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Introduction - Groundwater vulnerability

= Foster (1987), employs the expression “aquifer pollution
vulnerability” to represent the intrinsic characteristics
which determine the sensitivity of the groundwater
system to being adversely affected by an imposed
pollutant load.

* NAP (1993), defines groundwater vulnerability to
pollution as the tendency or likelihood for pollutants to
reach a specified position in the groundwater system
after introduction at some location above the uppermost
aquifer.
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DRASTIC - groundwater vulnerability

* DRASTIC index is composed b}flseven parameters and it is a
result of weighted average of these seven values.

DRASTIC=Dp xDi+ Rpx Ri+Ap x Ai +Sp xSi + Tpx Ti + Ip x li + Cp x Ci

D - Depth to Groundwater

R - Net Recharge o, |

A - Aquifer Media i-index STBSSS

S - Soil Media p-weight el 7
T - Topography =

I - Impact of Vadose Zone
C - Hydraulic Conductivity

natural 7=
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Introduction - Soil erosion

* Considered a serious and major environmental problem
in many parts of the world, endangering areas such as
agriculture, environment, natural resources, flooding and
habitat destruction

* Soil erosion consists in the detachments of individual soil
particles from the soil mass which are transported by
erosive agents, such as water or wind
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Soil erosion

Precise
knowledge of
erosion risk

Define policies and
nvironmental prevention measures on
and economics

consequences

water and soil resource
conservation

Dificulte to
obtain and
estimate
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Factors that induce soil erosion

= Natural

Soil degradation

Water quality
Hydrogeological systems
Agricultural production
Vegetation cover
Topographic features
Climatic variables

Soil characteristics
Slope

Precipitation

* Human
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Agriculture activity

32 Encontro de Utilizadores QGIS Portugal
17-18 de Junho, 2016 - Porto

4BR | ORDEM
i | DOS ENGENHEIR
REGIAO NORTE

@

natural

GIS

P

Oans

y
o



e -,

30 Encontro de Utilizadores QGIS Port

17-18 de Junho, 2016 - Porto

ﬂl«-

R (rainfall
erosivity
factor)
» Control soil erosion

= Assess soil erosion risk
) . i P K (soil

= Estimate soil erosion loss (conservation erodibility
practice factor) factor)

RUSLE =R XK XLSXCXP & v LS (Slope

management Length factor)

factor)
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Geographic Information System (GIS)

= GIS are often combined with soil erosion models as an effective
approach to estimate the magnitude and distribution of erosion

= GIS provide powerful tools in modelling geospatial information

= Several studies have been developed to assess soil erosion and to
estimate groundwater vulnerability through GIS proprietary
software, using RUSLE method and DRASTIC method, respectively

= There isn’t a tool adapted to anymodel which can be modified and
freely used
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Objective of DRASTIC Model

DRASTIC method

Create
groundwater
vulnerability

maps

Possibility of
modifying the
code

Application Manipulation of

Software open complex variables
source, free, easy DRASTIC with different
and intuitive information and
parameters
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Objective of RUSLE Model

RUSLE method

Create soil erosion Possibility of
risk maps modifying the
code

Application Manipulation of

Software open RUSLE complex variables
source, free, easy Desktop with different
and intuitive information and
parameters

Create and Without the
visualize need of GIS
erosion maps environment
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Methodology

= Software QGIS

= APIs (Aplication Programming Interface): Numpy, SAGA, QGIS AP],
Gdal/OGR API, PyQt4 API

» Processing Toolbox algorithms (QGIS): ordinarykrigingglobal,
clipgridwithpolygon,  cubicsplineapproximation,  r.mapcalculator,
v.surf.idw e v.surf.rst

= Python programming language
» Framework Django (RUSLE WEB version)
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DRASTIC Window

Map canvas
Menu Bar |

File menu

DRASTIC menu |
Help menu
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Aquifer Media

Aquifer Media

Kisto argiloso, a..

Rocha metamo...

Rocha metamao...

Till glaciar

Arenito, calcari...

Arenito macico

Calcario macico

Areia e balastro

Basalto

Output fle: |
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RUSLE Desktop Version

R LS P
* T+ 1

=i S m e
5 3

K  C RUSLE final
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RUSLE Desktop Version

@: RUSLE Seil Eredibility ? >
Input soil map: [ | V] Browse
Attribute: v | Cellsize: 30 =
Table 1: the user have the parameters
Pt | | Table 1
Soil classifications|  Permeability Structure Clay (%) ind very fine sand Gravel (38) anic Matter (M) | [
1 [ | Table 2
; DR
Table 2: the user get the values through pdf [ Remove ]
soil classifications K Factor E
[ . |
1 |
2 il [Irrpﬂrtath'i:mte table ]
Output K: | Browse
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RUSLE WEB Version

R Factor
Soil Erosion Risk Maps
K Factor ) - : L ) : ) !
Soil erosion 15 a senous environmeantal problem worldwide An approximation of the expected soil loss by water-caused erosion can be calculated by with the Re-visec
LS Fach Universal Soil Loss Equation (RUSLE). GIS (Geographical Information Systems) provide different fools to create categorical maps of soil erosion risk which helps fo
acter study the risk assessment of soil lnss
C Faclor RUSLE model incorporates six erosion factors to understand the mean annual soil loss:
P Eacior A=RKLSCP
where A is the computed estimation of averar j ( j infall- vity factor (MJ mm km-2 h-1 vear-1).
Kld=lEe factor (t km2 h km-2 M
the prac-fices used for
Rainfall erosivity fact
Wischmeier {1978) dafi
intensity on soil erosion R Factor
values The relation bet R Fa‘:tor Inpl"It ﬁlES
by added ranfall erosiv k Factor )
intensity (130) E s n M r—File upload
overcome this problem,
rainfall for Purlﬂgul maite Select a Melereological Dala file: | Choose File | No file chosen
G Faclo o
— — ¥ acior
EI30=7.05 raim0-68 9 Select a Municipality mask file: | Choose File | Ho file chosen
where rain10 is the mot p Faclor "2lp)
Soil erodibility factor | RUSLE Factor Upload
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http://geonet.fc.up.pt/rusle
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Results - DRASTIC: Case study Castelo Branco,

Portugal

10°0'0'W 8'00'w 6°0'0"W
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* Tagus basin, near to Castelo Branco ¢
city, Portugal.

e ¥
Portugalk

40°0°0"N

* Groundwater system covers
approximately 1500 hectares with a
maximum depth of 35 meters.

 Spatial resolution: 20 meters.

 ETRS89 PTTMO06 coordinate system ssoos
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)
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Results - DRASTIC: Case study Castelo Branco -
Portugal
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Results - RUSLE: Case study Montalegre

* Covers approximately 80,580
hectares

= Atlantic climate

= High precipitation occurrence
(1531 mm/year)

= High slope carries high erosion
risks when soil protection
measures are not taken

_ Portugal

» The spatial resolution of the
raster files used in this study
case was defined as 20 meters.

= The data were in the ETRS89
PT-TMO06 coordinate reference
system (EPSG:3763).
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g RUSLE factor
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Discussion

DRASTIC

1.
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The DRASTIC index values vary
between 100 and 181.

The available data were not enough
to evaluate more precisely the
groundwater vulnerability.

The DRASTIC index was obtained
based in data available and based in
Aller et al. (1987) DRASTIC model.
The DRASTIC index was created in
the 80’s of the last century. However,
this index is worldwide used for the
hydrologist’s community.

RUSLE

. 29 % of the area is characterized by very low soil

erosion level

. 8 % as very high to soil erosion

4 % of the total area are characterized with very
high slope values along with very high soil
erosion level.

Areas with high slope values are related with
high level of erosion.

. Although a large part of the study area is

classified with zones as low levels of erosion,
high slope values and high values of precipitation
are typical of Montalegre municipality, so it
stands to reasonable values classified with very
high levels of erosion.

. The C factor is higher in zones where the soil

erosion level is lower. So in these areas the soil is
more protected.
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Conclusions - DRASTIC Application main advantages

\

* Generating several procedures, giving the
possibility of analyzing and change the final map.

* DRASTIC - Net Recharge presents two different
methods to generate the result.

» Easiness and quickness to produce maps.

* Change the indexes and weights until get the
better interpretation to his study area.

* Open source software makes it easier to obtain
and use

32 Encontro de Utilizadores QGIS Portugal & oo ()

16/06/2016 17-18 de Junho, 2016 - Porto Gé REGIAO NORTE i@’ ’/}‘5_‘:: : 2‘3



3° Encontro de Utilizadores QGIS Por;
16 - Porto

17-18 de Junho, 20

&
L’

RUSLE desktop application

e Provides the possibility of moving the C factor map in order to evaluate if the value
helps to control the erosion.

e Itis flexible and allows to simulate the fact before.
e It is more detailed given several options and parameters options to the user.

e With the possibility to import the input shapefile attribute table, the user can easily
adapt to other case studies.

e In some factors, such as K factor, the user can choose between two methods in order
to obtain the final map. If the user has access to field observations of the soil
parameters he/she can adapt the K factor map to his/her field knowledge.

» The desktop application allowed to upload different tabulated data in pdf format.

Disadvantages

e Creates the maps without the layout composer.
e Requires GIS software knowledge.
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RUSLE WEB application

Vantages

e Generates the maps and incorporates a layout with a scale bar and the legend with
the colours defined in high and low values.

e It is a website where any user can upload the input files necessary to calculate each
RUSLE factor and to obtain the final RUSLE map in a few minutes.

e Itis not necessary to have a GIS software installed and the user doesn’t need to know
GIS algorithms or tools.

Disadvantages

e The user must define the parameters in shapefile attribute table first.
e The maps creation depends on the internet connectivity.
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Conclusions - RUSLE

* There are some differences between the two applications, although
the two of them presents a very good performance in creating the
maps.

* The model implemented is adapted for Portugal and uses the pdf
tables defined by Pimenta (1998). However, this model can be
adapted to other countries or regions if other tables were
incorporated.

= The two versions developed can be very useful to create the maps
necessary to evaluate soil erosion in certain zones.

= The two versions are freely available.

32 Encontro de Utilizadores QGIS Portugal @& | oroem @ | natural
1 201 DOS ENGENHEIROS  (((Bam®!)
6/06/2016 17-18 de Junho, 2016 - Porto @ Sl @ cIs %



1/-18 de Junho, 201 Helpie)

F‘ﬂ—n&_

Thanks for your attention!
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