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Abstract: It is essential to understand pollutant flow and fate in the permeation zones for
adequate groundwater quality protection. This review highlights the hydraulic controls on
pollutant filtration into the groundwater. The study is divided into seven sections, viz:
Numerical modelling of contaminants in aquifers; Modeling tool for pollutant flow, fate,
and theorisation; Theoretical approaches to groundwater modelling; Model input
variables; and Modeling the vertical flow of contaminants from surface water to aquifers;
Recent advances; and Challenges of groundwater pollution modelling. The latter
illustrates how contaminants flow are simulated in a saturated aquitard aquifer. Model
Type 2 is applied to simulate contaminant flow in a fully splintered formation. Model Type
3 showed the vertical flow of contaminants within an unsaturated zone. The vertical flow
of pollutants within an unsaturated region without a recharge is simulated using Model
Type 4. Model Type 5 is applied to study gas-phase flow from a point situated within the
un-inundated area beneath a confined zone, to the uppermost layer of the superimposed
groundwater reservoir and then flow horizontally into the aquifer. Application of these
models shows that an initial measurement with traditional, and repeatedly selecting none-
site-specific factor. The models are qualitatively harmonious in conjunction with general
trends in interpretations and offer a convenient approximation of pollution. However, the
execution of these models is limited by a lack of adequate field data. Thus, the model
output must be examined within the model uncertainty framework, data input limitations,
and methodologically established standards from the literature.
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1. INTRODUCTION

The effective management of groundwater aquifers lies with protective, preventive measures
against pollution [1]. There is a growing investigation of groundwater quality because of
increasing human activities that are injurious to aquifers [2-4]. The alluvial aquifers in
hydraulic conductivity to floodplains wetlands or river channels are often suitable locations
for the production of drinking water due to the comparative advantage of shallow
groundwater development, high yield capacity, and its availability at the point of demand [5-
13]. While it is well recognised that most global aquifers are in hydraulic connectivity to
wetlands and rivers [14-17], their proximity to the water channels can guarantee higher water
infiltration (i.e., recharge). Water quality issues may arise during the infiltration of surface
flows into aquifers and abstraction of groundwater sources [18-21], particularly along
floodplain wetlands or irrigated fields.

Although aquifers can be contaminated through polluted water's infiltration [22, 23],
groundwater derived from infiltering stream water provides most of the needed moisture in
global drylands [22, 23]. In some cases, up to 100% of water demand. Even in countries that
have adequate surface water resources, groundwater forms a significant part of freshwater
supply, for instance, in Hungary (16%), Germany (16%), Slovakia (50%) and Poland
(5%)[6]. In arid environments, the cities are increasingly dependent on surface water (for
urban water allocation). Although some developing countries low-income households
depended on shallow groundwater which is obtained via hand-dug shallow wells. Owing to
increased urbanisation, and climate change (reduced precipitation), most urban areas in dry
climates have shifted to subsurface water as an alternative supply of water [24], for domestic,
manufacturing and agricultural use [25-27].

For instance, the water supply agencies in the United States had implemented the generally
well-defined monitoring theory of groundwater under the direct impact (GWUDI) of surface
water. Sources of groundwater in this class are marked at risk of been polluted with
unhygienic surface flows. The increase in groundwater abstraction from sedimentary
aquifers is expected to rise in dry areas due to increased pressure on freshwater for domestic,
irrigation uses. These are a consequence of the availability of simple technologies for drilling
[28-30]. The positive effect of wetlands infiltration on the physicochemical properties [31-33]
of filtering water (or recharge). Therefore, groundwater quality modelling is essential for
understanding the sources, type, and fate of pollutants and the process that transport
pollutants into aquifers. Infiltration of contaminants poses a significant danger to
groundwater quality [34, 35].

The funds required for groundwater aquifer assessment and aquifer decontamination may be
inadequate compared to many pollution sources and vulnerable aquifers, impacting
groundwater quality [36]. Consequently, numerical transport models of specific aquifers
require intensive labour and large amounts of data. Perhaps they may be too costly to be
applied in the management of extensive aquifers [36]. Consequently, uncomplicated tools
built on analytic results of pollutant flow models are commonly employed to evaluate
whether an aquifer may be vulnerable to pollution at an early stage [36, 37]. This review
presents a tool comprising of five distinct models epitomising conventional environmental
settings, pollutant paths, and flow processes. The review also presents a primary method for
conventional, speedy, and low-cost valuation of groundwater's pollution intensities. It is
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suitable for risk assessment/analysis or selecting the aquifers, to be levelled for further
research [36, 37]. The analytical models are based on steady-state versions modelling various
pollutant flow scenarios from the source to downstream aquifer and are comprised of
saturated and unsaturated transport processes [36-39]. These models further combine
prevailing analytic solutions from the literature for both horizontal and vertical transport of
contaminants. This reassessment aims to offer insight into the hydraulic controls on pollutant
filtration into the groundwater aquifer using a version of the five (5) steady-state pollutant
transport models.

1.1. Hydraulic controls on contaminant filtration

Groundwater recharge can occur in natural environments or stimulated by lessening the water
table beneath the stream/river channels by pumping from nearby boreholes [40, 41]. The
characteristic stream settings related to diverse forms of surface water filtration outlines and
sources of pollutants in the surface water are depicted in Figure 1. Most of the recharge to
groundwater from the surface flows of Type ‘a’. Subsurface flows below the river channel
(Types ¢, d, and f) are typically ignored at many locations. If the streambed material's
hydraulic conductivity grows into jammed due to inputs by the polluted river (Type d), or the
rates of groundwater withdrawal are not modified by the streambed's hydraulic conductivity
material, unsaturated conditions below the river developed. Occasionally, the confining layer
may be cut streambed (Type f). Type ‘f* provides a single instance with a lateral movement
in the river direction. They use collector bores or wells with laterals in conjunction with
varying approaches and dimensions [5].

It is essential to understand the extents of mixing in the permeation areas, the catchment
zones, mixing extents in the raw water driven from a surface flow, river channels, and water
velocity of the stream excess for groundwater quality management [5-7]. Conditions of flows
at the time of water filtration are generally explained using interpretations of measurements
of water levels and hydrogeological modelling. An influential variable is developing the
collection deposit inside the stream bed with a lesser hydraulic conductivity due to clogging
derived from precipitation and input of soil particles, precipitation of Fe and Mn
oxyhydroxides and CaCOs, gas bubbles and microbes as wells as colloids. Therefore, the
stream bed's hydraulic conductivity is a significant component that determines the amount of
water infiltration. During an inundation event, along with adequate hydraulic energy, the
riverbed's calmative layer can erode [5-7].

Inundation is likely to disturb the streambed [42, 43], to lessen the isolation layer's filter
proficiency. Possibly threaten the groundwater quality since effluents can move into inter the
aquifers through recharge. Contaminated water in the shallow wells may occur due to
modifying the filtering deposit and the higher hydraulic gradient from the stream to the
boreholes. Wett, et al. [44] examined the flow paths in the first meter at the eutrophic River
Enns, Australia. Results showed that the amount of recharged water in a pumping well
declined drastically after inundation, despite a persistent hydraulic conductivity. Under this
condition, the groundwater table rises consequent to infiltering precipitation, and the
increasing inundation level leads to a declined hydraulic slope and leakage rate amounting to
50% of the average estimate. These discoveries highpoint the substantial impact of location-
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specific circumstances that influence river transport processes at recharge zones and
groundwater flow.
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Figure 1. Graphic illustration of types of recharge received by groundwater aquifers from
wetlands. After Hiscocka and Grischekb [5].

Numerical Modelling Of Contaminants Flow in Aquifers

The contaminant flow via the shallow groundwater table, their diffusion to the deep water
table, and the entry of impurities in aquifers have been described by many investigators
including Guvanasen and Volker [45]; Raya, et al. [46]; VVolker, et al. [47]; Zhang, et al. [48];
Appelo and Rolle [49]; Sikdar, et al. [50]; Wu and Sun [34]; Selvakumar, et al. [51] Shu, et
al. [52]; Andrade, et al. [53]; Barzegar, et al. [54]; Yao, et al. [55]; Locatelli, et al. [37]; and
Faisal, et al. [56]. Numerical modelling is applied to gaining insight into patterns of recharge
to groundwater [57, 58]. Detailed hydraulic head tracer data are obtainable. This type of
approach was adopted by Hiscocka and Grischekb [5]. To show the menace of pollution
derived from rivers along Illinois’s River (USA). For diverse amalgamations of transport
variables. The model used monitoring data of pesticide. The output revealed that even during
an inundation event, the menace of pollution by atrazine and nitrate is inconsequential for a
nominal capacity (2.7 x 10® m®/day) of straight-up bank recharge bore. However, there is a
possibility for surface water pollutants to enter aquifers during inundation periods for a
medium capacity (2.7 X15.1 m®/day).

The use of numerical site-specific transport models requires a large quantity of data. It is
often difficult to set up owing to its labour intensity and costs [59]. Therefore, the models
may cost much money to apply for the evaluation and management of several contaminated
aquifers. Thus, essential tools are used for solving problems relating to contaminant transport
modelling at an early stage. To assess whether there is a potential threat to contamination of
groundwater at a particular site. Simple pollutant fate and modelling flow by Soltani and
Cvetkovic, (2017) and Locatelli, et al. [37], depicted a tool containing five distinct models
and denoting standard transport processes, pollutant paths, and geological conditions. The
device used a basic inexpensive, conservative and a primary method for pollution of
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groundwater aquifers. It is essential to apply risk assessment or choose and prioritise the
target locations for further evaluations. The available analytical solutions from the literature
for horizontal Movement (i.e., within groundwater aquifer) and vertical Movement (from the
origin of pollutants to groundwater aquifer), is provided by these models. The models also
considered net infiltration, prompting a downward movement and intensifying dilution and
vertical diffusion of the plume. Locatelli, et al. [37]’s analysis also shows the application for
a pilot study of two polluted locations in Denmark and relate the model output to field data.
The assessment displays that an initial pilot study with non-site-specific and conservative
variable assortment is qualitatively coherent with large scale studies. It gave a conservative
estimate of pollution.

The RISC5 model was founded on logical explanations of the ADE1L. It was built on
superposition and was developed for conservative backward and forward risk measurements
[37]. The USA Environmental Protection Agency (USEPA) developed BIOCHLOR and
REMChlor [60, 61]. It is used for evaluating the Movement and destiny of chlorinated
turpentine in groundwater for a persistent cause and steady-state flow. The BioBalance,
ConSim, ROME and CoronaScreen, models, are likewise founded on analytic solutions to
computing intensities in groundwater and vertical and horizontal flow, in 3-D or 2-D [37].
Movement of pollutants in aquifers can be simulated using 3-D analytical solutions (PLUME)
of the horizontal flow ADEL. Site-specific pollution requires computations gauging for the
real geologic discrepancy, and vagueness in input and variables (or parameters). In such
conditions, analyses can be carried out at various steps, with initial calculation using basic
analytical techniques [37].

Modelling tools for pollutant flow, fate, and theorisation

Tool for modelling contaminant flow, fate, and theorisation or conceptualisation is essential
for understanding pollutants' sources, pathways, and uncertainty [14]. The tools applied for
assessing pollution, pilot and quick appraisals, and screening simplifies the intricate image
relating to geological settings, sources, diffusion, and the direction of Movement, pollutant’s
least possible total of models. These models must have the capacity to conceptualise and
model the essential types of pollutant sources, their infiltration into groundwater via recharge
points and their Movement within groundwater aquifer, and the various relevant processes
[37]. All the processes involved in modelling groundwater pollution can be simulated using
five models summarised in Tables 2 and 3. These chosen models were designed by merging
(with little modification) reported analytical solutions, especially by linking vertical flow
solutions (from pollutants to the shallow groundwater table) and horizontal Movement within
an aquifer. The modified 3-D horizontal movement solutions [62, 63], can account for the
impact of infiltration that leads to the vertical Movement and intensification of vertical
dispersal and dilution of contaminants during their transportation to downstream in the
groundwater aquifer.

Concerning conceptualisation, all the models under consideration have many things in
common: they all integrate semi-analytical and analytical steady-state resolutions. They
calculate the aqueous absorption level of surface water to the aquifer via seepage pathway or
recharge zone [37, 64]. The five models comprise the most widely used pollutant movement
method. Processes at polluted locations: air diffusion; serial debasement; degradation; and
advection. However, the models did not incorporate sorption processes owing to a lack of
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modifying the steady-state solutions for the advection and diffusion equation. Since
debasement is supposed to arise in the aqueous state, postulations are as follows:

Uniform environments. The entire aspects of aquifer/soil (absorbency, diffusion, and
water content), and characteristics of pollutant (i.e., rate of debasement, coefficients of
diffusivity, and Henry’s dimensionless law constant) are invariable in time and space;
Advection takes place only in the aqueous state amid an invariable velocity with a direct
horizontal or vertical movement;

Debasement is shown by first-order kinetics that occurs simply in the aqueous state;
Pollutant absorption and mass discharge defining source of pollutant are invariably
uniform over time; and

The models simulate pollutant only in the gas and aqueous states.

These models can be applied for a preliminary assessment of non-aqueous condition
pollutant movement. These postulations are realistic. The models designed and used to
evaluate pollution risk should require simple concepts and the least possible data.
Additional postulations are stated for some model category. The steady-state solution is
preferrable since the concentration of a pollutant at source and mass ejection over time
are well understood at most polluted locations. It Posed difficulty in justifying the time-
dependent approaches. Also, most of the origins of pollutants are longstanding and have
been releasing contaminants for many years. They suggest that the concentration of
certain impurities in groundwater aquifers extending to some few hundreds of meters
downstream is expected to have attained a virtual steady-state level. However, steady-
state models [65], might considerably overrate the levels of extremely adsorbing
compounds such as heavy metals. These metals are difficult to attain a steady-state level
at the recharge point downstream of the groundwater [66-68]. They are owing to the
sluggish movement period compared to the ejection time from the origin.

Application of a conservative method helps obtain an initial concentration level at a
recharge (or mixing) point. The site then poses no risk in locations where the POC
concentration level is less than the predefined (target) values [37]. Alternatively, else, the
comprehensive site-specific review may be necessary. For instance, they comprise a
description of pollutant source and design a complete ephemeral model, historical data
with geological details, and uncertainty. During the screening, the factors (or parameters)
should be combined to yield a maximum value. Suggesting that if the range of
representative discount is obtainable for a specific parameter, the screening must apply
the highest absorption level values—for instance, the lowest degradation rate or the
lowest dispersity [37]. Higher groundwater velocities enhance dispersal and dilution.
They are resulting in low debasement as a result of short travel periods.

Theoretical approaches to groundwater modelling

In this segment, five types of pollutant transport models, i.e., Model Type 1-5 [37, 69]. These
models comprised of joint horizontal and vertical transport models. However, Model Type 5
reflects only horizontal Movement within the groundwater aquifer [37]. The theoretical
illustrations of these models are presented in Figures 3a-e. Model Type 1 explains pollutant
movement from a source situated over a geologically uniform aquitard. It superimposes an
aquifuge aquifer. Model Type 2 conceptualises the origin of pollutants. They typically
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situated on weathered inundated aquitards superimposing aquifuge aquifer. Model Type 3
idealises pollutant traces with unstable compounds situated in an unflooded landscape
superimposing a porous aquifer. Model type 4 shows the traces with hazardous compounds
within an uninundated zone. They are typically below an impermeable layer that disallows
filtration of surface flows. Therefore, only gas-phase dispersion occurs in the unflooded area
(i.e., no advection in the stream). Model type 5 describes groundwater in direct contact with
pollutant traces.

Groundwater Quality Model Input Variables Or Parameters
Locatelli, Binning [37] present groundwater quality models (Type 1-5) input variables (or
parameters). The input variables and parameters are classified into three groups, as follows:
I.  Largescale (universal) parameters suitable to both the horizontal and vertical flow
model;
Il.  Vertical model variables/factors; and
I1l.  Horizontal model variables/factors.

Modeling the horizontal flow of contaminants

The horizontal movement of pollutants in groundwater is computed using 2-D and 3-D
model categories [70, 71]. The 3-D model results are designed for aquifer with no defined
bottom or semi-infinite aquifers [72]. It measures the z model direction, i.e. the vertical
dispersal of pollutant concentrations in the groundwater aquifer concurrently with the
influence of infiltration or recharge. Above an upshot to downward Movement and rise of
vertical distribution and dilution of the plumes. During transport by stream to the recharge
zones and subsequently into the aquifer (Locatelli et al., 2019). The coupling of infiltration or
recharge in a plummeting of the plumes, such that the highest intensity can be avoidable over
the groundwater, would not likely be obtained. The 2-D model solution is intended for
shallow groundwater conditions in which the bottom limit of the aquifer physically halts
further vertical Movement [37, 73, 74]. It is always challenging to outline when the aquifer is
reedy or thin. Consequently, the two models (i.e. 2-D and 3-D) are used, and the solution
producing the highest (conservative) concentration must be applied [75, 76]. The 3-D logical
solution with an impervious (confining) underlying layer at the groundwater aquifer base
positioned at z = -B, was presented by Wexler [77]. However, the solutions could not account
for infiltration over the aquifer. The three-dimension advection-diffusion equation for parallel
flow through a constant velocity u in the x-direction is:

dc dc 02%c 02%c 02c

Rza-l_ua_DyW_DyW_DZO?-H{C:O €Y)

where R = retardation aspect (-); c¢(M/L3 = aqueous concentration level; u (Lq) = velocity in

the x direction); DxDy and D.L2/T = the directional hydrodynamic dispersal coefficients and
k (T — 1) = the first-order degree of debasement. The conditions of the borderline are 0
absorption c(x, y, z = o0) =0 and zero slopes Uc = 0 at an inestimable gap from the source point.
The steady-state solution to equation 1 for a location source is given (his eq. 105 with t—o).
In equation 12 and the USEPA software Plume3D, where the origin of pollutant lies
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L L . .
above the aquiferof L L = (0< X <L —7*<Y <) atz =0 with absorption C and

Xy c x 2 c 2 1
recharge amount I, the solution source is combined on top of the zone LxLy to find:

( ) Ly Ly Cil u(x — X By

cxyx = — fex )}dXcdYe (2)
Y ff—Ly/zO‘l-n'n\/Dy Dz{ p( 2D - 2Dx

where: = (u? 44Dxk)1/2
2=(x—X )2+ "+ (@y-Y2+ 272
c

Dy ‘ Dz
Dx = aiu
Dy = aru
z = v

The concentration of Cy is above the aquifer in equation 2; Latitudinal coordinates of the
pollutant source location (L) are the Xc, Yc. Equation 2 is only applicable for y > 0. The
answer can verify the absorptions in the aquifer above those at the origin at insignificant
transportable gaps. Since the original location is identified as mass infiltration or recharge.
Such absorptions are incredible. Therefore, for ¢ > C1, the computer-generated absorption can
be rearranged to c=C;. Locatelli, et al. [37] included the result of a continuous and uniformity
(in time) infiltration (i.e., recharge) Ir above the groundwater aquifer. The answer (i.e.
solution) with infiltration is gained by applying the technique of imageries. Supposing that
infiltration into the aquifer Ir (L/T) occurs solitary downstream of the zone of origin. The
hypothesis that the pollutant curl in groundwater travels bottom-wards only downstream of
the origin happened to be realistic for pollutant bases that are insignificant when related to the
travel distance. Then miscalculates the vertical distribution of the plume for significant bases
(e.g., landfills). The technique of imageries explanation together with the consequence of
aquifer recharge for a point situated above the aquifer is:

x,y,z) =clx,y,z—z1) +c(x,y,z + 21 3)
Cfinal
where:

Ir(x — L x> Lx
zZ1=

% x < Lx

where c(x, y, z) = absorption acquired from equation 3.

Equation 2 indicates that the plume travels down with constant velocity bottom-wards,
substituting x expanses beyond the origin's posterior boundary. It is vital also to understand
the coordinate system in Model Type 3 and 4 are different. X-Lx/2 must substitute the x-Lx.
Equation 3 further indicates that the final absorption is discoverable by moving the basis via -
zI. It is adding up a source image at zI to create an upper border or boundary state.
Meanwhile, the result is gained by the imagery technique. It adjusts the borderline slope
dc/dz = 0 above the groundwater table. The product fixes the precise pollutant mass
equilibrium. When the plume has travelled away from the upper frontier, the answer is then
correct. For pollutant plumes situated adjacent to the topmost aquifer unit, the answer is only
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estimated. Because the border situation dc/dz = 0 simply puts the diffusive fluidity by the
frontier to be 0. It disregards vertical advective downwards flow at the edge. The estimated
answer is comparable to a mathematical model and is shown to be a rational calculation. The
subsequent absorptions in groundwater are slightly bigger than those having a more suitable 0
total fluidity (advective and diffusive) at the edge. However, it is realistic for pollution
assessments. In instances where infiltration did not occur, the image model suggests that
adsorption in the half area (i.e., the aquifer) found in equation (2) is multiplied by a factor 2.
Applying the 3-D model average intensities over the borehole screen can be computed. It is
done by averaging the computer-generated concentrations at different sites along with
individual borehole screens. Classically, borehole screens are perpendicular (associated with
z track) and have a dimension of a few meters. The horizontal movement of pollutants from
sources in relatively thin aquifers can be simulated using 2-D solutions [73]. Usually, in
shallow aquifers, the solute is well mixed all over the width of the aquifer. Vertical
absorption slopes are insignificant. A 2-D steady-state model semi-analytical solution for a
pollutant point found in a narrow aquifer having unvarying absorptions expected in the z-
direction [78, 79]. In such a situation, the borderline circumstances utilised are absorption
equal to zero c(x,y,z = o) = 0 and 0 slopes Uz = 0 at an immeasurable gap from thesource
outlet. The source location logical solution can be joined above the pollution zone to
acquire:

Ly)/2 LxC1Iexp( ulx = Xo) —
cey) = [ f 2Dx . ( VL +k))dXcdYe (4)
—Ly/2 © 2Bmn+/DxDy 0 Dx

EEE (1o
D

where: y =
y . D,

where B = depth of the aquifer (L); and Ko is adapted Bessel Function of the second form and
0-order. Comparable to equation 2, equation 4 is useful only for > 0, and absorptions in
groundwater are more extensive than those at the point that can be calculated. Equations 2
and 3 can be applied to Model Type 1, Type 2 and Type 5 [37]. Model Type 3 and 5 lack
uniform latitudinally dispersed mass ejection (or discharge) per discharge per constituent
zone (M/T/L?) above the aquifer J(Xc, Yc). Thus, intervals of integration are put on at
infinitude. In 2-D and 3-D equation four and the 2-D equation (5) solutions respectively:

*° [(Xc Y ux — X B
oy = f 4,m\/ Dy fexp (5 )= gpidXedre (5)

( « “Xc,YC u(x—)é
c= xy Loof 4mny/D—— exp ( 2D,

(6)

The discharge quantity per component zone J(Xc,Yc) of Model Type 3 is specified by the
consequence of the recharge proportion | with the latitudinally dispersed absorption over the
aquifer Cy (Xc, Yc) (vertical model output). The amount of discharge of Model Type 4 is
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calculated using Fick's Law. Supposing that there is the dispersal of water via the
passageway edg? :(r) De
Xc, Y= w
J( 5
where: r = VX% Y2

c c

(7)

The absorption over the aquifer in equation 7, i.e. the vertical model output (M/L3); Dg, is the
current dispersion coefficient in the river (L%T). By= width of the capillary outlying and r =
circular gap from the medial point from the origin. Then the coordinates of the vertical
model are spatial. Mathematically the integrals are solved across fixed mixing hiatus, i.e.
integration intervals. A mixing rest between —10 max(Lx,Ly) to 10 max(Lx,Ly) for Model
Type 3 and between -150R1 to 150R;: (R: is the base radius) are detected. They are
appropriate for nearly all un-waterlogged zone widths and air dispersal coefficient. The
recharge at the base (zone I) and the infiltration over an aquifer Iz should be identical in
model Type 3. The vertical model supposes a latitudinally even vertical velocity in the un-
waterlogged section. Model Type 4 assumes no recharge- 1=1r=0.

Modeling the Vertical Flow of Contaminants from the Surface to Groundwater

Simulating contaminant flow surrounded by a fully overloaded aquiclude

The Model Type 1 supposes that the aquiclude is fully recharged. Consequently, no air
circulation (Figure 3). An aquitard's most important feature is that it can slow down
pollutants' transport [80-82]. However, as contaminants enter an aquitard, they may prevail
for an extended period. Model 1 supposes that the aquiclude is waterlogged or fully
saturated, and airflow is absent. The critical processes of Movement inside a uniformly
recharged aquiclude are dispersion, mechanical and advective diffusion in an aqueous and
debasement state [37, 83-85]. The aquitard can be overloaded as a result of a capillary
upswing in the low absorptivity substance. Alternatively, the piezometric head is on the top
of the pollutant origin [86, 87]. The Model Type 1 transport equation is comparable to
equation 1. It considered only the vertical z bearing as illustrated by Locatelli, et al. [37].

The 1-D-steady-state solution is defined in equation 8. This result is computable by
employing the borderline conditions of static absorption at the base (or origin) c(0)=Co and
zero slopes at the inestimable gap from the source point dc/0z()=0. Based on Troldborg, et
al. [88]’s analysis, Model Typel (i.e. 1-D) solution offers comparable outcomes to a 3-D
solution within a fully inundated setting. Since the processes of diffusion in the inundated
vertical Movement are insignificant for a short period:

('U - Uu)Z

c z = Coexp( ) (8)
where: 2D,
4kD,

Uu=v(1+ )

V4

z = var+ D§
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where D¢, = the actual dispersion coefficient in the aquifer (L2/T); ¢ = aqueous state
concentration (M/L3); v is the speed within z-direction (L/T); Dz = hydrodynamic
distribution in an aquifer (L2/T); k = first order debasement quotient (T — 1) and aL is the
horizontal diffusion within the aquifer.
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Figure 3. Model Type 1: Vertical pollutant flow derived from pollutant sources situated in a
uniformly waterlogged confining clay layer, sliding to the topmost layer of groundwater table
and then parallel Movement in an aquifer [37].

Simulating contaminant flow within a fully recharged splintered formation

The vertical movement model shows the bottom-wards transport of pollutants in a saturated
splintered aquitard from the origin to the upper part of the vertical flow model. The Model
Type 2 simulates the plummeting vertical pollutant flow within splintered but fully inundated
aquiclude from pollutant origin to the groundwater table's apex (Figure 4). The pollutant
movement is regulated by advection within the fissures and dispersion within the medium
[89-91]. The pollutant fluidity from the origin is elated via vertical (correspondingly
separated) horizontal fissures. Detached by a distance 2B and with crack width (or opening)
of 2b [37]. Chambon, et al. [89], describes several mathematical simulations for simulating
the pollutant movement in splintered clayey material. Model Type 2 uses the version with a
sound source absorption [37]. The numerical model is founded on the following suppositions:

I Mass transportation lateral to the crack is one-dimensional;
ii. Diffusion lateral to crack is ignored;

iii. Advection in the absorbent medium is ignored; and

iv. Movement within the medium is vertical to the gap.
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Figure 4. Model Type 2: Pollutant flow from a pollutant origin located within splintered
waterlogged clay material, sliding to the apex layer of groundwater table and then parallel
flow within an aquifer [37].

This estimation is realistic only if the solutions hydraulic is not high paralleled to the
hydraulic transmissivity of cracks [37, 92]. Using a borderline setting of zero absorption at
an immeasurable gap from the origin Cf{,?)=0, the steady-state solution is thus:

kz nzvVDk
C =Cexp(—_ ) exp(— ) )

f 0 vf vrb

where: Dm = tDw

where the distance from the origin is z (L), speed of the water is vf within z path of the fissure
(L/T). The actual coefficient of diffusion within groundwater in the medium is Dm (L2/T).
The free dispersion coefficient in water is Dw (L2/T). The medium perviousness is n (-), the
medium tortuosity is z (-). Half opening of the fissure is b (L). The actual dispersion
coefficient can be computed. The slope can be supposed equivalent to the medium
absorbency n as the initial calculation. The speed or velocity of water in the fissures vf is
computable using the cubic law outlined in equation 10. Supposing the clay medium's
hydraulic conductance is not high (usually less than 10° m/s). The mean fissure opening 2b
can be computed from the hydraulic conductance kb's magnitude and the opening between
the two vertical fissures. Equation 10 is a process of three equations having five parameters
(i.e., 2B, 2b, Kb, I and i). However, only three should remain marked so that physical
uniformity can be justified among the five parameters.

pPg
vy = (2D — (10)
12, 1/3
where: 2b = (K 2B) 12
1 S
Kp = 7
where the mass of water = p (M/L®). The gravitational speed = g (L/T?), the kinematic
viscidness of water = x. The hydraulic slope =i, and the magnitude of hydraulic conductance
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= Kb (L/T). It is suggested for postulating the infiltration level at the origin I—the opening in
the middle of the cracks or fissures 2B. Either the fissure opening 2b or the magnitude of
hydraulic conductance Kb. The vertical fissure (i.e. (fracture) model has weaknesses as
follows:

i The method is unsuitable for too splintered channels. It has a little regular fissure
space -2B less than 1-1.5m. A comparable permeable medium model, like Model Type 1, can
be applied for fissure opening of less than 0.40 m;

ii. The particular separation premise's cogency is measured by the dispersal time from
the fissure to the inside of the porous medium. RmB%Dm can portray this. Rm is the
deceleration factor above the medium, B is half opening flanked by fissures, Dm is the actual
dispersion coefficient in liquid in the medium. Suppose the dispersion period is considerable.
Equated to the discharge time measured, the proportion between the perpendicular passage
gap and the speed within a fissure. The hypothesis of the specific aperture is realistic. Or else,
a corresponding permeable media model like Model Type 1 can be applied;

iii. In the porous medium, dispersion is presumed to be the overriding process. As a
result, the model is operational to only low-absorbency deposits (e.g. clayey tills); and

iv. If the transportation of nutrients, reactants or bacteria, is restricted using dispersion.
Some decline happens especially within and around high absorbency areas and by the
exclusion of opening size. In this type of situation, the weakening resulting from debasement
can be puffed up by Model Type 2, given that it simulates degradation both within the matrix
and in the fissures (Figure 4).

Simulating vertical flow of contaminant within an unsaturated region

The vertical Movement within an unsaturated area beneath the origin can be simulated using
Model Type 3 as indicated by Figure 5. The model comprises diffusion and advection within
an aqueous state. Diffusion in the air level and declination. Dispersion in the air phase tends
to be the leading movement process within the un-inundated region, especially for unstable
mixtures [37, 93]. Both model results and field data indicate that groundwater pollution risk
from unstable compounds is restricted within regions that interact with the atmosphere. As a
result of the dispersive Movement before pairing the flow equations for air and water, using
the segment dividing illustration Ca=Kn-Cuw, the flow equation 11 is thus:

ac,,
0(ROw + K1Bq)Cw +6 KDY —1—" -0 kC (11)
ot = V(QWDW a H a w 7 w w

where R = retaining factor (-), Cw(M/L3) = aqueous concentration state, Ky (-) =
dimensionless constant of Henry's law; 8. (-) = the volume of air, and Do and Dw (LT)

= diffusion generalised vectors in air and water [37]. The Model Type 3 with boundary (3D-
steady-state-solution) and primary circumstances illustrating an origin of absorption CO
vertical to the flow path:

C (z,x,y =0,t)at — kx and ™ < y <= EY; Cw(x,y,z=0,t)=0, then;
y y
w 2 2 2
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fzr)__ 2 exp(Y%).exp[-r (i + k) — z* 1.7-3/2

z \/nDZ 2D, 4D, 4Dzr

x+9 x+§

f(zr) = {erf [—2] —erf [—21}
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Figure 5. ModeI-Type 3: Pollutant flow from a source situated in the un-inundated region,
sliding to the topmost layer of the porose aquifer and then parallel Movement within the
aquifer [37].

Dx = Dy = Owarv + 6,,D¢, + 6,DsKy
D; = Owarrv + 0,D¢, + 0 ,DEK

De = D 9,15
a a

De = 10-9be
a a

L), and
r «= the actual coefficient of dispersion in water and air( ;).

\c/)vpere: Da= flr)eee dispersion coefficient in the air, v = velocity of porewater within the path
Z L2

Simulating vertical flow of contaminant within an unsaturated region without recharge
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The air diffusion is the significant Movement in the un-inundated aquifer's horizontal path, as
depicted in Figure 6. As illustrated by Troldborg, et al. [88], the flow equation 13, used for
reactive as well as unstable pollutants framed in radiated coordinates when advection of
water = 0:

a(Rew+KH9a)Cw ( e e) aZCw 1an
_ BalfyiDa + — OuwkCu 13
ot (arz +r 67') (13)
X 4 Impervious Surface Layer
|
13
§
i -
" : "(', (x.y.2v ldcdy Groundwater table \
i Groundwator
5 aquiter
E '—> z:n:::"no:rmvmnl

Figure 6. Model Type 4: Pollutant gas-state flow from the point of origin situated within un-
inundated region beneath a waterproof zone (lacking sliding advection), to the apex layer of a
superimposed groundwater reservoir with horizontal movement within in groundwater [37].

where R(-) = the retaining factor, Cw (&) = aqueous-state absorption, 6a,(-) = the air mass,
t;= time, and De and De = actual diffusfon coefficient of air and water (L ) correspondingly.

w a

The circular gap from the core of pollutant curl (L) = r. Using the steady—state condition
Cw(0 < r < R1) = CO where R; =the source radius. The steady-state solution for degradable

C r)=" K (rw) (14)
W Ko(Riw) ©
where:
OwAi
w = VOKnD® + OwDe
a w

where, Ko represent the improved Bessel function of subsequent style in equation 14 and

order R1 and 0 = source radius (L). The steady-state-solution for decomposing
indecomposable substances is donated by equation 15:
C R2
Cul) = p— m(_) (15)
2
In (R )

where R2 represents the circular expanse from which the intensity is set to 0. This gab is
understood as the expanse of the landscape that was not superimposed by an impervious
zone. It disallows air dispersal to the atmosphere.
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Linking the horizontal and vertical movement models

The parallel and perpendicular movement models are similar to Model Type 1,2,3 and 4
(Figures 3-6). Model Type 5, Figure 7, lacks a perpendicular model entrenchment. The
diverse vertical transport models calculate the absorption over the aquifer Cy, at a distance Zv
perpendicular from the origin. It is applied to calculate the spatially dispersed mass ejection
input to the parallel models. Cy is supposed to be unvaryingly scattered on top of the area of
origin LxLy in Model Type 1 and 2.

n ’
(L

Surface topography r -

Topmost of the aguifer

Poliutant curl

Groundwater
aquifer

Water-logged clay

C———————>Diraction of

Figure 7. Model Type 5: Parallel pollutant movement from a source situated at the aquifer's
topmost layer [37].

This is realistic since sideways diffusion processes are low in splintered clays and aquitards
[94]. Likewise, the dispersive fluctuation, along with a clay crossing point at the base of the
aquiclude into the groundwater is meagre. Thus, it cannot be measured [37]. The supposition
in the model of entirely varied situations at the base of the fissures perhaps produce meagre
(but satisfactory) underestimating the pollutant level at a source of infiltration into
groundwater. The consistent diffusion level of the horizontal flow model is gained through
mixing at the apex of source zone LxLy. The result of the concentration Cy and the rate of
water permeation | is as presented in equation (2) and equation 4. The Cy is spatially diffused
on top of the aquifer in Model Type 3 and 4. It is owing to the gas movement that contributed
to substantial lateral diffusion. The spatially dispersed mass release to the groundwater within
Model Type 3 can be achieved by integrating the groundwater table's apex layer. The
intensity Ci(x,y) and recharge rate | as per equation 5. Locatelli, Binning [37] calculated the
mass release to the groundwater using Model Type 3. It was estimated through Fick's law
since groundwater flow along the capillary outlying was supposed to occur. There should be
a O-perpendicular advection of water because of the impermeable zones above the origin. In
Model Type 4, the aquifer's spatially dispersed mass release is gained by integrating the
upper zone over groundwater. The dispersed spatial dispersal fluidity of water for each unit
zone is indicated by equation 7.

Consecutive devolution model
Employing Sun, et al. [95], reactive processes can be incorporated as indicated by Locatelli,
et al. [37]. The concentration compounds can be determined in the devolution chain. This
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approach is simple to solve. Only devolution rates k; and stoichiometric ratios Y;i was
modified for all the discrete composites. The application of the consecutive model for the
chlorinated ethenes is required, going through reducing dechlorination in anaerobic
conditions [37, 92]. In Model Type 3 and 4, dispersal in the unsaturated region can be
simulated using diverse parameters for the evolution chain's compound. At this stage, aerobic
conditions are pronounced. So, the elimination of consecutive devolution is a trifling matter
for practical reasons. It could be the reason why consecutive devolution in Models Type 3
and 4 cannot be incorporated. The solution method comprises of three phases. The first phase
is to outline a set of supplementary variables ai for the individual compound of the devolution
chain, equation 16: .
=Yk

a=¢ +3X(G T Ci
t t ki—ki J
j=1 i=j
=23,....,1 (16)

where ci represents the intensity of the in mixture derived from the quasi-analytic models
illustrated in equation 16. Y = stoichiometric molar mass ratio of consecutive composites,
(Mi+1/M;) = initial devolution component chain has Yi=1. The First-order degree of
devolution is represented by k. The additional parameters insertion disjoints the equations
that control the composites. In the subsequent phase, the controlling equations are answered
for the additional parameters ai. The third phase fixes the final concentration:

-1 i=ly.  J
a=¢ + S GHH Yo
t t ki—ki J
j=1 =)
=23, ....,n (17)

Model application

Pollutant transport models simulating pollutant flows into groundwater aquifers have been
implemented using MATLAB [37, 96-101]. Presently, the models being compiled for
addition into a single graphical user interface [37]. Running times for models are prompt for
site-specific appraisals of Models Type 1, 2 and 4. Very few seconds for Models Type 3 and
4. The output of the three-dimensional graphs of the erraticism of concentrations needs extra
time. Shorter running time is essential as the application of the device is envisioned for
evaluating numerous locations.

Model Type 1 and 5 are applied in a risk assessment context to order and classify perilous
polluted spots by Locatelli, et al. [37]. In this context, Model Type 1 and 5 are suitable for
simulating thousands of locations (more than 35,000 sites). The file is comprised of data,
containing necessary parameters to operate the models. They were showing significantly
polluted areas. Within this context, ambiguity was tackled by probing numerous
circumstances with model theorisation and divers model parameters. Pollutant mass ejection
on a control level and absorptions have been studied to decide risks at a control point. The
models were executed by Environmental Impact Assessment (EPA), in Denmark as a
national framework for risk assessment. Model Type 1 and 4 are run on a contaminated
manufacturing location that is rich in chlorinated solvents. The plant operated between 1951
and 1989. The analysis was conducted in 2003. Results revealed elevated cis-
dichloroethylene levels (cis-DCE) along with vinyl-chloride (VC) as its residual debris. The
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trichloroethylene was the primary substance that seeped from the subsurface storage system.
The exact time for the oozing was unclear. Site analysis revealed insignificant TCE levels
downstream of the storage system. This was as a result of its total degradation to VC and cis-
DCE [37].

The graphical depiction of geological setting and contaminant distribution at the location
indicated a simulation of two model scenarios with distinct areas [37]. The initial used Model
was Type 1. The origin of impurities is supposed to be in the waterlogged confining layer of
clay. It is positioned over the groundwater aquifer (both horizontal and vertical flow). In
Model type 4, the origin is said to be in connection with the groundwater. It indicated only
parallel flow, following the non-aqueous stage migration of solutions bottom-wards from the
initial source. The base of the dripping reservoir is situated 2 meters beneath the ground level
in a waterlogged layer. The layer ranged from 9 to 12 meters thick, below the ground level. A
mean Yyearly groundwater velocity reaching up to 126m/y in a sandy formation lied beneath
the clay layer (1meters thick). The piezometric head was higher in the clay formation.
Consequently, the perpendicular bottom-wards flow of water occurred.

At the time of the investigation, the highest concentrations occurred within 2-6 meters
beneath the reservoir. Further away from the pool, a horizontal flow within clay stratum
occurred. This was due to the existence of sandy materials. The estimated source of the
model was 30 x 10m?(Ly 'Ly). The VC (25mg/l) and cis-DCE 240mg/l) intensities were
highest at the borehole screen. At a depth of 6 to 7 meters beneath the surface [37]. It was
used as input data. The median yearly recharge was estimated to be 100 mm/y. The annual
toxin mass flow was calculated by multiplying the pollutant origin by the yearly recharge and
the input intensity. The pollutant flow was found to be 0.75 kg/y and 0.72 kg/y for VC and
cis-DCE, respectively.

Similarly, Model Type 3 and 4 were used at a polluted dry-cleaning plant. The plant made
use of chlorinated cleaners. It operated between 1963 and 1998. During the period 1980 to
1998, PCE was also used. Other cleaners might have been used before that period. The site
characterisation and input data employed for the computation were based on unpublished and
published site description details and referred papers. The site analysis was conducted
between 1997 to 2001. Results showed elevated levels of TCE and PCE [37].

Recent Advances In Groundwater Pollution Modelling

The state-of-the-art pollutant dynamic, empirical and simple conceptual models for
simulating pollutant flow in groundwater enables exploration of their advantages and
limitations. The most recent advances and future discussions on groundwater pollution
modelling [102-110], addressed how pollutants flow into groundwater is analysed in this field
with different approaches and models for handling pollutant better. The goal of pollutant
modelling is to inform emerging scientists in the area, assist emergency response agencies,
insurance companies, water resources managers and authorities to keep up to date with the
state-of-the-art developments. The guidance provided for model selection for solving
practical pollution-related problems, considering the specific model output required for the
modelling objective, the data availability and computational requirements. Model-discipline
and multi-model approaches are needed to advance this domain of research further.

Modelling temporal variability of groundwater contamination risks at African scale using
DRASTIC model showed that the increase in contamination hazard was primarily linked to
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the surge in the population density [108]. Data-Driven-Modelling methods were applied to
model nitrate pollution in Belgium. Results indicated that the overriding clarifying variables
are the proportion of impervious surface, the ratio of the sewage system in a dilapidation
state, the amount of urban infrastructure building permits with a high contamination risk, and
the magnitude of the stimulus zone, and the deepness of the groundwater sampling. Results
further, illustrated the critical role of urban infrastructure on groundwater contamination
[110]. Solute flow modelling to control groundwater contamination from surface water
showed that the pumping activities are critical factors when assessing the risk of groundwater
pollution from surface water [111]. Applying an expert-based model to develop a framework
for groundwater contamination exposure assessment for Zimbabwe indicated varying
vulnerability to groundwater pollution between Mzingwane, Runde, Sanyati and Gwayi
catchments [112]. The benefit of the model is that it needs only a limited input data set.
Therefore, it can be applied in other nations with inadequate hydrogeological data. Failure of
universal risk assessment model structure to forecast groundwater contamination risk at
infected metal sites was reported by [113].

Spatial modelling of groundwater quality across land use and land cover gradient in Limpopo
Province, South Africa showed that the types of land use and land cover and seasonal
irregularity impact groundwater quality parameters [103]. Deep learning emulators accelerate
the use of pollutant transport models and demonstrate great scalability for groundwater
models. Transformation of data on predictions enhances emulator execution [114].
Accelerating uncertainty quantification of groundwater flow modelling using deep neural
networks showed that the price of uncertainty estimation could be abridged 75% contrasted to
single-level Markov Chain Monte Carlo (MCMC), reliant on the pre-estimation of cost and
precision of a deep neural network (DNN) [115]. Expanded ecological multimedia modelling
system evaluating the risk taken by contaminants in networked air-unsaturated-groundwater
regions showed that perverse to FEM, most of the FDM and methodical predictions were too
high and fell out of the high limit of the investigational result [116].

The ADE-GA system was developed to detect groundwater contamination sources.
Deterministic sandbox experimentation was devised to authenticate the efficacy of the ADE-
GA technique. The ADE-GA system is employed to detect groundwater contamination
sources of a small-scale definite polluted site. The results showed that the system code
program has essentially the same detection factors, as the deterministic investigational
contamination source factors [117]. QSAR concerning acute embryotoxicity of zebrafish and
triazole fungicides was proposed. Severe external and internal authentication procedures were
used to authenticate the model. It presents a probable tool for forecasting the extreme toxicity
of new 1,2 4-triazole fungicides. It also consists of an independent triazole ring set in their
particles to zebrafish embryos. QSAR provided a reference for the development of more
ecologically-friendly 1,2,4-triazole pesticides in the future [118].

An examination of the hydraulics and contaminant diffusion features of a model beaver dam
was proposed by [119]. The study and modelling developed showed that a single, general
correlation could be achieved between flow and flow-depth. It can be achievable irrespective
of the existence of both permeable or impervious segments, given the comparative depths of
these portions are identified and described. Results also indicated that the Nominal Residence
Time (NRT) and the Advection Dispersion Equation (ADE) could be applied to foretell
contaminant movement in such systems. The two equations have earlier been indicated to

Copyright The Author(s) 2021.This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 19



http://journal.hmjournals.com/index.php/JECNAM
https://doi.org/10.55529/jecnam.11.1.30
http://creativecommons.org/licenses/by/4.0/

Journal of Electronics, Computer Networking and Applied MathematicsISSN:
2799-1156

Vol: 01, No. 01, Aug - Sept 2021 Y -
http://journal.hmjournals.com/index.php/JECNAM JECNAM |
DOI: https://doi.org/10.55529/jecnam.11.1.30

have shortcomings when employed for some intricate designs, so meaning they can be
utilised for a porous dam with permutations of permeable and impervious portions at the
comparative flows considered is remarkable.

Challenges Of Groundwater Pollution Modelling

Groundwater plays a substantial role in water supply for agricultural, industrial and drinking
purposes. However, groundwater pollution consequences have to be considered when
constructing and managing water constructs, such as those controlling water flow [120]. The
subsurface components of hydraulic and civil compositions may signify powerful
intercessions into the groundwater regime if not treated. Uninhibited outflow continuing in
dam formations and their sub-base could cause inner erosion and interior fluxes into soils.
The modern-day tool for unravelling groundwater-associated problems is computer
modelling techniques (CSM). Particular attention should be paid to protecting groundwater
pollution during no inundation periods and at the inundation incidents [120]. The modelling
of groundwater pollution on the hydraulic and civil structures need consideration too.
Numerous examples of groundwater flow modelling and its results are presented in the
preceding sections.

The models discussed above have implications for whether and how accurate pollutant flow
into groundwater may be estimated from contaminated sites. Where models have been used
to estimate pollutant flow, they provide only a conservative estimate. While the examined
field data was unsuitable for simulations, a traditional initial assessment of pollutant
intensities in groundwater affected by these models' polluted locations was provided. The
cogency of pollutant flow modelling is usually hard to authenticate, owing to a lack of field
data for comparative analysis [37, 89]. Such evaluations are invaluable for assessing risks
involving multiple locations based on inadequate data. Contaminant flow in aquifers from
polluted sites is further hindered by uncertainties of input parameters and data constraints.
Therefore, they usually depend on basic analytical models, with only conservative
hypotheses, few model parameters and major transport processes [37]. These models are
beneficial for uncertainty assessment, sensitivity analysis and preliminary estimation of
pollutant threats. It enables determination of the leading transport processes in operation,
validation of numerical solutions and scenario study. However, more reliable results are
unlikely to be obtained using numerical models due to a shortage of site-specific data. Thus, a
considerable amount of funds are needed to get the required data for numerous locations that
should be evaluated.

Consequently, these models' output must be scrutinised within the standard established
modelling approaches, data constraints and the uncertainty of the model input parameters.
Generally, parameters are highly variable between the diverse polluted locations and the
same location. The model parameters can differ by numerous intensities of a pollutant.
Regional groundwater flow direction and velocity can vary contingent on the magnitude of
groundwater withdrawal from adjacent boreholes or temporal recharge patterns. The pollutant
mass discharge can go for well-branded locations contingent on the chosen approaches. It can
differ even further if data are infrequent [37, 121, 122]. In groundwater aquifers, the
dispersivity values can differ considerably and mainly depend on the spatial scale processes
[37, 123, 124]. In saturated and unsaturated aquifers, the dispersivity values are considered
valuable. Also, very few reports are obtainable from the literature [37].
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2. CONCLUSION

This review reports our novel efforts toward understanding how contaminants are transported
to groundwater. However, the rate at which pollutants are transported into aquifers, via
recharge or infiltration by surface water, the time at which pollutants flow, the rate at which
they move is largely dependent on many factors. These include climate, geology, topography
and land use. These are highly variable in space. Models assume uniform environmental
settings; this presents a major fundamental issue in modelling pollutant transport and fate.
Therefore, modelling contaminant transport to aquifers has given a taught provoking topic. It
requires an understanding of the nature of contaminants themselves. Their sources or origin,
how they interact with other elements, their movement both between surface water and
aquifers and also within aquifers. Therefore, spatially explicit models for assessing pollutants
movements into groundwater will thus:

i Help in understanding the sources and effects of future water contamination, as well
as the probable solutions to already polluted aquifers. Such models can be applied to
investigating both the quality and quantity of water. In addition to assessments of the
obtainability of potable water in the future;

ii. They help safeguard water security and serve as a basis for investigation and
supervision tools that resolve numerous problems at the same time;

iii. An explicit understanding of the effects of water quality on ecologies and humanity is
indispensable for balanced development;

v, These models can offer conservative estimates of pollutant absorptions and mass
release in aquifers downstream polluted locations;

V. The models are capable of providing conventional assessments that are valuable for
monitoring purposes. If a considerable number of contaminated sites can be evaluated using
partial field data characterised by higher uncertainty;

Vi. For example, the models are applicable for classification at national scales to evaluate
the entire contaminated locations. To choose important sites where funds should be allocated
for more comprehensive measurements in the future.

vii.  The collection of the five different types of models will facilitate simulation of typical
scenarios confronted at polluted locations; especially, diverse source geometries with erratic
pollutant mass ejection, marinated or otherwise locations with diverse geological setting and
unstable/stable compounds;

viii.  The analogy with experimental data at two particular locations disclosed that the
models are capable of simulating the significant trends and make available meaningful
information to evaluate the menace modelled by pollutant sources to groundwater; chiefly,
the high absorption, pollutant mass ejection and plume dispersal at the infiltration or recharge
point;

iX. Current groundwater pollution modelling tools try to adjust to the variability of
physical settings and may seldom offer the entire output measured appropriate for risk
assessment;

X. Both models are capable of predicting the site of the centre of the pollutant curl. They
are used to define testing locations for supervision. For supporting other innovative
mathematical versions as well as the application of remediation plans.
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The rationality of contaminant modelling using a version of the five (5) steady-state pollutant
transport models, is hard to authenticate. Relevant field data are lacking. Therefore, the
model output must be considered within the model input's uncertainty context, data
constraints coupled with the regularly essential application of accepted standards from the
literature.
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