a2 United States Patent

Al-Yami et al.

US009202169B2

US 9,202,169 B2
Dec. 1, 2015

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(60)

(1)

(52)

(58)

SYSTEMS AND METHODS FOR DRILLING
FLUIDS EXPERT SYSTEMS USING
BAYESIAN DECISION NETWORKS

Applicants:Saudi Arabian Oil Company, Dhahran
(SA); The Texas A&M University
System, College Station, TX (US)

Inventors: Abdullah Saleh Hussain Al-Yami,
Dhahran (SA); Jerome Schubert,
College Station, TX (US)

Assignees: Saudi Arabian Oil Company, Dhahran
(SA); The Texas A&M University
System, College Station, TX (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 296 days.

Appl. No.: 13/827,408

Filed: Mar. 14,2013

Prior Publication Data
US 2014/0129486 Al May 8, 2014

Related U.S. Application Data

Provisional application No. 61/722,039, filed on Nov.
2,2012.

Int. Cl1.
GO6N 5/02 (2006.01)
GO6N 7/00 (2006.01)
GO6F 17/00 (2006.01)
U.S. CL

CPC . GO6N 5/02 (2013.01); GO6N 7/005 (2013.01)
Field of Classification Search

None

See application file for complete search history.

/’/ Temperature Range b

(56) References Cited
U.S. PATENT DOCUMENTS
4,460,045 A 7/1984 Elson et al.
5,749419 A 5/1998 Coronado et al.
6,826,486 Bl 11/2004 Malinverno
7,028,586 B2 4/2006 Robichaux
7,092,928 Bl 8/2006 Elad et al.
7,509,297 B2 3/2009 Kerisit
7,650,321 B2 1/2010 Krishnan et al.
2003/0116887 Al 6/2003 Scott
2004/0113061 Al 6/2004 Valant-Spaight
(Continued)
FOREIGN PATENT DOCUMENTS
EP 2000742 Al 8/2009
WO 2006112864 A2 10/2006
OTHER PUBLICATIONS

Al-Yami et al, Expert System for the Optimal Design and Execution
of Successful Completion Practices Using Artificial Bayesian Intel-
ligence, 2011.%*

(Continued)

Primary Examiner — David Vincent

Assistant Examiner — Mikayla Chubb

(74) Attorney, Agent, or Firm — Bracewell & Giuliani LLP;
Constance Gall Rhebergen; Brian H. Tompkins

(57) ABSTRACT

Provided are systems and methods for drilling fluids expert
systems using Bayesian decision networks to determine drill-
ing fluid recommendations. A drilling fluids expert system
includes a drilling fluids Bayesian decision network (BDN)
model that receives inputs and outputs recommendations
based on Bayesian probability determinations. The drilling
fluids BDN model includes a temperature ranges uncertainty
node, a formation uncertainty node, a potential hole problems
uncertainty node, and a drilling fluids decision node.

20 Claims, 34 Drawing Sheets

1600
s

/ Formation | ; \
o 1606 & L 1604 v
e 1614C %
1613 16148
T Recommended Drilling
. 1613
Potential Hole Problems\\’ / Fluids
1608 1602 &3
- o4 1614D
1613 1614A
F
N e AT 1613
/ g Consequences \“
kN 1610 K
N 1614E
1613
Drilling Fluids

Expert System

16

12




US 9,202,169 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2004/0154801 Al*
2005/0091012 Al
2005/0192855 Al
2005/0241679 Al
2009/0076873 Al
2009/0132458 Al*
2009/0182572 Al
2009/0327207 Al

8/2004 Pandey ......ccccoevene. 166/308.1
4/2005 Przytula et al.
9/2005 Chitty et al.

11/2005 Rauch et al.
3/2009 Johnson et al.
5/2009 Edwards et al. ................ 706/50
7/2009 Mendoza Garrido

12/2009 Anderson et al.

2010/0084191 Al* 4/2010 Chapmanetal. ............. 175/24
2010/0112217 Al 5/2010 Pawlik et al.
2011/0155462 Al* 6/2011 DuCasteletal. ............ 175/24

.. 706/14

2011/0225111 Al*
2012/0069131 Al

OTHER PUBLICATIONS

9/2011 Ringer
3/2012 Abelow

Al-Yami et al, Guidelines for Optimum Underbalanced Drilling
Practices Using Artificial Bayesian Intelligence, 2012.*

Written Opinion of International Preliminary Examining Authority
in PCT/US2013/067639 mailed Nov. 25, 2014.

Written Opinion of International Preliminary Examining Authority
in PCT/US2013/067644 mailed Nov. 25, 2014.

Al-Yami et al. “The Use of Artificial Bayesian Intelligence in Prac-
tical Well Control” SPE Russian Oil & Gas Exploration & Production
Technical Conference and Exhibition, Moscow, Russia, Oct. 16-18,
2012, SPE 160662, pp. 1-24, XP055127770.

International Search Report and Written Opinion, PCT/US2013/
067387, mailed Sep. 23, 2014.

International Search Report and Written Opinion, PCT/US2013/
067653, mailed Oct. 1,2014.

Office Action for co-pending U.S. Appl. No. 13/827,581 dated Oct.
24, 2014.

‘Building Bayesian Networks From Basin Modeling Scenarios for
Improved Geological Decision Making’, Gabriele Martinelli et al.,
Petroleum Geoscience Jul. 30, 2012, pp. 1-27.

‘Development of a Drilling Expert System for Designing and Apply-
ing Successful Cement Jobs’, A.S. Al-Yami et al, IADC/SPE
135183, Asia Pacific Drilling Technology Conference and Exhibition
Nov. 2010, pp. 1-23.

‘Using Bayesian Network to Develop Drilling Expert Systems’,
http://repository.tamu.edwhandle/1969.1/ETD-TAMU-2012-08-
11454, pp. 1-3.

‘SeTES, A Self-Teaching Expert System for the Analysis, Design,
and Prediction of Gas Production From Unconventional Gas
Resources’, Research Partners to Secure Energy for America, George
J. Moridis et al., Nov. 28, 2011, pp. 1-116.

Al-Yami et al. “Expert System for the Optimal Design and Execution
of Successful Completion Practices Using Artificial Bayesian Intel-
ligence” SPE 143826, Brasil Offshore Conference and Exhibition,
Macaé, Brazil, Jun. 14-17, 2011, pp. 1-24, XP055127773.

Al-Yami et al. “Guidelines for Optimum Underbalanced Drilling
Practices Using Artificial Bayesian Intelligence” OTC 22883, Off-
shore Technology Conference, Houston, Texas, Apr. 30,2012-May 3,
2012, pp. 1-57, XP055128243.

Al-Yami et al. “Underbalanced Drilling Expert System Develop-
ment” SPE 152101, SPE Western Regional Meeting, Bakersfield,
California, Mar. 19-23, 2012, pp. 1-41, XP055128240.
International Search Report and Written Opinion, PCT/US2013/
067639, dated Jul. 21, 2014.

International Search Report and Written Opinion, PCT/US2013/
067644, dated Jul. 17, 2014.

International Preliminary Report on Patentability for PCT/US2013/
067387 dated Apr. 21, 2015.

International Preliminary Report on Patentability for PCT/US2013/
067653 dated Apr. 21, 2015.

International Preliminary Report on Patentability for PCT/US2013/
067639 dated Feb. 25, 2015.

International Preliminary Report on Patentability for PCT/US2013/
067644 dated Feb. 25, 2015.

Basseville “Detecting Changes in Signals and Systems—A Survey”
Automatica, vol. 24, No. 3, 1988, pp. 309-326.

Garrouch et al. “Development of an expert system for underbalanced
drilling using fuzzy logic” Journal of Petroleum Science & Engineer-
ing, vol. 31, 2001, pp. 23-39.

Lloyd et al. “Practical Application of Real-Time Expert System for
Automatic Well Control” IADC/SPE 19919, IADC/SPE Dirilling
Conference, Houston, Texas, Feb. 27-Mar. 2, 1990, 12 pages.
MacArthur “Coiled tubing provides advantages for UB operations”
Drilling Contractor, Jul./Aug. 2003, pp. 40-41.

Martin “Managed Pressure Drilling Techniques and Tools” Thesis for
Master of Science degree, Petroleum Engineering, Texas A&M Uni-
versity, May 2006, 65 pages.

Muir “Managed Pressure Drilling (MPD) Systems & Applications”
retrieved at http://www.drillsafe.org.au/06-08__pres/DrillSafe Fo-
rum_ Jun08__KEEP_DRILLING_Ken_Muir_Managed Pres-
sure_ Drilling_ Talk.pdf, 2011, 36 pages.

Office Action for co-pending U.S. Appl. No. 13/827,746 dated Feb.
13, 2015.

Office Action for co-pending U.S. Appl. No. 13/827,794 dated Feb.
25, 2015.

Thomson et al. “Plan Recommendation for Well Engineering”
Springer-Verlag Berlin Heidelberg, IEA/AIE, Part II, LNAI 6704,
2011, pp. 436-445.

* cited by examiner



US 9,202,169 B2

Sheet 1 of 34

Dec. 1, 2015

U.S. Patent

I ‘Dl
40
uoIlewJoS
911 81T
spin|} dulj|lp spin|} Sul|jup
papuswwoday \ CEIREIEN o1
8 [I2M
90T
[ B twaisAs 8uljUg
an
viT i 80T \
eleq 4 W1SAS 1UadxXd TLI\ wa1sAs 1adxa spinjy
3ulup 03 sindu
1adx3 " spinyy 8uljjuq £

001 \



US 9,202,169 B2

Sheet 2 of 34

Dec. 1, 2015

U.S. Patent

91¢
\ [2pow
/ Nag wouj Indino
[aY4
d1807 0t1e
waisAs 1adxa spinjy
Aungeqoud gt
ueisaAeg I[P Jo} [2pow NA4
/ ans 7
\ salMliqeqodd /
paje1nosse pue /

sindul Jo suondsPs

s

90¢
CRAPEININEN)

#NDN

¢ 'Ol




U.S. Patent Dec. 1, 2015 Sheet 3 of 34 US 9,202,169 B2

/ 300

Provide user interface to
user
302
3
Receive selection of Receive selection of Receive selection of
formation potential hole problems temperature
304 306 308

kil

/
Inputs to
uncertainty nodes

3 of BDN model and

probabilities
R 310
S !
Expert |
Data : . . .
§ Combine uncertainty nodes in
312 _L% consequence node 314

¥
Calculate recommended drilling fluids

formulations and expected utility
values
316

W

Output recommended drilling fluids and
expected utility values in user interface
318

FIG. 3



US 9,202,169 B2

Sheet 4 of 34

Dec. 1, 2015

U.S. Patent

oy
Jjoed 3uijjams

ooy \

[447%

v 'OI4

0TV
anjea
Wa1sAS uadx3
uonadwo)

v

80¥%

rov

" 90¥
. PInj} Bunjup jo adA|

~ o

-



US 9,202,169 B2

Sheet 5 of 34

Dec. 1, 2015

U.S. Patent

L Ol
80 0 80 [4¢) pinyy 3uljjUp £E0Je)
z0 80 z0 80} pIn|} uljjup a1ew.o
pIoe |9H pioe dnoeT pIoe |JH pioe d1oeT pin|4 Suiyeas |
3urjjems 10 dul|[amgs Ja1ep Jayped Suljjams
Z1L 0T/ 80, Z1L 0T/ 90,
00/ /! )
9 DId
S0 10 p1oe |oH
<0 60 N 09
pioe onoen
JDed 8ul||ams |10 | 49¥ded Sul||ams 491N | Jaxoed Gulj|lams S c09
V. 809 —~ 909
c09
S ‘DI
\ 19¥oed 3ulj|ams |10
vos \ Joed gulj|jamg Ja1ep
c0s

00s \



US 9,202,169 B2

Sheet 6 of 34

Dec. 1, 2015

U.S. Patent

6 ‘Ol

0

T

03_m> \| VQQ

PepuswWWolday 10N

pPapUWWO0I9Y

s@ouanbasuo)

806 \
006 \

906 \

8 ‘DI

\\ 918 \\ vis \\ 918 \\ vis \\ 918 \\ vis \\ 918 \\ vis

pspuswwodal 10N -~ V08

\H \ o v \ H \o \ H \o \ o POPUBWIWIOIRY ™\ 70g
PIoE |JH | PIoE 2130B7 | PIok |JH | PIoB D130 | PIdB |JH | PIJe D130 | PIdoe |JH | ploe dijoe] pinyy suiead |
u_:cmc___%mo%u pinjy SuljjUp @1ewJod i pinjy 3uljjUp E0JeD | pinjy Sulj|lp 1ewJo pinjy 3uljug

Jaxoed Julj|ams |10

/[

12)2Bd 3Ul|foMS Jo1BMN

Joed 3uljjams

Nw%\\

\\ 808 \\
018

008 \

Nw%\\

\\ 908 \\
018



US 9,202,169 B2

Sheet 7 of 34

Dec. 1, 2015

U.S. Patent

OT 'DId
) 92°0 Bini guiiip to5Ey L Y00t
90 .0 pin|y uljjup s1ew.o N
19304 SUI|[aMS 10 |19¥0ed SUlj[ams Ja1e M 1930ed Sulj|ams 00t

8001 \\
0001 \

9001 \\



US 9,202,169 B2

Sheet 8 of 34

Dec. 1, 2015

U.S. Patent

¢l Ol
0 9L0€°0 POPUSWWOI9Y 10N N
: ; 80CT
80 €C69°0 pPapuswwodsy N
Jded 3ul||ams |10 [1a)0ed Sul||amS J21eAN Jyoed 3ul|jloms 90cT

roct \\

NQNw\\

o0oct \

IT 'Ol

J9sn Aq pa129|9S J9sn Aq pa129|9s pinj} Suljp €0oed N
J9sn Aq pa129|9s J9sn Aq pa129|9s pin|} Suljjldp 91eW.J04 422
pIn|y Suljug - or1r
0 8'0 9/0¢'0 L20°0 P2€ OH N OIT

8'0 0 €769°0 6C.6'0 p1ae dijoeT N
pin|4 Suneal| cort

3ul||ams 10 3uljjoms Jo1eAN Jyoed 3uljjams

8011 \\

0011 \

9011 \\



US 9,202,169 B2

Sheet 9 of 34

Dec. 1, 2015

U.S. Patent

rl ‘Old
0 T paspuswwossy 10N N
T 0 PSpUSWILI0IY K vort
sioed Sul|[oms 10| Sa)oed Sul||aMS JD1EMN Jyoed 3uljams cort
80vT \\ 90vT \\
oovT \
€1 Ol
80 €269°0 A13n paoadx]

3uljjams |10 3ul||ams Ja1e M\ 1230ed ulj|ams Z0S€T

90¢€T \\
00€T \

voET \\



US 9,202,169 B2

Sheet 10 of 34

Dec. 1, 2015

U.S. Patent

ST 'Ol

1

0

AN1In paloadxy

dul|[ams |10

3ul||loms J1epn

Jyoed 3uljjams

90s1T \\

00sT \

rost \

cost



US 9,202,169 B2

Sheet 11 of 34

Dec. 1, 2015

U.S. Patent

V9l ‘Dl
Z19T
WR1sAS 14adxq
spin|4 8uljua
A
€T9T —~_
IrT9T |wmmw \\\\\\\ —
e 0191

€191

091

<¢HmHJ/MVs
spini4

8uljjuq papuswwoday

Qowwx\\

ariot

/ ¥09T

8091

% SWa|qoJd 9|OH |elua10d

9091
uolew.lo4



US 9,202,169 B2

Sheet 12 of 34

Dec. 1, 2015

U.S. Patent

c091

g91 'Ol
191
wia1sAs uadx]
spinj4 3uljuQ
€191
Ir19T @x .......... —
-~ 0191

Vyiol 1/
spini4

8ul||ug papuswwoday

919 \

N 23ues dwa]

7 =28ues dwa]
T @8ues dwa]
:Sowo21nNQ ¥

0091 \

~.

~

7091

8091

% SW?|qo.d 9|OH |elIuUa10d

9091



US 9,202,169 B2

Sheet 13 of 34

Dec. 1, 2015

U.S. Patent

J9T 'Ol

¢191

wa1sAs 1adx3
spini4 ulua

gul||uq papuswwoday

091
spinid4

0091 S T

0191

7091

8191
)

N wsjqosd sjoH

¢ wsjqoid d|0H
T wsjqoid djoH
:S9WO02INQO N

8091

swa|qo.d 9|0H |elua1od

9091



US 9,202,169 B2

Sheet 14 of 34

Dec. 1, 2015

U.S. Patent

V¥191 1/

€191

091
spin|4

gul|uQg pepuswwoday

0091 \

qvior

asr ‘i

191
Wa1sAS 1adxg

spin|4 gulju@

0197 ™y

091 \

N~ uollew.oH

7 uolew.lo
T uollew.o4
:S2Wo0INQ0 0T

09T N\

S SN

IPTIT —3y
/ 909T




US 9,202,169 B2

Sheet 15 of 34

Dec. 1, 2015

U.S. Patent

1291

N~ uolle|nwio4

Z uolle|nwJoS
1 UolleNWJIO4
1S3W00IN0 0T

c091
spin|d
8ulj|u@ papusWwWoddy

0091 \

gyiot

491 'Oid

191
wa1sAg 14adx3

spin|4 3uyg

0191
saouanbasuo)

A

091

8091

\_SW?|qo.d 3|OH |e1nus1od.

9091



US 9,202,169 B2

Sheet 16 of 34

Dec. 1, 2015

U.S. Patent

<¢ﬁmﬁ.J/MVs

Z09T
spini4
3ul|juQ papuswwoday

griol

oomﬂ.\\ e

491 Ol4
191
wa3sAs uadx3
spinid ulua
0191 ™
SUOD /
93ewep uollew.Jo) |e1ualod

7091

NﬂJ N

:90UBPIAT

. 809T
%, _SWa|qoJd dOoH |enuaiod

£19T
T WIIT
909T

uoljew.oH



US 9,202,169 B2

Sheet 17 of 34

Dec. 1, 2015

U.S. Patent

ET9l

091

VP191 1/
spini4

8ul[ug papuUsWIWOIY

591 'Ol

191
Wwa1sAs 11adx]
spini4 sulfjug

0191 ™
$92UBhbasuo) P4
e
€191
ariot

€191 I\

40€€ 01 0¢¢
:92UspIA]

WW 091 ™

8091

%, SWa|qoJd ®|OH |enus1od

9091



US 9,202,169 B2

Sheet 18 of 34

Dec. 1, 2015

U.S. Patent

LT "Dl

\\ 90/1

T

0

T

0

0

ANj1an pajoadxy

0T uoniejnwJiod

6 uonenwaoS

g uolnenwJoS

[ uonenwJaod

9 uonenwJoS

pIn|4 Sul||lig papusWWoIaY

Nomw\

( vosLT
\\ 90/1

T

0

T

0

0

ANj1an pajoadxy

G uole|nwJoS

Y uonenwuo4

€ uole|nwJoS

7 uonenwJaoS

T uonenwJoS

pIn|4 3ul||lig papuUsWWOoIaY

0041 \

/! voLT



US 9,202,169 B2

Sheet 19 of 34

Dec. 1, 2015

U.S. Patent

€191

N 2091
spin|4
Sul|uQ pepuswwoday €

arior

oowﬂ.\x o

V8T 'Ol4

c191

wa1sAg Ladx]
spinj4 3uljjuq

SMO|J J21eM pue uolle|nain Jo SSoT

:90UBPIAT

091

0081

8091
. SWa|qo.d 9|OH |eljua1od

_ 9091
N uollew.o4



US 9,202,169 B2

Sheet 20 of 34

Dec. 1, 2015

U.S. Patent

V191

a81 ‘Old
191
wo1sAs 1Jadx3
spin|4 gulug
€197
Ir19T w ‘‘‘‘‘‘‘‘‘‘‘ e
s~ 0191

091
spini4

8u||uq papusWWod

2087

0097 S

4 022 oY 021

:90UBpIAT

7091

. 98uey ainjeladwa]

8091

\_SW3|q0.d BJOH [elui0d

9091




US 9,202,169 B2

Sheet 21 of 34

Dec. 1, 2015

U.S. Patent

61 DI

\\ 9061

0

0

T

0

0

Ayj1an pajoadxy

0T uonejnwJiod

6 uonenwaoS

g uolnenwJoS

[ uonenwJaod

9 uonenwJoS

pin|4 Suljjg PapUBWLI0IDY

co6l \

/I ro6l
\\ 9061

0

0

0

I

T

ANj1an pajoadxy

G uole|nwJoS

Y uonenwuo4

€ uole|nwJoS

7 uonenwJaoS

T uonenwJoS

pin|4 SuljjlQ POPUBWIOIDY

0061 \

/! roel



US 9,202,169 B2

Sheet 22 of 34

Dec. 1, 2015

U.S. Patent

v0c 'Old

[4%:)"
wi23sAs 1adx3
spin|4 duljjug

"\ - O._“@._U ) /"

¢091

8091

vV191 1/
spin|4

8ul|ug papuswwod

\ _SW?a|qo.d DIOH |enua1od.

i-ogg 01 0Ce.

1BOUBPIAT |
................................ €191
000z e N WIIT —~ e e
e 091 N 9091
. 98ueyainessdws) N Uuonew.Jo4



US 9,202,169 B2

Sheet 23 of 34

Dec. 1, 2015

U.S. Patent

€191

091
spini4

3uij|ug pepuswwoday

Qowwu\\

qgriol

g0¢ 'O5i4

191
Wa1sAg 142dx3

spin|4 uylug

0191
saduanbasuo)

&
€

7091

191
arist

swiajqoud

8091
3|OH |enua1od

T uonew.Jo4
120UdPINT

cooc
191

9091




US 9,202,169 B2

Sheet 24 of 34

Dec. 1, 2015

U.S. Patent

J0¢ 'Ol

€181

0 =ScH

1’0 = 84nssaid” jewaouqy

ST'0 =STH pue uol1e|ndi1d 1507

0 =SMOJ} SZH PuUe uoqJedoJpAy Jaiem

0 =90y 1Yy313 pue moj} J91em pue UOIENIID 1507
GT°0 = UOIE|N2IID 3507

0 = MOJ} JD1BMN

GT°0 = MOJJ 121EM pUE STH

GT'0 = swajgosd 9oy 311

0 = SMO[J J2]EM PUB UOIIBRNJJIID JO SSOT

0 = UOIBWJIOJ 3[(eiIsun paJinidel) pJey pue uoliendild Jo ssoT
0 = uoIIeINAIID ISO| pue 9oy 311

:S2WO02INQ 8T

091

V191 /
spinid4

8uljjuQ papusWIWOoIDY

qr1or

0091 \

700¢ av1ot -

€191 I\

; 8091
%_SWa|qo.d 3|0H [eaua10d

7091 B _
. 98ueyainmetadwal S N

9091
uoljew.o



US 9,202,169 B2

Sheet 25 of 34

Dec. 1, 2015

U.S. Patent

I¢ 'Ol

\\ rorc

0

0

580

0

0

Ayj1an pajoadxy

0T uonejnwJiod

6 uonenwaoS

g uolnenwJoS

[ uonenwJaod

9 uonenwJoS

pin|4 Suljjg PapUBWLI0IDY

40) 74 \

/I 901¢
\\ rorc

ST°0

ST°0

0

S7°0

0

ANj1an pajoadxy

G uole|nwJoS

Y uonenwuo4

€ uole|nwJoS

7 uonenwJaoS

T uonenwJoS

pIn|4 3ul||lig papuUsWWOoIaY

001¢ \

/! 901¢



US 9,202,169 B2

Sheet 26 of 34

Dec. 1, 2015

U.S. Patent

<091

V191l /
spinid

Su1jjuQ papusWWod

vce Dl
[AR:]
wa1sAs 1adx3
spin|4 uljig
€191
M.W._“o._“ lﬁ\;\\.’ ..... e
- 0197

40ZZ 0} 0TT
:90U3PINT

09T

8091

%_ SWalgold 3|oH |enus

10d_

9091



US 9,202,169 B2

Sheet 27 of 34

Dec. 1, 2015

U.S. Patent

€19l

091

V¥191 1/
spinid

8ul|uQg papusWWoIaY

0091 \

ariot

g¢cC 'Old

191
wa1sAg 11adx3
spin|4 Suljjlug

0191

7091

8091

Swa|qo.d 3|0H |enualod

7 uolnlew.od

:90UDpINT
~o

zo0zz VMV?,III;/,,

g 9091

L uollewW.104



US 9,202,169 B2

Sheet 28 of 34

Dec. 1, 2015

U.S. Patent

€191

091

V191 1/
spini4

Sulu@ papuswwoday

0091 \

Jec ‘Ol

0 =StH

0 = 24nssaud™ [ewJouqy

0 =STH pue uonenaId 31s07

0 =SMO|} SZH PUE uogJedoJpAy Ja1epn

0 =20y 1Yy31} pue Mo}} Jolem pue UoIe|ndID 1507
0 = UOI1E|NDJID 3507

0 = MOJ} 31BN\

0 = MOJ} Jo1em pue SzH

0 = swajqo4d 3|0y W3IL

0 = SMOJ} J91EM™ PUE UOIIBINIID JO SSOT

0 = UonewJo) 9|geisun paJnioely pJey pue UOIBINJIID JO SSOT
T = UOIEBINJJIDISO| pue 3oy ysiL

:S2Wo2INQ 8T

arior

; 8091
%_ SW2|qo.d 3|OH |elIua10d

091 Y _ 9097
. 98ueyaumesadws] N uolew.o4



US 9,202,169 B2

Sheet 29 of 34

Dec. 1, 2015

U.S. Patent

€C 'O

\\ 90¢€c

0

0

0

T

T

Ayj1an pajoadxy

0T uonejnwJiod

6 uonenwaoS

g uolnenwJoS

[ uonenwJaod

9 uonenwJoS

pin|4 SuljjUg PapPUBWWIOIDY

40/ 74 \

\\ 90£7 /! roec

T

0

T

0

T

ANj1an pajoadxy

G uole|nwJoS

Y uonenwuo4

€ uole|nwJoS

7 uonenwJaoS

T uonenwJoS

pIn|4 3ul||lig papuUsWWOoIaY

00€¢ \

/! roec



US 9,202,169 B2

Sheet 30 of 34

Dec. 1, 2015

U.S. Patent

vr19T

V¢ "Old
¢191
woa1sAs 11adx3
spin|4 ulug
€197
0197
soouanbasuo) /
€191
ariot
...... c091 ; 8091
spinid4 % SW?I|qoid 2|0H |enuaiod
guluqg papuswwod - —
G Pop 4 00¥ 01 0g¢
:20UBpIAT
00vz RN — S
- ¥09T ™ _ 9097
\. 98ueyainiessdwasl L uollew.Jo4

0097 \



US 9,202,169 B2

Sheet 31 of 34

Dec. 1, 2015

U.S. Patent

VP191 1/

144

‘Ol

191
wa1sAs 1adx3

spinj4 8uyua

-

928ewep uonew.JO) |elIualod

:20UdpINg
cove
09T _ 8091
spin|4 % SW?a|qoJd 3|OH |enuaiod
Suljua pepuswwoday €19l -~ ~ & orl ™
arior /
/N 09T | 909T
\._ 93ueyauniesadwa) N uollew.Jo

0091 \ i —



US 9,202,169 B2

Sheet 32 of 34

Dec. 1, 2015

U.S. Patent

S¢ ‘Ol

\\ 90s¢

0

0

0

0

0

Ayj1an pajoadxy

0T uonejnwJiod

6 uonenwaoS

g uolnenwJoS

[ uonenwJaod

9 uonenwJoS

pin|4 SuljjUg PapPUBWWIOIDY

cosc \

\\ 9057 /! rosc

0

T

0

I

0

ANj1an pajoadxy

G uole|nwJoS

Y uonenwuo4

€ uole|nwJoS

7 uonenwJaoS

T uonenwJoS

pIn|4 3ul||lig papuUsWWOoIaY

00s¢ \

/! rosc



U.S. Patent Dec. 1, 2015 Sheet 33 of 34 US 9,202,169 B2
/ 2600
. Determine
. Determine .
Determine potential hole
. temperature
formations problems and i€
ranges _
2602 2606 probabilities
2610
3 3 W
Enter into Enter into Enterinto
node of BDN node of BDN node of BDN
model model model
2604 2608 2614
Determine
drilling f!wd ot oo
formulations ]
2616 Obtain expert
data
¥ 2612
Enter into +
node of BDN
model
2618
¥ Changes
in practices,
Complete e L .
- . opinions, etc.?
drilling fluids J ) 2626
BDN model
2620
¥
Test BDN Provide
drilling fluid
model "1 expert system
2622 2624

FIG. 26



US 9,202,169 B2

Network
2716

gt

U.S. Patent Dec. 1, 2015 Sheet 34 of 34
/ 2700
Computer
Network
Processor interface |«
2702a 5710
Processor I/27P(;38rts <
2702b
. Memory
o Interface 2704
S 2714
Processor Program
2702n . 8 .
instructions
2718
Display
2706

FIG. 27

I/O Devices
2712




US 9,202,169 B2

1
SYSTEMS AND METHODS FOR DRILLING
FLUIDS EXPERT SYSTEMS USING
BAYESIAN DECISION NETWORKS

PRIORITY CLAIM

This application claims priority to U.S. Provisional Patent
Application No. 61/722,039 filed on Nov. 2, 2012, entitled
“Systems and Methods for Drilling Fluids Expert Systems
Using Bayesian Decision Networks,” the disclosure of which
is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to the drilling and extrac-
tion of oil, natural gas, and other resources, and more particu-
larly to evaluation and selection of drilling fluids.

2. Description of the Related Art

Oil, gas, and other natural resources are used for numerous
energy and material purposes. The search for extraction of oil,
natural gas, and other subterranean resources from the earth
may cost significant amounts of time and money. Once a
resource is located, drilling systems may be used to access the
resources, such as by drilling into various geological forma-
tions to access deposits of such resources. The drilling sys-
tems rely on numerous components and operational tech-
niques to reduce cost and time and maximize effectiveness.
For example, drill strings, drill bits, drilling fluids, and other
components may be selected to achieve maximum effective-
ness for a formation and other parameters that affect the
drilling system. Typically, many years of field experience and
laboratory work are used to develop and select the appropriate
components for a drilling system. However, these techniques
may be time-consuming and expensive. Moreover, such tech-
niques may produce inconsistent results and may not incor-
porate recent changes in practices and opinions regarding the
drilling systems.

SUMMARY OF THE INVENTION

Various embodiments of systems and methods for drilling
fluids expert systems using Bayesian decision networks are
provided herein. In some embodiments, a system is provided
that includes one or more processors and a non-transitory
tangible computer-readable memory. The memory includes
drilling fluids expert system executable by the one or more
processors and configured to provide one or more drilling
fluids recommendations based on one or more inputs. The
drilling fluids expert system includes a drilling fluids Baye-
sian decision network (BDN) model. The drilling fluids BDN
model includes temperature ranges uncertainty node config-
ured to receive one or more temperature ranges from the one
or more inputs, a formations uncertainty node configured to
receive one or more formations from the one or more inputs,
a potential hole problems uncertainty node dependent on the
formations uncertainty node and configured to receive one or
more potential hole problems from the one or more inputs,
and a drilling fluids decision node configured to receive one
or more drilling fluids from the one or more inputs. The
drilling fluids BDN model also includes a consequences node
dependent on the temperature ranges uncertainty node, the
potential hole problems uncertainty node, and the drilling
fluids decision node and configured to output the one or more
drilling fluids recommendations based on one or more Baye-
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sian probabilities calculated from the one or more tempera-
ture ranges, the one or more potential hole problems, and the
one or more drilling fluids.

A computer-implemented method for a drilling fluids
expert system having a drilling fluids Bayesian decision net-
work (BDN) model is also provided. The method includes
receiving, at one or more processors, one or more inputs and
providing, by one or more processors, the one or more inputs
to one or more nodes of the drilling fluids BDN model. The
one or more nodes include a temperature ranges uncertainty
node, a formations uncertainty node, a potential hole prob-
lems uncertainty node dependent on the formations uncer-
tainty node, a drilling fluids decision node, and a conse-
quences node dependent on the temperature ranges
uncertainty node, the potential hole problems uncertainty
node, and the drilling fluids decision node. The method also
includes determining, at one or more processors, one or more
drilling fluids recommendations at the consequences node of
the drilling fluids BDN model by calculating of one or more
Bayesian probabilities based on the one or more inputs and
providing, by one or more processors, the one or more drilling
fluids recommendations to a user.

Additionally, a computer-implemented method for deter-
mining a drilling fluid formulation for a drilling system is
provided. The method includes receiving, at one or more
processors, an input from a user, the input comprising a tem-
perature range, a formation, a potential hole problem, or any
combination thereof, and providing, by one or more proces-
sors, the input to a drilling fluids Bayesian decision network
(BDN) model configured to receive one or more drilling fluid
formulations. The method also includes determining, by one
or more processors, an expected utility value for the one or
more drilling fluid formulations based on the input by calcu-
lating of one or more Bayesian probabilities for the one or
more drilling fluid formulations based on the input and pro-
viding, by one or more processors, an output from the drilling
fluids BDN model. The output includes one or more recom-
mended drilling fluid formulations selected from the one or
more drilling fluid formulations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a block diagram that illustrates a system in accor-
dance with an embodiment of the present invention;

FIG. 2 is a schematic diagram of a computer and a drilling
fluids expert system in accordance with an embodiment of the
present invention;

FIG. 3 is a block diagram of a process of a drilling fluids
expert system in accordance with an embodiment of the
present invention;

FIG. 4 is a schematic diagram of an example of a Bayesian
decision network model for the selection of a swelling packer
in accordance with an embodiment of the present invention;

FIGS. 5-8 are tables of the probability states associated
with the nodes of the Bayesian decision network model of
FIG. 4,

FIG. 9 is a table of input utility values assigned to a con-
sequences node of the Bayesian decision network model of
FIG. 4,

FIG. 10 is a table of total probability calculations for drill-
ing fluid types of the Bayesian decision network model of
FIG. 4,

FIG. 11 is a table of Bayesian probability determinations
for the Bayesian decision network model of FIG. 4;

FIG. 12 is a table of consequences based on the Bayesian
probability determinations depicted in FIG. 11;
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FIG. 13 is a table of expected utilities based on the conse-
quences depicted in FIG. 12;

FIG. 14 is a table of table of consequences based on the
probability states depicted in FIG. 8;

FIG. 15 is a table of expected utilities based on the conse-
quences depicted in FIG. 14;

FIGS. 16 A-16G depicts a drilling fluids Bayesian decision
network (BDN) model and various user selected inputs to the
drilling fluids BDN model in accordance with an embodiment
of the present invention;

FIG. 17 is a table of expected utilities based on the conse-
quences output by the drilling fluids BDN model of FIG. 16 A
in accordance with an embodiment of the present invention;

FIGS. 18A and 18B depict the drilling fluids BDN model
of FIG. 16 A and various user selected inputs in accordance
with an embodiment of the present invention;

FIG. 19 is a table of expected utilities based on the conse-
quences output by the drilling fluids BDN model of FIG. 16 A
in accordance with an embodiment of the present invention;

FIGS. 20A-20C depict the drilling fluids BDN model of
FIG. 16 A and various user selected inputs in accordance with
an embodiment of the present invention;

FIG. 21 is a table of expected utilities output by the drilling
fluids BDN model of FIG. 16A based on the selected inputs
FIGS. 20A-20C in accordance with an embodiment of the
present invention;

FIGS. 22A-22C depict the drilling fluids BDN model of
FIG. 16 A and various user selected inputs in accordance with
an embodiment of the present invention;

FIG. 23 is a table of expected utilities output by the drilling
fluids BDN model of FIG. 16A based on the selected inputs
FIGS. 22A and 22B in accordance with an embodiment of the
present invention;

FIGS. 24 A and 24B depict the drilling fluids BDN model
of FIG. 16 A and various user selected inputs in accordance
with an embodiment of the present invention;

FIG. 25 is a table of expected utilities output by the drilling
fluids BDN model of FIG. 16A based on the selected inputs
FIGS. 24A and 24B of in accordance with an embodiment of
the present invention;

FIG. 26 is a block diagram of a process for constructing a
drilling fluids BDN model for a drilling fluids expert system
in accordance with an embodiment of the present invention;

FIG. 27 is a block diagram of a computer in accordance
with an embodiment of the present invention.

While the invention is susceptible to various modifications
and alternative forms, specific embodiments thereof are
shown by way of example in the drawings and will herein be
described in detail. The drawings may not be to scale. It
should be understood, however, that the drawings and
detailed description thereto are not intended to limit the
invention to the particular form disclosed, but to the contrary,
the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the present
invention as defined by the appended claims.

DETAILED DESCRIPTION

As discussed in more detail below, provided in some
embodiments are systems, methods, and computer-readable
media for a drilling fluids expert system based on a Bayesian
decision network. In some embodiments, the drilling fluids
expert system includes a user interface and probability data
based on expert opinions. The drilling fluids expert system
includes a temperature selection, a formation selection, and a
potential hole problems selection arranged in a Bayesian
decision network. The Bayesian decision network may evalu-
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ate the temperature, the formation, and the potential hole
problem probabilities and provide recommendations for drill-
ing fluids. A user may select a temperature, a formation, and
a potential hole problem and receive one or more recom-
mended drilling fluids from the drilling fluids expert system.

FIG. 1 is a block diagram that illustrates a system 100 in
accordance with an embodiment ofthe present invention. The
system 100 includes a formation 102, a well 104, and a
drilling system 106. The system 100 also includes a drilling
fluids expert system 108 for use with the drilling system 106.
As described further below, the drilling fluids expert system
108 may be implemented on a computer and may include a
Bayesian decision network to evaluate inputs and output rec-
ommended drilling fluids for use with the drilling system 106.
As will be appreciated, the well 104 may be formed on the
formation 102 to provide for extraction of various resources,
such as hydrocarbons (e.g., oil and/or natural gas), from the
formation 102. In some embodiments, the well 104 is land-
based (e.g., a surface system) or subsea (e.g., a subsea sys-
tem). The formation 102 may include

The drilling system 106 may develop the well 104 by
drilling a hole into the formation 102 using a drill bit, e.g., a
roller cone bits, drag bits, etc. The drilling system 106 may
generally include, for example, a wellhead, pipes, bodies,
valves, seals and so on that enable drilling of the well 104,
provide for regulating pressure in the well 16, and provide for
the injection of chemicals into the well 104. During opera-
tion, the drilling system 106 may include a drilling fluid used
to clean cuttings from the hole, cool the drill bit, and lubricate
the drill bit. As described below, such drilling fluids may
include a liquid (sometimes referred to as “drilling mud™), a
gas, or other fluids and may be formed from a wide variety of
formulations. In some embodiments, the well 104, drilling
system 106 and other components may include sensors, such
as temperature sensors, pressure sensors, and the like, to
monitor the drilling process.

The drilling system 106, well 104, and formation 102 may
provide a basis for various inputs 112 to the drilling expert
system 108. For example, as described below, temperature
ranges, the formation 102, and potential hole problems may
be provided as inputs 112 to the drilling fluids expert system
08. The drilling expert system 108 may access an expert data
repository 114 that includes expert data, such as probability
data used by the drilling fluids expert system 108. The expert
data may be derived from best practices, expert opinions,
research papers, and the like. As described further below,
based on the inputs 112, the drilling fluid expert system 108
may output recommended drilling fluids 116 for use in the
drilling system 106. For example, the drilling fluids expert
system 108 may provide the one or more optimal drilling fluid
formulations for the combination of formation lithology, tem-
perature, and potential hole problems associated with the
drilling system 106. Based on these recommendations, a drill-
ing fluid may be selected and the selected drilling fluid 118
may be used in the drilling system 106.

FIG. 2 depicts a computer 200 implementing a drilling
fluids expert system 202 in accordance with an embodiment
of the present invention. As shown in FIG. 2, a user 204 may
interact with the computer 200 and the drilling fluids expert
system 202. In some embodiments, as shown in FIG. 2, the
drilling fluids expert system 202 may be implemented in a
single computer 200. However, in other embodiments, the
drilling fluids expert system 202 may be implemented on
multiple computers in communication with each other over a
network. Such embodiments may include, for example, a
client/server arrangement of computer, a peer-to-peer
arrangement of computers, or any other suitable arrangement
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that enables execution of the drilling fluids expert system 202.
In some embodiments, the drilling fluids expert system 202
may implemented as a computer program stored on a memory
of the computer 200 and executed by a process of the com-
puter 200.

In some embodiments, the drilling fluids expert system 202
may include a user interface 206 and an expert data repository
208. The user interface 206 may be implemented using any
suitable elements, such as windows, menus, buttons, web
pages, and so on. As described in detail below, the drilling
fluids expert system 202 may include a Bayesian decision
network (BDN) model 210 that implemented Bayesian prob-
ability logic 212. The BDN model 210 may evaluate selec-
tions of inputs and associated probabilities 214 and output a
decision 216 from the BDN model. In the embodiments
described herein, the inputs may include a formation, poten-
tial hole problems (that may be dependent on a specific for-
mation), a temperature range, and drilling fluid formulations.
The BDN model 210 may then calculate Bayesian probabili-
ties for the consequences resulting from the selected inputs,
and then output recommended drilling fluids. The output may
include an expected utility value for each drilling fluid for-
mulation to enable to user to evaluate and select the drilling
fluid formulation having the optimal expected utility for the
selected inputs.

As described below, a user 204 may use the user interface
206 to enter selections 210 of inputs for the BDN model 210.
The associated probabilities for the inputs may be obtained
from the expert data repository 208. Based on the inputs 210,
a user 204 may receive the outputs 212 from the BDN model
210, such as recommended drilling fluid formulations and
expected utility value. The output 212 may be provided for
viewing in the user interface 206. Further, as explained below,
a user may return to the drilling fluids expert system 202 to
add or change the inputs 214. The BDN model 210 may
recalculate the outputs 216 based on the added or changed
inputs 214 and the Bayesian probability logic 212. The recal-
culated outputs 216 may then provide additional or changed
recommended drilling fluid formulations and expected utility
values. Here again, the outputs 216 may be provided to the
user in the user interface 206.

FIG. 3 depicts a process 300 of the operation of a drilling
fluids expert system in accordance with an embodiment of the
present invention. Initially, auser interface for a drilling fluids
expert system may be provided to a user (block 302). From
the user interface, various selections of inputs may be
received. For example, a selection of a formation may be
received (block 304), a selection of a potential hole problem
may be received (block 306), and a selection of a temperature
range (block 308). Any one of or combination of these selec-
tions may be received. As described below, the BDN model
enables a user to enter inputs at any node of the BDN model.
Moreover, as also illustrated below in FIG. 16 A, the potential
hole problems may be dependent on the selected formation.

Next, the received selections may be provided as inputs to
uncertainty nodes of a drilling fluids BDN model of the drill-
ing fluids expert system (block 310), and the selected inputs
may include associated probability states, as received from
expert data 312. Next, the data from the uncertainly nodes
may be combined (i.e., propagated to) a consequence node
based on the expert systems data (block 312). The propaga-
tion and determination of consequences is based on the Baye-
sian logic described below in FIGS. 16A-16G and imple-
mented in the drilling fluids BDN model. Next,
recommended drilling fluid formulations and expected utility
values may be calculated by the BDN model (block 316).
Finally, the recommended drilling fluid formulations and
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expected utility values may be output in a user interface of the
drilling fluids expert system (block 318).

FIGS. 4-15 depict an example of a BDN model simulating
the decision-making process of the selection of a swelling
packer. The model described below in FIGS. 4-15 is illustra-
tive of the application of a Bayesian decision network to the
selection of a swelling packer for use in a drilling system.
Based on the techniques illustrated in FIGS. 4-15 and
described below, a drilling fluid BDN model, such as that
described above in FIGS. 1-3, may be implemented. Such a
drilling fluids BDN model is illustrated in detail in FIGS.
16A-16G. Thus, the techniques and implementation
described in FIGS. 4-15 may be applied to the more detailed
drilling fluids expert system illustrated in FIGS. 16A-16G.

FIG. 4 depicts a BDN model 400 for the selection of a
swelling packer in accordance with an embodiment of the
present invention. The BDN model 400 depicted in FIG. 4
includes a swelling packer decision node 402, a treating fluid
uncertainty node 404, a drilling fluid type uncertainty node
406, a consequences node 408, and a completion expert sys-
tem value node 410. As will be appreciated, the selection of a
swelling packer may be relevant in the completion of a well to
production status. In the illustrated BDN model 400, the
various connection lines 412 indicate direct dependencies
between the different nodes. Accordingly, the consequences
node may be influenced by the inputs to the uncertainty nodes
404 and 406 and the decision node 402. Similarly, the treating
fluid uncertainty node 404 may be influenced by the swelling
packer decision node 402.

After defining the BDN model 400, the probability states
associated with each node may be defined. FIGS. 5-7 depict
various tables illustrating the states, such as probability states,
associated with each node of the BDN model 400. The prob-
ability distributions may be defined based on expert data
entered in the BDN model 400. FIG. 5 depicts a table 500
illustrating the states associated with the swelling packer
decision node 402. As shown in table 500, the swelling packer
decision node 402 may have a first probability state 502 of
“water swelling packer” and a second probability state 504 of
“oil swelling packer.” Next, FIG. 6 depicts a table 600 illus-
trating the probability states associated with the treating fluid
uncertainty node 404. The probability states associated with
the treating fluid uncertainty node 404 are influenced by the
dependency on the swelling packer decision node 402. As
shown in table 600, the probability states for two treating
fluids 602 (“Lactic acid”) and 604 (“HCI acid”) are shown.
For example, for a lactic acid treating fluid 602, the probabil-
ity state for a water swelling packer 606 is 0.9 and the prob-
ability state for an oil swelling packer 608 is 0.5. Similarly, for
an HCI acid treating fluid 604, the probability state for the
water swelling packer 606 is 0.1 and the probability state for
the oil swelling packer 608 is 0.5.

FIG. 7 depicts a table 700 illustrating the probability states
associated with the drilling fluid type uncertainty node 406.
As shown in the BDN model 400 depicted in FIG. 4, the
drilling fluid type uncertainty node 406 is influenced by the
dependency on the treating fluid uncertainty node 404 and the
swelling packer decision node 406. In the table 700, the
probably states associated with two drilling fluid types 702
(“Formate drilling fluid”) and 704 (“CaCO, drilling fluid”)
are depicted for combinations of a water swelling packer 706,
an oil swelling packer 708, a lactic acid treating fluid 710, and
an HCl acid treating fluid 712. For example, as shown in FIG.
7, for the formate drilling fluid type 702, the probability state
for the water swelling packer 706 and lactic acid treating fluid
710 is 0.8 and the probability state for the water swelling
packer 706 and HCI acid treating fluid 712 is 0.2. Similarly,
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for the CaCOj drilling fluid type 704, the probability state for
the water swelling packer 706 and lactic acid treating fluid
710 is 0.2 and the probability state for the water swelling
packer 706 and HCl acid treating fluid 712 is 0.8. In a similar
manner, the table 700 of FIG. 7 depicts the probability states
for the oil swelling packer 708 and the various combinations
of'lactic acid treating fluid 710 and the HCl acid treating fluid
712, and the formate drilling fluid type 702 and the CaCO,
drilling fluid type 704.

FIG. 8 depicts a table 800 illustrating the probability states
of'the consequences node 408. The consequences node 408 is
influenced by its dependency on the swelling packer decision
node 402, treating fluid uncertainty node 404, and the drilling
fluid type uncertainty node 406. As shown in table 800, the
probability states associated with two consequences 802
(“Recommended”) and 804 (“Not recommended”) are
depicted for various combinations of a water swelling packer
806 or an oil swelling packer 808, a formate drilling fluid type
810 or a CaCOj; drilling fluid type 812, and a lactic acid
treating fluid 814 or an HCI acid treating fluid 816. For
example, for the Recommended consequence 802, the prob-
ability state for the combination of water swelling packer 806,
the formate drilling fluid 810, and lactic acid treating fluid
814 is 0 and the probability state for the combination of the
water swelling packer 806, the formate drilling fluid 810, and
HCl acid treating fluid 816 is 1. In another example, as shown
in table 800, for the Not recommended consequence 804, the
probability state for combination of the water swelling packer
806, the formate drilling fluid 810, and lactic acid treating
fluid 814 is 1 and the probability state for the combination of
the water swelling packer 806, the formate drilling fluid 810,
and HCl acid treating fluid 816 is O.

In the BDN model 400, the consequences associated with
the consequences utility node 408 may be assigned input
utility values. FIG. 9 depicts a table 900 illustrating the input
utility values assigned to the consequences from the conse-
quences utility node 408. As shown in table 900, a value 902
may be assigned to each consequence of the consequence
node 408. For a consequence 904 of Recommended, an input
utility value of 1 may be assigned. Similarly, for a conse-
quence 906 of Not Recommended, an input utility value of O
may be assigned. As described below, after the probability
states for the consequences are determined in the BDN model
400, the input utility values assigned to each consequence
may be combined.

Using the model and probabilities described above, the
functionality of the BDN model 400 will be described. After
receiving inputs to the model 400, the model 400 may simu-
late the uncertainty propagation based on the evidence, e.g.,
the probability states, at each node, using Bayesian probabil-
ity determinations. A Bayesian probability may be deter-
mined according to Equation 1:

. . p(evidence | hypothesis) p(hypothesis) ()
p(hypothesis| evidence) = ( ‘ ]
plevidence)

Where:

p(hypothesislevidence) is the probability of a hypothesis con-

ditioned upon evidence;

p(evidencelhypothesis) is the probability the evidence is

plausible based on the hypothesis;

p(hypothesis) is the degree of certainty of the hypothesis; and

p(evidence) is the degree of certainty of the evidence.
Referring again to the BDN model 400 discussed above,

the model 400 illustrates that a selection of drilling fluid

10

15

20

30

45

50

55

60

65

8

affects the treating fluid and the swelling packer, as illustrated
by the dependencies in the model 400. First, the total prob-
ability for a drilling fluid type may be calculated based on the
evidence from the uncertainty nodes by Equation 2:

m @
> PBIAPA)

i=1

Where:
P(BIA) is the probability based on B in view of A;;
P(A,) is the probability of A;; and
m is the total number of evidence items.

Using Equation 2, the total probability for a drilling fluid
type and lactic acid treating fluid may be calculated according
to Equation 3:

n 3
Z p(formateddrillingfluid | lacticacid;)P(lacticacid;)
=1

For example, using the probability data illustrated in FIGS. 6
and 7, the total probability for a formate drilling fluid type
may be calculated as the sum of 0.9 (probability for a lactic
acid treating fluid and water swelling packer) multiplied by
0.8 (probability for a formate drilling fluid type, lactic acid
treating fluid, and water swelling packer) and 0.1 (probability
for a lactic acid treating fluid and water swelling packer)
multiplied by 0.2 (probability for a lactic acid treating fluid
and water swelling packer).

The results of the total probability calculations for drilling
fluid types are illustrated in table 1000 depicted in FIG. 10.
Table 1000 depicts the total probabilities for various combi-
nations of drilling fluids 1002 (“Formate drilling fluid) and
1004 (“CaCO3 drilling fluid”) and a water swelling packer
1006 and an oil swelling packer 1008. As explained above, the
total probabilities at the drilling fluid uncertainty node are
dependent on the evidence from the treating fluid uncertainty
node and the swelling packer decision node. As shown in
table 1000 of FIG. 10, the total probability for a formate
drilling fluid 1002 and the water swelling packer 1006 is 0.74,
and the total probability for a formate drilling fluid 1002 and
the oil swelling packer 1008 is 0.5. Similarly, total probabili-
ties for the CaCO, drilling fluid type 1004 are also depicted in
table 1000.

Using the total probabilities determined above, the Baye-
sian probability determination of Equation 1 may be used to
calculate the Bayesian probability of a treating fluid used with
a specific drilling fluid type and a particular swelling packer.
Accordingly, a Bayesian probability may be derived by com-
bining the Bayesian probability of Equation 1 with the total
probability calculation of Equation 2, resulting in Equation 4:

PBA)PA)) @)

P(A;|B) = —
2. P3| A)(P(A)

Thus, based on Equation 4, the Bayesian probability deter-
mination for a lactic acid treating fluid and a formate drilling
fluid type for a water swelling packer may be determined
according to Equation 5, using the total probabilities depicted
in the table 700 of FIG. 7 and the table 1000 of FIG. 10:
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L. P(formate | lacricacid)P(lacticacid) (5)
P(lacncaczd | formate = ( ]
P(formate)
_ 0.8x0.9
T 074
=0.9729

As depicted above in FIG. 7, the probability associated
with a formate drilling fluid type conditioned on lactic acid
treating fluid is 0.8 and the probability of lactic acid for a
water swelling packer is 0.9. Additionally, as calculated
above in FIG. 10, the total probability associated with a
formate drilling fluid and a water swelling packer is 0.74.
Using these probabilities, the Bayesian probability for a lactic
acid treating fluid and a formate drilling fluid type may be
calculated as shown in Equation 5. Similarly, Equation 6
depicts the Bayesian probability determination for an HCl
treating fluid and a formate drilling fluid type, as shown
below:

X P(formate | HClacid)P(HClacid) (6)
P(HClaczd | formate = ( )
P(formate)
_02x0.1
T 074
=0.0270

As noted above, the values for the probabilities depicted in
Equation 6 may be obtained from the probability states
depicted in tables 600 and 700 of FIGS. 6 and 7 and the total
probability calculations depicted in table 1000 of FIG. 10. In
a similar manner, Equations 7 and 8 depict the Bayesian
probability determinations for a CaCOj drilling fluid type:

L. P(CaCos | lacticacid)P(lacticacid) (@)
P(lacncaczd | CaCos = ( P(CaCoy) ]
0.2%0.9
T 7026
=0.6923
] P(CaCoy | HClacid)P(HClacid) (8)
P(HClaczd | CaCos :( P(CaCoy) ]
0.8x0.1
T 7026
=0.3076

The Bayesian probability determinations may also be per-
formed for an oil swelling packer for the various combina-
tions of treating fluid and drilling fluid types. Using the prob-
ability states depicted in tables 600 and 700 of FIGS. 6 and 7
and the total probability calculations depicted in table 1000 of
FIG. 10, these Bayesian probability determinations are
shown below in Equations 9-12:

L P(formate | lacticacid)P(lacticacid) [©)]
P(lacncaczd | formate = ( ]
P(formate)
0.8x0.5
T 05
=08
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-continued
P(formate | HClacid)P(HClacid)
P(formate)

10

P(HClacid | formate = (

0.2x0.5
T 05
=0.02

an

L P(CaCos | lacticacid) P(lacticacid)
P(lacncaczd | CaCos = ( ]

P(CaCos3)
0.8x0.5

==

=0.8

(12

P(CaCos | HClacid)P(HClacid
P(HCZacidlCaC03 =( (CaCos | HClacid)A(HClacid) ]

P(CaCos3)
0.2%0.5

=705

=02

The results of the calculations shown above in Equations
5-12 are depicted in table 1100 in FIG. 11. Table 1100 depicts
the Bayesian probability determinations for treating fluids
1102 (“Lactic acid”) and 1104 (“HCI acid”) and swelling
packers 1106 (“water swelling packer”) and 1108 (“oil swell-
ing packer”). The Bayesian probability determinations are
shown for both a formate drilling fluid type 1110 and CaCO,
drilling fluid type 1112.

After determining the Bayesian probabilities described
above, the BDN model 400 may be used to select a swelling
packer based on the inputs provided to the uncertainty nodes
of the model 400. For example, the BDN model 400 may be
used with two different interpretations of the output to pro-
vide the optimal swelling packer for the inputs provided to the
model 400. In one interpretation, the model 400 may receive
a user selection of an input for one uncertainty node, and an
optimal swelling packer may be determined based on the
possible inputs to the other uncertainty node. Thus, as shown
table 1100 and FIG. 11, the drilling types 1110 and 1112 may
be “Selected by user.” By specifying a type of drilling fluid,
the respective Bayesian probability determinations may be
read from the table 1100.

FIG. 12 depicts a table 1200 illustrating the consequences
for auserselection of a CaCO, drilling fluid type based on the
Bayesian probability determinations depicted in FIG. 11. For
example, if a CaCOj drilling fluid type is used to drill a well,
the consequences of using a water swelling packer 1202 or an
oil swelling packer 1204 are depicted in table 1200. The
consequences illustrated in table 1200 may include a “Rec-
ommended” consequence 1206 and a “Not Recommended”
consequence 1208. Accordingly, for a user selection of a
CaCO; drilling fluid type, the Bayesian probabilities read
from table 1100 for a water swelling packer are 0.6923 for a
lactic acid and 0.3076 for an HCI acid treating fluid. Simi-
larly, values for a user selection of a CaCOj drilling fluid type
and an oil swelling packer are 0.8 and 0.2. As shown in FIG.
12, the Bayesian probability determinations greater than 50%
(0.5) may be provided as Recommended consequences 1206
and the Bayesian probability determinations less than 50%
(0.5) may be included as Non Recommended consequences
1208.

As mentioned above, table 900 of FIG. 9 depicts input
utility values associated with Recommended and Not Rec-
ommended consequences. As shown in this table, a Recom-
mended consequence has an input utility value of 1 and a Not
Recommended consequence has an input utility value of 0.
By combining the input utility values and the Bayesian prob-
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abilities depicted in FIG. 12, the expected utility may be
calculated according to Equation 13:

u 13
Expectedutiilty = Z consequenceresult X inpututilityvalue
i=1

Where:

Expectedutility is the expected utility value;

Consequence result is the Bayesian probability value associ-
ated with a consequence;

Inpututilityvalue is the input utility value associated with a
consequence; and

n is the total number of consequences.

Accordingly, based on the input utility values depicted in
FIG. 9 and the Bayesian probabilities depicted in FIG. 12, the
expected utility value may be calculated using Equation 13.
For example, for a user selection of a CaCO; drilling fluid
type, the Bayesian probability associated with the Recom-
mended consequence is 0.6923 (table 1100 in FIG. 11) and
the input utility value associated with the Recommended
consequence is 1 (table 900 in FIG. 9). Similarly, for a user
selection of a CaCO, drilling fluid type, the Bayesian prob-
ability associated with the Recommended consequence is
0.3076 (table 1100 in FIG. 11) and the input utility value
associated with the Recommended consequence is O (table
900 in FIG. 9). The calculation of the expected utility for a
water swelling packer and auser selection ofa CaCO, drilling
fluid type is illustrated below in Equation 14:

u 14
Expectedutiilty = Z consequenceresult X inpututilityvalue =
i=1

0.6923x 1 +0.3076 x0 = 0.6923

The calculation the expected utility of the expected utility
for an oil swelling packer and a user selection of a CaCO,
drilling fluid type is illustrated below in Equation 15:

Expectedutiilty = (15)

n

Z consequenceresult X inpututilityvalue= 0.8 x1 +0.2x0=0.8
i=1

The results of the calculations performed in Equations 14
and 15 are summarized in FIG. 13. FIG. 13 depicts a table
1300 showing the expected utility 1302 calculated above. As
shown in this figure, the expected utility 1302 for a water
swelling packer 1304 is 0.6293 (Equation 14), and the
expected utility 1302 for an oil swelling packer 1306 is 0.8
(Equation 15). Thus, after inputting a drilling fluid type in the
drilling fluid uncertainty node 406 in the BDN model 400, the
BDN model 400 may output these expected utility values for
the swelling packers associated with the swelling packer
decision node 402. Based on these expected utility values, a
user may select an optimal swelling packer for use with the
selected drilling fluid type. For example, a user may select the
swelling packer with the higher expected utility value, i.e., the
oil swelling packer. That is, as shown intable 1300 of FIG. 13,
the expected utility value of 0.8 associated with the oil swell-
ing packer is greater than the expected utility value of 0.6923
associated with the water swelling packer.
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In other interpretations, a user may input values for all of
the uncertainty nodes of the BDN model 400 to determine the
optimal selection of a swelling packer. In such instances, the
consequences may be determined directly from the conse-
quences node 408 of the BDN model 400, as depicted above
in table 800 of FIG. 8. For example, a user may select inputs
for the treating fluid uncertainty node 404 and the drilling
fluid type uncertainty node 406 of the BDN model 400.
Accordingly, FIG. 14 depicts a table 1400 showing the con-
sequences for different swelling packers based on a user
selection of a formate drilling fluid type and a lactic acid
treating fluid. As shown in FIG. 14, the consequences may
include a “Recommended” consequence 1402 and a “Not
Recommended” consequence 1404 for both a water swelling
packer 1406 and an oil swelling packer 1408. For a user
selection of a formate drilling fluid type and a lactic acid
treating fluid, table 800 of FIG. 8 shows a Recommended
consequence value of 0 Not Recommended consequence
value of 1 for a water swelling packer. Accordingly, the table
1400 shows that the water swelling packer 1406 has a Rec-
ommended consequence value of 0 and a Not Recommended
consequence value of 1. Similarly, for a user selection of a
formate drilling fluid type and a lactic acid treating fluid, table
800 of FIG. 8 shows a Recommended consequence value of 1
and a Not Recommended consequence value of 0 for an oil
swelling packer. Thus, the table 1400 shows that the oil swell-
ing packer 1408 has a Recommended consequence value of 1
and a Not Recommended consequence value of 0.

Based on the consequences described above, the expected
utility for the different swelling packers may be determined
using Equation 13 described above. For example, based on
table 1400 of FIG. 14, the calculation of the expected utility
for a water swelling packer is illustrated below in Equation
16:

Expectedutiilty = (16)

n

Z consequenceresult X inpututilityvalue=0x 1+ 1x0=0
i=1

Similarly, the calculation of the expected utility for an oil
swelling packer, using the values for consequences shown in
table 1400 of FIG. 14, is illustrated below in Equation 17:

Expectedutiilty = (1n

n
Z consequenceresult X inpututilityvalue=1x1+0x0=0
i=1

FIG. 15 depicts a table 1500 illustrated the results of the
calculations performed above in Equations 16 and 17. An
expected utility 1502 for a water swelling packer 1504 and an
oil swelling packer 1506 is illustrated in table 1500. Based on
a user selection of a formate drilling fluid type and a lactic
acid treating fluid, an expected utility value for the water
swelling packer 1504 is 0 and the expected utility value for the
oil swelling packer 1506 is 1. Based on these values, a user
may select a swelling packer for use based on the BDN model
400. For example, a user may select the swelling packer with
the higher expected utility value in table 1500, i.e., an oil
swelling packer. Here again, a user may select an optimal
swelling packer for use with the inputs, i.e., a selected treating
fluid and drilling fluid type, provided to the BDN model 400.
For example, a user may select the swelling packer with the



US 9,202,169 B2

13

higher expected utility value, i.e., the oil swelling packer.
That is, as shown in table 1500 of FIG. 15, the expected utility
value of 1 associated with the oil swelling packer is greater
than the expected utility value of 0 associated with the water
swelling packer.

In view of the techniques described above, a BDN model
may be applied to more complicated determinations. Such
models may serve as a training tool or a guide to aid engi-
neers, scientists, or other users in selecting and executing
operations of the drilling system 106. In such embodiments, a
BDN model may be used to create drilling fluids expert sys-
tem used for selecting a drilling fluid for use in the drilling
system 106, as described above in FIGS. 1-3. Accordingly,
FIG. 16A depicts an example of a drilling fluids BDN model
1600 for determining an optimal drilling fluid formulation
based on selected inputs in accordance with an embodiment
of the present invention. The BDN model 1600 depicted in
FIG. 16 A includes arecommended fluids decision node 1602,
a temperature range uncertainty node 1604, a formation
uncertainty node 1606, a potential hole problems uncertainty
node 1608, a consequences node 1610, and a drilling fluids
expert system utility node 1612. The connection lines 1613
indicate the relationships between the nodes of the BDN
model 1600. As shown in the BDN model 1600, the potential
hole problems uncertainty node 1608 is influenced by the
inputs to the formation uncertainty node 1606. The potential
hole problems uncertainty node 1608 may be referred to as a
child node of the formation uncertainty node 1606. In the
BDN model 1600, the consequences node 1610 may be
affected by the selections of a temperature range via the
temperature range uncertainty node 1604, a formation via the
formation uncertainty node 1606, and a potential hole prob-
lem via the potential hole problem uncertainty node 1608. As
described further below, the BDN model 1600 for drilling
fluids may be developed from literature review and drilling
fluids expert’s opinions.

In some embodiments, the BDN model 1600 may be
implemented in a user interface, such as the user interface 206
of'the drilling fluids expert system 202, that displays a repre-
sentation of the model 1600 in FIG. 16A. Thus, while the
BDN model 1600 illustrates the logical relationship of the
nodes of the model 1600, it may also provide a visual depic-
tion of the model 1600 for use in a user interface. In such
embodiments, for example, each node of the model 1600 may
include a button 1614 that enables a user to select a value for
the node or see the determinations performed by a node. For
example, as described below, a user may select (e.g., click)
the button 1614B to select a temperature range input for the
model 1600, select the button 1614C to select (e.g., click) a
formation input for the model 1600, and so on.

FIGS.16B-16D depict the inputs for each node ofthe BDN
model 1600 in accordance with an embodiment of the present
invention. FIG. 16B depicts inputs 1616 for the temperature
range uncertainty node 1604. The inputs 1616 may be tem-
perature ranges and may include N number of inputs from
“temp_range 1" to “temp_range_N.” For example, in some
embodiments, the inputs 1616 may include: “Less_than_ 120
F”;%120_to_ 220 F”;“220_to_ 330F”;and “330_to_ 400F.”
As will be appreciated, in some embodiments the inputs 1616
may include associated probabilities, such as probabilities
p__1 through p_N. The temperature ranges used may be pro-
vided in any suitable units, such as Fahrenheit, Celsius, or
Kelvin. The inputs 1616 may be provided in a dialog window,
a dropdown list, or other element of a user interface. The
inputs 1616 for the temperature range uncertainty node 1404
may be based on actual or projected operating temperatures
for a drilling system, i.e., the temperature ranges at which a
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drilling fluid will be used. For example, a user may monitor
the drilling system 106 illustrated in FIG. 1 and determine the
operating temperature ranges. Alternatively, the temperature
ranges may be determined from computer estimations, such
as simulations of existing or virtual drilling systems.

FIG. 16C depicts inputs 1618 for the potential hole prob-
lems uncertainty node 1608 in accordance with an embodi-
ment of the present invention. As shown in FIG. 16C, the
inputs 1618 may include potential hole problems and may
have N number of inputs from “hole_problem 1~ to
“hole_problem_N.” In some embodiments, for example, the
inputs 1618 may include: “Tight_hole_and lost_circula-
tion”; “Loss_of circulation_and_hard_frac-
tured_unstable_formation”; “Loss_of_circulation_and_wa-

ter_flows”; “Tight_hole_problems”;
“H2S_and_water_flow”; “Water_flow”; “Lost_circulation™;
“Lost_circulation_and_water_flow_and_tight_hole”;
“Water_hydrocarbon_and_H2S_flows”;
“Lost_circulation_and_H2S”; “Abnormal_pressure” “H2S”,
“Tight_hole_and_flow_and_abnormal_pressure”, “Pos-

sible_ sticking_and_possible_flow”;
g_and_slow_drilling_and_difficult_
due_hard_abrasive_sands”;

“Possible_sloughin-
directional_control_

“Possible_flow_and_H2S_and_possible_differential_sticking”;

“Possible_flow_and_hard_drilling a-
nd_coring_and_possible_loss_of_circulation”; and “Poten-
tial formation damage.” As will be appreciated, in some
embodiments the inputs 1618 may include associated prob-
abilities, such as probabilities p_ 1 through p_N. In other
embodiments, alternative or additional potential hole prob-
lems may be included as inputs 1618 in the drilling fluids
BDN model 1600. The selectable potential hole problems
1618 may be provided in a dialog window, a dropdown list, or
other element of a user interface. The inputs 1618 for the
potential hole problems uncertainty node 1608 may be based
on potential hole problems for the various formations
included in the formation uncertainty node 1606.

FIG. 16D depicts inputs 1620 for the formation uncertainty
node 1606 in accordance with an embodiment of the present
invention. The inputs 1618 may include different formation
lithologies, such as oil fields, and may include N number of
inputs from “formation 1” to “formation_N.” As will be
appreciated, in some embodiments the inputs 1620 may
include associated probabilities, such as probabilities p__1
through p_N. The inputs 1620 may be names of specific
formations, such as the names of specific oil fields, or the
names of general formation lithologies. The inputs 1620 may
be provided in a dialog window, a dropdown list, or other
element of a user interface.

Finally, inputs may be provided via the drilling fluids deci-
sion node 1602. FIG. 16E depicts inputs 1621 for the drilling
fluids decision node 1602 in accordance with an embodiment
of the present invention. As shown in FIG. 16E, the inputs
may include various drilling fluid formulations and may have
N number of inputs from “formulation_1” to “formula-
tion_N.’

A user may interact with the drilling fluids BDN model
1600 as part of a drilling fluids expert system, such as the
drilling fluids expert system 202, to enter inputs at uncertainty
nodes and receive outputs from the consequence node, such
as recommended drilling fluid formulations. Each uncer-
tainty node may include inputs having an associated prob-
ability distribution of probabilities. Additionally, a user may
select a particular input for an uncertainty node such that a
probability state of 1 is assigned to the selected input. Accord-
ingly, the selected input may be the only input to the selected
uncertainty node. FIGS. 16D-25 describe various inputs and
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the outputs of the BDN model 1600. A user may enter inputs
at any node of the BDN model 1600. The BDN model 1600
may implement the BDN probability determinations
described above in FIGS. 4-15 to determine Bayesian prob-
abilities and expected utilities at the consequences node 1610.

FIGS. 16F and 16G depict the entering of inputs at the
uncertainty nodes 1608 and 1604. Accordingly, FIG. 16F
depicts a user selected input 1624 for the potential hole prob-
lems uncertainty node 1608 in accordance with an embodi-
ment of the present invention. A user may select (e.g., click)
the button 1614C to display potential hole problems for the
potential hole problems uncertainty node 608. A user may
then select (e.g., click) the input 1624 for the node 1608. For
example, as shown in FIG. 16F, a user may select the potential
hole problem “Potential_formation_damage” from as the
input 1624. The input 1624 may be displayed to indicate the
selected input to the potential hole problems uncertainty node
1608.

Next, a user may select inputs for other uncertainty nodes
of the drilling fluids BDN model 1600. FIG. 16G depicts a
user selected input 1626 for the temperature range uncer-
tainty node 1604 in accordance with an embodiment of the
present invention. A user may select the button 1614B to
display temperature ranges for the temperature range uncer-
tainty node 1604. The selected input 1624 (“220_to_ 330 F”)
may then be displayed in response to the user selection to
indicate the selected input for the temperature range uncer-
tainty node 1604.

After selecting inputs for the nodes of the drilling fluids
BDN model 1600, the selections may be propagated to the
consequences node 1610 by performing the Bayesian prob-
ability determinations described above in Equation 1, 2, and
4. By using the probabilities assigned to each of the inputs, the
drilling fluids BDN model 1600 may then provide recom-
mendations based on the inputs from the nodes 1602, 1604,
1606, and 1608. As noted above, in some embodiments, the
uncertainty nodes of the drilling fluids BDN model 1600 may
have inputs with associated probabilities. A user may select
an input for one or more uncertainty nodes and view the
recommendations based on the propagation of the selected
input. By using the probabilities states for each node, the
drilling fluids BDN model 1600 may then provide the
expected utility of various drilling fluid formulations as
described above in Equation 13. As shown above, the
expected utility may then enable a determination of Recom-
mended and Not recommended drilling fluid formulations.
For example, a user may select (e.g., click) the consequences
node 1610 to receive the recommendations of the user
selected inputs. FIG. 17 depicts output from the drilling fluids
BDN model 1600 based on the selections described above in
FIGS. 16E and 16F in accordance with an embodiment of the
present invention. As shown in FIG. 17, in some embodi-
ments the output may be presented as tables 1700 and 1702
displaying an expected utility 1704 for multiple recom-
mended drilling fluids formulations 1706 (e.g., “Formula-
tion_ 17 to “Formulation  10”).

The tables 1700 and 1702 may display an expected utility
value determined according to the techniques described
above and calculated by Equations 13. For example, the
selected inputs and probability states of the uncertainty nodes
of' the drilling fluids BDN model 1600 may be used to deter-
mine the consequences via the consequences uncertainty
node 1610. Based on the results, recommended drilling fluid
formulations may be determined and expected utility values
may be calculated. As shown in FIG. 17, for example, based
on the selected inputs entered into the BDN model 1600, the
drilling fluids “Formulation_3”, “Formulation 5,” and
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“Formulation__10” may have an expected utility valueof 1. In
contrast, the other drilling fluids included in tables 1700 and
1702, such as “Formulation__1,” “Formulation_ 2.” “Formu-
lation_4” and so on, may have an expected utility value of 0.
Accordingly, a user may choose to use drilling fluids “For-
mulation_ 3”, “Formulation__5,” or “Formulation_ 10" in a
drilling system characterized by the selected inputs.

If a user selects different inputs to some or all of the
uncertainty nodes of the BDN model 1600, a different output
may be produced by the BDN model 1600. FIGS. 18 and 19
depict another determination of the drilling fluids BDN
model 1600 based on different user selected inputs entered
into the potential hole problems uncertainty node 1608 and
the temperature range uncertainty node 1604. As shown in
FIG. 18A, a user may select a different input for the potential
hole problems uncertainty node 1608, such as by selecting
(e.g., clicking) the button 1614C. The selected input 1800
(“Loss_of_circulation_and_water_flows”) may be displayed
to indicate the input to the selected hole problem uncertainty
node 1608. Similarly, in FIG. 18B, a user may select a tem-
perature ranges as an input 1802, such as by selecting (e.g.,
clicking) the button 1614B of the temperature range uncer-
tainty node 1604. The input 1802 (“120 to 220 F”’) may be
displayed to indicate the input to the temperature range uncer-
tainty node 1604.

As explained above, after entering inputs to the uncertainty
nodes 1604 and 1608 of the model 1600, a user may select
(e.g., click) the drilling fluids expert node 1612 to view the
output determined by the drilling fluids BDN model 1600.
FIG. 19 depicts the output from the drilling fluids BDN model
1600 based on the selected inputs described above in FIGS.
18A and 18B and in accordance with an embodiment of the
present invention. As shown in FIG. 19, in some embodi-
ments the output from the drilling fluids BDN model 1600
may be presented as tables 1900 and 1902 that display an
expected utility 1904 for multiple recommended drilling fluid
formulations 1906 (e.g., “Formulation_ 1"’ to “Formulation__
10™).

Here again, the drilling fluids BDN model 1600 may cal-
culate the expected utility values according determination
illustrated in Equation 13 and described above. The recom-
mended drilling fluids may be then determined and displayed
in the tables 1900 and 1902. As shown in FIG. 19, for
example, based on the selected inputs depicted in FIGS. 18A
and 18B, the drilling fluids “Formulation_ 17, “Formula-
tion_ 2.” and “Formulation_ 8” may have an expected utility
value of 1. In contrast, the other drilling fluids included in
tables 1900 and 1902, such as “Formulation_ 3,” “Formula-
tion_ 4,” “Formulation_ 5™ and so on, may have an expected
utility value of 0. Accordingly, a user may choose to use
drilling fluids “Formulation_ 17, “Formulation_ 2.” or “For-
mulation_ 8” in a drilling system characterized by the addi-
tional inputs described above in FIGS. 18A and 18B.

As noted above, inputs to the drilling fluids BDN model
1600 may be entered at any node of the BDN model 1600.
Accordingly, if auser of the drilling fluids expert system only
knows a temperature range and a formation, a user may use
the drilling fluids BDN model 1600 by entering an input to the
temperature range uncertainty node 1604 and the formation
uncertainty node 1606, as shown below in FIGS. 20A and
20B. For example, as shown in FIG. 20A, a user may select a
temperature range for the uncertainty node 1604 by selecting
(e.g., clicking) the button 1614B of the temperature range
uncertainty node 1604. The selected input 2000 (“200_to__
330 F’) may be displayed to indicate the input to the uncer-
tainty node 1604.



US 9,202,169 B2

17

Additionally, as shown in FIG. 20B, a user may select (e.g.,
click) on the button 1614C to select an input 2002 for the
formation uncertainty node 1606. If the user knows the for-
mation used with the drilling system, the user may select an
input for the formation uncertainty node 1606. The selected
input 2002 (“Formation__1") may be displayed to the user to
indicate the input to the formation uncertainty node 1606.

After a user has selected a formation, a user may view
potential hole problems by selecting (e.g., clicking) the
potential hole problems uncertainty node 1608. As illustrated
in the model 1600 by the connection lines 1614, the potential
hole problem inputs associated with the potential hole prob-
lems uncertainty node 1608 are affected by the input to the
formation uncertainty node 1606. FIG. 20C depicts inputs
2004 to the potential hole problems uncertainty node 1608
based on the selected input to the formation uncertainty node
1606 shown in FIG. 20B and in accordance with an embodi-
ment of the present invention. As described above in FIG.
20B, a user may select “Formation 1” as a selectable input to
the formation uncertainty node 1606. Based on this selection,
the inputs 2004 may be displayed after selecting (e.g., click-
ing) the button 1614C of the potential hole problems uncer-
tainty node 1608. As shown in FIG. 20C, the inputs 2004
depict probability states associated with each potential hole
problem based on the selected input to the formation uncer-
tainty node 1606. The potential hole problem probabilities
2004 may include, for example, a probability of O for “Tight_
hole_and_lost circulation,” a probability of 0 for “Los-
s_of circulation_and_hard_fractured_unstable_formation,”
a probability of 0 for “Loss_of circulation_and_water_
flows=0,” a probability of 0.15 for “Tight_hole_problems,” a
probability of 0.15 for “H2S_and_water_flow,” and so on.

As explained above, the drilling fluids BDN model 1600
may propagate the selected inputs at each node to determine
the consequences via the consequences uncertainty node
1610, according to the techniques described above and illus-
trated in Equations 1, 2, and 4. In the embodiment described
above in FIGS. 20A-20C, a user may select inputs to the
temperature uncertainty node 1604 and the formation uncer-
tainty node 1606. FIG. 21 depicts the output of the drilling
fluids BDN model 1600 based on the inputs depicted in FIGS.
20A-20C in accordance with an embodiment of the present
invention. The tables 2100 and 2102 may display the
expected utility 2104 for drilling fluids 2106 (e.g., “Formu-
lation 17 to “Formulation_ 10”). For example, as shown in
FIG. 21, the drilling fluid “Formulation_ 2” has an expected
utility value of 0.45, the drilling fluid “Formulation 4" has
an expected utility value of 0.15, the drilling fluid “Formula-
tion_ 5 has an expected utility value of 0.15, and the drilling
fluid “Formulation_8” has an expected utility value of 0.85.
The other formulations depicted in tables 2100 and 2102 have
an expected utility value of 0. Accordingly, in this embodi-
ment, a user may decide to select the recommended drilling
fluid formulation having the highest expected utility value,
i.e., Formulation_ 8.

FIGS. 22-23 depict additional user selections of a forma-
tion input and a temperature range input in accordance with
an embodiment of the present invention. As shown in the
drilling fluids BDN model 1600 depicted in FIG. 22A, a user
may input a temperature range, such as by selecting (e.g.,
clicking) the button 1614B. The selected input 220
(“120_to__220 F”’) may be displayed and entered as the input
to the temperature range uncertainty node 1604. Next, as
shown in FIG. 22B, a user may select a formation for the
formation uncertainty node 1606, such as by selecting (e.g.,
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clicking) the button 1614C. The selected input 2202 (“For-
mation 2”) is displayed and provided as input to the formation
uncertainty node 1606.

Here again, after a user has selected a formation, the user
may view the probabilities associated with the potential hole
problems uncertainty node 1608 by selecting (e.g., clicking)
the button 1614D of the potential hole problems uncertainty
node 1608. F1G. 22C depicts inputs 2204 to the potential hole
problems uncertainty node 1608 based on the user selections
described above in FIGS. 21A and 21B. As described above,
the probabilities for the inputs to the potential hole problems
uncertainty node 1608 are dependent on the input to the
formation uncertainty node 1606. As shown in FIG. 22C, the
inputs 2204 include probabilities associated with each poten-
tial hole problem as determined by the drilling fluids BDN
model 1600 based on the selected inputs. The inputs 2204
may include, for example, a probability of 1 for “Tight_hole_
and_lost_circulation” and a probability of O for the other
potential hole problems.

Accordingly, the drilling fluids BDN model 1600 may use
the selected described above to determine the consequences
via the consequences uncertainty node 1610, according to the
techniques described above in Equations 1, 2, and 4. Based on
these inputs to the model 1610, and the determined probabili-
ties for the potential hole problems uncertainty node 1608,
recommended drilling fluids may be determined and
expected utility values may be calculated according to the
techniques described above. FIG. 23 depicts the results of
these determinations in a manner similar to that described
above and in accordance with an embodiment of the present
invention. As shown in FIG. 23, tables 2300 and 2302 may
display the expected utility 2104 for drilling fluids 2106 (e.g.,
“Formulation_ 17 to “Formation_10). For example, as
shown in FIG. 23, the drilling fluid “Formulation_ 1" has an
expected utility value of 1, the drilling fluid “Formulation 3”
has an expected utility value of 1, the drilling fluid “Formu-
lation_ 5™ has an expected utility value of 1, and the drilling
fluids “Formulation_ 6” and “Formulation_ 7> also have an
expected utility value of 1. The other formulations depicted in
tables 2300 and 2302 have an expected utility value of 0.
Accordingly, in this embodiment, a user may decide to select
one of the drilling fluids formulations having expected utility
values of 1, i.e., Formulation__1, Formulation__ 3, or the like.

After entering the inputs described above in FIGS. 22A-
22C and receiving the output depicted in FIG. 23, a user may
select different inputs for the model 1600 to receive different
determinations of recommended drilling fluids and expected
utility values. For example, as shown in FIG. 24 A, a user may
enter a temperature range (“330_to_ 400 F”*) as an input 2400
to the temperature range uncertainty node 1604. Further, as
shown in FIG. 24B, a user may enter a potential hole prob-
lems as an input 2402 to the potential hole problems uncer-
tainty node 1608 by selecting (e.g., clicking) the button
1614C. As shown in FIG. 24B, for example, “potential_for-
mation_damage” is selected as the input 2402.

Based on the modified inputs to the temperature range
uncertainty node 1604 and the potential hole problems uncer-
tainty node 1608, the drilling fluids BDN model 1600 may
propagate the inputs to determine the consequences via the
consequences uncertainty node 1610, according to the tech-
niques described above and illustrated in Equations 1, 2, and
4. As described above, recommended drilling fluid formula-
tions may be determined and expected utility values for the
formulations may be calculated according to the techniques
described in Equation 13. FIG. 25 depicts the output of the
BDN model 1600 based on the inputs depicted in FIGS. 24A
and 24B in tables 2500 and 2502 and in accordance with an
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embodiment of the present invention. As shown in FIG. 25,
tables 2500 and 2502 may display the expected utility 2504
for drilling fluids 2506 (e.g., “Formulation_ 1" to “Formula-
tion_2”). As will be appreciated, in contrast to the tables
2300 and 2302 depicted in FIG. 23, the modified inputs
entered into the drilling fluids BDN model 1600 may result in
different expected utilities 2504 for the recommended drill-
ing fluids 2506. For example, in contrast to FIG. 23 and as
shown in FIG. 25, the drilling fluid “Formulation_ 2 has an
expected utility value of 1, the drilling fluid “Formulation_ 4”
has an expected utility value of 1 and the drilling fluid “For-
mulation_ 8" has an expected utility value, whereas the other
formulations depicted in tables 2500 and 2502 have expected
utility values of 0.

The drilling fluids BDN model 1600 described herein may
be constructed based on the various factors described above,
such as formations (i.e., formation lithologies), temperature
ranges, potential hole problems, and drilling fluid formula-
tions. FIG. 26 depicts a process 2600 illustrating the construc-
tion of a drilling fluids BDN model, such as the drilling fluids
BDN model 1600, in accordance with an embodiment of the
present invention. Initially, for example, formations for use
with a drilling fluids BDN model may be determined (block
2602). The formations may be determined based on the for-
mations associated with a drilling system that may potentially
use a drilling fluid formulation entered into the drilling fluids
BDN model. Such formations may include, for example,
names of oil fields or other specific formations, general for-
mation lithologies, or other suitable identification of a forma-
tion. The determined formations may be entered into an
uncertainty node in the drilling fluids BDN model (block
2604).

Additionally, temperature ranges for use with the drilling
fluids BDN model may be determined (block 2606). The
temperature ranges may be based on the operating ranges for
the drilling fluids entered into the drilling fluids BDN model.
For example, the temperature ranges may include ranges in
any suitable units, such as Fahrenheit, Celsius, or Kelvin.
Next, the determined temperature ranges may be entered into
an uncertainty node in the drilling fluids BDN model (block
2608).

Further as shown in FIG. 26, potential hole problems may
also be determined (block 2610). The potential hole problems
may be determined from expert data. For example, expert data
may be obtained (block 2612) from various sources, such as
consultations with experts, scientific literature, expert
reports, and the like. As described above, in the drilling fluids
BDN model described herein, the potential hole problems and
associated probability states may be influenced by the
selected formations used in the model. Thus, the various
probability states for these formations may be determined
from the expert data obtained in the process 2600. As
described above, in some embodiments the expert data may
be used to generate probability data stored in a database.
Next, the determined temperature ranges may be entered into
an uncertainty node of the BDN model (block 2612).

Additionally, drilling fluid formulations for use in a drilling
fluids BDN model may be determined (block 2608). The
drilling fluid formulations may include the desired formula-
tions options that may potentially be used with the formations
entered into the model. Such drilling fluids may include lig-
uids, gases, or other fluids and may be formed from a wide
variety of formulations. These formulations may include
water, foams, polymers, salts, lubricant, carbonate com-
pounds, clays, thickeners, any other suitable chemical com-
pounds or any combination thereof. The determined drilling
fluids may then be entered into the decision node of the
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drilling fluids BDN model (block 2618). After all of the
evidence has been entered into the nodes of the drilling fluids
BDN model, the drilling fluid BDN model may be completed
(block 2620). In some embodiments, after completing the
drilling fluids BDN model, the completed model may be
tested (block 2622). For example, inputs to the drilling fluids
BDN model may be selected and the outputs, i.e., recom-
mended drilling fluids and expected utility values, may be
tested against manual determinations based on the expert data
forming the basis for the drilling fluids BDN model. Finally,
if the model is complete and tested, the drilling fluid expert
system incorporating the drilling fluids BDN model may be
provided for use (block 2624).

Advantageously, in the case of new and changed practices,
expert opinions, etc., the drilling fluids BDN model may be
updated by changing the probability states for the appropriate
nodes. For example, the practices, expert opinions, and the
like may be reviewed to determine if there are changes (deci-
sionblock 2626). If there are new or changed practices, expert
opinions, and the like (line 2628), then additional expert data
may be obtained (block 2612) and used to determine potential
hole problems (block 2610), drilling fluid formulations
(block 2616), and so on. Any new and changed determina-
tions may be entered into the appropriate nodes and an
updated drilling fluids BDN model may be completed (block
2620).

FIG. 27 depicts a computer 2700 in accordance with an
embodiment of the present invention. Various portions or
sections of systems and methods described herein include or
are executed on one or more computers similar to computer
2700 and programmed as special-purpose machines execut-
ing some or all steps of methods described above as execut-
able computer code. Further, processes and modules
described herein may be executed by one or more processing
systems similar to that of computer 2700. For example, the
completion expert system 108 described may be imple-
mented on one or more computers similar to computer 2700
and programmed to execute the Bayesian decision network
model described above.

As will be understood by those skilled in the art, the com-
puter 2700 may include various internal and external compo-
nents that contribute to the function of the device and which
may allow the computer 2700 to function in accordance with
the techniques discussed herein. As will be appreciated, vari-
ous components of computer 2700 may be provided as inter-
nal or integral components of the computer 2700 or may be
provided as external or connectable components. It should
further be noted that FIG. 27 depicts merely one example of
a particular implementation and is intended to illustrate the
types of components and functionalities that may be present
in computer 2700. As shown in FIG. 27, the computer 2700
may include one or more processors (e.g., processors 2702a-
2702#) coupled to a memory 2704, a display 2706, I/O ports
2708 and a network interface 2710, via an interface 2714.

Computer 2700 may include any combination of devices or
software that may perform or otherwise provide for the per-
formance of the techniques described herein. For example,
the computer 2700 may be representative of the client com-
puter 200 or a server implementing some or all portions of the
completion expert system 108 or other components of the
systems described above. Accordingly, the computer 2700
may include or be a combination of a cloud-computing sys-
tem, a data center, a server rack or other server enclosure, a
server, a virtual server, a desktop computer, a laptop com-
puter, a tablet computer, a mobile telephone, a personal digi-
tal assistant (PDA), a media player, a game console, a vehicle-
mounted computer, or the like. The computer 2700 may be a
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unified device providing any one of or a combination of the
functionality of a media player, a cellular phone, a personal
data organizer, a game console, and so forth. Computer 2700
may also be connected to other devices that are not illustrated,
or may operate as a stand-alone system. In addition, the
functionality provided by the illustrated components may in
some embodiments be combined in fewer components or
distributed in additional components. Similarly, in some
embodiments, the functionality of some of the illustrated
components may not be provided or other additional func-
tionality may be available.

In addition, the computer 2700 may allow a user to connect
to and communicate through a network 2716 (e.g., the Inter-
net, a local area network, a wide area network, etc.) and to
acquire data from a satellite-based positioning system (e.g.,
GPS). For example, the computer 2700 may allow a user to
communicate using the World Wide Web (WWW), e-mail,
text messaging, instant messaging, or using other forms of
electronic communication, and may allow a user to obtain the
location of the device from the satellite-based positioning
system, such as the location on an interactive map.

In one embodiment, the display 2706 may include a liquid
crystal display (LCD) or an organic light emitting diode
(OLED) display, although other display technologies may be
used in other embodiments. The display 2706 may display a
user interface (e.g., a graphical user interface), such a user
interface for a Bayesian decision network. In accordance with
some embodiments, the display 2706 may include or be pro-
vided in conjunction with touch sensitive elements through
which a user may interact with the user interface. Such a
touch-sensitive display may be referred to as a “touch screen”
and may also be known as or called a touch-sensitive display
system.

The processor 2702 may provide the processing capability
required to execute the operating system, programs, user
interface, and any functions of the computer 2700. The pro-
cessor 2702 may receive instructions and data from a memory
(e.g., system memory 2704). The processor 2702 may include
one or more processors, such as “general-purpose” micropro-
cessors, and special purpose microprocessors, such as ASICs.
For example, the processor 2702 may include one or more
reduced instruction set (RISC) processors, such as those
implementing the Advanced RISC Machine (ARM) instruc-
tion set. Additionally, the processor 2702 may include single-
core processors and multicore processors and may include
graphics processors, video processors, and related chip sets.
Accordingly, computer 2700 may be a uni-processor system
including one processor (e.g., processor 2702a), or a multi-
processor system including any number of suitable proces-
sors (e.g., 2702¢-2702r). Multiple processors may be
employed to provide for parallel or sequential execution of
one or more sections of the techniques described herein.
Processes, such as logic flows, described herein may be per-
formed by one or more programmable processors executing
one or more computer programs to perform functions by
operating on input data and generating corresponding output.

As will be understood by those skilled in the art, the
memory 2704 (which may include one or more tangible non-
transitory computer readable storage medium) may include
volatile memory, such as random access memory (RAM), and
non-volatile memory, such as ROM, flash memory, a hard
drive, any other suitable optical, magnetic, or solid-state stor-
age medium, or a combination thereof. The memory 2704
may be accessible by the processor 2702 and other compo-
nents of the computer 2700. The memory 2704 may store a
variety of information and may be used for a variety of pur-
poses. The memory 2704 may store executable computer
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code, such as the firmware for the computer 2700, an operat-
ing system for the computer 2700, and any other programs or
other executable code necessary for the computer 2700 to
function. The executable computer code may include pro-
gram instructions 2718 executable by a processor (e.g., one or
more of processors 2702a-2702x) to implement one or more
embodiments of the present invention. Instructions 2718 may
include modules of computer program instructions for imple-
menting one or more techniques described. Program instruc-
tions 2718 may define a computer program (which in certain
forms is known as a program, software, software application,
script, or code). A computer program may be written in a
programming language, including compiled or interpreted
languages, or declarative or procedural languages. A com-
puter program may include a unit suitable for use in a com-
puting environment, including as a stand-alone program, a
module, a component, a subroutine. A computer program
may or may not correspond to a file in a file system. A
program may be stored in a section of a file that holds other
programs or data (e.g., one or more scripts stored in a markup
language document), in a single file dedicated to the program
in question, or in multiple coordinated files (e.g., files that
store one or more modules, sub programs, or sections of
code). A computer program may be deployed to be executed
onone or more computer processors located locally at one site
or distributed across multiple remote sites and interconnected
by a communication network. In addition, the memory 2704
may be used for buffering or caching during operation of the
computer 2700. The memory 2704 may also store data files
such as media (e.g., music and video files), software (e.g., for
implementing functions on computer 2700), preference
information (e.g., media playback preferences), wireless con-
nection information (e.g., information that may enable media
device to establish a wireless connection), telephone infor-
mation (e.g., telephone numbers), and any other suitable data.

As mentioned above, the memory 2704 may include vola-
tile memory, such as random access memory (RAM). The
memory 2704 may also include non-volatile memory, such as
ROM, flash memory, a hard drive, any other suitable optical,
magnetic, or solid-state storage medium, or a combination
thereof. The interface 2714 may include multiple interfaces
and may couple various components of the computer 2700 to
the processor 2702 and memory 2704. In some embodiments,
the interface 2714, the processor 2702, memory 2704, and
one or more other components of the computer 2700 may be
implemented on a single chip, such as a system-on-a-chip
(SOC). In other embodiments, these components, their func-
tionalities, or both may be implemented on separate chips.
The interface 2714 may be configured to coordinate /O traf-
fic between processors 2702a-2702n, system memory 2704,
network interface 1270, /O devices 1412, other peripheral
devices, or a combination thereof. The interface 2714 may
perform protocol, timing or other data transformations to
convert data signals from one component (e.g., system
memory 2704) into a format suitable for use by another com-
ponent (e.g., processors 2702a-2702#). The interface 2714
may include support for devices attached through various
types of peripheral buses, such as a variant of the Peripheral
Component Interconnect (PCI) bus standard or the Universal
Serial Bus (USB) standard.

The computer 2700 may also include an input and output
port 2708 to allow connection of additional devices, such as
1/0 devices 2712. Embodiments of the present invention may
include any number of input and output ports 2708, including
headphone and headset jacks, universal serial bus (USB)
ports, Firewire or IEEE-1394 ports, and AC and DC power
connectors. Further, the computer 2700 may use the input and
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output ports to connect to and send or receive data with any
other device, such as other portable computers, personal com-
puters, printers, etc.

The computer 2700 depicted in FIG. 27 also includes a
network interface 2710, such as a wired network interface
card (NIC), wireless (e.g., radio frequency) receivers, etc. For
example, the network interface 2710 may receive and send
electromagnetic signals and communicate with communica-
tions networks and other communications devices via the
electromagnetic signals. The network interface 2710 may
include known circuitry for performing these functions,
including an antenna system, an RF transceiver, one or more
amplifiers, a tuner, one or more oscillators, a digital signal
processor, a CODEC chipset, a subscriber identity module
(SIM) card, memory, and so forth. The network interface
1270 may communicate with networks (e.g., network 2716),
such as the Internet, an intranet, a cellular telephone network,
a wireless local area network (LAN), a metropolitan area
network (MAN), or other devices by wireless communica-
tion. The communication may use any suitable communica-
tions standard, protocol and technology, including Ethernet,
Global System for Mobile Communications (GSM),
Enhanced Data GSM Environment (EDGE), a 3G network
(e.g., based upon the IMT-2000 standard), high-speed down-
link packet access (HSDPA), wideband code division mul-
tiple access (W-CDMA), code division multiple access
(CDMA), time division multiple access (ITDMA), a 4G net-
work (e.g., IMT Advanced, Long-Term Evolution Advanced
(LTE Advanced), etc.), Bluetooth, Wireless Fidelity (Wi-Fi)
(e.g., IEEE 802.11a, IEEE 802.11b, IEEE 802.11g or IEEE
802.11n), voice over Internet Protocol (VoIP), Wi-MAX, a
protocol for email (e.g., Internet message access protocol
(IMAP), or any other suitable communication protocol.

Various embodiments may further include receiving, send-
ing or storing instructions and/or data implemented in accor-
dance with the foregoing description upon a computer-acces-
sible medium. Generally speaking, a computer-accessible/
readable storage medium may include a non-transitory
storage media such as magnetic or optical media, (e.g., disk or
DVD/CD-ROM), volatile or non-volatile media such as
RAM (e.g. SDRAM, DDR, RDRAM, SRAM, etc.), ROM,
etc., as well as transmission media or signals such as electri-
cal, electromagnetic, or digital signals, conveyed via a com-
munication medium such as network and/or a wireless link.

Further modifications and alternative embodiments of vari-
ous aspects of the invention will be apparent to those skilled
in the art in view of this description. Accordingly, this
description is to be construed as illustrative only and is for the
purpose of teaching those skilled in the art the general manner
of carrying out the invention. It is to be understood that the
forms of the invention shown and described herein are to be
taken as examples of embodiments. Flements and materials
may be substituted for those illustrated and described herein,
parts and processes may be reversed or omitted, and certain
features of the invention may be utilized independently, all as
would be apparent to one skilled in the art after having the
benefit of this description of the invention. Changes may be
made in the elements described herein without departing
from the spirit and scope of the invention as described in the
following claims. Headings used herein are for organizational
purposes only and are not meant to be used to limit the scope
of the description.

As used throughout this application, the word “may” is
used in a permissive sense (i.e., meaning having the potential
t0), rather than the mandatory sense (i.e., meaning must). The
words “include”, “including”, and “includes” mean includ-
ing, but not limited to. As used throughout this application,

[TPRIINTs

the singular forms “a”, “an” and “the” include plural referents
unless the content clearly indicates otherwise. Thus, for
example, reference to “an element” includes a combination of
two or more elements. Unless specifically stated otherwise, as
5 apparent from the discussion, it is appreciated that throughout
this specification discussions utilizing terms such as “pro-
cessing”, “computing”, “calculating”, “determining” or the
like refer to actions or processes of a specific apparatus, such
as a special purpose computer or a similar special purpose
10 electronic processing/computing device. Inthe context of this
specification, a special purpose computer or a similar special
purpose electronic processing/computing device is capable of
manipulating or transforming signals, typically represented
as physical electronic or magnetic quantities within memo-
15 ries, registers, or other information storage devices, transmis-
sion devices, or display devices of the special purpose com-
puter or similar special purpose electronic processing/
computing device.
What is claimed is:
20 1. A system, comprising
one or More processors;
a non-transitory tangible computer-readable memory, the
memory comprising:
a drilling fluids expert system executable by the one or
25 more processors and configured to provide one or
more drilling fluids recommendations based on one or
more inputs, the drilling fluids expert system com-
prising a drilling fluids Bayesian decision network
(BDN) model, the drilling fluids BDN model com-
30 prising

a temperature ranges uncertainty node configured to
receive one or more temperature ranges from the
one or more inputs, each of the one or more tem-
perature ranges associated with a respective one or

35 more temperature range probabilities;

a formations uncertainty node configured to receive
one or more formations from the one or more
inputs, each of the one or more formations associ-
ated with a respective one or more formation prob-

40 abilities;

apotential hole problems uncertainty node dependent
on the formations uncertainty node and configured
to receive one or more potential hole problems
from the one or more inputs and the one or more

45 formation probabilities, each of the one or more
potential hole problems associated with a respec-
tive one or more potential hole problem probabili-
ties;

a drilling fluids decision node configured to receive

50 one or more drilling fluids from the one or more
inputs; and

a consequences node dependent on the temperature
ranges uncertainty node, the potential hole prob-
lems uncertainty node, and the drilling fluids deci-

55 sion node and configured to output the one or more
drilling fluids recommendations based on one or
more Bayesian probabilities calculated from the
one or more temperature ranges and the one more
temperature range probabilities, the one or more

60 potential hole problems and the one or more poten-
tial hole problem probabilities, and the one or more
drilling fluids.

2. The system of claim 1, comprising a user interface
configured to display the drilling fluids BDN model and

65 receive user selections of the one or more input.

3. The system of claim 1, wherein the one or more tem-
perature ranges, the one or more formations, and the one or
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more potential hole problems are each associated with a
respective plurality of probabilities.

4. The system of claim 1, wherein the respective plurality
of probabilities is obtained from an expert date data reposi-
tory storing expert data.

5. The system of claim 1, wherein the one or more drilling
fluids recommendations comprise one or more drilling fluid
formulations.

6. The system of claim 1, wherein the one or more drilling
fluids recommendations comprises one or more expected
utilities for the one or more drilling fluid formations.

7. The system of claim 1, wherein the one or more expected
utilities are provided in a table displayed to the user in the user
interface, the table comprising the one or more drilling fluid
formulations and the expected utility value for each ofthe one
or more drilling fluid formulations.

8. The system of claim 1, wherein the one or more forma-
tions comprise at least one of: formation names, formation
lithologies, formation types, or any combination thereof.

9. A computer-implemented method for a drilling fluids
expert system having a drilling fluids Bayesian decision net-
work (BDN) model, the method comprising:

receiving, at one or more processors, one or more inputs;

providing, by one or more processors, the one or more

inputs to one or more nodes of the drilling fluids BDN
model, the one or more nodes comprising:

a temperature ranges uncertainty node configured to
receive one or more temperature ranges from the one
or more inputs, each of the one or more temperature
ranges associated with a respective one or more tem-
perature range probabilities;

a formations uncertainty node configured to receive one
or more formations from the one or more inputs each
of the one or more formations associated with a
respective one or more formation probabilities;

apotential hole problems uncertainty node dependent on
the formations uncertainty node and configured to
receive one or more potential hole problems from the
one or more inputs and the one or more formation
probabilities, each of the one or more potential hole
problems associated with a respective one or more
potential hole problem probabilities;

a drilling fluids decision node; and

a consequences node dependent on the temperature
ranges uncertainty node, the potential hole problems
uncertainty node, and the drilling fluids decision
node;

determining, at one or more processors, one or more drill-

ing fluids recommendations at the consequences node of

the drilling fluids BDN model, the determination com-
prising a calculation of one or more Bayesian probabili-
ties based on the one or more inputs; and

providing, by one or more processors, the one or more

drilling fluids recommendations to a user.

10. The computer-implemented method of claim 9,
wherein providing the one or more drilling fluid recommen-
dations to a user comprises displaying, by one or more pro-
cessors, the one or more drilling fluid recommendations in a
user interface element of a user interface configured to dis-
play the drilling fluids BDN model.

11. The computer-implemented method of claim 9,
wherein receiving one or inputs comprises receiving, at one or
more processors, a user selection for the temperature ranges
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uncertainty node, a user selection for the formations uncer-
tainty node, a user selection for the potential hole problems
uncertainty node, or a combination thereof.
12. The computer-implemented method of claim 9,
wherein the one or more drilling fluids recommendations
comprise one or more drilling fluid formulations.
13. The computer-implemented method of claim 9,
wherein the one or more drilling fluids recommendations
comprises one or more expected utilities for the one or more
drilling fluid formations.
14. The computer-implemented method of claim 9,
wherein providing the one or more drilling fluids recommen-
dations to a user comprises providing, by one or more pro-
cessors, a table displayed to the user in the user interface, the
table comprising the one or more drilling fluid formulations
and the expected utility value for each of the one or more
drilling fluid formulations.
15. The computer-implemented method of claim 9,
wherein the one or more formations comprise at least one of:
formation names, formation lithologies, formation types, or
any combination thereof.
16. The computer-implemented method of claim 9,
wherein the one or more inputs provided to the temperature
ranges uncertainty node, the formations uncertainty node,
and the potential hole problems uncertainty node, are associ-
ated with a respective plurality of probabilities.
17. The computer-implemented method of claim 16, com-
prising associating, by one or more processors, the respective
plurality of probabilities based on a user selection of the one
or more inputs.
18. A computer-implemented method of determining a
drilling fluid formulation for a drilling system, the method
comprising:
receiving, at one or more processors, an input from a user,
the input comprising a temperature range, a formation, a
potential hole problem, or any combination thereof;
providing, by one or more processors, the input to a drilling
fluids Bayesian decision network (BDN) model config-
ured to receive one or more drilling fluid formulations;

determining, by one or more processors, an expected utility
value for the one or more drilling fluid formulations
based on the input, the determination comprising a cal-
culation of one or more Bayesian probabilities for the
one or more drilling fluid formulations based on the
input; and

providing, by one or more processors, an output from the

drilling fluids BDN model, the output comprising one or
more recommended drilling fluid formulations selected
from the one or more drilling fluid formulations.

19. The computer-implemented method of claim 18, com-
prising displaying, by one or more processors, a plurality of
temperature ranges, a plurality of formations, a plurality of
potential hole problems or a combination there of in a user
interface element displayed to the user.

20. The computer-implemented method of claim 19,
wherein providing, by one or more processors, the output
from the drilling fluids BDN model comprises providing a
table displayed to the user in the user interface, the table
comprising the one or more drilling fluid formulations and the
expected utility value for each of the one or more drilling fluid
formulations.
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