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Course Specification of: Hydrogeochemist

General information about the course _iall (e dalal) cila ghall

Sal) auul .
1 C’(f:e :"itle Hydrogeochemistry
Aad g ) el 3a
2 Course Code and Number 46452 GEOS464
Credit Hours saalzal) cile L) sy
3 Jotall Baainall cilelud) &) _palaa L—,-‘AQ el i A TO'[;il‘
: Credit Hours Lecture | Practical | Seminar/Tutorial | Training
2 1 0 0 3
il oA Juadll g (g gial) st
A4 Study Level and Semester Fourth/ 1" semester
5 (29 O LA Aa L) cldhaialf PEN104, GEOS335
) Pre-requisites (if any)
P (@i Of) Aabaal) cillial) None
’ Co-requisites (if any)
JM‘MWJ%’@‘B‘ QLAUJQS‘ ;
-7 Program (s) in which the course is offered Geosciences
8 s Al o) 4sd English/Arabic
: Language of teaching the course
A Al allas
9 Stud; Sy:tem Semesters/ regular
Sal & lSa -
.10 Locatiof]"?te“a’:ﬁng"’the Course Petroleum and Natural Resources Building
Sall Clial e avl . . .
11 s :remf:d(g i Dr. Ahmed Saif Al-Mikhlafi
Date of Approval

Course Description sl cia
4 Yl ) )k G Appnle ) R Caa
Hydrogeochemistry course is a multidisciplinary | &gt addieg £ Hita ale sbiall sliaS g 04
course uses the chemistry tools to investigate the | <iblead)y daylall sliall S 5 4wl pdl sliasl)
natural waters and the processes that alter their | .ASwh (e sty 48 qalal Al 48
composition. Basic principles of hydrogeochemistry | st s dauladd) 5 oabiall [ Ral) 13 ey
are introduced and then used to describe the main| sl ciagl addiud Wgu Ay ol
controls on the chemistry of pristine and polluted soil, | s &slall LAl sl asai Al Aoyl
surface, and ground water environments. The course | 13 sball 4dgall g Lahaad) cilindly (ddglal)
covers quality of waters, chemical equilibria of | gie iy oball £) gl Aoy aghy G Ral)
solutions, including speciation,  solubility, sorption, @SN Jady i g cJallaall Alaasl) &3 gil)
complexation, acid and bases, carbonate chemistry, | aleal) (Bdiaal) LS jall (aliaial) (il )
ion exchange, and redox; thermodynamics and Kinetics | (sl Jdll  «lig sl sl )il
of reactions; water-rock reactions, reaction progress | s 4 sl Waalial) ol 8 Jady LaS (J) AN
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indicators; the chemistry — of  groundwater | skl G cBlell) ikl (cdleldl 48 a
contaminants, and geochemical speciation modeling. LA 5 9 4d gal) slsall il glall pliasS ¢ ) giuall g
Course Intended Learning Outcomes (CILOS) siall all cila j3a
After completing the course, the student will be able to: 10 S 1B QulUal) () 5K gy el Al 3 (pa LYY 2ay
al. | Describe intheir own words the laws of the O 8 Aualdl) A8y ey iy | - a1
the rmodynamics, acids and bases, oxidation . . " .
and redu)(/:tion, groundwate r contaminants oakaal) ¢ ATUUAJ ‘ LS”’“L‘*AS‘
Ui gla o) AN 5 BamsY) a6l g
Gl 5 AT pludil g 4d gall olsall
Al
a2. | Knowledge of water chemistry, controlson || J=S)jis pH 2 lasaiall coloall sloaS iy | — a2
pH, cation and anion concentrations. slall b alipal g ol st
bl. | Synthesize water quality data, and how to || a/adieuls L udy g olaall doe 58 (e @liln aaa | —D1
interpret any laboratory results by using the Ao pedal) claa )
proper software package.
b2. | Describe ofthe natural geochemical cycles of || coa¥) g (A jualiall dmpdal) 3 50]) huas | - b2
elements at the surface of the Earth, as well gl e Ao Aludy) laLail) il 13
as the effects of human activities upon these
cycles.
cl. | Employ practical field and lab experience in |[ sl clis aea 2 dlerall g 418al) 43 3 CiB g -cl
sampling groundwate r and measurement for || Js<aall sbuall dxilass gl (al sad) (e g 48 52
a credible geochemical data acquisition. Adlaas @l alily e
c2. | Demonstrate experience and confidence in || s slall S Jalad 185 0 488 95 pad) eday | - 2
performing quantitative analysis: || dusuls g ilaiy cdabiiad J glas ccillua Jos AlSLE
calculations, spreadsheet analyses, and .phreeqc Jie 4u gula el aladiuly
mathematical geochemical models using
PHREEQC and spreadsheets.
dl. | Developing skill inexpressing oneself orally || busid ¢ aa Jualail) 8 45813 &) g podk | - dl
or in writing Ll
d2. | Developing specific skills, competencies, and || 4iwa i dga 5 Sadan Clualuaidly @l g jobas | - d2
points of view needed by professionals in the s (8 S (¢ gaibad¥) Lgaliag LAY
field most closely related to this course.

:@UJ#@M\QQJ&A@JJM\PMQQJ&L«MJA

Alignment of CILOs (Course Intended Learning Outcomes) to PILOs (Program Intended Learning Outcomes)

SR (e 53 geal alail) iy A

(Course Intended Learning Outcomes)

bl (e 83 gpualall alzdl) Cila jiea
(Program Intended Learning Outcomes)

al | Describe in their own words the laws of the

thermodynamics, acids and bases, oxidation and

Al | Express knowledge and understanding

of geological-specific theories,

Prepared by
Assoc.Prof. Adel Al-
Matary

Quality Assurance Unit
Assoc.Prof. Adel Al-Matary

Dean of the Faculty
Assoc.Prof. Bassim
AlKhirbash

Dean of the Development
& Quality Assurance Center
Assoc.Prof. Huda Al-Emad

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



Republic of Yemen

Ministry of Higher Education & Scientific

Research

Sana‘'a University
Faculty of Petroleum & Natural Resources

el
alad) dial) g dlall alasl) 315
glai adad A
Laplal) 3 ) gall g J g ial) AulS

reduction, and radiogenic and stable isotopes
within the context of water chemistry.

paradigms, concepts and principles, n
addition to general literature and basic
science.

points of view needed by professionals in the field
most closely related to this course.

a2 | Knowledge of water chemistry, controls on pH, A2 | Explain  fundamental  geological
cation and anion concentrations. principless  and concepts in
theoretical, practical and vocational
situations and the possibility of
applying them.
bl | Synthesize water quality data, and how to B1| Integrate  synthesized  geological
interpret any laboratory results by using the data on a range of spatial and
proper software package. temporal scales to allow for
scientific interpretations.
b2 | Understanding of the natural geochemical cycles B3 | Compose geological information
of elements at the surface of the Earth, as well as concisely and accurately using
the effects of human activities upon these cycles. written, visual, and verbal means
appropriate to the situation.
cl | Employ practical field and lab experience in sampling C2 | Apply new and established
groundwater and measurement for a credible technologies with efficiency to collect
geochemical data acquisition and interpret  geological  data,
recognizing their  strengths and
limitations.
c2 | Demonstrate experience and confidence in C5 | Administer various geological data,
performing quantitative analysis: calculations, integrate, scientifically interpret, and
spreadsheet analyses, and mathematical report them
geochemical models using PHREEQC and
spreadsheets.
dl | Dewveloping skill in expressing oneself orally orin | D3| Express general and impartial
writing. intellectual ~ characteristics  beyond
the specialization.
d2 | Developing specific skills, competencies, and D2 | Elucidate the necessary skills of

practicing responsible and personal
characteristics with discipline,
and ability in making decision.

aa o8l) g alail) g axail) cibia) iy alail) Cila j3a dag) ga

Alignment of CILOs to Teaching and Assessment Strategies

2 981 g alail) g asail) Ao aly (agdll g i jlaall) el alad il e dag) ga 2 gl
First: Alignment of Knowledge and Understanding CILOs

Knowledge and Understanding CILOs

w5 28 ) /Al s 2

alail) g audail) L] yin)

Teaching Strategies

2 3501 s Sl
Assessment Strategies

al -

Describe in their own words the

Interactive lecture

Quizzes

Assoc.Prof. Adel Al-
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laws of the thermodynamics, Discussion Examination
acids and bases, oxidation and Brain storming Reports
reduction, and radiogenic and Presentation

stable isotopes within the context
of water chemistry.

a2 - | Knowledge of water chemistry,
controls on pH, cation and anion
concentrations.

e 98 9 (o ) ) ey (A2 & jlgeall) [ Rall alad s e dag g Ll
Second: Alignment of Intellectual Skills CILOs

A M) &) jlgall /8l il i plail) g astel) Aol ) oo ) At i)
Intellectual Skills CILOs Teaching Strategies Assessment Strategies
b1 - | Synthesize water quality data, Interactive lecture Quizzes
and how to interpret any Discussion Examination
laboratory results by using the Brain storming Reports
proper software package. Presentation

b2 - | Understanding of the natural
geochemical cycles of elements
at the surface of the Earth, as
well as the effects of human
activities upon these cycles.

2 08 5 (i) A iy (Aaland] g Aigal) il lgeall)  jial) ales il jiie dag) g s EIG
Third: Alignment of Professional and Practical Skills CILOs

Llaal) g Ligal) i jlgal) /) Al il A alal) g aglail) Aol i) g8} Aot i)
Professional and Practical Skills CILOs Teaching Strategies Assessment Strategies
cl1- | Employ practical field and lab | Interactive lecture Quizzes
experience in sampling Discussion Examination
groundwa_ter and meaSl_Jrement Brain storming Reports
for a credible geochemical data | presentation Practical work
acquisition. Practical work

c2- | Demonstrate experience and | problem solving
confidence in performing
quantitative analysis:
calculations, spreadsheet
analyses, and mathematical
geochemical models using
PHREEQC and
spreadsheets.

2 9811 9 (1) i) by (Aalad il lgall)  jiall aba clay iia dag) ga slanl
Fourth: Alignment of Transferable (General) Skills CILOs
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Transferable (General) Skills CILOs Teaching Strategies Assessment Strategies
d1- | Developing skill in Discussion Quizzes
expressing oneself orally Cooperative learning Examination
or in writing Presentation Reports
d2- | Developing specific skills, | Problem solving
competencies, and points
of view needed by
professionals in the field
most closely related to this
course.
Course Content J_all (s gisa
Theoretical Aspect bl cuilal) cle gl ga
s s o o CE e
ap | gt e i i o [ |
Oren Topic List / Units Sub Topics List rof | SPEt aa
Weeks (CILOs)
- The scope of hydrogeoche misty
1. Relationship to other geologic and
. environmental disciplines
! Introduction 2. Definition of hydrogeochemistry ! 2 al, a2
- Measurement: units of concentrations;
molality, molarity, millequivalent...
- Atomic structure and bonding
- The structure of water molecules and
. . al,az,
9 Natural V_V_ater interaction among them 1 2 bl b2
Composition  |-Water as a solvent ol o2
-The behavior of solutes in water ’
- Dissolution of salts
-Specific conductance and total dissolved
solids
- lonic strength and total dissolved solids
. - . al,a2,
3 Wat_er - Graphical displays of water chemistry 1 2 b1 b2
Chemistry data cl’ CZ’
- Statistical treatment of water chemistry ’
Data
- Precipitation-dissolution of trace metals
Equilibrium |- Mass action and equilibrium constants al,az2,
4 Constant (Law |- Thermodynamics and chemical 2 4 b1,b2,
of Mass Action) | equilibrium cl, c2,
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- Mineral solubility and equilibrium
(saturation)

- Relationship between concentration
and activity

- Complexation and solubility

- Speciation and chemical equilibrium

- The kinetics of geochemical processes

di

Chemical
5 Thermodynam-
ics and Kinetics

Principles of chemical thermodynamics
-Chemical potential and activity of solutions
The equilibrium constant: temperature and
pressure effects

Kinetics vs. thermodynamics

Rates, mechanisms, and elementary
reactions

al,a2,
2 4 bl,b2,
cl, c2

Carbonate
Chemistry

- Chemical weathering of minerals and Rocks
-Water-rock interactions

-Dissolved carbon dioxide and pH control

- Alkalinity, Hardness and Corrosivity

- Carbonate Minerals and Water Chemistry
-Groundwater Chemistry in Carbonate rocks

- Congruent silicate mineral dissolution
-Incongruent dissolution and stability diagrams
- Silicate Weathering and Water Chemistry

al,a?,
2 4 bl,b2,
cl, c2

Electrochemical
7 Equilibria

- Oxidation-reduction reactions and the
electron activity in subsurface nvironments
- Kinetics of redox processes

- Thermodynamic description of redox
reactions and pE-pH diagrams

- Redox reactions of inorganic
contaminants: Arsenic and selenium, and
Chromium

- Redox conditions in natural waters

- Colloids, adsorption, and ion exchange
- Use of stable isotopes in hydrogeology

- Use of radioisotopes in hydrogeology

al,a2,

bl,b2,

2 cl, c2,
di

Surface
Chemistry and
Contaminant
Sorption
Reactions

- Solid-liquid interface characteristics
of soils and aquifer solids

- Kinetics of sorption reactions

- Inorganic and organic solute sorption
reactions

- Thermodynamic description of
sorption reactions

- Molecular adsorption models for metal

sorption modeling

- Contaminant sorption to mobile

al,a?,

b1,b2,

112 | ge
di
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colloids and facilitated transport.
- Hydrolysis of metal ions
- Natural and anthropogenic inorganic
Metal g
Complexation in and organic Ilgan_ds o al,a2,
9 - Metal ions and ligands: classification 1 2 b1,b2,
Aqgueous
i of metals cl, c2
Solutions : L _
- Chemical speciation in natural waters:
toxicity of heavy metals
- Transport processes: advection, diffusion,
Transport and dispersion al,a2,
10 mass transfer |- Mass transfer processes: adsorption, 1 2 bl,b2,
processes precipitation, radioactive decay, biodegradation, cl, c2,
inactivation di
Contaminant  f - Sampling the solution phase al.a
Reactions in Soil | - Inorganic complexation reactions bl b2,
11 Solution and | -Thermodynamic speciation modeling of 1 2 1o
Groundwaters inorganics (,jl !
-lon Exchange
Aladl) cilelud) 5 asbad) e
Number of Weeks /and Contact Hours Per Semester 14 28
Practical Aspect (if any) (a5 Of) Aand) e gua gal)
. - WA A + Al &A\-u\ﬂ KX ‘;:ng‘ Gila A Jsay
gl Sl a8 / o ladl) /aglaad) G plasil) Nomper of | il "
Order Practical / Exercises/ Tutorials topics Vel C:(r)nltjerlgt Course ILOs
al,az,
1 = Instrumentation in geochemical analyses 1 2 b1,b2, cl,
c2,dl
= Convert mass concentrations to units of molarity al,az,
2 and normality 1 2 b1,b2, c1,
c2,dl
al,a?,
3 = Groundwater sampling and analysis 1 2 bl,b2, cl,
c2,dl
= Composite quality Indicators Calculation: al,a2,
A - Electrical Conductivity (EC), Total Dissolved | 9 b1,b2, cl,
Solid (TDS), Total Hardiness (TH), Sodium c2,dl
Adsorption Ratio (SAR)
= Water quality data graphical interpretation: Create al,az,
5 ) _ - 2 4 b1,b2, c1,
graphical depictions of water chemistry and o dl
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interpret their significance.
- Stiff Diagram, circular diagram, Piper Diagram,
Schoeller diagram...
= Labanalyses of groundwater sample (visit to the al,az,
£ Sana’a Laboratory) 1 2 b1,b2, c1,
c2,dl
e Antiitg - al,az,

. =  Thermodynamics: activity, ionic strength, ionic ) 4 b1 b
coefficient from available water chemistry 1C 5 2('1:1’

= Solubility Equilibria: Calculate the Ksp, qualitative, al,az,

g prediction of precipitation (SI), the common ion 1 2 bl,b2, cl,
effect and solubility, pH and solubility, complex ion c2,dl
equilibria and solubility

= Hydrogeochemical applications using computer al,az,
programs: bl,b2, c1,

9 Calculation of Saturation Indices and other 2 4 c2,d1
parameters using PHREEQC program.

Student use Aquachem plot to represent the data.
Aladl) cilelud) g aba¥t Alas)
) el s gabad) (e 12 24

Number of Weeks /and Contact Hours Per Semester
Teaching Strategies alaill g axeil) ) )
= Interactive lecture
= Discussion
= Brain storming

Tasks and Assignments <i&<il) g Aa i)

[ ]
A et o | A0 ol | bl cla A
¢ sl [ i d e Em\ CILOs
No Assignments/ Tasks @956 | Mark | \week Due (ymbols)
L Individu througho
1 Attendance and Participation al 5 utg all
. . individu througho
2 Class activity & Problem solving al 5 utg all
[ ] Total Score 4a ) Jlea) |10 | | |
Learning Assessment alzil) auds
" bt o o " . - u"! KA.JAS‘ M it ‘ ‘:'L%Jsﬁ
No. Assessment Tasks Week due Mark | Proportion of
Final Assessment
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! Tasks and Assignments Throughout {10 6.66 cl, c2, d2
. al,a2, bl,b2,

2 Quizzes W4,wWs8 5 3.33 ¢l c2. d2
. . al,a2, bl,b2,

3 Midterm Exam (practical) wé (15) 10 o1 2. 42
. . al,a2, bl,b2,

Lab activity and Participation Throughout | (5) 3.33 ol ¢2. d2
. . al,a2, bl,b2,

4 Midterm Exam (theoretical) w7 15 10 o1 2. 42
(es) Sl A L al,a2, bl,b2,

6 Final Exam (practical) Wi (30) 20 cl, c2, d2
(oA Juall) Lgs Ll al,a2, bl,b2,

! Final Exam (theoretical) wie 70 46.66 cl, c2,d2

Total (way) 150 %100

Learning Resources akdll jilas
(ATl Sl s (S au) i) Ein oyl aul) APA A Gen anl ol G

Required Textbook(s) (s o8 235 Y) duwi ) gl sall
Clark, 1., 2015. Groundwater Geochemistry and Isotopes, CRC Press, Taylor & Francis Group,
New York.
Kehew, 2001. Applied chemical hydrogeology textbook.

Essential References saibwall aal sl
Holting, B., and Coldewey, W.G., 2019. Hydrogeology, Springer-Verlag GmbH Germany, part of
Springer Nature.
Langmuir, Aqueous Environmental Geochemistry. Prentice Hall. 1997 or other advanced
geochemistry textbook.
Appelo and Postma, Geochemistry, Groundwater, and Pollution, 2nd edition, by Appelo and Postma,

CRC Press.
Electronic Materials and WeDb Sites etc. <5 AT a8l sa g 459 ASNT el

Course Policies Jtal 4 dasall clubud) g Jayf gusal)

1 | Class Attendance Asadadl) Cldladl) ) puaa

- Attendance is compulsory at all scheduled lectures and practical sessions. A student should attend
not less than 75 % of total hours of the subject; otherwise he/she will not be able to take the exam
and will be considered as exam failure and will be required to retake the course again.

2 | Tardy Al ) guzaal)

- For late in attending the class, the student will be initially notified. If he repeated lateness in
attending class, he/she will be considered as absent.

3 | Exam Attendance/Punctuality Oladial) byl g
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- The student should attend the exam on time. He/she is allowed to attend the exam within half an
hour from the beginning of the exam, after that if late he/she will not be permitted to take the exam
and will be considered as absent.

4 | Assignments & Projects B ial) g Sl

- Student has to submit all the assignments/reports for checking on time, mostly one week after
given the assignment.

5 | Cheating sa)

- Any student caught cheating will be expelled from the exam hall, and referred to a disciplinary
council to apply the penalties as stipulated in the Student Affairs Regulations (SAR). Usually
student will be assigned a course grade of F (Fail), more actions will be applied subject to the case
in agreement with the SAR.

6 | Plagiarism Jaiy)

- Plagiarism means if you copy the work of another person and turn it in as your own, so plagiarism
is one of the worst academic sins.

- Academic integrity, with its embodied values, is seen as a foundation of Sana’a University. It is the
responsibility of all students to be familiar with behaviours and practices associated with academic
integrity. Instructors are required to provide students and faculty with information on plagiarism
and other forms of academic dishonesty, and has resources to help students succeed honestly. Such
behavior will lead to severe punishment liable to faculty/department evaluation.

7 | Other policies 6 A Slubw

- During class lectures, please make sure that all cell phones must be off or on silent and put away in
your pocket, or backpack or purse. They should not be visible during class. Audio and/or visual
recording devices including, but not limited to, computers, personal digital assistants (PDA’s),
iPods, tape recorders, and cameras are not permitted to be on-they should be turned off and put
away in your pocket, backpack or purse. Failure to comply with these policies will result in
exclusion from the class.

- Students are not allowed to carry a cell phone or any relevant material into the exam hall,
otherwise any such act will be treated as a cheating case, and disciplinary action will be taken
according to University rules as above.
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Course Plan (Syllabus): Hydrogeochemistry

Information about Faculty Member Responsible for the Course i) Liul ¢e cila glaa

N) . . . fy AxdiSall cile Lad!
. Dr.Ahmed Saif Al-Mikhlafi || (5%=) %540 =
Name Office Hours
gl a8 g Glsall , Gad) | ol | ol | sUSEAN | slaa,¥) | amadd)
Location &Telephone No. +967 777554655, Sana’a saT | sun | voN | TUE | weD THU
A ) ahmed.almikhlafi@ful brightmail
E-mail .0rg

General information about the course _iall (& dale cila gha

.1 JJ“\ ?M‘ -
Coree Title Hydrogeochemistry
dad g Ral)
2 SN FA)
Course Code and Number 464045 GEOS464
Credit Hours 8aalzal) e L) sy
3 Jotall Baaieall cle Ll &) _palaa Q,JAQ bt/ i Gy “TOtc;:llﬂ
Credit Hours Lecture | Practical | Seminar/Tutorial | Training
2 1 3
4 W\Jm Juadll g (5 ghusall st
Study Level and Semester Fourth Year/ 1°° semester
S Pre-requisites J_dall Akilual) cilullial) PEN104, GEOS335
.6 | co —requisite(<aag &) dalaall cldliall
K DA A (s ) gl ) Geosciences
Program (s) in which the course is offered
8 Al (i and English/ Arabic
Language of teaching the course
9 _JJ“M o Ol Petroleum and Natural Resources Building
Location of teaching the course

Course Description sl cia g
Introduction to the geochemistry of natural waters and the gl atdiy £ ila ale olial) sliag e
processes that alter their composition. Basic principles of [ <lblells daphll sball qusji dulal sl
hydrogeochemistry are introduced and then used to describe | 4% Atk Ga s 435S0 ualial () ABa3)
the main controls on the chemistry of pristine and polluted o ‘f °ﬁﬁjﬁj3ﬁ‘m ’i‘ﬂ:‘;‘:‘ "\:
soil, surface, and ground water environments. The course f:‘jj ‘3_'-,;“‘ ;’*.__J 3::3\ 24 g ;:is
covers quality of waters, chemical equilibria of solutions, aghy Gigu el 13 oluall 4dgally Akl
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including speciation, solubility, sorption, complexation, acid | Al &3 gl g gig oluall £ 68 Anaily
and bases, carbonate chemistry, ion exchange, and redox; | <4kl (gl Jady gdlly  (Jillaall

thermodynamics and Kkinetics of reactions; water-rock ‘mj":i;" “"ﬁl:;m © ) ‘::;Sﬂll “"4‘ ;j;
reactions, reaction progress indicators; the chemistry of o Las o) S8, 1 523) P el S elsass
q . q hemical C. cadeldll) A a9 Ay adl WSeallsall il 68
groundwater  contaminants, and geochemical = speciation [\ ¢ sy oLl o NSl . sy

modeling. M g A8 gal) sluall el glal)

Course Intended Learning Outcomes (CILOS) Jiall ahad Cia jia

After completing the course, the student will be able to: 10 A 1 B Ul (9% gy jRall A 3 (e £ LgAY) 2y
al. Describe in their own words the laws of the el u_,_,\ﬁ dialdld) 4;,3_,‘)}:_, hal .al
the rmodynamics, acids and bases, oxidation and L . .
reduction, groundwater contaminants ... sy cas) gill g palaal) ¢ Ayl jad)
ladil g 4 sl olsal) il gla ¢ ) 354N 4
LAl (e g A
a2. Knowledge of water chemistry, controls on pH, | <lisstsl) 581 g pH (4 claSatial) colual) sliasS o a3 a2
cation and anion concentrations. slall B clisd¥) g
bl. Synthesize water quality data, and how to e gl alaiady L yuudy g olaall A 5 (8 Cililn g b1
interpret any laboratory results by using the A gl
proper software package.
b2. Describe ofthe natural geochemical cycles of 1389 cpa ) s (A8 pualiall Aasdal) 35411 Ciuay b2
elements at the surface of the Earth, as well as the sl oda Ao Aluady) halidl) il
effects of human activities upon these cycles. S
c1. Employ practical field and lab experience in 4 g ol cilie pan (o dulenal) g 4ulBal) 4 i Cili g, 1
sampling groundwate r and measurement for a Cld alily Ao J paall slaall dnilasS gaall ) g1 (il g
credible geochemical data acquisition. Adlaas
c2. Demonstrate experience and confidence in Al Ao plall oS Julad 345 2 4X0) g 5 dd) jeday .2
pe rforming quantitative analysis: calculations, &) Al Ay gl el g Aabdat J glas il Jus
spreadsheet analyses, and mathe matical .phreeqc Jia &y suls
geochemical models using PHREEQC and
spreadsheets.
d1. Developing skill in expressing oneselforally or | .Lusadsbsde (AN aa Jaladl) 2 4503 &) g ysk . d1
in writing.
d2. Developing specific skills, competencies, and | &) Aliiuas J55 dga 5 Badaa Clalaidly ) g ok .2
points of view needed by professionals in the field Al OS¢ gaibad) Lgaliag
most closely related to this course.

Course Content __&all s giaa

Theoretical Aspect 4 kil cle gua gall i el

< gl p 3 el
i . luadll) cile g gall gd) | T
il [ R B EI PR g T"‘Opi’;"‘j o |
Units Due Con. H
1 | Introduction |- The scope of hydrogeochemisty: w1 2
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relationship to other geologic and environmental
disciplines; definition of hydrogeochemistry
- Measurement:
units of concentrations; molality, molarity,
millequivalent...
- Atomic structure and bonding
- The structure of water molecules and interaction
Natural Water among them
Composition  |-Water as a solvent
-The behavior of solutes in water
- Dissolution of salts
- Specific conductance and total dissolved solids
- lonic strength and total dissolved solids

W2 2

3 CYYQ/ r?;[igtrry - Graphical displays of water chemistry data W3 2
- Statistical treatment of water chemistry data
- Precipitation-dissolution of trace metals
- Mass action and equilibrium constants
—_ - Thermodynamics and chemical equilibrium
Equilibrium

- Mineral solubility and equilibrium (saturation)
- Relationship between concentration and activity W4 2
- Complexation and solubility

- Speciation and chemical equilibrium

- The kinetics of geochemical processes

L Principles of chemical thermodynamics

- Chemical potential and activity of solutions

Constant (Law
of Mass Action)

Chemical L The equilibrium constant: temperature and pressure W5 2
Thermodynam-
5 1. S effects
ics and Kinetics
L Kinetics vs. thermodynamics
. , W6 2
- Rates, mechanisms, and elementary reactions
- Chemical weathering of minerals and rocks
- Water-rock interactions
- Dissolved Carbon Dioxide and pH Control W7 2
- Alkalinity, Hardness and Corrosivity
6 Carbonate - Carbonate Minerals and Water Chemistry
Chemist - -
Y - Groundwater Chemistry in Carbonate Rocks
- Congruent Silicate Mineral Dissolution
. . - . W8 2
- Incongruent Dissolution and Stability Diagrams
- Silicate Weathering and Water Chemistry
7 | Midterm Exam All previous lectures W9 2
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- Oxidation-reduction reactions and the electron
activity in subsurface environments
- Kinetics of redox processes
- Thermodynamic description of redox reactions and W10 2
_ pE-pH diagrams
g | Electrochemical [ Redox reactions of inorganic contaminants: Arsenic
Equilibria and selenium, and Chromium
- Redox conditions in natural waters
-Colloids, adsorption, and ion exchange W11 D)
-Use of stable isotopes in hydrogeology
- Use of radioisotopes in hydrogeology
- Solid-liquid interface characteristics of soils and
Surface aquifgr solids . .
Chemistry and - Kinetics of sorption reactions _ _
) - Inorganic and organic solute sorption reactions
9 Contqmmant - Thermodynamic description of sorption reactions W12 2
Sorption . .
Reactions - MoIeCl_JIar adsorption models for metal sorption
modeling
- Contaminant sorption to mobile colloids and
facilitated transport.
- Hydrolysis of metal ions
Metal - Natural and anthropogenic inorganic and organic
10 Complexation in | ligands W13 2
Aqueous - Metal ions and ligands: classification of metals
Solutions - Chemical speciation in natural waters: toxicity of
heavy metals
Transport and | -Transport processes: advection, diffusion, dispersion
11 mass transfer - Mass transfer processes: adsorption, precipitation, W14 2
processes radioactive decay, biodegradation, inactivation
Contaminant - Sampling the solution phase
Reactions in Soil | - Inorganic complexation reactions
12 : : - . : , W15 2
Solution and -Thermodynamic speciation modeling of inorganics
Groundwaters | - lon Exchange
13 Final Exam = All previous lectures W16 2
Aladl) cilelud) 5 asbad) e 16 32
Number of Weeks /and Contact Hours Per Semester
Practical / Training/ Tutorials/ Exercises Aspects (Aax) cilal) cile giaga 3,45 4dad
& Gl / algaal) [ aad) Cile gua ga £ sl Alai) cie L)
Order Practical/ Tutorials/ Exercises Aspects Week Due Cont. H
1 = Instrumentation in geochemical analyses w1 2
2 = Convert mass concentrations to units of molarity and W2 2
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normality. ..
3 = Groundwater sampling and analysis W3 2
= Composite quality Indicators Calculation:
4 - Electrical Conductivity (EC), Total Dissolved Solid (TDS), w4 2

Total Hardiness (TH), Sodium Adsorption Ratio (SAR)
=  Water quality graphical representations: Create graphical
5 depictions of water chemistry and interpret their significance. W5 2

- Stiff Diagram, circular diagram, Schoeller diagram...
= Graphical representation: Piper Diagram and interpret its

6 - W6 2
significance.
7 =  Mid-Term Exam W7 2
» Lab analyses of groundwater sample (visit to the Sana’a
8 W8 2
Laboratory)
S = Thermodynamics: activity, ionic strength, ionic coefficient WO )

from available water chemistry
= Solubility Equilibria: Calculate the Ksp, qualitative, prediction
10 of precipitation (SlI), the common ion effect and solubility, pH W10 2
and solubility, complex ion equilibria and solubility

= Hydrogeochemical applications using computer programs:

11 Calculation of Saturation Indices using PHREEQC, W11&12 4
Aquachem...
12 | = Final Exam W13 2
Lladl) cle Lud) g o) Alaa 13 26
Number of Weeks /and Contact Hours Per Semester
Teaching Strategies aiaill 5 aleil) Claa) i)
- Interactive Lecture
- Discussion
- Brain Storming
- Presentation
Tasks and Assignments i<l 3 aly)
l |
o ) o) /ad<al) ERETERY :i‘ 3850 £ gaud
No Assignments (s 63 ) Mark | Week Due
Attendance and Participation Individual 5 | throughout
Class activity & Problem solving individual 5 | throughout
[ ] Total Score 4 A Alaa) | 10150 | |
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
M atary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem M ohammed Abas
15



Republic of Yemen woricis Al Ay ) ggandl
Ministry of Higher Education & Scientific 3 cealadl Gl g lall aideil) 350 5 g

Research -
. . . e adra A
Sana'a University £ >

Facultyof Petroleum & Natural Resources & Laapdal) 3)) gall g J g Auls

Learning Assessment alail) a g
| ]
e i we . -~ 0 " . ‘
f pudfl) sl (sl ga | Aasdh| Pol] 08
No Assessment Method Week Due Mark sesoment
TRy %]
Ny . Throughout
! Tasks and Assignments roughou 10 6.66
2 Quizzes w4,w8 5 3.33
3 Midterm Exam (practical) w6 (15) 10
4 Lab activity and Participation Throughout (5) 3.33
5 Midterm Exam (theoretical) w7 15 10
(les) Sl dlgd L) W14
° Final Exam (practical) (30) 20
(s o) Juadl) Ags La) Wi
! Final Exam (theoretical) 70 46.66
Total & saxall 150 100 %

Learning Resources akill jilas
(ATl Sl s (S au) i) Fin ol gl aul) APA A Cien anl ol G

Required Textbook(s) (s &8 3 Y) A ) aa) sal)
Clark, 1., 2015. Groundwater Geochemistry and Isotopes, CRC Press, Taylor & Francis Group,
New York.
Kehew, 2001. Applied chemical hydrogeology textbook.

Essential References daibuall aal sal)
Holting, B., and Coldewey, W.G., 2019. Hydrogeology, Springer-Verlag GmbH Germany, part of
Springer Nature.
Langmuir, Aqueous Environmental Geochemistry. Prentice Hall. 1997 or other advanced
geochemistry textbook.

Geochemistry, Groundwater, and Pollution, 2nd edition, by Appelo and Postma, CRC Press.
Electronic Materials and Web Sites etc. < Y1 a8 ga g 48 g AN jaladl)

Course Policies uiall (8 dagiall bl g o gual)

1 | Class Attendance Aradadl) Cllladl) jgudaa

- Attendance is compulsory at all scheduled lectures and practical sessions. A student should attend
not less than 75 % of total hours of the subject; otherwise he/she will not be able to take the exam
and will be considered as exam failure and will be required to retake the course again.

2 | Tardy Al gzaal)

- For late in attending the class, the student will be initially notified. If he repeated lateness in
attending class, he/she will be considered as absent.
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3 | Exam Attendance/Punctuality Olaia¥) by g

- The student should attend the exam on time. He/she is allowed to attend the exam within half an
hour from the beginning of the exam, after that if late he/she will not be permitted to take the exam
and will be considered as absent.

4 | Assignments & Projects B bial) g Silipadl)

- Student has to submit all the assignments/reports for checking on time, mostly one week after
given the assignment.

5 | Cheating &

- Any student caught cheating will be expelled from the exam hall, and referred to a disciplinary
council to apply the penalties as stipulated in the Student Affairs Regulations (SAR). Usually
student will be assigned a course grade of F (Fail), more actions will be applied subject to the case
in agreement with the SAR.

6 Plagiarism Juaidy)

- Plagiarism means if you copy the work of another person and turn it in as your own, so plagiarism
is one of the worst academic sins.

- Academic integrity, with its embodied values, is seen as a foundation of Sana’a University. It is the
responsibility of all students to be familiar with behaviours and practices associated with academic
integrity. Instructors are required to provide students and faculty with information on plagiarism
and other forms of academic dishonesty, and has resources to help students succeed honestly. Such
behavior will lead to severe punishment liable to faculty/department evaluation.

7 | Other policies s Al Slub

- During class lectures, please make sure that all cell phones must be off or on silent and put away in
your pocket, or backpack or purse. They should not be visible during class. Audio and/or visual
recording devices including, but not limited to, computers, personal digital assistants (PDA’s),
iPods, tape recorders, and cameras are not permitted to be on-they should be turned off and put
away in your pocket, backpack or purse. Failure to comply with these policies will result in
exclusion from the class.

- Students are not allowed to carry a cell phone or any relevant material into the exam hall,
otherwise any such act will be treated as a cheating case, and disciplinary action will be taken
according to University rules as above.
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