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General information about the course _iall ¢ dalall cila glaall

. S AL slaall Lia g gaa
. Course Title Hydrogeology
Aad )5 ) 8all 3a)
2 Course Code and Number GEOS 335
Credit Hours 8aial) &lelud) syl
3 Jotall Baaiall cile bl &l _walana glAG G bal/ e i i ”Tot'al‘
' Credit Hours Lecture | Practical | Seminar/Tutorial | Training
2 1 - - 3
) A Juaidll g (s ghanall
4 Study Level and Semester 3rd level, 1st semester
5| (©as0) s ABd albdkidl | bR 111
Pre-requisites (if any)
6 (a5 o)) Lalaal) cildlaial)
) Co-requisites (if any)
oA A ol oM i ) Bachelor of Geosciences -All Tracks
7 Program (s) in which the course is offered BSc Environmental Science
BSc Geological Engineering
8 S (a3 43 English/Arabic
Language of teaching the course
A ) aldai .
9 Study System Academic year of two semesters
dal) A\
10 .‘Um = O Faculty of Petroleum and Natural Resources
Location of teaching the course
Qal) Ciliual A . .
qf R s (g pu Dr. AlKhateeb Alkebsi oSl b /2
Prepared by -
12 WBJ\ u.uLA Alaic ) @Jb 2020
Date of Approval

Course Description il ciay

L alaYL ) el caas A el 5 il caas

This course aims to acquire the student general knowledge about
groundwater occurrences, origin and flow, interpretation of hydrogeologic
conditions in different groundwater environs and identification of important
processes in water-rock and surface water — groundwater interactions. It aims
to give students a sound understanding of how water moves below the surface,
including soil and groundwater flow. The teaching focuses on a physical

Prepared by Head of Department Quality Assurance Unit  Dean of the Faculty Dean of the Development
Dr. AlKhateeb Assoc.Prof. Adel Assoc.Prof. Bassim & Quality Assurance Center
Alkebsi Al-Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem Mohammed Abas



Republic of Yemen
Ministry of Higher Education & Scientific
Research
Sana'a University
Faculty of Petroleum & Natural Resources

el Ay ) sganl)
Gl g lad) anladl) 3 ) 59
calal)

i adad
Laglal) 351 gall g J g ) dls

understanding of key processes in the hydrological cycle that control the state and
movement of water in the subsurface. The knowledge that is the basis for addressing
practical aspects such as: how to apply common and advanced techniques in
hydrogeology, how to solve practical problems and which tools can be used in each
case.

Course Intended Learning Outcomes (CILOs) ,_fall alad s )5k

After completing the course, the student will be able to: || :0f As 1,408 Gl ¢ 88 b g Ral) Al )3 (o 1gaidy) aay

al. | Describe the water cycle and its driving
processes

-al

a2. | Illustrate the different scientific facts,
fundamental hydrogeologic terms, principles
and techniques related to groundwater
exploration and management

—a2

a3. | Recognize in details the occurrences, origin
and environmental problems associated with
groundwater movements in aquifer systems

a3.

b1. | Assess the concepts, principles, procedures,
theories and their interrelationships for
interpreting  hydrogeological data from
different rock environs and deep sedimentary
basins.

b2. | Recognize the significance of hydrogeology in
solving different economic, environmental,
constructional and water related problems.

- b2

cl. | Rate and solve problems related to
groundwater  aquifer  evaluation  and
management

-cl

c2. | Handel laboratory equipment and field samples
in appropriate manner, considering safety
issues, scientific ethics and accuracy during
reporting aquifer characteristics in different
environs

-c2

dl. | Acquire the skills of working in groups
according to responsibilities of each team
member

-dl

d2. | Employ recent communication technology,
internet and use of textbooks for collecting
information and prepare short essays about
groundwater flow regime and associated
problems

-d2

rgealiall aladl) o i aa el alad il i dag) g
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Alignment of CILOs (Course Intended Learning Outcomes) to PILOs (Program Intended Learning Outcomes)

SRl Cya B3 gualal) alalf Cila e 74l (pa 52 geial) alail) Cila e
(Course Intended Learning Outcomes) (Program Intended Learning Outcomes)

al | Describe the water cycle and its driving processes Al

a2 | Illustrate the different scientific facts, fundamental A2
hydrogeologic terms, principles and techniques
related to groundwater exploration and management

a3. | Recognize in details the occurrences, origin and |l a3
environmental problems associated with groundwater
movements in aquifer systems

b1l | Assess the concepts, principles, procedures, theories
and their interrelationships for interpreting || Bl
hydrogeological data from different rock environs and
deep sedimentary basins.

b2 | Recognize the significance of hydrogeology in||l g»
solving  different  economic, environmental,
constructional and water related problems.

cl | Rate and solve problems related to groundwater

. . c2
aquifer evaluation and management

¢2 | Handel laboratory equipment and field samples in
appropriate manner, considering safety issues, || €3
scientific ethics and accuracy during reporting aquifer
characteristics in different environs

dl | Acquire the skills of working in groups according to || D1
responsibilities of each team member

d2 | Employ recent communication technology, internet
and use of textbooks for collecting information and || D3
prepare short essays about groundwater flow regime
and associated problems

aa g8l g alail] g andeil) Cilian) iy alail) cla i dag) ga

Alignment of CILOs to Teaching and Assessment Strategies

:ﬁﬂbéﬂbﬁhﬂ\M\PQ(P@\JJJM‘)JJM\?MQQJ&ALMJA :in
First: Alignment of Knowledge and Understanding CILOs

il 5 4Bxall /el s i FRTE TN I T
Knowledge and Understanding CILOs alzill o Assessment
Teaching Strategies
Strategies
a1 - | Describe the water cycle and its driving processes Examinations,
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a2 - | Illustrate the different scientific facts, fundamental || Interactive Assignments,
hydrogeologic terms, principles and techniques related || Lectures Oral
to groundwater exploration and management Discussion presentations

a3 - | Recognize in details the occurrences, origin and || Case study
environmental problems associated with groundwater
movements in aquifer systems

2 9N 5 () At ey (A A il jlgall) Rl alas cila A dagd ga 1Ll
Second: Alignment of Intellectual Skills CILOs

i) o Jlgal) /el iy A astacl) dgagi) Sica) | o g1 ot Sl
Intellectual Skills CILOs alzil) o Assessment
Teaching Strategies
Strategies
b1 - | Assess the concepts, principles, procedures, theories and || Discussion Essay test,
their interrelationships for interpreting hydrogeological || Demonstration Assignments,

Brain storm Oral

data from different rock environs and deep sedimentary ) )
Problem solving | presentations.

basins.

b2 - | Recognize the significance of hydrogeology in solving
different economic, environmental, constructional and
water related problems.

2 5811 9 () Aol ialy (Apband) g dsigall il jlgeall) il alad il e dag ga s LG
Third: Alignment of Professional and Practical Skills CILOs

Llaad) g Ligall il jlgal) /kal) cila jia alail) g andel) Loai) ) | ag g8l A sin)
Professional and Practical Skills CILOs Teaching Strategies Assessment
Strategies
c1- | Rate and solve problems related to groundwater || Self and independent Achievement
aquifer evaluation and management learning tests
c2- | Handel laboratory equipment and field samples in || Tutorials & practical Chart Drawing
appropriate manner, considering safety issues, || €1asses, practical exams
. . . . case study,
scientific ethics and accuracy during reporting
. C o . Computer based
aquifer characteristics in different environs ¢ .
eaching

2 9811 9 (i) Al iy (Aalad) il jlgall) Bl alad cila e dag) ga slal
Fourth: Alignment of Transferable (General) Skills CILOs

A Gila A alril) g anail) i) i) | ag g8l da) i)
Transferable (General) Skills CILOs Teaching Strategies Assessment
Strategies
d1- | Acquire the skills of working in groups according || Small group working | Achievement
to responsibilities of each team member Student-led Seminars | tests
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d2- | Employ recent communication technology, || Case Study Method Team working
internet and use of textbooks for collecting
information and prepare short essays about
groundwater flow regime and associated problems

Course Content 8l 5 giaa

Theoretical Aspect Bl cuilal) cle g ga

e Slelud) s da
R an gl) /i) e gia gal L i) cle g gal et | dway | T ;;:;‘ el
Order Topic List / Units Sub Topics List Number | Contact J(CILe(;':)
of Weeks | Hours
1 Introduction Hydrological cycle . and 2 4 al a2
Water balance equation
) Vadose/Unsaturated zone ) 4 23 bl cl
flow
Types of Groundwater
3 Aquifers and confining 1 2 a3 bl cl
layers
S e N
 IYCTO8e0°08 b2 c2 dl
environments
5 Aquifer compressibility, 1 > a2 a3 bl
and Dupuit equation b2 c2 dl
6 Water Table and 1 ) a3 b2 c2
Potentiometric Maps dl
Principles of
7 groundwater flow & 1 ) a3 b2 c2
Radial groundwater flow dl d2
to Wells
3 Determination of Aquifer | Darcy law and its ) 4 a3 b2cl
Parameters application c2dl d2
9 Groundwater/surface 1 ) a3 b2 c2
water interaction dl d2
Groundwater
10 | quality(briefly) & 2 4 a3 b2 ¢2
. . dl d2
Aquifers in Yemen
Adadl) cilelad) 5 aulul) s
Number of Weeks /and Contact Hours Per Semester 14 28
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Practical Aspect (if any) (S35 O) Aaland) il gia gall
. A cilelad)
] Sl a2 / G lall) /Aalaad) G lal) gl | A taity aladl) iy e S9ay
Order Practical / Exercises/ Tutorials topics Number | Contact Course ILOs
of Weeks Hours
1 = ildls,)sall jalc 2 4 al
2 | m 4l cdall o) g5 JISA) 2 4 bl cl
3 = 4 dan s ned Sl da gl 2 4 b2 cl c2 dl d2
4 n Al g ) 5 2 4 b2 c2 dl d2
S m A4Sl Hng) dalsall &) 1 2 b2 c2 dl d2
6 | = ailddhagl e @l 2 4 b2 c2 dl d2
7 o lers et alis Ol 2 4 bl b2 cl c2dl d2
Ahadl) cleluad) g auludl) Alaa 13 26
Number of Weeks /and Contact Hours Per Semester
Teaching Strategies alail) g aulzil) clas) i)
= Interactive Lectures
= Discussion
= Problem solving
= (Case study,
=  Computer based teaching
=  Student-led Seminars
Tasks and Assignments <LslSil) g ddaday)
l ]
No Assignments/ Tasks (@smirgsd | Mark | weel Due | (symbols)
1

[ | Total Score 433 Alaa) Il | |

Learning Assessment alail) aus

3 b Al das 4) cla 3
@ e S e iy | RN alail) s A
e ﬁ:ﬁ-m M‘ ﬁ:&m &3““ > J 4"“\'6"'“ QJAS‘ CILOs (symbols)
No Assessment Tasks Week due Mark Proportion of
: Final Assessment
1 | Lab Exercises Weekly 20 13.4% bl, b2, cl,c2
2 | Participation Weekly 10 6.7% al,a2,a3,cl,c2
3 | Quizzes End of a topic 10 6.7% al,a2 a3,cl,c2,dl
4 | Mid-Term written exam Week 7 20 13.3% al,a2, a3 bl,b2,
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Final lab Exam Week 14 20 13.3% ,b1,b2, ¢l c2
Final Exam (theoretical) Week 16 70 46.6% all
Total Ay 150 100.00%

Learning Resources alill jilaa

Required Textbook(s) (222 &8 15 ¥) dewill gl sal)

1. Todd D.K., 2005, Groundwater Hydrology, Wiley, USA.

2. Applied Hydrogeology by C. W. Fetter, Merrill (3ed) (1994)
References

1. Fetter, 1990, Applied Hydrogeology, CBS, India.

2. Groundwater Hydrology by Herman Bouwer (1978).

3. Chow Maidmen Mays, 1998, Applied Hydrology, Mac Graw Hill, Usa.

4. Ll sbanll JURall jee dadls Adndaill La gl s g 0l 1988 |8 e a0 GOLAN,
Electronic Materials and Web Sites etc. < i) a8) a9 439 5iSY) jalaal)

Journal of hydrology, Elsevier

Course Policies:

1 Class Attendance:
- Students are expected to attend classes regularly and promptly.
- The attendance should not be less than 80%.

- If the student has been absent, he is responsible for finding out any missed material by
consulting other students or going to the professor’s office hours.

2 Tardy:

- Attendance and arriving on time for the class are necessary. If the student is late, he will be
prevented from class.

3 Exam Attendance/Punctuality:

- According to the rules the student gets absent in the exam of the course.

4 Assignments & Projects:

- Papers survey or projects should be submitted by the time detriment by the professor.

5 Cheating:

- According to the rules, cheating is a serious offense and will always result in an imposition of a
penalty. The penalties that can be started from the range of canceling the result of the course to
canceling the student’s admission.

6 Plagiarism:

-Plagiarism is a serious offense and will always result in an imposition of a penalty. The penalties
that can be started by making a zero mark for the work.

7 Other policies:

-The student should by a commitment by the rules inside class and university. Therefore, he is
expected to show respect for his classmate, instructors &others.
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Course Plan (Syllabus): Hydrogeology

Information about Faculty Member Responsible for the Course __ial) 3iuj ¢e cilaglra

p) Aical) clelud)
Name Sl g qubdl) ;) gl (L saa)
Office Hours
gl 2,9 clsal Platia Fadla ol | ¥ | cuw | s | et [ Guand
L"”“"“ﬁ““"ph"“e 770828128 SAT | sun | mMoN | TUE | wED | THU
3 gAY Ay 4l
gdjfrzail'ﬂ aalkebsi@yahoo.com

General information about the course Jukall (& dale cila sira

: A ad olall Lia od g
Course Title Hydrogeology

P )343\ Ay

2 )3 J
Course Code and Number GEOS 335
Credit Hours dalzal) el eyl
3 D8l Baaixall clelall &) _palaa g.hﬁ b/ e G i "Tot.al‘
) Credit Hours Lecture | Practical | Seminar/Tutorial | Training
2 1 - - 3

§ Al aly cal)

4 el o duall s 5 el 3rd level, 1st semester

Study Level and Semester
.5 Pre-requisites JJM ;\igl.«.d\ ‘;‘w‘ PNR 111
6] co —requisite(<42 9 ) ‘L‘AL«AAS\ Qw\ -

DA Al Gl () gl ) Bachelor of Geosciences -All Tracks
J7 Program (s) in which the course is offered BSc Environmental Science
BSc Geological Engineering
.8 S A a3 43 English/Arabic
Language of teaching the course
9 SA G Gl Faculty of Petroleum and Natural Resources

Location of teaching the course

Course Description J_ia) ciay
This course aims to acquire the student general knowledge about groundwater occurrences, origin
and flow, interpretation of hydrogeologic conditions in different groundwater environs and

identification of important processes in water-rock and surface water — groundwater interactions.
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It aims to give students a sound understanding of how water moves below the surface, including soil and
groundwater flow. The teaching focuses on a physical understanding of key processes in the hydrological
cycle that control the state and movement of water in the subsurface. The knowledge that is the basis for
addressing practical aspects such as: how to apply common and advanced techniques in hydrogeology, how
to solve practical problems and which tools can be used in each case.
Course Intended Learning Outcomes (CILOs) __iall alad cila A
After completing the course, the student will be able to: | e 108 qulUal) ¢ o8 G g ) jRal) i) 3 (o LY 22y
¢
Describe the water cycle and its driving processes -al
Illustrate the different scientific facts, fundamental —a2
hydrogeologic terms, principles and techniques
related to groundwater exploration and management
Recognize in details the occurrences, origin and -a3
environmental problems associated with groundwater
movements in aquifer systems
Assess the concepts, principles, procedures, theories -b1
and their interrelationships for interpreting
hydrogeological data from different rock environs and
deep sedimentary basins.
Recognize the significance of hydrogeology in - b2
solving  different  economic, environmental,
constructional and water related problems.
Rate and solve problems related to groundwater -cl
aquifer evaluation and management
Handel laboratory equipment and field samples in -c2
appropriate manner, considering safety issues,
scientific ethics and accuracy during reporting aquifer
characteristics in different environs
Acquire the skills of working in groups according to -d1
responsibilities of each team member
Employ recent communication technology, internet -d2
and use of textbooks for collecting information and
prepare short essays about groundwater flow regime
and associated problems
Course Content sl (s siaa
Theoretical Aspect 45l Cile g gal) 455 ddad
B\ Glaa 3.“ “ e g . ‘;:L;L.Um
5 (s S 50 sl 4*”“?‘:: T 1o 95 Lol AC'"M
Order Units u opics eek Due on.
H
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) Hydrological cycle and
1 | Introduction Water balance equation Week 1-2 4
2 | Vadose/Unsaturated zone flow Week 3-4 4
Types of Groundwater Aquifers and
3 . Week 5 2
confining layers
4 Groundwate-r geology and Week 6 )
hydrogeological environments
5 | Mid term exam Week 7 2
6 Aqulf.er compressibility, and Dupuit Week 8 )
equation
Water Table and Potentiometric
7 Week 9 2
Maps
3 Principles of groundwater flow & week 10 >
Radial groundwater flow to Wells *
9 Determination of Aquifer Dargy lqw and its week 11-12 4
Parameters application
10 .Ground.water/surface water week 13 )
interaction
11 Gron.mdw.ater quality(briefly) & week 14-15 4
Aquifers in Yemen
12 | Final exam Week 16 2
Lhadl) cilelad) 5 aulal) 22 16 32
Number of Weeks /and Contact Hours Per Semester
Practical / Training/ Tutorials/ Exercises Aspects claxl) cuilal) cile gua ga i Adad
Ji ‘ Cobadl) / algaall / deaad) s pua ga £ s L) e Ll
O‘::er Practical/ Tutorials/ Exercises Aspects Week Due Cont. H
1 u A:CLJ\ EJ}J\ J...a\_\.c- 1,2 4
2 [ = el o)Al il gl 5l JSS 3,4 4
3 = ds s s el Sllaladll da o )L 5,6 4
4 | = Midlab exam 7 2
5 | = aludiglgl 8 2
6 | = S, uel dalsll gl 9 2
7 | = Sl dhasil e ool 10,11 4
8 | = Adbers a5 s o 12,13 4
11 | Final lab exam 14 2
Adadl) cleluadl g auldl) Alaa 14 28
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| Number of Weeks /and Contact Hours Per Semester | | |

Teaching Strategies a2l g aalail) ) fu)
= Interactive Lectures
= Discussion
= Problem solving
= Case study,
=  Computer based teaching
=  Student-led Seminars

Tasks and Assignments LIS g dadily)

2 (e . v . Lo g5 ‘
i T gl I
K]
No ssignments i) Mark | week Due
1
Total Score 4>, Alaa) 15/150
10/ 100

Learning Assessment al2il) aj s

o o 581 Gl pa s} (6 gaal)ie sa | da ) ‘ﬁ‘l*’*“‘i‘- OJJ?‘
No Assessment Method Week Due Mark Fin;?‘:)srs;::n;n .

1 | Lab Exercises Weekly 20 13.4%

2 | Participation Weekly 10 6.7%

3 | Quizzes End of a topic 10 6.7%

4 | Mid-Term written exam Week 7 20 13.3%

5 | Final lab Exam Week 14 20 13.3%

6 | Final Exam (theoretical) Week 16 70 46.6%

Total gy\,&d\ 150 100.00%

Learning Resources il jilas

Required TextbooK(s) (¢4 & 25 ¥) A ) aa) sall

3. Todd D.K., 2005, Groundwater Hydrology, Wiley, USA.

4. Applied Hydrogeology by C. W. Fetter, Merrill (3ed) (1994)
References

5. Fetter, 1990, Applied Hydrogeology, CBS, India.
6. Groundwater Hydrology by Herman Bouwer (1978).
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7. Chow Maidmen Mays, 1998, Applied Hydrology, Mac Graw Hill, Usa.
8. Ll clianll AWl jae Zaals Adnlaill La ol s 5 0ell 1988 |8 Slee ap LN,
Electronic Materials and Web Sites etc. < 5 ad) ga 9 4 g <Y jalaal)
Journal of hydrology, Elsevier

Course Policies:

1 Class Attendance:

- Students are expected to attend classes regularly and promptly.
- The attendance should not be less than 80%.

- If the student has been absent, he is responsible for finding out any missed material by
consulting other students or going to the professor’s office hours.

2 Tardy:

- Attendance and arriving on time for the class are necessary. If the student is late, he will be
prevented from class.

3 Exam Attendance/Punctuality:

- According to the rules the student gets absent in the exam of the course.

4 Assignments & Projects:

- Papers survey or projects should be submitted by the time detriment by the professor.

Cheating:

- According to the rules, cheating is a serious offense and will always result in an imposition of a
penalty. The penalties that can be started from the range of canceling the result of the course to
canceling the student’s admission.

6 Plagiarism:

-Plagiarism is a serious offense and will always result in an imposition of a penalty. The penalties
that can be started by making a zero mark for the work.

7 Other policies:

-The student should by a commitment by the rules inside class and university. Therefore, he is
expected to show respect for his classmate, instructors &others.

Prepared by Head of Department Quality Assurance Unit  Dean of the Faculty Dean of the Development
Dr. AlKhateeb Assoc.Prof. Adel Assoc.Prof. Bassim & Quality Assurance Center
Alkebsi Al-Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem Mohammed Abas



