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Sept. 19, 2001

b=




115 AM

10:30 AM




1934 Persia- Imperial Oil
» 1949 E. Texas - Sour Lake
» 1950 California & West Texas
* 1960 Colorado and California
= 1990 Texas and Canada
* 1997 5. China Sea, N, Saa

UB Equipment

Shaffer Rotating

1952 West Texas
Separator _
' 1990 High Pressurs
Rotating Heads
1992 Canadian Closed
Separator
19597 Membrane Nitrogen
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Recorded Marine Incidents

& NONE
e WHY ?
- Planning Care
- Training
~ Inherent danger oversiressed

Brazil

= Petrobras
NE-"pc”
Major project for UB
drilling in deep water,
one well drifled, 11
more in the project

skl mif @JA’M r




MAM.{
= tight hole on
information

S




Hving Quarters

' Venezuela

s FDVSA
SHELL-VEN.
PHILLIES
CHEVRON
o 194 wells or re-entries.
+ Special whing/drilipipe
rigs for Schiumberger
and Chevron

Controt Cabs Ty LE

CT Resl

o
vig will drifh-a mormat
well -

i
BLONCIRICY




VIETAM =

w0 wells

+ Foam drilf
through th
depleted porous
Arab Zong
Limes

# Workovers ang re-
eniries

st




CHEVRON and
athers

At least 6 wells UB
into the production

zone from barges in
State Land

~ WAk Pocaidign.

18,000

Smackover Dol

&0 bbl conderns
Ol Wells

EMmcf, 300 bbt condensata

Why

Drill ane Complete

Underbalanced?




JARGON

» Flow Dril
» Mud Cap
Floating Mud Column

Digploynwent Valve .
Deployment Valve

Méﬁﬁﬁ (con ' } :

« Pipe Light -

= String Float

& Cryogenic Nitrooen
Membrane Nitrogen
Unioad (the
Armulus)
Stress/compression
Faliure

e Ema;s wate:r geo;zmssmed zones
S Q{Sf}__apps ications




| (GOM)
» Long vertical open hole sections
. » Massive shale sections

+ Salt
s Faulted or slump zones

Bz7 Implications of
.. . Marine UB Driliing
* EXTEND PLATFORM LIFE

~ » COST SAVINGS $$5%%
- No fost circulation
- No differential sticking
~ Faster drilling rate
— Less formation damage
- Simple completions
« IMPROVED RATE OF RETURN

jﬁ%fm L,

10




Med with LM

Flow to Well bore
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Differential Sticking and Filter Cake
R Stuck Drill Pipe

L NO
Differential Sticking with UB

12



Shows haw filtrate and

E fechnoiogy B

Reduce Completion Cost

« The real advantage
£0 reservoir
protection comes
with open-hole
completions.

+ More open
productive interval
and ao casing and
enhancement costs

of production with
no enhancement.

13



That €aﬁtm§ uUBD
By tke GOM -
. Geopressured Shale
‘and Clay

= Transition Zones

~ Vo Ul Sl ] //
fw)ﬁxww Sl oD pmiito

MO B gmwg oLall

Geopressured
Shale Sloughs
into the hele.

Geopressured Shale is Unstable Because of Pore Water

14



soft, swelling shsle

pritle-plastic shale
brittie shale

naturally fractured

Salt Flows to the Zone of Least Pressure

15



| Equipment
- Equipment For Near Or
Underbalanced Drilling

17



_ Underbalance Drilling

Rotating Heads
&
Rotating BOP's

‘Manufacturers

+ Weatherford/Willlams
» Smithf Grant IR
» Yarco/Shatfer RSBOP '

» Precision Drilling /RBOP

" Dot Element

18



‘Williams Model 9995

y Diriver

Bearing Assembly qa00 psi §¥aﬁe

Up to 200 rpm -
Seripper Rubber .

Tod KGoP - Asl fou TS

— leamd. (n vé@ﬁmi
= e g

19



4 Afﬁ,‘ ve

(]

-~ Hydraul

.M».
%
7
wa-.
us
£y
B

M o
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- _.ﬁeﬁa_'atwé

y Vary from the simple
W cas-busier-stack
 found on most 1igs
6 very complex

This is a North Sea
system on the
Brittanica

. & Main Deck
open for
“Nitrogen

~ Generation
o Eguipment

21




Mud S;is?i:ems_: )

« Simpler ang with
less volume because
pipe is set and only
“the zone is being
= Typically will be a
water base system
or a simple ol
systemn,

22



Dirilter’s Methe
of
Well Control

Haold g rate consinnt

Crstref stand pipe re
with choke

Fhis contrels Botiom Hele

Choke Pross+ ABP + HSP_ =~ BHP = SPP-DPF .. - AV, + HEFy,

" s BHP = Choke Prass + AFP + HSP.,

¢ BHP = SPP - DP g - {}P‘c* + H




UBD Well Control

« Goal is o maintain a constant BHP
sornewhat less than Formation Pore
Pressure.

= Controfled by Annulus Choke Pressure

= Monitored by constant Standpipe
Pressure and Circulation Rate

Drecrease in choke size

inCreases pressure With One
in the well and on the E'x:ct'piion
standpipe grage .

bE(SPPY . R
"« But, jets in the bit are usually sized
where sonic velocity is usually not -
reached. I

24



» Primary Well Controf is a combination- " -

of:
~ HSP and
- Surface Equipment

« Secondary Weil Control is achieved by
use of the BOP stack ~

- Anmutlar and
--Rarmn Preveniers

et

Well Control

CHGHE PRESSURE

N 'Borsomn Hole Pressure

n LB drilfing and
tetions, the well

Pressure at the
surface does not
mean that the well is
not under control

25



GRSEATED

2 4 % B 1@ 1z 14
TORILLING Pl BA ¢
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E Technology

Mudcap Drilling
Or
Flow Drilling
Balanced or Underbalanced

{Mo Drilipipe Injection of Gas}

(1ADC) “Liguid Drifling”

B

27




* Liguid Drifling

Advantages

= Simple

» Minimum Extra
Equipment

+ Minimum Extra Cost

« LIMITED BY
MIMIMUM MUD
WEIGHT

- pefinition’
LIGUID or FLOW .
DRILLING .
fio Injection of Gas Inio
frilt Pipe

Any gas in the anauius
is from the formation

28




AUSTIN CHALK
Large fractare

29



Gas/ liquid Systems

tansdpipe Gau

30




 Gaseated System:
' Advantages

= Reduced Botiom Hole
Pressiwe

» Lige Any Type of Mud
o Fluid

« Mot Temperature
Limited

F rechnofogy

“Mud Is f}igpiaﬁaéi By Gas

« The displacement of
mud by gas makes the
mud column Hghter
Measure the mud
displaced into the pits
as o measurs of static
hydrostatic loss
{Flowing friction adds
{0 bottom hole
pressured

31



Gas/Ligoid

| £ Ratio Is
Neot Effective

rature sensitvity
o mud products

Mu can be water or oil

32



well Kic s

s Flow drilfing with the
proper equipment,
the definition of Well kick
needs to be changed.

s Well Kick Is an
uncontrolled discharge of
gas or fluid from a well.

-Teclmn#agy 3
)

BT ascated problems

" e Surging

- well bore
instab

-~ Hard 1o control BHP
Unstable on connections
Loses all air on wips
Corrosion
All of ghis due o loose
minture of gas and fuid

33



9
10.Compres

Special Equipment
Limit Surging

Hoasting on connections |

Jet sub

Parasite string

Bual casing

Other ideas have been
ried

g}ra_e:!;ffg __

34



* Parasite String

13" Tubing

Run with surface pipe

Tubing banded te the
surface pipe

Gas tnjected only in

the tubing

Gas Tajection Annalos
Xtreme Line Temporary

Gias Injection Ports

35



efinitions .

§ + RATIO- The ratio of

gas/Hauid injected
at TP

- By gas in
foam at any point

s 1/2 LIFE TEST- Vst
for foamer capability

 Foam Testing
2 Life Procedure

Waring Blender Stop Watch  1000m] Cylinder

37



Waring Blemier

1000ms Cylinder

Foam

1000mi Cylinder
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83 PPG
FOO0RG

1066 kg/m®

240 kg/m?®

39



Foam Advantages

it Raservolr Damage
op Losk Credlation
Drilk Rae
top Differential Sticking
HOOEE

w

gl
)
il
I

o]
il

i
E:

il

g

forkovers

Low water requirements
Low corrosion
Environmentally OK
Quick Breakdown




20 galimin

76 Limin

200 gal/min
760 L/min

properties
s High temperature

= {arge oil flows while
drilling
« First time rig-up costs

41



a1 angd
corsosion is much less
than in aerated mud.
Corrosion can be
controlied even in £0O,
bearing formations.,
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" eparator

Harnking and Rappuhn, 1996}_ R

oty e g G T G TR

Gases For UB Drilling

+ Membrane Nitrogen

e Cryogenic nitrogen - heavy
equipment with limited volume capacity

+ Air - fire danger and corrosion

o Matural Gas - possibly the best choice,
bust not used because of 77

43



B ividual Hollow Polme
Gas Separation Fiber
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{H 5. Patent No. 5,388,653}
Weatiserfard '

Matﬂraf 6‘-

Nw of ﬁsiﬁm

= Gas and off
recovered and
redumed to Texacn
Gas Plant
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ew Subject
- Calculations
~ For UB Drilling
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Custtings VNI 07 Varimal Wkt
o panee

e

Pty
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Mud
welght
(b/gal)

Safe Mud Weight Range vs. Inclination
Angle

o

P

1=

35

4

{nchnation Angle fdeg.)

F e Pt tibamn
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UB Drifling

Barriers

50



Rotating Head
Asular

Ham

Sepurnter
Mod Wi .(.ftmké
Decrease gas
Increass wrud

Trow
BOR Valve

Secondary
Chak

By pass
manifoli 7

HCR Valve
Miund Wi

Becrease gas

51



BIBLIOGRAPHY FOR MMS WORKSHOP
9/19/01

UNDERBALANCE DRILLING

SPE 52787 “Application of Aerated-fluid Drilling in Deepwater”
Nakagawa et.al., Petrobras 03/99

SPE 52828, “Pressured Mud Cap Drilling,....” Urselman et.al.,, Shell Venezuela
03/99

SPE 57751 “Underbalance Drilling With Coiled Tubing in Oman” van Venrooy et.al.

SPE 59359 “ Drilling Horizontally in an Extremely Depleted Environment”
Lazardo et.al. PDVSA

SPE 62896 “Underbalance Drilling at its Limits Brings Life to Old Field” Lebat et.al
Texaco E&P

SPE 67189 New Developments in Aerated Mud Hydraulics for Drilling in Inclined
Wells” Sunthanker et.al., INTEVEP

SPE 67643 “Case History: Drilling Techniques Used in Successful Redevelopment of
Low Pressured H,S gas Carbonate Formation” Kinchen et. al.,. Kerr McGee

SPE 67688 “Drilling Safety Conditions Evaluated in North Sea Under-Balanced Well
Series. Jansen et. al Shell Expro

SPE 67744 “Successfully Dnlling highly Depleted Gas Sand” Henessy et.al. BP

SPE 67689, “Planning and Implementation of the Repsol-YPF-MAXUS Krisna
Underbalanced Drilling Project. Park et. al. Repsol YPF MAXUS; Brand, Blade Energy
Partners, Allyson, Deutag Narthland

SPE 67691 “Foam Rheology Characterization as a Tool for Predicting Pressure While
Drilling Offshore Wells in UBD conditions” Martins et.al., Petrobras

SPE 67693 “’UB Drilling & Real Time data Interpretation and Decision Support”
Larentzen et.al., Rogoland Research

SPE 67748, “Drilling with Aerated Fluid from a Floating Unit, Part 17 Santos, Petrobras

SPE 67741, Brent In-Fill Drilling Program: Problems Associated with Drilling Depleted
Reservoirs”, Addis et.al.,Shell

IADC Underbalance Drilling Conference, Houston, TX August 28-29 2000

MMS References
Page 1 of 3



“Mud Cap Drilling-A Naturally Fractured Formation Drilling Technique” Colbert et.al.
Signa Engineering

oIADC, UB Conference, Dec. 1995 “A Safe and Cost Effective Method of Drilling and
Appraising Reefal Carbonate Structures, Offshore Vietnam

ETCE 2000/Drill 10104 (ASME) “Offshore Drilling -~ Globally Practiced” Hannegan,
Weatherford > Hannegan, Weatherford

World Oil, “Underbalance System Helps Drill North Sea Chalk/Sandstones.” William;
Ranalho, NAM, World Oil, Feb 2000 pp86

Harts E&P “A Value Added Drilling Tool” Wilkes Feb. 2000 pp79 (Galaleo coiled
tubing in Lake Maracaibo)

World Oil “Aerated Drilling Proves it Worth in Venezuela Reservoirs, Kamp et.al.
Intevep March 2000 pp31

Offshore Magazine, “Underbalance Drilling to Limits Brings Old Oil Field Back to
Life" Lebat et.al Texaco May 2001, pp70 See also SPE 62896

UNDERBALANCE PLANNING

SPE 65756 “a New Concept of Sand Production Prediction: Theory and Laboratory
Experiments” van den Hoek Shell Intl.

SPE 67748 “Drilling with Aerated Fluid from a Floating Unit. Part I Planning,
Equipment, Tests and Rig Modifications” Santos et.al. al., Petrobras

SPE 67829, “Designing Through Tubing Underbalance Coiled Tubing Drilling
Operations™ Nass and Laird, Leading Edge Applications

SPE 26716
UBD Pushing Into New Areas as Technology Increases. Bourgoyne
American Qil and Gas Reporter April 2000 pp73

SPE 67688, “Safety Critical Learning’s in Underbalanced Well Operations™ Jansen,
Shell Expro <North Sea Leaman A-27>

SPE 67829 “Designing Underbalanced Through Tubing Drilling Operations™ Nas et.al.

World Oil, March 2001, P48 “How to Control Surface and Bottomhole Pressure During
UBD. Rehm; Schubert

MMS References
Page 2 of 3



ETCE2001/DRILL “Using a Computer model to Solve Field Wellbore Stability
Problems” Maurer, Ruan Maurer Engineering

MISC.
World Oil, June 2001, P35 “New Strategy for Sidetrack Drilling of Marginal Wells
Offshore” Weatherl, Consultant; Hardy, Intl. Snubbing

0il & Gas Journal “Cementing Technology-1 Improvement In Technology”
Crook & Calvert, Oct 2, 2000 pp60

SPE Reference Missing

Mobil Oil, Indonesia UB project
Canadian Drilling Association

Nova Scotia UB — Lost Circulation

MMS References
Page 3 of 3



