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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 clectrical wire-line,
the bubbler tube and a newly developed electronic apparatus, the
ultrasonic well sounder. The students were organized into teams
of 4 or 5 and sent out to measure the depth to groundwater in two different
wells for each proup. The wells were production and observatinn wells
located on the BRRI campus. Each student measured Water Levels in two
wells by two different methods. The field problem then cencluded with a

mea~.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 wellis for 7
hours. Then the well was shut in and recovery of the Wy, L. in the monitor
wells was monitored for four hours. The well discharge was measured by

two methods - a cutthroat fiume in the delivery ditch and an end-cap

orifice meter on a pipe.



The following day the data were analyzed by the students to determine

the aquifer constants.the transmissivity, and storage coefficient.

1l April. 5 hours. Pump Efficiencv Test.

A pump efficiency test was pertormed 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. [nput 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 earlicr 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 aud pumping
began at 9:30 2t 100 gpm. After one hour the W.L. was measured and the
flow rate increased by 100 gpm. The process continued until 4 data points
in the test had been obtained at 4 different pumping rates. From the
data the well charactcristics and the well efficiency were determined

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

t4-16 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 tubewellswas 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
drilling ri;;. 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 theAﬁQ#L‘F; river.

22 April. 4 hours. Visic to' Drilling Site.." -~ - ‘}MLX //ﬂz

~

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 invitation given to stavy to lunch. Regretably the press of the

class schedule prevented accepPiing the gracious lunch invitation.
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MATERIALS DISTRIBUTED TO COURSE PARTICIPANTS
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"Groundwater Hyvdrology" by David K. Todd, 2nd Ed.,John Wiley & Sons

"Improving Well and Pump Efficiency” by Otto J. llelweg,
Verne H. Scott and Joseph C. Scalmanini; NWWA

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

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

Other Books and Reports:
"Pumps and Water Ljfters for Irrigation” Handbook No. 3 by
Richard C. Criffin, G. H., Hargreaves, G.Z. Watters, R.K. Stuttler

and L., Salazar.

"Well Drilling Manual" by Speedstiar division of Koehr‘ng Company

"Application of Borchole Geophysics to Water-Resources Investigations"

by W. Scott Keys and L. M. Mac Cary, U.S. Geological Survey.

"Crop Water Requirements for Bangladesh" by Ceorpe H. Hargreaves
“nd Zohrab A. Samanti.

"7 rigation Water Distribution Systems for Tubewells and Low-L17t
Puaps in Bangladesh'" by Dan Jenkins, USATD.

"Croundwater Irrigation in Banpladesh: Development at the Crossroads"

by Sadiqual 1. Bhuiyan.

"Economic and Technical Operation of Deep Tubeweclls in Bangladesh" by
Sam H. Johnsen, IIT1 BARC.

"Tubewell Project, North Bangladesh, Vol. 2, Groundwater' by
Sir M. dMalcolm Machonald & Partners Ltd.
Papers and Brochures:

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

"Interpretation of Electric logs 1n Fresh Water Wells in
Unconsolidated Formations'" by R. P. Alyer, Schlumburger Corporation.
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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 cours: involved

a) Too many example problems.
b) A good mixture of lecture and problems. (]12)

c¢) Not enough example problems. (5)

The course had

a) Too much calculator instruction. (1)
b) 4 good balance between calculator and other work. (13)

¢) Too little calculator instruction. (3)

The course included

a) Too much field work.

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

¢) 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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The quality of the guest lectures was

a) Excellent. (1)
b) Good. (14)
c) Poor. (2)

The course was

a) Stimulating professionally. (2)
b) Helpful professionally. (14)

c) Not of much use professionally. (1)

The quality of instruction was

a) Excellent. (4)
b) Good. (13)
c) Poor.

Suggest toplcs that should he added to the course.

Solve more G.W. Problems in the classroom (5)
More Field Problems (4)

More Calculator Programming (1)

More Groundwater Modeling (1)

More Well/pump Efficiency (1)

More Well Design/Develnpment (1)

More Water Budget Details (1)

More Salt Water Intrusiou Details (1)

More G.W. Recharge Calculations (I
Soil-Water-Plant Topics (1)

No more Topics Needed (1)

More Groundwater Management (1)

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)

3

Please suggest ways to improve the course.

Make course longer to allow time for

follow-up and more applications (6)

Course should be more oriented to field work (6)
Course should be more practically oriented (5)
More in-country guest lecturers (2)

Invite guest lecturers with field experience (2)
Ilmprove the guest lectures (1)

Course should be more theoretical (1)

More help needed from instructors (1)

Solve more Bangladesh

example problems (1)

More field trips to -
Groundwater Problem areas (1)
Improve management and
Coordinatdon (1)

Shorten the course (1)

Improve the acccmmodations (1)

Have quizes partway thru course
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SUGGESTIONS FOR COURSE IMPROVEMENT

Schedule:

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 avea.
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:
"1. Release 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 o; 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 W. L. contocur maps and charge
maps as a class exercise,

6. Give demonstrations of resistivity tests and downhole well

legging. This could not be done this time because the

equipment was never released by customs.
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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 t. get the problem
solviny practice that they needed.

Prior Ccrmittment to the full work schedule:

The jarticipants 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 thé 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 satisfaoztory to marginal.

All the participants made substantial progress in learning to

effectively use their HP 15C cal:zulators.
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Crosed Book Groundwater Investigations
Part I of Final Examination
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.



Cotosed Baok

Which drilling techniques would be best to use in Bangladesh for
a 500 ft. deep test hole? Why?

List three purposes of the "drilling mud" used in rotarv drilling.

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

True or false.
a) Neutron logs measure porositv.
b) Density logs measure grain size.

c) Caliper logs measure well depth.



(),.J_-\ Bolk

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

I1. Calculate the open area (in sq. inches and 7) 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.



Of' e Book

13.

14,

For questions 10 and 11, calculate the maximum transmitting capacity
at the maximum recommended velocity.

Calculate the Ryznar Stability Index for the following water:

a) TDS = 1250 mg/1 Fe = 0.05 mg/1
Ca = 25 mg/l pH = 7.1
Mg = 15 mg/l ‘ SOa= 15C mg/1
Na = 40 mg/l Alkalinity = 150 mg/1

59
Hardnedg = 50 mg/1

b) What type(s) of material would be appropriate for a well
screen in this water?

c¢) 1Is the water corrésive, encrusting, both, or benign? Why?
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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.

1) Casing Diameter
2) Slot and/or gravel pack size
3) Length of screen

For the data of problem 15.

a) Calculate T for each interval
1) 80 to 100 f¢t.
2) 100 to 130 ft.
3) 130 to 150 ft.

Nota: To design a well means to select.

4)
5)
6)

b)

Depth of screen placement
Diameter of borehole

Diameter of screen

Estimate theoretical maximum
specific capacity for

1) Well 15a - screened interval

2) Well 15ﬁb~ screened interval
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17.

18,

19.

20'

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.

Explain what 1s meant by GIGO.

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

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

) A vertical boundary.
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Groundwater Investigation

O'n¢n Book
Part I1 of Final Exam.
l. A pumping test is done in an unconfined, fully penetrating aquifer
by pumping for 70 days from a production well at 3 m®/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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A confined aquifer 30 m. thick is 100 m. below the ground.

Poro
of w

a)

b)

c)

Data

Ion

Ca
Mg
Na
K
HCO5

SO4

ct
NO,

a)

b)

d)

sity = 35%. Barometric efficiency is 40%. Compressibity
ater is 20,000 kg/cnf. Specific gravity of Mercury=13.6

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?

What is the storage coeficient of the aquifer?

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

from a Water sample chemical test:

mg/1 Conversion
Factor
50 0.050
125 0.082
830 0.044
40 0.026
270 0.016
260 0.021
1,390 0.028
50 0.016

Is the sample analysis complete?

What is the % sodium?

Is the water suitable for irrigation?

What is the likely source of the G.W.?
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A confined aquifer 30 m. thick is 100 m. below the ground.
Porosity = 35%. Barometric efficiency i1s 40%. Compressibity
of water 1s 20,000 kg/co?. Specific gravity of Mercury=13.6

a) 1If 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?

Data from a Water sample chemical test:

Ion mg/1 Conversion
L ' Factor
Ca 50 0.050
Mg 125 0.082
Na 830 0.044
K 40 0.026
HCO5 270 0.016
SO4 260 0.021
cq 1,390 0.028
NO4 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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log drawdown

log time

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 semiconfined ("leaky") aquifers, what 1s the advantage of the
Hantush inflection-point analysis over the Hantush-Cooper type-curve

analysis?

V

/1
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7. On the Groundwater contour map below, identify the following:

' : r
a) Gaining stream c¢) Rechapge area
b) Losing stream d) Pumping center
100

Surface
ﬁf/ Streams

q0

A
60

-

(O

Contour Interval
is 10 f¢t.

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

"Anrso tropie Agvifer ’,

9. Define -meximum—poremyiat=—uid?
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10. What are the methods of artificial recharge commonly used in
groundwater management? Mark with a’ Zy those which are
appropriate for use in Bangladesh.

11. Describe the metaods 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.



Closced Beok

13. Describe how the direction of movement of Pollution can be
predicted. '

l4. What is meant by a "groundwater standard"'?

15 On our visit to the drilling site youn saw some bamboo ''centralizers".

Describe what those centralizers yereto be used for?

16. On the yisit to Comilla we visited a well whose cischarge visibly
surged or  fluctuated. What was wrong with the well? How did
we digguose the problém. What should be done about 1t?



Cresed Book

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?

Al



Closed Book

20. Describe the steps you should go through to prepare (write) a
program for your calculator.

21. During the course you heard 8 guest lecturers from Bangladesh.
Name three of them.

22. Describe what is meant by "maximum perennial yield",
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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 HIWs;

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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