creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

AL ST

O] TTHulf AlFA| L F oA 2]
Aol A Zd¥

Well Control Modeling of Oil Based Mud for
Dual Gradient Drilling System

2017 2 €



o] FTHl AlFA| LA 9]
S5 fAA Rd
Well Control Modeling of Oil Based Mud for
Dual Gradient Drilling System

d
o
o
N
it

(\®)
=]
[y
BN |
e
(\®)
we i

943 i B SRC)
3948 1 % 2 @
g 4 £ A4 F @




| —

R

11

A5 o]

9
i

L —

R

3448

g

it

Fex

9
AA7E A

=
T

4 0=

<]

O] ZrHl Al

7t~ E

1

7=l

¢}

7}
¥

=
T

1l 4]
7}

S

=

Al
A0}

ojy D R oo mp T T W
ﬂ 2 % OH BT X
Moo R T LR T = B
FE Rk B T i
o B X N 0
% mﬂ BT KW b T B o
o )l o e Oy A=
= T o o= o < W o 2
W e & = ool
o_a ,rlue ﬂ_rﬁ o OW ﬁ o} _ W;_H
e T, S
o RS oMo ey %
(- & e AR i W MW AR
> of Mo < > & op © . = o Mo
T A g gy W E B o
o T o o 1 o ok _ﬂﬂ__ H Z0 _
- ok o AR OV oo 2y B
e B Ny
o\ ﬂ wowl B + A
< A o ™ ~ o N
~ . O -
S S IR N 5
= F oo M X e T o o
S I Voo x o
T o~ o AT g LB .
Bow BT g MR R o3
o <2 o REOT Mo O RTORT
T oo X %o o) o7 A B oA TR R
R BN T o X o N ol

A2

=
T

Al

AR

ol
: Ol Tl A
W :2015-21317

A Alolol &34

o) oA

720
feig



i
)

B i
T R oo i
LIST OF TADLES ..ottt et e e e e e e e e e e e e e e e e eaaeeaaaeeannns v
LSt OF FIGUIES....vviieiiiiieeiiiie e ettt e eette e e sitee e et ee e e tneeeesenaeesennnaesesnnaeennns v
A L T A B e, 1
0 = R | o SRR 1
L2 7] oot 8
L3 g T A e 10
A2 Ol THL AT A B e, 11
2.0 A B O] B T e, 11
2.2 U-tubing /g oo, 18
2.3 ZIZER M e, 23
A3 A GAOIT B e, 28
3.0 A OTE T I R e 28
3.2 TF B A I L e, 33
33 7FAZ) el e fA0l T UERSE 35
A 4 T QT T e 40
41 FAFS AR 718 AHAE e, 40
42  olFFFol wWE U-tubing A 4 42
43  Airgap =°] g E U-tubing @4 4 o 44
i
A
-":lx_s :"I-; .I_..i



... 46

... 48

.51

54

A 5 %

.56

)
sl
1

R

62

ABSTRACT ..ottt

iii



List of Tables

Table 1.1 Deepwater drilling problems .............cccveveiriiireeriiiieeeeiiee e 2
Table 1.2 Advantages of oil based mud over water based mud....................... 7
Table 2.1 Comparison of kick detection methods............ccocceveriiiiniiennnnnne 24
Table 3.1 Default input data for well geometry .........cccvveevvcvireerciieeenennen. 36
Table 3.2 Volume fraction and density for mud compositions ...................... 37
Table 3.3 Hydrocarbon compositions of No. 2 diesel 0il ..........cccceveeeniennee 37
Table 4.1 Default input data for this study ..........ccocoeiniiiiiiiiniiieeeee 41
v 2] ¢ :



Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

Fig

List of Figures

. 1.1 Effects of increasing water depth on the drilling window .................. 2
. 1.2 Riserless mud reCOVEry SYSteM.........uvvverrviireeriiieeeinnireeesineeeeeineees 4
. 1.3 Subsea mudlift drilling SYSteM............eeevrivireeriiiieeiiiieeeeiieee e 5

. 2.1 Pressure gradient and casing points for conventional drilling and dual

gradient drilling...........ccocceeennen.

. 2.2 Types of dual gradient drilling System ............ccceceeenveiiniienieeennnen.

. 2.3 Configuration of the subsea mudlift drilling system........................

. 2.4 Subsea mudlift pump (GE MaxLift 1800 pump model)...................

. 2.5 Drill string valve ........c.ccceeeenenen..

. 2.6 U-tubing effect in dual gradient drilling system ..............cccceeevnnneen.

. 2.7 Volumetric flow rate and mud level due to U-tubing and fill up ......

22

. 2.8 Comparison of surface return flow rates and surface pit volume losses

with and without a kick................

. 3.1 Comparison of compositions for WBM and OBM ..........................

. 3.2 Four sections in an annulus during well control operations .............

. 3.3 Gas solubility curve for this study



Fig. 3.4 Static OBM density with and without a kick............cc.cccoiiennnnn 39

Fig. 4.1 Well geometry data for this study ..........ccceceeiniieniiiiiniiiiiieneeene 40
Fig. 4.2 Comparison of U-tubing and fill up with WBM and OBM............... 43
Fig. 4.3 Comparison of U-tubing and fill up with and without air gap.......... 45

Fig. 4.4 Comparison of U-tubing and fill up with different mud viscosities.. 47
Fig. 4.5 Comparison of U-tubing and fill up with different flow rates .......... 50

Fig. 4.6 Comparison of surface return flow rates and surface pit volume losses

for WBM and OBM with and without a kKicK........ceevevvueeiiinnenennn. 53

vi



A A E

1.1 |u)73

AsA Afrba BA W ARE Bxg olFolAit A
sopE A Ee AEHA AR Aol A

23 Hlwshd oy 7HA] EAE 5] YERITH(Table 1.1).

olfd wAlE FolM F M Fad AV
Fatol zlojdel wet sfekEtol Al Aol e}
Ay FolA - o]k

A vbE {As] Soldth wEkA ool FHl Bl WS,
Fetol Ao T sol KT ol Qs ¥ & Ape]=9

NFAdol Qe Hlm AA AFEL FAA .

A
K
il

2 2 o %
AR APAFY PO FIAR HALY Aolt 4 &
oAthFig. 11, mebd Aol AAAFI Holum §34
Aobd AQAe] Fadth ol fAeN d5d 5
Arololo] FFagHe ov]E

gt

-
z
2
l
2
e
o,
o
0,
X
ol
&
v
A
ekl
o,
2
X
N
Flo

oX,
)

o
o

|

32
rir



Table 1.1 Deepwater drilling problems

(A =28, HF2,2011)

Huge weight and space requirements
Large mud volume in a riser

Severe stresses in a riser

Extensive buoyancy units

Difficult station keeping

Long tripping time

Numerous casing points required

Narrow gap between pore and fracture pressures

O 0 39 N D B W N —

Marginal well control practices
Existence of inter-related problems

— =
—_ O

Very limited rigs

Ju—
N

Huge day rate of available rigs

—_
w

Inability to drill an adequate hole size

L ‘
Fig. 1.1 Effects of increasing water depth on the drilling window
(Arrouj, 2014)
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Drill Rig

I

I

Return Line

Drill String

2t RMR Subsea Pump

Seabed

Fig. 1.2 Riserless mud recovery system

(IADC Dual gradient drilling workshop, 2011)
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Fig. 1.3 Subsea mudlift drilling system

(IADC Dual gradient drilling workshop, 2011)
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Table 1.2 Advantages of oil based mud over water based mud

(Guntis, 2011)

O 0 3 O L A W N —

—_ —
—_ O

—_—
[SSIN NS

High rate of penetration
Long bit life

Excellent shale inhibition
Thermally stable

Low reservoir damage
High lubricity, low torque
Low corrosion

Gauge hole

Low fluid loss

Reduced chance of stuck pipe
High solids tolerance

Salt not dissolved

Good coring fluid
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Mud hydrostatic pressure
Seawater hydrostatic pressure
Formation fracture pressure
Formation pore pressure

Pressure —>

(a) Conventional drilling

Mud hydrostatic pressure

Seawater hydrostatic pressure
Formation fracture pressure
Formation pore pressure

Pressure —>

(b) Dual gradient drilling

Fig. 2.1 Pressure gradient and casing points for conventional drilling and dual

gradient drilling
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Dual Gradient
Systems

Pre-BOP Post-BOP

Riserless Mud Susbea Mudlift
Recovery Drilling

Controlled Mud

Level

Fig. 2.2 Types of dual gradient drilling system
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Seawater Pumps [,

Mud Reti dP
(Existing Mud Pumps) HESRSHIN SnEEImp

Drillpipe

Seawater Power Line

\with Control Umbilicals Seawater Filled Marine Riser

Rotating Diverter |

Seawater-Driven

Wellhead and BOP MudLift Pump

BHA

Drill String Valve

Fig. 2.3 Configuration of the subsea mudlift drilling system
(IADC Dual gradient drilling workshop, 2011)

Fig. 2.4 Subsea mudlift pump (GE MaxLift 1800 pump model)

(Stress engineering services Inc., 2011)
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Fig. 2.5 Drill string valve
(IADC Dual gradient drilling workshop, 2011)
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2.2 U-tubing &7

Aol AFsol ¥ FGe elEes Frnc A4
At web A% o 5EEE ZAPSAGE olEds ¢4He
AGe o= fA87) g9 AW BEZE B o]5% Auow

A< =8 A Ak FH}h o] E U-tubing Aoleta ol o] A4S
ot A oldfistyl Ss olF Tl AlFAIARCA FAITE
AWbs AlFatelZ, =-HE, oflgdAs dAdste] U-tube =
M 3ket 7o) Fig. 2.6 o]t}

Floater

-' Seawater -
~ | Drilling mud |

Seabed

Fig. 2.6 U-tubing effect in dual gradient drilling system
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500

“_ Initial circulation rate ]

400

Max. free-fall rate

?.5300 t

-y (;omplete
2 fill-up
E,zoo {

Fill-up

Mud level from sea level (ft)

100 |
Static fluid level
o 1 ; ) |
0 10 20 30 40 50 60
Time from surface pump off (min)
(a) Flow rate
Time from surface pump off (min)
0 10 20 30 40 50 60
0 ; , g
1000 |
2000
3000
Max. mud level drop
4000
5000 |

(b) Mud level inside the drill pipe

Fig. 2.7 Volumetric flow rate and mud level due to U-tubing and fill up
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Table 2.1 Comparison of kick detection methods
(Choe, 1999)

Kick detection methods for Valid for
conventional drilling dual gradient drilling
Pit gain yes
Return rate increase yes

Masked by U-tubing effect
Masked by U-tubing effect

Well flows with pump off
Fluid fill-up on trips

Drilling break yes

Increased hook load yes

Drop in BHP with MWD yes

Drop in standpipe pressure yes
NFEFo|Z YR olfizelrt Al oz paF olF Ay
FHEZE ANEAA o5F £BAIW AFso|x i
ol Ha AYAL AW HEZE T AYoR FdH=
oL AR FIVEH(Fig. 2.7). AlFdo]|Z Yot 1S YA
N B Table 21 I 2 AFARD AFAIAFY Z3A

W or A AA s 2 oldwol o

A RE A FEgfo] I i) o] QA= Mol Foll 7o)
A A9 A oFEZY §¥Y AEUOE IFHE
olFe #F¥S wusty 7S HAsky] fGAE vk wEbA 2
AFoNA = oleh ZE ASE EA57] 918! Choe(1999)8] 714 7]
T AUl e s o5 2ol ARgEFlth
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Pogmix(P,T) = Mnuai + Mgsc __ Pmudi ¥ foiRsPg,sc

Vmud,i + AVog mix B Po,i t Rspg,sc 1]

1+fi /57~ —
fo'l Pog mix (P, T)

(3-2)
Mmo,i + mg,sc

AVygmix =—————=—V,i
ogm Pog mix (P' T) ot

A7IM, pt UE (ppg), m> HAZF(bm), VE F3 (gal),
AV mix © =5, F™Hel g3 7IAR 7taze Eg=f
FA®st (gal), foiv 271 ol g ZIAfFe FyvlE,
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2138l Standing-Katz AFEE7H 2 (3-3)= AF-8-3F3ItF (Standing ¥} Katz,

1942).
po(P,T) = 0.1337(poit,sc +App — Apr) (3-3)

AZIA, po= FoIxl 2%, 44 =AM ZAR UE(ppg).
= EFAH (14.7psi, 60 F) oA €] 714 UE (ppg), App &
tewisE A%k WS (bm/ftd), Apr v SEWEE A
A=W st (bm/ft?), P S (psi), TE =ER)E grl st

A Y 7IAF Uas AG-4)E AE-se] AARsi
poil,sc(P: T) = f[,063+, (mc1)c1+, (mc1)cz+, (mcz)cz+] (3-4)

Pc3+ = Mc3+/Vez+
(Mei)cys = 100(mgi/mez.) = 100 xciMer /) xiM

A7IA, pesy © 3 7F o1 ®EeA E3E UX (bm/ftd),
(Medeje © J 78 ©1de] ®elgea EFEAA i 7t @3t5ail
A& (%), Vet 1lb—mol EEoA i7F &alrae] Fu(ft3)
Ib —mol), mgi= 1lb—mol EFENA i7} &340 A=F(Ibm/
Ib—mol), My = i7F &&ael B2 (Ibm/lb—mol), xq &
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£, gtee] wE dxwsiEe 4 35, 3-6S  ARgsho]
Axkgict
App = [0.000167 + (0.016181)1070-0425Poitsc]p — (3-5)

(1078)[0.299 + (263)10~%0603P0iLsc] p2

Apr = (T — 520)[0.0133 + 152.4(poisc + App) 24| = (T —  (3-6)
520)2[8.1(107°) — (0.0622)10~0-0764(Poirsc+App)]
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Fig. 3.3 Gas solubility curve for this study
(Lee, 2013)
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AY 237y FEsTh
100°F & o
R; = 3.00E — 16 X P5 — 5.19E — 12 X P* + 3.19E — 08 X (3-7a)
P3 — 6.43E — 05 X P2 + 022X P
200°F < wj
Rs = 7.00E — 16 X P5 — 1.19E — 11 X P* 4+ 7.16E — 08 X (3-7b)
P3 — 1.55E — 04 X P2 + 0.25 X P
300°F o o
Rs = 1.60E — 15 X P5 — 2.69E — 11 X P* 4+ 1.54E — 07 X (3-7¢)
P3—3.30E — 04 X P2+ 035X P
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33 7ka7 4% BE 44015 WEwst

Hoberock 5(1982)°] #IQFgt f7dols HWX2lo] Standing-Katz(1942)

AR AL AR5 VAR WEAAAS thdEte] 7hAaZ gl

T Aol WEWSE =E5H3IT Table 3.1 3 2 20,000 ft

Aol sk AFEEs adsialo AlFE shHelA 5 bbls <

7h~7lol 9l e JHsiTh ARERE fA ol At
2,

71421 No. 2 diesel oil ©] ¥+3}5=22H] = Table 3.2, Table 3.3 7} 7t}
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Table 3.1 Default input data for well geometry

Variable Value
Well location offshore
Well trajectory type vertical
Water depth, ft 2,000
Total vertical depth, ft 20,000
Depth of last casing, ft 5,000
Length of HWDP, ft 1,000
Length of drill collar, ft 600
ID of last casing, inch 10
ID of open hole, inch 10
OD x ID of drill pipe, inch 5x4.214
OD x ID of HWDP, inch 55x3
OD x ID of drill collar, inch 7.5%x2
ID of choke line, inch 4
ID of marine riser, inch 19
Surface pressure, psi 14.7
Surface temperature, °F 70
Formation temperature gradient, °F /1001t 1.5
Water temperature gradient, °F /1001t -0.9
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Table 3.2 Volume fraction and density for mud compositions

Element Volume fraction, % Density @14.7psi, 60°F, ppg
No. 2 diesel oil 74.2 6.86
30% CaCl, brine 13 10.83
Barite 12.8 35.15
OBM 100 10.96

Table 3.3 Hydrocarbon compositions of No. 2 diesel oil
(O’Bryan ¥} Bourgoyne, 1989)

Carbon frlzﬁ:il:n Mole weight, | Carbon frlzﬁ:il:n Mole weight,
number % > | Ibm/lb-mole | number % > | Ibm/Ib-mole

8 0.22 108 17 8.53 237

9 0.88 121 18 4.19 251

10 3.79 134 19 2.40 263

11 10.68 147 20 1.16 275

12 13.45 161 21 0.42 291

13 13.73 175 22 0.12 305

14 16.01 190 23 0.11 318

15 15.18 206 24 0.02 331

16 9.10 222 25 0.01 344
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AHARE T4 th(Fig. 4.1 I} Table 4.1).

Drillpipe 5 X 4.276"
10,000 ft

Casing ID 9”

Open hole ID 8.75”
HWDP 5.5 X 3”, 600" —

Drill collar 7 X 3”, 300’ ———
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Table 4.1 Default input data for this study

Variable Value
Mud density, ppg 15.5
Seawater density, ppg 8.6
Fluid model Power-law
Plastic viscosity, cp 46
Bingham yield point, lbs/100ft’ 19
Number of bit nozzles 3
Bit nozzle diameter, 1/32nd, inch 14
Well vertical depth, ft 30,000
Depth of last casing seat, ft 25,000
Length of HWDP, ft 600
Length of drill collars, ft 300
ID of return line, inch 6
Circulation rate, gpm 450
Formation over pressure, psi 800
Gas specific gravity 0.65
Mud compressibility, 1/psi 6.00E-06
Surface temperature, °F 70
Temp. gradient, to 4,220 ft water depth, °F /1001t -0.9
Temp. gradient below mud line, °F /1001t 1.0
Min. seawater temperature, °F 32
Formation permeability, md 10
Formation skin factor 2
Formation porosity, fraction 0.25
Rate of penetration, ft/hr 60
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ABSTRACT

Well Control Modeling of Oil Based Mud for Dual
Gradient Drilling System

Jaeyong Park
Energy Systems Engineering
The Graduate School

Seoul National University

A well control study must be developed for practical field applications of
any new deepwater drilling technology and Dual gradient drilling(DGD) is no
exception. Oil based mud(OBM) is widely used in deepwater drilling industry.
However, it is difficult to detect and control a kick due to its high gas
solubility and change of mud density with pressures and temperatures. In this
study, a well control modeling of DGD is developed and it considers the
characteristics of OBM as aforementioned.

U-tubing rate is analyzed considering surface pump rate, mud viscosity, a
type of muds, and air gap. The drillstring cannot be filled completely when
surface pump rate is less than the maximum free fall rate. Therefore, the
driving force of U-tubing decreases, and the transient flow rate shows a
different trend. As the mud viscosity increases, the flow rate decreases and the
time to reach system equilibrium increases as well. However, a type of muds
and air gap do not affect U-tubing rate under the same conditions of the mud
density and viscosity.

During the fill up, a kick can be detected if the surface return rate is higher

than the previous record. Additionally monitoring the surface pit volume
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change is also helpful to detect a kick. By observing the surface return rate
and surface pit volume change together, we can detect a kick much better. In
case of OBM, a severe time delay is expected to detect a kick because of the
gas solubility, which results in small increase of return rate. Therefore, careful
monitoring of flow rate is crucial for early kick detection. In addition, the
suggested modeling in this thesis can be applied to a well control training for

the OBM based DGD system.

Keywords : Dual gradient drilling, Deepwater, Offshore drilling, Oil based
mud, Well control, Kick detection
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