connections ~ be
reduced by cIn:uIatIng nitrogen prior to ,;u tions. This wil help maintain a contklUOtaund.b8I8Iceconcition. .

Non-continuous Underbalance
Conditions. This is the greatest indi-
cation that an underbalance<l drilling
operation may not be suitable. Many
of the funnation damage mitigation
aspects of underbalancecl 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.
~ 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 underl.l-
anced drilling operation. The use of
EMT technology for conventional
jointed pipe drilling has improved
the ability to monitor downhole pres-

Scr8erlklg Proceu i

Proper l"CsetVOir screening is essential
for vertical or horizon,tal 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-exisLing data
sou~es or acquire data directly, if
necessary.
Step 2. Ha~ drillini reservoir engi-
neering, geology and underbalanced
drilling experts p~n the prelimi-
nary data to determine whether the
well meets the base criteria for opti-

sures in these operations. This
appl'OOch ~ 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-
oolanced 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 reoch applications.

If conventional jointed pipe is
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equipment~to ex~te the underbal-
anced drllli~ operation.
Step 6. Conduct a prespud mc:e~.
Step 7. Frocure. transport, set up.
and test the eqUipmenL
Step ~,<;om~en.c~ ~he underbal-
anceddnilling operation, Acquix1e
the maximum ~ount of useful data
during operations.

drilling and m~ke
based on the data

nal design, with contingencies forunexpected even~.! :

Step 1:0. Complete the well in un-
derbalanced mode.
Step 11. CalTY out a ~t-completion
review by the cross £unctiorial~m.
Step 12. Begin produc,tion and
repeat the Step 11 review process.

t!1nderbalanced dri~ng i~ a com-
plex process which should not be
~ or implernented'on a gut ~l
basis, or ~use it ~~ to: ~ the
trendy approach to adiffiailt prOblem.

. When properly designed and executed.

underb~lanced drilling provides a
whole ~ approach to com~ ~-
voir management problems aDd 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 requirM, 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. .

Ackr.v-w.l.-dgments
This paper was presented in an
expanded format at the 47th CIM
Annual Technical Meeting in
Calgary. Alberta, Canada. June lO-
ll. 1996. sponsored by the
Petroleum Society of CIM. It was
also presented at the 8th Annual
International Conference on
Horizontal Well Technologies and
Applications in Houston. Texas,
Sept. 9-11, 1996, sponsored by
Philip C. Crouse and Associates.
Inc.. PNEC Division.

mal underOOJanced 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. underbaJanced
drilling experts. consultants. laborato-
ry and analytical staff. regulatory and

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 s. Select key personnel and
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