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Isoning increased risk
= G)(report of WHO) of
S tal cancer in the lungs,
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—= —’Ilver bladder and kidneys

- * One of 150 people in
Holland die In traffic
accidents; one of 60 In fatal
accidents near and around
the house
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= The adsorptlon Isotherm can be linear or follow
non linear behavior (Langmuir, Freundlich etc.).
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The 'flwd of interest is water containing dissolved
FE(H) lons flowing around the grains.

At the grain boundary the dissolved Fe(ll)
precipitates according to the diffusive flux towrds
the grain leading to an accumulation (dc./ot) -

® Gravity effects can be disregarded.
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oI ogeni?l ation uses the PUC and
| the scaling factor e=I/L
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G=grain Starting point are_
[Eem———_cquations on the

> B =fluid area micro-scale
= pore volume

-° F%‘a’ce of precipitation
- at boundary grain

® Definition adsorbed
concentration based
on flow domain




,G=grain

~ [ = boundary grai
> B = fluid area to solve for c(M)
= pore volume _




.hi . . .
pply semi-periodic boundary ...

~o—

\Jl 1IN WMIW N\ VT WAL

:E‘f_eg the concentration at one face Is equal to
— the correspondlng concentration at the other
face augmented with the global concentration
difference.

* The same procedure Is applied for the pressure,
but here also the velocities are strictly periodic.

-

.'__.l-




e The coefficients can be
calculated from y

,G=grain

BTl © dispersion coefficient D,
e diffusion coefficient D,,™

» B = fluid area
= pore volume
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entration fluctuation profiles.
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Equation

n{-DVc)=10

Boundaries | Groups |

Boundary selection

Select by group

Boundary conditions

Boundary condition:

Quantity

Convective Flux

Value /Expression




50°0, C must.be continuous
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Figure 2: The squares are the experimental data [2], the

crosses are the data from [10] whereas the triangles are data from Edwards et al. [9].
The drawn curve is for a simple square arrays of cylinders with ' = 0:37..
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Figure 5: Longtudinal (upper curves) and transverse (lower curves) dispersion
divided by molecular diffusion versus Peclet number. The Peclet number 1s
based on the interstitial velocity v = u/y. The characteristic dimension is the
size of the unit cell. Dashed (dashed-dot-dot) line has unit cell big spheres
(left) and the drawn (dashed-dot) line small spheres . The triangles denote
experimental points [7]




parison 2-D

Peclet

Figure 6: The effect of adsorption on the dispersion coefficient. With adsorption,
1.e., the retardation factor R = 10, the longitudinal dispersion coefficient 1s
higher.
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‘method to obtain
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| scaled equations obtained with REV

= veragmg

_:f-'-"‘ Epr|C|t expressions for the dispersion tensor
are obtained based on comparison of the

convective diffusion equation used for
contaminant transport.
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=
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ement Method software

G 10 1ICLCooadly U Ultalll ualititative

sults

s he computed longitudinal dispersion
~ coefficients as a function of the Peclet
number show good agreement with
experimental literature data.
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= Thank you Tor attention

= Questions?
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*“bMSOL used shlag(2,’c’) shape functlons with
~Integration order 4 and constraint order 2.

—* A simulation with 1731 (955) mesh points and
7746 (4068) elements gave results that deviated

at most 0.133% (0.288%).
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Remediation methods:

Only during monsoon

* Expensive and complex
maintenance

e, —

= _ _ * Unreliable and logistically
water settling for a while or difficult

use chemicals
® In-situ treatment e Clogging of wells?
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Core-scale Transport
equations (Boudour et

~.al. TIPM25:121-146

sompressible fluids
=Wodified Diffusion
~ convection equation

—

—— in porous medium

@% = Ve (@Qeﬁ-vﬁr—uc) —|-q9}_?

+ div (ks(c — ¢* )Dz) + asks(c — c*)




Phase 2: Production

T Well

Phase 1: Injection

Well

Aquifer Aquifer
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Central rolgor

pscaling and

ulation
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Core-scale model

EBH!BE con|erence BCE H-!g 15555;



Fe3t + Ha FeQH2t + Ht ]
Fet + 2H50 Fe(OH)E + 25" O |log* B2 631
2R + 2HA0 Fe(OHSAT + 2HY O |log® S 2,91
| Fe3t + 3H,0 FeolOH)(ag) + 35 | O |log* 5, -13.8
| 7o + 4H50 Fe{OHY; + 4HY O |log Ba 997
3R 4 4H,0 Fos(OHZT +4HY |0 |log*Baz |=|-5.77
Fe(OH)5(s) + 3HT | = | Fe* + 3H,0 O |log* K. |=]3.96

The total Fe™* concentration, which iz present in the complexes and free ions can be calculated with the
following formula (Stumm and Morgan, 1996)

A TR S

o ol 4

. 2AFeM]" By | 3[Fe] B )‘
[HT

(2]

with Fe ris the total [F27"] as free ion and as agquo-complez (Stumm and Morgan, 1996).
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ethod: Injection of aeratedzwatef to cover
/ith Fe(l11) filter by oxidizing abundant Fe(ll)

Fe 111 scavenges the As and improves drinking water produced (middle panel)

As time proceeds Fe(ll) precipitates on grains: Fe(ll),,->Fe(l1),4s
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