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Eh-pH-As Relations %Eiﬁiﬁ%‘l’g (gﬁﬁﬁﬁﬁﬁ)

in Rainy Season
(June to July 2000) Using Advection-Dispersion equation
(Konikow and Bredehoeft, 1978)
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D; : Coefficient of hydrodynamic dispersion (a second order
tensor) (L2T1)

V; : Seepage velocity in the direction of x; (LT-')

C,, : Concentration of the nth constituent (ML)

C’, : Concentration of the nth constituent in the source or sink

fluid (ML)
£ : Effective porosity (dimensionless). 22
Advection Dispersion
The process by which solutes are Spreading of solute concentration in
transported by moving groundwater. groundwater caused by irregular shape
(= Convective Transport) of pore space and velocity variations.
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Advection-Dispersion
Combination of Advection and
Dispersion.

Longitudinal
Dispersion

Arsenic Problems (10 years ago)

(by Asia Arsenic Network)

Arsenic Problems in 2003

(by Asia Arsenic Network)

Hazardous Nature of Arsenic

m Inorganic Arsenic is Dangerous
AS3+, As5+

m Drinking Water Standard in Bangladesh:
0.05 mg/L

B WHO Guideline Value, Japan, Vietham:
0.01 mg/L

Arsenical Disease
m First Stage of Arsenicosis Patients
Arsenical Melanosis
m Second Stage:
Arsenical Keratosis
® Third Stage:

Skin Cancer, Internal Organ Cancer

Hyperkeratosis, Bowen disease
are typical Arsenical diseases

Arsenicosis Patients (Arsenical Melanosis)




Hands of Arsenicosis Patient
(Arsenical Keratosis)

Feet Bottom of Arsenicosis Patient
(Arsenical Keratosis)

Foot Bottom of
Arsenicosis Patient
(Arsenical Keratosis)

A Case Study in Bangladesh

Location of
Dhaka Bangladesh
FyHho 2 ES Fyhmt Ok




Arsenic
Contamination
Map of
Bangladesh

Rural People used Pond Water

More Than 95% People Using GW

Tube Wells can easily be installed

More than 10,000 patients are confirmed and
more than 50 million people are at risk

Arsenic Field Test Kit developed by AAN




Changes in Groundwater Levels
(Samta, Bangladesh)

Impact of GW
Pumpage

Shallow Irrigation Well

Correlation of Columnar Sections
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Oxidation-
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in Rainy Season
(June to July 2000)
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Mitigation Measures

Similarities in
Hydrogeologic Conditions

Similarities in
Hydrogeologic
Conditions
between BG
and VN

As Contamination in Northern VN
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As Contamination in Southern VN

Meandering Streams in
Ganges Delta Red River Delta

Similar Conditions

eDeltaic plains along large rivers
#QOccurrence of fine sediments (peaty clay)
¢High values of As, Fe, NH,

eLow values of ORP

e|ncrease of GW Pumpage

NH, is greater in VN!!
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Hydrostatic conditions of the Ghyben-Herzberg
relation.
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Fresh Water: pf=1.000 g/cm? E:)

Sea Water: ps =1.025 g/cm? LyL,=1:40

Sea

Solute Transport Model

MOC Model
(Konikow and Bredehoeft, 1978)
Developed for 2-D Solute Transport

MT3D Model
(Zheng, 1990)
Developed for 3-D Solute Transport

92

MOC Model

Combines particle tracking for
advection with a finite difference of
the dispersion portion using the
Method of Characteristics.

Method of Characteristics

Part of a hypothetical
finite-difference grid
showing relation of flow
field to movement of
points (or particles) in
Method of Characteristics
Model for simulating
solute transport

o4

Time Steps of MOC Simulation

Flow
Simulation is
divided into
stress periods

and time steps.

Transport
Simulation is
further divided
into transport
steps.

MT3D Model

3-D particle tracking code with
dispersion that is compatible
with MODFLOW.

Fixed Random

96
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Density Fluid Model

Using Advection-Dispersion equation
considering the density of the fluids

(Sanford and Konikow, 1985)

J pgky(8P+ 0g az) :SS£+W‘O*g
8x,-_ yZi d xi 0 xj dt

K;is the intrinsic permeability (a second order tensor)[L’];
p is the fluid density [ML™];
4 is the dynamic viscosity [ML'T"]
g s the gravitational acceleration constant [LT™];
2 is the elevation of the reference point above a standard datum [L];
S is the specific storage of the aquifer [L™]
W is a source/sink volume flux per unit volume [T"'];
p * is the density of the source/sink fluid [ML™];
x; are the Cartesian coordinates [L; and
tis time [T] 97
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Simulated Ghyben-Herzberg Relation by Density Fluid Model

300 200 100 o 100
DISTANCE FROM SHORE, IN METERS

AAVTILATOMTKERESE

Buschmann et al. (2008)
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Buschmann et al. (2008)
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Winkel et al. (2008)
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Amini et al. (2008)
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Amini et al. (2008)
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