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A C KN 0 W L E D G E M E N T
 

During a planning visit to Bangladesh during the period 14-21
 

the officials most helpful in the Bangladesh Agricultural
February 1985, 


Research Council (BARC) in arranging for the course included Dr. E. Ahsan,
 

Chairman (Acting) at BARC and Dr. K. A. Haq, Member-Director of Agri­

cultural Engineering. In addition Dr. Haq as Head Agricultural Engin­

eering -t the Bangladesh Rice Research Institute (BRRI) was very helpful
 

in day to day coordination and smooth operation of the course.
 

Under the direction of Dr. David Daugherty, IADS Project Supervisor,
 

the IADS support: unit gave indispensibl help in duplicating course
 

material when the textbooks were late being released, in providing
 

transportation and travel assistance and in mak.ing arrangeme.:ts for
 

general activities such as field trips. Those especially helpful were
 

Dr. Carlos Garces, Agricultural Engineering, Dr. Roger Lazaro, IWM
 

Specialist and Mr. N. A. Akhand, PSO, BARC.
 

At BRRI the shop helped with the field work by making and installing
 

flow measurement equipment. Mr. A. Sattar, SSD, BRRI, who was also a
 

course participant, provided much help in the field work through his
 

knowledge of the well locations and groundwater conditions at BRRI.
 

Mr. Billah, Training Specialist, BRRI provided local assistance with
 

course facilities.
 

The efforts of the hostel staff to make the accomodations as
 

pleasant as possible is appreciated.
 

Finally the instructors aze indebtedi to the participants, without 

whose enthusiasm and dedication the course would not have succeeded. 

May their calculators always give the right answers! 

Calvin G. Clyde
 

Course Director
 



During the negotiation of the agreement between DARC and Utah
 
SState Univesity the course objectives were outlined. It was Agreed
 

that the course should accomplish the following: 

Be technically well founded in theory and practice of ground
 

water investigations,
 

Have a strong component of practical problem solving,
 

Enhance the professiohal competence of participants in field work,
 

Be intellectually challenging, and
 

Give the participant some new skills in the use of a modrn 

programable calculator. 

To reach the objectives, the course was arranged to include the
 

following parts:
 

{.pening ceremonies,
 

Lectures by the course instructors,
 

Problem solving instruction by the course instructors,
 

Training in the use and programming of the HP 15C calculator,
 

Demonstration of the use of the TRS-80 Microcomputer,
 

Guest lectures by local'Bangladesh experts, and others,
 

Field problems,
 

Field trips,
 

Reading assignmenti3 in the books, reports, papers, brochures,
 

Lecture notes, and product data given to the participantc,
 

Homework problems, on all parts of the course,
 

Course Evaluation Quebtionnaire,
 

Final Examination in two parts,
 

Presentation of diplomas and closing ceremonio r 

I 



SCREDULE 0? ?NSTRUCTI0? 

DJuring the first two weeks of the couroe, intcti.on Was dane 

< on 	 the following schedule, six days a week,$ 

Lecturs e8'to 9:30 a.m., 10to 110t0 m.m. and 2to 3:30 p.~t. 

,with a Ccmputation L~boratory session 4 to 5:30 p.,m. field work was 

done inthe mornings inplace of 'classwork as'needed to take adylntagis 

of the cooler part of the day,

I During the last two weeks, at the request of the participants, 

/ another schedule was followed with continuous instruction or computation
 

work 	 from 7:30, a.m. to 1:30 p.m. except for one tea time. 

Under the first schedule the day was broken into too many small 

parts. and some time was wasted, but the participants were more alert on 

the average. Under the second schedule the participant seemed quite t~Lred 

and 	inattentive by the and of the mornling8. 

A compromise schedule would seem to be best Ifthe course is 

- , 	 rupeated. Classroom lectures should be from $,to I with one tea break 

and than a problem 'solving, homework, tutoring session from 2030 p.m, 

to 4:30 p.m. with the instructors giving assistance isneeded to the4 

PArticipants. { 

http:intcti.on
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their
All instructors Assigned ho...rk problems related to 

Ins­parts of the,course and gave-examples of how to solve them. 

tructors also gave individual tutoi:nS as needed. 

H. P. 15 CALCULATOR PROGRAMS 

Developed for and Demonstrated to the Course Participants
 

Theis WIell Function by Infinite Series Approximation: 

Beginning, Interudiate and Advanced Programs 

This Well Functid by Integration of the Exponential 

Integral (for largo argument values) 

The Inverso Well Function Evaluation (using SOLVE) 

Pumping Test Analysis by the Jacob Straight Line Method with 

LGast Squares fit of tho line 

Evapotranspiration by the Hargreaves ET, Equation
 

any point due to N Walls (or Image Well Systemr)
Drawdown at 

Step Pumpin1 Teat Analysis Using the Hiller-Weber-AlSorit~lm 

Using SOLVE to Find the Flow Rate for A Givan Drawdown 

Transit time (seepage) between Production and Injection 
Wells 

Computation of Drawdown Curves in Confined Aquifer 

Pt .,,. 

'" 
'+ ++ " ' r ' ] 

:+' Cu+ 



GUEST LECTURES 

Given by Local Bangladesh Experts: 

"Geology and Geomorphology of Bangladesh" by Dr. Md. Anamul Huque,
Assoc. Prof. of Geology, University of Dhaka (I April).
 

"Irrigation Water Supply from Surface and Groundwater Sources
 
in Bangladeidi" by Dr. Shahjahan Kabir Chowdhury (2 April).
 

"Sources of Agricultural Production Growth in Water Sector"
 
by Dr. M. A. Hannan, BUET (3 April).
 

"Groundwater Development near Comilla" by Mahibubur Rahman, Deputy
 
Direc'tor, Agricultural Engineering, BARD, Comilla. Lecture
 
given at Comilla (15 April).
 

"History of Groundwater Investigation and Development in Bangladesh"
 
by M. A. Karin, BWDB (17 April).
 

"Utilization of Groundwater Resource in Bangladesh Agriculture"
 
by Dr. S. M. Arshad Ali, Bangladesh Agricultural University,
 
Mymensingh (paper presented by Dr."K. A. Haq, Member-Director,
 
BARC) (24 April).
 

"Procedures for Measurement and Collection of Hydrogeological
 
Data for Groundwater Investigations in Bangladesh" by Ghulam
 
Mowla, BWDB (25 April).
 

The Effect of Rainfall on Groundwater Recharge" by Dr. K. A.
 

Haq, Member-Director, BARG (27 April).
 

"Soils of Bangladesh" by Dr. Z. Karim, PSO, BARI (27 April).
 

"Groundwater Modeling" .by Dr. L. R. Khan, BAU (28 April).
 
(Failed to show up to give the lecture)
 

Given by George Hargreaves, Director of Research, International Irrigation
 
Center, Utah State University:
 

"Crop Water Requirements in Bangladesh" (6April at BRRI)
 

"Factors Affecting Yield of Crops" (14 April at BARD, Comilla)
 
z Yi
- "Optimizing Yield of, Crops" (15 April at BARD, Comilla).
 

/ iu* ... 
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FIELD PROBLEMS 

On nine days during the course, part or all the time was spent 

in the field working on practical problems. The dates, time spent 

and description of the activities are given below: 

4 April. 4 hours. Groundwater Mapping Data Collection. 

Five methods of measuring the depth to groundwater were demonstrated; 

the chalked tape, the plopper (or whistle), the electrical wire-line, 

the bubbler tube and a nowly developed electronic apparatus, the 

ultrasonic well sounder. The students were organized into teams
 

of 4 or 5 and sent out to meau;tre the depth to groundwater in two different 

wells for each group. The wells were production and observation wells 

located on the BRRI campus. Each student measured Water Levels in two 

wells by two different methods. The field problem then concluded with a 

meao,.cement of depth to water by the use of a Signal Enhancement Seismic 

Refraction apparatus.
 

9 April. 5 hours, plus periodic measurements continuing for 4 more hours. 
Aquifer Pumping Test. 

A constant discharge aquifer pump test was performed at a diesel 

driven production well. The well was shut in the preceeding evening to 

give the water level 12 hours to recover. The well was then pumped and 

water levels were measured at selected times in 6 monitor welis for 7 

hours. Then the well was shut in and recovery of the Wj, L. in the monitor 

wells was monitored for four hours. The well discharge was measured by 

cwo methods -. a cutthroat flume in the delivery ditch and an end-cap 

orifice meter on a pipe. 
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The following day the data were analyzed by the students to determine 

the aquifer constants .the transmissivity, and storage coefficient. 

11 April. 5 hours. Pump Efficiency Test. 

A pump efficiency test was performed on the same production well.
 

Flow rate was measured with the end cap orifice, Water level in the well 

was measured with a wire-line. Delivery pipe pressure was measured
 

with a stand-pipe. InpuLt Horsepower was assumed from the diesel engine 

specifications. Output horsepower was calculated from the data and the
 

efficiency of the pumping system was computed.
 

18 April. 2 hours. Groundwater Fluctuations.
 

The students were sent back to the same wells they had visited two 

wee':s earlier to measure the water levels in the wells. The water level 

changes over the two weeks were then determined.
 

21 April. 2 hours plus continuing periodic measurements for 4 more hours. 
Step Pumping Test. 

Flow rates were measured with an end-cap orifice and W.L. in the 

well by a wire-line. The well was shut in the night before and pumping 

began at 9:30 it 100 gpm. After one hour the Y.L. was measured and the 

flow rate increased by 100 gpm. The process continued until 4 data points 

in the tast had been obtained at 4 different pumping rates. From the 

data the well charactLristics and the well efficiency were determined 

by a new program written for the H. P. 15C calculator. 
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FIELD TRIPS
 

14-16 April. Three days. Comilla and Noakhali.
 

The first day the group traveled by bus to the Bangladesh Academy 

for Rural Development near Comilla. After getting into the comfortable 

accommodations the group visited the nearby Mainamati archeological 

site and then heard a lecture by George Hargreaves on "Factors Affecting 

Yield of Crops". The evening was free for a visit to town. The next 

day visits to nearby shallow and deep tubewelils was led by Mahibubur 

Rahman. Examples were seen of how farmers are lowering the STW pumps as 

the water levels recede. The DTW was observed to be pumping air and an 

instructive discussion dealing with remedial measures was led by Mr. 

Tim Decker. The group visited a site to see a hand operated cable tool 

drill ing rin. In the evening Mr. Rahman, gave a lecture on "Groundwater 

Development near Comilla" and Mr. Hargreaves lectured on "Optimizing 

Crop Yields". The third day the group visited the BRRI field station 

at Noakhali. There the Director, pointed out some of the problems of 

salt and saltwater intrusion in the area and gave the group a much appre­

ciated lunch. The group then returned to Comilla, stopping on the way 

to visit the new salt water control barrage across the /k'/. river. 

22 April. 4 hours. Visic to' Drilling Site. i " /, 

The class visited the site where a deep tubewell was being drilled
 

by a reverse. rotary drill rig. The drilling supervisor
 

explained the process and answered questions. Refreshments were served
 

and an inviat-:tion given to brav to lunch. Regretably the press of the
 

class schedule prevented accepting the gracious lunch invitation.
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MATERIALS DISTRIBUTED TO COURSE PARTICIPANTS 

Page 

Calculator: II.P.-15C and Owners Manual 293 

Textbooks: 

"Groundwater Hydrology" by David K. Todd, 2nd Ed.,John Wiley & Sons 535 

"Improving Well an6 Pump Efficiency" by Otto J. ielweg, 
Verne H1. Scott and Joseph C. Scalmanini; NWWA 

158 

"Groundwater Manual" by U.S. Bureau of Reclamation 480 

"Basic Groundwater Hydrology" by Ralph C. Heath, USGS WSP 2220 84 

Other Books and Reports: 

"Pumps and Water Lifters for Irrigation" Hlandbook No. 3 by 
Richard C. Griffin, G. H1. largreaves, G.Z. Watter;, R.K. Stuttler 
and L. Salazar. 

160 

"Well Drill ing Manual" by Speedstar division of Kochr ng Company 75 

"Application of Borehole Geophysics to Water-Resources Investigations" 
by W. Scot Keys and L. M. Mac Cary, U.S. Gleological Survey. 

126 

"(rop Water Requirements for 
lndZohrab A. Samani. 

Banglade ;h'' by Ceorge I. largreaves 27 

" rrigat ion Water Dl-;tr ibut ill Sy,'stems for 'fubewul1, 
Ptmps in Bangl adesh" by Dan Jlenk ins, USAID. 

nnd Low:-Li ft 62 

"Groundwater Irrigation 
by Sadiqual I. Bhuiyan. 

in Bangladesoh: Develolpment at the Crossroads" 32 

"Economic and Technical Operation of Deep Tubewel Is 
Sam H1. Johnson, III BARC. 

in Bangladesh" by 89 

"Tubewell Project, North Bangladesh, Vol. 2, Groundwater" by 
Sir M. Malcolm VaaDonald & Partners Ltd. 

89 

Papers and Brochures: 

"Review of Leaky Apresion Aquifer Test Evaluation Methods" by 
William C. Walter, Vol. 17, No. 3, GrJIUNDWATER. 

14 

"Interpretat ion of Electric l,g.; In Fresh Water Well; In 
Uncon ol id t,(l Formations" by R. P. Alger, ScitIlumburge" 

• Not \,e tre1ea sed from cusrtoms on 4/28/H1. 

Corporation. 

24 
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"Modern Design Techniques for' Efficient High Copacity Irrigation 
Wells" by,J. W. Reinke and D. L. Kill, ASAt. 

"Measurement of Water Flow through Pipe orifice with free 

Discharge" by Layne & Bowler, Inc. 

"Wellb'brilling and Completion" 

Rotary Sampling Techniques" by H. R. Barliff, Alsay Corp. 

"PVC Pressure Pipe, 4 in-12 in, for Water" AWWA Ltd. 

"How to Drill an Irrigation Well" by Irrigation Age. 

"Johnson Drillers Journal" May-June 1979 

23 

28 

40 

21 

18 

Misc. Sales Literature and Product Data. 

Lectu.re Notes on Borehole Ceophysics and Surface Geophysics 

Lecture Illustrations on Groundwater Fluctuations. 

Homework Problems and Examinations. 

Miscellaneous Data sheets and Field problems Data 

Lecture Notes on Coochemistry and Soils 

IS 

46 

28 

12 

14 

2,500 

A, r + " 

V + i.i+ + 

.. . . V 
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4. 
4-, LIST or PARTIC..PANTS 

Course on "Groundwater Investigations" held atBRRI, Joydebpur, 1-28 April 1985 

Discipline I InstitutionNameName (Specialty) I (Employer) 

. Mr.Md. Azharul Islam Civil, Engineer BWDB 

BADC
4Mr. Aktar Hossain Khan Agril. Engr. 

3 Mr. Md . Abdus Sattar Agril. Engg. BRRI, 

'.r. Md. Abul Kalam Azad Mc.Engr. AD
 

BWDB Thakurgaon
5 Mr. Ahmed Hossain Shah Agril. Engg. 

.'-r .Md. A. Quddus B.Sc. Engg (Civil) BWDB 

mr. Abu Sa1eh Mohd Agril. Engg. SRI (BSFIC)
 

Amanullah
 

'1r Fariduddin Ahmed Geologist, BWDB
 

1) Mr>. Md. Harunur Rashid Agril. Engg. BARI 

.Agril.
I0 Mr. Jahangir Alam Engg. BARI 

1144.1I Mr. Md. Matiur Rahman Mech. Engr. BADC 

BAU
12 Mr. Md. Mizanur.Rahman ~. Agril. Engg., 

114 Mr . Md. Majibar Rahman B ,Sc. Agril, h..ngg. BAU 

4.4I Mr. Md. .Mahfuzar Rahman B.Sc. Agril. Engg. .B.DG C 


I Mr. Md . Nurul Islam Agril. Engg. ' BRRI
 

~.Mr.Md. Shirazul Islam Agril. Engg. 'BARI
 
.~.7 
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Summary of Responses by 17 Participants
 

COURSE EVALUATION
 

[Circle the statement that most nearly express your opinion on each question]
 

For the time available for the course
 

a) Too much material was covered. (10)
 

b) Material covered was about right. (7)
 

c) Too little material was covered.
 

The course was
 

a) Too theoretical. (10)
 

b) A good balance between theory and practicality. (7)
 

c) Not theoretical enough.
 

The cours2 involved
 

a) Too many example problems.
 

b) A good mixture of lecture and problems. (12)
 

c) Not enough example problems. (5)
 

4. The course had
 

a) Too much calculator instruction. (I)
 

b) A good balance between calculator and other work. (13)
 

c) Too little calculator instruction. (3)
 

The course included
 

a) Too much field work.
 

b) A good balance between classroom and field work. (7)
 

c) Too little field work. (10)
 

The trip to Comilla and Noakhali was
 

a) Very worthwhile.
 

b) Some what worthwhile. (8)
 

c) A waste of time. (9)
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7. The quality of the guest lectures was
 

a) Excellent. (1)
 

b) Good. (14)
 

c) Poor. (2)
 

8. The course was
 

a) Stimulating professionally. (2)
 

b) Helpful professionally. (14)
 

c) Not of much use professionally. (1)
 

9. The quality of instruction was
 

a) Excellent. (4)
 

b) Good. (13)
 

c) Poor.
 

the course.
i0. Suggest topics that should be added to 


Solve more G.W. Problems in the classroom (5) More G.W. Recharge Calculations (I
 

More Field Problems (4) Soil-Water-Plant Topics (1)
 

No more Topics Needed (1)
More Calculator Progranuning (1) 

More Groundwater Management (1)
More Groundwater Modeling (1) 


More Well/pump Efficiency (1)
 

More Well Design/Deve1lnpnent (1)
 

More Water Budget Details (1)
 
More Salt Water Intrusiou Details (1)
 

i. Suggest topics that should dropped from the course.
 

No Topics should be dropped (1)
 

Micro-Computer topics (1)
 
Land-Drainage (1)
 
Remote Sensing (1)
 
Leave out theory not adaptable to Bangladesh (1)
 

12. Please suggest ways to improve the course.
 

Make course longer to allow time for Solve more Bangladesh
 

follow-up and more applications (6) example problems (1)
 

Course should be more oriented to field work (6) More field trips to
 

Course should be more practically oriented (5) Groundwater Problem areas (1)
 

More in-country guest lecturers (2) Improve management and
 

Invite guest lecturers with field experience (2) Coordinat-ln (1)
 

Improve the guest lectures (1) Shorten the course (1)
 

Course should be more theoretical (1) Improve the accommodations (1)
 

More help needed from instructors (1) Have quizes partway thru course
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SUGGESTIONS FOR COURSE IMPROVEMENT
 

Schedu le:
 

Follow the revised schedule suggested in an earlier section.
 

Facilities:
 

Find a better classroom that can be darkened to show slides.
 

Field Trips:
 

Cut the trip to Comilla to two days and don't try to visit the
 

salt water area.
 

Field Work:
 

Increase the field problems by the time saved on field Trips.
 

The instrumentation and facilitates for the pumping tests should be
 

improved as follows:
 

I. 	1eleaso water some distance away from the wells during the
 

pumping test by laying temporary piping.
 

2. 	Improve the measurement of flow rate.
 

3. 	Install one or two automatic recorders on observation wells
 

for give fast response in the early parts of the tests.
 

4. 	Do the pump efficiency testing or an electric driven well
 

so wire-to-water efficiency can be determined.
 

5. 	Obtain in advance good maps of the BRRI/BARI area with all wells
 

located and ground surface elevations given at each well. This
 

will allow the construction of V. L. contour maps and charge
 

maps as a class exercise.
 

6. 	Give demonstrations of resistivity tests and downhole well
 

logging. This could not be done this time because the
 

equipment was never released by customs.
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Homewo rk 

Doing the homework assignments should be mandatory as should 

attendance at the problem solving sessions. The voluntary homework 

procedure used this time did not force the students rt get the problem 

solvinw practice that they needed. 

Prior Cc:,imittment to the full work schedule:
 

The iarticipanLs should come to the course mentally prepared for
 

and committed to the idea of spending long, intense days working at the
 

course. 

Course Materials:
 

Books, materials and equipment needed for the course should not
 

be shipped but should be brought over by the course instructor as
 

luggage. 
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EVALUATION OF PARTICIPANTS
 

The performance of the participants was evaluated by giving
 

six hours of examinations the last two days. The exam. questions
 

are given in the appendix.
 

Participant No. 9 did excellent work in the course and scored
 

significantly higher thaan anyone else.
 

Participants 1, 3, 4, and 13 did very well.
 

Participants 12, 11, 14, 15, 17, 2 and 16 did good work.
 

The other participants ranged from satisfactory to marginal.
 

All the participants made substantial progress in learning to
 

effectively use their HP 15C calzulators.
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APPENDIX
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INSTRUCTORS
 

Dr. Calvin G. Clyde
 
Professor of Ci-il Engineering
 
Utah Water Research Laboratory
 
Utah State University 82
 
Logan, Utah 84322
 

Mr. Tim Decker
 
Consulting Hydrogeologist
 
62331 Verde Road
 
Montrose, Colorado 81401
 

Mr. John Logan
 
Consulting Hydrogeologist
 
P.O. Box 2096
 
Carmel, California 93921
 



Name:
 

Groundwater Investigations
 

Part I of Final Fxamination
 

1. 	 Briefly define and give examples of:
 

a) Primary porosity:
 

b) 	Secondary porosity:
 

2. 	 List two categories of aquifers and give examples of how and
 
where each might occur in Bangladesh.
 

3. Define "piezometric surface" and tell what controls the elevation
 
of the piezometric surface.
 

4. Name the two general categories of drilling techniques and give
 
two example methods in each category.
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5. Which drilling techniques would be best to use in Bangladesh for
 
a 500 ft. deep test hole? Why?
 

6. 	 List three purposes of the "drilling mud" used in rotary drilling.
 

7. 	 Name four of the most useful geophysical bore hole logs for
 
water wells in Bangladesh.
 

8. 	 True or false.
 

a) Neutron logs measure porosity.
 

b) Density logs measure grain size.
 

c) Caliper logs measure well depth.
 

<V
 



9. What is the practical minimum borehole and casing diameters for
 

test hole drilling and sampling?
 

10. 	 Calculate the open area (in sq. inches and %) for a 12 inch diamter
 

slotted pipe with slots that are 1/6 inch by 4 inches and 20 slots
 
per foot with a total slotted length of 20 ft.
 

11. 	 Calculate the open area (in sq. inches and %) for a wire wrapped
 

screen with slot size = 0.0625 inches and a wire width = 0.090 inches
 
and a total length of 20 ft.
 

12. 	 What is accepted as the maximum entrance velocity thru slots? Give
 
three reasons for your answer.
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13. 	 For questions 10 and 11, calculate the maximum transmitting capacity
 

at the maximum recommended velocity.
 

14. 	 Calculate the Ryznar Stability Index for the following water:
 

a) 	TDS = 1250 mg/i Fe = 0.05 mg/i
 

Ca = 25 mg/I pH = 7.1
 

Mg = 15 mg/l s4= 150 mg/i
 

Na = 40 mg/i Alkalinity = 150 mg/i
 

HardneA = 50 mg/1
 

b) 	What type(s) of material would be appropriate for a well
 

screen in this water?
 

c) 	Is the wai-er corrosive, encrusting, both, or benign? Why?
 



15. Given the attached grain size distribution curves and other data:
 

a) Design a 225 gpm well, 100 ft. deep.
 

b) Design a 900 gpm well, 150 ft deep.
 

,otc: To design a well means to select.
 

1) Casing Diameter 4) Depth of screen placement
 

2) Slot and/or gravel pack size 5) Diameter of borehole
 

3) Length of screen 6) Diameter of screen
 

16 For the data of problem 15.
 

a) Calculate T for each interval b) Estimate theoretical maximum
 

specific capacity for
1) 80 to 100 ft. 


1) Well 15a - screened interval
2) 100 to 130 ft. 


2) Well 15P - screened interval
3) 130 to 150 ft. 


I 
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17. 	 a) List four reasons for incrustation of a well screen and
 
describes appropriate treatment methods.
 

b) 	Name four effective methods of development (or redevelopment)
 
to increase yields.
 

18. 	 Explain what is meant by GIGO.
 

19. 	 Even though well design is a complex art and skill, what does the
 
"Decker Rule-of-Thumb, KISS, mean?
 

20. 	 a) Describe how to find a horizontel boundary by a surface
 
resistivity test.
 

b) 	A vertical boundary.
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Groundwater Investigation 

Part II of Final Exam. 

A pumping test is done in an unconfined, fully penetrating aquifer 

by pumping for 70 days from a production well at 3 m3/min. while 

recording the drawdown in an observation well 80 m. from the produc­

tion well. The data is plotted below. Find T, Sa, Sy and thickness M. 
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2. 	 A confined aquifer 30 m. thick is 100 m. below the ground.
 
Porosity = 35%. Barometric efficiency is 40%. Compressibity
 
of water is 20,000 kg/cn. Specific gravity of Mercury=13.6
 

a) If the barometric pressure goes from 753 mm to 746 mm of
 
Mercury, how much and in what direction would the water
 
level in a well move?
 

b) What is the storage coeficient of the aquifer?
 

c) What part of the storage is due to water expansion and what
 
due to aquifer compression?
 

3. 	 Data from a Water sample chemical test:
 

Ion mg/l Conversion
 

Factor
 

Ca 50 0.050
 
Mg 125 0.082
 
Na 830 0.044
 

K 40 0.026
 

HC0 270 0.016
3 


SO4 260 0.021
 

C1 1,390 0.028
 

NO3 50 0.016
 

a) 	 Is the sample analysis complete?
 

b) What is the % sodium?
 

c) Is the water suitable for irrigation?
 

d) What is the likely source of the G.W.?
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2. A confined aquifer 30 m. thick is 100 m. below the ground.
 
Porosity = 35%. Barometric efficiency is 40%. Compressibity
 
of water is 20,000 kg/cn . Specific gravity of Mercury=13.6
 

a) If the barometric pressure goes from 753 mm to 746 mm of
 
Mercury, how much and in what direction would the water
 
level in a well move?
 

b) What is the storage coeficient of the aquifer?
 

c) What part of the storage is due to water expansion and what
 
due to aquifer compression?
 

3. Data from a Water sample chemical test:
 

Ion mg/l Conversion
 
Factor
 

Ca 50 0.05'0
 
Mg 125 0.082
 
Na 830 0.04'4
 
K 40 0.026
 
HC0 3 270 0.016
 

SO4 260 0.021
 

C1 1,390 0.028
 
NO3 50 0.016
 

a) Is the sample analysis complete?
 

b) What is the % sodium?
 

c) Is the water suitable for irrigation?
 

d) What is the likely source of the G.W.?
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a) 	 In the sketch above, what hydrologic condition is indicated by
 

each of the curves in the absence of disturbing effects?
 

A 

B 

C 

b) 	Identify two possible effects that might disturb or modify the
 

type curves shown in the sketch:
 

5. 	What is meant by "twt"? 

6. 	 For semiconfincd ("leaky") aquifers, what is the advantage of the
 

Hantush inflection-point analysis over the Hantush-Cooper type-curve
 

analysis?
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7. 	On the Groundwater contour map below, identify the following:
 

a) Gaining stream c) Recha~ge area
 

b) Losing stream d) Pumping center
 

Sur face 

100
 
SStreams
 

40
 

Inera
Contour 


8. Define specific (or intrinsic) permeability. What are its units?
 

"A 1 0 t. AuicroC 

9. 	 Define +- l J ? 
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10. 	 What are the methoas of artificial recharge commonly used in
 

groundwater management? Mark with a V1 those which are
 
appropriate for use in Bangladesh.
 

11. Describe the met.iods for managing (controlling) seawater intrusion 

in a coastal aquifer. Which methods can be used in Bangladesh? 

12. List 10 causes of fluctuations in groundwater level. 
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13. Describe how the direction of movement of Pollution can be 
predicted. 

14. 	 What is meant by a "groundwater standard"?
 

15." 	 On our visit to the drilling site you saw some bamboo "centralizers".
 
Describe what those centralizers were'to be used for?
 

16. 	 On the yislt to Comilla we visited a well whose cischarge visibly
 
surged or fluctuated. What was wrong with the well? How did
 
we dicgnose the problem. What should be done about it?
 

/
 



17. 	 On the visit to Noakhali we learned that 
 to 30 	ft.)

usually pump salty water. Deeper wells 
( as 900 ft.)
 
have been good.
 

a) 	What quality water would likely be produced by a very deep well
( > 2000ft.) Why? 

b) 
What is the source of the shallow salty groundwater?
 

18. 	 What three different kinds of pumping tests did the class perform

in the field? 
What was learned from each different test?
 

19. 
 Explain what is meant by "salt balance" of an irrigated area?
 



20. Describe the steps you should go through to prepare (write) a
 

program for your calculator.
 

21. During the course you heard 8 quest lecturers from Bangladesh. 

Name three of them. 

22. Describe what is meant by "maximum perennial yield". 



23. Major alternates of water development in Bangladesh include:
 

a) 	Restrict ground-water pumping to a depth of about 6 m. to
 

protect existing STWs and HTWs;
 

b) 	Encourage deeper pumping in order to use the maximum amount
 

of recharge;
 

c) 	Delay a decision on (a) or (b) until additional surface-water
 

supplies can become available in boro season.
 

Which one do you favor? Why? If you have a better alternate,
 

describe it.
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