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OPM summit 2024
Paul Egberts

Recent OPM



Latest Activities

1. LGR

2. Output/input, bug fixes, error messages, code
revision and documentation

3. Salt precipitation comparison with CMG-GEM
4. Grid independent well trajectories

5. Network developments
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Salt precipitation comparison with CMG-GEM



Salt precipitation comparison with CMG-GEM

Example case _Permeability distribution

Zi 1 — OPM_L20_SALT_PAR —

{ Cell count. Total: 860 Active: 860
Main Grid 1,J,K: 42, 1, 20 2-Scale: 1
Cell Property: PERMX

» Gas condensate reservoir with 20 layers (three-phase case)

Statistics: Current Tirme Step and Visible Cells
Min o0 Mean P10 GE Sum
e 1.0203 3.6376 18,9808 41,3729 43,7815 13875
le Yolume Weighted Mean: 12.5411

» Provided by Equinor

» In github.com/OPM/opm-tests/
|__Rock-Fluid Properties [

Porosity 0.17 (avg), see Figure
Permeability [mD] 19.0 (avg), see Figure Eém%:f:
Thickness [m] 32.0 o
Wellbore Radius [m] 0.1 o
Reservoir Radius [m] 1115.0 e
Reservoir initial Pressure [bar] 402.0 ‘ Porosity distribution ‘
Initial water Saturation 0.32 (avg)

Initial salt in place [kg/m3] 88.0 z1
Permeability-porosity relation A=73
Solubility limit [kg/m3] 139.0

Salt density [kg/m3] 2170.0 ) sl ==
Max rate 5000 Sm?3/day, Min BHP 90 bar obile Volume Weighted Wean: 115453

$.
E(x)

Reslnsight w2022.06.0

— DPM_L20_SALT_PAR —
o Cell count. Total: 860 Active: 860

ain Grid I,1,K: 43, 1, 20 2-Scale: 1
Cell Property: PORO

Statistics: Current Time Step and Visible Cells

Cell Results:
PORO

0.1798

0.1725
0.1660
0.1595
0.1530
0.1465
0.1400
0.1335
0.1269

C.G. Machado, P. Egberts, TNO; J. Alvestad, O.S. Hustad, Equinor . “Salt Precipitation and Water
Evaporation Modelling in a Black-Oil Reservoir Simulator”, SPE RSC 2023, SPE-212257-MS

L
E(x)

ResInsight v2022.06.0



https://onepetro.org/spersc/proceedings/23RSC/3-23RSC/D031S011R001/518415
https://onepetro.org/spersc/proceedings/23RSC/3-23RSC/D031S011R001/518415

Comparison with CMG-GEM

* Excellent match with CMG-GEM (compositional), for both
* Well production
 Salt precipitation time period and grid location

e Our black-oil formulation is much simpler and simulation cases are easy to set up
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Numerical performance comparison

OPM-flow vs. CMG-GEM

Time Steps
0,06
= 0,05
1]
z
~ 0,04
=
o 0,03
e
2 0,02 ®
E
= 0,01
]

0 500 1000 1500 2000 2500 3000 3500 4000
Time (days)

* GEM has time-chopping
*  OPM-flow ~ 10x faster

* OPM-flow version 2022.10 with
default solver settings

*Intel Core i7-8850H, 6(12) @2.60GHz, RAM 128GB

Number of Newton iterations

18
16
14
12
10

e T S R = A T ¢ <]

Elapsed Time

12000
< 10000
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® OPM

4000 ® GEM

Elapsed Time (second
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Grid independent well trajectories



Grid independent well trajectories

Specification of well geometry and perforations independent of grid
 Grid independent description is relevant for:
* Field cases with complex grids and deviated wells (grid-wise specification becomes cumbersome)

« Optimization of well location and trajectories

 Sensitivity Analysis study w.r.t. grid Grid dependent specification

 LGR -— WELL -- LOCATION -- OPEN SAT CONN WELL KH ..
-- NAME II JJ K1 K2 SHUT TAB FACT DIA FACT ..

« Several simulators can handle COMPDAT

geometric description of wells PROD 1 1 1 1 OPEN 1* 1* 0.708 1* 0.0 1* 'z’ /

« INTERSECT PROD 1 2 2 2 SHUT 1* 1* 0.708 1* 0.0 1* 'z’ /

« tNavigator PROD 1 2 3 5 SHUT 1* 1* 0.708 1* 0.0 1* 'z2' /

* MoReS
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Keyword design

New keywords WELTRAJ and COMPTRAJ
* Replaces COMPDAT

WELTRAJ

-- WELL BRANCH NO X Y TVD MD

'PROD' L% 950 950 -20.0 0.0 /

'PROD' L% 950 950 2100.0 2100.0 /

'"INJ' iy 50 50 -20.0 0.0 /

'"INJ' iy 50 50 2000 2000/

'"INJ' L% 300 300 2100 2100.0 /

COMPTRAJ

-— WELL BRANCH PERF PERF PERF COMPL STATE SAT CONN DIAM KH SKIN D FACT
—-— NAME NO TOP BOT REF NO -— TABLE FACT -- -—- - —=
'PROD’ AL = 2000.0 2100.0 1~ AL = i AL = AL =S 0.1 1~ 0.1 1= /
'INJ’ AL = 2000.0 2100.0 1~ AL = i L= AL =S 0.1 1~ 0.1 1= /

« Implementation done only for standard wells (STDW)

« Syntax already accommodates extension to multi-segment wells (MSW)
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Deriving well block indices & intersection lengths

« Re-use of ResInsight implementation
« To efficiently calculate well block indices (I1JK)
Axis Aligned Bounding Box (AABB) Tree search algorithm
» Derive well intersection length and projections PROD
 Isolated the relevant code from ResInsight and inserted in opm-common T

Ptop = (xtop:)Itop'Ztop'mdtop)

 Projection method to calculate Connection Factor: cF = \/ CE? + CF} + CF?

* Used by petrel

bot — (xbotr Ybotr Zbot» mdpoe)

L / = (@x Py P2)
Az ;

/%’ IR Ay

Ax
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Comparing Resinsight and Flow

Green well imported in ResInsight using deviation table:

WELLNAME :
# X
50
50
300

'"INJL!
Y
50
50
300

TVDMSL
=20,0
2000
2100

MDMSL
0.0
2000
2100.0

Red well from Flow simulation case using

WELTRAJ
-— WELL
'INJ'
'INJ'
'INJ'

COMPTRAJ
-— WELL
—-— NAME
'INJ’

BRANCH NO X

l*
l*
l*

BRANCH
NO
1*

50
50
300

PERF
TOP
2000.0

50
50
300

PERF
BOT REF
2100.0

TVD

-20.0
2000
2100

PERF COMPL STATE SAT

NO -—

AL % L L=

MD

0.0 /
2000/
2100.0 /

TABLE FACT
iR 1%

0.1

CONN DIAM KH

l*

SKIN D FACT

0.

1

l*

Well Connection Factors

270.2
255.0

230.0
205.0
180.0
155.0
130.0
105.0
80.0

52.9
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° ° OPM-flow
Comparison connection factors

ResInsight

Simmlation Well Connection Factor : ©7.82954%

Grid : Main grid [0]
Cell : [2, 2, 1]
Well Connection Factor : ©7.82%543 Global Cell Index : 11

Grid : Main grid [0]
Cell : [2, 2, 1]
Glokbal Cell Index : 11
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Next steps

- With RPTSCHED keyword, the WELSPECS and COMPDAT data generated internally can be reported in *.PRT pipe

« Currently the functionality is tested with more complex cases
 After testing start with enabling grid-independent well trajectories for Multi-segment wells (MSW)

Testing with complex cases A \
and well geometries:
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Network developments



Group node representing a subsea manifold

« Wells belonging to such group node:

« operate on a common THP (Tubing Head Pressure)

« the THP is such that a group rate target is fulfilled

« THP >= (unchoked) group nodal pressure

« Involved keywords:

Q= Q1+ 0Q,+ Qs

GCONPROD 'B1l' ORAT 6000 /
NODEPROP B1: subsea manifold
-—- NodeName Press Choke
PLAT-A 21.0 NO / FIELD
M5S il & NO  / |
PLAT-A
Bl 1* YES / | o e
Cl 1% NO / | |
M5S M5N
_________ e ————————— —_————tr e ——————
—_ I I I
Group rate target 1 B G1 c1 F1
Q0 0y o T
Same THP such that——{ =-1& 8-2E 3-38 | &-31 G-4H C-1H C-2H F-1H F-2H

m innovation
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Example 1

2-0il Production Rate:B-1H
Oil Production Rate:B1CHK
8,000

— o

5,000

4,000

qqq.-ﬂd R

— a q.-_\bﬂ ot
_2,000_ dggﬁannn P

Ol Production Rate [SM3/DAY]

ooo o o0h

<Qil Production Rate:B-2H

#-0jl Production Rate:B-3H

Group target of 6000

[ T I T l
2019-12 2020-01 2020-02

O-Tubing Head Pressure:B-1H
—Group nodal Pressure in nefjwork:B1CHK

34.00 - .
] a . 3
- oo
33 32.00 a
E: 3 Wellson Ta
z THP control s
%30.00—
fanl ]
| o
28.00 H

2020-03 2020-04 2020-05 2020-06 2020-07

< Tubing Head Pressure:B-2H -2 Tubing Head Pressure:B-3H

a—
a4 g-aagaa I

THP of B-2H

THP equals unchoked
nodal pressure

[ I I
2019-12 2020-01 2020-02

I I I I 1
2020-03 2020-04 2020-05 2020-06 2020-07

Initial all 3 wells of the subsea manifold group
run on common THP with the group oil rate
target of 6000 SM3/DAY

When well B-2H meets its individual oil rate
constraint of 2500 SM3/DAY), its THP is derived
independently of the other two wells

As long as the common THP stays above the
group nodal pressure, the group target of 6000
can be met.
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Comparison with reference simulator

 Good

comparison

* Note: For the reference simulator well B-1H is shut-in while in OPM-flow the well stays open

-#-Mode of Control:B-1H

B-Qil Production Rate:B-1H

O-Tubing Head Pressure:B-1H
Oil Production Rate:B1CHK

OPM-flow

-+Mode of Control:B-2H

<-Qil Production Rate:B-2H

<Tubing Head Pressure:B-2H

—Group nodal Pressure in network:B1CHK

-+-Mode of Control:B-3H
#-Qil Production Rate:B-3H
& Tubing Head Pressure:B-3H

T
-

LN B B B B B B B S B B S B B B B B B
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Gr
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G.DDD—:
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3,000—:
Z.DDD—:

1,000 4

Reference simulator

—+Mode of Control:B-2H

~4-Qil Production Rate:B-2H

< Tubing Head Pressure:B-2H

—Group nodal Pressure in network:B1CHK

-s-Mode of Control:B-3H

~&-Qil Production Rate:B-3H

#Tubing Head Pressure:B-3H
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Example 2

« SSMF: subsea manifold with oil rate target 4200 SM3/Day
« 3 wells: OP1, OP2 and OP3

~@-0il Production Rate:0P1

=#-Tubing Head Pressure:0OP1

—0il Production Rate:SSMF
5,000 —

1 4200

— [TL
4

A

e

o

=

=
l

3,000

Cell Results:
PERMX

' 1000
1000

2,000

EXTNET_AC_MOD_OPM

~@-0il Production Rate:0OP2
=@-Tubing Head Pressure:0OP2

=#=0il Production Rate:0P3
=#=Tubing Head Pressure:0OP3

Cil Production Rate [SME/0AY]

— 50
1,000 -
_Li‘ . ™ ~ " I
0 9 oo & @ o & @ s ¢—0 @ — 0
[ T I T T I T I T I T I T I T I T |
2003-09-29 2003-10-03 2003-10-07 2003-10-11 2003-10-15 2003-10-19 2003-10-23 2003-10-27 2003-10-31 2003-11-04
Cell Results:
PERMX . .
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Oil Production Rate [SM3/DAY]

Comparison with reference simulator

Observations: som 3

SSMF, Qil Production Rate

—EXTNET_AC_MOD_REF —EXTNET_AC_MOD_OPM

. . . . 5000 ]
* OP1 in OPM-flow behaves like OP3 in Ref. sim. ]
. o 2 H 4,000 - 1
« OP3in OPM-flow behaves like OP1 in Ref. sim. 2] Group oil rate
g ]
&=,
5 . is.oco ]
« OPM-flow has convergences issues for this case -
°* Well OP1 did not converge in 50 inner iterations (12 switches, 3200 ]
12 status changes) 1,000 -
0 - I — T T T T T T T T T T T T T T T 1
W [[ .[ t 2003-09-29 2003-10-03 2003-10-07 2003-10-11 2003-10-15 2003-10-19 2003-10-23 2003-10-27 2003-10-31 2003-11-04
el ot rates
OP1, Ol Production Rate 0P2, Oi Production Rate OP3, Oil Production Rate
—EXTNET_AC_MOD_OPM —EXTNET_AC_MOD_REF —EXTNET AC MOD OPM —EXTNET AC MOD REF ~—EXTNET_AC_MOD_OPM —EXTNET_AC_MOD_REF
2,500 2,500 — - - 2,500 —
2,000 | 2,000 ] 2,000
_ OP1 ] OP2 R OP3
1,500 &) o0 - £ 1,50
1000 g Looo g 1,000
< E
500 ; 500 —- 500 —-
- — ‘ T ‘ T T T T T T —— ‘ T T — T e i FL N A T S e B e B e B B
2003-09-29 2003-10-03 2003-10-07 2003-10-11 2003-10-15 2003-10-19 2003-10-23 2003-10-27 2003-10-31 2003-11-04 2003-09-29 2003-10-03 2003-10-07 2003-10-11 2003-10-15 2003-10-19 2003-10-23 2003-10-27 2003-10-31 2003-11-04 2003-0%-25 2003-10-03 2003-10-07 2003-10-11 2003-10-15 2003-10-19 2003-10-23 2003-10-27 2003-10-31 2003-11-04



Next steps

 Grid independent well trajectories
« Testing for more complex cases

« Extension to MSW yet to be done

* Network developments
« opm-simulators PR under review/discussion
« Convergence issues currently

« Testing on assets cases

Contact at TNO: eduardo.barros@tno.nl / paul.egberts@tno.nl

innovation
for life



NS %&.‘_“ﬂ&&?&@\ L5

%N ._2 0, A
,Wghﬁﬁv _..._'_:? 4. o \”M \Q’”’
. LY towo..._o% ',. .\.‘.sé /
A \s‘
%00 7
¢ ¥« (

4 >
I i ..E .‘r h\h|lﬂ.
S .‘ ) 32%?% %\\\Nr. () &
B h.hﬁh\\ﬂs () \00
s o ),
Nl Y s

{7
! 2 Y o .”.’
N1 DN LR
A 4
‘L 'h.h_ N ’
RN AL o X
7 \N‘\S\\\ \\\

.. A
A
0%

4y

AN

/-
B
X

“&‘3@@%‘0 A
L N
o &

i ﬁ %
i / ..N,..w%
i

B %
08

S i

g

) ..? Y

it

TR
s
R @y

sﬂf ‘/x ’0‘

. * ..ﬁ.__
__ o@ﬁ!‘i

A\

\



	Slide 1: Recent OPM developments by TNO 
	Slide 2: Latest Activities
	Slide 3: Salt precipitation comparison with CMG-GEM
	Slide 4: Salt precipitation comparison with CMG-GEM
	Slide 5: Comparison with CMG-GEM
	Slide 6: Numerical performance comparison
	Slide 7: Grid independent well trajectories
	Slide 8: Grid independent well trajectories
	Slide 9: Keyword design
	Slide 10: Deriving well block indices & intersection lengths 
	Slide 11: Comparing ResInsight and Flow
	Slide 12: Comparison connection factors
	Slide 13: Next steps
	Slide 14: Network developments
	Slide 15: Group node representing a subsea manifold
	Slide 16: Example 1
	Slide 17: Comparison with reference simulator
	Slide 18: Example 2
	Slide 19: Comparison with reference simulator
	Slide 20: Next steps
	Slide 21

