














Task 4

Assume activity coefficients are 1 in this task. Halite, NaCl, dissolves according to the reaction

NaCl(s) ⇋ Na+(aq) + Cl−(aq), Ks = 101.56 (1)

• Write the equilibrium condition for this reaction. Calculate the number of moles NaCl
that can dissolve in 1 L of water. In a similar way complexes can form according to

NaCl(aq) ⇋ Na+(aq) + Cl−(aq), Kc = 100.76 (2)

• Write the equilibrium conditions for this system and the mass balances for Na and Cl.
• Calculate the number of moles NaCl that can dissolve in 1 L of water when accounting
for the formation of complexes.

solution.

•

CnaCcl = Ks (3)

Cna = Ccl = K1/2
s = 6.03mol (4)

•
mnamcl

nnacl
= Kc (5)

mnamcl = Ks (6)

Cna = mna + nnacl (7)

Ccl = mcl + nnacl (8)

•

m2 = Ks (9)

n = m2/Kc = Ks/Kc = 6.31 (10)

m = 6.03 (11)

m+ n = 12.34mol (12)

Task 5

• Explain how adsorption tests can be used to measure wettability properties

A species adsorbs according to q = c3 where c is concentration and q(mol/L pore) is the adsorption
isotherm (amount adsorbed species as function of brine concentration).

• Assume a core contains c = 0 initially and is flooded with c = 1. Consider the time when
1 pore volume (PV) has been flooded. Sketch the concentration profile along the core.

• Assume a core contains c = 1 initially and is flooded with c = 0. Consider the time when
1 PV has been flooded. Sketch the concentration profile along the core.

• In the last situation, how many mols of species are still stored on the surface after injecting
1PV? Assume the pore volume is 0.04 L.

solution.

• More adsorption on water-wet cores.
• Broadening profile

x(c = 0) = 1, x(c = 0.25) = 0.842, x(c = 0.5) = 0.571, (13)

x(c = 0.75) = 0.372, x(c = 1) = 0.25, (14)

• Sharpening front profile

xf/xw =
1

1 + 03−13

0−1

= 0.5 (15)

c(x > 0.5) = 1, c(x < 0.5) = 0 (16)
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•

q(x < 0.5) = 0, q(x > 0.5) = 13 = 1 (17)

N = 1 · 0.5 · 0.04 = 0.02mol (18)

Task 6

A chalk core is flooded with 1 mol/L MgCl2 brine. It is assumed that calcite CaCO3 can
dissolve, while magnesite MgCO3 precipitates in a substitution-like manner and that ion exchange
of Ca and Mg occurs at the surface. The formation water contains Ca in the brine and on the
surface, but not Mg or Cl.

• Write down relevant reactions, rates and equilibrium conditions for the mentioned chem-
istry.

• Write down transport partial differential equations for the species in the brine (Ca, Mg,
Cl), on the surface (Ca, Mg) and the minerals (calcite, magnesite). Also write down initial
conditions and boundary conditions.

• Sketch the expected concentration profiles for Ca, Mg, Cl as measured at the outlet vs
injected pore volumes. What is the role of the different mechanisms you have included in
the system?

solution.

•

CaCO3(s) +Mg2+(aq) ⇋ MgCO3(s) + Ca2+(aq) (19)

CaX2 +Mg2+(aq) ⇋ MgX2 +Ca2+(aq) (20)

r = k1Cca − k2Cmg (21)

K =
Ccaβmg

Cmgβca
(22)

•

∂t(Cca + ρsca) = −v∂xCca +D∂xxCca + r (23)

∂t(Cmg + ρsmg) = −v∂xCmg +D∂xxCmg − r (24)

∂tCcl = −v∂xCcl +D∂xxCcl (25)

∂tρc = −r (26)

∂tρm = r (27)

• Cl: from 0 to injected concentration with middle value after 1 PV.
Ca: peak from ion exchange, stable effluent from dissolution.
Mg: delay from ion exchange, stable effluent below injected concentration due to pre-

cipitation.

Appendix A. Formulas

Davies formula (at 25◦C):

log10 γi = −0.5085Z2
i

(

√
I

1 +
√
I − 0.3I

)

(28)

Retardation formula

Rc = 1 +
dq

dc
, (broadening front) (29)

Rf = 1 +
∆q

∆c
, (sharpening front) (30)

pH

pH = −log10([H
+]) (31)


