National Exams  May 2004
98-Geol-B1, Contaminant Hydrogeology

3 hours duration

NOTES:

. If doubt exists as to the interpretation of any question the candidate is urged to submit
with the answer paper, a clear statement of any assumptions made.

. Any non-communicating calculator is permitted. This is an Open Book exam. Note to
candidates you must indicate the type of calculator being used. i.e. write the name and
model designation of the calculator, on the first inside left hand sheet, of the exam

work book.

. Any five questions constitute a complete paper. Only the first five questions as they
appear in your answer book will be marked.

. All questions are of equal value.
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1. Road salt is leaching from a long ditch into a shallow aquifer. The Darcy velocity in
the aquifer is 5 cm/day perpendicular to the axis of the ditch, the aquifer porosity is
0.35, and the concentration of chloride in the aquifer below the ditch is 250 mg/L. It is
estimated that the dispersivity appropriate for modeling solute transport in the aquifer
is 1 m and the effective diffusion coefficient for chloride is 10™° m*/sec.

a) If the transport of chloride in the aquifer can be assumed to be one-dimensional,
determine the concentration of chloride 20 m away from the ditch in the direction of
groundwater flow, after both 125 and 175 days.

b) Discuss the assumptions that are involved in the equations you used to solve part (a)
and how reasonable they are for the scenario described.

¢) Discuss situations where it is appropriate to use Type 1 (Dirichlet) boundary
conditions and where it is appropriate to use Type 3 (Neuman) boundary conditions for
modeling solute transport.

2. a) Draw a typical capillary pressure saturation curve for a system containing water and
an organic fluid (NAPL), identifying and defining all key features of the curve.

b) Explain why it is necessary to use relative permeabilities when modeling multiphase
flow.

¢) Describe and explain the differences in behaviour between LNAPLs and DNAPLs
spilled into the subsurface.

3. A truck containing a dilute solution of hydrochloric acid (contains 500 mg/L chloride)
is involved in an accident and spills 10,000 L of acid into the subsurface. The acid
quickly reaches a shallow aquifer just below the ground surface and creates a
contaminant plume in the aquifer. The aquifer has a porosity of 0.3, the Darcy velocity
in the aquifer is 0.3 m/day, the dispersivity is isotropic and has a value of 2 m, and the

effective diffusion coefficient for chloride is 10™"° m®. Assume that the acid spilled
initially created a uniform contamination zone (500 mg/L chloride) in the aquifer over
an area of 10 m” that the acid did not react with the subsurface materials, and that the
spill did not 81gmﬁcantly alter flow in the aquifer.

a) Determine the maximum concentration of chloride in the aquifer after 100 days and
the location of this maximum concentration.

b) Determine the concentration of chloride after 100 days, 120 m from the spill, in the
direction of groundwater flow.
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4. Tt is discovered that a drycleaning operation has been losing dry cleaning solvent
(perchloroethylene — density = 1600 g/em’, water solubility = 150 mg/L, vapour
pressure at 20 C approximately 1870 Pa) from a leaking underground storage tank
for approximately 5 years. The tank is located above the water table in sandy soil.
The water table is approximately 3 m below the ground surface. The unconfined
aquifer below the tank is also sandy soil, and is underlain by a clay aquitard at a
depth of 20 m below the ground surface.

a) Discuss the processes that govern the movement of the leaking solvent in this
system.

b) Describe what steps you would include in a preliminary site investigation aimed at
delineating the extent of contamination at the site.

¢) Discuss two possible approaches to remediate the solvent contamination at this site.

5. A gasoline station accidentally overfills their underground storage tanks with
gasoline, and 10000 L of gasoline is spilled and seeps into the ground. Below the
spill the soil consists of a 50 cm layer of gravel, a 1 m layer of silty soil, and a 5 m
layer of coarse sand. The water table is located in the middle of the sand layer and
dips at an angle of 2° toward a stream that is 100 m from the spill location. The
aquifer discharges to the stream.

a) Discuss the movement of the spilled gasoline at this site, and any processes that
contribute to the movement of the gasoline or to the spread of contamination in the

subsurface.

b) Discuss pi‘ocesses that will attenuate the movement away from the spill site of
gasoline components dissolved in groundwater.

¢) Outline steps you would take to control and remediate the gasoline contamination at
this site.
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6. In a laboratory experiment a solution of water containing 10 mg/L of toluene is
introduced into a one-dimensional column (5 cm diameter, 60 cm length) containing
a sandy soil (porosity of 0.3, dispersivity of 0.05 m, organic carbon fraction of 0.01,
bulk density of 1.8 g/em®). If toluene has an effective diffusion coefficient of
107'° m?%/sec, and an organic carbon partitioning coefficient, K., of 100, estimate the
concentration of toluene in the effluent from the column after 2 days and 2.5 days if
the volumetric flow rate of water into the column is 1 L/day.

7. a) If groundwater that does not contain any Ba or SO, comes into contact with
barite (BaSOs) determine the equilibrium concentration of Ba and SO, in (mg/L).
BaSOj has a solubility product of 10°, Ba has an atomic weight of 137.3 g/mol,
S has an atomic weight of 32.1 g/mol, and oxygen has an atomic weight of 16.0

g/mol.

b) If groundwater that does not contain any Ba, but contains 50 mg/L SO, , comes
into contact with barite (BaSQ,) determine the equilibrium concentration of Ba

and SO4 in (mg/L).

¢) Leachate from a mining tailings pond is seeping into an aquifer. The leachate has a
pH of 2.0, is anaerobic and reduced, and contains dissolved iron. As the leachate
moves through the aquifer the pH increases and the Ej, also increases as oxygen.
mixes with the leachate. Discuss the chemical processes that affect the movement
of the iron in the leachate.
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