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Goal of Course:

To broaden the participant’'s knowledge of the témdininformation necessary to
construct a well that will meet technical specificas and supply sufficient good
guality water for many years to come.

Course Objectives:

After completion of this course the participantd Wwave gained:

0830-955 Introduction, knowing each other, fears Trainer
and expectation, methodology and
schedule

0955-1015 The hydrological cycle

1015-1030 Tea break

1030-1140 The hydrological cycle

1140-1230 Aquifers and ground water

1230-0130 Lunch and prayers

0130-0230 Aquifers and ground water

0230-0300 Tea break

0300-0350 Groundwater and wells

0350-0400 Wrap up session

*An awareness of The knowledge, expertise, and ,stegessary to construct a fully
functional reliable well.

*Knowledge of the different well construction tedumes, hand digging, percussion
method, rotary drilling.

A broader knowledge of the MRRD technical specifaas.

*Knowledge of supervising well construction

*Knowledge of the drilling log and its value.



Day -One

Time Topics Resour ce Person
0830-955 Introduction, Knowing each other, Fears | Trainer
and Expectation, Methodology and schedule
0955-1015 The hydrological cycle
1015-1030 Tea break
1030-1140 The hydrological cycle
1140-1230 Aquifers and ground water
1230-0130 Lunch and prayers
0130-0230 Aquifers and ground water
0230-0300 Tea break
0300-0350 Groundwater and wells
0350-0400 Wrap up session

Tea breaks for 30 minutes at 10.15am. and 2.30 punch and prayers at 1230-

0130




Day -Two

| Time | Topics | Resource Person |
0830-0915 Review of the previous session
Trainer
0915-0945 Filters
0945-1015 Tea break
1015-1045 Wells in Afghanistan
1045-1145 A hand dug well
1145-1205 Kareez
1205-1230
Percussion drilling
1230-0130 Lunch/prayers
0130-0230 Percussion drilling
0230-0245 Tea break
0245-0315 Percussion drilling
0315-03.50 Advantages and disadvantages of percussion
drilling
0350-0400 Wrap up session

Tea breaks for 30-15 minutest 10.15am.2.30 p.mchwamd prayers 1230-0130.



Day Three

Time Topics Resour ce Per son
0800-0900 Review Trainer
0900-1000 Visit well ring fabrication site and hand dug Site staff
well site
1000-1030 Tea break
DACAAR staff
1030-0100 Visit DACAAR Water and Sanitation support and
equipment storage yard.
View all the equipment and parts that are
used in well construction. Three hand pumps
and their parts, demonstration of assembling
and dismounting, Examine filters, casings
and individual parts.
0100-0200 Lunch and prayers
0200-0230 Review mornings visits
0230-0330 Tea break
0330-0350 Review hand pump assembling
0350-0400 Wrap up of session




Tea breaks for 30 minutes at 10.15am. and 2.30 punch and prayers at 1230-1.30



Day -Four

| Time | Topics | ResourcePerson |
Trainer
0830-0900 Review of the previous session
0900-0940 Site selection
0940-1020 Rotary drilling method
1020-1050 Tea break
1050-1120 Kareez and wells
1120-1230 Cone of depression and draw down
1230-0130 Lunch and prayers
0130-0250 Pumping test
0250-0305 Tea break
0305-0350 Site management and supervision
0350-0400 Wrap up session

Tea breaks for 30 minutes at 10.15am. and 2.30 punch and prayers at 1230-1.30.
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Day - Five

Time Topics Resour ce Person
0830-0900 Review of the previous session Trainers
0900-1230

Visit two percussion-drilling sites and a Construction site
rotary drilling site. managers and
Interview site workers and manager workers
Visit the Kareez outlet at the suburb of Trainers
Kareez
Lunch/prayers
1230-0130
Trainers
Visit The suburb of Dasabz where a rotary
0130-0230 drilled borehole supplies water to the district
or Charasah where a rotary drilled bore hole
supplies water to the suburb Dalamond | Trainer
0230-0300 Review the information collected during the
field trip
Tea break
0300-0400 Evaluation of the training Course and

Distribution of certificates

Tea breaks for 30 minutes at 10 am. and 0245 pumcl.and prayers at 0100-0200.
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Summary of Training Sessions

Day 1

Hydrological cycle
Aquifers and ground water
Groundwater and wells

Day 2

Wells in Afghanistan
A hand dug well

Percussion drilling

Advantages and disadvantage®afyssion drilling
Site selection

Day 3

Visit well ring fabrication site
Visit operating improved hand dugll
Field visit to DACAAR
Demonstration of mounting a pump and view three pgim
Naming all the parts, casing, rising mains etc
Viewing slush pump, apron moulds etc
Trouble shooting equipment

Day 4

Rotary drilling
Kareez
Cone of depression and draw down
Introduction to pumping tests
Management and supervision of well construction
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Day 5

Setting up the rig
Safety precautions
Drilling log

Field visit drilling sites inteliv contractor

Trouble shooting etc.

Day 1

Design and Timing

Training Events

Time Needed

Training
M ethodology

Supporting
Documentation

Opening session
Introduction, fears and
expectations, methodology,
schedule & objectives

1 hour 25 minutes

Brainstorming

Handout A & B

Hydrological cycle and
development of water resources

1 hour 30 minutes

Brainstorming
Presentation

Handout 1.1, 1.2
Annex P

Brainstorming
Presentation

Handout 1.3, 1.4, 1.5,

Aquifers and ground water. 1 haz2® minutes Group Work 1.6
Annex Q
Ground Water and wells . Brainstorming | Handout 2.1, 2.2
45 minutes :
Presentation Annex Q
, , Presentation
Wrap up session 10 minutes Group Work.

Total Time

5 hours 40minutes +1 hour for lunch and 30 mintdesea breaksg
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Day 1 Opening Session

Title: Opening Session
Objectives. After completion of this session the participants have:

» Filled out the attendance registration list andifgo

» Be more familiar with the course objectives anddtieer participants.
* Become aware of the trainers and each other’s needs

» Become familiar with what everyone expects by sgttules.

Time. 1hour25 Minutes

Method: Presentation plus brainstorming.
Materials: Handouts A, B, Golor cards, stationary.
Physical setting: Participants sitting in U shape.
Process:
* Welcoming the participants
* Trainers introduce themselves and give some simdormation about the
training.
» Distribute participants stationary (files, penstelmok, color cards and profile
list etc)
» Activity filling out color cards
» Game Fears and Expectations
» Setting ground rules using brain storming method.
« Brief explanation of course objectives and schedule

14



Day 1 Opening Session
Opening Session
A participant is invited to recite verses of thelyHiioran

Introduction: Game for everyone to get to know eaitter
Fearsand Expectations

Participants briefly outline their expectations dedrs on different coloured cards.
Pin the cards on the board and reflect on the &aysfand expectations highlighted by
the participants and explain whether it will be sibke to address them in the course
of the training.

The trainer should say to the participants thatdma fear and some expectations.

The trainer fears that participants will expect titaéner to be giving them knowledge.
Training is not filling trainees with knowledge:

*Training is about introducing new ideas to paréifs and encouraging them to
make use of them.

*Training is organising the knowledge that trainalesady have in a way that they
recognise their knowledge and make better use of it

» Training is participants sharing ideas and expegsrso that they enrich each
other’s knowledge and skills.

Ground Rules

Ask the participants to state what is allowed améivs not. Get consensus and write
them on a flip chart. The rules are to be follovegdall.

Course Objectives

Show the Course Objectives. Discuss each poinflyt@ensure clarity.

Schedule

Explain the Course Schedule Handout No. A, andudssthe topics to be covered.

Be sure to emphasise the need to be on time feeadlions and to observe the ground
rules
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Day 1 Hydrological Cycle and Ground Water

Title Hydrological Cycle and Development of Water Resour ces

Session Summary

Objective: After completion of this session the participantswill:

“JUnderstand the cycle of water, evaporation, traasipn, infiltration,

and run off and

“JUnderstand the different sources of ground water

"IRealize Afghanistan has major sources of watenimst of the country
» suffers from water shortages or lack of safe water.

Time: 1 hour 30 minutes

Method: Brainstorming, presentation and group exercise
Material: Handout 1.1,1.2, 1.3, 1.4, Annex P.

Flip chart and markers.

Physical setting: U shape, group activity done on the floor

Process:

Thetopiciscovered by asking questions and illustrating:

How does the ground water get into the water bgasirata?

The trainer explains the rainwater cycle by illasitrg it on the flip chart and asking
further questions

Where does most of the water vapor in clouds caonra?

What is transpiration?

Where would most of the transpiration occur in Adglstan?

Where does most of the precipitation occur in Afge&an?

Where does the infiltration occur?

If 70% of Afghanistan is mountainous why has Afgistéan such a big problem with
lack of water in many places?

What were the traditional sources of water?

What can you observe about the picture of an opal?w

What are the different problems Afghanistan facihk the water supply?

How can we overcome each of these problems?

16



Day 1 Hydrological Cycle and Ground Water

Hydrological Cycle and Development of Water Resour ces

Process:

Stepl See Handout 1.3

The trainer introduces the topic by saying

We are going to start at the very beginning whid tainwater cycle.
All of the water on earth comes from the condeosatf water vapor.

How does the ground water get into the water bgasirata?

Would someone be prepared to explain?

Trainer writes down the responses See Annex R
Participants are encouraged to assist and askiopuest
Step 2

The trainer explains the rainwater cycle by illasitrg it on the flip chart and covering the

following points, asking participants to contrib@tieeach step.
Evaporation- from bodies of water

Condensation- when the clouds meet cool air

Precipitation- of rain and snow

Infiltration- ground water

Runoff- rivers, streams, lakes, reservoirs

Transpiration- especially from regions where traesplentiful
Evaporation- by the radiation of the sun

The illustration below is shown and a participaises the process

17



Day1 Hydrological Cycle and Ground téfa

Step 2
Trainer asks question using a map of Afghanistahveorld globe.

Where does most of the water vapor in clouds cooma?

The sea, lakes

Trainer asks questions

What is transpiration?
Where would most of the transpiration occur in Adglstan?

Participants asked to indicate where the fores&sfgianistan are.

Trainer asks question -Condensation of clouds?

Where does most of the condensation occur in Afigheant?

As the clouds rise when they meet the cold akfghanistan’s mountain ranges

Trainer asks question —Precipitation? See Handdut 1

Where does most of the precipitation occur in Afgk&an?

Afghanistan has a large mountain range that is @Dfte area of Afghanistan most of the
precipitation occurs in the mountains.

Trainer asks question

Where does the infiltration occur?

Trainer asks

If 70% of Afghanistan is mountainous why has Afgistéan such a big problem with
lack of water in many places?

See Handout 1.1.
Most of the water runs into the sea
Surface water is often polluted

18



Day 1 Hydrological Cycle and Ground Water

Step 3

What were the traditional sources of water?

Trainer writes down the responses

Kareez

Open well

Rivers

Streams

The traditional well was large and open and ofteltuged

Trainer asks question

What can you observe about this picture of an apali?

Trainer records responses

The picture above is of an open well with a largarckter
The woman is carrying a baby on her back

Water is turbid.

Difficult to climb out of!

Step 4 See Handout 1.2
Divide participants into small groups and ask therthink of the different ways we can
over come our water problems. They must list ttudbigms first. Allow 30 minutes

What are the different problems Afghanistan facihk the water supply?
How can we overcome each of these problems?




Day 1 Hydrological Cycle and Ground Water

Groups report back to the forum

Pipe schemes from springs and deep wells

Filtration of river water

Clean up the rivers

Educate people

Construct more dams and reservoirs

Complete the artificial recharge scheme the Chiststed on the Pancher River
Review and discuss each suggestion
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Day 1 Hydrological Cycle and Ground Water

Title: Aquifersand Ground Water

Session Summary

Objective: After completion of this session the participantswill:

"1Be aware of the types and properties of materélitiake up an aquifer
"IRealize the importance this information is for dlwenstructor.

Time: 1 hour20 minutes

Method: Presentation, group discussion.

Materials. Refer to Handouts 1.5, 1.6, Annex Q,

Large plastic bottles with the tops cut off contiaghmaterials you might
find in an aquifer. Rock samples, flip chart andkees.

Process:
Information communicated by asking a series of joles and giving further information
* What materials do you think the strata where wd §round water is made of?
* We divide rocks into three different types sedimeyntmetamorphic and igneous.
» Discuss and explain each type
» Trainer displays examples of each type.
* Knowledge and experience of water bearing matewdldielp you recognise the best
* materials and help you succeed in placing the pinntipe best position.
» Porosity and permeability are terms we use to ifjadse material in an aquifer
* What does permeability means?
* What does having high porosity but low permeabititgan?
* How long do you think it would take water to soatoia dry clay brick?
* Why is a dry brick so much lighter than a wet b#ick
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Day 1 Hydrological Cycle and Ground Water

Aquifers and Ground Water

Process:

Step 1

Trainer draws the strata where the ground wateceted.
Indicate the saturation and aeration zones.

This is where we find ground water.

This is where we must put the filter and foot valve
This space is not an underground tunnel like a &are

Trainer asks the participants

What materials do you think the strata where wd §round water is made of?

Trainer writes down the responses

Review each suggestion and discuss its qualities.

If any are missed the trainer can make additionagkyng
Do you think limestone would be a good aquifer ttc?

Trainer says we divide the aquifer material into types loose material and cemented material.
See Handout 2.1, 2.2.

Unconsolidated porous aquifer-loose material

Trainer explains when an aquifer is made up of sargtavel or loose material we call the
aquifer an unconsolidated aquifer.

Consolidated aquifer — cemented material

When the aquifer is made of limestone, soft congli@te sandstone or fractured rock we call it a
consolidated aquifér

Trainer displays unconsolidated material and codatdd material

Different materials, enables the water to moveférent rates

Step 3 Handout 1.5

1Unconsolidated sedimentary rocl®iver sediments are unconsolidated sedimentary rocks. Tadgase rocks

and have good permeability and porosity.

Consolidated sedimentary rocks, soft conglomerates, safstane, limestone and dolomite all make good aquifers.

Water dissolves limestone making caverns, tubes, cavesieysmand spaces underground through which the water can mov
Igneous and metamorphic rocks can be an aquifer wheméweycracks’ open joints, faults and fractured zones that

water can infiltrate, percolate and move through. These avekisard and without fractures they are impervious

2 River sediments are unconsolidated sedimentary rocks.daredgose rocks and have good permeability and porosity.
These properties when well sorted make very good watangesaquifers.

3 Consolidated sedimentary rocks. Soft conglomerates, sof$tesuagl limestone and dolomite Water dissolves
limestone, making caverns, tubes, caves, chimneys, and spaesground through which the water can move.

Igneous and metamorphic rocks can be an aquifer wheméweycracks’ open joints, faults and fractured zoneswhtr can
infiltrate, percolate and move through. These rocks aredratdvithout fractures they are impervious
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Day 1 Hydrological Cycleand Ground Water

Trainer says we can divide rocks into three diffietgpes.
Sedimentary, Metamorphic and Igneous.
Trainer asks

Does anyone know how any of these rocks were foPmed

Participants contribute and trainer adds furth&srmation

Sedimentary rocks: Rock formed of sediment, and specifically:

(1) Sandstone and shale, formed of fragments @fratick, sand, stones or mud, transported from thei
sources and deposited by water;

(2) Rocks formed by or from secretions of organissngh as most limestone.

Metamor phic rocks: Alteration of the minerals, textures and compoasif a rock caused by exposure to
heat, pressures and chemical actions.

Igneousrocks: Originate from molten rock below the earths stefdgneous rocks are either from a
volcano erupting or from magma cooling under thehémcrust Basalt and granite are two of the most
common rocks on the earth’s surface.

Trainer displays examples of each type of rock.

Step 3
Trainer asks the participants

Why do you think it's an advantage to know the g/pématerial in an Aquifer?

Trainer records answers

When drilling a well we keep a drilling log. Knowdge and experience of water bearing materials
will help recognise the best materials for theefilind help to succeed in placing the pump in the
best position.

Step 4 Handout 1.6
Trainer explains
Porosity and permeability are termswe useto classify the material in an aquifer
» Porosity describes soil or rock with many spaces ttie water can fill
* When there is a lot of space the material can hddd of water
Trainer illustrates material with high and low psitg and containers containing similar
materials are displayed and passed around for oloservation

High Porosity Low poitgs
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Day 1 Hydrological Cycle and Ground Water

Trainer asks the participants

Can you describe the first diagram?
What do you think it represents?

Trainer repeats the question for the second diagram
Why has the second illustration got low porosity?

Trainer then displays these diagrams and contagmersining similar combinations

X R
; o,

E

Trainer repeats the exercise with the diagramseabov
Trainer refers to each diagram and chooses patitspto describe what they see in the diagram.
Trainer assists using the information in the fotgno

Step 5

* (From Meinzer, 1923)

Diagram showing several types of rock intensities andetfa¢ionship between rock textures to porosity.

1. Well-sorted sedimentary deposit having high porosity;

2. Poorly sorted sedimentary deposit having low porosity;

3. Well-sorted sedimentary deposit consisting of pebblesatieathemselves porous, so that the deposit as a whole has a
very high porosity;

4. Well-sorted sedimentary deposit whose porosity has bednisivad by the deposition of mineral matter in the
interstices;

5. Rock rendered porous by solution;
6. Rock rendered porous by fracturing

24



Trainer introduces permeability by asking
Day 1 Hydrological Cycle and Ground Water

Can anyone tell me what permeability means?

Participants give their explanations then Trainethier explains

Permeability describes porous soil or rock wheeedtin spaces are joined so that water can movky easi
through it.

Trainer demonstrates:

Trainer has a variety of different materials preylan clear containers and pours water on thenbserwe
the different times it takes water to pass throtingm.

The samples that the water passes through quicklyeay permeable and the samples the water moves
through slowly have low permeability.

Step 6
Trainer adds clay is an example of a material lagthigh porosity but low permeability then asks

What does having high porosity but low permeabititgan? Can anyone explain?

After participants explain the Trainer explains
It means the material can absorb a lot of watealb®e there are a lot of spaces in it but the veates not
move through it. The spaces are not joined up tkenpassages for the water to move through.

Step 7
Trainer asks if we put a dry clay brick in a buciktvater

How long do you think it would take the water takonto a clay brick?

Trainer accepts responses
The brick would eventually soak up the water butould take a long time
Clay has a lot of spaces but low permeability.

Trainer asks

Why is a dry brick so much lighter than a wet b#ick

Trainer records answers

Trainer asks

What does this tell us?

Trainer accepts answers and adds-
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Day 1 Hydrological Cycle and Ground Water

Unlike clay, sand and gravel are porous and perladmtause they have many air many air spaces are
joined and water can pass through gravel and sasity e
The bottom of a river usually is sand and the wsgéeps away easily.

Step 8
Trainer asks question

Do you think clay would make a good aquifer?

Trainer writes down the responses and adds:

Clay has many tiny air spaces but because theclggrire so compact water cannot pass through clay
because of this clay stores the water

When clay gets wet it gets sticky.

Step 9
Trainer leads discussion by asking

What are the many uses of clay?

Because of the special properties of clay-

We use clay to seal the bottom of a reservoir an ttastop seepage.

Well diggers use clay to seal the sides of thelmee See Annex F6.

Well diggers seal and back fill wells in front @ty or contaminated water.

Engineers when designing a dam wall in Afghanisised clay and not concrete because if there is an
earthquake concrete will crack where as clay vatl n

Clay was used as cement or mortar to seal the indke wall of Ghazi dam in Kabul.

Step 10
Trainer summarizes the session.

> Clay: A classic mineral particle of any composition that has a gramler than 1/256mm. Clay has high porosity and low
permeability because pore spaces are not well connected. Clay oftes cadining layers in the subsurfabéineral: A
naturally occurring inorganic solid with definite chemical pasition and an ordered chemical structure. Minerals dre no
usually formed from animal or vegetable matter

Example. gold and salt.

Lime: White substance obtained by heating limestone used iityinaterials Cement Grey powder made by burning clay
and lime
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Day 1 Hydrological Cycle and Ground Water

Ground Water and Wélls
Session Summary

Objective: Introduce participantsto

Information about ground water and strata thatltesu artesian wells, and perched aquifers

Time: 45 minutes

Method: lllustrations, brainstorming and presentation.

Materials: Refer to Handout 2.1,

Prepare illustrations and diagrams to illustratiecent wells and aquifers.
Physical setting: U shape seating arrangement.

Process:
« Trainer illustrates aeration zone and saturatiorezo
Usestwo illustrationsto explain
* Aeration and saturation zone
» Confined artesian aquifers
* Unconfined aquifers
* Artesian well-water under pressure
* Flowing artesian well illustrating water under e released
* Water table well in unconfined aquifer.
* Perched aquifer

27



Day 1 Hydrological Cycle and Ground Water

Ground Water and Wells

Process
Step 1
Trainer illustrates the saturation zone and thataer zones on the flip chart covering the follogvjpoints:

* Gravity compels water to soak into the ground andinks until it meets an impassable layer
(aquifuge. An absolutely impermeable unit that widlither store nor transmit water, impervious
solid rock without fractures through which watengat pass).

* The area where the water accumulates and setttedlesl the saturation zone because the pores and
cracks are filled with water.

» Above this area where it is not saturated althahghe is some moisture, is called the aeration.zone

Step 3 Artesian wells See Annex S

Trainer says sometimes the water enters the eauhface and travels very deep. As the recharge are
receives more water weighing down on the undergiouater it is unable to rise to the aeration zone
because of a confining strata. The diagram bellustrates this.

Trainer displays the diagram below or if not poksiliustrates it on the flip chart and says:

In the diagram we can see a confined aquifer anthaanfined aquifer
There are impervious strata that we call an aqeifég absolutely impermeable unit that will neither
store nor transmit water, impervious solid rockhwiit fractures through which water cannot pass that

cause confined aquifers.
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Day 1 Hydrological Cycle and Ground Water

Trainer asks is there anyone who would like to axpihis diagram?

Explain what this diagram represents?

Several people can explain what they observe.

» Confined artesian aquifers

* Unconfined aquifers

» Artesian well-water under pressure

» Flowing artesian well-water under pressure released
» Water table well in unconfined aquifer.

» Agquifuge. An absolutely impermeable unit that wdither store nor transmit water, impervious

solid rock without fractures through which watengat pass.

Trainer explains and summarizes what the diagr@mesent and answers questions and uses the diagram

below to explain what is a perched aquifer. SeeeXrih
If the diagrams are not available the trainer thates them before the session

Perched water Waker
a

Land surface Piezorn efttic table table
suace
Aquifer O B Confining beds

Trainer asks is there anyone who would like to axpihis diagram?

Explain what this diagram represents?

Several people can explain what they observe.

This acts as a revision of the points already a@nd introduces perched aquifer.
Step 4

Trainer asks the participants

Why is it important for a hydrogeologist or expaed drill operator or engineer to be involved in
selecting the site location and depth to drill wkenstructing a tube well?

Trainer writes down the responses
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Review each suggestion and emphasize the importdrasgpth of drill
Day 1 Hydrological Cycle and Ground Water

Knowledge of aquifers helps us to realize that troieting a fully functioning well needs experience
knowledge and a drilling log.

Trainer briefly mentions a drilling log and if p&ipants require more information see step 7 Psions
Method

Step 5 Trainer summarizes the session
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Day 2 Design and Timing

- Time Needed Training Supporting
Training Events M ethodology Documentation
Opening session Brainstormin
Review the previous day’s 30 minutes 9 | HandoutA & B
session

. . . . Handout 3.2
Wells in Afghanistan 30 minutes Bramstormlng Annex K, O, N.
Presentation
Brainstorming
Hand Dug Wells. 1 ho20 minutes Presentation Handout 3.2
Annex D, O, N
Group Work
Brainstorming
Percussion method 1 hour 50 minutes | Presentation Handout 4.1,
Annex D, N
Group Work
Advantages and disadvantages o§0 minutes Brainstormin Handout 4.1
the percussion method 9 | Annex D,O,N
: . Presentation
Wrap up session 10 minutes Group Work
Total Time | 5 hours 40minutes +1 hour for lunch and 30 mintdesea breaks




Day 2 Weéllsand their Construction

Titlee Wellsin Afghanistan.
Session Summary

Objectives: After completion of this session the participantswill:

Be aware of the types of well most common in Afgh&m
Be aware of the different construction methods

+
<
+ Be aware of the suitability of each method

Time: 30 minutes
Method: Presentation, brainstorming

Materials. Refer toHandout 3.2 Annexes C, D, E, F, Nand O
Flip chart and markers

Seating: U Shape

Process:

Presentation based on questions and brainstorming
* What type of water points do we find in Afghani2an

* Give each type of well a percentage indicatingftbguency of the type of water point in
Afghanistan?

* What are the different methods used to construad lsug and tube wells?
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Day 2 Wells and their Construction

Weéllsin Afghanistan

Process:
Step 1 See Handout 3.2
Write the question on the flip chart-

What type of water points do we find in Afghanian

Trainer writes down the responses

* Hand dug well improved See Annex O

* Open hand dug well See Annex C

* Tube wells- See Annex C

* Tube well percussion method — See Annex D

* Tube well rotary drilling method See Annex E

* Deepened hand dug well-See Annex Q
Review each suggestion giving a description of ¢gph

Step 2 See Annex M

Trainer says

Now | want you to divide into groups and decide bercentage of the total water point is attributed
each type.

Give each type of well a percentage indicatingfteguency of the type of water
point in Afghanistan?

Draw a pie graph to illustrate. Example Unimproedd dug well 15%
Groups report back and compare the results

Step 3
Trainer says now return to your groups and discuss

What are the different methods used to construad liug and tube wells?

Each group records results and reports back

See Annex Q Hand dug wells

See Annex D Operating principles cable- tool/pesmrs method
See Annex E Rotary drilling

Step 4 Trainer summarizes the session
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Day 2 Weéllsand their Construction

Title Hand Dug Wells

Objective: After completion of this session the participants will:

+ Have a better understanding of the constructiom leéind dug well

Time: 60 minutes

Method: Presentation, group discussion and practical es@rci
Materials: Refer toAnnex C, O, Kand N

Physical setting: U shape

Process:

Presentation based on questions covering the following topics
How many hand dug wells do you think are in Afglstam?
How many of these wells would have a hand pumpagmdn?
Why did so many wells go dry during the drought?

Does anyone know of any hand-dug wells that diga'dry during the drought?
What is an improved dug well?

Lining rings

Placing rings in a well

Deepening a dug well

Back filling around the concrete rings

Finishing off a well

Notefor Trainer A brief visit will be made to a ring fabricatioiteson day three
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Hand Dug Wells

Process:
Step 1.Trainer asks the question

How many hand dug wells do you think are in Afgistam?

Trainer writes down the responses

Trainer asks

How many of these wells would have a hand pumpagmdn?

Trainer accepts responses and settles on a pegeesséimate. If there is disagreement do
it only for the provinces people know about

Trainer asks

Why did so many wells go dry during the drought?

Trainer records all suggestions
Discuss the water column
Removing water while digging so that the well cadoig deeper to avoid it drying up.

Trainer asks

Does anyone know of any hand-dug wells that diga'try during the drought?

Where were these wells?

Why do you think they didn’t go dry?

Note. DACAAR used two slush pumps running at theeséime on a hand dug well so that
they could dig deeper into the aquifer.

Step 2
An improved well
Trainer asks the question

What is an improved dug well?

Trainer writes responses
Is lined
Has a concrete platform or apron
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Has a hand pump installed
The water enters the well from the bottom

Trainer displays the illustration of an unlined Ingid a well lined with concrete rings.

Step 3

Lining rings
See Annex D
The first field exercise includes 20minutes obseg\iow a ring is made.
Trainer states if prefabricated lining rings anmsy, uniformly made and care is
taken when handling them they are much easier tonmim a well. Many of the
Kabul ring fabricators do not put in the reinfoigiwire that is recommended
In groups discuss this statement and list

What measures can be taken to ensure they areanmgid and chipped or cracked before
lowering them into a well and why is it importahat they be uniformly made?

Participants divide into groups and record thesvegrs
Report back the information they recorded. See Argpe

Step 4
Placing ringsin a well
Trainer asks

Can anyone describe how the rings are placed iwéhe

Choose someone to have a go at explaining andratirsy on the flip chart
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Participants and trainers can assist. It is a gbafskilled person to place them so
that they rise perfectly vertical. It's a simililsto laying bricks. See Annex Q

Step 5
Deepening a dug well
Trainer asks

Has anyone had experience at deepening a dug well?

Choose someone to have a go at explaining andratirsy on the flip chart
Participants and trainers can assist
See Annex P and Annex Q
Step 6
Back filling around the concreterings
Trainer asks

How do execute back filling around the concretgsih

Participants describe the process

Backfilling

Careful backfilling of the concrete rings withédigravel is necessary up to 2.0 meters above el
level of the water column in the well. This keelps tvaterway to the well open. Also fine gravel phm the
bottom of the well stops sand from entering thekieticAll other back filling can be done with ordigasoil.

Step 7
Finishing off dug wells
Trainer says there are many steps to be completiigh a well, can you suggest some?

If we visit a finished well what things should we &ble to observe?

Participant’s answers recorded

» The projects donors name and the well number shHmildritten on the post of the well

» Back filling the top concrete rings should be dpnaperly sealing it from seepage with
clay.

* The apron, the pedestal slab and the top ring dimijoined and the pointing done
properly. See Handout 3.2

* The community should be mobilized to fill the asearrounding the apron and level it.

* The waste- water should be diverted properly tegmewastewater seepage
around the well apron.

Step 8
Trainer summarizes the information discussed irs#ssion.
Day 2 Percussion Method
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Percussion M ethod

Objective:

To introduce participants to the percussion dgllimethod by covering the percussion procedures:

» Site selection for drilling a tube well.
» Setting up the drilling rig system

» Operation of well drilling.

* Logging (Sampling)

* Lowering of filter and casing pipes

» Gravel packing.

» Construction of well the apron.

* Installation of the hand pump.
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Day 2 Percussion Method

Title Percusson Method

Session Summary

Objective: After completion of this session the participants will:

+ Have a basic understanding of the percussion method

Time: 1 hour 55 minutes
Material: ReferHandouts 3.2, 4.1, 4.2, 4.3, 4.4, Annex D, a sarnple

Method: Presentation based on a series of questions.
Step 9 and 10 are group exercises that can be mowbfierent time slots to vary the day
Physical Setting: U shape and group activity

Process:

Well construction percussion drilling method is emd in this session.

Each step is based on a question. The trainer neaaser to the Annex D and handouts 3.2, 4.1, 4.2
4.3, and 4.4, to become familiar with the topiasttier reading is recommended if possible. It heenb
found the rig contractors provide valuable inforimat

Step 9 and 10 are group exercises that can be ntoflerent time slots to vary the day

Each step is based on a question.
Describe a tube well?
Who is familiar with the percussion method of dnij?
Where can we use percussion method and where casewstary drilling?
Has anyone had experience setting up a rig?
Has anyone had experience drilling different sizenters? (6" 8" 16")
Explain sampling and logging and why we do it!
Explain the lowering of the PVC pipe and filter!
Does anyone remember the process of gravel packing?
What does cleaning a well mean?
What materials do we use for back filling and tkenent plug?
What should be included in a well apron design?
List safety procedures and equipment for a drilliiggoperator!

Noteto Trainer. Step 9 and 10 can be used at different time &botary the procedure
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Day 2 Percussion Method

Percussion Method

Process:
Step 1 Trainer chooses several participants to

Describe a tube well?

Participants contribute their information

Trainer further adds

A tube well is a hole or a pipe in the ground thatcan draw ground water from through a pump to the
surface of the earth. Its design varies with th@agical conditions of the formation and the pumpés
which the ground water is to be used.

Percussion, air rotary, hand auger or mud rotatiyndy systems can be used, according to the
lithological condition encountered, with minimunilliing diameter of 8 (203 mm).

In Afghanistan we use the two drilling methods rgtand percussion. Percussion is the one you will
have more experience with

Step 2 See Hand out 3.1

Trainer asks the participants

Who is familiar with the percussion method of dnij?

Trainer invites participants to explain
Trainer further explains See Annex D 1.1

Trainer asks participants where can we use eattfeahethods?

Where can we use percussion method and where casevwetary drilling?

Trainer accepts participants’ responses

Trainer further explains

The rotary method is more expensive and is suit@nlbig water schemes when a deep borehole is
necessary boring through hard strata.

Percussion is more suitable for rural water welikv®@ee Annex D 1.3.

Step 3 See illustration Handout 3.1
Trainer asks participants

Has anyone had experience setting up a rig?

Trainer asks participants to explain their expearésn
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Day 2 Percussion Method

Trainer further explains

The site has to be big enough to arrange the rig pareadiness for hoisting, join the parts torfahe
tripod and hoist it using the pulley and chain theandrum. It area needs to be flat /horizontals Th
important to aid the vertical drilling of the bordé.

Trainer takes the opportunity to discuss mountirg@ando rig. This method is no longer common in
Afghanistan. . See Annex F 1.1

Trainer note participants will visit a drilling rig and on ddiye of the course and view the drilling rig
and ask the rig master to explain any further imi@tion they require.

Step 4 See Annex P
Trainer asks

What problems occur if the borehole is not driNesitically?

Participants respond and trainer adds

During the drilling the bucket is more likely tdIfanside the well
Casing is difficult to remove.

Repair work difficult in the future.

The rods will touch the PVC pipe and damage it.

Step 5 Refer to Handout 4.1
Trainer asks participants if they have experiendénd) with different size diameters?

Has anyone had experience drilling different sizengters? (6" 8" 16")

Participants explain their experience. Trainer atldsdiameter used in a borehole can be mixed. A
small diameter ‘string’ of casing and screen catebescoped into a well through set surface caainty
below any anticipated pump setting depth. Thise¢da used in a hard rock hole where there might be
danger of rock crumbling into the hole. In an ursmidated formation the screen section can be
reduced in diameter-this will produce an annulugyfavel packing

See Handout 4.4nd Annex O. Tube wells percussion method

Step 6

Sealing a well

Trainer says if a tube well is being bored in aghgrarea or through a stratum that contains sadtgmy
to avoid mixing unpleasant or salty water with ttesh water the unwanted strata is blocked. Westhlk
briefly about this process when we were discusiegroperties of clay. This is a very interesting
process

Trainer asks

Has anyone had experience with this process?
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Participants’ response is accepted and then thaéfrdescribes the process as is described in ARnex

Step 7 The drilling log is an important aid to assisteciding the right depth for the pump

What is a drilling log?

Trainer displays a drilling box and explains howngées of each change in strata are kept in the box
with a label indicating the date and the depthefdtrata.

Trainer asks for someone to explain why we takepsesrand record them

Explain sampling and logging and why we do it!

Participants describe the process
Trainer further adds informatiddee Annex F 4 and Handout 3.1 Section illustration eflvstrata

Trainer asks

Would anyone like to have a go at transferring rimfation from a drilling box record to a cross saat
illustration of a well?

Trainer also demonstrates how to draw a crossoseat a well recording the well strata
See Hand out No 3.1 for an illustration of transfdrlog records to a cross section of a well.

Trainer relates an experience of when a well fatledause of the lack of knowledge of the aquifer.
Trainer asks participants

Has anyone here had an experience when a welli faile

Trainer asks

Do you know why it failed?

In some areas of Kabul the well must go beneathatagthat holds salty water to reach the freslewat
Kabul has three different geological zones eaclingadifferent water bearing strata.

There are many stories of failed wells

The wrong filters fitted will either let the aquifenaterial into the well and fill up the blind pipe block
the straining holes so that water can’t enter.

The wrong depth chosen for the pump with wells galry two weeks after completion
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Wells never providing sufficient water or pumpsdkieag down and no one repairs it

Step 8 Filter See Annex D, F and O, Handout 4.1
Trainer introduces the topic by asking the partois

What is a well filter for?

Trainer writes down the responses
The filter is to stop unwanted material from emgrihe pump

Trainer asks for a participant to divide into grewmd discuss the following points about a filter.
Each group has a filter to examine. Trainer exglawe have different size holes for different aquife
material

Describe a filter?

Describe a filter!

Where is the filter placed?

The diameter of the filter.

The length of a tube well filter.

Percentage of the area of a filter that is open?

Size of the filter holes See Handout 4.1 Annex D

Material the filter pipe is made of? Annex D

Trainer leads a review of each heading taking médron from each group.

Trainer adds information. See Annex F

Note: Participants will view filters when they visitalDACAAR water and sanitation equipment
storage yard. If possible devise an experimenttaahstrate different size filters in different cainers
of material.

Step 9

Lowering PVC pipeand filter

Trainer asks for someone to explain the lowerinthefPVC pipe and filter.

Explain the lowering of the PVC pipe and filter!

® Screen (filter pipe): Wells that obtain water from sand and gravel agsif- unconsolidated
formations — require a filter pipe. A filter pipgthe most important component of a tube welk the
medium through which water is drawn into the wailfilter pipe is installed adjacent to the aquifer
stratum and should extend the full depth of thafagqu

7.11 Important features of filter pipe areits: Diameter, length, slot size and open area, limihtdw
velocity, the material the filter pipe is made of.
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After participants explain trainer adds furthemimhation See Handout 4.1

Gravel packing: SeeAnnex F 8 and Annex P
Trainer says gravel packing is the step in wellstauction that makes the zone immediately
surrounding the filter more permeable and prevpatticles entering the pump.

Does anyone know the process of gravel packing?

Trainer accepts suggestions then further explains

Well-sorted gravel is a very good permeable poroaterial so we place some down at the level of the
filter. The trained technician carefully drops gghglown the borehole. The borehole must be peyfectl
vertical.

When gravel packing the casing is raised 30 cem¢éira@nd the gravel pack should be 50 centimeters o
more depending on the length of the filter..

See Annex F 8 and Annex P

Step 10
Cleaning/developing awell See Annex F
Trainer asks

What does cleaning a well mean?

Participants respond then trainer adds informatmrering removal of sand from the gravel pack.
See Annex F Cleaning of a tube well

Step 11

Back filling and cement plug. See Annex O

Trainer says back filling is the filling of the sfadown to the gravel pack and the cement pluidjirsyf
the upperl.5 meters. Can you describe it and say mhterials we use

What materials do we use for back filling and teenent plug?

Participants respond then trainer adds informatmrering the process. See Annex O

Step 12
Constructing the well apron. See Handout 3.1Annex F, and Annex Q 6.6, 6,7.
Trainer asks the participants

What should be included in a well apron design?

Trainer lists suggestions
Stabilize and hold the pump pedestal.
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Stop wastewater entering the well.
Drain wastewater away
Trainer says | want you to divide into small groapsl draw and design the perfect well apron

Draw and design a well apron and describe the naorigin steps.

When the task is completed a group representatpiaias the drawing to participants
Was curing concrete included in the process?

Concrete

Trainer adds the DACAAR design uses a mould antbeiin the handout.

Step 13

Safety equipment and procedures

Trainer says some of us know of accidents that happened while drilling wells.

| can tell you one that | know of. Trainer relatks event.

Trainer gives participants an opportunity to rekitaations they know of when accidents happen.
Trainer says we are going to divide into groups @eclde a list of safety procedures and equipnant f
a drilling rig operator.

List safety procedures and equipment for a drilliiggoperator!

Each group presents their list.
Children must keep away from the site.
Guard to watch equipment.
Helmets with chin strap.
Strong shoes
Gloves
Goggles
Medical Kit
Water purifying tablets
Trousers/overalls
Noteto Trainer. Step 9 and 10 can be used at different time gbotary the procedure

Step 14

Troubleshooting See Annex D and F See Handout 3.1

Trainer says problems often occur when drillingedl\&nd many tools and methods have been designed
to solve problems. An experienced operator wilvegbroblems rapidly. This is often referred to as
troubleshooting. Delays raise the cost of a welt sbbest to avoid them.

Trainer asks

Has anyone had experience of a problem occurridgcan tell us about it and how it was solved?

Trainer relates an experience of a problem andihaas solved.
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Participants explain their experiences.

Trainer further adds, some of the common probleaned by drilling rig operators are:

The dropping of, the bucket, the casing, or theeshdgter, onto the well bed.

Dropping into the well the bit and the bucket

Dropping into the well the casing and pipes

Each of these problems is discussed and Traindaiesghe solutions provided in Annex F
And Handout 3.1 contains illustrations of somehaf troubleshooting tools.

Step 14

Trainer reviews the topics of the day
Different tools used for trouble shooting will beosvn at the DACAAR yard.
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Titlee Advantages and Disadvantages of the Percussion M ethod.
Session Summary

Objective: After completion of this session the participantswill:

+« Be aware of the advantages and disadvantages péthassion drilling method

Time: 45 minutes

Materials: Refer Annex D

Flip chart and markers.

Method: Brainstorming and presentation.
Process:

» Trainer records contributions from participantstioa flip chart
* If any have been overlooked trainer will add thiesthe list.
* Brief clarification and discussion on each method.
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Advantages and Disadvantages of the Percussion Method

Process

Step 1 See Annex D

The percussion method is most commonly used meaihodnstructing tube wells by DACAAR and
MRRD. It is the method we will have more experiemgth. While there are advantages in using the
percussion method there also disadvantages thatengoing to look at.

There are advantages and disadvantages in usimgtbession method

What are the advantages and disadvantages in ti@mqercussion method?

Trainer writes down the suggestions as they arengincluding the following points. See Annex D
Advantages
* Low capital investment and cheap maintenance.
* Most reliable sampling technique that is partidylauitable for well construction
» Suited for working in remote areas as only smatipties of water, fuel and other materials
are required
Disadvantages
» It often cannot penetrate hard rock
* Slow process
» Casing is hard to keep free when boring deep holes
* Heavy hammering can cause samples to mix
Step 2
Trainer summarizes the advantages and disadvantages
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Day 3

Design and Timing

. Time Needed Training Supporting
Training Events M ethodology Documentation
Opening session
Review the previous day’s 30 minutes Brainstorming
session
Visit well ring fabrication site in Presentation
Kabul 30 minutes Annex O

Brainstorming

View all the well construction
tools

Demonstration of troubleshootin
examining tools.

Demonstration of erecting pump
step by step

g3hour30 minutes

S

Presentation
Brainstorming

Handout 3.1, 4.1, 4.2,
43,44
Annex D, O

Review pump erection

1 hour 30 minutes

Presentation
Brainstorming

Handout 3.1, 4.3
Annex D, O

Wrap up session

10 minutes

Presentation &
group work.

Total Time

6 hours 10minutes +1 hour for lunch and 30 minftdesea breaks
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Day 4 Field Visit

Title: Well Ring Fabrication and Assembling Hand Pumps
Session Summary
Objective: After completion of this session the participantswill have viewed:

Demonstration of well ring fabrication Refer Ann@x
Demonstration of pump construction Refer Annex D
Individual pump parts Refer Annex N

Pump stands

Apron molds Refer Handout 4.2

Casings and rising mains Refer Handout 4.1

Filters

Troubleshooting tools Refer Handout 4.1

L ok SR SR S R

Time: 3 hours 30minutes

Materials: Transportnotebooks pens, flip charts and markers.

Method: Brainstorming, group work and presentation.

Physical setting: If the weather is extremely hot do not keep pagrtiais standing in the sun for longer than
15 minutes. Plan beforehand where they can statigtishade for demonstrations.

Preparations check off list:

Book transport in advance

Make lunch arrangements.

Find out where rigs are working.

Contact the contractors before hand.

Find a suitable well ring fabricator.

Advise DACAAR or other yard staff of your plan arefjuirements.

If there is not an appropriate yard visit a largedware shop thet specializes in hand pumps aa@ garts
See if a DACAAR trained technician is availableagsist.

Process:

Step 1 Visit well ring fabrication site

Learn about ratio of water, sand and cement

How it is mixed

Preparation of molds

Do the fabricators place reinforcing wire

Curing of concrete different methods for hot weat®d cold weather

Step 2 Visit DACAAR yard or a similar water programme 1stge yard. If no yard is available visit a large
hard ware shop selling pumps and spare parts.

View all the parts necessary to erect a pump

Demonstration of each step
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Well Ring Fabrication and Assembling Hand Pumps

Process:
Step 1 Visit a well ring fabrication site

Interview skilled laborer

Participants and Trainers ask questions
* Learn about the cement mix ratio of water, sandcamdent
* How it is mixed?
* Preparation of molds
* Do the fabricators place reinforcing wire inside tement?
e Curing of concrete
* Do they have different methods of curing for hottter and cold weather

Step 2 Visit DACAAR yard or a similar water programme 1stge yard.
View all the parts necessary to erect a pump
Demonstration of each step See Annex D installadfcdhe hand pump

Step 3
Review fabricating a well ring

Assembling hand pumps
Process
Step 1

Revise assembling a hand pump.

Trainer says how much do you remember about asgegrdhand pump?
Through a process of asking questions revise assgnegbhand pump.
Trainer can use Annex D as a guideline.

How much do you remember about assembling a hammgbpu

Step 2
Using Information in Annex D as a guide and sums&process.
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Day 4

Design and Timing

- Time Needed Training Supporting
Training Events M ethodology Documentation

Opening session

Review the previous day’s 30 minutes Brainstorming Handout A & B

session
Brainstorming

Site selection 40 minutes Presentation& | Annex A, N.
group work
Group Work

Rotary drilling method. 40 minutes Presentation by | Annex C, E.
power point
Presentation by

Kareez and wells 30 minutes power point
Brainstorming

Cone of depression and draw 1 hour 10 minutes Pre_sentatlo_n Annex |

down Brainstorming

Pumping test 1 hour 20 minutes Pre_sentathn Handout 4.1
Brainstorming | Annex I.

. - , Presentation Handout 6

Site management and supervisipn 45 minutes . :

Brainstorming | Annex B

Wrap up session

10 minutes

Presentation &
group work.

Total Time

5 hours 35minutes +1 hour for lunch and 30-15 neigtior tea

breaks
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Day 4 Wellsand their Construction

Title Site Selection

Session Summary
Objective: After completion of this session the participantswill:

+ Be aware of the processes of site selection
4+ Be familiar with the roles of the community and tegineer

Time: 40minutes

Materials: Handout 2.4 flip charts and markers.

Method: Brainstorming, group work and presentation.
Physical setting: Sitting in U shape, group work on the floor.

Process:
Topic is covered by a series of questions:

Step 1 Who are the main people who are interest#tkei choice of the location for a well?
Step 2 Group activity answer: What are each perssmsrements?

Step 3 Cover points included in Annexes A and Pdsing questions
Do you think women should play a prime rolssite selection?
What is the Engineers interest in site sede¢ti

Notefor Trainer:

Day 5 the participants are taken on a field triis hecessary to find locations that are suitaiohasit
before hand. If possible visits should be orgahirea percussion drilling rig a rotary drillinggrand a well
being dug by hand.

Check List

Lunch arrangements
Transport

Money if needed
Percussion Rig
Rotary Rig

Hand Dug well
Kareez
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Site Selection

Process
Step 1 See Annex A, Annex P. and Handout 2.4
Trainer asks

Who are the main people who are interested in waevell is located?

Trainer records responses

Step 2 Group activity
After a list is made, divide the participants istoall groups and ask them to answer the question

What are each persons requirements?

When the lists are completed each group’s reprageatexplains the groups findings

Step 3
Using the information in Annex A and P the Trainevers any points that may have been left out and
asks for example

Do you think women should play a prime role in sigection?

What is the Engineers interest in site selection?
Trainer records the extra points that are covered
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Day 4 Rotary Drilling M ethod

Title: Rotary Drilling M ethod

Session Summary

Objective: After completion of this session the participants will:

+ Be aware of the uses of rotary drilling
+ Be familiar with the rotary drilling process

Time: 40 minutes
Materials: Refer Annex F
Flip chart and markers
Method: Brainstorming and presentation
Setting: U shape
Process:
Questionsto guide brainstor ming:
Do you know of boreholes in Kabul or anywhere ¢edt have been drilled by a rotary drill?
Why is the rotary method not commonly used?
How does the rotary method differ from the percussnethod?
Does anyone know the two types of rotary drilliygtems?
Presentation:
Hydraulic Rotary Method and a Reverse rotary method
Using the notes in Annex D the trainer gives aftigplanation of the two types
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Rotary Drilling M ethod

Step 1

The rotary drilling method is a very interestingeWill not be going into the details about its dseing
this course.
Trainer asks participants if they know of borehateKabul that have been drilled by a rotary drill

Do you know of boreholes in Kabul or anywhere ¢ed have been drilled by a rotary drill?

Participants respond and Trainer records responses

The suburb of Dasabz is supplied from a rotaryedtiborehole supplies.

In the district of Charasah also has a rotaryedtilbore hole supplying water to the suburb Dalamond
Step 2

Trainer adds this method is by far the quickesthaetout is not commonly used. Can anyone suggest
some reasons why it might not be commonly used?

Why is the rotary method not commonly used?

Trainer accepts participants’ responses

Because it is very expensive

Capital cost is three times as much as a percussilhn
Parts are expensive

Step 3
Trainer asks

How does the rotary method differ from the peraussnethod?

Accepts participants responses then adds:

This is the fastest drilling method.

It is used for drilling large boreholes

Method is used in consolidated hard strata.

It has been used for wells up to 45 cm diameterugmnid 150cm with a reamer.
It has been used for wells with a depth of up tdQLBeters.

Oil wells over 7000 meters deep have been driliethis method.
Maintenance requires specialized mechanical exggerti
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Step 4
Trainer adds: There are two different types ofmothills does anyone know the different types

Does anyone know the two types of rotary drilliygtems?

Accepts participants responses then explains

Step 5
There is a Hydraulic Rotary Method and a Revertayanethod.
Using the notes in Annex D the trainer gives afteglanation of the two types.
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Day 3 Well Hydraulics

Title Kareez and Wells

Session Summary

Objective: After completion of this session the participants will:

+ Have an increased knowledge of a Kareez and itsrtaal origins in
Afghanistan
4 discussed the reasons why wells affect the watarareez

Time: 30 minutes

Method: Trainer explanation and brainstorming
Materials: Hand out 2.5, Flip chart and markers
Physical setting: Sitting in U shape

Process:

Participants asked:

 What is a Kareez?

 How were Kareez built?

 How does a well constructed near a Kareez aff&araez?

» Trainer summarizes discussion and adds any fuitf@mation needed
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Kareez

Step 1 Trainer asks one of the participants to volunteexxplain and illustrate

What is a Kareez?

Participants are encouraged to contribute theinkedge.

A Kareez is an underground tunnel found in Afghtamsconstructed in the past to
channel water possibly dating back 3,000 yearse&aalthough called by a different
name are also found in Iran Iraq and Egypt. Sonred&ahave been known to be as long
as 30 kilometres. Kareez have well type entrantesgallar intervals acting as air vents
and used during construction and for maintenance.

Step 2
Trainer asks participants

How were Kareez built?

Participants explain

Trainer asks participanfee Handout 2.5

Why does constructing a well near a Kareez affeefliow of water in a Kareez?

Participants explain

Trainer presents power point presentation thatighesd information about an existing
Kareez that is being renovated on the out skirtsatful

Step 3.
As part of the field trip a Kareez outlet will besiked.
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Day 4 Well Hydraulics

Title: Cone of Depression and Draw Down

Session Summary

Objective: After completion of this session the participantswill:

+ Be aware of the affect pumping has on the waténenAquifer
+ Be aware of the affect on the aquifer when weldg Hre constructed close
together

Time: 1 hour 10 minutes

Materials: Flip chart and markers, illustration depicting whappens to the water level
when a well is pumped- the cone of depression

Method: Brainstorming and presentation

Physical Setting: Sitting in U shape

Process:
Questionsto guide brainstorming:
How do we know that wells that are dug close togethifluence each other?
What happens to the water in the aquifer afterpitheple in the village have been
using the pump all day?
Introduce cone of depression
Presentation:
Explanation and illustration how wells havBfatient cones of depression and
how the extent of the cones varies with the yield tne time of pumping,
getting bigger (with an inverse logarithmic low)tkwtime.
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Day 4 Well Hydraulics

Cone of Depression and Draw Down

Cone of depression and draw down resulting from the pumping of water from a well

Step 1 Trainer asks participants

How do we know that wells that are dug close togethfluence each other?

Trainer accepts responses.

Wells that were once reliable after having anothelt built near by have a reduced
pumping capacity.

Experiments are done putting dye in one well teetirand how long it takes to reach the
neighbouring well.

Step 2
Trainer asks participants

What happens to the water in the aquifer afteptwple in the village have been using
the pump all day?

After responses are accepted trainer gives an rexfien.

Trainer explains using diagrams illustrating theeof depression
Explains the draw down that results from pumpingew&rom the well

How given time the water level returns to pre-pumdevels ‘the recoveny.

Step 3

Why is it valuable to know the draw down of a wadltier pumping?

Trainer records responses
Trainer explains

"It could be interesting to make a parallel between the depnessine and the vulnerability of the aquifer
(because of the flowing directions, if something dangerejoins the draw down cone, it would pollute the
water well — that's why the larger the draw downhs, more protect the area.

8 When a well is pumped for some time, it takes approximételpame time to come back to the original
level after the pump is stopped.

61




Day 4 Well Hydraulics

If we know the pumping rate of the pump and we krlogvdraw down level we will
place the strainer below the dynamic water leversure the pump will never go dry

Step 4
Trainer explains
Depression cone
Every borehole, when pumped, creates a “depressiwgi in the water table around it. The
shape and dimension of this depression cone cealtidated with great precision having
appropriate pump test data and the drilling lothefboreholes involved.

The drawing below illustrates what physically hapgpe
In this case we have 2 boreholes: BH1 and BH2. 8/¢bmmon to the two boreholes, as
long as they are drilled in the same aquifer. Bsifsumped, so that the water level will
drop in the hole to the DWL (dynamic water levé@lhe shape of the depression cone
depends on the characteristics of the aquiferaged (deep DWL, narrow cone) we have
a small permeable aquifer, in case two (shallow DV&tge cone) we have a very
permeable aquifer. It is clear that in this cas€RHn be influenced, being the SWL
disturbed (or in the so called influence area oftBH he extent of the cones varies with
the yield and the time of pumping, getting biggeitlt an inverse logarithmic low) with
time. When pumping stops, the cones reduce andthfieecovery time the static water
level returns and the cones disappear.

Case 1 Case 2

/

DWL2 - BH2

DWL2

DWL1

é_u BH2

Step 5 Trainer asks participants

Why do some wells have quicker recovery rates tihar wells?

Trainer records all responses
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Day 4 Well Hydraulics

(Alternative exercise: group discussion to answerguestion and return to forum to
present report)

Trainer explains: all wells when pumped create@egsion cone in the aquifer. The
shape and dimension of this depression cone canlbeglated with great precision
having appropriate pump test data and the drillagg/sample box records, of the wells
involved. See Annex K
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Day 4 Well Hydraulics

An Introduction to Pumping Tests

Objective: After completion of this session the participantswill:

"

Have knowledge of the Multi Stage Pumping Testétmord the draw down
and cone of depression).

+ Realize the value of a pump test to assist usa@osthe best location to
place the cylinder and pump.

Realize the value of a pump test to assist usdasaistruction errors or
assist us detect construction errors.

[
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Day 3 Well Hydraulics

Title: An Introduction to Pumping Tests
Session Summary

Objective: After completion of this session the participants will:

* Have gained knowledge of the Multi Stage Pumpingt T record the DWL) when pumping at
different rates.

» value of a pumping test &ssist us to choose the best location for the pamapto detect
construction errors

* To understand the Dynamic Water Level and StatiteMaevel

Time: 80 minutes

Method: Presentation, and brainstorming

Materials: Handout 3.2 includes pumping test graph See Annéx |

Process:

Why do we carry our pump tests on a well?

For what kind of situation are these tests used?Sithp, Test- Multi Stage Pumping Test, (MSPT).

Notefor Trainer

If the trainer believes the participants will beh&bm further information on pumping tests Annlex
expands on the Step Test and includes an outlitteedDuration Test and Annex J includes exercises f
participants to complete.

® There are practical reasons why pump tests aferped, and there are practical reasons why every
well should be pump tested.
When pumping commences, the level of water in te@ @rops, initially very fast and then slower and
slower, with a logarithmic law. After constant pungp for some time the level of the water in thelwel
stabilizes. If you increase the pumping rate tkelldrops again, with the same modalities. When stop
pumping, the water comes back to the Static WageelL(SWL) with the same modality: very fast at the
beginning, than slower and slower, until the ihlael is restored.

In practical terms, given the yield of the pump in&all (i.e. hand pump) we want to know how much
the level of water in the well will drop during pping, and avoid the pump going dry by setting thep
lower than that deptfWe also want to know how long the water tablesalo come back to the original level
when we stop pumping,.
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Day 3 Well Hydraulics

An Introduction to Pumping Test

Process:
Step 1 Trainer asks participants

Why do we carry our pump tests on a well?

Trainer writes down all the suggestions then says

We want to learn how much the level of the watethia well will drop after constant pumping, when
pumping at a regulated yield per second.

When we have enough information to estimate thel ldve water will drop after eight hours of constan
pumping we will be able to place the pump well tethis level when constructing a well.

Notesfor Trainer

There are practical reasons why pump tests arerperfl, and there are practical reasons why evelly we
should be pump tested.

When pumping commences, the level of water in tle@ @rops, initially very fast and then slower and
slower, with a logarithmic law. After constant pungp for some time the level of the water in thelwel
stabilizes. If you increase the pumping rate tkelldrops again, with the same modalities. When stop
pumping, the water comes back to the Static WageelL(SWL) with the same modality: very fast at the
beginning, than slower and slower, until the ihlgael is restored.

In practical terms, given the yield of the pumpingall (i.e. hand pump) we want to know how much
the level of water in the well will drop during ppmng, and avoid the pump going dry by setting thep
lower than that deptftWe also want to know how long the water tablesalo come back to the original level
when we stop pumping,.

Step 2 See Annex Q
» Trainer asks the participants if anyone has knogéeuaf Bailer Test, and Open Channel Method.

What is an open channel test?

Participants explain what they know and trainersafdather information
These simple methods are commonly used in Afgheamist

Open channel pump test: Used to measure the discharge of a spring, rivetream. If the section of
the channel is uniform, straight, and rigid, itdeal for the estimation of discharge. A small aierthat
is straight and uniform approximately 10 — 20 meteng is made. . A mean value of the area of the
cross section of the length of the channel to leel dier the study is determined. This area is miigtip
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Day 3 Well Hydraulics

by the mean velocity of flow to give the dischargke velocity of flow is determined by several
methods. The simplest method is by a float. A sipiaite of wood or any floating body is thrown i th
middle of the channel. The object is timed witi@watch to record how long it takes to travel the
distance. The ratio of distance, S, in metersnb@ fl in seconds, is the surface velocity

Discharge Q = Area X Velocity

Area =m X r2 Velocity = Discharge/Area

Gallon test: is used to measure the discharge from a hand pdoy.many liters per second (1 Gallon
= 3.78541 liters) A stopwatch is used to measuedithe it takes to fill the gallon bucket. A discha
of 220 liters per minute will take 60 seconds totfie container

Bailer test: A bailer test is a simple test used to calcullagedischarge of water from a pump. If the
discharge is low, of the order of 150 liters to @G@€rs per minute, it can easily be measured by an
empty 220-liter drum. A stopwatch is used to meashe time it takes to fill the drum. A discharde o
220 liters per minute will take 60 seconds totfi container.

Step 3 The Step Test- Multi Stage Pumping Test, (MSPTaifler says

The calculation of the exact specific draw down amil equation needs specific techniques. We ate no
going to attempt that in this course

We are going to look at an example of a pump fe€kis kind of test is called “Step Test”. Each
participant is given a hand out copy of the graph

You can use the Step Test to calculate the efigier the well.

If a well is badly constructed, it can be discodére

The Step Test - Multi Stage Pumping Test, (MSPT).

Time in Minutes

DW o 100 200 300 400 500 600
0.00

5.00 -
10.00 | Step 1
0.9 1/s
15.00 - Step 2
1.41/s Recover
20.00 K Step 3 y
2500 | 191/s
30.00 - K
35.00 -

40.00

(rs)
Trainer explains the graph to the participantstpaout that
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Day 3 Well Hydraulics

Every 90 minutes the yield of the pump was raised

SWL is 8.97 m. The pump was started at 0.9 litersspcond.

The level of water dropped very fast and then sl@me slower, with a logarithmic law.

After 90 minutes the DWL stabilized at 16.95 mhaatdraw down of 7.98 m (16.95-8.97).

After 90 minutes the yield of the pump was increteéno 1.4 I/s. What was the DWL after 180 m?
Then a last step was taken. Was the DWL stabilized?

After 3 steps of 90 minutes, the pump was stoppddteae residual DWL measured. It can be noticetdttha
took approximately more than 4.5 hours to come batte original level.

Asks the participants what was the yield in thet 810 minutes

What was the dynamic water level after 90 minutes?

After the last step was the DWL stabilized?

When a well is pumped for some time, it takes apprately the same time to come
To come back to the original condition after thenpus stopped

This is only an approximate and general rule, witmy exceptions:

In this example how long did it take the well tor@oback to the SWL?

Step 4
The trainer relates the DACAAR'’s experience

Every well should be pump tested. We have a pedgifoblem though when we drill 100 wells in
one area, we have to decide how deep those welstbide to supply enough water for our hand
pumps.

Each well has its own characteristics that casubemarized in a simple well equation. We don’t
have the well equation of each well; neither carperdorm a pump test on each well.
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Day 3 Well Hydraulics

But we know something we always install the samd kif pump, the AFRIDEV hand pump. The
yield of this pump is always the sahis500 liters per hour (0.16 I/s).

We can assume that in certain areas the conddiesmilar, so we can estimate the average,
approximate specific capacity of the wells. So wevk that, to safely get our 0.16 I/s, we need the
pump to be at least 10 m below the SWL.

DACAAR standard for silt terrains in Afghanistarili3 m below the SWL.

Now, what happens when the users of a well complduat, after a while, the pump goes dry,
and they have to wait some time to get water? Hmadhat the specific capacity of the well is
low, we haven't positioned the pump deep enougdupply the pump with 0.16 I/s, so the DWL
reaches the pump, and we have to wait for recovefyre pumping again.

It could be that the well is badly constructecefift, gravel pack etc, but may also be that the
specific capacity of the area is lower than expketkich depends on the formation i.e.
Transmissivity and Storativity.

If all other wells in the area have water, thelwalst be badly constructed.

Drill the next wells deepegven more than the 10 m in the strategy.

If you have a good drilling log, you should seéh# conditions of this specific well are differdass
sand, more clay to justify the lower specific capac

If you encounter a good permeability layer i.e vgtathe specific capacity of that point will albe very
good. This is why it is so important to get a gaoidling log, and put the filters just in front gbod
layers!

Step 4

Trainer summarises the content of the session

Note for Trainer

If the trainer believes the participants will beh&bm further information on pumping tests Annlex
expands on the Step Test and includes an outlitieedDuration Test and Annex J includes exercises f
participants to complete.

1%1n fact we know that it depends on how strong the useps the handle. 600 I/hour it is the maximum value.
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Day 4 Site Management and Supervision

Title: Site Management and Supervision

Session Summary

Objective:
Have a clearer understanding of the many aspedtsemponsibilities of site management and
supervision

Time: 45 minutes
Method: Brainstorming and group work
Material: Handouts
Physical Setting: sitting in U shape and then groups working onfiiner.
Process:
» Participants relate problems caused by a lack ofagement and supervision.
* Answer what are the different areas that need sigi@n or management
» Group activity based on expanding on individuabaref management and supervision.

Notefor Trainer:

Day 5 the participants are taken on a field trifis hecessary to find locations that are suitédhasit
before hand. If possible visits should be orgahirea percussion drilling rig a rotary drillinggrand a
well being dug by hand. Contractors are to be adved warned that they will be needed to answer
guestions

Check List

Lunch arrangements
Transport

Money if needed
Percussion Rig
Rotary Rig

Hand Dug well
Kareez
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Day 4 Site Management and Supervision

Site M anagement and Supervision

Step 1 See Annex B

Process

Trainer says many of you have had experience aageanent and supervision. What are the many
aspects a site manager has to prepare for and sfaffaganagement and supervision is neglected many
things can go wrong. We often leave important jsinior people.

Trainer asks has anyone present had an experidra® wanagement neglected to take care of
something?

Has anyone present had an experience where manapeegtected to take care of something whether
by neglect or mistake?

Several participants relate their experiences.
In each instance try and discuss the cause

Trainer asks

What are five components of a well constructioa #itat have to be managed and supervised?

Trainer accepts responses and then divides pamitspnto small groups

Choose several of the areas that need manageneehstathe more detailed aspects of each one that
require management or supervision

Step 2
Participants return to the forum and report onrtfiedings

Step 3
Trainer and participants add any points they feelnaissed out.

71



Day 5

Design and Timing

- Time Needed Training Supporting
Training Events M ethodology Documentation
Opening session
Review the previous day’s 30 minutes Brainstorming
session
Visit two percussion-drilling sites
and a rotary drilling site. .

Interview ysite %vorkers and Ob servatlpn
2hours Presentation Handout 4.1
manager ) .
Brainstorming
. Observation
Visit the Kareez outlet at the 30 minutes Presentation Handout 2.5
suburb of Kareez ) .
Brainstorming
Visit The suburb of Dasabz where
a rotary-drllleq bc_)rehole supplies Observation
water to the district or Charasah .
. 1 hour Presentation
or Dalamond rotary drilled bore Brainstormin
hole that supplies water to the g
suburb Dalamond.
Review Field Visits 30 minutes Brainstorming
Assessment
Evaluation 1 hour Written exercise Handout C, and D

Certificate Presentation

Total Time

5 hours 30minutes +1 hour for lunch and 30 mintdesea breaks
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Day 5 Field Excursion

Visit Percussion Rig Rotary Rig and Hand Dug Well

Objective:
The participants have an opportunity to see walktrmiction in progress and an opportunity to agg a
operator or assistant’s questions

Time: 3 hours

Locations that are suitable to visit are choseofeehand. If possible a percussion-drilling rigptary
drilling rig and a well being dug by hand shouldvigted. If time permits a Kareez should also Isied.

Check List of Preparations

Lunch arrangements
Transport

Money if needed
Percussion Rig
Rotary Rig

Hand Dug well
Kareez

73
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Course Evaluation and Assessment

Objective:
Through the completion of thisquestionnairethetrainerswill be assisted

* To identify the strength and weaknesses of thessour
» To assess the degree of information being assedilay the participants.
* To get an idea about effectiveness of the faailiat

Time: 35 minutes
Method: Written exercise
Material: See Handouts
Physical Setting: Seated in U Shape
Process:
» Trainer explains the reason for the assessment
* Explains the questionnaires.
* Participants’ complete questionnaires and traioéects them.
» Trainer explains the reason for the evaluation
» Explains the evaluation questionnaire
» Participants’ complete questionnaires and traio#ects them.

Notefor trainer
Students should be given adequate time to comitietquestionnaires.

74



Day 5 Course Assessment, Evaluation and Certificate Presentation

Course Assessment, Evaluation and Certificate Presentation

Step 1
Trainer hand out the sheets for participants topdeta
Participants complete assessment questionnaire

1. Which topic was of most interest to you?

2. What are the two methods of constructing tubks®e

3. How can you make a filter more effective?

4. Why are pumping tests carried out?

5. What do we call the water level when it drogs@pumping?
6.What is an artesian well?

Step 2(See Handout C)

Evaluation of thetraining methods and the general arrangements

Participants rate the following on a scale of b.féive being excellent.

1.Were the objectives of the course achieved?
2.Were the methods participatory?

3.Were the trainers friendly?

4. Was the material useful?

5.Was the venue conducive to learning?
6.Was the catering adequate?

Step 3
Presentation of Attendance Certificates

Step 4
Closure of the course
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Annex A Site Selection:

In collaboration with the user group the field eregr is responsible for the final site
selection for each water point of the area. The gsaup is involved in site selection and
should understand selection principles.

The selection of the improved water point shouldaged on the following criteria:

* The location of a well should be determined by alifjed hydro geologist or
experienced water well contractor or engineer basestudy of the location and a
test drilling

» The technical person is responsible to providerteeth information for the site
selection. If the community has a clear understandi the guidelines for choosing
an appropriate site this will influence them to maksound choice.

* Priority should be given to those villages withanly access to safe drinking water.

» Villages where all or the majority of the familibave private wells should be given a
lower priority than those villages where the majanking source is unimproved
public water points and streams. This is becaugaeproved private wells are likely
to give relatively safer water than unimproved jpublells and streams. All families
from the intended user-group must have accesetadter point.

» The water-point should be located in a place whersiderations dPardahdo not
prevent women from using it. Wells should not beated along trafficked road
because women will not have free access to the ifétlere is no other possible
location, roadside wells may be improved only & tommunity constructs a privacy
wall.

» DACAAR has examples of site selections being maderty a select group in a
village and later on the people who chose thecsitgacted DACAAR to have the
site changed as women were unable to go therehadibeen claimed by one family.

» The water point should be located so that accessotde monopolised by anyone.
This means that sites should preferably not bectleadjacent to the compound of
powerful members of the community as it increabesisk of privatization.

» Consensus must be reached by user group on theetded. The Field — Engineer
will advise the user group on site selection.

* Where possible women should have the prime rotkarselection of the site. The
female Hygiene Educators should be used to ensatevbmen’s opinions are
collected during the site-selection process.

* The users must make a major contribution to gitéi@n. It is very important that
from the beginning they feel the well belongs tenthand not to the engineer or
contractor. After completion the engineer and attr will rarely get another
chance to return.

» The site must not be open to contamination fromnles, washing areas, canals,
ponds or other sources. There is no perfect mNeming the distance that is
necessary for safety between latrine and well. Mantors such as slope and level of
the ground water, and soil permeability influentoe possibility of the bacteria in
ground water.
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Where the sale, exchange or donation of landgsired to construct or improve a
water point then:

The sale exchange or donation of land should bardented in avaquf. The site of
the water point should not obstruct any future goreent plans.

Test from other community wells will help the tedal person understand the static
water level, the quality of the water, and the cin of the ground water flow and
the strata of existing wells.

Perform chemical and microbiological analyses efiilater to determine the
characteristics of the water in the well /aquitars helps to predict the susceptibility
of the well to encrustation or erosion, provideommfation on the water quality, and
serve as a baseline record to detect any changater quality or contamination.
Elders in the community can advise the technicedgeabout the rainfall over the
past ten years.

The Engineer will take all collected informatioriaraccount when he advises at what
depth to put the filter and estimating the recowarthe water table after pumping.
Community members know their location and cans&lein areas to avoid because
of rocks and previous failed attempts to locateswat
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Annex B Site Management and Supervision

Main pointsto be considered by the site engineer:
* Project plan and duration
* Work distribution among staff
* The involvement of community in all stages of thejgct
* Management follow up and supervision
* Management, administration work and reporting

» Staff should have clear understanding of
What the management expects of them.
Their own job description.
The team’s chain of responsibility.
Work hours.
Safety measures.
Terms of employment etc.

Project plan and duration
* Project cost carefully calculated
» Draw up an implementation plan including estimatates for completion of each
stage
* Implementing agency should be well documented
* Beneficiaries- the people most in need of watentified.
* Expected output can be estimated for each week

We need to know the donor for the project and adapiplan paying particular attention
to the conditions attached to the budget and contra

Daily work plan:

Planning also needs to be done on a daily basis.pldén should include
* Meeting with staff before work to discuss the dplan
» Distribution work among staff.
* Use of vehicle
» Efficient use of resources
An example of efficient use of resources is prafgafor the sinking of rings.
The user group is to be informed in advance toroegaunskilled laborers.
The well must have a sufficient water column.
Mud must be cleaned from the well in readiness
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Staff behavior:

The field engineer should ensure the good beha¥ithre staff

Staff should at all times respect the local cultiparda” system.

Staff should not expect the community to feed ttaa if there is no alternative they
should not expect special food.

Staff should not walk around the area or in thiag#é when they know it is not
acceptable behavior

Community involvement in the project:

For the sustainability of the project it is verypartant to involve the user group in all
stages of the project. The engineer should haveimgsewith the community from time

to time to explain the project progress and impuréeof the project. The engineer should
prove to the community he is working for their bingnd as if he is a member of the
community. The site selection of several wellsme day would be completely
inadequate.

Follow up and supervision.

Daily supervision of work is very important. Sotuts should be found to solve
problems. Problems occurring because of poor sugfptyaterials or poor quality
workmanship must be overcome.

Administration work and reporting:

A daily work record, stock book, vehicle and maeiynlogbook should be filled in
daily.

The data base hand pump installation forms and o#perts should be very accurate.
The number of concrete rings, depth of wells, nunatbéamilies etc should be precise,
so that it can be entered into the data base survey

Most of the donors require final financial and a#kre reports at least one month after
completion

Other pointsthat should be considered by thefield engineer during the
implementation of the WS proj ect
» The engineer should cooperate with all donor meimigovisits and provide them
with the necessary information
* Prepare the camp rental contract if applicable
» Sign the project agreement with the local Shoralene it approved by the local
authority.
* Obtain a letter from the authorities verifying theemes of those chosen as project
guards
* Prepare and install a project signboard indicatiregdonor’s name.
* Supply the site with a first aid kit.
» Staff should sign the attendance book each morning

80




* The daily work of the project should be recordecadorm prepared for this
purpose.

» The curing of the concrete according to the weath#re area. If it is hot, water
should be used to wet the concrete. If it is cbiel¢oncrete should be protected to
prevent it from freezing.

» Curing concrete is difficult for user groups it dedgechnical attention.

* Water supply teams should try to obtain good quakind and gravel for the
project.

» The prepared concrete mix should be used withmtlesn a half hour to prevent
it from losing strength

» If one family is contributing all the unskilled labthis probably indicates they are
claiming the stand post or well as their property.

Purchasing

» Proper bills or receipts are necessary

» Three quotations are necessary for items excedthi®y300 e.g. cement and iron
bars etc

* When purchasing iron bars and cement a committem & near by project is to
be involved.

* A safe way for transporting materials should benfbu

Production Site;

» A platform should be constructed for the manufantuof pedestal slabs.

» A concrete mixer and vibrator should be used toufeiure concrete structures
such as slabs, and concrete rings to ensure gadityqu

* The sand and gravel should be measured separatedpéh batch for the
manufacturing of each structure and the well apron.

* The loop of the GI wire used to reinforce the ceterings should be tied by
winding wire.

Health education

* The engineer should reinforce the basic healthathrc messages when
addressing the community

* The community must understand why the surroundafigise well /water point
should be kept clean at all times.

* The importance of storing and transporting watélgahould be emphasized.

* Field staff should also keep their office, kitcreerd sleeping beds clean.

Shallow wells and tube wells

* The projects donors name and the well number shmildritten on the post of
the well
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The back filling of the concrete rings in the watlould be done properly with
small stones and gravel.

The apron, the pedestal slab and the top ring dhmijoined and the pointing
done properly.

The community should be mobilized to fill the asesrrounding the apron and
level it.

The waste- water should be diverted properly tegmepollution around the well
apron.

The borehole should be straight

A proper bill plug in the bottom is required.

In areas where the aquifer strata has fine sanfiltires|ot size must be
decreased

A proper gravel pack is required around the filter

For the sealing of the strata well-compacted caecommended.

Hand pump installation:

Stocks

Hand pumps should be installed in places where dneyisible for people to see.
Hand pumps must be installed vertical to the apron.

The team should do the selection and training @hidind pump mechanic

A skilled laborer should be instructed to instaleaclamp at each joint of the
PVC rising main.

The wages agreement for the hand pump mechanid¢dshewsigned with each
user group before the installation of the hand pump

The rising main should be straight to avoid futpreblems

The preparation of the necessary tools and bidpclthe hand pump mechanic in
each project area is the responsibility of the watgply team working in the
area

The issue and receipt vouchers should be avaitdhte project camp and should
be filled in when any stock is received.

The daily in and out of stock should be recordexpprly on stock project cards.
All construction material such as cement, iron pipees should be stored
properly.

The sand and gravel used by the project shouleédmded on the stock cards.
Field Engineers should transfer construction makevhen a project is completed
to the new project construction site as soon asiples All vouchers should be
sent to head quarters as soon as possible

If materials are received from the supplier damaexshould be mentioned in
the remarks column of the Receiving Voucher.

“1All material purchased has to be recorded in theksbook.
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Annex C Wells

A well is a hole in the ground that fills with gnodi water. This water can be brought to
the surface by a pump. Some wells, called artesglls, do not need a pump because of
natural pressure that forces the water up and fotteowell. There are different types of

wells. In Afghanistan there are two types of wetlsst common for drinking purposes:

dug wells and tube wells.

1.1 Goalsin water well construction

The purpose of water well construction is to prevadwater supply well that will be
hydraulically efficient and have a long serviceliThere may be some exceptions to
these goals, such as temporary wells for militamypes, but these are minor.

Wells providing potable water for human consumpsbould be designed and
constructed to provide high-quality water meetieglth standards such as those
developed by the World Health Organization.

1.2 Wl location, design, and construction for optimal performance

Depending on the application, a well location sddag determined by qualified hydro
geologist or experienced water well contractor dasea study of the location and test
drilling, and in consultation with health authaggi Wells should be located to produce
the maximum sustainable yield possible as welbgsdtect the water source from
contamination.

A proper well design includes, determining the tegid diameter for the best yield,
sanitary protection, procedures for well cleanieg&lopment, testing, and disinfection,
all of which are necessary to achieve the greaféistency and safety possible.

Designing for maximum efficiency minimizes encruista effects. A good choice of
materials enhances resistance to biofouling anasimn. Good design includes
provision for wellhead sampling, flow and waterdemonitoring.

High-capacity, high-cost wells such as those fonitipal supply and irrigation should
have blow off diversion for testing and treatmemd avellhead flow meters.

1.3 Summary of well design and placement guidelines

1. Well design should be done by a qualified grounéwptofessional (contractor,
engineer or hydro geologist experienced with wgtifaulics and construction).

2. Determine any fixed distance requirement from ygiate authorities: usually set
as a ground radius from potential pollution soulsesvers, drains, streams, septic
tanks).
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5.

6.

Adjust these for site circumstances. For examiitis filtering action (or
absorption) will take place in limestone or fraetirocks formations. So a set
30m radiuses may provide little protection.

Perform chemical and microbiological analyses efilater to determine the
characteristics of the water in the aquifer: trefph predict the susceptibility of
the well to encrustation or erosion, provide infation on the water quality, and
serve as a baseline record to detect any changater quality or contamination.
Choose materials that will provide a long servidthwhe price being a secondary
consideration.

Design and select screens and construction stepgive same priorities.

2. Hand dug wells
A hand dug well is a water hole, dug a few metets the aquifer. Normally the water
enters the well through the base.

Dug wells serve as water collectors and ground mrateervoirs. Dug wells have bigger
diameters than tube wells, ranging from 1 to 8m amtgpth of at least 2 m below SWL.
To achieve the needed depth, it is necessary tovemwater while digging if possible by
a sludge pump to make further digging possibledidgiging takes place during the wet
season, a depth of 4 m below SWL should be achjemeamtder to prevent the well from
drying up during the dry months. The total dept®)Bhould be no more than 60 m, in
order to enable the installation of the hand pulp discharge rate of a dug well is low
compared to a drilled well. In open wells the waseoften contaminated, as the water is
open to the atmosphere and human interference.
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In unconsolidated rock the walls are often stabdizwith bricks, concrete or
prefabricated concrete rings. Casing the well may necessary depending on the
geological formation of the strata. Pre-cast caecrimgs are used to prevent wells from
collapsing. The concrete rings have a diametertdéast 0.8 meters and a height of
approximately 45 cm, a thickness of 5 cm, and ergfarced with 3 mm steel wire. The
upper part of the dug well is best protected framtamination with the installation of at
least 2 concrete rings, sustained on a reducirg $kee annular outer space between the
rings and the hole shall be filled by backfillingthva non permeable material, laid in
successive layers of 20 cm and compacted after 2aam layer to ensure the perfect
non-permeability of the backfill. The natural claged for backfill has to be sieved to
remove all sand and gravel possibly present.

A surface pre cast concrete ring, with diameted.80 m, height of 0.90 m and thickness
of 7 cm, reinforced with 5 mm steel rods and 3 nmatvagnized wire, shall be installed,
with cover slab. A drainage apron is constructedyex requirements.
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3 Tubewsdls

A tube well is a hole or a pipe in the ground thatcan draw ground water from through
a pump to the surface of the earth. Its desigresawith the geological conditions of the
formation and the purpose for which the ground wiagtéo be used.

Percussion air rotary or mud rotary drilling sysseran be used, according to the litho
logical condition encountered, with minimum drifiidiameter of 8(203 mm).

The drilling of tube well consists of the followirsgeps:

» Site selection for drilling a tube well.
e Setting up the drilling rig system.

e Operation of well drilling.

* Logging (Sampling)

» Lowering of filter and casing pipes.
» Gravel packing.

» Construction of well the apron.

* Installation of the hand pump.
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Annex D Percussion method (cabletool drilling)

In this method drilling can be conducted with 1@, @r 22 buckets.

When percussion drilling a well, appropriate, tenapyp, casing is used in
unconsolidated, collapsing strata, and any timenwdéling below the static water level
(SWL).

1.1 Operating principles cable-tools (per cussion) method:

Drilling is accomplished by regular lifting and ¢qang of the string of tools
mechanically with the help of a cable. The dritldislodges or crushes both consolidated
and unconsolidated rock into small fragments. Attterbit has cut one to two meters
through the formation, the string of tools are taket and a bailer/bucket is inserted in
the hole to remove the drill cuttings. When workingoft unconsolidated rock the drill
bit loosens the material. The bucket essentialhysisis of a pipe like section with a valve
at the bottom. The length of the bucket varies wghliameter, and may range from 3 —
12 meters. If no water is encountered in the he&er is added from the surface to form
a paste with the cuttings.

1.2The casing pipe

In this method a casing pipe is lowered as thdirfyibroceeds. Usually a starting hole
about 3 meters (10 feet deep) is dug into whigsldased the first piece of casing. Drilling
by cable tool percussion method in unconsolidabechétion is started. It is necessary
that the casing should follow closely the drillibig that deepens the hole. This is
necessary to prevent caving of the formation. Tdsng is hammer driven into a few feet
of the formation.

The casing is driven down by means of drive clarfgstened to the drill stem. The up
and down motion of the tools striking the top af ttasing that is protected by a drive
head, sinks the casing. The cutting tool and tlekéiare operated through cables wound
on reels. The cable passed over the pulley is fi@edswivel tool. These are hung on a
frame of a derrick of suitable height. The operatid the drilling is carried out through a
spudding beam.

In some areas in Afghanistan, local, simple bornraghines/augers are used. These
machines are operated by hand instead of machine.

Another cable tool method includes the tube sargmin“shell” method, which advances
the borehole by driving a tube into the strata fation and removing the tube with the
retained solid cylinder of strata material cut fridma formation.

A drilling rig set consist of engine, drum, whegitder, columns, casings of different
sizes, at least two sizes of buckets, bits, anuaable.

The necessary tools for a drilling rig set are aircipulley, large and small size leaver

arms, lifting jugs, chain-wrench, set of pipe-wrees, set of screw-wrenches, pliers,
screw drivers, hacksaw, saw, iron clamps, woodeakisl and iron rods.
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Use of telescopic boring pipes

If the formation to be drilled is hard and contasimiingles and cobbles, abig size boring
pipe only is suitable. At certain sites casing @p&2 inches diameter has been used.
The bottom edge of the pipe is sharpened to hetptitmg the formation. The bucket is
correspondingly of bigger size and heavy. Whenrgpto a depth of 300 to 400 feet is to
be carried out use of a telescopic casing pipsasull The top 100 feet to 120 feet of the
casing pipe is generally 18 - 22 inches in diamé&ter deeper boring the size the size of
the casing is reduced to 16 — 14 inches. The togr 22 inches diameter pipe is left in
position. Another pipe 16 inches in diameter is nowered into the big size pipe and
sunk say another r100 feet. Further boring is namied out by a say 10 inch diameter
pipe. These three pipes of different sizes are ledene after another and after
constructing the well are pulled out.

1.3 The Suitability of cabletool drilling

This type of drilling has been in use throughowet tmodern drilling era since 1859 and
earlier. This type of drilling was used to drilktfirst oil well in the state of
Pennsylvania, USA.

Despite many new developments introducing diffetgpés of drilling cable tool,
spudding remains a useful technique in many dglnuations.

1.4 Advantages of the cabletool:

= Low capital investment and cheap maintenance. &lagost is less than a third of
rotary machines of similar capacity. Maintenancesdoot require, such specialized
mechanical expertise and expensive parts as manpler machines. Many
components can be fabricated in a machine shopa@nall available “recycled”
worldwide.

= A percussion drill produces high quality samplesmgonsolidated formations. It is
well suited for geological sampling tasks. Gengredgarded as the most reliable
sampling technique for alluvial (placer) mineralestigations.

= tis particularly suitable for water well work @gpermits collection of detailed
information on each water horizon as it is penettat

= |tis suitable for remote area operation as onlglssupplies of water; fuel or other
materials are necessary.

= |t can drill economically and obtain samples ineraous formations.

= In general, it can drill in a greater variety @dhblogies (strata samples) with a single
tool string. Bits can be renewed on-site. It ishhygsuitable for remote settings.

1.5 Disadvantages of the cabletool:

» Productive output measured by daily increase inttdephole is relatively low in
most cases.

= Hard rock penetration rates may be very low.

= When casing is required it is difficult to keep ttesing free when drilling deep
boreholes.

= The heavy hammering action causes disturbanceamdge in some formations,
resulting in mixed samples.

88




Trouble Shooting
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Annex E. Rotary drilling:

Rotary drilling makes a borehole by turning theibithe bottom of the hole. It is
rotational drilling as opposed to the up and doatioa of percussion drilling.

The rotary method is used for drilling large baresnconsolidated strata. This is fastest
method and has been used for wells up to 45cm dearuig to 150 cm with a reamer),
and for depth over 1600m. Oil wells over 7000 mdesp has been drilled by this
method

During last forty years several types of boringtiave been developed to drill in
different formations.

Rotary drilling system is divided into two types
A) Hydraulic Rotary Method:

In this method, the boring is done with the hel@alrilling bit attached at the end of a
string of hollow pipe. A mixture of clay and wat&nown as drilling mud, is
continuously circulated through the drill shaftie hole. Material loosened by the bit is
carried upward in the hole by the rising mud. Oadilly no casing is required since the
drilling mud forms a clay lining and supports thall of the hole.

The drill bits have hollow shanks and one or maneti@ally located orifices for jetting the
mud into the bottom of the hole. The drill rod, reaxf heavy pipe, carries the drill bit at
one end and is screwed to a square section knokellgsA rotating table rotates the
drill rod that slides downward as the hole deep@&hs.rising drilling mud carrying rock
fragments is taken to the setting basin where tittngs settle. The mud is re-circulated
to the hole. To maintain the required consistentay and water is added to the
circulating mud from time to time. A complete bayistrata record is maintained to
record the formations at various depths. When #ds&réd level is reached, the drill rod,
etc. is taken out and the well pipe containingiséapipes at appropriate locations
(opposite aquifers) is lowered. Since the well walle coated with clay, it should be
washed to get a greater discharge. Back washitgne by lowering the drill pipe and bit
in the well-pipe, and forcing water-containing aaigsodium hexameta phosphate).
Calgon has the property of dispersing clay collofsollar, the size of the well pipe, is
attached to the drill rod just above the bit. Tioises the water through the strainer
causing a washing action on the clay wall. At thes time, the drill rod is plunged up
and down causing surging action. When washing@btttom is done, the bit is raised
some distance and operation is repeated.

(B) Reverse Rotary method:
Reverse rotary method, similar to the hydrauliamnpimethod is used much in Europe.

This method, removes the cuttings by a suction.pg\darge capacity centrifugal pump is
used for this purpose. A mixture of water and fgnained material is circulated in the
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borehole. The procedure is essentially a suctiedging method. While drilling the

walls of the borehole are supported by hydrostatssure acting against the film of fine-

grained material deposited on the walls by thdidgilwater. The method of re-

circulation of drilling water containing fine grad particles and cleaning the well after

inserting the well pipe is similar to that of thgdhnaulic rotary method.
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Annex F Operation of adrillingrig
Setting up thedrilling rig system:

1.1 Setting up of Dando Rig System:
The Dando Rig parts, the engine, the wheel, thedrand the columns have a
prefabricated joining system. The rig is easy tainmt@nd takes little labor.

1.2. Setting up the Single /Double Drum System:
The Single/Double Drum rig system parts, girddre,wheel, and columns are separate
from the rig frame, the mounting takes more timé smrmuch more labor intensive.

2. Operation of drillingrig:

The operation of a drilling rig consists of the ingrof the well hole by lifting and
dropping the drill bucket into the borehole andrgkout the slurry. Before starting
drilling by machine a pit hole is dug at the wealéswvith a depth of 2-3 meters. For the
machine-drilling process, the pit should be filleih some water in order to make slurry.
Whenever the stratum is loose, casing should lalied. It is not necessary to use
casing for hard strata. As the well gets deepecd#iseng is lowered.(With the lowering
the depth of tube-well casing also goes down.) Wtherdepth of well reaches the
capillary or saturated zone of the ground stréa sturry will be produced by ground
water. This procedure will continue until the dedidepth is reached. Whenever the
drilling process reaches a hard stratum like camgi@te and bedrock, a bit with a
different weight will be used to brake down thek.othe bucket shoe cutter will be
sharpened by steel welding spots.

2.1 Common accidents and solutions:

When drilling tube-wells, problems occur. For treubhooting a skilled rig operator is
necessary. An experienced operator will solve gnoisl rapidly and make the process
cost effective. Problems cause delays and increzsts

6.2 Some of the common problems are:

The dropping of the bucket, the casing, or the shuter, onto the well bed.
Dropping into the well the bit and the bucket.

Dropping into the well the casing and pipes.

2.3 Remedies:

2.31 The bucket and casing shoe cutter are on the well bed

For removing/pulling out the bucket and casingestwtter the first step is to use a hook
or to give a slight impact with the bucket to tihee cutter joining one or two of the
threads.

It is not possible to pull out the casing shoearudis we cannot pull out all the casings.

2.32 Thefalling of the bit and bucket into the well.
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If the bucket or bit has fallen onto the bed ofellwecause of the severing of the
extension cable it is possible to get them outdipgia hook or fishing tool. The hooks
and fishing tools should be made of hard iron.

If the bucket and bit are stuck in the middle efell because of gravel falling in, give
some knocks at the top to release it and pulltit ou

2.33 Thecasingsand pipesfallinginto the well.
To pull out the casing and a pipe from the bed wel two techniques can be used.

First using a fishing tool with a hinged iron anchttached to it. When the fishing tool
enters into the pipe the anchor is in a flat positivhen we pull out the cord the fishing
tool anchor opens and sticks to the wall of thee@ipcasing.

Second use a steel rod with a cone shape woodek &ttached to the end. Lower the
steel rod with the wooden cone block at the enaltimé well pipe or casing and put some
gravel on the back of wooden block. The gravel sighe wooden block to catch in the
pipe or casing and they can then be pulled out.

3. Maintenance
(a) Routine maintenance:
A drillmaster should do the following maintenancelyl

Service all rig systems, check the engine, cheeKah belt for cuts or wear, check the
rig drums and handle ball bearings for cracks aedrnncheck the cable for breaks and
wear, check the level of the engine (mobile) dieak the lubrication of the engine and
cable.

(b) Exceptional maintenance:

Exceptional maintenance will be carried out oftenirtty the operation of a rig system.
The exceptional maintenance includes servicingtiggne, cable replacement, changing
handle and drum ball bearings etc.

4 Logging/ Sampling:

An important part of drilling is to explore the &ta formation and collect representative
samples. This information is useful for both cowmstion and for drawing water from the
aquifer. This data is used to locate the tube stedliner and an estimate of the probable
well yield.

4.1 Use of atube well sample box:

A sample box containing many pigeonholes is usdeé&p ground strata samples
separate during tube well exploration. The samplerbpresents the formation of the
ground strata for the tube well. Sample boxes @améade of wood or iron. The total size
of a sample box is approximately (45 x 45 cm) dreddize of each pigeonhole is
(15x15x15) cm.

4.2 Thelitho-logical description of the samples:
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(a) Gravel (b) Sand (c) Silt (d) Clay

4.3 Reporting: Eachsample must be clearly labeled with the date, tohe@th of bore
hole, coordinates, litho-logical description. laidvised to keep a scale diagram of the
borehole starting at ground level.

4.4 Daily log: The drill man must record a daily log after eaithtsm change and each
strata change soil sample should be kept in thepkalbox. This is essential information
for placing the filter and pump.

4.5 Final strata samplereport: DACAAR has 3 reporting formats for recording saesp

Components of a tube well:
The main components of a tube-well are:
1. Screen (filter) pipe
2. Casing pipe
3. A bail plug or sand trap fixed at the bottom otibeg-well
4. A filter/gravel pack installed around the strainethe blind pipe.

5.1 Screen (filter pipe):

a) Filter pipe: Wells that obtain water from samnd gravel aquifers — unconsolidated
formations — require a filter pipe. A filter pipgthe most important component of a tube
well. It is the medium through which water is drawto the well.

A filter pipe is installed adjacent to the aquisératum and should extend the full depth
of the aquifer.

5.11 Important features of filter pipeareits:
Diameter
Length
Slot size and open area
Limit of inflow velocity
The material the filter pipe is made of.
5.12 Diameter of a tube-well filter:

The relationship between the discharge of a tubéamd its filter diameter depends on
the following equation:

Q =12Km (ho-hy) = 2.3 log R/y

By doubling the diameter of a tube-well the inceeasdischarge is only from 8% to
11%.
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Increasein yield of atube-well by theincreasein thetube well/filter diameter

Well
Diameter Inches. 4 6 8 12 18 24 30 36 48
Discharge (gpm) 100 105 110 115 123 128
" 100 105 110 117 122 127 131 137
100 105 113 118 123 - 132
100 106 111 116 119 125
100 104 108 112 117
100 104 107 112
100 103 108
100 105

The above table shows that with an increasein the diameter of a tube-well (filter)
theincrease in the dischargeisnot significant.

The added cost of a large diameter filter straisiequite disproportionate to the value
gained from the increase in the discharge. A ldigmeter filter strainer must to be
structurally strong. To install a large size steajrthe boring diameter even when using
the percussion method has to be increased. Thigefuncreases the cost of well
construction.

5.13 Length of tube-well filter:

One length of filter pipe measures 4 meters. DACA#sRally uses one length and
occasionally two. The filter has to be placed ia water bearing formation (sand, gravel)
. Some experts recommend the length of screeneobasis of certain velocity of flow at
the interface of the screen.

5.14 Per centage of open area of afilter:

The most efficient operation of a TW is achievedewlthe open area of the filter is equal
to 15% of the total screen. TW experts, who stuuay hydraulic properties of well
screens, suggestlianit of 15%, beyond that the head loss is no longemation of the
filter open area and the shape of the openingrgelaapacity irrigation tube wells.

For a hand pump-operating tube wells DACAAR haseeigmced 3% open area and
0.5mm slot size on a 4" PVC pipe.

5.15 Material of filter pipe:

Filter pipes are made of different material suciméld steel, brass, fiberglass, or PVC. In
Afghanistan usually different diameter brass andCRWainers are used.

5.16 Slot width for strainer

A filter pack designed to hold the formation pdescup to 0.2mm has a mean diameter
between 1.5 to 2.5 mm. With provision of a filteacg the width of slots can be
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increased. The maximum width of slots found suéalhen protected by filter is 0.062
inch or 1.6 mm. A strainer with slots wider tharstlimit cannot stop the inflow of sand

6 Casing pipe:

Casing or a blind pipe is a pipe that is installe@ tube- well in two phases. When the
drilling of a well is in operation, heavy temporargsing pipe is driving into a well to
prevent the collapse of the well sides. The sedgpd of casing is permanent casing.
This casing can be brass, iron or PVC. The waltkimess of brass and iron casings
should be 5mm. DACAAR uses 6-bar B-Class PVC pipetiibe-wells with a hand

pump.

7 Bail plug (sand trap):

A bail plug is a piece of pipe which is pluggedoate end and fixed at the end of the
casing or filter pipe at the bottom of a well fallection of sand and silt. A length of bail
plug is from 5-10 ft long (1- 3 meters) and its Mthickness should be %2 or 2/3 inches.
DACAAR, bends the bottom first length of PVC caspige and blocks it by the heating
process.

8 Gravel packing:

An artificially gravel-packed well differs from theaturally developed well in that the
zone immediately surrounding the well screen is enadre permeable by removing the
formation material and replacing it with artifidalgraded coarser material. In the
naturally developed well, the fine material in tbemation surrounding the filter is

removed by water pressure to create a more permeaie. In either case, the net
hydraulic result is an increase in the effectivanaeter of the well.

The best method to improve a borehole is to grpeek the screen. The gravel pack
should inter face the water- bearing formation Aimum thickness of 8 cm (3 inches) is
acceptable although 15 cm to 20 cm is preferrex t(sieight inches). Making it any
thicker has no hydraulic advantage rather it addbe cost.

The gravel that is used for a gravel pack in a 4wbt should have the following
specification.

- As uniform as possible ( sieve fine and coarseajjav

- Diameter has to be around 0,5cm for silt- sand.

- Formation, up to 1 cm for gravel formations

- It is important that the gravel pack fills the aggarallel to the filter, with no gaps
being allowed to form.
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- If the gravel pack is dropped from the surface msilte2 no spaces or bridges are
formed, shake the casing while the gravel is drdgpe this should ensure the gravel
is well packed.

9. Sealing & back filling of a tube-well:

When a tube well is being bored in a marshy arestratum that contains salty water, to
avoid mixing unpleasant or salty water with cleaatav the upper strata should be
blocked. The blocking of strata is done with pueycPure clay is moistened sufficiently
to roll intol kg weight balls. The clay balls areoplped into the well to block the

unwanted stratum. The depth of the sealing dependthe depth of the undesirable
stratum. During the clay packing operation thelidglcasing should be drawn out slowly
simultaneously with the clay packing procedure. Whiee clay packing procedure is
finished the tube well should remain undisturbedaanaximum of 24 hours or at least
10 hours to settle the clay pack. The back fillafghe tube well is done with ordinary

soil up to the ground level. When doing the badkn§ the drilling casing is drawn out

gradually.

10. Cleaning of atubewell:

The reason for ‘back washing or fluid circulatiari’a tube well is to clean the system so
that water, free of sand can be pumped at the lop@ssible depression head and to
achieve a high capacitylyield. The purpose of ‘bacshing’ is to remove the sand

particles from the pores of the gravel pack (shirog)d The material close to the filter is

cleaned of tiny particles. A similar action alsccos when sand is subjected to force
washing and surging. Very fine particles of sand sucked out leaving the coarse
particles in position. Sometimes small particles aupported by bigger particles and
obstruct their removal. This action is called bndg By surging and back washing the
bridge is disturbed and fine particles are drawt) lmaving coarse particles in position.
When the fine particles are removed, the tube wstelits yielding sand free water even
when there is a low depression head.

10.1 Methods of well cleaning (developing):
Of the several methods used for the developmewet$ the most common are:
a) Development by air- lift.
b) Over pumping and exerting sudden suction jerks.
c) Development by a plunger, causing suction and hadting.
d) Development by a water jet.

10.2 M echanical surging:

For hand pump operated tube well cleaning the DARAJill masters use the following
procedure.

» After completion of the tube-well drilling, the we$ left so that the suspended soil
settles over night. The following day before ingtgl the pipe and casing, the well
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is cleaned by pulling and dropping the buckethia well and removing the settled
soil.

» After the filter and casing are installed, a snallling bucket with 3”diameter is
moved up and down in the casing and filter pipesis leans the well and the
gravel pack. This is one kind of surging.

Another method practiced for development is theafse surge plunger or a surge block.
A surge plunger contains two leather or rubber tsheandwiched between the wooden
discs, all being assembled over extra heavy pipaipfle with steel plates serves as a
washer under the end coupling. The wooden discalghme strong enough not to split
under pressure. The leather or rubber disc shauledsonably well in the casing. A
small hole is provided in the top discs. When thenger is being pushed down some of
the water is forced out through the disc openings.

11. Construction of the apron

An apron is a structure that prevents outside sarveater from entering the well. The
apron is to stabilize and hold the pump pedestat dapron is made of plain concrete
with (1:2:4) ratio. After putting concrete in thpran mould it must be cured for at least 7
days preferably 28 days. Tube well aprons whengripmesigned drain away from the
well.

If a kitchen garden or natural ditch is not avdiafear the site a soak pit should be
considered with the size of 1m x1m and depth of The pit should be filled with
granular gravel.

12. Installation of the hand pump:

The steps for installation of the Afridev hand puanp given below.

Keep all the pump parts and tools and consumab#byrin preparation for installation.
Kabul pump is suitable to lift water 15 — 20 meters

Indus pump is suitable to lift water 45 meters

Pamir pump is suitable to lift water 60 meters {@€ters)

12.1. Mix 300 grams of bleaching powder thoroughl{5 liters of water in a bucket and
pour the solution into the borehole.

12.2. Slip one pipe centralizer on each rising maipe and the cylinder pipe.

12.3. Mark a length of 115 mm on the plain enthefcylinder pipe and the rising mains
pipe. Marking should be done either at the base stoat the manufacturer’s works.

12.4 Clean with cleaning fluid the outside of teducer end of the cylinder, the marked

portion of the rising mains and the cylinder’s plend, inside of the bell mouth of the
suction pipe and rising mains. Roughen the cleane@ces with sand paper and clean
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again with cleaning fluid. After cleaning, storethipes on wooden blocks to prevent
contact with sand and dust.

12.5.Apply solvent cement to the cleaned bottontigmoiof the cylinder and the inside of
the bell portion of the suction pipe.
12.6. Join them and allow the join to set for five miraite

Note: While making a U PVC pipejoint, please follow instruction precautions.

12.6. Cut rope to length (cylinder setting x2 +méters). Make a knot in the middle
point of total length. Insert the nylon rope thraoupe sleeve fitting on the suction pipe
and pull the rope until it reaches the knot. Malseeond knot on the other side of the
sleeve as shown.

12.7. Join the top end of the cylinder with thd bald of the first rising mains pipe by
applying solvent cement. Allow the join to set fime minutes before lowering down.

12.8. Insert the assembly of suction pipe, cylirated rising mains into the borehole and
tie the rope to the anchor bolts on the flange.

12.9. Whiled lowering the rising mains do not fdrggesupport the weight of the
cylinder, suction pipe and rising mains with thpeoTie the rope ends to two bolts in the
sand flange as shown for convenience of lowerirdgsapporting.

12.10. Make sure that the rope passes througlotia¢img slots in the pipe centralizer
that are located close to the bell ends.

Caution: Wait for at least five minutes before joining thext two components. Always
support the weight of the components belowgrount thie rope to minimize stress on

the join during those critical five minutes whetsistill gaining strength. Stressing the
join during this period can result in the prematiaitire of the solvent cement.

12.11. Join the next rising mains pipe. Supportibigom pipe by hand (2 to 3 persons)
while pushing in the top pipe. Do not push agatinstrope.

12.12. Repeat the process of joining the risingwll the last pipe is connected.

12.13. Slip the steel cone onto the last risingmnalVith two persons holding the pipe,
push the rubber cone onto the rising mains.

12.14. Apply solvent cement to 30 mm of the entheflast rising mains, and also on the
inside of the top sleeve and join the two togetAdow five minutes for the join to gain
strength.

12.15. Lift the steel-cone and untie the rope kootshe anchor bolts.
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12.16. Tie the rope onto the two hooks of the steek by making a double knot.
Remove the anchor bolts. A small excess lengtiojpé may be lowered into the
borehole. (Keep the rope slack, just a bit longantthe rising main.) Hold the steel cone
with the rubber cone close to the top sleeve. Ladosvn the steel cone slowly till the
cone plate rests on the stand flange and the ¢é@yelrests on the rubber cone.

12.17. The rising mains rests on the sleeve. Mbgebne plate so that all four holes in
the cone plate and the pump stand flange areeén lin

12.18. Install the pump head on the stand asseamal\tighten the bolts. Now the rising
mains and cylinder body is ready to receive thendglr components and rods.

Caution: Keep all rods on a stand made out of a fork petidoranch of a tree or in a

clean place near the pedestal so that dirt cammbits way into the borehole through the
handling of the pump rods

12.19. Slip the rod centralizers on each of the puma hooks.

12.20. Insert the foot valve assembly into thmgisnains and let it drop.

12.21. Lower down the plunger rod with plunger assly. Ensure the “U” seal is
assembled with groove upward.

12.22. Insert first pump rod hood through the eyéhe top end of the plunger rod af 90
as shown. Turn the pump rod upwards to bring & w@rtical position to form a join and
then lower it down the well.

12.23. Keep joining pump rods and lowering them nldil/ the last pump rod is
connected and the plunger rests on the foot vathuegt

12.24. Push the foot valve with plunger gentlylsat the foot valve gets located in the
foot valve receiver.

12.25. Grab the top pump rod level with the top ehthe rising mains, pull out and
mark the rod.

12.26. Lift rod and remove top rod.
12.27. Take out the last rod and cut at the madkpan this back in position.
12.28. Slip the flapper on the last pump rod.

12.29. Fix the rod hanger and tighten the rod hahgk. Make sure the rod is inserted
into the full length of the hole.
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12.30. Lower down the top rod and insert the spahaedle into the rod hanger eye.
Rest the spanner handle on the two slots on the@pead top. The rod-hanger with the
rod is now supported by the spanner handle onuhgphead.

12.31. Before the fulcrum housing enters the ptegd, insert the fulcrum pin and
bearing bushes into the fulcrum housing as shown.

12.32. Insert the bearing bushes and the hangen pie rod hanger. The lug on the
other bearing bush should get locked in the rodyeaslot. The inner bush and the lock
pin should point upwards.

12.33. Insert the handle assembly into the punagl he

12.34. Slip on the fulcrum pin ends into the sfwivided in the pump head bracket.
Ensure that the lock pin on the fulcrum is secure.

101




Annex G Disinfecting awell with chlorine

There are three major times when we chlorinatellaWaen the well is newly constructed, or
repaired, and when the community complain abouiviiter. When possible a bacteriological
test is done to measure the contamination. Hangb pnechanics are supplied with chlorine to
disinfect wells after repair

After a new well is constructed the well and altha# parts of the pump are disinfected.

Step 1 Add 300 grams or 20 tablespoons of bleaching powada 10 liter bucket of water
and mix it thoroughly.

Step 2 Open the pump head and the man hole and pouhtbenes solution in so that it
splashes on the exposed parts of the pump andaltseoivthe well

Step 3 Close the head and the manhole and leave thésaluthe well for at least one hour
Step 4 After one-hour start pumping the well until theedinof chlorine disappears from the
water (the water is not for drinking).

Step 5 Leave the pump unused for another hour (preféimeis 6 hours)

Step 6 The water now coming from the pump is safe fonkirig

Using powdered Chlorine

Thismethod isused in open wells

Mix powdered chlorine with 2 kilograms of sand iplastic bag. Cut the corners of the
bag or make small holes all over it and lower tibithe well

Liquid Chlorine Concentration
Add 1-2 milliliters of chlorine per liter of watend drop this into the well

102




Annex H Water on Earth

The earth is mainly a water planet. Oceans covautahree-fourth of the earth surface,
and account for 97% of all the water on this planet

But water in the oceans is very salty (33 g/l) eaahot be used by life on the surface.

Water available for human kind is the fresh watesent in lake, rivers and streams. The
total of this water, from a global point of views, anly 0.18% of the total. But fresh water is
also found underground (groundwater), and the tdtalater underground is 50 times more
than the one on the surface!

Q.ty of water (Km°)
Oceans 1340
Ice caps 24
Groundwater 10
Surface water 0.18
Total Salty water 1340
Total Fresh water 34.18

Table 01 — Distribution of water on earth

O Salty water
B Fresh water

Chart 01 — Distribution of water on earth
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Annex | Well hydraulics

Porosity

The shape and arrangement of soil particles h&fesrdine porosity. Porosity or pore
space is the amount of air space or void spaceskeatgoil particles. Infiltration, groundwater
movement, and storage occur in these void spddes porosity of soil or geologic materials
is the ratio of the volume of pore space in a oinihaterial to the total volume of material.

A mathematical equation of porosity looks like thigorosity or Nn=V,4/ Ve POrosity is
often expressed as a percentage of rock or sdilofanaterial, so multiply the answer by 100.

High Porosity Low Porosity

What could happen when smaller particles are ma#dlarger particles? As the
diagram shows, the smaller particles could fithe void spaces between the larger particles,
which would result in a lower porosity.

Not all particles are spheres or round. Partieldst in many shapes and these shapes
pack in a variety of ways that may increase orehesa porosity. Generally, a mixture of grain
sizes and shapes, results in lower porosity.

Material Porosity (%)
well-sorted sand or gravel 25-50
sand and gravel, mixed 20-35
silt 35-50
clay 33-60

Tab 02 - Porosity Ranges for Sedime(etsed on Meinzer (1923); Cohen (1965); and Mac@agyLambert (196))

Permeability

Permeability is a measure of a soil or rock's tgbilh transmit water. Often the term
hydraulic conductivityis used when discussing groundwater and aquitgepties.

Permeability differs from porosity because the Vvioas to be interconnected to allow
water to pass. We said before that a rock is gonden it contains voids: if those voids are
not connected to each other, in order to form oblanrwater can not pass, and the
permeability, that is the capacity of a rock towlwater to pass, is low.

For example, clay has high porosity and low pernfigabecause pore spaces are not
well connected. Clay often creatEmfining layersn the subsurface.
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In rocks with fractures, there can be high perntigalifi the openings are large and are
well connected.

Permeability or

Material Hydraulic Conductivity
(cml/s)
well-sorted gravel 10-2to 1
well-sorted sands 10-3to 10-1
silty sands, fine sands 10-5to 10-3
silt, sandy S|tlit”s, clayey sands, 10-6 to 10-4
clay 10-9 to 10-6

Tab 03 - Permeability Ranges for Sedime(@sw. Fetter)
Darcy’s law

The movement of water though a porous medium (gnoiend) can be described using
Darcy's law.

Cross-Section
Areg = A

-

Secreen

Ciatum

Where: \b is Darcian Velocity
k is Permeability
i is hydraulic gradient\h/L)
In other words, the speed of water depends onetimegability of the media and the load!

Vp is called Darcian velocity because it is not tiue tvelocity of water in the medium.
We learned already that the water moves only thrdiag voids of the rocks. Voids are only

one part of all rock, and the ratio between thema of voids and the total volume is defined
porosity:

N=Vyoia! Vi
it means that the true velocity of water in the raésl
V=ki/n
This very simple law is the base of all the wellifaulics.
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What Happens When the Pump IsTurned On?

When the pump is turned on, the water level dmopke well and in the aquifer adjacent
to the well being pumped. The drawdown is the decbf water level observed in wells
observed in the aquifer being pumped. The amoumraidown is at a maximum at the
pumping well and diminishes to zero some distam@yaThe region affected by drawdown
from pumping is called the cone of depression &di). The size of the cone of depression
and the drawdown will increase until there is abe¢ between the pumping rate and the flow
into the well from the surrounding aquifer. Once toump is turned off, the cone of
depression diminishes in size and water levelsregibver to near pre-pumping levels as flow
continues to move into that portion of the aquafiéected by drawdown. This process is called
“Recovery”.

[ D

Original Hydraulic Head

aooaoooopt

Static water level Depth fo waler

1

|

|

dene of 7 |

epression Orawdown |

|

Pumping level __T:%_.:j_l"__ f |
L Radius o

S influence

Figure 04--Cone of depression resulting from drawddrom pumping. (Internet)

The size of the cone of depression and the amduitaevdown depend on the pumping
rate and the ability of the aquifer's material tansmit water to the pumping well. The
aquifer's ability to transmit water to the welblisectly related to its permeability (the capacity
of a porous material for transmitting a fluid) atadal thickness. Aquifers that are more
permeable and have greater thicknesses allow laajemes of water to flow toward the
pumping well.

Every borehole, when pumped, creates a “depressimi in the water table around. The
shape and dimension of this depression cone caalbelated with great precision having
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appropriate pump test data and litho-stratigrap(tiesdrilling log) of the boreholes involved.
The following drawing will explain what physicalhappens:

In this case we have 2 boreholes: BH1 and BH2. $\the static water level and it is
common to the two boreholes, as long as they dieddn the same aquifer. BH1 is pumped,
so the water level will drop in the hole to the D\dlynamic water level). The shape of the
depression cone depends on the characteristit® @fquifer: in case 1 (deep DWL, narrow
cone) we have a low (small) permeable aquiferagedwo (shallow DWL, large cone) we
have a very permeable aquifer. It is clear thahism case BH2 can be influenced, being the
SWL disturbed (or in the so called influence areBld1). The extent of the cone varies with
the yield and the time of pumping, getting biggeit{ an inverse logarithmic low) with time.
When pumping stops, the cone reduces and disappearsafter the recovery time things
come back to a stationary status.

Case 1 Case 2

DWL.2 - BH2

DW2

DwWL1

Land surface

. [epth to water
Stakic waker lewel +

Pumping level with nne_h;_; i

well being pumped

Furnping lewvel with twa
+— = being purnped

Cone of depression Cone of depression
caused by two wells - " cauzed by one well
being pumped being pumped

(RS, Internet)
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Pump tests:

If you buy a TV, you want to try it, isn’t it? Treame if you rent a house, you want to
check it, before paying the advance. Why shoulde’the same with a well? A well,
once it is completed, is underground, and you cse¥tit. But you can still check its
performance, and, if you are good enough, catckoanme defects. How? You have to
perform a pump test. The pump test is the quatitytrol of every well.

Transmissivity and Storativity

The dimension and the dynamics of the depressioe caused by pumping a well
depends on the characteristic of the aquifer, padifically:

Transmissvity (T) A measure of the amount of water that can be trisiesin
horizontally by the fully saturated thickness o taquifer under a hydraulic gradient of 1.
This is a product of the hydraulic conductivétiyd the saturated thickness of the aquifer.

Storativity (S) The volume of water that a permeable unit will absar expel from
storage per unit surface area per unit changeaid. hi¢ is a dimensionless quantity.

The theory of underground water flow and the sifiemterpretation of a pump tests are
quite complicated, and will be discussed in a $jpdcaining.

But there are also practical reasons why pump &estperformed, and there are practical
reasons why every well should be pump tested.

In every well the level of water measured from Wedl-head (ground level) is called
SWL (Static Water Level). When a pump (even a hamdp) is started, the level of water in
the well drops (DWL that is, Dynamic Water Levafhjfially very fast, and then slower and
slower, with a logarithmic law. Once the level dsapbecomes the DWL. After some time
the level of the water in the well (DWL) during steint pumping stabilizes. If you increase
the pumping rate (yield) the level drops againhwite same modalities. When you stop
pumping, the water comes back to SWL with the sarodality: very fast at the beginning,
than slower and slower, until the initial levetéstored.

In practical terms, given the yield of the pump ws&tall (i.e. hand pump) we want fo
know how much the level of water in the well wilog@ during pumping, and set the pump
lower than that deptho avoid the water running out. We also wantrovk how long the
water table takes to come back to the originall ied®n we stop pumping (how long it takes
to re-fill the well).

Bailer test: A bailer test is a simple test used to calculagedischarge of water from an
electric pump. If the discharge is low, of the arde150 liters to 600 liters per minute,
the discharge can easily be measured by an emptit22drum. A stopwatch is used to
measure the time it takes to fill the drum. A dexge of 220 liters per minute will take
60 seconds to fill the container

Open channel pump test: Used to measure the discharge of a spring, rivetream. If
the section of the channel is uniform, straight &gid, it is ideal for the estimation of
discharge A small channel that is straight andasnifapproximately 10 — 20 meters long
is made. . A mean value of the area of the crostsoseof the length of the channel to be
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used for the study is determined. This area isipli@tl by the mean velocity of flow, to
give the discharge. The velocity of flow is detanad by several methods. The simplest
method is by a float. A small piece of wood or #ioating body is thrown in the middle
of the channel. The object is timed with a stopWwatcrecord how long it takes to travel
the distance. The ratio of distance, S, in metetsrie T in seconds, is the surface
velocity

Discharge Q = Area x Velocity

Area =z X r2 Velocity = Discharge/Area

Gallon test is used to measure the discharge from a hand pdoy.many liters per
second (1 Gallon = 3.78541 liters)? The gallort i'B<eommonly used in Afghanistan
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Annex J Exercises

1. A pipe has 1meter diameter; it always discharge¥slai water. Find the velocity
of water inside the pipe.

d=1m Q=AxV

Q=1nt/s A=TI x *

V=" A= 3.14 x 0.5mx 0.5m = 0.785m
V=Q/A

V=1nt/s / 0.785rVs=1.27m/s
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Exercises

2. A pipe full of gravel has an internal diameter ahgter, the permeability of
material inside the pipe is 7.8 x 1/s and porosity is 20%, the length of pipe is
2 meters and height is 1 meter.

Find the yield and velocity of the water inside fhpe?

d=1m V = \b/n i=h/L=%=05
L=2m V=Kkxi/n

h=1m V =7.8x18m/sx 0.5/0.2 =1.9 x 1Bn/s
K=7.8x10m/s Q=VxA

n =20% AdIxr

Q=2 A =3.14 x 0.5m x 0.5m =0.785m

V =? Q =1.9 x 10m/s x 0.785rM=1.4 x 10'm%s
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Exercises

3. Pipe has two internal diameters=d.m and g= 0.5m. The water flow is set at

1m’s.

Find the velocity of water inside each diameter?

dl=1m dZ=0.5m

A=Ilxr

A =3.14 x 0.5m x 0.5m =0.785m
A, =3.14 x 0.25m x 0.25m =0.196m
Q=AxV

Vi =Qi/A; =1nt/s /0.785mM =1.27m/s
V,=Q/A, =1nT/s /0.196rA =5.1m/s
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Exercises

4. There is a pipe full of material with 1m diaméteat permeability of material inside
the pipe is 1 x 18m/s, and porosity is 35%. The hydraulic gradieritisper 100m. Find
the yield and velocity of water inside the pipe.

d=1m i =h/L

k=1 x 10°m/s i =1m /100m =0.01

n =35% V=\b/n=kxi/n

h=1m V =1 x18m/s x 0.01 /0.35 =1 x Itn/s
L =100m Q=AxV

Q=7 AFIxr

V =? A =3.14 x 0.5m x 0.5m =0.785m

Q =0.785rMx 1 x 10°m/s =7.8 x 16°m%s
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Exegss

5. A dug well has a static water level of 3 met&irse permeability of the formation is 1
x 10®m/s, and porosity is 35%, the hydraulic gradieritGaneters per 1km. On the
surface of the ground there is a latrine 10m awamfa dug well. When it rains the
rainwater infiltrates the latrine waste. Find tietoeity of water, and how long it take the
contaminated water to reach the ground water tatdeinside the well.

K =1 x 10%m/s i =h/L=10m/1000m = 0.01

n=35% M =Vp/n=kxi/n=1x1Fm/s x 1/ 0.35 = 2.8 x 1fn/s
i1 =1 T, = d/Vy=3m /2.8 x 10m/s = 107142857s /3600
i,=0.01 = 1240days/365 = 3.3years
d; =3m Vb =kxi/n=1x10m/s x 0.01/ 0.35 = 2.8 x ¥8m/s

d> =10m T = b/V, =10m / 2.8 x 18° m/s =3.5 x 18s / 3600
V=7 =9920634 h./24

T.=? = 413359 d&g&/

Vo, =? = 1132years

T2 =?
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Exercises

6. A dug well has a static water level of 3 met&fe permeability of the formation is 1
x 10°m/s, and porosity is 30%, the hydraulic gradieritGaneters per 1km. On the
surface of the ground there is a latrine 10m awamfthe dug well. When it rains water
infiltrates the latrine waste. Find the velocitytbé water, and how long it takes to reach
and contaminate the ground water table and thie we

U dim 7 e
'.- i

k= 1x 10-GHL's
n= 3%

k =1 x 10%m/s Vi=Vp/n=kxi/n=1x1FPm/sx 1/0.3 =3.3 x In/s

n = 30% T = d/V1 = 3m /3.3 x 18m/s =.909090s/3600=252.5 h./24
i1=1 = 10.5 days
i,=0.01

d;=3m Vo=kxi/n=1x1Fm/s x 0.01/0.3 = 3.3 x Tn/s
d,=10m T =d/V,=10m /3.3 x 18m/s = 303030303s /3600
Vi=? = 84175 h. /24

T.=7 = 3507 days /365

V,=? =9.6 years

T,=?
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Exercises

7. A dug well has a static water level of 3 met&ise permeability of the formation is
1x 10*m/s, and porosity is 35%, the hydraulic gradieritdsneters per 1km. There is
a latrine located 10m away from the dug well. Wheains the rainwater infiltrates
the latrine waste and seeps down to the water.tBlrid the velocity of the water, and
how long it takes to contaminate and reach thergtauater table and enter the well.

k= 1x 10-dm's

n= J5%

. J
k =1 x 10°m/s V=\b/n=kxiln
n =35% M =k xi;=1x10°m/s x 1/ 0.35 = 2.8 x Itin/s
i1:1 Tl = d1/V1
i,=0.01 T =3m /2.8 x 1dm/s = 10714s/3600 = 2.9h.
di =3m b=k xib=1x 10°m/s x 0.01/ 0.35 = 2.8 x Tan/s
d2 =10m = d2 / V>
V=7 T,=10m/ 2.8 x 18m/s = 3571428£3600 = 992h. /24
T,1="? =41 days

V2 =?
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Exercises

8- A dug well that the static water level of 3 mietelhe permeability of the
formation is 1 x1Gm/s, and porosity is 40%, the hydraulic gradieritGsmeters per
1km.

There is a latrine located 10m distance from dull Wéhen it rains the rainwater
infiltrates the latrine waste and seeps down toataeer table. Find the velocity of the
water, and how long it takes the contaminated wateeach the ground water table
and into the well.

h=1x 10-2m's

1
n = 4k

o J

k =1 x 10°m/s V=\p/n=kxi/n

n =40% \i=1 x10?m/s x 1/0.4 = 0.05m/s

i =1 T=DN

1,=0.01 T =d/V1= 3m /0.05m/s = 60s

d; =3m

d>=10m \b=Vp/n =k X b /n =1 x10°m/s x 0.01 /0.4 = 0.00025m/s
V,=? T, = d/V, =10m/0.00025m/s = 40000s /3600 = 11.1h.
T,=7?

V,=?

T,=7
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Annex K Comparison of Water Point Types and their Suitability

Well construction and other water point methods

Water Point Suitable Unsuitable Advantages Disadvantages
Type formation for formation for
constructing constructing
Hand Dug Well | Clays, sands, Hard and soft Low capital costs,| Dangerous large
gravels, small rock Uses local skills, | diameter hole
boulders Where depth to | Possible to Limited depth
water is more maintain at village
than level
30m.
Tube Well Soft rocks, sands,| Running sand, Reasonable capital Experienced driller
percussion gravels, silts and | flint (or chert) and running costs| needed. Temporar
clays hard rock Simple casings needed in
boulders maintenance. loose formations
Good sampling Slow in hard rock
during drilling may be 2m/day
Up to 30m/ day in
Soft rock
Dug Well As above As above Site already As above
deepened via chosen
percussion Its cheaper than a
drilling rig new well.

Well rings, hand
pump etc are
already there

Protected Spring

Only suitable in
mountainous
areas

Water is good
quality

Only possible in
mountain areas
Makes up 9% of
water supply in
Afghanistan

Dug well
deepened by
hand

Needs very little
money
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Annex L Well material prices

Description Unit Price Afs

1 Indus HP Short Pedestal No 97.26 | 6,130
Euro

2 Indus HP Long Pedestal No 104.95 | 6,620
Euro

3 Kabul HP Short Pedestal No 78 3,900
Dollars

4 Pamir HP Short Pedestal No 140.5 | 8,820
Euro

5 Pamir HP Long Pedestal No 1475 | 9,260
Euro

7 PVC 4" Casing Meter 1,826 115
Euro

8 PVC 4" Filter Meter 1,895 120
Euro

10 | Pump Rod 3M 130

11 | Cement Bag 200 Afs 200

6 6x200 | 1200
Bags | Afs
Parts Unit Afs

12 | U Seal Washer 1 8

13 | Plastic Bearing 1 20

14 | Nut and bolt 1 25

15 | Body Flanger and foot valve 1 60

16 | Valve Bobbin 1 8

17 | O-Ring 1 4

18 | Solution 250 mg. 1tin 35

19 | Rod 1 130

20 | Rising Main 1 125

How many bags of cement are needed for an apron?

Spare Part Shop Information Report

Part 6.

Province

District

Village

Lat

Lon

Shopkeeper Name

Source of Spares
(Village Name)

Distance(Time)

Part

Given Quantity|

. U Seal washer

. Plastic bearing

. Nut and bolt

. Body flanger and foot valve

. Valve bobbin

O-ring

. Solution 250 mg.

Rod

IR SN

. Rising mains
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Annex M

Water and Sanitation Statistics collated for Provinces of Afghanistan UNICEF

2005

Households with no safe drinking water from pumgtiected spring|

PROVINCE PERCENT| NUMBER|

BADAKHSHAN | 78.6 96,158

BADGHIS 73.6 49,371

BAGHLAN 93.5 106.488

BALKH 60.4 66,283

BAMYAN 92.3 71,280

FARAH 53.4 25,165

FARYAB 83.7 117,290

GHAZNI 61.1 117,386

GHOR 83.9 75,953

HERAT 54.5 152,814

HILMAND 33.3 34,276

JAWZJIAN 86.7 50,379

KABUL 26.2 140,790

KANDAHAR 26.2 53,205

KAPISA 78.4 32,150

KHOST 46.4 27,563

KUNAR 57.1 21,841

KUNDUZ 84.0 66,257

LAGHMAN 47.8 23,883

LOGAR 38.9 19,033

NANGARHAR 425 53,356

NIMROZ 70.6 13,503

NURISTAN 80.6 14,161

PAKTIKA 69.3 15,857

PAKTYA 58.5 20,896

PARWAN 78.5 134,389

SAMANGAN 87.8 43,205

SARI PUL 93.1 107,597

TAKHAR 81.0 121,498

URUZGAN 84.4 127,062

WARDAK 44.8 44,283

ZABUL 59.5 23,883

URBAN 39.0 405,319

RURAL 68.8 1,661,937

NATIONAL 59.8 2,067,256

Best 5 provinces Weakest 5 provinces

By Percent By Number By Percent By Number
KABUL NIMROZ BAGHLAN HERAT
KANDAHAR NURISTAN SARI PUL KABUL
HILMAND PAKTIKA BAMYAN PARWAN
LOGAR LOGAR SAMANGAN URUZGAN
NANGARHAR PAKTYA JAWZJAN TAKHAR
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Annex M

Diarrhoeal Diseases

Diarrhoea is one of the most common ailments inhAfgstan and is the cause of half the deaths
among children under the age of five. Poor sapitasind hygiene are the main underlying
reasons. There are seasonal variations, with diealldiseases most prevalent during the
summer months.

Access to safe water and hygienic latrines is lienged in Afghanistan, particularly in rural
areas. Water points wells and boreholes have altvags scarce and many of them have been
abandoned, neglected or destroyed during the pyetbronflict.

Large population movements have also put increpseskure on existing sources, operating
them beyond there intended capacities without neseoto spare parts or maintenance..
Uncoordinated ground water schemes coupled wittetbonsecutive years of drought have
lowered the water table in many parts of the coumtepleting aquifers to below their
regenerative capacity. As a result, less than 4D#teopopulation have access to safe drinking
water. 71% of urban households use piped wateom Wells or protected springs, while in rural
areas only 31% of the population use safe watarcesu

Flush or pit latrines are used by 87% of urban%8f of rural house holds. Traditional
technologies have been adapted for excreta dispas#@dirther innovative techniques are
required to promote affordable and more hygiercbit@logy options.

However the data collected revealed that in 33%lldfouseholds, the water source is within 15
metres of a latrine. This proximity of householttitees to water points implies that there might
be contamination of drinking water through undeuga leaching of excreta, resulting in an
increase of disease incidence. There is a neexdttedse household storage of water and
introduce simple domestic purification methods rtot@ct against disease. Another major factor
contributing to faecal contamination is the lowidence of hand washing with soap. Only 28%
use soap with hand washing and only 16% of motbieusider five children wash their hands at
all after defecation. All of these factors conttidto very high levels of water born diseases, with
significant implications for the health and devetamnt of children and the well being and
productivity of whole communities

ACCES TO SANITATION BY PERCENTAGE OF HOUSEHOLDN AFGHANISTAN

LATRINE TYPE URBAN RURAL TOTAL
Sewage 8.3% 0.5% 2.8%
Traditional Pit 73.1% 52.9% 59.0%
Open Pit 6.6% 6.4% 6.5%
Bush/ Field 13.0% 40.6% 32.3%
Other 0.5% 3.1% 2.3%
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Annex M

HOUSEHOLDS NOT HAVING A SANITARY LATRINE.

PROVINCE PERCENT NUMBER
BADAKHSHAN | 57.2 69,731
BADGHIS 72.8 48,140
BAGHLAN 59.5 67,637
BALKH 23.9 26,173
BAMYAN 70.5 54,450
FARAH 75.2 35,455
FARYAB 30.5 42,603
GHAZNI 33.6 64,506
GHOR 81.3 73,556
HERAT 8.6 24,146
HILMAND 35.2 36,246
JAWZJAN 47.1 27,393
KABUL 2.0 10,812
KANDAHAR 13.3 26,881
KAPISA 38.3 15,666
KHOST 80.4 47,734
KUNAR 63.1 23,931
KUNDUZ 43.7 34,372
LAGHMAN 45.3 22,636
LOGAR 4.2 2,033
NANGARHAR | 40.9 51,241
NIMROZ 56.2 10,730
NURISTAN 36.0 6,308
PAKTIKA 58.4 13,290
PAKTYA 39.2 14,005
PARWAN 15.2 26,089
SAMANGAN 54.1 26,603
SARI PUL 27.2 31,351
TAKHAR 38.5 57,566
URUZGAN 75.8 113,908
WARDAK 8.4 8,279
ZABUL 514 20,548
URBAN 13.2 136,664
RURAL 41.4 997,357
NATIONAL 32.9 1,134,021

HOUSEHOLDS NOT HAVING A SANITARY LATRINE

Best 5 provinces Weakest 5
provinces

By Percent By Number By Percent By Number
KABUL LOGAR GHOR URUZGAN
LOGAR NURISTAN KHOST GHOR
WARDAK WARDAK URUZGAN BADAKHSHAN
HERAT NIMROZ FARAH BAGLAN
KANDAHAR KABUL BADGIS GHAZNI

122




Annex M

Diarrhea prevalence in last 15 days

(children less than 5 years old)

PROVINCE BOY | GIRL TOTAL | GIRL/BOY
PERCENT | NUMBER| PERCENT NUMBER PERCENT NUMBER RATIO
BADAKHSHAN | 29.6 23,762 29.6 20,431 29.6 44,193 1.00
BADGHIS 43.9 12,928 46.0 15,759 45.1 28,687 1.05
BAGHLAN 44.8 29,188 35.7 23,552 40.2 52,741 0.80
BALKH 38.5 27,085 35.9 23,101 37.3 50,185 0.93
BAMYAN 34.6 15,557 41.1 18,244 37.8 33,802 1.19
FARAH 27.0 8,981 22.9 6,361 25.1 15,342 0.85
FARYAB 35.0 28,928 32,5 24,983 33.8 53,911 0.93
GHAZNI 134 13,876 12.1 13,501 12.7 27,378 0.90
GHOR 20.2 11,245 25.6 14,564 23.0 25,809 1.27
HERAT 25.5 34,991 24.0 34,534 24.7 69,525 0.94
HILMAND 6.1 6,107 104 7,683 7.9 13,789 1.70
JAWZJAN 52.4 15,840 454 14,173 48.8 30,013 0.87
KABUL 37.6 112,591 27.0 78,503 32.3 191,094 0.72
KANDAHAR 26.1 38,382 24.7 31,449 25.5 69,831 0.95
KAPISA 39.7 9,727 40.2 9,652 40.0 19,379 1.01
KHOST 46.4 22,802 49.3 22,301 47.8 45,103 1.06
KUNAR 20.7 6,269 23.2 6,337 21.9 12,606 1.12
KUNDUZ 30.3 14,288 28.9 13,335 29.6 27,623 0.95
LAGHMAN 24.2 7,931 25.3 8,288 24.8 16,219 1.05
LOGAR 31.9 10,533 34.2 10,071 33.0 20,604 1.07
NANGARHAR 35.2 36,767 324 31,714 33.8 68,481 0.92
NIMROZ 24.8 3,466 19.2 2,179 22.3 5,645 0.77
NURISTAN 36.5 3,680 32.1 3,088 34.3 6,768 0.88
PAKTIKA 32.2 6,045 32.7 5,175 32.4 11,220 1.02
PAKTYA 27.0 6,595 275 6,928 27.7 12,893 0.99
PARWAN 40.4 41,560 33.1 33,673 36.8 75,,234 0.82
SAMANGAN 31.7 8,301 30.7 8,201 31.2 16,502 0.97
SARI PUL 27.7 19,563 28.6 17,306 28.1 36,869 1.03
TAKHAR 38.0 34,595 32.6 29,060 35.3 63,655 0.86
URUZGAN 28.0 25,748 28.1 19,871 28.1 45,619 1.00
WARDAK 28.4 17,906 20.4 11,475 24.6 29,651 0.72
ZABUL 27.0 8,685 29.8 7,444 28.2 16,129 1.10
URBAN 31.3 180,092 27.8 151,951 29.6 332,043 0.89
RURAL 30.8 483,831 28.7 420,627 29.8 904,458 0.93
NATIONAL 30.9 663,923 28.5 572,578 29.7 1,236,501 .920
Best 5 provinces Weakest 5 provinces

By Percent By Number By Percent By Number

HILMAND NIMROZ JAWZJAN KABUL

GHAZNI NURISTAN KHOST PARWAN

KUNAR PAKTIKA BADGHIS KANDAHAR

NIMROZ KUNAR BAGHLAN HERAT

GHOR PAKTYA KAPISA TAKHAR
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Annex N

Technical Specifications

Water Well Equipped with Handpump
for Rural Water Supply

TECHNICAL SPECIFICATIONS

DRAFT
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PREAMBLE

These specifications refer to the constructionudflic of wells, equipped with handpump, for
rural water supply in Afghanistan.
The following specifications cover:

*  Well siting

* Well construction

» Apron construction and pump installation
» Well testing and reporting

The following specifications does NOT cover:

» Construction of gravity flow water schemes

* The sanitation component of the intervention
* Hygiene education

e Training of pump mechanics , and

» Establishment of spare part shops

The latter are integral part of MRRD implementatitrategy; nevertheless, they are likely to be
covered by separated contracts, therefore sefaidirical specifications are prepared.

Design criteria are elaborated to comply as fgyassible with théolicy Framework of the
Minister of Rural Rehabilitation and DevelopmeMRRD, 2004 thereafter calledMRRD
policy’. Specifically, the following principles are takara account:

Basic principles:
» Some for all rather than all for some
» The technology used shall be low cost, affordambl@intainable by the communities
* Government will assist communities on an agreet-sloaring basis
» Community shall be empowered to plan, construatyate, maintain and own all
infrastructures

Quantity:
* The system has to be able to produce 25 litreafefwater per capita per day. It means
» an average of 25 families beneficiaries per hangpum

Quality:

* Water quality shall meet a minimum quality standaut, in general, comply with the
WHO recommendations for rural water supply (inchgdihe recommendations for
household disinfection practices)

» The pumps installed must be of proven quality, &rdand approved by MRRD

This is the reason why those specifications dodsinm@ude the latest state-of-the-art, heavy
rotary drilling technologies. The specifications/éadeen conceived referring especially to hand
digging and to the percussion drilling technologydely spread in Afghanistan, and capable to
satisfy the need for wells at an extremely competitost. The aim is to set some minimum
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standards in the quality of the outputs, to proteet government, and donors, investment, but
also to help the grow of a competent private sewftir a number of good practice requirements,
to be fulfilled as a normal routine.

Light rotary drilling is also considered, for itagacity to perform - at higher cost - where, for
lythological reasons, the percussion drillingtistake.

These specifications are effective part of the @mttial conditions between MRRD and the

contractor, and have legal binding value when h#ddo the contract regulating the provision of
services to MRRD.
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GENERALTIES

Well type

The type of the well to be constructed will beoak the following:

e Hand Dug Well
e Tube Well
* Dug Well deepened via drilling rig

The choice of the type of well is done accordinghi principles included in the MRRD policy,
and_musbe approved, in writing, by the client’s represgint, on a case to case basis.

As a general rule, whenever technically feasiliie,Dug Well shall be preferred first.
Normally, a tube well will be chosen when:

e The SWL is too deep for a Dug Well
e Strata are too hard for hand digging
* The seasonal fluctuation of the water table inafea exceeds 2 m/year

* In highly densely populated areas, where it ispussible to identify a suitable location
far enough from contamination sources

Minimum technical targets:

This specifications aims to guarantee the fulfilingfithe following minimum technical targets:
e The handpump does not run dry after a continuous use of 8 hours. This

specification equals a minimum sustained yiel@@d liters per hour (10 liters

per minute) measured at the end of the developpreness.

Should a borehole fail to fulfil the above mentdrrequirement, shall be deepened - in case of a
dug well - or a new drilling shall be attemptedatoearby suitable location - in case of tube well.

Should the well still be unsatisfactory, the locatican than be abandoned unless special
agreement between the parties.

Should a tube well (or a deepening via drilling) ffigil for any reasons due to drilling problems,
verticality problems (see tube well constructiobjeakdown of the machinery, or any other
reasons imputable to lack of meeting the specitioat of this document, no charge will be
recognized to the contractor and make anothamatteshall be made without charge.

 Thewater isclear and colorless. Equals a requirement of turbidity lower than 5

NTU.
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Turbidity is due to poor construction of the wélhe first measurement shall be done
after 48 hours from the installation of the pumpo&d the turbidity persist after two
weeks of pumping with the final pump, the borelodlebe rejected, no payment due to
the contractor, and a new well drilled nearby ainguete cost of the contractor. The
pump shall be removed and re-used for the new Wetbidity is measured via turbidity

tube, or via turbidity meter.

* Thewater is not salty. Equals a requirement of Electro conductivity (EQyér
than 3,00QuS/cm.
Should EC exceed this value, a complete chemiadysis of the water is recommended,

to ensure no dangerous chemicals are present. ©balse of the results of the analysis,

amendment to this rule may be done in consultatitm the communityprovided that no

other suitable source of water is present in themity. Amendments have to be certified
by the client’s representative. In any other case options are possible: hider a new
attempt is done in a more favorable area, or th#é glall be abandoned. In this case, the
pump shall be removed and re-used for the new &€llis measured via conductivity

meter.

* The water is bacteriologically pure. Equals a requirement of O (zero) faecal

coliforms per 100 ml.

Contamination is due to poor construction or sitin§ the well. In case of poor
backfilling, sealing or apron construction, the Wieas to be abandoned and re-drilled

nearby, without payment due to the contractor. 8halwcontamination source be present
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in the vicinities (i.e. latrine), this should beoskd and re-located. Community should be
informed and household disinfection practices, @sWHO recommendations, promoted.
Final decision on appropriate action will be takby the client’s representative. Faecal

coliforms are determined via,8 test, Petri film, or membrane filtration methbejng

the latter more accurate.

* Thewdl isidentified

The identification number of the borehole shouldebgraved on the pump platform, or in other
permanent way as per client’s representative iogtmus. Other information (donor name, date,
...) are specified in the contract. In case of de&geaf a dry dug well, the original codas well

as the original name of the organization that fisproved the well shall be maintaineld
requested by the contract, a new indication ofrtee donor or implementing agency can be
added.

» Appropriatereporting is provided

Appropriate reporting formats, including informatioabout the position, the geological
formations, the aquifer characteristics, the wafeality, the borehole construction and pump
installation details are developed and shall bepdetad by the contractor at the completion of
each well.

In any case, final well report has to be certiféedtrue and accurate by the client’'s representative
before payment is done to the contracipata shall also be transmitted to the Nationabbase
of rural water supply, with the modalities spedifia the contract.
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WELL SITING

The contractor will receive a list of villages te berved. The actual siting of the well within the
village shall follow the MRRD policy. The siting tiie well shall be conducted togethath the
local community, and shall be supervised, endorsed, approved in writing, by the client’s
representative. The user group shall be clearlyrinéd that the water point will be of property of
the community, and the community shall meet thenteaiance cosThe terms of the community
contribution, plus the willingness of the communitself to provide to the maintenance of the
water point will be assessed during this first ghas

The basic principles of well selections shall be:
» The well is PUBLIC, and shall remain public forewadter the implementation
» The well shall not be close to any private compound

» If a water point is located on donated land thendtvner donating the land must sign a
traditional deed of transfer (waqf) to ensure thiatdonation is truly disinterested

e The well shall be accessible primarily to women

* The well shall not be visible from any main road, o

« A wall shall be constructed, by the community,nont of the well in order to hide it
» Sufficient number of beneficiaries families (25 fabe wells, 20 for dug wells)

» No sources of contamination (i.e. latrines) shdugdlocated within 15 m to the water
point

» A caretaker, from the beneficiary community, shallappointed
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WELL CONSTRUCTION

Dug WEell construction
A dug well has a diameter of approximately 1,1 meetand a depth of at leadtm below SWL.
In order to achieve the needed depth, appropriat®s pump shall be used, in order to evacuate
the water from the hole and make the digging péss&hould digging take place during the wet
season, a depth of 4 m below SWL should be archivedrder to prevent the well to dry during
the dry months. In any case, the Total Depth (THllsnot exceed 60 m, in order to permit the
installation of the handpump.

If included in the contract, digging of the well ynbe part of the community contribution. Also
in this case,_the contractor is, in any case, msipte of the fulfilling of the above mentioned

requirements.

The contractor shall be in charge to provide theroonity the de-watering pump for the time
needed to complete the digging.

According to the geological formation drilled, dagt of the well can be necessary. Pre-cast
concrete rings shall be used to prevent the weihfrcollapsing. The concrete rings shall have a
diameter of at least 0.8 m, and a height of apfb @ each, a thickness of 5 cm, and shall be
reinforced with 3 mm steel wire. The pre-cast rirsfall to be constructed according to the
recommendations included in thedmmunity Handpump Water Supply and Sanitation &fad
Afghanistan, (WSG, 1999}iereafter calledWSGWatsan Guidé

The upper part of the dug well shall be protectednfthe contamination with the installation of
at least 2 concrete rings, sustained by a redwslaty The annular space between the rings and
the hole shall be filled by a sanitary backfillimgargillaceous material, laid in successive layers
of 20 cm, properly compacted to ensure the perfentpermeability of the backfill. The natural
clay has to be sieved to remove all sand and gnaessibly present. Should the provision of
material part of the community contribution, thentractor is, in any case, responsible of the
fulfilling of the above mentioned requirements.

A surface pre cast concrete ring, with diameted.80 m, height of 0.90 m and thickness of 7 cm,
reinforced with 5 mm steel rods and 3 mm steel wshall be installed, with cover slab, as per
“WSGWatsan Guidé

A drainage apron shall be than constructed, asgoelirements later on in this specifications .

Water sampling and testing

After the completion of the borehole, and instadia of the handpump, the community will
be requested to pump the hole for two days withsirig the water for drinking purposes. After
this period, the clients representative will samihle water for the following parameters: EC
(electro conductivity), pH, Temperature, Turbidi§hould turbidity result to be higher than 5
NTU, the hole will be pumped again, up to a maximeini4 days. Should the turbidity still be
above 5 NTU. The hole will be rejected, no paymeéme to the contractor, and another hole
constructed nearby.

Whenever requested by the client, a bacteriologiesd will be performed, with a procedure
approved by WHO (58, Petri film or membrane filtration).
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Tube Well construction
Percussion, air rotary or mud rotary drilling systean be used, according to the lythological
conditions encountered, with minimum final drillimipmeter of 8" (203 mm). A final diameter
of 6” may be acceptable in specific geological dbods, and shall be approved by the client’s
representative.

The contractor shall use the best possible dgilipmactice according to the drilling method
chosen.

Unless in very specific geological context, appobire writing by the client’s representative, the
drilling depth shall be 10 meters below the SWL.

Percussion method
Drilling can be conducted with buckets of 8, 12,0t&@2".

When drilling with the percussion method, apprageridemporary casing shall be used in
collapsing formations, and any time when belowS3heL.

If necessary, a telescopic well (decreasing diarhéteacceptable, provided that the minimum
final diameter of 8” (6”) is guaranteed.

The use of the temporary casing is at completeafiske contractor, and no compensation will be
recognized for material or time losses in casdufksor lost material.

Should material be lost in the well in such a waycbmpromise the completion of works, the
well shall be plugged and abandoned, at a conttactmst, and a new well drilled nearby,
without any compensation from the client.

Rotary method

When drilling with a rotary rig, the density ofetldrilling mud will be such not to compromise
the primary permeability of strata.

Polluting chemical non-degradable additives (iaustic soda) shall be avoided.

After the completion of the hole, the fluid will lmérculated for at least two complete lag-times,
but anyway not less than 30 minutes, in order tooree all cutting material from the hole.

Before the installation of the casing, the holel Wi circulated with clear water and the mud
panel completely removed.

No compensation will be recognized to the contnafiio material or time losses in case of stuck
or lost material in the hole, and fishing attempiié be at complete contractor’s cost and risk.

Should material be lost in the well in such a waycompromise the completion of works, the
well shall be plugged and abandoned, at a conttactmst, and a new well drilled nearby,
without any compensation from the client.

Bottom of the borehole

Boreholes should be drilled up to 10 meters beldWLS Amendments to this rule shall be
approved in writing, and justified on a case byedaasis, by the client’s representative.

The bottom of the hole acts as a sedimentation samdpa support for the casing and screen. The
sump shall be a bottom plain casing of 3 meterB thié¢ same diameter as the screen, and with its
underside sealed with a bottom plug (wooden or PVC)
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The casing shall smoothly run in the well withoay driction. Shall the casing get stuck before
TD, the casing has to be removed, the hole cleased,a new attempt done. Should the well
collapse on bottom, the client’s representative eecide according on the entity of the collapse.
In any case, only the open and usable part of tek will be paid to the contractor, and no
payment is due for the collapsed part. Should dliegse make the well unusable

Screening design

Screen design shall be determined according tdittt@ogy log. Filters shall be in front of
the most permeable part of the aquifer (i.e. samtgaavel) and only in front of the water bearing
formation. Care shall be taken to avoid to put exssein front of argillaceous levels, in order to
avoid development of turbidity.

The length and position of the screened sectitecwf the yield of the borehole. The size of
the screens shall be chosen according to the sittee goarticles of the aquifer, being the screens
2/3 of the minimum size of the formation.

Gravel Pack

Artificial gravel pack (filter pack) is requirea tprevent particles entering the well and to
improve hydraulics properties in and around theloaent section of the borehole.

Gravel pack shall consist of siliceous materiaghwbunded, smooth and uniform particles.
Unstable minerals such as feldspars, calcite (liomey, laterite, etc. will easily decompose and
change the properties of gravel pack. Flaky pa&dicduch as schist and micas will clog the
screens.

Gravel pack should be clean and well-sorted,there must be no particles of clay or silt
adhering to the individual sand or gravel grainghe packs. Filter material should be treated
with care to avoid any kind of contamination.

The artificial gravel pack is combined with a abie screen. Installation of gravel pack in the
annular space between screens and borehole wiaklis3 pneters above the top of the first screen.
Gravel pack is topped with a one-metre clay seal.

When using a rotary drilling machine, reverse datian with clear water shall be performed
during the installation of the gravel pack, to eesa proper packing of the filtering material.

In any case, the gravel or any other filtering mateshall be approved by the client's
representative before installation. The contrastall stock the filtering material on site before
the completion of the well, and make it availabte nspection. Should proper material not
available at all, and only after written permissfoom the client’s representative, local material
may be used, provided that adequate sieving wkawve its characteristics.

Should the provision of material part of the comitumrontribution, the contractor is, in any
case, responsible of the fulfilling of the aboventiened quality requirements.

Backfilling

The anular space above the filters shall, stritté/filled with a proper backfill, to ensure a peop
protection of the screens from contamination. Glagll be used for at least 3 m above the gravel
pack. Digging material can than be used to féi tast of the annular space.
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Cement plug

The upper 1.5 m of annulus shall be filled witheanent plug. Cement slug, SG 1.8, shall be
used. It means approximately 1 jerry can of watar lpag of cement will provide app. 42 | of
required slug.

Head of the borehole

The top casing shall come out between 55 cm amzh6@bove of the ground level. It will be
correctly cemented in the ground. If a hand pumpoisinstalled immediately, then the top of the
borehole must be sealed adequately.

Borehole verticality

Installed casing shall be round and straight.i@ttaess and plumb ness should be tested at
the end of the casing screen installation. The mumn standard of quality can be controlled by
lowering down a standard hand pump cylinder tdfithed depth of the borehole without opposing
any resistance.

Soil sampling
During drilling, formation should be sampled adeevery 5 m. Aquifer formation should be
logged on the borehole completion form.

Water sampling and testing

After the completion of the borehole, and instaia of the handpump, the community will
be requested to pump the hole for two days withsirig the water for drinking purposes. After
this period, the clients representative will samiile water for the following parameters: EC
v(electro conductivity), pH, Temperature, Turbidi§hould turbidity result to be higher than 5
NTU, the hole will be pumped again, up to a maximoini4 days. Should the turbidity still be
above 5 NTU. The hole will be rejected, no paymeéme to the contractor, and another hole
constructed nearby.

Whenever requested by the client, a bacteriologiesi will be performed, with a procedure
approved by WHO (H2S or membrane filtration).

Deepening of dug wellsvia drilling rig

A dry dug well can be deepened via drilling pgovided:

 The dug well can not be deepened further via fiatit means by the community,
because of hard strata or excessive depth

* The dug well is already improved, with an handpungpalled
e The position of the well is according with MRRD @yl

« The community based maintenance system of the diligmwas working till the moment
the well went dry

« There is enough space in the vicinity of the dud) teepermit a drilling rig to be properly
installed, in order to avoid that
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« The deepening procedure is not going to destroypiper superstructure of the dug well.
* The deepening is approved by the client’s represest

The deepening shall be conducted ON ONE SIDE ofdtige well. Deepening conducted at the
centre of the well will not be approved, in anyeas

The same drilling requirements of a new tube wdll be applied to the deepened portion of the
well.

The old coding of the well will be maintained.

New well in place of deepening

Should the operations of deepening too complicated, contractor can request the client’s
representative to drill a new tube well in a suégiosition nearby. The location of the new well
shall be such to meet all requirements of a new, vpdlis the condition to_serve the same
usergroup of the dry well This procedure shall be approved in writibg the client's
representative. In this case, the initial portidriube well equivalent to the depth of the old dug
well will NOT be paid to the contractoand the old well shall be plugged and made stafe a
contractor cost.
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PUMPING EQUIPMENT & SUPERSTRUCTURE

Pump type
Only handpump from the AFRIDEF family will be iafied. The manufacturer of the
pumps must follow the SKAT specifications in terofanaterials and dimensions, and the
quality of the pump has to be approved by the tBerrepresentative. The
recommendations of MRRD will be followed.
« Kabul handpump shall be installed up to a depthbom.
¢ Indus Handpump shall be installed up to a deptébain
e Pamir handpump shall be installed up to a deptt6®fm. The use of Pamir
handpumps has to be limited to cases of effecteednand shall be approved by
the client’s representative.

Pump intake
The pump in-take shall be installed at least lbwva TD, and the handpump shall not run
dry after a continuous use of 8 hours. Shouldh#edpump run dry, the contractor can
deepen the cylinder up to 1 m above TD. Shouldptivap still run dry after a continuous
use of 8 hours, the yield of the hole will be cdesed insufficient, and the borehole
rejected.

Pump installation

The handpump shall be installed according to SKédommendations, as included in the
Community Handpump Water Supply and Sanitation &dmr Afghanistan, (1999). A
trained handpump mechanic shall be in charge afidbeiresponsible for the proper
installation. In case of installation in a dug welt in a deepened dug well, the pump shall
be installed on one side of the well, and the gisimain shall be fixed to the walls of the
well via iron clamps, to avoid any vibration in thiging main.

Pump platform
The platform consists of an apron, a standing, slatvain and a soak-away pit.

The design of the apron has to be according temenendations included in the
Community Handpump Water Supply and Sanitation &tad Afghanistan, (1999).

The minimum dimension of the platform should anyww®t be inferior to 4 fif a
rectangular shape platform is built.
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Annex O Hand Dug Wells

Hand Dug Wells
Choosing the right type of well for a location

1. Thetype of the well to be constructed will be one of the following:

* Hand Dug Well
* Tube Well
* Dug Well deepened by drilling rig

2. MRRD policy on choosing theright type of well for alocation
The choice of the type of well is done accordinghi principles included in the MRRD policy,
and_musbe approved, in writing, by the client’s represgine, on a case by case basis.

The MRRD policy states that as a general rule, whentechnically feasible, the improved dug
well shall be preferred. If the water table is tow or it is a densely populated area or the soil
strata is too hard for hand digging then a dug isatiot suitable.

3. When isa dug well appropriate?
*  When a dug well has a hand pump installed, a wethraand drain constructed
to remove wastewater to keep the water free ofaznimiation.
* When the water table is higher than 50 meters
* When the seasonal fluctuation of the water tabléénarea is less than 2 meters
in a normal year. If the well is dug during the dgason and a sludge-pump is
used the well can be made deep enough to provitkr waring a dry year.

* When there are no roads to the location and thetmansport is by animal. This
IS common in mountain areas.

4. Why construct a hand dug well?

A hand dug well can have a hand pump, a concretmamd drain and if well maintained
provide safe drinking water

An improved dug well is hand dug and costs much tleat a tube well and enables more
people to have a safe water supply.

We can construct two hand-dug wells for the cosira tube well.

Community members with the guidance of a WaterSautitation Engineer can do most of the
work to construct a dug well thus reducing the es&n further.

Most communities already have the knowledge to ttoaswells and they have been very
successful. Even when the stratum is conglomeiatt ftock, communities find solutions and
succeed in constructing wells.

. In some parts of Afghanistan it is much easidrand dig a well than to use a drilling rig. At
Alishing and Alinger in Laghman province the roskvery hard and DACAAR has found it is
quicker to hand dig a well than to use a percusgidh Percussion drilling can take more than
three months to drill through the hard rock in thaseas

Without sludge pumps communities have been abdigthand dug wells deep enough to retain
water during the drought
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Many families have constructed open wells withigittown compound but unfortunately these
are often contaminated.

Open public wells are even more likely to be coriteated so they should be prioritised for
replacement

Communities that dig their own well have indeparadeand are not reliant on drilling rigs and
mechanics and when parts of the country are uigdfavel in they are still able to construct
wells. Many communities lack the necessary orgdinisamotivation, and knowledge to keep
their water supply safe.

The unsafe situation and political unrest in Afgktan over the years has resulted few wells
being constructed in Afghanistan. Since the watsAeve become more common.

In some parts of Afghanistan it is much easidrand dig a well than to use a drilling rig. At
Alishing and Alinger in Laghman province the roskvery hard and DACAAR has found it is
quicker to hand dig a well than to use a percusgidh Percussion drilling can take more than
three months to drill through the hard rock in thaseas

5. Why did many dug wells go dry during the drought?
During the drought the water table dropped belosvgbmp cylinders.

The people of Afghanistan had not experienced aws#rious drought before so cylinders and
filters had not been located deep enough to rdeekwater during the drought. The location of
a well is best determined by a qualified hydro ggwt or engineer based on a study of the
location.

Most hand-dug wells were dug without a sludge puftpdeepen a hand dug well it is
preferable to have a sludge pump. A sludge pumpvemthe water enabling the workers to
dig deeper. It is difficult to dig while standing ivater. When digging a well during the wet
season the water column should be at least 4 meters

When assisting with the digging of some hand dulisvi@ACAAR used two sludge pumps for
four days. These wells did not dry up during theugiht. Unfortunately sludge pumps are often
not available.

The water table for dug wells was affected by ttaight more than the water in the deeper
tube wells. A tube well has a much bigger wateugwoi than a hand dug well which usually
has a water column of a minimum of two meters.dma parts of Afghanistan it is much easier
to hand dig a well than to use a drilling rig. Alishing and Alinger in Laghman province the
rock is very hard and DACAAR has found it is quicke hand dig a well than to use a
percussion drill. Percussion drilling can take mity@n three months to drill through the hard
rock in these areas

6. An improved hand dug well

A hand dug well is improved when the well is linbds a concrete platform (apron) and a
hand pump installed. The water enters the well ftoenbottom.

6.1Prefabricated Concreterings

» Prefabricated rings are used to stop the well veallapsing

* Aninner diameter of 3thches (96 centimetres) and a height of 18 in¢h&s
centimetres) is a suitable size. This size is blétéor transporting on foot
which is frequently necessary..
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« A uniform thickness of 5 centimetres. Uniformitydamndamaged rings means
that correct vertical placement of rings one ondbfhe other is more likely
attained and stronger.

e To avoid spoilage of rings during the lining arahisportation, the mix ratio of
cement, and gravel of 1:2:4 for sorted aggregate®mshould be used for all
gravel.

* To avoid damage, rings should not be rolled whermeddhey should be lifted.

e Careful loading on a truck and careful driving Iscanecessary to avoid ring
breakage and damage.

* When unloading rings, care must be taken not tp them and cause cracks or
damage.

* Rings that are damaged or not of a maximum strestythld not be transported
from the production site

e Children should not be allowed to play with any veeimponents and damage
rings. Even a small amount of damage can makeptaagement difficult.

6.2Water column

The water column must be sufficient. If tix@er column is not enough, the well will
go dry during the dry season. Local experiencegleeshould be consulted and the
depth of other reliable wells in the village measlr

The bottom of the well should be levelledisat the rings can be raised in a vertical
line

6.3 Lining hand dug wells

Wells dug in loose materials such as sandiredjning. A well can be lined with stone,
baked bricks or concrete rings. Lining a well wétncrete rings is the most suitable
method. If parts of the well strata are solid tkten parts with the loose strata may only
need lining. All wells require a ring 0.90 mm highg at ground level. If the mouth of
the well is strong and regular a reducing slablmdirectly installed. If the mouth of
the well is damaged and irregular two beams aseifistalled and the reducing slab is
positioned on the beams and the ring is placedemeducing slab.

To lower a ring, fasten three short piecegitef rope in three places (holes or foot
places) on the ring. Connect these three piecéetiong jute rope used for lowering
the ring. Two or three people then gradually lotherring into the well.

After lowering the ring a skilled person estthe well to undo the rope from the ring
and work to make the ring sit level on the floottlug well. As each ring is lowered the
skilled person enters the well to arrange and oséach ring until the lining is
completed. If the thickness of the rings is unif@nd rings are not damaged this work
will proceed smoothly

6.4 Deepening dry hand dug wells

When deepening dry wells DACAAR has manufaadunalf rings. Half rings are easily
made by placing a board in two places inside thg mould.

140




Each piece is lowered separately and a gdiiérson positions them and joins them
inside the well. If the thickness of the rings mfarm this makes this process alsomuch
easier

6.5 Backfilling

Careful backfilling of the concrete rings lwfine gravel is necessary up to 2.0 meters
above the highest level of the water column inviledl. This keeps the waterway to the
well open. Also fine gravel placed in the bottonthed well stops sand from entering
the bucket. All other back filling can be done wattdinary soil.

6.6 Platform Construction

Each well mouth must be sealed to preventaznimation from entering the well. A
strong platform must be constructed to supporttred pump and its users. The drain
and platform must be designed to transport wastaveatay from the site. A soak pit
or kitchen garden can provide safe disposal ofshstewater.

6.7 Construction Procedure

« Good quality materials are necessary-Portland cergesivel, stone, and clean
water.

« An apron mould should be used to construct a plppesigned platform. A
poorly designed apron can hold stagnant waterandsté draining it away

« Mix cement and gravel in a 1:3:6 ratio for sortggregate and for unsorted gravel
mix in a 1:7:5 ratio. Mix thoroughly using cleantemand a vibrator.

e Pour the concrete into the apron mould.

« Level the concrete and compact it with a straiglgeesand wooden smoother.
* Finish the apron floor using a mix of sand and a@me

e Construct the drain and steps

* The drain and platform should be cured for at leasen days. For many concrete
structures it is compulsory to cure for 28 days.

6.8 Soak pit:

The construction of a soak pit is essential if reltdrainage or a kitchen garden is not
available.

The pit should be 1.2 to 1.5 meters deep with endiar of 1.0 meter. Fill the pit with
pebbles, gravel and broken baked bricks and coiteragurse sand. A brick ring can
be constructed around the top of the pit to stepstil from collapsing . Guard the in
flow point with a brick or stone.

6.9 Ingtallation of a hand pump

e The pedestal slab is best constructed on the ngpom the day the platform
concrete work is done.

e Tools and materials required for construction drainstallation of the
pedestal must be available

* Measure the water column and depth of the well. Wék should have at least
2.0 meters of water in the dry season.

e The hand pump mechanic should be present durinigpstedlation.
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e The agreement for the future maintenance shoukigmed by the elder of the
community

* The wages of the hand pump mechanic should bectede

Tools and consumables required for installation

ltem Quantity

Tools

Fishing Tool

Hack saw with blade

Flat file

Round file

500 gram hammer

Gantry

Spanner for M 16 bolts

Flat spanner for M 12 fastener
Pliers

Knife

Half round file

Steel wire brush

Nylon rope 16 mm 60meters
Calibrated bucket (20 lit) 1

P P RP R NNRRRRRR

Consumables:
Bleaching powder 300grams
Joining solution for joining PVC pipe100 grams
Sand paper(300X200mm) 1 sheet
Cotton waste 1 meter
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Trouble Shooting

Problem Operation Cause Remedy
No Water -Handle easy to -Rods disconnected -Pull out all rods and
operate replace broken rods
-Pipes disconnected -Join the pipes
-Difficult to operate | Plunger seal defect Replace the seal
-Water level gone below
-Handle normal cylinder -Add pipes and rods
operation
Delayed flow -Normal operation -Leaky valves -Replace the valve
-Complete stroke not bobbins
available -Adjust the length of the
-Leakage in pipe joints top rod
-Leaking in foot valve “O” | -Take out the rising
mains and replace
Replace the “O” ring
Reduced -Difficult to operate | -U seal tight -Replace U-seal with a
discharge -Operation normal | -Complete stroke not new one

available

-U seal completely worn
out

-Valve bobbins worn out
-Pump cylinder cracked

-Correct the stroke by
using required length of
rod.

-Replace the worn U-seal
Replace the bobbins
-Replace the cylinder

Abnormal noise

-Operation normal

-Rods rubbing

-Straighten bent rods

during -Operation -Worn out centralizer -Replace centralizer
operation inconvenient -Rods bent and rubbing | -Replace rods with good
-Worn out bearings ones
-Handle fork touches pump-Replace bearings
head
Pump handle -Stand assembly | -Cracked platform -Repair platform

shaking

-Loose flanges

Worn out bearings
-Hanger pin loose
-Fulcrum pin loose

-Tighten flange bolts ang
nuts

Replace bearings
-Tighten fully both nuts
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Annex P
Hydrologic Cycle:
So, where is the fresh water coming from?

All fresh water, both above and underground, eaigteomes from rainAnd where is
the rain coming from? From the cycle of water, aksibed “hydrologic cycle”.

All the water of hearth is in continuous circudati as moisture and water on our
planet. Radiation from the sun evaporates watenlynaom the oceans, in to the atmosphere.
The water vapor rises, then collects to form cloubhgler certain conditions, clouds condense
and fall back to the earth as rain, or snow, thi®ua forms of precipitation.

Precipitation that falls upon land areas, is thera of essentially all our fresh water
supply. We depend upon it to replenish the quathity is taken from lakes, streams, and
wells for man's numerous uses.

Some of this precipitation, after wetting the fgéaand ground, runs off over the surface
to streams. Another part soaks into the soil. Mofctine water that enters the soil is detained
in the plant root zone and eventually is drawn bacthe surface by soil capillary action.
Some of it, however, soaks below the plant rootezand under the influence of gravity
continues moving downward until it enters the grbwater reservoir.

Upon joining the body of ground water, the perdgotptvater moves through the pores of
saturated subsurface materials. Ground water aaetsoes discharge naturally as surface
water in some places; this is a spring. Springstaiai the flow of streams in dry periods.
Streams and rivers eventually lead to the oceans.

Fig. 01. The hydrologic cycle on the earth (Inté¢yne
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Evaporation:

Changing of liquids to the gas form is called @rapon. When we leave something
wet and we find it dry the day after, it is becatisewater evaporated. Evaporation depends
on temperature: the higher the temperature, tier fdee evaporation.

Transpiration:

Plants absorb water from the soil through thesfoand they release vapor through
leaves. This process is called transpiration. Mdlymevaporation and transpiration are
considered together, and their combination is d@ieapotranspiration

Runoff:

After precipitation, part of the water skips awagd eventually concentrates in
streams and rivers.

Infiltration:

The amount of water that infiltrates the soil vaneith the degree of land slope, the
amount and type of vegetation, soil type and rgget and whether the soil is already
saturated by water. The more openings in the surfaracks, pores, joints), the more
infiltration occurs. Water that doesn't infiltrake2 soil flows on the surface as runoff.

Rivers often lose part of their water undergrodriee yield of a river can be %4 above the
surface and % just below the surface. So, even aherer is dry, maybe there is water just
few meters deep: this is why close to rivers tlie@ good probability to find good water in
the wells. In Northern and Southern Afghanistansthad the rivers do not reach the sea
because they just lose all their water underground!

Water can also infiltrate from fractures in thek®and at the base of the mountains, and
these therefore are good places in which to lopkHallow groundwater.

The water continues to move underground vertiaallyl it reaches the water table, and
than it starts to move, very slowly horizontallyai& can move also for long distances and
remain underground for long periods. This is whyfind groundwater at big depths also in
the middle of deserts: this is the rain that felid time ago very far away!

The discipline that studies the movements of watederground is called
Hydrogeology
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Annex Q Hydrogeology Glossary

Aeration zone: also known as the unsaturated zone the aeratianigdhe zone above
the water table.
Artesian well: The ground water in an artesian well is confinedl aelow the natural
top level of the ground water the water table. Wadasian water is tapped it flows out
without a pump by natural pressure.
Confined aquifers: Are aquifers that are not usually found in the sEd zone. They
are locked in place by impermeable material.
Dynamic Water level (DWL): The level of the ground water measured from ground
level after pumping. The multi stage pumping tesgps a record of the DWL while
pumping over regular time spans. A greater rajguofping (i.e. 1 liter per second
compared with 2 liters per second) makes the DWip dyuicker.
See: Multi Stage Pumping Test
Fractured aquifers. fractured aquifers are rocks in which the grountewmoves
through cracks, joints or fractures in otherwiskdsmck. Examples of fractured aquifers
include granite and basalt. Limestone is ofteraatfred aquifer but here the cracks and
fractures may be enlarged by solution, formingéacannels or even caverns. Water can
dissolve limestone and when the water circulatesutjh the fractures it can enlarge
them
Ground water movement: Ground water moves through the joined pore spiacte
aquifer. The movement of ground water through anfagis extremely slow, generally
of the order of centimeters per day or meters par.yGround water like surface water
flows towards and eventually drains into streamers, lakes and the ocean. Ground
water flowing in the aquifer underlying surfaceidesye basins however is not always
flowing in the same direction as the water on tndase.
Hydrologic cycle: Is the cycle of water, precipitating from the clsud the earth then
evaporating mainly from the seas and other watarcgs on earth and rising back to the
sky where it accumulates as clouds and condenssspipates and the cycle starts all
over again. All fresh water, both above and undemd, eventually comes from rain
“hydrologic cycle”.

All the water of earth is in continuous circulati@s moisture and water on our planet.
The heat of the sun evaporates water, mainly fremoteansn to the atmosphere. The water
vapor rises, and collects to form clouds. Undetagerconditions, clouds condense and fall
back to the earth as rain, or snow, the variouagaf precipitation.

Precipitation that falls upon land areas, is there® of essentially all our fresh water
supply. We depend upon it to replenish the quatitayis taken from lakes, streams and wells
for man's numerous uses.

Some of this precipitation, after wetting the fgéaand ground, runs off over the surface
to streams. Another part soaks into the soil. Mofctine water that enters the soil is detained
in the plant root zone and eventually is drawn backhe surface by soil capillary action.
Some of it, however, soaks below the plant rootezand under the influence of gravity
continues moving downward until it enters the gobwater reservoir.
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Upon joining the body of ground water, the perdatpivater moves through the pores of
saturated subsurface materials. Ground water qaetsoes discharge naturally as
surface water in some places; this is a springn§gmaintain the flow of streams in dry
periods. Streams and rivers eventually lead tateans.

Igneousrocks: Are formed from hot liquid rockgneous rocks are divided into two
types magmatic and volcanic. Magmatic igneoususifounder the earth’s crust.
Volcanic igneous rocks are formed from lava

Interstice: An opening or void in a rock. Interstices may Wiedi with any type of gas or
liquid but in an aquifer are usually filled with tea.

Impermeable layer: A layer of material (clay, solid rock) in an aguiterough which
water does not pass.

Limestone: Sedimentary rock consisting of at least 50% catcbarbonate (CaCo2) by
weight. Rock caused by exposure to heat, presameshemical actions

Permeable: Capable of transmitting water (porous rocks, sedina soil).

Permeability: Allows water to pass through. The holes, crackspaices are joined
together giving the water a passage to move thraRgimeability is determined by the
size of the spaces and the degree of inter-cormheess between the spaces. Permeability
measures are expressed in units of velocity suclersmeters per second and assume a
gradient of one foot of drop per linear drop.

Permeability

Permeability is a measure of a soil or rock's @bt transmit water. Often the term
hydraulic conductivityis used when discussing groundwater and aquifgepties.

Permeability differs from porosity because the Vo to be interconnected to allow
water to pass. We said before that a rock is gonden contains voids: if those voids are not
connected with each other, in order to form channehter can not pass, and the permeability,
that is the capacity of a rock to allow water tegyas low.

For example, clay has high porosity and low pernligabecause pore spaces are not
well connected. Clay often createmfining layersn the subsurface.

In rocks with fractures, there can be high perniigalfi the openings are large and are
well connected.

Per meability or

Material Hydraulic Conductivity
(cml/s)
well-sorted gravel 10-2to 1
well-sorted sands 10-3 to 10-1
silty sands, fine sands 10-5to 10-3
silt, sandy S|tlit”s, clayey sands, 10-6 to 10-4
clay 10-9 to 10-6

Tab 03 - Permeability Ranges for Sedime(@sw. Fetter)

147




Porousrock: A rock is porous when it contains voids: if thogeds are not connected to
each other, in order to form channels, water cdrpass, and the permeability, that is the
capacity of a rock to allow water to pass, is |8@me very porous materials are not
permeable. For example Porous media where thesgaagénnot cemented to each other
are called unconfined aquifer If the grains are @et@d together such aquifers are called
consolidated.

Porosity: Porosity or pore space is the amount of air spas®id space between soil
particles or in a rock or sediment. It is usuatkpressed as a percentage. Infiltration,
ground water movement and storage occur in thesgesp The pore spaces can include
openings between grains, fracture openings andravBome very porous materials are
not permeable because even though there are maogssfhe spaces are not joined up
and the water cannot move along. Clay, for instahas many spaces between its grains,
but the spaces are not interconnected enough maitfeee movement of water.

Saturation Zone: The portion below the earth’s surface that isrsd with water is
called the zone of saturation. The upper surfadhisfzone, open to atmospheric
pressure, is known as the water table.

Static water level (SWL): The top level of ground water before pumping comeesn
After pumping the static water level takes somestimreturn. This level is used when
pump testing for ground water measurement.
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