
CET397 
GROUND WATER 

HYDROLOGY 

Category L T P Credit 
Year of 

Introduction 

VAC 3 1 0 4 2019 

Preamble: The general objective of this course is to expose the students to the fundamental concepts of 
groundwater hydrology and its engineering applications. The course aim to impart the knowledge on the 
hydraulics of subsurface fluid flow, characteristics of porous media, well flow near aquifer boundaries, 
surface investigation of ground water, quality of ground water, artificial recharge and ground water flow 
modeling. 

Pre-requisite: NIL 

Course outcome  

After the course, the student will be able to: 

CO1 
Understand the occurrence and movement of ground water through porous media and 
apply Darcy’s law to simple ground water flow problems 

CO2 Determine the aquifer parameters using different methods 

CO3 
Estimate drawdown in wells due to the effect of aquifer boundaries and thickness of 
aquifers 

CO4 Estimate sea water intrusion length and fresh water discharge into the sea 

CO5 Perform numerical modeling of ground water system 
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PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO1 3 3 1 

CO2 3 3 1 

CO3 3 2 1 

CO4 3 3 1 

CO5 3 3 1 
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Assessment pattern 

Bloom’s 
Category 

Continuous Assessment Tests  
End Semester Examination 

(Marks) 
Test 1 

(Marks) 
Test 2 

(Marks) 
Remember 5 5 15 
Understand 10 10 15 
Apply 20 20 40 
Analyze 15 15 30 
Evaluate    

Create    
 

Continuous Internal Evaluation Pattern: 

Attendance :  10 marks 

Continuous Assessment Test (2 numbers) : 25 marks  

Assignment/Quiz/Course project :  15 marks 

Total  : 50 marks 
 

End semester examination pattern – There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each 
question. Students should answer all questions. Part B contains 2 questions from each 
module of which student should answer any one. Each question can have maximum 2 sub-
divisions and carry 14 marks. 

 
Course Code: CET 397 

Ground Water Hydrology 
(Course plan) 

Module Topic 
Course 

outcome 
addressed 

No of 
Hours 

                                                                  Module I  (10 Hours) 

1.1 
Vertical distribution of ground water-Types of geologic 
formations 

CO1 1 

1.2 
Properties of aquifer related to storage and transmissivity of 
water 

CO1 1 

1.3 Darcy’s law, Steady unidirectional flow  CO1 1 
1.4 Steady flow in a homogenous aquifer CO1 1 
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1.5 Problems from unidirectional flow CO1 2 

1.6 Aquifer with recharge CO1 1 

1.7 Flow into infiltration galleries CO1 1 

1.8 Problems CO1 2 

Module II  (8 Hours) 

2.1 
Partial differential equation governing unsteady ground water 
flow 

CO2 1 

2.2 Unsteady radial flow towards well CO2 1 
2.3 Evaluation of aquifer parameters- Theis method  

 

CO2 1 
2.4 Evaluation of aquifer parameters- Jacob’s method CO2 1 
2.5 Evaluation of aquifer parameters- Chow’s method CO2 1 
2.6 Problems- Evaluation of aquifer parameters CO2 3 

Module III  (11 Hours) 
3.1 Well flow near aquifer boundaries CO3 1 
3.2  Image well system CO3 1 
3.3 Method of images –particular cases CO3 1 
3.4 Problems from method of images CO3 2 
3.5 Surface investigation of ground water CO3 1 
3.6 Electrical resistivity method   CO3 1 
3.7 Seismic refraction method CO3 1 
3.8 Determination of aquifer thickness of horizontal aquifers CO3 1 
3.9 Problems- resistivity method, seismic refraction CO3 2 

Module IV (9 Hours) 
4.1 Quality of ground water –Graphical representations CO4 1 
4.2 Pollution of ground water-sources CO4 1 
4.3 Distribution and evaluation of ground water pollution CO4 1 
4.4 Sea water intrusion-Ghyben-Herzberg equation CO4 1 
4.5 Sea water-fresh water interface CO4 1 
4.6 Length of intrusion CO4 1 
4.7 Upconing , Sea water intrusion- preventive measures CO4 1 
4.8 Problems- Sea water intrusion CO4 2 

Module V (7 Hours) 
5.1 Artificial recharge of ground water- different techniques CO5 1 
5.2 Modelling of ground water flow CO5 1 

5.3 
Governing equations of ground water flow and boundary 
conditions 

CO5 1 

5.4 
Solution of partial differential equation of ground water flow for 
1D steady ground water flow in homogenous aquifer using finite 
difference method 

CO5 4 
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CET 397: Ground Water Hydrology 
 Syllabus 

 

Module  I 

Vertical distribution of groundwater- Types of geologic formations, Properties of aquifer related 
to storage and transmissivity of water, Darcy’s law, Steady unidirectional flow- steady flow in a 
homogenous aquifer- aquifer with recharge- flow into infiltration galleries. (Problems from 
unidirectional flow)  
 
Module II 

Partial differential equation governing unsteady groundwater flow- unsteady radial flow towards 
well. Evaluation of aquifer parameters by Theis, Jacob’s and Chow’s method. (Problems from 
evaluation of aquifer parameters) 
 
 
Module III 

Well flow near aquifer boundaries- Image well system. Method of images- Practical cases 
(Problems from method of images). Surface investigation of ground water- different methods- 
electrical resistivity method, seismic refraction method- determination of aquifer thickness of 
horizontal aquifers (Problems from resistivity method, seismic refraction)  
 
Module IV 

Quality of ground water- Graphical representations. Pollution of ground water- sources, 
distribution and evaluation of ground water pollution (Brief description only). Sea water 
intrusion- Ghyben-Herzberg equation, sea water-fresh water interface, length of intrusion, 
upconing, preventive measures.( Problems from sea water intrusion)   
 
Module V 

Artificial recharge of ground water-different techniques. Modelling of ground water flow-
governing equations of ground water flow and boundary conditions (basic ideas only), solution 
of partial differential equation of ground water flow for 1D steady ground water flow in 
homogenous aquifers (confined and unconfined) using finite difference method (uniform mesh 
interval only) 
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Text Books: 
 

1. D.K. Todd, “Ground Water Hydrology”, Wiley International Ed; Toppan &Company 
Ltd, Tokyo, 1995.  

2. H.M. Raghunath, “Groundwater”, New Age International Publishers, New Delhi, 2007. 
3. A.K. Rastogi, “Numerical Ground Water Hydrology”, Penram International Publishers, 

Mumbai 
 

References: 
 

1. Karanth, “Ground Water Assessment, Development and Management” Tata McGraw 
Hill publishing company Ltd. 

2. “Ground Water Manual”, A Water Resources Technical Publication. 
3. S.P Garg, “Ground Water and tube wells”, Oxford &IBH Publishing Company. 
4. Punmia  B.C.  Ashok  K  Jain,  Arun  K  Jain,  B.  B.  L  Pande, “ Irrigation  and  Water 

Power  
Engineering”, Laxmi Publications (P) Ltd. 2009 

5. Herman Bouwer, “Ground Water Hydrology”, MC Graw Hill Kogakusha Ltd.  
6. H.M. Raghunath, “Ground Water Hydrology”, Wiley Eastern Limited. 
7. Neven Kresic, “Hydrogeology and Ground Water modeling”, CRC press, 

Taylor&Francis group, 2007. 
8. Freeze and Cherry, “Ground Water”, Prentice Hall 
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Course Code: CET 397 

Ground Water Hydrology 
(Course Level Assessment Questions) 

Qn 
No 

Question Marks 

Course 
outcome 

(CO) 
Assessed 

 Part A 

(Answer ALL Questions) 

  

1 Explain different properties of aquifer 3 CO1 

2 What is an infiltration gallery? Explain with figure. 3 CO1 

3 
Briefly explain Theis method of estimation of aquifer 
parameters 

3 CO2 

4 
What are the assumptions in the derivation of partial 
differential equation of unsteady radial flow towards 
wells? 

3 CO2 

5 
Find the number of image wells and locate the image 
wells when the aquifer is delimited by two converging 
recharge boundaries at right angles. 

3 CO3 

6 
What are the applications of electrical resistivity 
method? 

3 CO3 

7 What are the different sources of pollution of ground 
water? Explain briefly  

3 CO4 

8 Explain upconing with neat sketch 3 CO4 

9 
Write the equations for the second order head gradient 
of an aquifer using central, forward and backward 
difference schemes 

3 CO5 

10 
Write the governing equations of groundwater flow 
and boundary conditions 

3 CO5 

 
Part B 

(Answer ANY ONE FULL question from each 
module) 

  

 Module I   

11(a) Explain different types of aquifer with neat sketches 7 CO1 

11(b) In a field test, time of 6 hour was required for a tracer to 7 CO1 
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travel between two observation wells 42 m apart. If the 
difference in water-table elevations in these wells were 
0.85 m and the porosity of the aquifer is 20%, calculate 
the coefficient of permeability of the aquifer.    

12(a) State Darcy’s law and its limitations  4 CO1 

12(b) 
Sketch a typical infiltration gallery. Derive the equation 
for discharge per unit length of the infiltration gallery 
and phreatic surface by making suitable assumptions. 

10 CO1 

 Module II   

13(a) 
Derive partial differential equation for unsteady ground 
water flow  

10 CO2 

13(b) 

A well of 30 cm diameter is located in a confined aquifer 
of transmissibility 500m2/day and storage coefficient of 
0.005. What pumping rate will have to be adopted if the 
drawdown at the well is not to exceed 10 m in 2 days. 

4 CO2 

14(a) 

The time drawdown data recorded at an observation well 
situated at a distance of 50 m from the pumping well is 
given below. 
Time (min) Drawdown (m) 
1.5 0.15 
3 0.6 
4.4 1 
6 1.4 
10 2.4 
20 3.7 
40 5.1 
100 6.9 

If the well discharge is 1.8 m3/min, calculate the 
transmissibility and storage coefficient of the aquifer 
using modified Theis method. 

9 CO2 

14(b) 
Describe the method for the estimation of aquifer 
parameters by Chow’s method. 

5 CO2 

 Module III   

15 (a) 
Describe the seismic refraction method for 
groundwater investigation with a neat sketch. 

7 CO3 

15(b) 
An aquifer is delineated by two converging barrier 
boundaries, the angle of wedge being 450.Compute the 
number of image wells associated with the wedge shaped 

7 CO3 
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boundary system and mark them neatly in a sketch.  

16 (a) 

In a seismic refraction survey for locating an aquifer, 
slopes of 1.66 x 10-3 and 0.000625 s/m were noted from 
the time-distance plots. If the cross-over distance is 20.76 
m, compute the depth to the aquifer, the critical shot-
geophone distance, and the correct angle of incidence for 
the refraction along the interface. 

5 CO3 

16 (b)  

A 30cm well is pumped at the rate of 1000 lpm. The 
transmissibility of the aquifer is 0.015m2/s. If the well is 
located at a distance of 120m from a stream, what should 
be the drawdown 

(i) In the pumping well 

(ii) In an observation well 100m away from the pumping 
well on the side opposite to the stream 

(iii) In an observation well 85m away from the pumping 
well, on a line parallel to the stream. 

9 CO3 

 Module IV   

17(a) 
Derive the relationship between length of interface 
and freshwater discharge in a confined aquifer. 

8 CO4 

17(b) Explain different water quality plots with neat sketches 6 CO4 

18(a) 
Describe the preventive measures to control saltwater 
intrusion into coastal aquifers with neat sketches. 

7 CO4 

18(b) 

By conductivity measurements in a well in a coastal 
aquifer extending 4 km along the shore, the interface was 
located at a depth of 20 m below m.s.l. at 100 m from the 
shore, inland. The depth of the homogenous aquifer is 30 
m below m.s.l. and has a permeability of 50 m/day. What 
is the rate of fresh water flow into the sea and the width 
of gap at the shore bottom through which it escapes into 
the sea? What is the position of the toe of the saltwater 
wedge? Use Glover’s method. 

7 CO4 

 Module V   

19 (a) 
Explain different techniques of artificial recharge of 
ground water with neat sketches. 

8 CO5 

19 (b) 
Find the numerical value of the third and fourth order 
aquifer head gradient by the forward, backward and 

6 CO5 
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central difference method assuming uniform head 
distribution in a confined aquifer between two wells 
located 4 Km apart with piezometric levels of 100 m and 
102 m respectively. Take these two wells as the extreme 
nodes. 

20 (a) 

One dimensional steady state flow is happening in a 
confined aquifer with transmissivity T. The aquifer is 
bounded by an impervious boundary to the left and a 
constant head boundary to the right. Ground water 
flows into the aquifer due to a constant recharge Q 
through an aquitard. Assuming Q=0.0005m/day, T= 
500 m/day, thickness of aquifer b=100m, length of 
aquifer L= 5 Km, Constant head of right boundary 
H=100 m, find the head at different nodes using central 
difference scheme.(Take discretization interval   as 
1250 m) 

10 CO5 

20 (b) Write any  six applications of ground water models. 4 CO5 
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Model Question Paper 
 

Pages: 3 
 

Reg No.:…………………..         QP 
CODE:……………….. 
 
Name:……………………………………… 
 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  
FIFTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

 
Course Code: CET 397 

 
Ground Water Hydrology 

Max. Marks: 100                 Duration: 3 
hours 
 

Part A 

(Answer all questions; each question carries 3 marks) 

1. Explain different properties of aquifer 

2. What is an infiltration gallery? Explain with figure. 

3. Briefly explain Theis method of estimation of aquifer parameters 

4. What are the assumptions in the derivation of partial differential equation of 
unsteady radial flow towards wells? 

5. Find the number of image wells and locate the image wells when the aquifer is 
delimited by two converging recharge boundaries at right angles. 

6. What are the applications of electrical resistivity method? 

7. What are the different sources of pollution of ground water? Explain briefly 

8. Explain upconing with neat sketch 

9. Write the equations for the second order head gradient of an aquifer using central, 
forward and backward difference schemes 

10. Write the governing equations of groundwater flow and boundary conditions 

 

 

 

CIVIL ENGINEERING



 

Part B 

(Answer one full question from each module, each question carries 14 marks) 

Module  I 

11 (a)   Explain different types of aquifer with neat sketches                             (7 Marks) 
 
     (b) In a field test, time of 6 hour was required for a tracer to travel between two observation 

wells 42 m apart. If the difference in water-table elevations in these wells were 0.85 m 
and the porosity of the aquifer is 20%, calculate the coefficient of permeability of the 
aquifer.                                     (7  Marks) 

OR 

12.(a) State Darcy’s law and its limitations         
                                           (4 Marks) 
     (b) Sketch a typical infiltration gallery. Derive the equation for discharge per unit length of 

the infiltration gallery and phreatic surface by making suitable assumptions. 
                                                                               (10 Marks)  

Module II 

13(a)  Derive partial differential equation for unsteady ground water flow    
                                   (10 Marks) 

(b)  A well of 30 cm diameter is located in a confined aquifer of transmissibility 500m2/day 
and storage coefficient of 0.005. What pumping rate will have to be adopted if the drawdown 
at  the well is not to exceed 10 m in 2 days.             (4 Marks)  

OR 

14.(a) The time drawdown data recorded at an observation well situated at a distance of 50 m        
from the pumping well is given below. 

Time (min) Drawdown (m) 
1.5 0.15 
3 0.6 

4.4 1 
6 1.4 
10 2.4 
20 3.7 
40 5.1 
100 6.9 

If the well discharge is 1.8 m3/min, calculate the transmissibility and storage           
coefficient of the aquifer using modified Theis method.           (9 Marks) 
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     (b) Describe the method for the estimation of aquifer parameters by Chow’s method.  

        (5 Marks) 
   

Module III 

 15. (a) Describe the seismic refraction method for groundwater investigation with a neat 
sketch.                                     (7 Marks) 

        (b) An aquifer is delineated by two converging barrier boundaries, the angle of wedge being 
450.Compute the number of image wells associated with the wedge shaped boundary 
system and mark them neatly in a sketch.                                   (7 Marks) 

OR 

16. (a) In a seismic refraction survey for locating an aquifer, slopes of 1.66 x 10-3 and 0.000625 
s/m were noted from the time-distance plots. If the cross-over distance is       20.76 m, 
compute the depth to the aquifer, the critical shot-geophone distance, and the correct 
angle of incidence for the refraction along the interface.       

                                                    (5 Marks)          

(b) A 30cm well is pumped at the rate of 1000 lpm. The transmissibility of the aquifer is    
0.015m2/s. If the well is located at a distance of 120m from a stream, what should be the 
drawdown 

(i) In the pumping well 

(ii) In an observation well 100m away from the pumping well on the side opposite to the 
stream 

(iii) In an observation well 85m away from the pumping well, on a line parallel to the 
stream.                  (9 Marks)                                                                           

Module IV 

17 (a) Derive the relationship between length of interface and freshwater discharge in a 
confined aquifer.                            (8 Marks) 

     (b) Explain different water quality plots with neat sketches .                               (6 Marks) 

OR 

18 (a) Describe the preventive measures to control saltwater intrusion into coastal aquifers 
with neat sketches.                                       (7 Marks) 
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     (b) By conductivity measurements in a well in a coastal aquifer extending 4 km along the 
shore, the interface was located at a depth of 20 m below m.s.l. at 100 m from the shore, 
inland. The depth of the homogenous aquifer is 30 m below m.s.l. and has a permeability 
of 50 m/day. What is the rate of fresh water flow into the sea and the width of gap at the 
shore bottom through which it escapes into the sea? What is the position of the toe of the 
saltwater wedge? Use Glover’s method.                                (7 Marks) 

Module V 

19 (a) Explain different techniques of artificial recharge of ground water with neat sketches.        
                         (8 Marks) 

     (b) Find the numerical value of the third and fourth order aquifer head gradient by the 
forward, backward and central difference method assuming uniform head distribution in a 
confined aquifer between two wells located 4 Km apart with piezometric levels of 100 m 
and 102 m respectively. Take these two wells as the extreme nodes.    
                        (6 Marks) 

OR 

20.(a)   One dimensional steady state flow is happening in a confined aquifer with 
transmissivity T. The aquifer is bounded by an impervious boundary to the left and a 
constant head boundary to the right. Ground water flows into the aquifer due to a 
constant recharge Q through an aquitard. Assuming Q=0.0005m/day, T= 500 m/day, 
thickness of aquifer b=100m, length of aquifer L= 5 Km, Constant head of right 
boundary H=100 m, find the head at different nodes using central difference 
scheme.(Take discretization interval   as 1250 m)               (10 Marks) 

 
     (b)   Write any six applications of ground water models.                             (4 Marks) 
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