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Contaminant: transport:

Contaminant; transport: modeling studies are usually:
CONCEerned with the moevement WIthin: an aguifer system of a
spjute;

Tihese studies have Become Increasingly, Important Withr the
current interest en water pollution.

IHeat transpoert medelsiare usually focused on developing
deothermall energy. resources.

Pollutant transpoert Is an ebVvieus Concern: relative tor Water:
guality: management and the development off water
protection programs




Definition of terms

Terminologies related to contaminant
transporit

Diffusion: It rerers (o) randoi scattering ol
PalrticIes i & How: tor tUIUIERL 1oL

Dispersion. 115 /s e scattering or:
PaItiCIES Dy, COmMPIAEd EIECct: O SHear arid.
transverse diis/on

Advection: The aavective tiansport system
/S transport by, the lmposed VEIOCity, Systeni




Intreduction te: ADE eguation

Iihe one dimensional formulation off conservative tracer
mass balance for advective-dispersive tiansport PrOCESS
IS

GC
8x

= advection of tracer with filuid

2
KRS — ) 6lecular diffusion +Hydrodynamic

o dispersion
‘Z—f = time' rate off change off concentration
at a point

= reaction| term| depends on reaction rate and
concentration (chemicall or biolegical, not considered in
the present study)




Few: simple solutions

Bear discussed several analytical solutions: to) relatively
simple, one-dimensional soelute transpert preblems:
IHowever, even simple;solutions tend to get everwhelmed
With: advancedi mathematics.

As an example, consider the one-dimensional floew: 6f a
spjute threughn the seilfcolumn, the botndary: Conditions
represented by the steps function INput are described
mathenatically’ as:




Few: simple; selutions

[For these; bounaary: conditions; the; solution to ADE
eguation for a satlrated hemegeneoUs POrouS
meditim IS:

eric represents; the complimentary: error function; |
IS the distance along the floew: path; and ViIs the
averade water' velocity.

[For conditions!in Which therdispersivity: 2, 0f the
porous medium;is large or'when 1 or t isilarge; the
second term on the right-hand' side; of equation IS

negligible.




Few simple solutions

This equation can be used to compute the shapes of the
preakthrough’ curves and concentration profiles

Analytical moedels represent an attractive; alternative to both
physical and numerical models; in: terms, off decreased
complexity: and Input datal reguirements:

Analytical moedelsiare often only: fieasible When| based! on
significant simplifying assumptions, and these assumptions
may’ not allow! the model teraccurately reflect the conditions
of interest.

Additionally, even the simplest analytical models tend to
Involve, complex mathematics




Solution off ADE through FD methods

Using implicit finite central diffierence method




Solution off ADE through FD methods

Continued...

ihe; above equation: can: be; Written IR matrix
[orm as:

I, Eor internalinodes

AACi—l + BBCZ + CCCi-I—l = DD




Solution off ADE through FD methods

2. FOr RIGHAL DouRdaary; Cornaition:

Using| forward: finite; diffierence iormationtin
the right boundary, filtx can be Written as
fellowsias

Cit1 =G + flux(Ax)

AACG_1+BBG + CAG; + fluXAx))=DD
AAG_1 +(BB+ COC; = DD—-CCflufAx)




Solution off ADE through FD methods

5 [FOr- LElt bounaary,. condaition:

At the left beundary, initial condition and" Dirichlet
condition’ are used WRIChIIS given below:

Using backward finite difference formation in the
FIght beundary, fltx: canr be written as) fiollows




Solution off ADE through FD methods

Continued

(44+ BB)C, + CCC,,, = DD + AA( fluxAx)

e above  threereguations are selved for € at allfthe
nodes for the, mesh. Thomas Algorithm: can be; used
o splve the set off eguations.




Problems linked with selution methods

Tihe contaminant transpoert in open channels and pIpes are
splved threughivarious computer models.

Because off thelr Increased pepularity: and wide availability, it
IS necessary. tor noete the limitations ofi these models

Tihe first limitation| Is the reguirement of significant data
Some; available;data may: net be usefill

Tihe second limitation; associated! with computer modelsiis
their reguired boundary: conditions




Problems linked with solution methods

Computer models can be Very: precise; in their predictions, but
these predictionsiare not always accurate

Iihe accuracy. of the modelldependsion the accuracy: of the
INPUL data

Some; modelsi may: exnibit difificulty i handling areas of
dynamic flow! SUChI as| they: 0ccur very: near wells

Anoether problem asseciated with some computer medels Is
that they can be, quite complicateadl from a mathematical

PErspective




Problems linked with solution methods

These computer modeling| are alse time consuming

Thisi s usually fiounadl toer be true I sufficient data IS net
available

Uncertainty: relative to the model assumption: and: tisability
must be; recognized

The computer model hias been some, time misused, as for
example the modell has beeniapplied: te) the cases Where itiis
noet even applicable.




Demonstration of methods for open
channell flows

Mass transpert N streams) or Ieng Open: Chamnnels Is
typically: descrined by a one-dimensional

Advection {dispersion’ equation; In which the longitudinal
dispersion’ co-Efficient IS the combination of Various
section-averaged hydrodynamic mixing effects.

e classicallwerk off flayior (1953}, 1954) established the
fact that the primary, calse! ofi diSPErsion; in| Shear fHow:Is
the combined action off Iateral difftsion and differential
longitudinall advection.




Demonstration of methods, fior open
channell flows

The transport of' selutes in streams Is affiected by a suite of
physical, chemical'and biologicall processes, Withi the
relative Importance of each depending on the geor-
environmentall setting and properties off the selutes.

[FOK many. species, chemical anaibielogical reactions are
just: as influential as the physical processes; off advection

and dispersion in contrelling thelr moevement in an aguatic
system, like a stream.




Demonstration of methods for open
channel flews

Thoeugh chemical reactions and phase exchange
MEChanISms Nave Now: BEEn INcorporatedl inte seme
applied transport: models.

iheoretical studies! into; these chemicall effiects on the
physical transpoert have been very limited.

ihere lacks, for example, a systematic understanding of
the effiects ofi sorption kineticsion the longitudinal
dispersion: dispersion! is conventionally’ considered to be
affected by physical andl hydrodynamic processes only.




Demonstration of methods for pipe
flows

An Impoertant component of a water supply. systems Is the
distribution system WhIch conveys Water to) the consumer
from the sources.

Drinking water transpoerted threugh such| distrbution
systems can| Underger a variety: off water guality: changes In
terms; off physical, chemical, and biclegical degradation.

Water guality: variation: duringl transpostation indistrbution
systems may: be attributed! to two main aSpECts of reasons.
One is internal degradation;, andl the ether is external
IRtrusion.




Demonstration of methods for pipe
flows

The internal fiactors Including physical, chemical, and
piclogical reaction withr pipe wall-material that' degrades
water guality.

Eurthermore, recent evidence has demonstrated that
externall contaminant intrusion INto water distribution
systems may. be more frequent and! ot al great Importance
than previeusly: suspected.

In conventional (continueus) water distribution systems,
contaminant:may. enter inte water supply’ pipe: through
cracks where low' or negative pressure occurs due to
transient event.




Demonstration of methods for pipe
flows

Iihe sources off contaminant INtrusion INto; Water
distribution systems are many: andivarous. But leaky: sewer
PIpPEs) faecal Water bodies, andl pelilted canals may be the
Primary sources for'water distrbution; systems
contamination.

Both continuous' andl intermittent water distribution
systems might suifier firom| the contaminant Intrusion
preblem, and the intermittent: systems were fiound more

vulnerable of contaminant intrusion.




Demonstration of methods for pipe
flows

Chlerination: in pipe flow:is reguired to, contrel the
pielogical growth, Which on: the other hamnai results i water
guality’ deterioration.

Pipe condition assessment: component simulates
contaminant Ingress potential off Water pipe.

Contaminant:seepade willlbe;the major compomnent of the
modeli Its ebjective willfbe to simulate the flew. and
transport off contaminantin the soill from| leaky: sewers and

other pollution seurces to water distribution: pIpes.




Demonstration of methods for pipe
flows

Tihe eguations| to be applied to simulate contaminant: flow,
throughi the pipes are similar to open; channgel
Contaminant transport.

Tihe process Involved during the; contaminants transport:
Incltidesi advection, dispersion and' reaction, etc., WhICh
resultsiint varying concentration off the contaminants
dUring Its| transportation




Assignments

1. Considering the ene-dimensional flow: off a solute through
the soll column, write ai computer: program for selving the
diven contaminant transport equation:by: finite; difference
technigue: Tihe betindary: conditions represented by the
step function iInput:are described mathematically: as:

Compare and discuss the; results with the analytical
method.

2. Write; the governing equation for transpoert of
contaminant In'a pIpe, neglecting advection and' diSpersion
terms; and solve; to get analytical solution off the same.




