
IORSim Geochem 
Module



Why do we need geochemistry?

• We know fluid chemistry affects flow properties on 
core scale (~10 cm)

1. Compaction and wettability in chalk
2. Water diverging 
3. Low salinity effects

• How to translate core scale knowledge/processes 
to field scale?

• Implementation of IOR processes
• Interpretation of field data



Effect of sulphate on oil production
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R. Ahsan,  M. V. Madland , F. Bratteli, A. Hiorth “A STUDY OF SULPHATE IONS - EFFECTS ON 
AGEING AND IMBIBITION CAPILLARY PRESSURE CURVE” – SCA, 34 (2012)
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SO4 affects Yield – hydrostatic test 

Liege chalk, Porosity = 40.3 – 41.8%

Megawati, M., Hiorth, A., Madland, M.V., (2012), The impact of surface charge on the mechanical behaviour of high-
porosity chalk, Rock Mechanics and Rock Engineering-Springer
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Synthethic model (IORCoreSim results)

injectorproducer

600mD

300mD

1800mD

Two cases:
1. 0.1wt% CO2 in oil
2. 10-4wt% CO2 in oil

72℃

15℃
After 600 days switch 

from seawater to 
LowSal



(900days) pH, salinity and surface potential - different speeds

pHChlorine Concentration Surface Potential

ζ~50mV

ζ~50mV

ζ~-10mV

ζ~-10mV

1.926M

0.111M

pH~5.5

pH~7.8

0.111M

1.926M
pH~8.3

pH~8.3

0.1wt% CO2 in oil

10-4wt% CO2 in oil

(IORCoreSim results)



Field Recovery is dependent on mechanism

krw

Case I: pH 
Case2: Surface Potential (ζ)

Low CO2 - ζ

Low CO2 - pH
High CO2 - ζ

High CO2 - pH



IORSim Workflow:

ECLIPSE

• Run > eclipse.exe CASE.DATA
• Wait for ECLIPSE to finish

IORSim

• Run >iorsim.exe CASE
• Wait for IORSim to finish

Vizualize

• FlowViz/Office/ResInsight for grid data
• Well data stored in CASE_W_<well_name>.trcconc (csv format)



A Note on the Input files

• IORSim flow models developed at IFE
• Geochem and Silicate models at NORCE

• Input files have been developed and extended as needed 
• Hence, there are some non-logical issues that have to be corrected 

• Some we know of … but we would like feed back from you



CASE.trcinp

Species

Species in reservoir 
Defined in geocheminp
“place holder”

Comment starts with ‘#’ 



CASE.geocheminp

Reservoir species 

pH determined by solver, pH=7 is “initial guess for solver”

https://pubs.usgs.gov/of/2004/1068/pdf/OFR_2004_1068.pdf

Injected species
“place holder”

Surface charge 





BACKUP



A modular interface:
• Advection calculations separate from reactions 

• Implicit formulation

• 1D : 

0 1 N2
𝒄𝒄𝑖𝑖𝑖𝑖,0

𝒄𝒄𝑖𝑖𝑖𝑖,1(𝑡𝑡 + Δ𝑡𝑡) 𝒄𝒄𝒊𝒊𝑖𝑖,2(𝑡𝑡 + Δ𝑡𝑡) 𝒄𝒄𝑖𝑖𝑖𝑖,𝑁𝑁(𝑡𝑡 + Δ𝑡𝑡)

Block-by-block upstream  integration



Can we extend to 3D?

• Yes, if there are no flow loop (tear up the loop)

• 3x3 Example

• Renumbering of ECLIPSE grid
• implicit integration of the concentrations if no flow loops are detected
• If flow loops, an explicit coupling is inserted to tear the flow loop
• The algorithm is fast ( O(N) )

21 3

4 5 6

7 98

87 9

4 5 6

1 32



The IORSim methodology on a complex 
computational problem:

• Fast full geochemical calculations
• Robust, efficient solution:

• Transport and geochemistry solved separately and implicit
• Global level (Flow) & Local (Block) level (non-linear physics chemistry) 

• Decompose reservoir into separate flow paths
• Flow path is solved on a block sequentially:

Known due 
to sorting



IORsim course 10.12.20

Plan
1) Introduction – B. Antonsen
2) IORSim general & tracer  – J. Sagen
3) I. Geochemistry – A. Hiorth
4) I. Backward; Silicate – B. Antonsen 
5) Demo I. Backward               – J.L. Vinningland
6) Feedback

Helpdesk 11.12.20 10-12 J.L. Vinningland,
javi@norceresearch.no

IORSim course
Andrea Johanne Reinholdtsen Accepted Neptune Energy
Reza Rostami Ravari Accepted Neptune Energy
Soujatya Mukherjee Accepted Wintershall-DEA
Kristian Eide-Engdahl Accepted Lundin
Carl Joerg Petersen Tentative Wintershall-DEA
Udo Zimmermann Accepted UiS
Ove Sævareid Tentative NORCE
Kjersti Riiber Accepted UiS
Robert Moe Accepted ConocoPhillips
Egil Boye Petersen Accepted AKER BP
Gaël Chupin Tentative Lundin
Aksel Hiorth Accepted UiS
Jan Sagen IFE
Børre Jacob Antonsen Accepted IFE
Jan Ludvig Vinningland Accepted NORCE
Jan Nossen Accepted IFE



IORSim at Teams at UIS/IOR Centre



IORSim at Teams at UIS/IOR Centre



IORSim at Teams at UIS/IOR Centre



IORsim for your simulation models

KURS-04B.DATA file



IORSim Backward
10.12.20 B. Antonsen



IORSim Backward
• IORSim Backward modus interacts with Eclipse at every report-

timestep.
• It can be used for simulation of water diversion with injection of 

sodium silicate.
• IORSim calculates the generation and location of silicate gel resulting 

in reduced permeability. 
• The permeability is dynamically updated in the Eclipse model by 

reduced relative permeabilities (SATNUM).



Gels used in field operations

K. Skrettingland presentation, 2016
SPE Prod. & Facilities, 2000
1400 gel applications.



Gelation time

• 𝑡𝑡𝑔𝑔 = 𝐴𝐴 𝑒𝑒𝛼𝛼𝛼𝛼_𝑆𝑆𝑖𝑖 𝑒𝑒𝛽𝛽 𝛼𝛼_𝐻𝐻𝛼𝛼𝐻𝐻𝑒𝑒𝛾𝛾 √𝛼𝛼_𝛼𝛼𝐶𝐶 𝑒𝑒𝐸𝐸𝐶𝐶/𝑅𝑅𝑅𝑅

A= 8.75 10-10 days, α=-0.6 1/wt%, β=-0.7 1/wt%, γ=-0.1 1/√ppm, Ea=77kJ/mol

(From Stavland, Jonsbråthen, Vikane, Skrettingland, Fisher, 2011)



Permeability modification

• 𝑘𝑘
𝑘𝑘0

= (1 + 275 𝑌𝑌 𝑆𝑆𝑤𝑤
𝑘𝑘0
𝜑𝜑0

)−2

• Y is the weight fraction of sodium silicate precipitated per mass of 
water.

• Blocking of pores happens when gel conc. is about 0.3 wt% (Based on 
experiments)

• For “IORSim Backward” permeability modification is transferred as 
scaling of relative permeability – Eclipse SATNUM is transferred.



Pressure

Test model

Permeability



Silicate model Input

Silicate and HCL 



Oil after 1y Oil after 2y

Silicate

No Silicate

Oil saturation with and without silicate inj.



Oil after 3y Oil after 4y

Silicate

No Silicate

Oil saturation with and without silicate inj.



Field production



Recovery – remaining oil in-place



Recovery per layer

R1

R3

R2

R4



Water injection and production

No Si.

Si.



Silica 18.11.20 R33

Immobile gel 17.01.21 R37

No Immobile gel 18.11.20 R33

SATNUM 17.01.21 R37

Silica, Immobile gel & SATNUM



Final – gel and SATNUM



Layer 4-10

No gel in low permeability layers

Layer 9-10

Layer 10



IORSim backward GUI



Silica, R55, 26.06.21

Immobile gel (final), R200, 15.06.25

Temperature effect

Temperature

Other: KURS-06A, Heated inj. w.

Confirming no effect

Current 300d



Summary

• IORSim backward modus couples Eclipse and IORSim dynamically.
• Communication takes place through update of SATNUM (relperm

tables)
• Technical (simulation) stability has improved significantly
• Very nice GUI created
• Work ongoing for handling well schedule (no problem in Forward)



But sometimes this happens



IORSim

Adding IOR effects to field scale simulations by

coupling to the host simulator Eclipse



Our traditional experience in proposing projects

We have a great
project idea But how can 

we get it into 
Eclipse?



Our approach now – IORSim

This
project idea can be
integrated with 

Eclipse That sounds 
promising



IORSim – An efficient IOR simulation software tool 



IORSim features

• Geochemical module

• Silicate module

• Chemical species partitioning between the water, oil and gas phase

• The tool allows for taking an existing Eclipse field model, adding:       
- Changes in the water chemistry, low salinity and  “smart water”  
- Changes in production due to smart water addition

• The tool may be coupled to other simulators than Eclipse 

• IORSim simulates on a separate grid relative to the host simulator
(separate grid refinement)



Partitioning species

Eclipse IORSim

Geochemical 
module 

Eclipse model – IORSim two way coupling 
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Sequential solution method in IORSim

• Sequential method is needed since species transport is combined with geochemistry

• Sequential method for water species

• Sequential method for temperature calculation

• Sequential method for partitioning species



Tracer simulations in “KURS-04B”

Temperature

Oil sat.

Tm inj. (d) Peak (d) D_t (d) Peak_Dt
T11 Ideal 100 402 302
T12 K=2 100 662 562 260
T21 Ideal 950 1212 262
T22 K=2 950 1432 482 220



22.12.2021

Why can’t we solve it in the «normal» way ?

To include geochemistry, we need to «localize» the problem

𝐹𝐹𝑖𝑖𝑖𝑖, 𝑐𝑐𝑖𝑖𝑖𝑖
𝑐𝑐𝑖𝑖

𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑐𝑐𝑖𝑖 How can we make         known in advance ?

Answer:  Solve it first 

𝑐𝑐𝑖𝑖𝑖𝑖

• Difficult to converge
• Long computing time  



We need to make the problem «1D»

𝐹𝐹𝑖𝑖𝑖𝑖, 𝑐𝑐𝑖𝑖𝑖𝑖
𝑐𝑐𝑖𝑖

𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑐𝑐𝑖𝑖 Implicit integration

𝑐𝑐𝑠𝑠(1) 𝑐𝑐𝑠𝑠(2) 𝑐𝑐𝑠𝑠(3) 𝑐𝑐𝑠𝑠(4)



22.12.2021

How can we make the problem «1D»:

1 2 3

64

8

5

7 9

Block sequences that will work: 

1, 2, 3, 4, 5, 6, 7, 8, 9 

1, 4, 7, 2, 5, 8, 3, 6, 9 



22.12.2021

Turning the flows:

1 2 3

64

8

5

7 9

Block sequences that will work: 

9, 8, 7, 6, 5, 4, 3, 2, 1

9, 6, 3, 8, 5, 2, 7, 4, 1 



IncludeBox routine

Checks for alle inflows into a box, if the upstream box is included.

If not: Call IncludeBox for this box, and include box in sequence vector

Boxes Flows
Box

status
Sequence

vector

Producer

Injector

The sequential method for water species in IORSim:



Tracer simulations in “KURS-04B”

Temperature

Oil sat.

Tm inj. (d) Peak (d) D_t (d) Peak_Dt
T11 Ideal 100 402 302
T12 K=2 100 662 562 260
T21 Ideal 950 1212 262
T22 K=2 950 1432 482 220



Partitioning species

• The sequential method for water species has been  
extended to handle species which exist in all three   
phases (water, oil, gas)

• Species are assumed to be in equilibrium between the phases 
• The concentration in each phase is calculated as 

Cw = Kw*C ,  Co = Ko*C,   Cg = Kg*C

• Concentration C is calculated for all grid blocks at each time step

• Kw, Ko, Kg may be dependent on P, T and composition

• The partitioning species option in IORSim may be useful for instance
when CO2 is present in water, oil and gas



22.12.2021

The sequential method for partitioning species

Oil term Cw*K*Fo

Water term Cw*Fw

Strategy:  

When Cw*Fw > Cw*K*Fo we use new concentration 
(implicit) for the water term 

When Cw*Fw < Cw*K*Fo we use new concentration 
(implicit) for the oil term  



Stability analysis
• Assuming use of the implicit (new) concentration in the water 

transport term, and explicit (old) concentration in the opposite
direction oil term
(Semi-implicit method)

• Børre Antonsen performed stabiliy analysis and showed the
following inequality:

∆t 𝐹𝐹𝑤𝑤−𝐾𝐾∗𝐹𝐹𝑜𝑜
(𝑠𝑠+ 1−𝑠𝑠 ∗𝐾𝐾)

≥ −𝑉𝑉

where Fw is water rate, Fo is oil rate, K is species      
partitioning coefficient between water and oil ,
Co = K*Cw

• This shows that the method is always stable when Fw > K*Fo 



IORSim_launcher



IORSim_launcher



IORSim_launcher



Grid refinement for species grid



22.12.2021

Mass conservation of one phase:
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22.12.2021

Pressure equation to be solved for each phase:

Transmissibility in x-direction: Tx

Tr
an

sm
iss

ib
ili

ty
in

 y
-d

ire
ct

io
n:

 T
y

𝑇𝑇𝑥𝑥 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖+1,𝑗𝑗,𝑘𝑘 + 𝑇𝑇𝑦𝑦 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖,𝑗𝑗+1,𝑘𝑘 + 𝑇𝑇𝑧𝑧 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘+1 +
𝑇𝑇𝑥𝑥 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖−1,𝑗𝑗,𝑘𝑘 + 𝑇𝑇𝑦𝑦 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖,𝑗𝑗−1,𝑘𝑘 + 𝑇𝑇𝑧𝑧 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘−1

=
𝑉𝑉𝑖𝑖,𝑗𝑗,𝑘𝑘

𝑉𝑉 (�
𝑖𝑖

𝑄𝑄𝑖𝑖 − 𝑄𝑄𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤) + 𝑄𝑄𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

Phase rate in each direction:    𝑄𝑄𝑥𝑥 = 𝑇𝑇𝑥𝑥 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖+1,𝑗𝑗,𝑘𝑘
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𝑄𝑄𝑧𝑧 = 𝑇𝑇𝑧𝑧 𝑃𝑃𝑖𝑖,𝑗𝑗,𝑘𝑘 − 𝑃𝑃𝑖𝑖+1,𝑗𝑗,𝑘𝑘



22.12.2021

Vertical well, areal view:



22.12.2021

Vertical well, cross-sectional view:



22.12.2021

Horizontal well:
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