HYDROGEOLOGICAL TRANSPORT PHENOMENA

Final Exam 30/01/2004
Instructor: S.M. Hassanizadeh hassanizadeh@geo.uu.nl

1. Under normal conditions (p =1 atm, T = 20°C), 368 grams of kitchen salt can be
dissolved in 1 liter of distilled water. This results in a saturated salt solution. The
solid salt mass density is 2 kg/l and pure water mass density is 1 kg/m?. Assume
that the volume of the solution is equal to the sum of volumes of solid salt and water.

a) Calculate the salt mass concentration.
b) Calculate the solution mass density
c) Calculate the salt mass fraction.

2. Alandfill has a clay underlining to prevent the pollution of the aquifer below the
landfill. The clay has a permeability of 10-16m?, a porosity of 0.385 and a thickness
of one meter. Piezometric measurements show that pressure heads on top and
bottom of the clay layer are 5m and 5.5m, respectively. The concentration of
pollutants on top of the clay lining is around 800 mg/! and remains constant.
Additional information: Molecular diffusion coefficient in water, Do, = 10-8m?%/s;
tortuosity = 3.3; dispersivity = 0.01m; viscosity, p = 103 kg/m.s; water density, p=
103 kg/m3; g = 9.8 m/s?

Hint: It's more convenient to work with year as the time unit.

a) Calculate the average pore velocity.

b) How long does it take for the concentration of pollutants in the groundwater
just below clay to reach 400 mg/I?

c) Calculate the concentration under the clay layer after 20 years and 40 years.

3. The following set of experiments has been carried out for determining
distribution coefficient of an adsorbing solute in a sandy soil. Five batches of soil
suspension were prepared by pouring 500 g of dry sand into 900 m! of distilled
water. To each batch, a solution of 100 ml containing the solute at a concentration
Ci was added. The suspension was gently stirred for a few hours until it was
believed that adsorption equilibrium was reached. Then, water was sampled and
the solute concentration was measured. The results are given in the following
table. Use this data to calculate the distribution coefficient.

Ci (¢/) | 20 30 40 60 80
Ceq (3/1) 1 0.79 1.21 1.62 2.38 3.25

4. A column experiment was carried out with undisturbed samples of the same
sandy soil as in problem 3. The soil grain density is 2500 g/I. A solution containing
common salt and the same adsorbing solute as in problem 3 were fed to the
column continuously at a flow rate of 13.3 ml/hr/cm?. The breakthrough of salt and
adsorbing solute were measured at a distance of 40cm from the inlet. The same



relative concentrations for salt and solute are measured but at different times. The
data are given in the following table.

t (hr) for 0.5 06 07 08 09 103 11 12 14 1.8
salt

C/Co 0.001 001 007 018 038 054 070 082 094 0.99
t (hr) for 3 36 42 48 54 618 66 72 84 108
adsorbing

solute

Assuming that the solute’s adsorption may be modelled as linear equilibrium,
calculate the soil porosity, dispersivity, and distribution coefficient.

How is the value of distribution coefficient calculated here different from the
value calculated in problem 3? Why is there such a difference?

The solute concentration in a column with continuous injection of the solute may be
approximate by the following formula:

C(x,t) :%Coerfc[zx;DVttJ

The derivative of this solution is given by:
oC _ Cy(x+vt) e—(x—vt)Z/ZDxt

ot 4t zD.t



Tables of Error Function and Complementary Error Function
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