Drilling The Pay

* A look at the completion issues of pay drilling

— Drilling problems that result in casing running
problems
* Ledges, keyseats and doglegs
» Stuck pipe and solutions

— Fluid pressures while circulating

— Formation damage issues
e Damage that you can and c
» Cleanup and what delays cost you.
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Drilling the Pay

Effects on Running and Cementing Casing

Interbedded limestones or other hard formations

-

and soft sands.
a | Esrecially a problem in deviated sections of the
hole

) Casing can be picked up, can be rotated, and
}"— circulation is unaffected. Needs a rounded shoe

R o3 to go past.

Heaving Shales Causes Bridging

l
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1 Casing is stuck, cannot be rotated or reciprocated.
1{ Circulation sharply limited or lost.
1
1
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) Underear section before running casing.




Keyseat problems are most
common with unstabilized

drill string, but can cause a
problem with smaller casing
strings in a large hole.
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Bridging— can be from cuttings slump, formation cameor formation
extrusion around a tectonically active area or salt diaper.

Bridging - a cavein from
an unstable formation
that may trap the string.
May be the result of
iInsufficient mud
pressure.




Doglegs

Changes in Bit Direction Usually
Caused by Diping or Harder
Formation

Ream Out Section

Keyseats

More of a Problem With Drill Pipe
\ Than With Casing

Both keyseats and doglegs may resu
when drilling from a soft formation int

a harder formation or as hole deviatic
IS buiIt.




Unstabilized Bottom Hole Assemblies (BHA)
Casing Won't Go Into Hole

de + dp, = Useable Hole
p

Use smaller casing

d,

Unstabilized BHA

Casing Sticks at Top of a Dipping Hard Zone
Circulation Unaffected

Ream the Area




Hole too Small:

C’earances o Casing Hard to Run
1.5" to 2" Between Casing S ﬁ;’;"g,'ﬁ::’.:,,‘ﬁ:’;},g‘;:,':,?,'ﬁgh
0O.D. and Hole Diameter o Frequent Loss of Returns
 Sticking Problems Increased
Added clearance may be
required for:
High build angles in Curvature too Sudden for Clearance:
deviated wells. o First Part of Casing Sticks
¢ Joint Jump Out Increases
: ¢ Buckling Incidence Increases
Very large casing » Reciprication More Difficult

Thicker casing
couplings

LZarys 2
(R =T . 4 T &
& TP S o B

Severe doglegs pisi o
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Dogleg Problems Completions

Problems

 Dogleg Problems:
— difficult to run close clearance casing.

— difficult to get any large piece of equipment through the
open hole or cased doglegan be a more severe
problem than a short radius departure.

— Increased drag with coiled tubing

— Increased cutting of the wall of tubular by wire
(coating killer)

— Increased incidence of jurgut and collapse

www.GEKENgineering.com



The clearances between hole
and casing are not just
dependent on the casing OD and
the hole diameter; the clearance
Is affected by the coupling OD
and other equipment such as
centralizers.

V2
Nomi nal cl ear andlles
over 20 . Too s mMal

Interferes with running the
casing; too large a clearance
prevents cement from reaching
turbulence and removing mud. Vv

www.GEKENgineeringjcom
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Differential Sticking

Poor Mud Quality

Thick, spongy mud cake does not
stop fluid flow.

Pipe pressed into mud and held by

< | § Permeabale  differential force of pressure.
<y -Formation

Good Mud Cake Poor Mud Cake
' Hole

Pipe is stuck, circulation is
unaffected. Depth usually

corresponds to zone of bit

drag during trips.




Differential Sticking-
Completion Problems

* Initial Completion:

— difficult to pass casing, particularly tight
clearance casing strings.

— Problems with open hole completions, running
screens, packers.

— Sight of early bridging during gravel placement

* \Workovers/Interventions:
— sticking of tubulars, large tools and equipment.

www.GEKENgineering.com 11



Drill -In Fluids

* Function- low damage drilling of the pay.
* Fluids- surprisingly wide choice of options.
Set mostly by operator preference and effect

of a specific pay zone. Look at:
— fluid and solids damage to zone

— cuttings support and removal
— cleanup (how much damage remains after Hkmk)?

www.GEKENgineering.com 12



B

Functions of a DriHIn or
Cleanout Fluid

. Well Control (20% of well control

problems occur during compl. & W.0O.)

Cuttings removat check the hydraulics
(cleaning) before the job.

Fluid loss control (remember stuck pipe)
String lubrication (deviated well slides)
Bit lubrication and cooling

www.GEKENgineering.com 13



Well Control

 The mud density Is selected for a
*wi ndow?” :
— to control the highest pore pressure (lower limit
of mud weight), and

— To avoid fracturing the weakest exposed
formation

e BUT!—1 t " s t he dynamilc
circulating mud density that the formation
feels.

www.GEKENgineering.com 14



Equivalent Circulating Density

ECD or equivalent
circulating density is
created by friction
backpressure as the fluid is
circulated.

In a static (no pump rate)
well, the bottom hole
pressure, BHP, is from the
mud density. When the
pumps are started, the
annular friction increases
the BHP.

BHP is further increased by
use of a choke.

10
PPY

|

—T

Friction Pressure

(examplel an annular friction
(resistance to flow) of 52
Psi/1000 ft produces 520 psi in ¢
10,000 ft well or 1 pound per
gallon, ppg, extra pressure at
10,000 ft.

11 ppg effective circulating

www.GEKEngineering.c@lensity, ECD, mud weight



Circulating Pressure Example - Hormal Circulation BHP = Pihydrostatic) + P{annular friction) /i

Variables:
1. circulating rate in the specific tubular configuration
2. fluid type at specific rate {(must consider viscosity and any special friction effects)
3. presence of any solids {or other weighting materials) in circulating fluid and if fluid in thyg is different density
from fluid in the annulus.
4. restrictions in the flowing system [specifically in the annulus flow path) that would raise friction pressure

TVD {true vertical depth) is used for calculations involving hydrostatic head
MD {measured depth) is used for volume, fillup, friction and pipe talley measurements

Clean Fluid Example

Friction pressures at a given rate for a specific fluid in a specific tubular configuration
tubing: 40 psi/1000 ft = 0.04 psifft TVD = 10,000 ft
annular: 5 psi/1000 ft = 0.005 psi/ft

Fluid density (clean fluid) = 10 Ih/gal = 0.52 psi/ft

Normal Circulation BHP = {0.52 psi/ft x 10,000 ftj + {0.005 psi/ft = 20,000) =
= 5200 psi + 100 psi = 5300 psi

Slurry Cleanout Example

Friction pressure at a given rate for a specific slurry and a specific tubular configuration
tubing: 40 psi/1000 ft = 0.04 psi/ft
annular: 8 psi/1000 ft = 0.008 psi/ft

Fluid density {clean fluid) = 10 Ib/gal = 0.52 psi/ft

Fluid desnity of slurry = 11 lb/gal = 0.57 psi‘ft

Hormal Circulation Slurry BHP = ({0.57 x 10,000) + {0.008 = 20,000)
= 5700 + 160 = 5860 psi

MD = 20,000 ft

www.GEKENgineering.com 10—



Progression of mud weight

over time during drilling of

a Colombia well.

Why does it occur?
Why is it a problem?

What does it cause
during production?

What can it hide
during well testing?

Depth (ft) vs Mud Weight (ppg)
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An example of rate of drilling penetration with
overbalance pressure.

ROP VS OVERBALANCE PRESSURE
8 1/2 CUPIAGUA FIELD
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Change in rheology during Depth (ft) vs Rheology (Ib/100ft2)

drilling — Colombia well. 0 10 2 - %
0
YS is yield strength 1000 C_
] ] ] . 2000
PV is plastic viscosity 2000 M)
: : ) \@ammmm)( k
YP is yield point 4000 \ )
5000
High yield strength and plastic \X?/

) o ] 6000
viscosities are good for carrying \\

7000

solids but generate higher friction

Eif(ﬂﬂlOOﬁZ)
_ 8000
during flow. 0000 NG g

Yield point is a measure of the 100 ¥ o0 ’\
stress needed to start fluid 11000 \'\\"
flowing —this is an element of 12000 ‘ - )
what helps keep solids in 13000 \_g
suspension, but creates higher 40 S
startup loads. 15000 L
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Pressure Balance

* Injection
*BHP =P, + P,- P,
e Circulation
BHP = B, + P,
e Reverse Circulation
*BHP =P, + P,
Surface Pressure Is ;, + P,

www.GEKENgineering.com
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Drill -In Fluids

 Examples (all fresh mixed to drill zor@o
hold-over mud):

— Low solids OBM

— Sized salt

— Sized carbonate pills
— HEC pills

— Water foams

— Base olls

www.GEKENgineering.com 21



Drill -In Considerations

Jnderbalance or near balance
Reverse circulation
Hole unloading or cleaning

What comes next?

— production flow

— stimulation or cleanup fluid

— mechanical operations (lubricity, surging, etc.)

www.GEKENgineering.com 22



Mud Damage

« Common problems
— fines in the mud physical plugging
— wetting of formation by mud surfactants
— emulsions
— reactions with the formation fluids
— reaction with the formation clays

www.GEKENgineering.com
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OBM, olil based mud, and acid

Field samples of heavier OBM (>14
Ib/gal) and acids or some brines may
form a very viscous sludge.

The problem is caused by solids
(cuttings and clays) in the mud.

Laboratory samples may not cause a
problem. Always check the field
samples.

www.GEKENgineefing.com



OBM and acid mixture 1 the
solution turns solid.




The solid mass created by the
mixing of acid and some brines can
be removed by aromatic solvents.

The solid mass or “slud ma
prevented by circulating a solvent
pill before brine contact or by

flowing the well before acidizing.

The sludge created from this
reaction is very damaging and may
not clean up in normal flow.

Laboratory measurements on field
samples of the mud are the only
way to determine if a sludge will

form.
www.GEKEngineen



Two samples of
the same OBM

_ y X ; ]
il base mud O]l base muc

+ MHCl] acid ’*"' + Xyleve
24 HhHowrs . 24 howrs
; The one on the right was
The one on the left formed mixed with an aromatic solvent
a sludge when it was — the separation of the solids
mixed with acid. can be seen in the bottom of

the graduated cylinder.

www.GEKENgineering.com _ 27



Lab Tests

e Typical return permeabilities

— lab - usually over 90% with clean, base fluids

— field - much, much lower return perms (60%?)
e Causes of lower performance

— contamination of solids with cuttings

— adsorption (loss) of surfactants in rock

— time of exposure

— presence of hydrocarbons

www.GEKENgineering.com 28



Fluid Loss Control

o Hydrostatic (fluid) overbalance in
permeable formation causes fluid loss
— Three choices
e keep adding fluid
 build a filter cake (form a barrier at formation)
 gel the fluid (viscosity control)

www.GEKENgineering.com
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Fluid Loss Control

 Viscosity- slows the loss proportional to
ViScosity rise- see Darcy law.

* Filter cake
— clays, inorganic solids, etaemoval?
— Drill -in fluids
» carbonate particles

e Sized salts
* resins

www.GEKENgineering.com 30



Filter or Mud Cake

 Three Requirements
— permeability
— outward differential pressure
— solids in the wellbore fluid

e Actual Fluid Loss Control Considerations
— range of sizes
—the 1/7th rule for invasion
— stabllity of the solids over time/fluids

www.GEKENgineering.com 31



Building a filter cake:
Requires three things:
1. Permeability
2. Solids in the fluid

3. Pressure differential toward the formation

L
; o J j j Fluid loss control
s may be achieved
.| oo with a range of
+ K"% | J large, medium anc
T e L@ small particles.
R

32
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Fluid loss may be severe through wide natural
fractures. ;

How can fluid loss be controlled in these case

Fibers, flakes, large particles used to form a
second matrix then use finer particles.

www.GEKENgineering.com



Good Fluid Loss Control Cakes

* Form a barrier quickly (use a range of
particle sizes)

 Forms a thin, hard cake (minimizes pipe
contact)

e Can be removed by normal circulation
methods before cementing

www.GEKENgineering.com 34



Drilling and Completion Overbalanee

how much Is enough?

Overbalance is the amount of fluid density applie
at the formation in excess of the pore pressiire ir
formation. | .

Mud I Pore

* Mud density determined by: deFST> | press

— highest pressure exposed formation

— swabbing and surge loads during string movement
— Influxes of fluids

Examples?- good crew & equipment, single zone = 200 psi
Average? = 500 to over 1000 psi

Special cases? 2000 to 5000 psi overbalance (severe damage?)

www.GEKENgineering.com 35



Well Control- for Drilling,
Completion or Workovers

e Circulating fluid density must stay in a
“window”: higher spe
pressure and lower than frac pressure.

e Factors
- P,and R

— equivalent circulating density (circulating
friction)

— swabbing and surge loads

www.GEKENgineering.com 36



Kicks - during completions and
workovers?

o Causes:
— swabbing and surging during trips
o fast pipe movement

el arge BHAOS
* high viscosity fluids

www.GEKENgineering.com 37



Surge or swab loads the result of BHA movement in
VISCOUS muds.

How much pressureaf may be 10000s of
few seconds.

Maximum effect:
1. Large BHA Rapid_mouement of
(minimum the _stnng creates
| frictional
clearances) resistances where T
2. Viscous fluids clearances are
. A small - results In low
3. Fastpipe or high pressure ——
movement spikes

WwWwIGEKERgineering.com 3B




Inflow Indicators

1. Pit gain

2. Any returns increase

3. Gas cut fluids

4. Reduction in circulating pressure

What is the effect of an influx?
1. Mud density is decreased
2. Influx may be flammable, poisonous, etc.

www.GEKENgineering.com 39
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We can drill holes that can not be completed or produced.
Hole design must be appropriate for the type of reservoir

and fluid production.

Openhole completion in a horizontal well
(courtesy S.B. Nice, 1992)

e

Gas oil contact

gaslock

>

Water trap Productive zone £ Water

Water e int f Oil-water contact '
o . ~ Water entry point

KEngineering.com 40



