COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | Civil Engineering

DEPARTMENT
EDUCATION LEVEL | Undergraduate
COURSE CODE | 1042 | SEMESTER | 8

COURSE TITLE | Groundwater

COURSE UNITS HOURS ECTS CREDITS

O¢€ ITEPITITWAN TTOU 01 OIOAKTIKES aTTOVEUOVTal OE OIQKPITA €PN TOU UABHUATOG TT. X.
AaAééeis, Epyaatnpiakég AOKNoeIS K.ATT. Av ol SI0QKTIKEG QITOVEUOVTAI EvIQia yid TO
oUvoAo Tou pabnuarog avaypawretigeBoouadiaiegwpes O10aoKaAiagkaiToauvoAo
TwV OI0AKTIKWYV [ovadwyv / ECTS

Lectures and Assignments 3 5

[MpoobéaTe aeipég av xpeiaarei. H opyavwaon didaokaliag Kai ol
010aKTIKEG UEBODOI TTOU XPNOILOTTOIOUVTal TTEPIYPAPOVTAl aVaAUTIKG aTo 4.

COURSE TYPE: | Compulsory in Hydraulic (Group 925) and Optional in
I"evikoU YmroBd6pou, Eidikou Yméfabpou, Eidikémias| Geotechnical Engineering Concentration

PREREQUISITE KNOWLEDGE: | Ecology and Chemistry for Civil Engineers, Engineering Geology,
Geotechnical Engineering, Fluid Mechanics

OURSE AND EXAMS LANGUAGE: | Greek

COURSE OFFERED TO| No
ERASMUS STUDENTS:

COURSE WEBSITE (URL): | https://helios.ntua.gr/enrol/index.php?id=1540

2. LEARNING OBJECTIVES

Learning Objectives
lepiypapovral Ta pabnaiakd amoreAéouara Tou uabruaTog Of CUYKEKPIUEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emirédou mou Ba aTTOKTHOOUV OI QOITNTEG UETA TNV ETTITUXT OAOKARPWON Tou pabnuarog.
SupBouAcureite o lMNMapdptnua A
o [lepiypagr Tou Emimédou Twv Mabnaoiakwy AmoreAeaudrwy yia kGOe éva kUkAo atmoudwv oUuewva e lNAaioio Mpoodviwy rou
Eupwrraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg ETrirédwy 6, 7 & 8 rou Eupwrraikou lMAaigiou Mpoodviwy Aig Biou Mabnaong kai Mapdptnua B
o [lepiAnmTik6g Odnyos auyypaens Mabnoiakwy AmmoteAsoudTwv

Upon successful completion student will be able to:
e Comprehend

v All basic principles and definitions pertaining to groundwater flow and groundwater-soil-
pollutant interactions with a special focus on pollutant fate and transport in the
geoenvironment.

v The importance of groundwater in the hydrological cycle and the hydrological interactions
between surface water, soil and groundwater. All this both historically as well as in the
contemporary context of global warming and climate destabilization.

v" The complete set of hydrological, hydrogeological, geological, soil and hydraulic parameters
and conditions in groundwater flow as well as their estimation from relevant literature.

v" The prevailing groundwater flow issues in filed engineering applications such as soil piping,
erosion and drainage.

v" The methodologies and computational techniques employed to establish the
mathematical/numerical framework in order to estimate groundwater flow and relevant
parameters starting from the simplest 1-D horizontal flow and all the way to the most
complicated 3-D applications.

v" The processes and prevalent conditions involved in polluted soil and groundwater problems,
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the origin and categorization of subsurface pollution and the respective regulatory/legal
framework.

v" The physicochemical and biological interactions between pollutant-soil-groundwater leading to
the environmental fate and transport of pollutants in the geoenvironment.

v" The basic remediation and restoration technological approaches for contaminated soil and
groundwater.

¢ |dentify and formulate the differential equations of groundwater flow pertaining to the different steady or
non-steady flow conditions and their corresponding field boundary conditions.

e Solve

v’ Application problems involving 1-D groundwater flow in both confined and unconfined aquifers,
whether leaky or not, by use of analytical methods.

v For the flow of groundwater through or under engineered structures such as earth dams and
levees, analytically or graphically using flow nets.

v Application problems involving groundwater pumping through individual wells or well systems,
under steady or non-steady flow conditions by use of analytical methods.

v Application problems involving groundwater aquifer recharge using wells or well systems for
steady or non-steady flow conditions, by use of analytical methods.

v Application problems involving use of wells or well systems in the vicinity of surface water
bodies or impermeable boundaries.

v Simple 1-D application problems involving contaminant transport in the geoenvironment.

¢ Apply the method of pumping tests to determine relevant aquifer parameters.

General abilities

AauBavovTagurown Ti§ YEVIKES IKAVOTNTES TTOU TTPETTEIVA EXEI ATTOKTOEI O TITUXI0UXOG (OTTWS QUTEC avaypA@ovTIal GTO
lMapdptnua AimAwparog kai maparieviar akoAoUbwg) o€ oia / Toleg ammd auTES ATTOOKOTTE To uGonua;.

Avadnirnon, avdAuon kai ouvBeon OedOUEVWY  Kal 2x€01a0U6S Kal OlaxeEipion Epywv

TANPOYOPIWY, LE TN XPAON Kal Twv Qmapaitniwy >eBaopdg arn d1apopeTIKOTNTA Kal OTNV TTOAUTTOAITIOUIKOTNTA 2€RA0UOS
TEXVOAOYIWV 070 QUUIKO TTEPIBAAAOV

lpooapuoyn o¢ véeg KaraaTaaeis Ajyn Emideién koivwvikng, emayyeAuarnikigkainbikng umeubuvatniag kai
amopaoswy guaiobnoiag og Béuara puAou

Aurévoun epyacia Ouadikn A0KnNon KPITIKAS KAl QUTOKPITIKAG

epyacia lpoaywyn Tng eAcUBePNG, ONUIOUPYIKAS Kal ETAYWYIKAS OKEWNS

Epyaaia oe diebvég mepiBaAiov
Epyaacia g€ diemioTnuoviko mepiBdAiov
TNapaywyn VEwV EPEUVNTIKWV IOEWV

- Project planning and management

- Respect of geoenvironmental complexities/uncertainties

- Respect of natural environment and ecosystems

- Search, analysis and synthesis of data and information, using the necessary technologies
- Decision-making

- Adaptation in new and uncertain climatic conditions

- Autonomous work

- Development of creative thinking and inductive reasoning

- Critical thinking

3. COURSE DESCRIPTION

Introduction to groundwater and flow through porous media. Darcy’s Law. Mathematical formulation of
problems of flow through porous media. Analytical solutions for 1-D aquifers, confined, phreatic or
leaky. Hydraulics of wells for steady and unsteady flow, multiple well systems, method of images,
wells near boundaries. Subsoil and aquifer pollution. Geoenvironmental pollution and soil.
Physicochemical and biological pollutant-soil-water interaction processes. Contaminant speciation,
contaminant fate and transport in the underground environment. Decontamination and remediation
technologies in the geoenvironment. Case studies.




4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS:
lNpbowrtroue mpéowrtro, E€amoordoswg
EKTTAIOEUON K.ATT.

Lectures and Assignments with the use of in-class
presentations

TEACHING MEDIA:
XprionT.I1.E.otnAidaokadia, otnv
Epyaaotnpiakny Ekmaideuan, otnv EmKoivwvia

Use of the University's online platform (Helios) for
posting materials, assignments and communication with
students. Use of custom Excel-based spreadsheets for

HETOUSPOITITES | - calculations.
ACTIVITY IMPORTANCE
COURSE ARRANGEMENT:
lepiypapovral avaAuTiké o Tpo1ToG Kai uéBodor
di1daokaliag.

AiaAééeig, Seuvdpia, Epyaatnpiakry Aoknon, Aoknon
lediou, MeAétn & avdiuon  BiBAioypagiag,
®povriaripio, [lpakrik (Tomobérnan), KAviki
Acgknon, KaMitexviké Epyaortipio, AiadpaadTikn
O10aoKkalia, EKTaIOUTIKEG ETTIOKEWEIS, EKmTovnon
ueAéTNG (project), Zuyypagn epyacias / pyaciwy,
KaAAirexvikn énuioupyia, K.ATT.

Avaypdpovral ol Wpes HEAETNS TOU QoITNTH Yia KGO
uabnaoiakn 6pacTnpIdTNTa KaBws Kal O WPES un
KaBodnyoupevng UEAETNS WOTE O OUVOAIKOS POPTOS
epyaaiag o€ emimedo €€aunvou va avrioToIXEl oTa
standards rou ECTS

e Contemporary active learning methods are used combining
project-based learning andi research-oriented teaching.

e Sample problems are solved in class.

e 4-5 homework assignments are given per semester.

e All educational material is uploaded in the Course Website
(Helios)

Lectures 39
Assignments 28
Studying at home 58
OVERALL: 125

STUDENT ASSESSMENT:
lMepiypaen tng diadikaciag aéloAdynaong

Nwooa  AéioAdynong,  MéBodor  aloAdynong,
Alquopowriky  n Zuumepacuarikn,  Aokiuaoia
lMoAamAng  EmAoyng, Epwrhoeic  2ovrouns
Amavrnong, Epwrrioeis Avarrruéng Aokipiwy, EmriAuon
lMpoBAnudarwv, Tpamrm) Epyacia, EkBeon /
Avagopd, lpogpopikn Eééraon, Anuéoia
lMapougiaon,  Epyacmpiakh  Epyacia,  KAivikn
Eééraon AoBevoug, KaAAirexvikni Epunveia, AAAn /
AMeg

Avagépovral pnTa mpoodIopICLEVA KPITHPIA
aéloAbynang kai eav kai ou givar mpooBdoiua amréd
TOUS QOITNTEG.

i.  Final examination (70%) including:
- Short answer, true/false and multiple choice
questions.
- Solving problems.
ii. Assignments during the semester (30%).

5. TEXTBOOKS - BIBLIOGRAPHY

1. A. Navou-Tavvapou - T. Nanadavactadng "YopauAikn Ymoyeiwv Nepwv”, 'Ekdoon EMM
(AlavEpETal OTOUC POLTNTEC Kal £ival avapTnuévo otny 1otooeAida tou padnuartog). In Greek

only

2. M. AativomouAog, “YOpauAlkn Twv utoyeiwy vepwv”, Ekddoelg XAPIZ M.E.M.E., 2006,
Oe0/vikn (AlavEPETAl OTOUG POITNTEG PECW Tou cuotnpatog EYAOXOZ). In Greek only

3. M. P. Anderson and W. W. Woessner, “Applied Groundwater Modeling: Simulation of Flow
and Advective Transport”, Academic Press, 1992.

4. J. Bear, "Hydraulics of Groundwater”, Mcgraw-Hill, New York, 1979.
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Company, 1987.

J. Bear and A. Verruijt, “Modeling Groundwater Flow and Pollution”, D. Reidel Publishing




o

Herman Bouwer, "Groundwater Hydrology", Mc Graw-Hill Book Company, 1978.
7. The handbook of groundwater engineering, editor-in-chief Jacques W. Delleur, CRC Press;
Springer-Verlag, 1999
8. P.A. Domenico and F.W. Schwartz, “Physical and Chemical Hydrogeology”, John Wiley and
Sons, 1990.
9. R.A. Freeze and J.A. Cherry, "Groundwater”, Prentice-Hall, Inc., 1979.
10. Class notes and PowerPoint presentations, uploaded in course website (Helios).
-Relevant Scientific Journals:
Groundwater; https://onlinelibrary.wiley.com/journal/17456584
Journal of Hydrology; https://www.journals.elsevier.com/journal-of-hydrology
Water Resources Research; https://agupubs.onlinelibrary.wiley.com/journal/ 19447973
-Relevant Internet Resources:
http://europa.eu/pol/env/index_el.htm
http://www.unesco.org/water/
http://water.usgs.gov/; http://water.usgs.gov/ogw/ , usgs = US Geological Survey
http://www.ngwa.org/, ngwa = US National Groundwater Association
http://www.epa.gov/, epa = US Environmental Protection Agency




