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pmd*RT: Coupled fluid, heat and
chemical modelling




Why Reactive Transport Models

« RT Modelling simulates coupled fluid-flow,
heat-chemical transfer, and fluid-rock reaction

« Modelling to understand the feedback,
Interaction and outcomes of coupled physical
processes

« Progress towards modelling natural processes
in 3D

— predictive 3D boxes!
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Summary

« pmd*CRC now has a usable reactive
transport code

 Applied development stage at the

moment

— Some issues to be sorted but very serious
progress being made

— Benchmarking started

 GUI being developed (Chook-RT?)
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pMA*RT?

« pmdCRC developed reactive transport code

— Couples heat, fluid and chemical transport and chemical
reaction — Mechanics being currently being considered!

— Uses finite element — non-uniform mesh

— Uses FastFlo4 to solve PDE’s coupling of external modules
(.e. EOS)

« Running in windows environment

— JCU Cluster — Win64 on multiprocessor AMD operton 2.6
(20% quicker than P4 3.2HT)

* Chemical Solving
— Currently via the WinGibbs solver used in HCh
— Log K solver capability being developed

 Easy to add extra functionality via Python

predictive mineral discovery Cooperative Research Centre &




K]
~
=
~
N
)
S,

S,
at)
S
K]
N
SRR
LK
Vs
4
5

F
7
Kl
LA
v
)

ikl

e
T,
iy
T

R
Taray
T

AL
o Ty A
A PR
i o R i e A
S R
AP Y o
ey o A Y
it AT ey
DA
A A
Fop? LA A
A avavey

o2
Gl
it
y,
ravers

X
¥
?1’%"

i
T
he

i,

%y

By,
LY
2
=
»

ATV
L
4R

A
o

7

-2
e
¥

)
[
S

%ﬁ"‘"

3

LA
U
Ko
]
i
A

7
s
[

e

5

[y
A0
™

5]

B

pa

A

r

[

i 7]
T

%
]
o

5
A,
HA A

[43
AR
[ h s
RO
L T N P i P
AT

[
P

i
il
I,

R
R
¥

e
)

|

o3

T,

YAV
%
4

g
N
Y

LY
S,
i,
5
e
il

iy

o
L
A

sy

o]
FoL JE#
£
vy,
u"ﬁ
S,

-

< Ky
o
R,
Aoy

7

highres = 10763

Tk
EATATLN |
P

#.
A

2
g
[/

it 5‘&
=2 o)
p-_‘ =l
)
K
rd
K
A

T{?"
-,

1
[
)
[
N
W]
™
R
N
g

A

i
g
]
AR
5
LT
T
el
s
N
Mo
|

£
|~
i,

S,
e

o

K]

TRy r.i .ﬂ. |-

o oy
e
e

Ve
ST
ol
L

T
AT

TE".I.__
i,
4]
]

Ty
-

A
"a.':i #
il
=1
T

i,

Cioe

£l
£

K
#‘.’#‘F‘u
[Fa T s
W vl
nEe,
St ey v
Y,

[
bt
i)

-

f=
By
At

L

L]
ot
il
LAY

5 [
ASgN| r“_""‘! F,. 4l
- L7y} -‘. #1%? e
LTy 1y
i

LN
[
AR AT,

ey
)
i} "_i_b
7

=)




~ Benchmarking

Comparison of
modified Elder
problem with
HST3D (USGS
benchmark
hydrological code)
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Application and Testing

Top @ 250°C and 1000 bars
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Physical Properties

Rock Unit

~mineralogy

Log
permeability

porosity

ini gold in fluid
(molal)

Greenstone

qtz
calcite
albite
tremolite
chlorite
pyrrhotite

-16

0.05

1x10-°

Felsic Volc

qtz

pyrite
albite
muscovite
k-feldspar

=1Lf

0.01

1x10-°

Fault Zone

gtz
albite
muscovite
calcite
pyrite
pyrrhotite

=15

0.08

Granite

qtz
muscovite
k-feldspar
plagioclase
(ab-an)
pyrite
magnetite
biotite

-16

0.02

1x10°
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"NaCl (aq)' :0.89,
: 'KCl (aq)' :0.28,
. 'CaCl2 (aq)' :o0.02,
'FeCl2 (aq)' : 0.40,
'H2S (aq)' :1e-3,
'Au+ (aq)' :1e-6

i 1) Aqueous components
aCl (aq)' :1, c
S added to rock and fluid

(vol by porosity)
'NaCl (aq)' :1.32,
'KCl (aq)' :0.40, 2)
'CaCl2 (aq)' :o0.12,
C02(aq) 47, -> Equilibrium step o
. 'H2S (aq)' :2.86e-2,
504 (a0 e, -> Equilibrium step 1

- 'Au+ (aq)' :1e-9

[—1

—

- 'NaCl (aq)' :0.78,
. 'KCl(aq)' :o0.16,
% 'CaCl2 (aq)' :0.75,

= 'CO2(aq)' :0.05,

| 1z e soes Initialised Fluid-Rock Syste

m
e 'Au+ (aq)' :1e-9 w
predictive mineral discovery Cooperative Research Centre 4
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Initialisation of Chemistry

i
o

rae 001 | 10 Feb 2006 | LFG_RTO01_CPor_c_hrm at Time 10.00 years

.. F

Temp effect on
. equilibrium
mineralogy of unit
8000 _—
> 6000 |7 Calcite (s)
1.2
1
4000 0.8
0.6
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2000 0.2
00 5000 10)[%00 15000 I I I I 20600
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Liquid_volume @ step 0

Liquid_ volume from
FFPCU.phaseVolume

Frame001 | 26 Feb 2006 | LFG_RT01_CPor_c_hrmat Time 0 years
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Granite

Time zero

1oooo

anoo

> 5000 [

4000

2000

20000

ternpinC)

oo
650
i}
a4l
a00
440
400
340
300

' excess_t * e(-time/event_length)

- event_length = 30,000

800

~
a1
o

= background)

granite temp (500

500

Uses a dynamic boundary
condition that allows the fluid to
cool the granite further.
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Pore Pressure

Pressure (MPa)

50 100 150 200 250 300 350 400 450

LFG_RT Model
Step 1

Top boundary is
fixed porepn

Gradient is
Lithostatic hydrostatic with
correction for

p=F(T)
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Dynamic Porosity-Permeability

10-11

 Chemical reactions

will dissolve of .
precipitate mass
— Porosity increases or 3 "

decreases D o)

— Permeability will change wef ke
:‘/

based on some
relationship to porosity

10-17

percolation threshold

0

0.05

0.10 0.15 0.20 0.25

TOTAL POROSITY
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Dynamic Porosity-Permeability

n
9
Dy
-

predictive mine

FFPyChemUtils.phaseVolume
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How much rock does my fluid know

about?
<
<>
/ O
e/ 0:0/ o
?’5”» Distributed effective = Fracture porosity Limited effective
.\ porosity and percolation porosity

e limited alteration

active salid fraction.= changes the chemical 7/r&¥
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Dynamic Chem Por-Perm

¢
¢C —
(1- o)
@ = unreactive sol _ fraction

) = (A¢C )¢

If por = 0.08, ® = 0.80 then por_chem = 0.4
Equivalent to fracture porosity

The model stores two dynamically linked porosities

B

=N predictive mineral discovery Cooperative Research Centre &
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Thank-you

Reminder ..

More details about dynamic
porosity-permeability in poster!

" Coupled dynamic P
= porosity-permeability
- with chemical reaction

James S. Cleverley, Profect F6

Pl 1. Introduction
~ Reactve transport modsfing i used 1o imesigate fe couping between
wch 5 flad fow Ona of e
ey coupled processes is e feedback between chemical meacton aed
changes n the poreity of fhe fock o5, miserals dsobe or procptate. This
in fum changes the pormeatsity of e ook volume and Pus there i
denct lanchack tatwaen th process and the darcy flow veesy
In this posiet we explore the mathematical implementation of
dynamic poresity-permeability In the pmd'RT (FastficRT) resctive
transport code and s subsequent eflect on the resats of Yilgam-
1ype models

2. Linking Reaction and Flow

i
..........
TV

where the mabmeript < desoten the refereace of inaised valus and o the
Ermciad cxponen that vanes for differers ek iypes. Por the loat caps merdel a

3. The Chemical Porosity Concept




