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CHAPTER 1

I NTRODUCT ION

PURPOSE

1.1 This design manual has been prepared to provide LGRDD staff
with a practical reference for the design of water supply
schemes of the IDA funded Rural Water Supply and Sanitation
Project in AJK. The manual is particularly intended for the
use of the incremental IDA staff of LGRDD, and in particular
the district AEs in order to facilitate them in their advice
and support to the communities in the design and. their
future construction activities for the construction of
village water schemes.

1.2 In order to properly implement the works, in aood time and
to produce a sutainable scheme, it is necessary to produce
good design. Desiqn is not limited to the layout of the
system and individual components thereof, but includes
related issues such as planning when and how the works will
be executed, and estimation of the quantities and the
expected costs of the works. Most critically on this
project which focuses on community participation, is that
the people who will receive the improved facilities must be
involved in the design and planning processes and must agree
with the project proposed.

1.3 All concerned staff, and in particular the technical staff,
should read and become truly familiar with the contents of
this manual. This manual is to be read in conjunction with
the complementary, the Standard Component Manual (ENM2)
which contains a bound A3 set of the Design Drawings,
Construction Manual (ENN3) and the Operation and Maintenance
Manual (ENM4).

2 SCOPE

2.1 The contents of the manual has been developed over two
years, durinq 1993/94. At various times throuqhout this
period most of the contents of the manual have been
presented to and discussed with, the engineering staff of
LGRDD. Following these discussions some passages have
received minor amendments. New sections include the texts
of chapter 5 Construction Programmes and Progress Reporting
and chapter 14 Scheme Completion Documents.
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2.2 Chapter 7 on Design Process and Procedure is the core
chapter which gives detailed guidance on design preparation.
This the key chapter on design which has been substantially
enhanced for ready understanding.

2.3 Chapters 2 to 6 inclusive essentially covers the pre-
conditions and the preliminary work required for the design.
Chapter 2 outlines the project implementation steps which
are followed in the execution of the village schemes.
Chapter 3 covers all aspects of how to prepare maps and
sketches. Chapter 4 covers feasibility studies required in
a village to cover the pre—engineering aspects. Such
studies are required to explore with the villagers what
options exist for possible development and consider the
scope of individual schemes. Chapter 5 details how to
undertake necessary yet appropriate survey. Chapter 6
states the approved project design criteria.

2.4 Chapters 8 to 12 inclusive give comprehensive guidance on
the design of all civil works components for the water
supply schemes from source development through storage and
pipelines to delivery point. Guidance for the optimised
design procedures for storage tanks and pipelines are
contained in chapters 9 and 11 respectively. Chapter 9
includes the detailed material quantities for all types of
water storage tanks as well as the costings for the various
individual constituents. Chapter 12 includes instruction on
how to quantify and schedule the materials required for
pipelines.

2.5 The manual then outlines in chapter 13 how to develop cost
estimates for a scheme. Cost estimation is essential to
enable communities to agree and then to realise the
necessary resources from their own means. Cost estimation
will also permit LGRDD to assure that proposed schemes are
economically feasible.

2.6 Chapter 14 sets out the reporting requirements of LGRDD and
indicates how construction programmes are made, used and
monitored.

2.7 Chapter 15 describes and includes the standard pro forma of
the Memorandum of Understanding which is the fundamental
document representing formal agreement between government
and the people rgarding their respective responsibilities.

2.8 Finally Chapter 16 outlines the compilation of the Design
Report for a scheme. The Design Report collates all the
design information into one document which will then
subsequently be used as the single essential reference for
the villagers to construct the scheme.
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CHAPTER2

PROJECT IMPLEMENTATION STEPS

INTRODUCTION

The following document sets out the main steps and activities in
the development of improved water and sanitation in a village, from
selection to scheme operation. The activities have been grouped
into seven phases which broadly follow the steps outlined in the
planning document PC-i and develops further the steps presented in
the TAU Inception Report. Also identified are the number of
village visits envisaged as necessary to be made by the LGRDDstaff
during scheme development. Although activities, steps and visits
are presented in roughly chronological order, it is expected that
there will be considerable overlap between activities within each
phase and even between phases of the development cycle. It is very
likely that, particularly during the initial period, more visits
may be required to address each step than is projected here.

1 PHASE 1: VILLAGE IDENTIFICATION

Step 1.1: Water Needs Assessment Survey (Visit A: UCS, EW)

1.1 In order to facilitate the selection of the remaining
villages which are to be included in the project, it was
intended that each of the approximately 1600 villages in AJK
will be surveyed, using a brief survey proforma for a Water
Needs Assessment (WNA), in order to establish their relative
need for improved water supply. Basic information about the
status of current water supplies would be collected by this
initial survey. Data would be recorded in a standard format
to enable entry and processing using computerised database
software. The survey is intended to be completed using short
interview techniques during a visit to every village by Union
Council Secretaries assisted by extension staff. Villagers
will be clearly informed that this survey does not
necessarily imply their inclusion in the IDA project. The
WNA survey is included in Annexure 2 - 3.

1.2 It should be noted that as an alternative to the WNA, LGRDD
had in late 1994 committed themselves to undertake complete
village baseline surveys in all villages of AJK. At time of
writing most returns have been submitted to LGRDD Directorate
for scrutiny, database entry and data processing.
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Step 1.2: Village Selection

1.3 Government has proposed that the next villages to be selected
for the project should be one village per Union Council of
the 22 marakaz. The processed data from the water needs
assessment survey and/or the baseline survey database, will
be used by LGRDD to group villages on the basis of need.
Initial selection may be made at LGRDDDirectorate level with
an even geographical spread of schemes across the 22 marakaz
of the project area, according to population criteria given
in the PC I document. Final village selection and approval
will be given by the District Water Working Committee (DWWC).
Selected villages will then be prioritised according to when
they are likely to be implemented within the project, and
approximate start dates may be allocated.

1.4 The AJK Water Working Committee will make final confirmation
of approval. The selected villages will then be notified of
their selection.

2 PHASE 2: VILLAGE PROJECTPREPARATIONPRIOR TO WSC

Step 2.1: Informing the Village (visit 1: EWs, OS, UCS, PA)

2.1 After village selection, extension staff will arrange a
series of meetings and discussions at village level to
outline the general scope and terms of the project, and to
build up an information profile of the community for the use
project staff. Information would be presented to the
community in a “village information document” which will
contain:

— the terms and conditions of the project;

— the principles of community ownership and management

through a water and sanitation committee (WSC);

— the specific responsibilities of the community and

government;

— special focus on hygiene and sanitation improvement; and

— emphasis on the critical role of women in this community
managed project.

2.2 Meetings and discussions would seek to reach all members of
the community including respected leaders, notables,
religious leaders, women’s forums and school age children.
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2.3 The need for measurement and regular monthly monitoring of
the yield of all the spring sources for village water supply
to the community will be carefully explained. Villagers will
identify local people who will be responsible for taking the
measu.rements and will then start the observations. The
method of taking and recording yield measurements will be
demonstrated by the overseer.

Step 2.2: Profiling the Community
(visit 1: EWs, OS, UCS, PA)

2.4 Each selected village will be surveyed to establish and
confirm the details relating to existing conditions within
the village. This process will be started whilst undertaking
Step 2.1 above to inform the community and continued during
this step through meetings, semi—structured interviews and
map making in the village.

a) Baseline Survey

2.5 Through the baseline survey information will be collected
about village population, infrastructure, current water
supplies and sanitation and selected information required for
outline scheme design. Data will be recorded in the standard
format to enable entry and processing using computerised
database software. The survey will be conducted by project
staff during the first visit to the village.

2.6 If a baseline survey has been already undertaken over one
year previous to the date of visit 1 (see para 1.2 above), it
is vital that the baseine survey is now revised and updated
so that changes in the physical and social data are made in
order to reflect the true current conditions in the village.

b) Village Mapping

2.7 During this step project staff with the participation of
villagers will prepare an initial sketch map of the village
which visually records and presents the essential topographic
and demographic data relating to the village in a simple
form. Information about all the potential water sources
including yield must be noted during this process and an
initial assessment of the area coverage of possible schemes
can be made.
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c) Social Data Collection

2.8 Extension staff during this step will conduct semi—structured
interviews with different focus groups within the community
to collect social information of relevance to the project.
Such interviews with small groups of people will also provide
opportunities for the community to clarify their
understanding of the project.

Step 2.3: Federated Water and Sanitation Committee Formation
(visit 2: El(s)

2.9 Often there will be more than one scheme within a single
revenue village, and/or the community served by a scheme may
not be homogenous. It may be appropriate for a WSC to
represent a single scheme within a group of schemes. Where
individual scheme WSCare formed, each will be represented on
a federated WSC. Although at this stage the individual
schemes may not yet be identified, the community can begin
the process of selecting representatives who will form the
nucleus of a village committee. The extension staff will
conduct a large village meeting to assist the community to
select the federated committee. This federated committee can
then represent the interests of the whole village.

2.10 Where women are not part of the WSC, project staff will guide
the community in the establisment of a parallel womens group
which will act as a forum for the opinions, discussion and
participation of women on the project. Women extension
staff, working as a team, will seek to identify influential
women in the village who can form the nucleus of a federated
women’s group. At a later stage women’s standpost groups
will be formed with representatives on the federated women’s
group. It is expected that the male dominated WSCwill seek
women’s advice and participation through this federated
women’s group.

Step 2.4: Establishing Community Commitment
(visits 1 & 2: EW5)

2.11 During the initial meetings and contact with a wide cross—
section of the community, the extension staff will explore:

— the perceived level of need for improved water supply and
sanitation in the village;

— the acceptance of the community of equitable distribution
of water through standposts.

- the ability and willingness of the community to provide
their share of scheme contribution, estimated using the
projects experience of costs.
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Step 2.5: Letter of Intent
(visit 3: EW5, EO, AR, UCS, PM)

2.12 Provided the village is prepared to accept the project in
principle, a Letter of Intent should be signed in the
presence of a large gathering of the village population, by
district representatives of the LGRDD and by the newly formed
WSC. This letter serves to formally acknowledge the
commitment of both parties to proceed with the project. A
proforma for the Letter of Intent is annexed to this document
(as Annex 2 - 3).

3 PHASE 3; VILLAGE PROJECTPREPARATION WITh WSC

Step 3.1: Project Feasibility Study
(visit 4: EWs, OS, EO, AR)

3.1 The feasibility study will build on information already
collected during the baseline survey and will have the aim of
identifying a feasible design for the water project. Both
extension and engineering staff will cooperate to collect and
assess topographical, technical and social data throughout
the village. Different design/planning options will be
examined so that alternatives may be offered to the villagers
for their selection. The aim will be to bring water supply
to the maximum reasonable number of households who require
improved water supplies.

3.2 The feasibility study will necessarily require meetings with
the villagers and individuals to seek their approval for
planning the water source(s) to be used, tank sites and main
pipeline routes. The study will consider the need of the WSC
to obtain formal notarised dedications to public use for the
source(s) or land for tanks etc. A large sketch map of the
scheme will be prepared to explain the proposed design
alternatives. Disagreements about proposed aspects of the
plans should be resolved through discussion and compromise.

3.3 The feasibility study will contain outline cost estimates for
each scheme. Agreement must be obtained on the general
location and scope of the individual schemes and their
components as proposed. If alternatives exist, the community
and project staff together will select the most appropriate
options. The study of the agreed option(s) will be forwarded
to the LGRDD Directorate for information.
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Step 3.2: Organisation and Development of the WSC
(visit 4 EWs, EO, AR)

3.4 During the feasibility stage, work will continue on the
formation and development of the village committees for
individual or groups of schemes. Extension staff will need
to explain the overall role of the WSC and the specific
responsibilities of the office holders. The names of the
office holders of the WSC should be notified to LGRDD staff,
and announced widely within the village. The office holders
will include a chairman, secretary, treasurer and works
supervisor. Extension staff will also advise the WSCon how
to convene meetings , record minutes/decisions of meetings
and prepare lists of households. Development of the WSCwill
be a continuing activity through all subsequent stages of the
project.

4 PHASE 4: SCHEMEDESIGN

Step 4.1: Completion of Scheme Design
(visit 5 OS, AR)

4.1 Using information gathered during the feasibility study the
detailed scheme design will be prepared by district
engineering staff (including topographic survey). Villagers
nominated by the WSCwill assist in the field work. Overall
cost estimates for each scheme will be calculated which will
identify the respective contributions of both the village and
government for scheme construction and operation.

Step 4.2: Agree Final Design and Implementation Programme

(visit 6: EWs, OS, EO, AR)

4.2 After the final design has been prepared, the design of each
scheme and cost thereof will be presented to the WSC and
other interested members of the village. The design should
be explained in detail by the Assistant Engineer using a
sketch map of the scheme. The extension staff will assist
with organising and facilitating the meeting.

4.3 Once the design has been agreed, the WSC with advice from
project staff should agree an action plan and programme for
implementation of the village project. The action plan will
include details for:

— fund raising within the community;
— how and when pipe is procured and stored;
— arrangements and timing for civil construction work

including pipe installation;
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— construction of standposts and associated drainage
channels;

— arrangements for complex source development works as
required;

— organization of labour; and
- scheduling payments to be made by LGRDD for government

funded works.

Step 4.3: LGRDD Directorate approval

4.4 All documents regarding scheme design in a revenue village
will be compiled in a design report and submitted to the
LGRDD Directorate for formal approval. The design report
will include design drawings, design calculations, schedules
of quantities, cost estimates, formal dedications of land and
water access and proposed construction programmes.

Step 4.4: Signing of Memorandum of Understanding (MOU)
(visit 7: EWs, EO, AE, PM)

4.5 Once both parties agree and approve the design, the MOU
between LGRDD and the WSC will be signed. The MOU will
detail the respective responsibilities and obligations of
both community and LGRDD. The design report will be annexed
to the MOU. A second appendix will contain schedules which
will include:

— amounts and expected dates of lump sum payments to be
made to the village by LGRDD for construction of LGRDD
funded works; and

— schedule of materials to be supplied by government to the
village such as pipes and fittings.

4.6 The MOU will also detail procedures for the handling of any
disputes which cannot be resolved through discussion and
compromise within the WSC. The signing of the MOU must be
attested by a member of the local judiciary. It is should be
made possible that the signing of the MOUcan be witnessed by
villagers.

1II1/Cb,~t,r 2 2—7 f,bre,ry 1995





5 PHASE 5: SCHEMEIMPLEMENTATION

Step 5.1: Community Capacity Building — Training WSC
(visit 8: EW5, EO, OS)

5.1 Project staff will assist the village with establishing the
organisation and funding systems required to manage the
scheme construction, and to operate and maintain the scheme
after handover. Specific training and support will be given
to the WSC in carrying out the following tasks:

- certifying the quantity and quality of materials provided
to site;

— collecting and accounting for cash contributions from the
village;

— arranging labour for the construction of village tanks
and carriage and laying of the pipelines;

— selecting tapstand design and constructing tapstands;
— assuming responsibility for operation and maintenance;

and
- appointing a suitable person to act as WSCSupervisor to

oversee the construction

5.2 Civil works such as tank construction and pipelaying will be
largely undertaken by private sector artisans or contractors
hired by the WSC. Villagers may choose to contribute
voluntary labour in order to reduce the financial cost of
those works which are the responsibility of the community.
LGRDD will provide training, support and assistance to the
WSC works supervisor for the proper execution of the works.
This will include training village personnel in the
techniques of masonry construction and pipe laying. Thus
LGRDD staff will train selected local villagers in the
necessary skills for future operation and maintenance work.

5.3 The extension staff will support the community in the
development of women’s standpost groups. Such groups will
present women’s concerns and interests to the WSC and serve
as contact groups for hygiene education and latrine
promotion.

Step 5.2: Scheme Construction
(various visits by core staff: AEC, PM, OSC, PA)

5.4 Scheme construction will proceed in line with the
implementation programme agreed between the WSCand LGRDD, as
and when materials and labour are provided. Community tank
construction will be completed by the village according to
standard designs.
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5.5 Project staff will need to ensure the timely procurement of
equipment such as pumps and motors, and timetable activities
such as the installations of electrical supply.

Step 5.3: Scheme Testing
(various visits by core staff: AEC, OSC, PA PM)

5.6 At the completion of construction of each of the various
components of the scheme, the operation of each component
should be tested for performance and quality by LGRDD staff.
This shall be undertaken in the presence of villagers and the
WSC.

6 PHASE 6: SANITATION ANDHYGIENE EDUCATION

Step 6.1: Hygiene Education
(visit 9: EWs)

6.1 During the process of project development within the village,
LGRDD extension staff will discuss with the villagers the
health benefits of improved water supply, sanitation and
encourage changes in hygiene behaviour. Educational sessions
will usually be held separately with groups of men and women.
Before water is available more general personal and
environmental hygiene practices will be considered. When
water becomes available at the standposts, the focus will
move to diarhoea transmission and its prevention in the
community. Extension staff will make use of participatory
methodologies such as the Diarrhoea Picture Story to inspire
improvements in current understanding and practice.

Step 6.2: Latrine Construction
(visit 10: EWs, NT)

6.2 A second major component of the hygiene education will be on
environmental sanitation improvements that villagers can
undertake focusing on the reasons for and methods for
construction of latrines. Village masons will be trained by
LGRDDMason Trainers through the building of different types
of demonstration latrines at a village school. These masons
will then be available to support and advise village
householders who want to construct their own latrines at
their own expense.
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7 PHASE 7: SCHEME COMMISSIONINGHANDOVERAND OPERATION AND
MAINTENANCE

Step 7.1: Scheme Commissioning
(visit 11: EWs, OS, EO, AR, PM,, AEC, OSC, PA)

7.1 The scheme will be commissioned under the guidance of LGRDD
staff. The nominated operators appointed by the WSCwho are
to be responsible for the day to day operation and
maintenance of the scheme will be trained by the overseer in
the particulars for the secure running of the scheme.

Step 7.2: Scheme Handover
(visit 12: EWs, OS, EO, AR, ARC, OSC, PA, UCS, PM, ADLG)

7.2 Following the successful commissioning of all schemes in a
village, the village water supply project will be formally
opened and handed over to the WSCat a large gathering of the
village. The respective responsibilities of both the WSCand
LGRDD after handover will be restated.

Step 7.3: Monitoring and Maintenance
(annual visits: OS, EO, PM)

7.3 LGRDDwill remain responsible for periodic monitoring of the
operation of the completed scheme by the WSC. Routine
maintenance will be the responsibility of the community.
LGRDD will provide the replacement of mechanical/electrical
parts and will assist to repair damage in the event of
catastrophic failure within the scheme when this is not due
to the negligence of the villagers.
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ANNEXURE2.1: STAFF DETAILS

KEY TO STAFF
The key to the initials of the staff members is as follows:

= Extension Workers
= Extension Officer
= Assistant Engineer
= Overseer
= Nason Trainer

Note: “EWs” are normally expected to be three in number le one male
and two females

VISITS, PHASES, STEPS AND STAFF

The following is an abstract of the number of visits expected to
undertake each step within each phase together with the individual
staff members which may be expected for execution of all the steps
in an average village.

PHASE 1: VILLAGE IDENTIFICATION

Visit A: UCS, EW
Step 1.1: Water Needs Assessment Survey
Step 1.2: Village Selection

PHASE 2: VILLAGE PROJECTPREPARATIONPRIOR TO WSC

EWs, OS, UCS, PA.
Informing the Village
Profiling the Community

a) Baseline Survey
b) Village Mapping
c) Social data collection

(Step 2.4: Establishing Community Commitment)

Visit 2: EWs, UCS,
Step 2.3; Federated Water and Sanitation Committee Formation
Step 2.4; EstablIshing Community Commitment

(Note that Visits 1 and 2 wIll require several visits by EWs to
cover the revenue village)

Visit 3: EWs, EO, AE, UCS, F!’!
Step 2.5: Letter of Intent

IDA incremental staff

EWs
EQ
AE
Os
NT

Core Staff

PM =

AEC =

Ucs =

osc =

PA =

ADLG =

Project ?lanager
Assistant Engineer Core
Union Council Secretary
Overseer Core
Project Assistant
Assistant Director

Visit 1:
Step 2.1:
Step 2.2:
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PHASE 3: VILLAGE PROJECT PREPARATION WITH WSC

Visit 4: EWs, OS, EQ AE
Step 3.1: Project Feasibility Study
Step 3.2: Development of the WSC

PHASE 4: SCHEMEDESIGN

Visit 5: 05, AE
Step 4.1: Completion of SchemeDesign

Visit 6: EW5, OS, EQ AE
Step 4.2: Agree Final Design and Implementation Programme
Step 4.3: LGRDD Directorate approval

Visit 7: EWs, EO, AE, PM
Step 4.4: Signing of Memorandum of Understanding (MOU)

PHASE 5 SCHEME IMPLEMENTATION

Visit 8: EWs, OS, EO
Step 5.1: Community Capacity Building - Training WSC

Various visits by core staff: AEC, PM, OSC, PA
Step 5.2: SchemeConstruction
Step 5.3: Scheme Testing

PHASE 6: SANITATION AND HYGIENE EDUCATION

Visit 9: EWs
Step 6.1: Hygiene Education

Visit 10: EWs, MT
Step 6.2: Latrine Construction

PHASE 7: SCHEMECOMMISSIONING, HANDOVERAND OPERATION AND
MA I NTENANCE

Visit 11: EWs, OS, EO, AE, PM, AEC, OSC, PA
Step 7.1: Scheme Commissioning

Visit 12: EWs, OS, EO, AE, UCS, PM, AEC, OSC, PA, ADLG
Step 7.2: Schemehandover

Annual visits: OS, EO, PM
Step 7.3: Monitoring and Maintenance
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VEHICLE REQUIR.ELNENTS

In order to support the community to undertake the implementation
steps, it is necessary that LGRDD staff have the mobility to visit
the villages. Lack of mobility is presently recognised to be a
constraint. Public transport is not convenient as normally such
transport leaves the village setllements in the early morning to
travel to the market centres and only returns to the village in the
late afternoon, whereas the staff need to travel out from the
market centres in the morning. Public transport is furthermore
slow and sometimes connections are required.

In the future government proposes that at least one village project
will be implemented in every union council of the 22 marakaz in the
projetc area. Project implementation will therefore be
particularly dispersed and ease of staff mobility will be vital.

It is therefore proposed that the following vehicles are purchased
or otherwise made available to LGRDD staff in each district (note
Muzaffarabad consists of two subdistricts).

IDA Incremental Staff:
Ibtals

Assistant Engineer 1 Suzuki Jeep (6 existing) 12 nos
Extension staff 1 Suzuki Microbus (Bolan) 6 nos
Overseers & EWs (male) 3 Motorbikes 18 nos

Note: the vehicles are to be pooled so that they can be used by any
staff requiring transport.

Core Staff:
Ibtal s

Project Managers 1 Suzuki Jeep fl nos
Assistant Engineers 1 Motorbike 6 nos
Overseers 1 Motorbike fl nos
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ANNEXURE2.2

LGRDD AJK Rural Water and Sanitation Project (IDA)
VILLAGE NEEDS ASSESSMENT SURVEY

This brief survey is to assist LGRDD in assessing the status of
water supply in the revenue villages of AJE. The form is to be
completed by the Union Council Secretary for all the revenue
villages within his Union Council, with assistance from villagers.
LGRDD Project Assistant may assist if available.

The following guidance notes are to aid the UCS to complete the
questions:

Q.O.1 Report the approximate number of houses within the boundary
of the revenue village. Do not include Dhoke.

Q.0.2 This question is to establish the type and number of water
& supply sources in the village. Only complete the rows which
Q.3 correctly describe the main water sources used in the

village. The following points refer to the columns to be
completed:

Nos: Indicate the number of water sources of each type
used.

Distance: Assess the number of houses using each source.
Estimate the appoximate average “one—way” distance
in feet or miles to the water source from the the
houses using the source(s). Indicate the number of
houses in the columns under the distances listed
for each type of source. Do not include those
houses getting water from existing scheme as
indicated in Q.4 Cc)

Note: a) It is acceptable to approximate the number of
houses in each group.

b) It is important that the total number of houses
stated in Question 1, 2 and 3 are equal.

c) It is not permitted to report that a house is going
to two sources — choose the single main source
only.

Q.4 a) Indicate with “yes” or “no” if any part of the village
has ever installed one or more LGRDD schemes to improve
water supply if

b) indicate if the scheme(s) is working.
c) Report the appropriate number of houses getting water

from existing scheme.

Add any appropriate comments regarding the present water supply of
the village.
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PROPOSEDMARlING SYSTEM

The need of a village, with respect to a water supply, can be
determined from the three questions correctly answered on the
survey. An index number is calculated for each village based on
the following 6 steps. The higher the index number, the greater is
the need of the village for a water supply system.

Step 1 For each source type the number of houses using the
particular source is multiplied by the distance for those
houses (except for those up to 500 ft which are to be
ignored). Yor houses area 2 miles distance the number
should be factored by 1.5.

Step 2 The resultant is totalled for each source type.

Step 3 Factors are to be applied to those sources which
generally give poor quality water, viz:
Factor for Open well = 1.5
Factor for Surface water = 2

Step 4 The resultants for all sources are then totalled
together.

Step 5 The total for the wet season is multiplied by 0.66 and
the dry season total is multiplied by 0.33. These
figures are then added together.

Step 6 Finally this sum total is then divided by the total
number of houses in the village to give the needs index
number for that village.
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LGRDD AJI Rural Water and Sanitation Project (IDA

)

VILLAGE NEEDS SURVEY

1
1

Revenue Village [
Name:

LG&RDDVillage
No

Q.1. TOTAL NUMBEROF HOUSES IN VILLAGE:

Q.2. SOURCESUSED IN WET SEASON

Source Nos Number of houses at average distances
of to the sources

Source
upto 1/2 1 mile 2 miles Over 2
SOOft mile miles

Spring

Hand Pump

Borehole

Open well

Surface water

!III/Cflptsr 2 February fl~S

District:

Union Council:

Markaz:

J

Spring

Hand Pump

Borehole

Open well

Surface water

Q.3. SOURCESUSED IN DRY SEASON

Source Nos Nu.mber of houses at average distances
of to the sources

Source
upto 1/2 1 mile 2 miles Over 2
SOOft mile miles

2 — 16





YES NO

I
I

I
IL

I
I

I
I

Th I
1

Q.4. a) ARE THERE ANY EXISTING PIPED WATERSCHEMES

b) ARE THE EXISTING SCHEMESWORKING

c) NUMBEROF HOUSESGETTING WATER FROM
EXISTING SCHEME

APPROPRIATE COMMENTS

1.

2.

3.

4.

CHECKEDSIGNATURE/DATE
PROJECT MANAGER

SIGNATURE/DATE
UNION COUNCIL SECRETARY
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ANNEXUBE2.3

Islamic Republic of Pakistan
Government of

Azad Jammu & Kashmir

Local Government and Rural Development Department (LGRDD)

Rural Water Supply and Sanitation Project

LETTER OF INTENT

District Name: Date:
Village Name: Village No:

This Letter of Intent is made between the two parties of the AJK
Local Government and Rural Development Department (LGRDD) (Party 1)
and the federated Water and Sanitation Committee representing the
community of village: ______________________(Party 2).

This letter serves to formally acknowledge that the community of
the above village is committed to execute a water supply and
sanitation project in this village and fully understands the
project aims and the obligations and responsibilities of the
village community in this regard.

The WSC on behalf of the village also agrees to:

— support and cooperate with LGRDD extension and
engineering staff to hold meetings, collect information
and plan activities for the project;

— organise the regular recording of the yield of water
sources which are proposed for use in the new water
schemes;

- facilitate and participate in surveying and field
measurement during scheme design; and

— discuss final design and provisions of Memorandum of
Understanding (M0U) with community.

This letter serves to formally acknowledge that LGRDD is committed
to support the community of the above village in the execution of
a water supply and sanitation project in this village with the aim
to establish, as far as is practicable, comprehensive coverage of
the village with water supply to standposts.
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LG&RDDalso agrees:

- to consult the villagers at each stage of the project and
incorporate their views wherever possible;

— to provide and facilitate extension and engineering staff
to cooperate with the village in.

(i) promoting community participation and consultation
in the project;

(ii) assisting with project planning activities; and

(iii) undertaking scheme design and investigation.

Signed: (Party 1) date:

Name and Post

Signed: (Party 2) date:

Name and Post

Witnessed: date:

Name
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CHAPTER3

MAPPING AND SKETCHING

INTRODUCTION

General

1.1 The preparation of a village sketch is a vital step in the
preliminary stages for planning of water supply scheme(s)
for a village. The information for map making is to be
obtained and noted by project staff during frequent visits,
observations and discussions with the people of the
community. The village sketch map can then be produced and
plotted in a systematic but simple way.

Why Mapping is necessary

1.2 For all construction activities, it is necessary to prepare
a plan for the proposed work. Drawings, plans and maps, are
the most effective and convenient method of illustrating and
describing to all interested parties what is proposed to be
built and where it is to be built.

1.3 A sketch map is the essential aid in identifying and
illustrating information about the village for both planning
and design purposes. Later during construction the map can
be used as a visual aid to identify where the works are to
be undertaken and also to record and monitor progress. The
preparation of a sketch map is an essential preliminary
stage of detailed planning.

What to include in a sketch map ?

1.4 A sketch map gives demographic information about
village/settlement boundaries, where people live and shows
the main topographical features of the land. This locates
all the salient features and details of the village. Any
existing water supply pipe layout is recorded with as much
detail and information as possible. The information must be
illustrated on the sketch map with sufficient detail, and
yet should be simple and easy to read.
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2 VILLAGE SKETCH

Importance and Community Involvement

2.1 The preparation of sketch maps is an opportunity which
allows the village population to participate in providing
necessary information on their community whilst contributing
to the planing of a future water supply system. It serves
as an initial contact activity with the villagers when their
problems relating to water supply can be examined and the
villagers themselves can explore and suggest possible
solutions. It is a means of initiating discussion about
possible scheme layout and design. It will subsequently be
a tool for deciding on the location of standposts.

2.2 The sketch is prepared by project staff together with the
villagers. Besides helping staff to become familiar with
the project area, the consultation with the villagers serves
to develop an essential bond between the people and the
government staff. Preliminary sketches are to be made
whilst discussing with the community in the village. A fair
copy can be produced later in the office.

2.3 For detailed planning work later, such as the actual
development of scheme pipeline layout drawing, then
additional drawings on a larger scale will be needed to show
particular and specific details.

What does a sketch map show ?

2.4 The final village sketch map necessarily shows the
boundaries of a village with all the salient features and
names thereof as appropriate:
— river, streams, and nullah course(s);
- paths/tracks /roads:
— location of settlements and major buildings;
— electricity supply lines;
— major slopes, spot heights;
— locations of all springs and wells;
— layout of existing or proposed water supply scheme(s);
— major trees; and
- direction of North along with a key as required.

When is it made ?

2.5 The sketch map may be made over a single extended visit to
the village or over several consecutive visits. A
preliminary village sketch map of the village will be
prepared during the initial visits of the Extension Workers
following village selection. This will be first follow—up
activity after the village baseline survey.
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Who makes it ?

2.6 The village sketch is prepared by the Extension Staff with
the involvement and indispensable assistance of community
members. Sketches will be drafted during meetings in
settlements throughout the village with interested
villagers. Different staff members may work in separate
parts of the village and each will make several component
diagrams. Later in the office, a single final draft may be
prepared which combines all the rough sketch components made
in the field. This should preferably be drawn upon a single
sheet of A3 size paper, although for larger villages this
may need to be on a larger sheet.

2.7 The sketch thus prepared is studied and checked by the
Overseer and the Assistant Engineer. The district
draughtsman will then prepare a fair copy which should
ensure that all sketches in the district are produced to the
same standard.

2.8 As explained above the preparation of a sketch map is based
on rough sketches and notes made during the field work.
There is also office work where it is necessary to draw
nicely all the required details using the rough sketches and
notes.

Use of G T Sheets

2.9 Although the village sketch map does not need to be an
accurate scale drawing, the Survey of Pakistan G.T. Sheets
(scale 1:50,000) can aid the initial orientation of staff to
the village area . The G T Sheets show accurate basic data
of land topography and although the scale is too small for
the purposes of this project, they are still useful because
of their clarity and detail. Demographic details or
information about the population is however likely to be out
of date.

2.10 As the scale is small, the relevant portion from the G.T.
Sheets should be enlarged (preferably 1:25,000) on a
photocopier. Before going to the field, the essential
detail of the salient features such as nullahs, roads and
hills, can be identified and traced on to an A4 or A3 page.
A photocopy of this tracing can then be developed and
updated by the Extension Staff in the field with the help of
villagers.
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2.11 In addition to plan (or planimetric) detail, it is necessary
to include information about heights or elevations. This is
particularly important for pipe work projects. G.T. Sheets
have contour lines and spot heights. Contours on maps are
useful to clearly illustrate the topography. Contour lines
are the lines joining points of equal height. When contour
lines are close together, the land surface is relatively
steep; when they are wide apart, it is relatively flat.

3 STEPS TO FOLLOWDURING MAP MAKING

3.1 The skills of map making will develop over time and as
project staff gain experience and confidence. The following
principles should be used for guidance:

(i) Before the first visit to the village, project
staff should make and study, an enlarged photocopy
of the relevant GT sheet as described above.

(ii) Project staff should themselves make and record
their visual observations of the village layout
from suitable vantage points.

(iii) The making of the sketch map and the details should
be done with small groups of villagers.

(iv) The purpose of the map should be carefully
explained to the villages. The map is needed to
collate information about the village, and it
should be discussed as a tool to solicit their
ideas on the proposed water scheme. This will
promote and ultimately enable the preparation of
best possible design for the village.

(v) It is particularly important that the map making
exercise should involve and be undertaken with
groups of village women. Women are invariably
responsible for the collection and carrying of
water and their knowledge is also valuable.

(vi) Preliminary maps can be drawn in the earth with a
stick or on a hard wall surface using chalk. There
should be sufficient space to make a large drawing.

(vii) The extension worker should begin by drawing a
small square to indicate where the group is
sitting. The extension worker them invites the
others to start from that point with drawing the
roads, paths, schools, mosques and house holds.
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(viii) When preparing a rough sketch map on the ground,
leaves, pebbles, fruits, matchboxes and other
objects can be used to indicate houses or other
particular points. It is not vital if distances
and proportions are not exactly right, as long as
everybody is satisfied that all the important
features, of the village or settlement are
included, as listed in para. 2.4 above.

(ix) Once a map has been roughed out the discussion may
move to the positioning of existing water sources
and to the possible location of the scheme or pipe
alignment. Women’s groups may discuss the
preferred and potential locations of standposts
using the map drawn for the group.

(x) Any map drawn on the ground or wall/board should be
copied onto sheet of paper using pens, for later
interpretation and discussion. The extension
worker should have several large sheets of paper
(poster size) and coloured markers to prepare the
finished map. This copy will be needed for later
discussion with the village.

Points to Remember

3.2 Although the exercise is interesting and fun to do, it
should be taken very seriously. For example, if a map is
prepared on the ground then children should not be allowed
to walk on the map to damage it before it has been
completely finished and copied by the extension worker.

3.3 Villagers are to be invited to draw themselves but it may be
necessary for the extension workers to take the lead in the
drawing of the map. However this would tend to spoil the
exercise as it may limit the opportunity for the community
for truly participating in decision making. After the
introduction, explanation and demonstration by the extension
worker, it is better if the community members should draw
the map.

Symbols used

3.4 Fig. No. 1 attached, shows all the standard symbolic
representations for the information and features normally
required for sketch mapping. These standard symbols only
are to be adopted and used by project staff. Any additional
features not specifically mentioned herein may also be
appropriately symbolized, as and when required, in addition
to this legend.
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Field practice

3.5 Before starting the field work, it should be well understood
what is to be done and how to do it. The following factors
are important:

— Speed in the field work;
— Making of clear and careful notes which are subsequently

safely filed or stored for future reference if required;
— Correctness of the observations measurements; and
— Neatness and accuracy.

4 SCHEME LAYOUT SKETCHES AND DIAGRAMS

Sketches for Feasibility Study

4.1 The overseer will subsequently use the village sketch map
during his feasibility study and topographic survey to
develop the scheme layout plan. Proposals or options for
the scheme layout(s) are to be drawn superimposed on copies
of the village sketch map. In this form the suggested
layouts may readily be discussed with community members and
modified as necessary. The scheme layout sketches will
include proposals for the pipeline route, locations and
sizes of tanks and the tapstands. Diameters and lengths of
pipes need not be noted on such sketches.

4.2 For larger villages a new sketch may need to be prepared for
each scheme. This will likely be the case if there are
several schemes proposed in a specific village and the
overall village sketch map is too small. In such cases
however, care has to be taken to include a key to the
various schemes on the overall sketch map of the village as
a whole. This may be achieved by shading or hatching in
order to locate the scheme area together with scheme numbers
indicated; thus all the individual scheme sketches can be
correlated together and related to each other.

Detailed Design — Scheme Layout Diagrams

4.3 During detailed design a more refined yet schematic layout
diagram will be developed which will complement the computer
aided hydraulic design (“Branch”). The scheme layout
diagram is a vital construction aid to enable the scheme to
be built and is to be included in the Design Report for each
scheme.
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4.4 This diagram will be similar in form to the examples
produced by local consultants for the first 70 villages of
the project. The scheme layout diagram will indicate:

— key features such as roads, nullahs, mosques etc;

— source location with elevation and safe yield;

— pipe nodes and numbers with elevations;

— pipe lengths from node to node, types and diameters;

— storage tank location, elevation and capacity;

— break pressure tank location and elevation;

— tapstand location, tapstand number, elevation and number

of houses served and name of nearest householder;

— location and elevation of air valves and washouts with

indication of distance from the upstream nodal point;

— location, length and type of all pipe crossings; and

— direction of north.
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VILLAGE MAP SYMBOLS

S No. DESCRIPTION SYMBOLS

I Villoge boundary •

2 Settlement boundary ———— ———— —— —

3. Settlement /Areos not coverd by scheme

4
(up)

Slope (down)

5 Forest ? ~3)

6. Spot height • 1055 ft

7 Mosque ~‘~‘~‘ I
8. Houses 0 12H

9
PS: Prrnory school, MSMiddle school

School HS: High school, G: Girls, B : Bo)s LS~J
10. Bozor 1111111

II Dispensary I D ]
12. Vetinory dispensary

13. Trock

14 NulIoh (with bridge) /<ç:._— iii;Y ~i~:J:—

15 Spring (urç~otected) +
16 Spring (protected)

17 Tubewell/Borehole (j)

18. Open well ©
19 Electricity supply kne x x

~D. Ppeline (with direction of flow) *

21. Stondpost )~

2~ Ground storoge tank L~O0g.

23 Pumphouse IPH]

3-8 Fig. 3~1
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Preface

The following poem may provide inspiration for project staff as
they lead and serve the people of AJK:

Go to the people
Live among them
Learn from them
Love them
Start with what they know
Build on what they have
But of the best leaders
When their task is accomplished
Their work is done
The people all remark
“We have done it ourselves”

(Tao To Loa Truching)
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CHAPTER4

FEASIBILITY STUDIES

INTRODUCT ION

1.1 The Project criteria is for water supply coverage for the
entire village. Experience has shown that water supply to
villages in AJK may be through one or several schemes.
These schemes may be either gravity fed, pumped or a
combination thereof; sources are generally springs or
wells. Feasibility studies are undertaken by the project
staff under the essential guidance and direction of the
community in order to explore, develop and identify the
scheme or schemes to be built.

1.2 During a feasibility study all the practical aspects for
devising a village water supply scheme are to be examined
upon which depends its eventual success. Such study
involves the examination of a combination of aspects
including financial/economic) social, institutional and
technical. Throughout the world, many schemes have failed
not because of the technical deficiencies but because of
lacking in one or more of these important factors. These
could be lack of community participation, incomplete data,
ignoring economic considerations or absence of an effective
institution in the form of a water and sanitation committee
(WSC) to sustain the scheme.

1.3 The feasibility studies comprises work both in the office
and in the field whilst collecting information, making
observations and meeting with the villagers. The
preliminary field work and information gathering is termed
as “pre—feasibility study”. This initial activity will be
undertaken by project staff led by the Overseer and
supported by the Assistant Engineer (AE). The subsequent
follow—up work is known as “feasibility study” and is the
formal assessment of the preliminary work which is to be
made by the AE and the WSC. This will result in concrete
proposals and decision by the community to identify
workable, acceptable and appropriate option(s) for detailed
design and development.

2 THE PROJECTCYCLE

2.1 The document “Project Implementation Steps” gives the order
of proceeding with the various steps involved in a water
supply scheme. For guidance these steps may be referred to
and are briefly stated in Table 1.
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PROJECT I?~LENENTATION ST~S

Project Identification:

— Water Needs Assessment Surveys; and
— Village Selection.

Project Preparation:

— Informing the village;
— Baseline Survey;
— Establishing Community Commitment;
— Federated Water & Sanitation Committee Formation;
— Letter of Intent;
— Project Feasibility Study; and

— Development of WSC.

Scheme Design:

— Completion of Scheme Design;
— Agree Final Design and Implementation Programme;
— LG&RDDDirectorate approval; and
— Signing of MOU.

Scheme Implementation:

- Community Capacity Building;
— Scheme Construction; and
— Scheme Testing.

Sanitation and Hygiene Education:

— Hygiene Education; and
— Latrine Construction.

Scheme Handover and Operation and Maintenance:

— Scheme Commissioning;
— Scheme Handover; and
— Monitoring and Maintenance.

TABLE 4.1: PROJECT IMPLEMENTATION STEPS
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3 COMMUNITYINVOLVEMENT

3.1 Community participation is the central philosophy of this
project. The improvements that increased water supply will
bring to the village can only be sustained if the village
population themselves are intimately involved in the scheme
implementation. The village population will identify
schemes, plan their inputs, arrange construction and
subsequently operate and maintain the schemes. The project
staff are to facilitate all these activities.

Community Identifies the Schemes

3.2 In order to identify and subsequently design the village
schemes, project staff need to study and survey the village.
These studies and surveys tell the outsiders, or the project
staff , what the insiders, or the village community, already
know. During the feasibility studies, the community should
be encouraged to search out their own ways of meeting their
needs. These are indicated and discussed with the project
staff. It is vital that there is total involvement of the
community elders and leaders during the feasibility studies
in order to ensure that local cultural factors are fully
taken account of.

Role of Women

3.3 It should be kept in mind that community involvement should
include a special focus on enhancing the role of women as
an essential component of the overall strategy. Women are
important being the predominant carriers and users of water
in the community and their views must be sought and
reflected. The female extension staff will also be
involved in feasibility studies and consulting the village
women for their essential inclusion in the development and
planning of schemes.

Development of Confidence

3.4 The period of the feasibility studies is the first sustained
contact between the villagers and the project staff. During
this time the two parties will get to know each other. The
community must be able to have confidence in the project
personnel. Project staff themselves must be totally
committed to the idea of community participation if the
people are to trust their guidance. It is vital therefore
that project staff must be able to communicate enthusiasm,
determination, drive, commitment and inspiration to the
village population. Project staff must also be ready and
able to learn from the people, as well as share ideas with
them.
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Time Required for Village to Accept Options

3.5 Possible technical solutions should be carefully explored
and explained in ways that the community can understand and
subsequently make their own. It may take considerable time
for a community to adopt a solution. There needs to be as
much time as the community requires for any new idea to be
seeded and become fully informed by all sections of the
village. It must be remembered that a community project
will move at the pace of the people. This may not fit in
with LGRDD time schedule, budgets or work plans, but these
must be adjusted to fit in with the seasons and the
requirements of people who are farmers first and development
workers second. LGRDD must therefore be flexible according
to the needs of the village.

Visits to other Village Schemes

3.6 During the feasibility studies, the community should be
actively encouraged to visit neighbouring villages where
similar schemes have already been executed. Thus the
community can see and learn from the experiences of other
project villages.

4 PRE-FEASIBILITY STUDIES

4.1 After selection of a village, preliminary feasibility work
can be undertaken by project staff. The Overseer and
extension staff will be particularly active during this
stage. The pre—feasibility study explores alternatives
with the community. Alternatives are defined and discussed
with the villagers to enable selection. The studies include
the collection and analysis of available data regarding
settlement, topography, population, source(s) location,
yield measurement, including the minimum yield at any
particular time of the year and other relevant information.

Scope of a Scheme

4.2 Before a single, or number of schemes, can be designed for
a village the best and most feasible option must be
identified. This will essentially indicate the scope of the
scheme. The scope of the scheme means defining how many
people can be served, from what source and where the
potential consumers are located.
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Desk Study Work

4.3 The pre—feasibility study will build on information
collected during the village survey and mapping to begin
identifying single or alternative workable design options
for the water supply scheme(s). This exercise prepares the
material which can then be discussed with the community
during subsequent field visits. The project staff also
become briefed and familiar with conditions in the village.

4.4 Topographical, demographic/social and physical data
throughout the village shall first be compiled. The GT
sheets for the area are also to be observed. Conceivable
planning/design options will be examined so that possible
alternatives may be offered to the concerned community for
their selection. The object will be to provide water supply
to the maximum possible nuiither of households who need an
improved service.

4.5 The village sketch map and baseline survey is scrutinised to
establish the location of the potential water sources and
also the location of the settlements.

Demand Profile

4.6 The potential demand is to be assessed. Firstly the
location and number of houses is identified. Then by using
a rule of thumb that each house has a approximate demand of
100 gpd the demand for each group of houses or settlements
is estimated. This should be done settlement by settlement,
and recorded on a copy of the village sketch map. Thus a
demand profile of the village is developed.

Source Yields

4.7 The records of yield of all sources must be examined and the
minimum and safe yields assessed. If no such records exist
then project staff must as a matter of priority set up
monitoring of the yields by the village people themselves.
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Village Visit

4.8 Once project staff have completed their desk studies a visit
to the village is required to meet with the villagers in
order to seek their participation in the planning the water
source(s) to be used, possible tank sites and main pipeline
routes. Gaps in the information required will be filled
during the visit(s). It is envisaged that this visit will
be over several days and project staff will need to stay
overnight in the village. This will require an initial
earlier visit in order to arrange for the villagers to be
ready to receive and suitably accommodate the project staff.

4.9 During the visit, the required data will be confirmed, such
as:

- overall geography, topography and settlement patterns;
— main roads, paths and channels;
— location, yield and availability of water sources;
— existence of alternative sources (possibly in adjacent

areas);
— the distance of the source from settlements;
— availability of rights to use the source;
— service details about existing schemes;
— social information such as whether the community is

homogenous or otherwise, what historical conflicts exist,
if any.

4.10 All the details are obtained from the villagers themselves
who know the locality and related conditions of the
available sources. The project staff with their specific
training and experience also of other similar schemes will
gather and record this information, adding their own
observations as appropriate.

4.11 The Overseer and/or AE will now be in a position to form a
preliminary idea about whether the village can be served by
one scheme or more and whether possible schemes may be based
on gravity flow, pumping or a mix of the two. The
topography and/or the non—homogeneous nature of the
community may itself lead to the planning of more than one
schemes for a village.

4.12 It will be then necessary for topographic field survey work
to be undertaken of the essential details for each scheme.
This will be done by the Overseer, possibly augmented by the
AE as necessary. Guidance for “field survey techniques” is
covered in a separate section.
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Village Discussions

4.13 The willingness of public to use the sources, pipe routes,
tapstand locations and land for tanks etc. must also be
considered at this time. As the project staff visit and
investigate all the different areas of the community,
impromptu discussions are to be made with the various
villagers who are encountered.

4.14 Before leaving the village the possible design alternatives
will be outlined on a sketch map for explaining to the
villagers. This should be made on a copy of the village
sketch map, but additional detail sketch layout plans may
also need to be prepared. These sketches will be used in
formal meetings with village representatives as a focus for
consultation and discussion. Any additional observations or
possible controversy about the proposed design options shall
be resolved through dialogue and mutual compromise.

5 FEASIBILITY STUDY

5.1 When the pre—feasibility work is complete the project staff
will return to their district office. If the AE has not
been involved in the preliminary field work, he is now to be
thoroughly briefed. The AE now undertakes the feasibility
work proper.

5.2 During the feasibility study the AE carefully evaluates the
proposals and alternatives. This may well require return
visits to the village to clarify or follow up specific
issues.

Main Considerations

5.3 The AE must formally appraise the options to ensure that
they are truly feasible and viable. A scheme though
technically feasible can fail due to not having the support
of beneficiaries, lack of institution, or being economically
unviable. It is very important that all these
considerations are kept in view equally. For a scheme to be
successful it should be:

— financially affordable;
— economically sustainable;
— institutionally manageable;
— socially acceptable; and
— technically efficient and appropriate.
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5.4 The proposed schemes have to satisfy the needs of both the
beneficiaries, as well as the requirements of LGRDD.
Ignoring any one of the above considerations can result in
the failure of the scheme. Many of schemes have failed only
because one of the above important considerations have been
either totally neglected or inadequately met.

a) Financial/Economic

5.5 A scheme has to be supported by finances from both the
community and LGRDD. Funds are needed from the village for
the management, construction and eventual operation and
maintenance. If there is a lack of funds, the scheme though
technically viable will not be completed.

5.6 The economic consideration of a scheme are important. It
has to be seen that the benefits obtained from the scheme,
justify the cost. It is necessary that the cost is within
the affordability of the community and also there is a
demonstrated commitment and willingness to pay for the
estimated operation and maintenance cost. This is
particularly critical for high head pumping schemes, which
are not uncommon in AJK.

5.7 The feasibility study will therefore include outline cost
estimates for each proposed scheme, including both capital
and running costs. The outline estimate will include budget
cost for all the standard components for tanks, pipe
lengths, pumps etc. This will indicate the potential order
of cost to both the community and LGRDD and it must be
assessed if this is within acceptable limits of both
parties.

In) Institutional

5.8 It has to be studied whether the villages have sufficient
authority, skills and social cohesion to handle all aspects
of the scheme effectively. The formation of a Water and
Sanitation Committee (WSC) is a very important step in this
direction. The WSC should be truly representative and
consist of people of all cross sections of the community.
It should also be duly represented by women if social
conditions permit.
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c) Social

5.9 The social set up of the particular village is to be closely
studied. A well knit cohesive social set up will promote
the ultimate success of the scheme. Any existing inter—
community differences shall adversely affect the successful
implementation and sustainability of a scheme. If the
community is heterogenous or is based on persistent caste,
creed, race or political differences, it is possible that
the scheme may not have a bright future. The feasibility
study must assess that all potential difficulties or
differences have been resolved and that the community is
united for the overall benefit of the people as a whole.
Social factors are a critical aspect which cannot be over
looked.

5.10 It must be appraised that the villagers know what the
project will provide and what level of service will become
available. For example under this project, house
connections are not included or indeed permitted, at least
for the first two years. It is important that the people do
not have false expectations and this has been addressed
during t he study period.

d) Technical

5.11 The AE will appraise that the options proposed are indeed
technically feasible. All alternatives which have been
identif led, are to be properly appraised and checked to
ensure that they are indeed feasible. It is particularly
important to verify that the source yield has been properly
evaluated and that there is sufficient water to meet demand
and/or that the scheme is viable. Schemes involving water
treatment must be avoided as such is not appropriate in
rural communities.

5.12 The AE is the key person for sound technical advice to the
village. The community may pursue what to them appears an
ideal solution, but the engineer may perceive that this may
not be feasible. For example village people generally do
not have a sound appreciation of source yield and they may
consequently overestimate how many people that a source can
supply. What to the people is “enough” water may not be
sufficient in the dry season to securely supply the number
of people that they might propose.

5.13 Project staff must avoid any inclination to concentrate only
on technical aspects; the other facets are equally
important.
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Decisions by the Village

5.14 The AE will focus on identifying the main decisions which
need to be made by the community. These include:

— Final selection of the water sources based on flow
measurement and water demand calculations;

— Possible scheme layout such as proposed pipe route, tank
positions, tapstand locations etc.; and

- Budget cost estimates for each scheme identifying both
village and LGRDD contribution.

Scheme Selection

5.15 Once the AE has completed his formal study, then again in a
meeting in the village, the proposed schemes are to be
agreed and selected by the community. Agreement must be
obtained on the general location and scope of the individual
scheme(s) and all the individual components as proposed. If
alternatives exist, the community and the WSCwill discuss
and select the appropriate option.

5.16 The study and brief report indicating the agreed option(s)
will be then forwarded to the LGRDD for information before
project staff can begin the detailed design.
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CHAPTKR 5

SURVEYING TEC}IN I QUES

INTRODUCTION

General

1.1 Surveying is the art of making of such measurements, as will
determine the relative positions of points on the ground in
order then to be able to draw this on a plan. Levelling is
the identification and illustration of elevations of
different points on the earth surface relative to a level
datum. Surveying and levelling are distinct operations, but
the term surveying includes levelling.

1.2 Field surveying in this project is the simple determination
of relative height of positions and distances in a village
which can then be used in the detailed design of water
supply schemes.

Accuracy and Precision

1.3 It must be recognised that for field surveying, accuracy is
more important than precision. Accuracy is defined as
“absolute nearness to the truth” where as precision is
“degree of fineness in accuracy”. In the generally hilly
topography of AJK, it is normally not critical for gravity
flow systems that elevations and distances need to be
assessed with precision; the identification of positions to
be within a tolerance 5 metres is normally sufficient.
However accuracy with the field instruments is required so
that positions are located as correctly as is possible.

Instruments and Survey Team

1.4 Surveying with a theodolite, even with the modern automatic
instruments currently available, requires refined
engineering skills and moreover considerable time to
undertake the survey and subsequently even more time to
interpolate the results. Such complex precision work will
rarely be applicable or appropriate to this project and is
not covered herein.
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1.5 Field surveying can be readily undertaken by trained
Overseer’s with assistance from Extension Workers (E/W) and
villagers, using measuring tapes/ropes, compasses,
altimeters and abney levels. Field surveying is undertaken
whilst making feasibility studies to identify conceivable
schemes (see separate chapter for Feasibility Studies). It
is anticipated that field survey methods should cover 99% of
the survey needs for a village project. On occasions where
the available pressure head is found to be critical it may
be required to utilise a dumpy level to check the design of
a particular part of a scheme.

Objective

1.6 The primary objective of a survey is the development of
village layout from the already developed village sketch map
(see separate chapter for Mapping and Sketching). The
survey should be made of points and routes which will be
associated with future storage tanks and pipelines. The
results of survey when plotted and drawn to scale showing
distances with elevations indicative of required points,
will constitute a “Layout Plan”.

Purpose

1.7 The purpose of the layout plan for the village / scheme is
to focus upon schematic illustration of the conveyance and
distribution of water from potential source(s) to the
poj~ulation. This layout plan enables technical staff to
ascertain, propose and plot suitable pipeline routes,
locations of source/distribution tanks, and tapstands by
establishing relative distances and elevations. The layout
plan will be the key document used by technical staff, the
WSC, the WSC supervisor and plumbers to actually construct
the scheme.

2 MEASUREMENTS

General

2.1 There are two kinds of measurements used in plane surveying
i.e

— Linear
- Angular

2.2 Linear measurements are further subdivided into horizontal
and vertical distances similarly angular measurements nay be
horizontal and vertical angles.
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Unit of Measurements

2.3 The metric system is to be used for both surveying and
subsequent design of water supply network on computer.

Methods of Measuring Distances

2.4 In surveying to plot the distance between two points it is
always the horizontal distance regardless of relative
elevations. For this project it is not the true horizontal
distance but the actual distance which is required to
produce a lay out plans. The actual distance is more
appropriate and useable in order to identify the actual
length of pipe for hydraulic design and quantities.

2.5 Various methods of determining distances are useful,
depending upon the degree of precision required. The
following are the methods of measuring distances on this
project to the usual degree of accuracy required.

a) Pacing

2.6 A pace is a step taken by a person. Paces can be used to
furnish a rapid means of approximately measuring distances.
Before the start of pacing for distance measurement,
Overseer or his assistant responsible for measuring
distances should standardize his paces to establish his
standard pace length.

2.7 Standardization is done by walking along a tape on a level,
uneven and sloping ground and count the number of paces to
determine how many meters on average their paces are over
different terrains.

2.8 Repeat the exercise explained in 2.6 atleast for five times
for each type of terrain and take average number of paces
for the known distance and establish a factor for each pace
as under;

Known distance
Factor =

Average No. of Paces

2.9 Apply this factor to any number of paces to convert into
distance measured. It is important to note that paces taken
during the process of standardization should not be more
than the normal, natural paces. Longer than normal may tire
the surveyor on long job and resulted in erroneous
distances.
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b) Tape Measurement

2.10 The most common method of measuring distances is by direct
measurement with a tape measure. Tapes are made of various
materials such as cloth or linen, metallic, steel, invar,
synthetic etc. Various materials for tape are used
depending upon the precision required. As precision is not
required for this project to that extent, hence any normal
available tape can be used to measure the distances.

2.11 A simple “Nylon Rope” of standard known length can also be
used to measure distance. Such rope should have knots at
regular intervals of 10 m.

c) Other Instruments

2.12 Other instruments such as “Distance Measuring Wheel” or a
“Pedometer” can also be used to measure the distances if
available.

2.13 A distance Measuring Wheel is a single wheel provided with
handle along with a meter which converts the angular
movement of wheel in to linear distances read directly on
the attached meter. The registered readings are more
approximate on rough and sloping grounds.

2.14 A pedometer is device which surveyor either can wear on
wrist or attached to his waist. Pedometer will sense the
number of paces taken by the person carrying it and convert
into the distance travelled. The conversion to distance is
done automatically by pedometer using a factor of standard
pace length entered in the pedometer at the start of the
work.

3 WORKOF SURVEYTEAM

3.1 The work of a survey team is usually divided into three
parts, which are briefly explained as under:

Preparation Work In Office

3.2 The following preparation work should be completed and
thoroughly checked in the office before going in the field
to carry out survey;

(i) Prefeasibility assessment for the village should be
complete showing all the available source(s) of the
village along with their yield.
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(ii) There must be an assessment of potential water
demand i.e. the number of houses, settlements /
areas that can be served from this scheme. A rule
of thumb can also be used that one house has a
design water demand of approximately 100 gpd.
Multiplying this figure of 100 gpd with the number
of houses will give potential water demand for
areas to be served.

(iii) Baseline survey should also be consulted to
ascertain and cross check the number of settlements
and population and thus the potential demand.

(iv) Village sketch produced by the extension workers
should also be cross checked from the G.T Sheets.

(v) Together with all the information on the sketch map
and considering the points explained above, source
reliability and viability must be checked using
yield measurement records. Scope of survey work
should be drawn up and outlined on the village
sketch map.

Field Work

3.3 Field work consists of measuring distances and angles,
locating the details, recording of field notes, determining
relative altitudes/elevations of points, and setting out
major buildings, such as schools, mosques, certain houses
etc.

Office Work

3.4 Office work consists of the computation of field data,
plotting of data and the development of layout plans. From
the layout plans, preparation can be made for the data
required for the computer aided hydraulic design of the
scheme.

3.5 All preliminary scheme layout sketches and the final layout
plan will utilise a standard set of legends as indicated in
Fig. 5.1. Once the scheme design including CAD hydraulics
has been agreed in principle with the WSCand approved in
principle by the LGRDDcompetent authority, the final layout
plan will be properly drafted on Al tracing paper. This
drawing then can be readily produced and used in the field
for construction purposes.
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4 BAROMETRICALTIMETER LEVELLING

General

4.1 Atmospheric pressure on earth’s varies inversely with the
elevation. As altitude increases, barometric pressure
decreases. Using this principle barometric altimeters are
used for making observations of variation in pressure and
translate the atmospheric pressures into elevations
calibrated directly by the instrument. An aneroid barometric
altimeter is commonly used because it is light and easy to
transport. The face of altimeter should be given a gentle
tap with a finger nail before taking any readings to ensure
the pointer is free and showing proper variations

Principle

4.2 In aneroid barometer altimeter, there is a vacuum chamber or
system below thin corrugated metal. At one end the diaphragm
is fixed, the other being connected by train of levers to
scales pointer which records the movement of the diaphragm
under changing atmospheric pressures and correspondingly
translates the observations into elevations

Weather Effects

4.3 Normal weather pattern causes the air pressure at any
altitude to fluctuate slightly throughout the day. Thus,
even if an altimeter is at a point, the elevation reading
may increase and/or decrease by several meters throughout
the day. Such altitude variations must be recorded and
accounted for when conducting barometric Altimeter survey.

Procedure

4.4 Three persons each with their own altimeter are required to
carry out altimeter levelling properly. The following
procedure should be observed to carry out altimeter
levelling:

(i) Calibrate all three altimeters together at a point
of known elevation at the same time. Calibration
is carried out by setting the pointer at the same
corresponding reading on the scale.
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(ii) One assistant takes his altimeter to the highest
point along the survey route while the other
assistant takes his altimeter to the lowest point.
These persons remain at their highest and lowest
points during the entire time of the survey. These
two fixed stations are called “Upper Base” and
“Lower Base”. Two assistants at Upper Base and
Lower Base must record variations in elevation
readings on altimeter at regular intervals such as
every 15 minutes along with time irrespective of
variations.

(iii) The third person (surveyor) take his altimeter
along the survey route. Measure the ground
distances with tape / rope and record the elevation
reading along with time at required points such as
tapstand location, water storage reservoir and
complete the entire survey.

Computation

4.5 Computation of the survey data collected from the altimeter
needs to be corrected according to the variations in the
atmospheric pressures recorded at upper and lower base
proportionately. Sample readings and corrections made for
the Altimeters are given as under:

(i) Given an elevation of upper base 275 m and lower

base elevation 56 m.

(ii) The difference in elevation between upper and lower

base is 275 m — 56 m = 219 m.

(iii) At any instant, from the field data three altimeter
readings indicate that the difference in elevation
of an intermediate point from the upper base is 209
m and from lower base is 25 m.

(iv) Thus the indicated elevation difference between the
upper and lower base is 209 m + 25 m = 234 m which
is greater than 219 in.

(v) Hence elevation of intermediate point is corrected
proportionately. Corrected elevation of
intermediate point proportionate to:

Upper base 219 x 209 = 195 m
234

Lower base 219 x 25 = 24 m
234
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(vi) The above corrected elevation of intermediate
points can be checked by calculating the elevation
difference between the upper and lower base with
respect to the intermediate point, which is 195 m +

24 m = 219 m. This 219 m elevation difference is
the same as at the start of survey.

(vii) Hence the elevation of the intermediate point under
consideration in this example is 275 m — 195 m = 80
m or 56 m + 24 m = 80 m which are the same.

Procedure With Two Persons

4.6 Alternatively two persons, the surveyor or and one
assistant, may undertake the survey with two altimeters
only. Similar procedure to that above is undertaken but the
assistant remains at the approximately middle elevation of
the area under survey. This procedure with two persons is
necessarily less accurate and not preferred.

S ABNEY LEVEL FOR DIRECT LEVELLING

General

5.1 A level is an instrument commonly used for direct levelling
has its essential features such as a “line of sight” and a
“level tube”. On this project an “Abney level” and or an
“Automatic level” shall be used to carry out levelling.
Adjustment, procedure and calculations required for the
Abney level is explained under.

5.2 Abney level is the most common type of clinometer used for
simple direct levelling. The standard method for conducting
surveys for water system is using the Abney hand level. It
is faster to use than an automatic level or a theodolite and
also accurate to the extent required on this project except
possibly for a few more critical “U” shape profiles.

Adjustment of Abney

5.3 An abney level is liable to creep out of adjustment from
time to time therefore before each use in the field it
should be checked for levelling accuracy. Adjustment of
Abney is a quick and simple task. Following are methods
briefly explained for its necessary adjustment.
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a) Flat surface method

5.4 This is the first step to adjust the centre bubble of Abney
level. To carry out this adjustment follow the steps as
under:

(i) Smooth level surface is required, if not available
place a smooth board on a firm support arranged so
that it is possible to sight length wise on the
board.

(ii) Fix the vernier index at 00

(iii) Place the Abney on the board and outline its
position with a pencil.

(iv) Centre the bubble against the etched index mark of
the babble level with the help of screws at the
bubble tube.

(v) Reverse the Abney end for end and place within
pencil outline and check the bubble if it is in
centre Abney is adjusted.

(vi) If the bubble is not in centre, move it half way
adjusting with the screw again.

(vii) Again reverse the instrument end for end repeat the
whole procedure until the bubble centres in both
positions.

b) Two Post I’Iethod

5.5 After the bubble adjustment the following method is applied
to adjust the line of sight. To adjust the abney level by
this method follow the steps as under:

(1) Select two posts, trees or building corners that
are about 7—10 meters apart and name as station A &
B.

(ii) At station A make a mark at eye level.

(iii) Set the index of abney at 00

(iv) At station A surveyor hold the Abney level against

a mark and sight over to station B.

(v) Assistant at station B moves a target such as
pencil, pen or stick up a down until it lies
exactly in the line of sight.
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(vi) Make a Mark at station B at the point of
intersection on the target.

(vii) Exchange the stations between the surveyor and the
assistant.

(viii) Surveyor sights the mark A from station B back
towards station A. Assistant similarly mark the
point at station A in the line of sight.

(ix) If this new mark at station A coincides with the
mark already made at station A, then the Abney is
truly level and no adjustment is required.

(x) If the two marks on station A do not coincide, then
the abney requires adjustment.

(xi) Make a third mark exactly half way between the two
marks at Station A and sight on this half way mark
at station A, and adjust the bubble with the help
of the screws on the bubble tube until its
alignment is correct with the cross hairs and
target mark.

Survey with Abney

5.6 To carry out survey with the abney level, a minimum of two
persons are required, but an additional one is always
helpful for ancillary works, such as recording measurements
etc.

a) Check Points

5.7 Following are important points to check before surveying
with the abney.

(i) Survey should begin at some fixed reference point
such as source or some prominent bench mark.

(ii) In case of survey for pipeline route, villagers
should be invited to lead the survey team on some
convenient foot paths. It is important to note
that survey should be carried out along the actual
proposed route of pipeline on which the actual
trench will be dug and not the convenient route to
walk only.
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(iii) It is important that the target rod which the
surveyor sights must be of the same height above
the ground as the abney, which is the same as the
surveyor’s eye level. Hence the target stick
should be cut exactly to the same length as the
height of surveyor’s eye.

(iv) A flag can be tied to the top of the target rod to
ease the surveyor for sighting it.

(v) It is also useful for the surveyor to use a fork
stick of his height of his eye level to rest the
abney for steady readings.

b) Procedure

5.8 The following steps should be observed to carry out survey
with an abney level along with the computations:

(i) Surveyor sights through the Abney at a target held
by his assistant.

(ii) Adjust the bubble in the centre of the hair while
sighting the target in the centre of hair with the
help of vernier index screw. This adjustment
brings the bubble exactly to the horizontal line
i.e the line of sight.

(iii) Record the angle 0 from vernier index of abney.
Angle should be recorded as negative while sighting
downhill and positive for uphill.

(iv) Measure the ground distance “D” between the
surveyor and the target by tape or rope.

(v) Elevation “h” of the target point is then given by
h = D Sin 0.
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5.9 Sample data is shown in the Table 5.1 given below to
demonstrate the pattern of computation along with remarks.

Sample Data of Abney Level For Computation of R.L

Sta—
tion

“D” 6 Vertical
Distance

Reduced
Level

Remarks

1 1000.0 Start Point

2 8 —1.6 998.4 Site for
Collection Box

3 7 —17° —2.0 996.4 Bed of Nullah

4 6 —10° —1.0 995.4 Site for
Reservoir

6

Table 5.1 : Sample Data For Abney Level

Closing Check On Survey

5.10 Closing check on survey in the hilly area can only be done
by repeating the entire survey exercise back to the start
point but not necessarily along the same route.

5.11 It is important atleast check some few levels, where
elevation differences are critical such as a crossing over
top of ridges or bottom of U—profiles, a few short sections
of the route can be resurveyed. It is important to do
closing check on a survey to ensure accuracy.

LEVEL FOR DIRECT LEVELLING

General

6.1 A level is the instrument used for more refined direct
levelling as compared to the abney. Keeping the fact that
survey is to be supervised or carried out by the AE or
Overseer’s, it is assumed that they must be aware of the use
of such levels from their tertiary education. Therefore
details for the construction of level along with its setting
are not explained here. In case of any difficulty in
setting up level, the user is referred to any good survey
book or in Chapter 10, page 508 to 537 of the book
‘Surveying & Levelling” by ‘T.P Xanetkar”.
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6.2 In this section only the procedure for carry out survey and
steps to compute field data by using level instrument is
explained.

Procedure of Using Level

6.3 The following steps should observed to carry out levelling:

(1) Setup the instrument in a convenient position and
distance (not more than 80 m away) from the start
point.

(ii) Staff man is to hold the measuring staff properly
vertical at the start point.

(iii) Where the cross wires cut the measuring staff, the
reading on the measuring staff is noted and entered
in the level book under the column headed “Back
Sight” (B.S).

(iv) Staff man then moves his measuring staff to various
points along the survey route while the surveyor at
the level instrument record all readings in the
level book under the column headed “Intermediate
Sight” (I.S);

(v) Appropriate remarks should be entered in the last
column headed “Remarks” such as bed of stream,
electric pole etc;

(vi) When no more I.S readings can be obtained from the
last instrument setup, the last reading observed
from that setup should be recorded under the column
headed “Foresight’ (F.S) and staff man should not
move the measuring staff from the observation point
as this is the turn to move the instrument.

(vii) Move the instrument to another convenient position,
number it such as “station 2”. Setup the level
instrument at station 2, read the measuring staff
where it was last kept and record the reading under
the column headed “Back Sight” (B.S).

(viii) Staff man then moves measuring staff again to
various intermediate points along the survey route
and observe the readings as already explained.
This exercise is carried out till the finish of
survey.
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6.4 A typical schematic sketch illustrating closing of survey BM
work for: a) close traverse; and b) dead end traverse in
attached Fig 5.2. Sample data along with all calculations
is shown in the following Table 5.2.

Example Of Level Booking By Line Of Collimation Method

Sta-
tion

B.S I.S F.S H.I R.L Remarks

3. 2.3 102.3 100.0 Assumed Height of
Start_Point

3.7 98.6 Bed of Stream

0.8 101.5 Road Junction

2.6 99.7 Base of Electric
Pole

2 3.8 0.9 105.2 101.4 Corner of Field

3.8 101.4 Tapstand No “Y”

2.7 102.5 Tank No “Z”

Check on the Calculations

Sum of B.S = 6.1 and ~um of F.S = 3.6. Difference = 2.5

Difference of Assumed and Last R.L = 102.5—100 = 2.5
which is same for the difference of sums of B.S & F.S.
Hence the calculations are correct.

Table 5.2 : Example of Level Booking and Check

Method of Computing Levels

6.5 The following are two systems in use for the calculation of
elevations / levels at required points from field data
recorded by using levels;

— Line of Collimation
— Rise and Fall

5.6 Line of collimation is defined as the imaginary line passing
through the optical centre of the object glass of instrument
and the intersection of the cross hairs in the diaphragm.
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6.7 On this project it is recommended to adopt “Line of
Collimation method which is explained with the help of Table
5.2. Line of Collimation can also be called Line of Sight.
In this method the height of instrument is calculated by
reading the measuring staff, which is the height of line of
collimation above ground level. That’s why this method is
called Line of Sight.

6.8 The procedure for the calculation of levels at required
points is explained as under:

(i) Elevation of the starting point should be assumed
as 100 m1 1000 m or any appropriate whole number
according to the site topography and estimated
range of level differences for the area to be
surveyed. This is known as the reference datum.
In Table B elevation of the start point is assumed
as 100 m.

(ii) Last three columns in Table B are the “Height of
Instrument” (14.1), “Reduced Level” (R.L) and
“Remarks” respectively. Reduced level is defined
as the elevation of point above or below than the
reference datum i.e assumed level of the start
point.

(iii) B.S, I.S and F.S observations are already in their
relevant columns as explained above.

(iv) Assumed level of 100 m for the start point is
entered in R.L column against the B.S reading as
shown in Table B.

(v) Height of Instrument is calculated by adding R.L
and B.S readings i.e H.I = R.L + B.S.

(vi) Reduced Level for the intermediate point is
calculated by subtracting the “Intermediate Sight”
from the “Height of Instrument” as
R.L = H.I — 1.5.

(vii) By moving the instrument to another station such as
2, the height of instrument is disturbed and shall
be calculated for the new station. Height of
Instrument at new station is calculated by adding
“Reduced Level” of the last point to the new Back
Sight reading as clearly shown in Table 5.2.

(viii) Repeat the steps to calculate the reduced levels
for the whole survey.
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(ix) Arithmetic check on the calculations can be done by
adding all B.S readings and all F.S readings
separately and then by subtracting one total from
the other, this should be equal to the difference
between the first and last reduced level as shown
in Table B.

7 GENERALCOMMENTS

7.1 Some general comments in survey execution are listed below
as a summary. These general comments should be observed.
By observing the following comments, errors in levelling and
time spent in checking the errors will be reduced.

(i) Each and every day the survey booking should start
on a new page noting the date, location, bookers
name, weather conditions, etc.

(ii) All surveys should start from one fixed bench mark
(EM). Either a EM of known reduced level or a EM
with an arbitrary reduced level should normally be
taken as 100 m or 1000 m depending upon the
topography of the area and difference of elevations
within the area to be surveyed.

(iii) Further temporary bench marks (TEN) should be
located on an immovable objects such as electricity
poles, concrete structures, gate posts, location of
reservoirs, near pipeline branches, along
transmission pipeline route at every 500 m in
normal and/or 300 m in slope areas.

(iv) All EN and TEN should be clearly marked along with
the level defined either by a nail in post or a
metal plate in concrete. During the preparation of
layout plans positions of these EM and TEN must be
clearly shown.

(v) Before taking any survey TEN should be made or
identified accurately and always be checked back to
the main EM. Any errors must be rechecked until
the levels agree exactly.

(vi) Levelling should start after the confirmation of
TEN or EN on every day.

(vii) In case of survey required along “dead end” a
closing check should be made by returning back to
the starting TEN.
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(viii) To reduce the errors while surveying using Back
Sights (B.S) and Foresight (F.S), the distances of
B.S and F.S should be approximately of same length.
About 80 meters is the maximum sight distance
likely to allow accurate work.

(ix) Any special details should be noted in the
field/level book such as river or stream crossing,
concrete structures, landslide areas, soil types,
buildings and other permanent structures.

(x) Changes in direction or alignment of the pipeline
route should be noted to approximate angle since
this will require special fittings to be ordered.
Note all junctions for the fittings, all bends for
900 , 450 , 22140 , 1114° bends.

(xi) Possible locations of tapstands should be noted
these will be confirmed by the Engineer and WSC
later.

S SURVEYEQUIPMENT

8.1 In the following list there is a standard set of survey
equipment comprising the items necessary for field survey
including survey instruments, point marking and stationery.
This standard set is the general set of items which are to
be carried by the survey team for any type of survey. In
case a more refined survey is to be carried out with
automatic level or theodolite, additional equipment is also
identified. These additional sets are to be added to the
standard general set of survey equipments as and when
required.

Sets of Survey Equipment

a) Standard Set

(i) Survey Items

- Altimeter 3 Nos
- Abney Level 2 Nos
- Ranging Rods 4 Nos
— Measuring Tapes:
— 100 m 1 No
— 10 m 1 No
- 3m lNo
— Simple Rope (nylon) 100 m 1 No
— Compass 1 No
— Spirit Level (2 ft) 1 No
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(ii) Survey Point Marking Items

- Paint (Red)
— Paint Brush (1”)
— Wooden Mallet
- Pegs (Made locally)
— Machete (to make wooden pegs)

(iii) Stationery Items

- Level / Field Book
— Pencil
- Rubber
— Sharpener
— Scale (1 ft)

1 Tin
2 Nos
1 No

As required
1 No

1 No
6 Nos
6 Nos
2 Nos
2 Nos

c) Additional Equipment And Stationery for Theodolite

— Total Station Theodolite with
Matching Tripod

— Target Prisms and Matching Tripod
— Measuring Staff
— Tacheometry Book

b) Additional Equipment for Automatic Level

— Level with Matching Tripod
- Measuring Staff

1 No
2 Nos

1 No
1 No
2 Nos
1 No
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LEGEND FOR PIPELINE LAYOUT PLANS

S No. DESCRIPTION SYMBOLS

1. P~ein the direction of flow and number. 1171

2. Pipe node number 1~

3 Suspended or supported pipe crossing SX:19M 1
4 Public stand post (wtth number) fsP3

5. Break pressure tank I BPTJ

6 Control volve —I~~!.i~J_-

7 Washout 9wo

S Air valve 7A.V

9. Spring (unprotected) —I—

10. Spnng (pio?ected)

11. Spring collection box r~:i
12. Hand dug well @)
13. Borhole / Tubewell ®
14. Storoge reservoir with copocity 12000 gj

15 Pump house PH

16 N~snberof houses (eg 12 Nos) 012 H.

17 Mosque .
t ‘~“1

18. I Ps Primary school, MS: Middle school,
School 1. HS:High school, G:Grls, B:Boys L S I

19. Dtspenscry I

20 Veterinary Dispensary ~::~::i
21. Bozor iiitiiii

22. NoIlah (with bridge)

23. Ro~~ ~‘

24. Track — — - - - --
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CIMPTER 6

DESIGN CRITERIA

1. Design life: 10 years for structures and pipelines;
10 years for mechanical/electrical plant.

2. Population per household: assume 8 persons unless actual
figure is known

3. Population growth rate: assume 3%

4. Consumption per capita:

standpost
house/yard connections
school
clinic
office/shop
mosque
cattle
unaccounted for water

5. Tapstands/Standposts:

10 gpd
10 gpd
1 g/pupil
1 g/patient

2 gpd
15% population x 3gpd
not included
add 20% to total Demand

Tapstand flow: ideal
absolute minimum

Distance to tapstand
Houses served: normally

maximum

2 gpm (0.15 l/s)
1 gpm (0.075 l/s)
up to 500 ft max.
4 to 7 Nos. houses
10 Nos. houses

6. Peak factor (maximum hourly consumption):
2 x average daily demand for storage calculation
3 x average daily demand for design of pumping mains

Maximum velocity
Minimum velocity
Absolute Minimum velocity

10 ft/sec (3m/s)
2.5 ft/sec (0.75 m/s)
1 ft/sec (0.3 m/s)

7. Safe yield of source:

8. Pipef low velocities:

0.7 x minimum yield of springs
0.7 x specific yield of wells
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9. Pressure limits at consumer points:

Absolute minimum: 5m = 7.1 psi
Desired minimum/ideal: lOm = 14.2 psi
Desired maximum: 15m = 21.3 psi
Absolute maximum: 30m = 42.6 psi

Flows at certain standposts which are unavoidably and
exceptionally above the absolute maximum residual pressure,
must have high pressure bibcocks and be regulated by the
tapstand seat valve.

10. Maximum pumping duration: total 8 hours per day

11. Transmission Main Design for Gravity Flow Systems

11.1. If minimum measured yield of source is less than 30% of
the total daily design demand then the scheme is
unviable, ie:

Mm yield < 0.3 x Demand = unviable scheme

11.2. If twice the total daily design demand is greater than
maximum measured yield of source, then design the
transmission main (TM) on maximum yield, ie;

2 x Demand > Max. yield = design TM on max. yield

11.3. If twice the total daily design demand is less than the
maximum measured yield of source, then design the
transmission main on twice the daily demand, ie:

2 x Demand < Max. yield = design TM on 2 x Demand

12. Storage Capacities

12.1. Storage for Pumped systems:

A) Source Tank:

Assuming 8 hours pumping per day in two 4 hour shifts
starting at the same time am/pm, a source tank for the pump
is sized for no more than 40% of total demand.

If the source safe yield > 3 x the daily demand then storage
should be only that sufficient for a pump sump

If the safe yield is > 2 x the daily demand the storage
should be 30% of the daily demand

If the safe yield of the source is equal to, or < the daily
demand then the storage should be 40% of daily demand
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B) At secondary pump stages:

Any subsequent pump stage tank should be sized for 35% of
demand of the distribution from that tank (not including the
demand to be pumped from that tank).

12.2. Storage within Service Reservoirs on Distribution System

Assuming peak demand of 2 x average daily inflow occuring
over a continuous 4 hour period then there are four cases for
sizing the capacity of service storage tanks.

Case a: Safe yield or Inflow <1.25 x demand, then:
tank capacity = 33% demand from that tank.

Case b: Safe yield or Inflow >1.25 but <1.5 x demand,
then:
tank capacity = 20% demand from that tank.

Case c: Safe yield or Inflow >1.5 and <2 x demand, then:
tank capacity = 10% demand from that tank.

Case d: Safe yield or Inflow >2 x demand, then:
storage tank is not required (ie open system)

13. Pipelaying

13.1. Galvanised Iron Pipe

Galvanised iron pipes may be laid on the surface except where
crossing roads, paths, streamcourses or drainage channels
where pipes shall be buried at least 2 feet or encased in
concrete. Pipes laid on the surface shall be securely
anchored at least every third pipe length and at any bend.
Distribution mains in areas where snow settles or severe
frost occurs (ie above elevations of 6,000 feet) shall be
buried with 2 feet of cover over pipe crown.

13.2. Polyethylene Pipe

Polyethylene pipe shall not be laid on the surface but shall
be buried at least 2 feet underground in soil surround and
not in contact with hard or sharp surfaces

13.3. Pipe Crossings

Any pipe crossings of nullahs, roads etc., other than
suspended crossings, must be securely supported at no more
than 12 metre intervals at the mid point of alternate pipes.
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CHAPTER7

DESIGN PROCESSAND PROCEDURE

INTRODUCTION

1.1 This chapter provides guidance to LGRDD staff, and the
design staff in particular, on the specific aspects to be
addressed when designing schemes for village water supply.
The design methodology to be adopted is similar to and
developed from the approach used for the review of the
initial schemes of the first 70 villages which were designed
by national consultants (NESPAK). This chapter identifies
the process and procedure to be followed as is described in
Chapter 2 (Village Implementation Steps), Phase 4, step 4.1,
of this manual.

1.2 The design procedure stages to be followed are described in
section .3 of this chapter and the ccrnDietion of the desicrn
review proforrna which is required to be completed for all
schemes, is explained in detail in section 4. The Assistant
Engineers have received detailed training in this work.
Designers must remember the essential philosophy of this
project which is that the designs must be prepared with full
consultation with and agreement by the communities
concerned.

1.3 The terms of reference of the project requires improved
water supply coverage for the whole of those revenue
villages which have been selected for assistance by the
project. Most villages have more than one scheme and each
scheme is to be reviewed separately. Some schemes will take
longer to review than others. It is vital that sufficient
staff resources are dedicated to the design process and that
the time required should not be underestimated.

1.4 Although this chapter gives comprehensive guidance for the
technical staff in the design of rural water suppiy schemes~
engineers need to develop their own technical skills and
sound engineerina ~udgement. Such ~udaement will be ~air1ed
by experience and discussion with colleagues.

2 DESIGN APPROVAL

2.1 It is necessary for all scheme designs to be approved from
the competent authority in LGRDD Directorate, before the
Memorandum of Understanding (MOU) can be signed with the
Water and Sanitation Committee (WSC). A check list of items
to be submitted with scheme Design Review to the Directorate
is included in this chapter as Annexure 7.3. There are two
stages of design approval as outlined below.
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Approval in Principle

2.2 Approval in Principle” is required in order to ensure that
the essential philosophy of the scheme design is sound. For
this purpose certain basic information and design work is
required as per the design review pro forma which can then
be checked and appraised at the Directorate. Such principle
approval is required to ensure good technical quality and
prevent possible abortive work being produced by district
staff. For example there is no point in a district
draughtsman producing a proper scheme layout drawing if the
layout will significantly revised following design
check/appraisal.

2.3 It is also important that the community is involved in the
preliminary design work and that the WSC “agree in
principle” to the proposed design. Again there is no point
in submitting a design for Approval in Principle if the
community have not been properly consulted and who may later
demand revisions or extensions to a design.

Final Approval

2.4 Once the Approval in Principle has been given then design
work can proceed �0 complete and finalise the design and
develop the Design Report for sanction with Final Approval
by the LGRDD competent authority (see chapter 16). This
final stage of the design process includes the proper
drafting of the pipeline layout and other drawings to enable
construction, quantity schedules, cost estimates,
construction programmes. All elements of the design are to
be fully discussed and agreed by the villagers who will
signify this by signing the Memorandum of Understanding
following Final Approval by LGRDD.

3 DESIGN PROCEDURE

3.1 The process of design review of the water supply schemes is
necessarily a comprehensive exercise which is undertaken in
14 main design stages as set out in this section below.

Design Stage 1: Village Survey and Fieldwork

3.2 Before the detailed design work can proceed detailed survey
and fieldwork must be carried out within tne village.
Central to the ideology of this project is the participation
of the community and as such it is vital that the people are
involved in the planning and design of the schemes. This
involvement is advanced and achieved during the period of
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this fieldwork. The community representative (WSC Chairman)
formally signifies the community’s participation by signing
the scheme review/summary form.

a) Baseline Survey

3.3 As a prerequisite to design, the village baseline survey
(BLS) will already have been completed and/or updated under
Step 2.2 a) of the Village Implementation Steps (see Chapter
2). The information contained in the BLS give the scheme
designers necessary information regarding the scope of the
scheme and data required for demand assessment.

b) Source Measurement

3.4 Regular source measurement in the village and by the
villagers should already have been established under Step
2.1 of the Village Implementation Steps (see chapter 2).
The records of the source measurements are now required for
proper assessment of the supply available to the village
scheme(s) and design of the transmission mains and the
storage requirements.

c) Scheme Feasibility

3.5 The feasibility of the design will already have been
assessed as per Step 3.1 of the Village Implementation Steps
(see chapter 2). The feasibility study is the foundation
upon which the design is developed. Again it is emphasised
that it is required that the community through the WSC is
involved and agree to the proposed design.

d) Detailed Survey

3.6 As a development from the village mapping and sketching (see
chapter 3) and the feasibility study (see chapter 4), it
will be necessary to now undertake more detailed survey for
each scheme. This survey work is required to agree with
community members the proposed pipeline routes and the
locations of tanks and tapstands.

3.7 The survey work determines the population to be served by
each scheme and at each and every tapstand, remembering that
no household to be served should be more than 500 feet from
a tapstand.
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e) Physical Topographic Survey.

3.8 Physical topographic surveys must be made in order to
ascertain the relative elevations of and distances between
the various elements of the scheme. Using techniques
explained in chapter 5, this will entail detailed surveys
of:

(i) the source;
(ii) pipeline routes and their profiles to identify the

locations for airvalves and washouts;
(iii) storage and break pressure tanks; and
(iv) tapstands.

f) Source Protection Works

3.9 The AE will need to visit with key community members, the
source �0 be used. The AE will advise the community and
determine the best method of source protection. He will
develop and produce a clear and simple sketch of the works
to be undertaken, in both plan and section. It is essential
that the WSC supervisor in particular clearly understands
what work is to be done and how.

Design Stage 2: Assistant Engineer Design Preparation

3.10 At this stage the AE prepares collates in the district
office all the necessary design data including:

(i) annotated sketch map of the village;
(ii) calculations for demand assessment;
(iii) source yield monitoring records;
(iv) calculations for storage assessment; -

(v) sketch design of the source protection;
(vi) completed village coverage monitoring form; and
(vii) schematic pipeline layout.

3.11 With this information prepared, the AE can now draft the
Design Review/Summary pro forma and process the computer
aided hydraulic design (CAD).

Design Stage 3: Computer Aided Hydraulic Design (CAD)

a) Pipeline Design

3.12 The AE processes the hydraulic design using BRANCHand LOOP
computer programmes. Pipe flow velocities and pressures are
evaluated. The identification of optimum locations and
elevations of tapstands and tanks for good distribution of
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pressures, is likely to necessitate a return visit to the
village. Flow velocities and static pressures at tapstands
are not generated by the computer but must be identified
from the print text of the CAD designs.

b) Pump and Pumping Mains Design

3.13 For a pumping scheme, the AE must generate the standard
computerised design for the optimised design of the pump and
pumping mains. This process is explained in chapter 11.
The estimated cost of pump operation anticipated is also
made by this spreadsheet. It is important that the
projected operational cost is advised to the community and
that they are agreeable ~o this expected operational cost
which will be born by them in the future.

Design Stage 4: Draft Design Preparation

3.14 The AE will now prepare the Design Review/Summary ready for
submission to the competent authority in LGRDD for Approvai
in Principle. The pro forma used to summarise the vital
aspects of the design are annexed to this chapter. There
are two pro forma:

(i) “Design Review Form” attached as Annexure 7.1 was
developed for villages Nos 1 to 70 which were
originally designed by NESPAK; and

(ii) “Design Summary Form” attached as Annexure 7.2
produced for villages Nos 71 to 500 and which is
similar to the above review form.

3.15 A check list of all the data and information which must be
submitted with the above pro forma for Approval in Principle
and Final Approval respectively, is contained in Annexure
7.3.

3.16 Section 4 of this chapter gives detailed guidance on how to
complete the respective pro forma. Once the AE has
satisfactorily completed the proforma, it must be agreed by
the WSC and then checked by the Technical Resource Pool
(TRP).

Design Stage 5: Agreement in Principle by WSC

3.17 Once the AE has completed the design work and the
summary/review pro forma, the signature of a community
representative is to be obtained on the form. The
representative will normally be the chairman of the WSCJ
This signature is to demonstrate that the community has been
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properly involved in the decision making and the development
of the design, and that the community is agreed in ~rincipie
to the design.

Design Stage 6: Check by Technical Resource Pool

3.18 It is essential for all designs that there is a thorough and
competent check of all aspects and calculations. An
engineer of the TRP must check the design. The original
design engineer (district AE) must address any comments or
queries which the TRP may raise. This may, or may not,
entail a return visit to the village. The draft of the
Design Review/Summary is revised as necessary. This check
process by the TRP is most appropriately made during a visit
to the District where it is most convenient for the District
AE.

Design Stage 6A (Optional): TAU Appraisal

3.19 Durir,o~ the trainina period cf the AEs, the TAU has arpraised
each of the initial designs which have been
prepared/reviewed by LGRDD staff. The TA~has assessed and
commented in detail on each and every design review and
reported to LGRDD orz the soundness of the design. However
as the skills of the district AEs and the TRP LGRDD becomes
established, TAU appraisal of every scheme is not be
necessary. In the future therefore, the TAIJ will undertake
only periodic appraisal of few designs to be randomly
selected. The TAU will continue to advise on specific or
complex design issues as may be required.

Design Stage 7: LGRDD Design Approval in Principle

3.20 Following the checks by the WSC, any appraisal by the TAU

and any necessary revisions by the AE (which themselves must
be checked by the TRP), the design review/summary is
finalised and submitted to the competent authority in LGRDD
for Approval in Principle to the design. When Approval in
Principle has been given, then the following subsequent
steps proceed in order to finalise the design and produce
the Design Report (see chapter 16) for “Final Approval” and
the signing of the MOU.
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Design Stage 8: Fair Copy of Drawings

3.21 Following Approval in Principle the AE will supervise the
district draughtsman in the preparation of pipe schematic
layout and other scheme specific design drawincs such as
the source protection works or village/scheme sketch maps.
The pipe layout drawing will be properly traced arid normally
be Al size. The draughtsman can as required produce a fair
copy of the design sketch of the source protection works
which must be easily understood by the WSC Supervisor.

Design Stage 9: LIst of Tapstand Nos with Address

3.22 The defined actual location of each and every tapstand must
be agreed with the WSC. A list is to be produced numbering
each tapstand and identifying the name of the householder
who lives closest to the tapstand location.

Design Stage 10: Quantities Assessment

a) Pipe and Fitting Quantity Schedule

3.23 The AE and his staff will prepare the schedule which
identifies all the pipes for all the works using the
standard components for tanks, tapstands, pipeline branches.
washouts, airvalves etc which is set out in chapter 12. The
schedule for the required pipes and fittings is prepared
abstracting information from the CAD hydraulic design and
the schematic layout. The schedules will be used to procure
the pipes and fittings.

b) Bill of Quantities for Tanks

3.24 Using the detailed schedules set out and explained in
chapter 9, the AE will develop a bill quantifying all the
materials required to build each and every tank on the
scheme. The WSC and/or contractors will require this
information to procure the materials in order to build the
civil works.

Design Stage 11: Construction Programme and Report Pro
Forma

3.25 The AE together with the WSC prepare and chart a detailed
programme for the implementation of the scheme. This is
described and illustrated in chapter 14.
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3.26 The AE is to prepare the specific construction report pro
forma for the routine and regular (bi-monthly) reporting of
progress on the scheme construction. A standard pro forma
report has been produced but this must now be modified to be
made specific to the scheme. For example for this
particular scheme, the total lengths of pipes of different
diameters, the total number of tapstands, tanks of various
sizes are to be identified. The form will be in typed
format. Thus progress reporting becomes a relatively simple
exercise. The pro forrna is attached to chapter 14.

Design Stage 12: LGRDD Cost Estimate

3.27 The cost estimate for all the works is to be made at this
point identifying the necessary financial contributions from
both the village community and from LGRDD. The estimate
includes cost of structures, pumps and electrical
connections as well as the cost of pipes and fittings.
This activity will be computer assisted. The rates for each
of the elements of the works must be those agreed by the
community as appropriate to the location of the village and
the works. Guidance on the preparation of the Cost Estimate
is included in chapter 13. The Cost Estimate must be
discussed and agreed by the WSC so that the community is
aware and in agreement to the expected cost which the people
will have to bear. The figure of the projected cost per
capita is of particular importance to government to assess
if the cost of the scheme is acceptable.

Design stage 13: Preparation of the Design Report

3.28 At this point a Design Report is prepared. This report
collates and documents all the above work and represents the
culmination of the work of the design team on the scheme.
The design report will be used by the WSCand the LGRDD core
staff in order to build the works. Instruction on the
preparation of the Design Report is included in chapter 16.

Design Stage 14: Final Approval

3.29 The Design Report is submitted to LGRDD for Final Approval
by the competent authority. Following sanction with Final
Approval, the MOUcan then be signed by both LGRDD and the
WSC. Procurement and construction can now proceed.
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4 DESIGN PROCEDURE

General Points

4.1 This section gives specific guidance on how to undertake
design and to complete the design review and/or design
summary forms which are contained in Annexures 7.1 and 7.2
respectively. The two forms are similar to each other. The
district offices have functioning computers with all the
various pro forma installed and the AE5 have been trained in
the use of Word Perfect and Lotus. The district staff
should practice and develop their computing skills with the
aim to submit all pro forrnas in typed format rather than
handwritten.

4.2 A review/summary of all proposed desicns must be undertaken
and subrritted to LGRDD Directorate for checkincr ar~
approval, as is explained above. The remainder of this
chat~ter gives specific quidance on the comcietion ci the
design review/summary forms according to the headings and/or
question numbers on the form. All questions on the Desicri
Review/Summary form are to be answered. All relevant
calculations are to be submitted on separate attached pages.
Where alternatives answers are indicated on the forms, eg
yes/no, delete the option which does not apply. Any
information or calculations which have been superseded
should not be included.

Section 1: Sketch Naps

4.3 It must be noted that few villagers are engineers or
builders and do not generally have. All village maps and
scheme design sketches and layouts must be uncomplicated yet
in sufficient detail to enable villagers to both understand
and construct the works,

a) Village Sketch Map

4.4 A sketch map of the revenue villaqe is necessary to
demonstrate the required information regarding the location
and topography of the village and all the schemes therein.
The sketch map must clearly locate and identify the coverage
areas of each of the schemes with the respective scheme
numbers indicated. Shared boundaries with the surrounding
neighbouring revenue villages must also be shown. A
generalised layout of the main tanks and pipelines within
each scheme
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4.5 The sketch map of the revenue village may be produced by
using the GT sheets which are at scale of 1:50,000. These
may then be expanded by photocopier to twice the scale ie
1:25,000. Guidance on the production of maps and sketches
is contained in chapter 3.

4.6 The village sketch map will indicate:
Ci) roads and tracks;
(ii) river/stream/nullah courses;
(iii) Location of each settlement/mohra;
(iv) major slopes and spot—heights;
(v) location of source(s) used for schemes with scheme

number(s);
(vi) generalised pipeline layout of each of the schemes;
(vii) direction of north; and
(viii) coverage area of the scheme with scheme number.

b) Pipe schematic layout

4.7 A marked up pipeline schematic layout drawing is also to be
included whicn should clearly identify all the pipeline
numbers, nodes, diameters and elevations with locations of
reservoirs, break pressure tanks (BPT) and standposts.

Section 2: Population/Demand

a) Demand Calculations

4.8 Using the village baseline survey (BLS) and through
discussion with the community, assess the number of houses
to be served in the whole of the revenue village. Then
calculate the average number of people per household in the
village according to the BLS. If there is any doubt in the
accuracy of the BLS data a figure of 8 persons per household
is to be used. In case of doubt the AE must report the
issue to the Assistant Director and investigate his
reservations about the accuracy in order to either confirm
or discount his doubts. It may reasonably be expected that
the figure for population per household may vary between 6
and 10 persons but there may be villages whose actual
populations may exceed, or be less than this figure.

4.9 The population of each scheme is assessed on the basis of
the total number of houses to be served multiplied by the
average number of people per house in the revenue viila~e.
The design population is based on the population according
to the village baseline survey data multiplied by 1.34 which
is the factor obtained at 3% compounded growth rate over the
10 year design life.
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4.10 In the case of the NESPAK designed schemes, the recorded
number of houses and population in the NESPAK design report
must be compared with the total numbers surveyed for the
BLS. These are likely to vary as all the revenue viiia~e
may not have been included in the NESPAIK study and
experience has shown that the number of people per :ricuse is
likely to be greater than the figure of 6.5 used by NESPAK.

4.11 The design demand figure should now be assessed usina the
parameters set out in the design criteria (see chapter 6).
For the NESPAK schemes the original estimates for demand
from mosques and school(s) etc. should be used, unless there
is an error or miscalculation. The demand for cattle should
not normally be included. As a safety margin, an additional
20% is to be added to the demand total as unaccounted for
water” ie water which will be lost through leaks, illegal
connections etc.

b) Village Coverage Monitoring Form

4.12 This IDA funded project sets out to cover the entire
populations of 500 revenue village with improved water and
sanitation facilities. A Village Coverage Monitoring Form
(VCMF) has been developed to indicate and record what
population is covered by each scheme in a revenue village
selected to be covered by this project. The VCMF is
particularly important for two reasons. Firstly on the
initial 70 villages, the coverage by NESPAI( designs usually
do not cover the entire village. Secondly implementation of
the various schemes in a revenue village may not be
simultaneous and it is necessary to monitor what degree of
coverage is in hand or is outstanding. The VCMF and
guidance on its completion is included in Annexure 7.4.

Section 3: Source Works

4.13 The sustainability of any scheme is dependant upon the
security of supply from its source. The designer must have
confidence in:

(i) what quantity of water is available from the source
to meet the calculated demand; and

(ii) robust design of civil works to protect the source
to safely abstract good quality and quantity of
water over the design life of the scheme.
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a) Spring Yield Measurement

4.14 The yield of springs is to be checked as has been
demonstrated in the field in order to monitor the spring
yields over the year and with particular intent to assess
their dry season — and thus the minimum yield. This should
be done with the greatest possible accuracy with use of
plastic sheet, stopwatch (digital) and a container of known
capacity. It is essential that the yields are checked and
regularly monitored, at least monthly. The standard
springflow monitoring form, which should be submitted with
the design review/summary form for Approval in Principle
and guidance thereupon is included in chapter 8 as annexure
8.2.

4.15 For the first 70 villages it must be noted that it is
general experience that the yields will differ from those
reported by NESPAK. It is also possible that NESPAKmay not
have considered or included all the spring sources or spring
eyes. There may be additional sources nearby and/or
downstream of the recorded source which may also be
incorporated into the source assessment.

4.16 Project staff must carefully explain and demonstrate to WSC

why yield measurement monitoring is so important. The WSC
must arrange for a dependable village member to be
responsible for this. Project staff will train this person
in how to make the measurement and properly record it.
Guidance on the method of measurement is included on the
springflow monitoring pro forma (see Annexure 8.1 and for
further detail Appendix E of Design Manual Groundwater
Resources — WRM1). Project staff will periodically collate
the results and send them to the Directorate for entry onto
a hydrological springflow database.

b) Hand—dug Well Yield Measurement

4.17 The yield of a hand—dug well will be assessed with
assistance from by the LGRDD hydrogeologist and the Test
Pump and Maintenance Unit (TPMU) which has specialist
equipment for this purpose. A constant discharge test
should be done over a period of S hours or less. Water
tables generally fluctuate markedly between dry and wet
seasons and thus the measurement of the yield of hand—dug
wells should be done during the dry seasons of
November/December or mid—May/mid—July. For comprehensive
guidance on well yield measurement see Appendix J of the
Design Manual Groundwater Resources, WRM1.
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c) Borehole Yield Measurement

4.18 The yield of a borehole will be evaluated by the LGRDD
hydrogeologist. New tubewells will normally be pump tested
by the drilling contractor but there are several methods to
assess existing tubewells depending upon particular
circumstances such as whether an existing pump is already in
situ. The borehole pump test will determine the specific
yield of the borehole and the pumping level for a given
discharge. For comprehensive guidance see Design Manual
Groundwater Resources WRN1, Appendix I.

d) Safe Yield and Critical Yield

4.19 The safe yield of a spring or hand—du~well is considered
be 0.7 times the minimum measured yield. Regular
measurement of flow from spring sources provides tne only
method of determining their yield and its variation during
the year. From this information assessment can be made for
long term safe yield. Safe yield is taken to be the minimum
flow from the source over a year which has had an average
rainfall. As there are generally not sufficient spring flow
measurements available to determine this minimum flow, a
factor of 0.7 times of the lowest recorded flow is to be
taken as safe yield. The safe yield is used to calculate
the storage required for the scheme.

4.20 Ideally the demand of a scheme should be less than or equal
to the figure for safe yield. However it may be that the
safe yield of sources may be less than demand. Where this
is the case and there are no additional sources available,
the community must be advised that the source has a critical
yield and the distribution system may require rationing at
certain times of year and private connections will never be
permitted.

4.21 For schemes with critical yield as defined above, it is
recommended that a statement should be prepared confirmina
that the designs have been thoroughly discussed with the
WSC. The statement should indicate that the concerned
households understand fully that the minimum available yield
is less than the demand and that it WIll be necessary for
the community to ration their water supply during the dry
periods. Such a statement should be signed by the WSC.
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e) Viability

4.22 For schemes with critical yield, a constant is to be
obtained by dividing the safe yield by the demand. The
figure of 0.3 is taken as the threshold of viability. At
values less than 0.3, the scheme may be considered to be
unviable. If the minimum measured yield has ben recorded
during the relatively dry months of November/December or
between mid-May and mid—July then alternatively the minimum
measured yield may be considered as safe yield and divided
by the demand to determine viability.

1) Unviable Schemes

4.23 If a scheme is determined as unviable then development of
the scheme should not proceed. In case of unavailability
the WSC must be fully consulted and the water resources in
the area of the community must be further examined to assess
if there are any more sources available. Any additional
sources will incur greater capital cost so the economic
feasibility must be considered.

g) Comments

4.24 The section for comments on the form is meant for remarks
concerning the source, eg whether critical or unviable and
also for comment about alternative sources.

h) Civil Works

4.25 Civil works at the source must be designed and undertaken
with particular care. The civil works at the source are
vital to the success of the schemes to provide the consumers
with quantity of the best possible quality of water. Source
works at springs are to be designed to capture 100% of the
available water wherever practicable.

4.26 Detailed consideration must be given as to how best to
protect and develop the source(s). Standard spring
protection drawings for typical springs have been prepared
but every source has different characteristics and the
source works design is particular for every source.
Standard spring protection sketches alongwith common
mistakes on protecting spring catchments are annexed to
chapter 8. Field survey must be undertaken in order to
determine and detail the siting and dimensions of the
physical works to be built. A sketch design for the works
required for the protection of a spring source should be
produced in the field whilst inspecting the site with WSC
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members. This sketch may then be further developed in the
office and is to be given to the WSC for their reference
during execution of the works. The sketch is to be included
in the submission to LGRDD for Final Approval.

4.27 Standard design drawings have been prepared for the
protection of groundwater sources including the
rehabilitation of hand-dug wells.

Section 4: Extension Activities

4.28 Extension activities are of central importance to the
philosophy of this community development project. The
Assistant Engineer will closely lead and supervise the
district extension staff to fully integrate the community of
selected revenue villages in the planning, design and
construction of the village schemes. Discussions about the
scope and layout village schemes should be held at an early
stage of the review process between the WSC and LGRDD.
Whilst developing the details of the scheme designs,
specific reference will be made to the previous designs or
feasibility studies, the ELS and data therein and also
sketch maps.

a) Coverage (Q4.1 to Q4.3)

4.29 The project aims to consider coverage cf 100% of the houses
of the revenue village selected for inclusion in the
pro-ject. The main location(s) of any houses and/or
settlements are to be shown on the sketch map of the revenue
village. It may be that certain settlement(s) and/or a
number of these houses, do not need any assistance from the
project as they may have adequate alternative supplies close
to the houses such as an existing scheme which does not need
rehabilitation, nearby protected springs or wells; but if
this is so it must be reported as such. It. must be
investigated from the householders in these areas as to
whether water for these houses is in short supply and/or is
the source far (ie >500 ft) from the individual houses? A
proforma to evaluate the village coverage monitoring from is
attached as Annexure 7.4.

4.30 For the designs of the initial 70 villages, often the NESPAK
design serves only a part of the revenue village. There
must be discussion with the WSCconcerning the needs of the
people who have been missed. If it is determined by the
missed householders, the WSC and the AE that additional
scheme(s) may be appropriate, then the AE should examine the
feasibility to modify the design and/or to build additional
scheme(s). It should be determined how this need may be
met, by either:—
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(1) extending the present NESPAK design using the same
so~i~rce (or a combination of sources); or

(ii) developing designs for additional scheme(s) each
with its own source.

4.31 In the case of (i) above, this will call for additional
design work. As a rule of thumb, the percentage increase in
the demand will give some indications regarding both the
feasibility of extending the existing hydraulic des~qn (for
which the community may have already built their tanks) and
the extent of the new design work invcived. If the
additional water demand is greater than 30% of the original
estimate then it is indicated that extension may not be
feasible and the original NESPAK design will require
complete redesign. However every case is site specific and
must be considered individually.

4.32 In the case of (ii) above, additional design work will be
necessary for the new scheme; however, subject to hydraulic
design review, it is more likely that the implementation of
the original NESPAK designed scheme may proceed with the
original tank capacities but with possibility of minor
changes of pipe diameter.

4.33 For new designs (for villages Nos 71 to 500), the extent of
the coverage by each schemes must be carefully examined.
The WSC must confirm that no houses have been missed from
the limits of the design.

b) Composition of WSC (Q4.4)

4.34 It is vital that the WSC properly formed and truly
represents all sections and settlements in the scheme. The
officers of the WSC need to be ready and able to take an
active role in their prolect. For each scheme prolect staff
must record the names and positions of the WSC members on a
list to be included in the design report.

c) Community Commitment and Design Consultation (Q4.5)

4.35 As a matter of priority the LGRDD must obtain confirmation
that the community is ready to participate in the
construction of their water supply scheme. The project
staff are to advise and discuss with the WSC what will be
required by the community for them to get their scheme
built. Outline cost estimates for all the elements of the
work are to be considered by the WSC. Discussion will
include what skilled and unskilled labour inputs will be
required for physical works such as trenching, pipeclaying,
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tank construction and for the necessary collection of funds
and construction materials. LGRDDmust be assured that the
community can call on sufficient resources to mobilise,
manage and pay adequate numbers of skilled and unskilled
labour.

4.36 Generally for the initial 70 schemes, the designs have not
been presented and discussed with the WSC. This must be
done so that the people know the extent of the scheme and
the scope of the work.

d) MOU (Q4.6)

4.37 The MOUwill be signed by both parties (LGRDD for government
and the WSC for the community) when the scheme is aoreed
with the WSC and received final approval by the competent
authority in LGRDD. However it is vital that the NOLJ is
fully discussed and understood by the WSCat an early stage.
The community must be fully aware of what commitments are
being made by both the village and government.

e) Tapstands (Q 4.7 to 4.8)

4.38 The various types and options of tapstands are to be
discussed with the WSC and the villagers at large.
Discussion should include the relative costs of the tapstand
options. The people of each tapstand are to be invited to
select which option they prefer. People should also be
invited to offer any possible amendments or improvements
they may propose. The tapstands selected and the any
refinements suggested must be recorded by the project staff.

f) Latrines (Q4.9)

4.39 For future development and improvement of sanitation within
the scheme area it is useful and simple to record the number
of latrines which presently exist.

Section 5: Yard Connections

a) Critical Yield = No Yardtaps (Q5.1)

4.40 Consideration is to be given to the future installation of
yard connections to households. The demand criteria for
consumption from yard connections has been promulgated by
the World Bank for this project to be the same as that from
tapstands. However It is likely that this may not. prove to
be realistic in practice. If as and when water to the
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village as a whole falls short. the monitoring and control
by the WSC, of the consumption of individual households from
yardtaps is substantially more difficult. Also the addition
of such service pipes to the mains will significantly
increase the risk of unaccounted losses. It is essential
therefore that the WSC must be advised, clearly understand
and agree that yard connections may only be made for schemes
where the safe yield of the source exceeds demand. It is
must be advised to the WSC that if the scheme has critical
yield ie the safe yield falls below demand, then yard
connections will not beappçop~iate at any time in the life
of the scheme.

b) Community Requirement for Yard Connections (Q5.2)

4.41 Assistance to the village by this IDA funded project is
limited to the provision of water supply to tapstands, which
should be within 500- feet of all houses covered. It is
perceived however that a substantial proportion of
householders would prefer connections to their property.
Such connections however normally increase demand on the
system. However if the source yield is sufficient, the
hydraulic capacity of the piped distribution system is
generally adequate for a number of extensions to serve
yardtaps (installation of which must be paid by the
individual householder). LGRDD need to collect and record
information on the perceived need of people for yardtaps.
The WSC and the community are to be asked to report what
they consider will be the percentage of households within
each scheme, which will require and be able to pay for the
installation of yard connections within the design life of
the scheme ie within the next 10 years.

c) No Connections Permitted in First Two Years (Q5.3)

4.42 As a project rule, there will be no yard connections in any
scheme within the first two years of operation following the
feel for the availability of water & is sufficient for house
connection commissioning date of the scheme. This rule must
be agreed by the WSCwho then have to enforce it. This rule
is to ensure that the WSC will have two years to establish
and to get complete working routine all the procedures for
the efficient operation and maintenance of the scheme
including the reaular collection and disbursement of the
village funds. Furthermore during there two years source
yield measurements will continue to be made and the
community will gain an appreciation of the quantity of water
available according to season.
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Section 6: Storage Calculation

4.43 All storage calculations and estimates must be clearly and
neatly written out and, appended to the design review/summary
in accordance to the design criteria (see chapter 6).

a) Existing Tanks

4.44 For the schemes of the initial 70 villages, it is likely
that the communities will have been advised already of the
number and capacities of tanks that they are obliged to
build for the NESPAK design. As the NESPAK design
capacities are normally greater than required to the
approved design criteria, if these tanks have been built or
are in construction according to NESPAK design, then the
capacity need not be revised, However as the storage
capacities may be reduced, in all other cases the storage
requirements are to be reassessed as is set out below. If
such review results in a tank capacity being less than 5000

gallons, then the responsibility to fund construction should
remain with LGRDD on the basis that the community have
already been advised of their commitment to the scheme.

b) Storage for Pumped System At Source

(1) For a total of 8 hours pumping per day in two 4

hour shifts starting at the same time am/pm,
(normally one hour or more before peak consumption
times) a source tank needs to be sized for not more
than 40% of the daily demand or 10 hours supply.

(ii) If the safe yield is >3 times the daily demand then
storage need be no more than sufficient for a pump
sump (say 1000 gal or 1.5 m x 1.5 m x 1.75 m deep)

(iii) If the safe yield is >2 times the daily demand the
storage should be 30% of the daily demand

(iv) If the safe yield of the source is equal to or less
than the daily demand then the storage should be
40% of daily demand

c) Storage for Pumped System At Secondary Pump Stages

(i) If the second stage tank does not serve
distribution, it should be considered to cancel the
second stage pump and adopt a single high lift pump
at the first stage.
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(ii) The second stage tank should be sized for 35% of
demand of the distribution from that tank and not
include any demand to be pumped from that tank.

d) Service Reservoir for Pumped or Gravity scheme

4.45 Assuming a peak demand of 2 x average daily inflow occurs
over a continuous 4 hour period then four cases may be made
for calculating the capacity of service storage tanks.

(1) Case 1: Safe yield or Inflow is < 1.25 x demand

— If the safe yield and/or flow into the service
tank is at a rate of 1.25 times or less the
average daily demand, then a storage tank
should be built with capacity 33% demand from
that tank.

(ii) Case 2: Safe yield or Inflow is >1.25 but <1.5 x
demand

— If the safe yield and/or flow into the service
tank is at a rate between 1.25 times and 1.5
times the average daily demand, then a storage
tank should be built with capacity of 20%

demand from that tank.

(iii) Case 3: Safe yield or Inflow is ) 1.5 and
< 2 x demand

— If the safe yield and/or flow into the service
tank is at a rate between 1.5 times and 2
times the average daily demand, then a storage
tank should be built with capacity of 10%
demand from that tank.

(iv) Case 4: Safe yield/Inflow is >2 x demand

— If the safe yield and/or flow into the service
tank is at a rate of double the average daily
demand (ie equivalent to peak demand), then a
storage tank is not required, although smaller
break pressure chambers may still have to be
built depending on location.

4.46 However the potential saving of reducing the design
capacities of the tanks or even cancelling tank construction
must be compared with the consequential cost of increasing
in the diameter of the supply main into the tank to carry
the higher flow.
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e) Storage Tank Location

4.47 Most schemes in AJK involve significant head differences
within the pipeline systems. Storage tanks and break
pressure tanks (BPT) are used to keep pressures within
serviceable limits. The flow through storage tanks must be
regulated or the tanks throughout the system would drain and
overflow at the tank of lowest elevation. Control valves on
tanks may be manually regulated, but this is a grossly
inefficient operational practice which leads to intermittent
supply to the consumers and their consequent
dissatisfaction.

4.48 The automatic regulation of flows through each tank is
properly achieved by the fitting of angular float vasves.
Such valves, which have to date been identified as
available in Pakistan, are rated a~ a maximum workina
pressure of 10 bar (ie they can close against a maximum head
of 100 m) Polyethylene (Fe) pipe is also commonly produced
at a maximum pressure rating of 10 bar. Furthermore a
typical working pressure for airvalves is 10 bar. Thus all
tanks should be located such that no tank should have more
than 10 bar (approx. 100 m) of static head exerted upon it.

4.49 The storage requirement on the distribution system of a
scheme is allocated around the scheme to regulate the
pressures. Once the total storage requirement for a scheme
has been assessed, it is useful to divide this figure by the
total nu.mber of standposts. Thus a figure for the average
storage requirement per standpost is calculated. This
figure will assist the engineer to determine the capacity of
individual tanks located around the distribution system. It
should be noted that a BPT itself has some 100 gallons of
storage.

f) Future Additional Storage

4.50 Additional storage on the system which may be required to
cater for future yardtap connections, is relatively cheap
compared to the cost of additional pipeclaving, and can
always be built or installed by the village at a later
stage, under advise from project staff.

Section 7: Pipe Hydraulics

a) Computer Aided Hydraulic Design (BRANCH)

4.51 Once all the above steps have been satisfactorily addressed,
it is necessary to check the hydraulic design of the system
using the World Bank programme “BRANCH”. Chapter 10 gives
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more detailed guidance on the use of this Computer Aided
Hydraulic Design package (CAD).

4.52 It is not normally tolerable to reduce the residual head
required to be input by the computer programme, below the
minimum limit of 5 m. To go lower than 5 m will place too
much reliance on the accuracy of the original survey.
Furthermore it must also be noted that the survey levels are
for ground level and the tap itself is located approx. 1.2
m above ground level, which will further reduce the residual
head.

4.53 In case the computer cannot produce satisfactory design to
within the criteria, it should be considered to modify the
elevations of the reservoir and/or tapstand locations. For
example if the residual head at a tapstand is too low it
must be assessed if the tapstand may be lowered.

4.54 On the other hand it may be that the computer programme
indicates that at some few taps�and nodes, the residual
pressure may be somewhat above the absolute maximum
acceptable limit. In this case there are several options to
be investiqated:

(i) If the CAD (minimum) residual head is set at 10 m
which is the ideal residual, it should be
considered to run the programme at 5 m and note if
the high residuals have sufficiently reduced;

(ii) It should considered if it is possible to raise the
elevation of individual tapstands with high
residual pressure by relocation;

(iii) It should be considered if it is possible to lower
the elevation of the service tank by relocation;

(iv) It may be necessary to introduce break pressure
tank(s) (BPT) or additional storage tanks, which
also break pressure; and

(v) Physical means to reduce flow and pressure may be
adopted such as through the use of orifice plates
(see paras. 4.61 and 4.62 below) or seat valves at
tapstands. However it is better preferred not to
rely on such mechanical means to do this, as they
need to be carefully set, not tampered with and
orifice plates in particular have tendency to
become blocked.
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b) Sub—section 7.1: Flow velocities

4.55 The hydraulic design of the pipe must be checked. It is
undesirabie for flows to exceed 7 ft/sec and should rict
normally exceed 10 ft per second. In order to reduce
excessive flows or pressure. crifice plates and break
pressure tanks should be adopted rather than small diameter
pipes which generate high friction factors

4.56 The velocity limits for design are:

(i) Maximum — 10 ft/sec (3 m/s)

(ii) Minimum — 2.5 ft/sec (0.75 m/s)

(iii) Absolute Minimum — 1 ft/sec (0.3 m/s)

4.57 Pipe velocities must never fall below 1 ft/sec (0.3 m/sec).

c) Sub—section 7.2 Pressure Limits at Standposts

4.58 The residual pressure should be within these limits:

(i) Absolute minimum: 5 m = 7.1 psi
(ii) Desired minimum/ideal: 10 m = 14.2 psi
(iii) Desired maximum: 15 m = 21.3 psi
(iv) Absolute maximum: 30 m 42.6 psi

4.59 Flows at certain standposts which are unavoidably ar1d
exceptionally above the absolute maximum residual pressure,
must be regulated by carefully settina the flow at the seat
valve at each tapstand. Alternatively an orifice plate may
be used but these are problematic to make, replace and can
get blocked and/or erode quickly.

4.60 High residual pressures at standposts may be unavoidable but
in all cases it must be investigated if it is possible to
raise the elevation of the individual tapstands or if it is
necessary to insert a BPT on the mains. This is preferred
to other physical means to reduce flow and pressure such as
seat valves or orifice plates. The seat valves at tapstands
can be set to control the flow to deliver 2 gpm and induce
a headloss through the valve. Alternatively an orifice
plate can be inserted within a union to reduce the head (see
below). However these physical means must be carefully set
and not tampered with by consumers. Experience has shown
that if orifice plates get blocked consumers are inclined to
remove them permanently. It must also be remembered that
such control valves or orifice plates do not affect the
static pressure exerted on the standposts.
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4.61 Having recognised the deficiencies of orifice plates, there
are occasions nevertheless when their use may be considered
appropriate. For example an orifice plate may be installed
for a single tapstand which has high residual pressure,
rather than to construct a EPT costing several thousand
rupees. A example calculation for the determination of the
size of the orifice is included in annexure 7.5. The
calculation should be for the orifice plate will give 10 m
residual pressure at the tapstand. A computerised format
will be developed for this purpose until when such
calculations are to be manually generated.

4.62 Not only must the residual pressures at the standposts under
normal operation be considered, but also the static
pressures at each standpost must be checked. When the
distribution system is not in use, say at ni~rit, all the
standpost taps are closed. During these times the static
pressure on the system must be contained by these
bibcocks/taps. Regular bibcocks are designed to work for
pressures up to 60 psi (40 m head). If the static pressure
exceeds this figure then regular bibcocks are particularly
vulnerable to wear when they are first opened, and will
therefore have a short working life. More robust taps are
available which are rated to withstand much higher pressures
up to 300 psi (210 m) or higher.

4.63 Many tapstands on hill schemes may be subjected to high
static pressures and higher specification bibcocks must be
used. Therefore the static pressure at all standpost
elevations must be calculated and examined. This is simply
done from the CAD hydraulics data. The correctly rated
bibcocks (ie up to 60 and 300 psi or 40 m and 210 m,
respectively) must be identified for the scheme pipe
schedule. It must be clearly and separately recorded as to
which standposts numbers are to have which specification of
tap and this is to be explained to the WSC for any future
replacement of bibcock with same specification.

d) Sub-section 7.3 Hydraulic Gradeline (HGL)

4.64 The NESPAK designs for the first 70 villages and the CAD
hydraulic do not consider pipe profiles (long sections).
Only the elevations at the beginning and end of the pipe are
noted. In order to avoid potential airlocks which may
prevent flow or to avoid low and negative pressures, a check
must be made for each and every pipe length to locate high
points in the ground profile (using hand held levels etc)
and to check that the HGL does not ever fall below ground
level and should remain 10 m above ground level. On
critical pipelines the hydraulic gradeline and pipe/ground
profile should be drawn in long section. This is
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particularly important for gravity flow transmission mains.

4.65 Low pipe flow velocities indicate pipelines where the
difference in elevation from the start to end of the
pipeline is small and the HGL may be problematic. It is
therefore stressed that the HGL is checked on all pipelines
where flow velocities are less than 0.75 m/s.

e) Sub—section 7.4 Air Valves, Washouts and BPT

4.66 The location of airvalves and pipeline washouts must be
identified and detailed/ noted on the schematic pipeline
layout drawing. Absence of air valves and washouts may lead
to pipe blockage and problems when attempting to maintain
the pipelines. The locations are to identified on the
ground with reference to surrounding features, during a
physical visit with WSC members. On gravity transmission
main and on all distribution pipelines an air valve must be
placed at least every running 1500 ft. However air\-aives
nay omitted if there is a tapstand above the pipeline1 which
will bleed air from the pipe,

4.67 If suitable tee pieces and isolating valves are fitted it is
possible for the operator to periodically bleed air manually
from high points on the pipeline. However this practice is
not reliable or recommended and the installation of
airvalves automates this process. There are generally two
types of air valve available of large and small orifice for
large and small capacities of air. On this project which
utilises smaller diameters of pipe up to 4” dia, small
orifice air valves are appropriate. For pipes up to 2”
dia., a 0.5” dia small orifice “bleed” air valve suitable
for pressures up to 10 bar, has been identified. For larger
diameter pipes heavier duty 25 mm or 32 mm dia airvalves
shall be used.

f) Sub—section 7.5 Transmission Mains

4.68 The safe yield is to be evaluated as in section 3 above.
For gravity schemes consideration should be given to sizinc
the mains to transmit all available yield or twice the
revised demand figure (whichever is less) to the first
reservoir on the system. The method of calculation and an
example sheet for the design of transmission main is found
in annexure 10.2 to chapter 10.
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4.69 There should normally be no tapstand connections to gravity
transmission mains. This is unavoidable in certain
circumstances in which case the tapstand must preferably be
located at a high spot above the pipeline and so that it
will act as an air valve. The tapstand flow delivery must
be restricted to 1 gpm and regulated by the seat valve.

g) Sub—section 7.6 Design of Pumps and Pumping Mains

4.70 The pumping rate should be based on a total of 8 hours per
day. Thus pumps(s) and pumped mains should be designed to
supply total daily demand over 8 hours. Chapter 11 gives
detailed guidance on the computer aided optimised design of
pumps and pumping main. It is vital that the WSCis advised
and agree to the projected pumping cost, which itself must

a be reported in Q8.3 below.

4.71 It must be noted that there can never be permitted any
tapstand or service connection from a pumping main.

Section 8: Summary of Pipe Quantities and Costs

4.72 The pipe quantities are to be abstracted and collated from
the various outputs of the CAD hydraulic designs and
reported in summary in this section. An additional 5% is to
be added for contingency and to cater for wastage. Chapter
12 of this manual contains the pro forma and instruction on
how to prepare the detailed schedules for quantities of
pipes and fittings.

a) Capital costs (Q8.1 & 8.2)

4.73 The estimated cost of the pipe for the scheme is also to be
abstracted from the CAD hydraulic design outputs. This
estimated cost of pipe from CAD hydraulic design outputs
should be increased by 5 % for respective diameters to cater
for wastage during laying. To this total, an additional 10%
cost is to be added for the projected cost of fittings. The
cost per capita of the pipe and fittings is to be calculated
and given in Q8.2.

4.74 Detail component costs of the works, inclusive of both
materials and labour, must be estimated in detail for each
of the village schemes as a separate exercise. The
Provisional Cost Estimate pro form~ is to be used for this
purpose where the costs to both the WSC and the LGRDD are
indicated. Detailed guidance on the preparation of cost
estimates is in Chapter 13.
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b) Operation Cost (Q8.3)

4.75 For pumped schemes an estimate of the total monthly power
cost for the scheme will be made within the computer aided
cost optimised design for pump and pumping main as in
chapter 11. This potential cost is to be discussed with the
WSCand is to accepted and agreed by the people
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ANNEXURE7.1

DESIGN REVIEW FORM (NESPAK DESIGN)
Date:

District: Markaz:

Scheme Name:

1. SKETCH NAPS: Village sketch attached?

Pipe schematic attached?

2. POPULATION/DEMAND:

Number of houses in Village:

Population of Village:

Average persons/household:

Houses served by this scheme:

Population served by this scheme:

Domestic Demand (at log/cap/day):

Demand for sch, mosques etc:

Total Demand: ________

3. SOURCE WORKS:

Source Name:

Maximum Measured Yield (gpd):

?linimum Measured Yield (gpd):

Safe Yield (cjpd):

Average Yield (gpd):

Comments:

No of yield measurements:

Date:

Date:

Sketch civil works design made? Yes/No

Village Name:

Village.Scheme No:

Yes/No

Yes/No

As NESPAK As Revised

+ 20% Unaccounted for water:
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4. EXTENSION ACTIVITIES:

4.1 Coverage — Number of houses in village missed:
4.2 Can any misse~. houses be served by this scheme?: Yes/No
4.3 If ‘yes” above, is demand increased by >30%?: Yes/No
4.4 Is a broad based and representative WSC formed?; Yes/No
4.5 Is this scheme discussed and agreed with WSC: Yes/No
4.6 MOU discussed with WSC?: Yes/No
4.7 Are tapstand positions located and agreed?: Yes/No
4.8 Have tapstand options been decided?: Yes/No

4.8.1 How many tapstand option type 1 selected?:
4.8.2 How many tapstand option type 2 selected?:
4.8.3 How many tapstand option type 3 selected?:

4.9 Number of latrines existing in scheme area?:

5 YARD CONNECTIONS:

5.1 Does the scheme have critical yield? Yes/No
5.2 Percentage of houses which desire and can

pay for yard connections over next 10 years:
5. Has it been explained to the WSC that there cart

be no yard connections in first two years:? Yes/No

6. STORAGECALCULATIONS (tank capacities):

No Size (gal) Status % complete Revised size?

7 PIPE HYDRAULICS

7.1 Flow Velocities:

7.1.1 Pipe numbers exceeding 10 ft/sec:
7.1.2 Pipe numbers under 2.5 ft/sec:
7.1.3 Do any pipes have K 1 ft/sec Yes/No
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7.2 Standpost (SP) Pressures

7.2.1 Total number of s�andposts:
7.2.2 SF Sri Nos with residual pressure outside limits:
7.2.3 Number of SF with high static pressure:

7.3 Hydraulic grade lines (HGL) checked: Yes/No

7.4 Air valves (AV). washouts (WO) and break—pressure chambers
(BPT):

7.4.1 Located on site: Yes/No
7.4.2 Located on Drawing layout: Yes/No
7.4.3 Number of BPT required:
7.4.4 Number of air valves required:
7.4.5 Number of washouts required:

7.5 Transmission Mains:

7.5.1 Is design for 100% of the maximum yield: Yes/No
7.5.2 Is design for twice demand figure?: Yes/No

7.6 Pumping design and rising mains (if applicable):

7.6.1 Is optimised pumping design attached: Yes/No

7.6.2 Does WSC agree to the projected pumping cost: Yes/No

8 BILL OF QUANTITY:

Dia(Inches) NESPAK (feet) Branch length + 5% (metres)

8.1 Branch pipe cost + 5%:

8.2 Pipe Cost per capita:

Submitted By: Date:

Checked in TRP By: Date:

Design Review approved By: Date:
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District:

Scheme Name:

1 SKETCHMAPS:

2 POPULATION/DEMAND:

C”

2.2

2.3

2.4

2.5

2.6

2.7

3 SOURCE WORKS:

Source Name:

Maximum Measured Yield (gpd):

Minimum Measured Yield (gpd):

Safe Yield (~pd):

Comments:

Date:

Village Name:

Village.Scheme No:

____________gpd

gpd

No of yield measurements:

Date:

Date:

Sketch civil works design made? Yes/No

ANNEXUBE7.2

DESIGN SUMMARYFORM

Narkaz:

Village sketch attached?
Pipe schematic attached?

Yes /No

Yes /Nc

Totals

Number of houses in Villace

Population of Viiiage

Average persons/household

Houses served by this scheme:

Design Population served by this scheme:.

Domestic Demand (at 10g/cap/day)~

Demand for sch, mosques etc

Total Demand:

20% Unaccounted—for water:
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Date:

4 EXTENSION ACTIVITIES:

4.1 Coverage — Number of houses of village covered:.
4.2 Coverage — Percentage of houses in village covered:.
4.3 Are there any houses missed from the design?: Yes/No
4.4 Is a broad based and representative WSC formed?; Yes/No
4.5 Is this scheme discussed and agreed with WSC: Yes/No
4.6 MOU discussed with WSC?: Yes/No
4.7 Are tapstand positions located and agreed?: Yes/No
4.8 Have tapstand options been decided?: Yes/No

4.8.1 How many tapstand. option type 1A selected?:.
4.8.2 How many tapstand option type lB selected’
4.E..3 How many tapstand option type 2 selected?
4.8.4 How many tapstand option type 3 selected?~

4.~ Number of latrines existina in scheme area~

5 YARD CONNECTIONS:

5.1 Does the scheme have critical yield? Yes/No
5.2 Percentage of houses which desire and can

pay for yard connections over next 10 years:
5.3 Has it been explained to the WSC that there can

be no yard connections in first two years:? Yes/No

6 STORAGECAPACITIES (calculations to be attached):

No Node No Size (gal) Existing/RCC/Brick/Stone/Prefab

7 PIPE HYDRAULICS

7.1 Flow Velocities:

7.1.1 Pipe numbers exceeding 10 ft/sec
7.1.2 Pipe numbers under 2.5 ft/sec~
7.1.3 Do any pipes have < 1 ft/sec Yes/No
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Yes /No

Yes /No
Yes ,‘No

Yes/No
Yes /No

Yes/No
Yes/No

Date:

7.2 Standpost (SP) Pressures

7.2.1 Total number of standposts (SP)~
7.2.2 5? Sri Nos with residual pressure outside limits:
7.2.3 SP Sri Nos with high static pressure

7.3 Hydraulic grade lines (HGL) checked:

7.4 Air valves, washouts and break—pressure tanks (BPT):

7.4.1 Located on site:
7.4.2 Located on schematic layout:
7.4.3 Number of BPT required
7.4.4 Number of air valves required
7.4.5 Number of washouts required~

7.5 Transmission Mains:

7.5.1 Is design for 100% of the maximum yield:

7.5.2 Is design for twice demand figure?:

7.6 Design of Pump and pumping mains (if applicable):

7.6.1 Is optirnised pumping design attached:
7.6.2 Does WSCagree to the projected pumping cost:

8 SUMMARYOF PIPE QUANTITIES AND COSTS:
Nominal Dia. (mm) BRANCHlength + 5% (metres)

8.1 ‘Branch~ design pipe cost + 10%: Ps
6.2 Pipe Cost per capita of design population Rs
8.3 Projected Pumping Cost per household (if applicable):Rs

Design Summary Agreed by WSC: Date:

Design Summary Sithmitted by: Date:

Design Summary Checked in TRP by: Date:

Design Summary Approved by: Date:
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ANNEXURE7.3

CHECK LIST OF ITEMS TO BE SUBMITTED

WITH DESIGN REVIEW/SUMMARY

Before scheme Design Reviews are submitted to the competent
authority in the Directorate ThU for either principle or final
approval, the information is to be checked by LGRDD staff of the
Technical Resource Pool to confirm that the designs are complete
and proper. The TAU will may appraise some of the design
reviews/summaries.

1 APPROVAL IN PRINCIPLE

Without “Approval in Principle” completion of the design and
implementation of the scheme cannot proceed. The following items
must be included with each scheme design review/summary:

Completed design review/summary pro forma
Village Coverage Monitoring Form
Sketch Map of revenue village indicating scheme locations
Scheme Pipeline layout sketch
Source yield measurement records
CAD hydraulic design input data and outputs
Storage assessment calculations

Following items are also to be submitted if appropriate:

Optimised desiqri of pumps and pumpin~ main (all pumped
schemes)
Hydraulic gradeline profiles

2 FINAL APPROVAL

Before materials can be procured and construction can proceed, it
is necessary that the scheme is given final approval by LGRDD. The
Memorandum of Understanding can then be signed and the Design
Report (see chapter 16) can be compiled. To enable LGRDD to give
“Final Approval” to scheme design in addition to the items listed
above, the following information must be submitted:

Final Pipeline layout drawing
List of Tapstand Nos with address (name of householder)
Source works Design Sketch (minimum A4 size)
Schedule of pipes and fittings
Construction Programme
Scheme Construction Report Pro farina
Cost Estimate
Composition of WSC
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ANNEXTURE7.4

Note:

LG&RDDRWSSP (IDA)

Village Coverage Nonitoring Form

This form is to be submitted with the design review of
each scheme for each revenue village in each construction
phase. Information on number of houses is to be obtained
from the Baseline Survey £ or question No 1 and 2.

l)istrict Name:
Village Name

Date:
Vii lage/Scheme No:

Construction Phase No:

1) Total Number of Houses in Revenue Village

2) Number of Houses covered by the following
schemes in the revenue village:

Scheme No 1:

Scheme No 2:

Scheme No 3:

Scheme No 4:

Scheme No 5:

Scheme No 6:

Scheme No 7:

Scheme No 8:

Scheme No 9:

Scheme No 10:

etc

Total Number of Houses Served:

(A)

(B)

3) Percentage coverage:
x 100

(A)
% (C)

4) Percentage remaining for future coverage:

100 — (C)
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CHAPTER 8

WATERSOURCE DEVELOPMENT

INTRODUCTION

1.1. The development and protection of the source of any scheme is
of crucial importance to the success of the scheme to provide
water in sufficient quantity and of good quality to the
consumers. The source of water used for the village water
supply schemes is either from springs or wells (hand dug
large diameter, small diameter handpumps or tubewells).

1.2 The following chapter highlights a number of points to be
considered when preparing to utilise springs or hand dug
large diameter wells as sources for water supply schemes.
Although the protection of the tubewell headworks is included
herein, the actual installation or rehabilitation of
tubewells are complex tasks which will be undertaken by a
specialist contractor and which are not covered In this
section; further details may however be found in the
Groundwater Design Manual.

1.3 There are many possible causes f or a water supply to fail.
In broad terms they can be divided into two; firstly
deterioration of the source Itself and secondly changes in
local hydrogeological conditions. The main symptom in all
cases is a deterioration in yield and consequently it Is very
easy to mistake the cause. However all water abstraction
systems need regular maintenance to prevent the yield from
decreasing. This chapter therefore also considers the
rehabilitation of springs and hand dug wells which may be
necessary.

2 SPRING SOURCES

2.1 A standard design drawing for the protection and development
of springs has been prepared (Drawing No 040 “Typical Spring
Protection”) and is included in the Standard Component Manual
(ENM2). The guiding principle for the spring protection
works is to ensure that no impedance to the flow is
permitted. If a spring eye is impounded and the water Is
caused to back up, then the source may shift its location to
where it is easier to flow. This may mean that the source
protection works become bypassed by the water. A seconds but
equally Important, principle is to ensure that there is no
opportunity for pollution to enter the source water.
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2.2 It has been observed that there are many examples in AJX of
poorly executed spring protection works. There has been a
marked tendency to build a spring box at the very spring eye,
but this however can cause the spring to back up. It is
always better to insert drains which leads the water to a
collection box at a ground level below the eye(s) and
properly cover and seal the drain. It cannot be
overemphasised how important it is that this work is executed
correctly. Figure 6.1 illustrates common mistakes which can
be made when protecting springs. Project staff must become
skilled in this aspect of scheme construction and ensure that
these mistakes are avoided.

2.3 It must be noted that every spring has different and
particular characteristics. Springs may be similar but no
two springs are the same. It is therefore important that
particular design details are carefully considered for every
spring which is identified for protection and development.
The design engineer must therefore provide a spring
protection design sketch which will detail the work to be
undertaken to develop each spring. Figures 6.2, 6.3, 6.4 and
6.5 show examples of spring source protection sketches.

2.4 It must be remembered that the spring protection works will
be undertaken by the village community who are unlikely to be
skilled in the work of spring protection. It Is therefore
important that the design sketches are clear, that the
project staff and in particular the engineers explain
carefully to the community and the WSC supervisor what work
is to be done and ensure that the community members clearly
understand this. During construction of the spring
protection works, the LGRDD engineers and overseers must
visit the site to support WSCsupervisor and ensure the work
is carried out satisfactorily.

2.5 The routine and regular measurement of spring flow is a
critically important exercise required in order to monitor
the flow over time. It is important that this exercise is
begun as soon as the village is selected for assistance by
the project and the spring source is identified. Spring flow
monitoring should continue, even after the spring is
protected and developed. Fluctuations in the flow can thus
be observed. A note on springflow measurement is included as
Annexure 6.1.
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3 REHABILITATION OF EXISTING SPRING PROTECTION WORXS

3.1 At some spring sources the community may have previously
undertaken some works to protect and capture the water. If
there is an existing springbox or catchpit constructed, then
project staff must examine the structure to check if there is
source water leaking and/or not being captured and whether
pollutants can enter the source. A sanitary survey proforma
for spring protection works has been prepared and is annexed
to this chapter. The works should be thoroughly inspected
and the survey proforma completed so that the engineer can
determine what remedial works, if any, would be required or
whether the community should be advised to rebuild the works.

3.2 Spring catchments may slowly silt up as fine grained material
is washed out of the aquifer formation into the protected
catchment area. Some of the fines will settle in the spaces
between the stones in the catchment area thereby reducing its
permeability. This is likely to cause the groundwater level
to rise in the immediate vicinity of the source and as a
result the groundwater may be caused to discharge elsewhere.
Cleaning out the catchment area may be the solution but where
the source eyes have moved it may be better to rebuild the
source protection altogether.

4 HAND DUG WELLS

4.1 Hand dug wells in the project area are often of large
diameter up to 10 ft (3 m) or more, but are usually shallow,
rarely exceeding 30 ft (10 m) in depth. The shallow
aquifers and the soil seepage zone which recharge these wells
are particularly susceptible to the seasonal dry season when
the level of the water table tends to fall. The yield of the
well will be thus be at a minimum during the dry season.

4.2 A hand dug well would not normally be considered worthy of
rehabilitation if the well ever becomes dry. However if the
villagers intend to continue to use the well seasonally, they
should be advised to undertake certain works in order to
improve the potability of the water and yield. A well should
always have a good sanitary seal, a waterproof apron and be
covered to prevent ingress of pollutants into the well.
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4.3 If, at any time of the year, a well is assessed to have a
safe yield (0.7 times the minimum measured yield) of less
than 1000 gpd, this may only be sufficient for water supply
for up to 10 households. A safe yield of 1000 gpd is
approximately equivalent to 1440 gpd or 1 gpm over a day.
Such wells should normally be covered and fitted with a
handpump and it is considered to be a “point source”. Such
sources are outside the scope of this project for capital
assistance but project staff remain obliged to give advice
to the community for necessary remedial work as may be
required.

4.4 If a well has a safe yield of more than 1000 gpd, ie a
minimum yield of greater than 1440 gpd, then the village
feasibility study will consider the estimated capital and
running costs. The village WSC and project staff may then
opt to design an appropriate lift pump to supply a
distribution system. Any necessary remedial works to the
well must also be considered.

5 REHABILITATION OF EXISTING WELLS

5.1 An existing hand dug large diameter well is likely to require
some rehabilitation before they may be included in a village
supply scheme. The type of work that can be carried out will
depend on the construction of the well. A standard design
drawing for a properly protected large diameter well has been
prepared titled “Hand dug well Rehabilitation, Drawing No
029.

5.2 The yield of wells may slowly decline as a result of clogging
of the well face. This can be due to fine grained particles
moving into the well as for the spring catchments. Clogging
can also be caused by the precipitation of minerals on the
well face or by the growth of bacterial slimes. The effect
of clogging is to reduce the permeability of the well face
hence the pumping rate will be reduced for any given
drawdown. The main symptoms of clogging are a decline in
yield or an increase in drawdown, or more commonly a
combination of the two. Although the pumping levels may have
fallen the rest water levels should recover to values similar
to those when the well was first constructed.

5.3 Cleaning out of debris within the wells would be carried out
using the equipment provided with the Test Pump and
Maintenance Unit (TPMU). For the most part this would
involve lowering the electric submersible sludge pump to the
bottom of the well and proceeding to pump out the water. The
pump would also be capable of removing any silt and loose
material that was less than 50 mm ( 2 inches) diameter. If
it was considered that manual excavation could be safely
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carried out then the pump would be kept running whilst men
were lowered to the bottom of the well to carry out the
cleaning operation. This work would have to be carried out
by experienced well diggers. Thus the original excavated
depth of the well would then be recovered.

5.4 The depth limitation of the above method is controlled by the
total delivery head capability of the pump and that is about
15 metres. If the wells are deeper than this an alternative
method of dewatering the well with a small electric
submersible pump which would normally be used in tubewells
may be used to allow manual excavation at the bottom of the
well. This pump is not suitable however for pumping sludge
and must be kept at least 1 ft from the bottom of the well.

5.5 The rehabilitation of the fabric of the large diameter wells
would generally involve masonry or brickwork repairs. The
internal lining of the well may require some renovation. For
example in old wells the masonry may have deteriorated due to
vegetation growth or erosion from water flow. Bricks may
need to be replaced and/or the mortar repointed. This work
should also be done by skilled well diggers.

5.6 The surrounding aprons are also likely to require
construction or remedial work to ensure that there is no
possibility of polluted water entering the well either
through cracks in the apron or at the junction between the
apron and the wall of the well. Construction of the
necessary covers for these wells would also involve
concreting and brickwork.

6 PROTECTION OF TUBEWELLS

It is important that the wellhead of a tubewell is properly
and securely protected. Three options have been developed
for the design of the protection of the wellhead at
tubewells. These design Drawing Nos 024, 025, and 026 and
are titled “Tubewell Wellhead Protection Option (1, 2, 3)”
respectively.
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ARNEXURE 8. 1

NOTE ON SPRINGFLOWMEASUREMENT

INTRODUCTION

1.1 The majority of water sources in LIE are springs. However
the amount of water which flows from these springs varies
markedly throughout the year. Thus the amount of water which
is available to give a secure, all year around, supply to the
village population must be established 50 that proper design
can be made. The regular measurement and monitoring of each
flow from all the spring sources within a village boundary is
therefore an essential and vital component of the design
procedure. This note is to guide extension staff as to how
to make simple springflow measurements.

2 WHO WILL MEASURETHE SPRINGFLOWS

2.1 The yield of springs is to be physically and regularly
checked in the field in order to monitor the spring yields
over at least a one year period. It is particularly
important to assess the low yield of the dry season of
springs and thus to identify the minimum yield. Springf low
measurement should be done with the greatest possible
accuracy with use of plastic sheet or pipe or chute, a watch
with second hand (ideally a stopwatch) and a container of
known capacity. The yields may differ from those reported by
NESPAK and it is essential that the yields are checked and
regularly monitored, at least monthly.

2.2 It is not possible or desirable for project staff to
undertake this work every month themselves. The regular
measurementof the spring flows should be the responsibility
of the village themselves and such activity will promote the
villagers interest and commitment to their village project.
The extension staff must carefully explain and demonstrate to
WSC and other interested villagers as to why flow measurement
monitoring is so important. The WSC themselves must then
arrange for one or more dependable village member(s) to be
responsible for the regular measurement of the sprlngflows.
Project staff will give training to the appointed person(s)
as to how to make the measurement and how to properly record
it. Project staff will periodically collate the results and
send them to the Directorate.
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2.3 For the first 70 villages, it has been found that NESPAK may
not have considered or included all the spring sources or
spring eyes which may be present and/or be available to the
village. There may be additional sources nearby and/or
downstream of the identified source which may also be
incorporated into the source assessment and be incorporated
into the design as required.

3 HOW TO MARE THE MEASUREMENT

3.1 The simplest method of measuring the flow is to time how long
it takes to fill a container of known volume. This method
can be used for flows ranging;
— up to 0.25 litres/sec. using a 1 litre sized jug,
— up to 3 litres/sec. using a 10 litre sized bucket, and
— up to 60 litres/sec. using a 45 gallon (205 Litre) drum.

3.2 The flow can be measured in litres per second (lps) or in
gallons per minute (gpm) or other any other unit which can
later be converted to lps or gpm. Most villagers will be
familiar with the imperial system or gallons. It is likely
that there will be available within a nearby house an
accurate container that is used for measuring fluids such as
milk; this may be in pints or quarts. There may also be
readily available a tins in which oil was purchased. These
tins are often for 5 kg of oil. Care must be taken to note
that although 5 kg of water is equivalent to litres, 5 kg of
oil will be more than 5 litres. It is vital that unless the
volume is clearly indicated/marked on the container, the
internal dimensions (length, breadth, and depth) of the
container is measured and recorded.

3.3 It is essential that all of the flow is directed and goes
into the container and that none splashes out. The
measurement should be taken at least three times and the
average should then be taken as the correct flow. If there
is a large discrepancy between the three readings, say more
than 10%, then more readings should be taken again in order
to reduce the error.
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3.4 It is easiest to use this method when all the flow has been
diverted through a short length of pipe or channel. The
channel may be made up from metal or plastic sheeting. The
container is then placed below the end of the pipe or
channel. It may be necessary to modify the spring or stream
channel by building a small dam of stones and clay through
which the pipe or channel passes. The important thing is to
make sure there are no leaks and that all the water goes
through the pipe or along the channel. A small hole/shallow
depression may have to be dug into the stream bed beneath the
end of the pipe to place the container in.

3.5 The measurements must then be recorded on the standard
springflow monitoring proforma, sample attached.
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LG&RDD RWSS (IDA)
District Markaz

ANNEXURE 8.2

AJK - SPRINGFLOW MONITORING
Month Year

Desig.________ Signature.___________ Date:__________

The AEs should write the. village No or advise the PMs.
Give thenameof thevillagesameasit is in therevenuerecord.
One network is to be taken as one scheme.
Each spring will be given separate serial number.This same serial number should be repeated in all future monthly reports.
Most of thespringshavenames,whereonehasnotthengivenameof thesettlementin which spring situates.
Usea containerwhich canbesimply measured.Filled upvolumeshouldbe measuredwithasmuch
accuracyaspossible.TheAEs shouldadvisethesubordinatestaff.
Give time in minutesandseconds.Takeat leastthreemeasurementsandmakeoneaveragetime of all three.
Give date,monthandyearas,DaylMonIYr. Dateshouldbesamein everymonthor in sameweekat least.
Changemeasurementinto gallonsperminutebasedon dataof columns6 and7.
Write thenameandstatusofthepersonwho took measurement.
Thecompletedform mustbecheckedby theAE andcopysentto theTeamLeader,TAU
BinnieHuntingTechred,Box.77Muzaffarabad,,at theendof eachmonth.

D

VillAGE

NO

NAME OF

VIlLAGE

NAME OF

SCHEME

R.N0

~
NAME OF

SPRING

CONTAINER ~4EASURED

ON(DATh) GPM

MEASURED

BY

REMARKS

VOLUME TIME

(1) — (2) (3J__ (5) J~) j7) (8) — ..(~L (1 0) (11)

Checked and submitted by: Name
Notes for Col. Nos.
1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
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Common Mistakeø on Protecting Spring Catchmenta

a) permeable cover

b) leakage from pipe joints

cj covering over the spring is

inadequate

d) no surface water drainage

e) chamber cover should be above

grouna. level

f) position of overflow too hign

g~ position of outlet too hign

h) no wire—mesh covering the
overf low

e

surface water can pollute
the spring water

obstruction to spring
flow

animals or dirt can
pollute tne spring water

FIGURE 8~1 CommonNistakes on Protecting Spring Catchinents
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FIGURE 83

Sketch of Spring protection —

Urnian Saran & Battlian Upper Spring (Plan)
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CHAPTER 9

DESIGN NOTE FOR WATER STORAGETANXS

INTRODUCTION

1.1 This chapter refers to the TAU drawings pertaining to water
storage tanks of 1000 —20000 gallons capacity as under:

(i) 1000 - 4500 gallons to be funded and built by the
community; and

(ii) 5000 — 20000 gallons to be funded and built by the
LG&RD department, Government of AJ&K.

1.2 Design for the water storage tanks 1000 — 20000 gallons is
based on the following main options. These options are
given to village WSC to select depending on their local
conditions with advise from the Assistant Engineer:

(i) Stone Masonry Retaining Wall Structure;
(ii) Brick Masonry Retaining Wall Structure; and
(iii) RCC Cantilever and Brick Wall Structure.

1.3 Stone masonry water storage tanks have further two sub—
options as follows:

(i) Simple stone Masonry (1000—4500 gallons)
(ii) Stone Masonry with PCC Core wall (5000—20000

gal ions)

1.4 Selection for any of the above mentioned options for the
required capacity of water tank depends on the following:

(i) Site conditions; and
(ii) Availability of materials at site with respect to

cost.

1.5 This chapter sets out the general procedure to select the
type and sizing of required water storage tank and the use
of TAU drawings.
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2 LIST OF DRAWINGS

2.1 A list of TAU drawings pertaining to water storage tanks
with its titles is as under for ready reference to use:

TAU/010

TAU/011

Simple Stone Masonry & Brick Work Retaining
Wall Structure for 1000 — 4500 gallons Water
Storage Tanks;

Details for 1000 — 4500 gallons Water Storage
Tanks;

TAU/012

TAU/013

TAU/014

TAU / 015

TAU/016

TAU/017

Stone Masonry Retaining Wall Structure For 5000
— 20000 gallons Water Storage Tanks;

RCC Cantilever & Brick Wall Structure for 5000
— 20000 gallons Water Storage Tanks;

Structural Drawing for RCC Base Slab 5000 -

20000 gallons Stone Masonry & RCC Water Storage
Tanks;

Structural Drawing for RCC Roof Slab 5000 —

20000 gallons Stone Masonry & RCC Water Storage
TanKs;

Details for 5000 — 20000 gallons Stone Masonry
& RCC Water Storage Tanks;

Pipe Schedule for 1000 — 20000 gallons Water
Storage Tanks; and

3

TAU/ 018 Water Storage Tanks - Option for CGI roofing.

NOTE ON DESIGN AND COST OPTINISATION

3.1 Water depth is the most sensitive factor for the
retaining/cantilever wall structure which influences the
cost of water storage tank. Detailed study for the cost
optimisation of all types of water storage tanks was carried
out by analyzing a range of water depths for 1000 — 20000
gallons capacities.

3.2 Detailed analyses shows a pattern which gives a minimum cost
at a certain depth of water either side of which there is an
increase in cost. The water depth at which the cost of each
type of water tank is at a minimum is called the cost
optimised depth and in turn this establishes the cost
optimisation of the water storage tank design.
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3.3 The following are the cost optimised water depths for each
type and capacity, thereof:

For 1000 — 4500 gallons Water Storage Tank

(1.) Brick Work Retaining Wall Structure 3 Ft — 03 In
(ii) Simple Stone Masonry Retaining Wall 4 Ft — 09 In

Structure

For 5000 — 20000 gallons Water Storage Tank

(i) Stone Masonry Retaining wall 7 Ft — 06 In
Structure

(ii) Rcc Cantilever Wall & Brick Work 7 Ft — 06 In
Structure

4 SELECTION OF WATER TANK CAPACITY

4.1 Water storage capacities and tank locations required for the
scheme are calculated in accordance with the design criteria
set out for the purpose.

4.2 If the calculated capacity of water tank lies within the
range of 1000—4500 gallons the tank may be of either Simple
stone masonry or Brick masonry. The following schedule of
tank capacities for construction should be observed.

(1) 1000 gallons
(ii) 1500 gallons
(iii) 2000 gallons
(iv) 2500 gallons
(v) 3000 gallons
(vi) 3500 gallons
(vii) 4000 gallons
(viii) 4500 gallons

4.3 By example the following schedule shows a pattern of
selection for the water capacity calculated against that to
be provided.

Calculated Capacity Provided Capacity

— 2800 gallons Select 3000 gallons
— 3200 gallons Select 3500 gallons
— 4200 gallons Select 4500 gallons
— 4550 gallons Select 5000 gallons capacity to

be built by LG&RDD
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4.4 If the calculated capacity of water tank lies in the range
of 5000 to 20000 gallons the tank may have either a Stone
masonry retaining wall or RCC cantilever wall with brick
work. The tank capacity provided should be selected as the
next highest thousand gallon with the increment of 1000
gallons.

4.5 By example the following schedule shows a pattern of
selection for the water capacity calculated against that to
be provided.

Calculated Capacity Provided Capacity

— 5100 gallons Select 6000 gallons
— 6900 gallons Select 7000 gallons
— 15200 gallons Select 16000 gallons

5 AVAILABILITY OF LAND AND LAND REQUIREMENT

5.1 The availability and orientation of land at site will
determine the actual length and breadth of water storage
tank. Three different standard length to breadth ratios are
available for each design of water storage tanks. The plan
area of the site is to be surveyed and drawn out on sketched
scale plan. (1” to 3’)

5.2 Cost optimised designs for each type of structure have been
produced with three different length to breadth ratios (L/B)
i.e 1:1, 1.5:1 & 2:1. A schedule for the selection of
internal dimensions for three length to breadth ratios is
shown on each General Arrangement drawing for the different
types of water storage tank. (See drawings TAU/0b0, TAU/012,
and TAU/013).

6 PROCEDURESOF USING THE DRAWINGS

To select capacity, type & concerned set of drawings

6.1 Decide the capacity and type of water tank to be built at
site as in Chapter 2 “Design Criteria” of this manual.
Determine with WSCthe cost and availability of material and
site conditions and then select the most appropriate option.
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6.2 Following the final selection of type for water tank and
agreed by the WSC, the following drawings should be
consulted with respect to each type of tank.

CAPACITY TYPE OF WATER TANK DRAWINGNOS

1000—4500 Brick & Simple Stone 010 ; 011
Gallons Masonry Structure.

5000—20000 Stone Masonry with 012 ; 014
Gallons FCC Core Wall 015 ; 016

5000—20000 RCC Cantilever & 013 ; 014
Gallons Brick Wall Structure 015 ; 016

6.3 Identify the relevant set(s) of standard drawings to the
village scheme requirements. Note that the above drawings
010, 012 & 013 are the general arrangement (G.A) drawings
for each type.

6.4 Two sets of the selected relevant drawings for each tank to
be constructed are to be obtained from the Executive
Engineer. Both sets are to be marked up to make them
specific to the location and hydraulic design. One set is to
be issued to the WSCand one set retained by the overseer
supervising construction.

Calculation of land area for the required capacity of water
storage tank

6.5 For the given type of water tank note down the internal
dimensions from the Schedule Of Internal Dimensions on the
relevant drawing. There is an option for three length and
breadth ratios depending on the orientation of piece of land
at site. Select the best suited L/B ratio to the piece of
land available.

6.6 Add the following to the internal dimension taken from the
relevant GA drawing:

a) Two times the width of the foundation/retaining wall!
tank wall at the base.

b) Two times the thickness of Internal plaster i.e 1.5
inches.

c) The sum of these will give net dimensions for the piece
of land required for tank construction.

6.7 Cross reference to the sketched scale plan and confirm that
the land is both available and suitable for these dimensions
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7 BILL OF QUANTITIES

7.1 The Bill of Quantities (BOQ) for the water storage tanks are
identified in two groups:

Construction Material

7.2 Quantities for the construction materials shown on the
drawings for each type of three L/B ratios have been
calculated. Refer to the annexed document on “Estimated
Detailed Quantities For Water Storage Tank” which covers
comprehensive schedule of quantities alongwith the summary
of materials and cost for the approved drawings of water
storage tanks. This document is self explanatory.

Pipe and Fitting Materials

7.3 All the fittings alongwith different lengths of pipe
required for all types of tanks are standardised. A
comprehensive pipe schedule is given on the pipe schedule
drawing no TAU/017. It is intended that the pipe and
fitting may be procured with the pipe order so that special
lengths are pre cut and threaded. Specialist tasks such as
the welding of pipe fixing flanges will however be required
in local workshops.

7.4 Each item on the BOQ is allocated with a four digit item
code number. The first two digits are the “prefix” codes of
which first digit represents the item diameter and the
second digit represents the pipe material. The last two
digits indicates the item “suffix” codes for the actual item
description.

7.5 The item which is allocated with four digits code is
standard item used for all water storage tank construction
sites. The items which are allocated with only two digit in
circle denotes item “suffix” only. This items are site
specific and complete four digit codes are assigned after
the determination of item diameter and pipe material.

7.6 By example; if the diameter of inlet pipe to the water
storage tank is 2”, the first two digits will be “60” for
all the items shown under the pipe schedule for inlet pipe.

7.7 The items which are indicated in the range of code numbers
such as 40 to 48 indicated that any item from item suffix
codes 40 to 48 can be used. These items are site specific
and first two digits for the prefix code are to be assigned
after the determination of item dia and pipe material.
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8 IMPORTANT POINTS TO REMEMBER DURING CONSTRUCTION OF WATER
TANKS

8.1 Always refer to concerned chapters in this construction
manual

8.2 Read carefully all the notes on each of the concerned
drawings and keep strict to those notes.

8.3 Structural details must be read and implemented very
carefully. Checks of steel fixing by the competent
supervisor must be made before placing concrete. This
competent supervisor should be present throughout any major
concrete pours.

8.4 All pipes and steel rungs in the tank as shown in the
drawings must be fixed during the course of construction tr~
sequence and not after the completion of masonry / concrete
work.

9 WORKS PROCUREMENT

9.1 For the construction of water storage tanks work procurement
can proceed in the following ways:

(i) Direct labour recruited and managed by the WSC.
(ii) Identification, Selection and appointment of

contractors by individual WSC.
(iii) Pre—cjualification and tendering of contractors by

LG&RDD for construction of water storage tanks in
each district, division or statewide.

9.2 Presently, tanks are built under procedures i) and ii)
above. Considerations of procedure iii) for the construction
of large tanks using pre—qualified contactors from 5000
gallons funded by LG&RDD is under way within the
Directorate.

10 CONSTRUCTION TIME

10.1 The time required for the construction is variable with the
type and capacity of water storage tank. From the
experience at various construction sites, construction time
after availability of materials is 45, 60 and 75 days
approximately for 5000, 10000, and 20000 gallons water
storage tank respectively. This time may be slightly longer
in case of stone masonry and lesser for the RCC/Brick wall
tanks.

(Ill/Chapter .9 9—7 Pebreary lBS





ANNEXURE S





~IN~NEXURE 9.1

ESTINATED DETAILED QUANTITIES FOR WATER STORAGE TANKS

INTRODUCTION

1.1 This document covers comprehensive schedule of quantities
along with the summary of materials and costs for the
approved drawings of Water Storage (W.S) tanks. W.S
tanks were designed in the size range 1000 — 20000
gallons based on the following main options against size
range shown in the Table A. This complete document is an
annexure 9.1 ‘Users Note for Water Storage Tank Drawing-s’
of khis Construction Manual.

Type of Water
Storage Tank

Size Range
(Gallons)

Reference Drawings

Simple Stone Masonry 1000—4500 TAU/O1O, 011

Brick Masonry 1000—4500 TAU/O1O, 011

Stone Masonry
(Core Wall)

5000—20000 TAU/012, 014, 015
and 016

RCC / Brick Masonry 5000—20000 TAU/012, 014, 015
and 016

Ta~1eA: 1~ain Options Of W.S Tanks Against Size Range &
Reference Drawings

1.2 Each type of water storage tanks mentioned above was
designed for three different Length / Breadth CL/B)
ratios I.e 1:1, 1.5:1 and 2:1. After the completion of
design work1 main work wa~to calculate the quantities of
all items involved in each type and L/B ratio of W.S tank
cost estimation. All the quantities calculated are for
the approved drawings of W.S tanks. The drawings
referred to calculate quanti�ies involved are shown
against each type of W.S tank In Table A above.

1.3 There are four sections in this annexure 9.1 for each
type of W.S tank. Each section contaIns as follows;

— Summary of Cost Estimate (1 sheet)
— Summary of ?Iaterials (1 sheet)
— Detailed Es$zimate of Quantities and Cost for W.S

tank L/B ratio 1:1, 1.5:1 and 2:1 (1 sheet each for
first two types of W.S tank and 2 sheets each for
last two types of W.S tank indicated In above Table

(IIh/Cñ~pt~’r g~j,,,,j 9—8 fsbti~ry IUS





A).

1.4 As there are four sections for each type of W.S tanks,
each section is separated by a title page showIng Its
type and capacity range.

2 BRIEF EXPLANATION OF SHEETS IN SECTIONS

Detailed Estimate For W.S Tank

2.1 In the Detailed Estimate For W.S tank, sheet, the first
column shows the capacity of W.S tank along with water
depth, whereas the second column indicates size of water
storage tank. The dimensions indicated in this sheet are
internal.

2.2 In the remaining columns, except the last two columns,
each individual item involved Is separated by lines with
a title along with unit of measurement marked at top.
Each item is further divided into further 3 columns
bearing titles of “Qty”, “Rate” and “Cost”.

2.3 Quantities calculated in all such columns are for
approved drawings for W.S tanks. Rates applied are from
Composite Schedule Of Rates (CSOR) 1979 at 0 % premium
for respective Items and Cost is result of rates applied
to the quantities calculated. Similarly all the
quantities and costs are calculated for each type of W.S
tanks.

2.4 The second last column of the sheet i.e Total Cost is the
summation of cost calculated for all Items involved for
W.S tank. The last column is the Rate / Gin (Rate/Gallon)
for each capacity of W.S tank. Similarly the
calculations are carried out for all three L/B ratios.
L/B ratios are indicated at top right side of set in each
sheet.

2.5 Sets of quantities calculated will enable the AEs in the
Districts to produce quantity estimate for any particular
W.S tank. It is also important to note that apart from
steel which Includes 10% wastage, the quantities
calculated are exclusive of wastage.
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Summary of Materials

2.6 One sheet for the summary of materials is produced from
“Detailed Estimate Sheets” calculated for each L/B ratio
as explained above. In the Summary of Materials,
quantities are tabulated in units available in the
market. This summary will help the WSCto easily procure
the required materials for the respective capacity of W.S
tank. It is also important to note that this Summary of
Materials include 5% wastage for all items except for
steel which is 10%.

Summary of Costs

2.7 Similarly a Summary of Costs is produced from three
“Detailed Estimate Sheets” calculated for each L/B ratio
as explained above. Cost calculated for each capacity of
tank is at 0% premium of CSOR 1979. Rates in the Summary
of Costs for each capacity of W.S tank are readily
convertible for any premium by multiplying the cost with
premium factor and all that is required for cost
estimation. By example in order to calculate cost at
240% premium above CSOR 1979, multiply the total cost
given in the Summary of Costs (against right capacity and
type of tank) by a factor of 3.40 to obtain cost of W.S
tank at required premium.

2.8 All the above explained sheets are repeated in each
Sections for each type of W.S tank.
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WATER STORAGE RESERVOIRS - SUMMARY OF COST ESTIMATES
BRICK MASONRY 1000 - 4500 GALLONS

LENGTH/ BREADTH RATIO
1: 1 1.5:1 2:1

GALLONS) TOTAL {
COST ~

RATE/
GLNS

TOTAL
COST

RATE/
GLNS

TOTAL
COST ~

RATE/
GLNS

AT 0%PREM AT 0%PREM AT 0%PREM

5444

7043

8505

10083

11430

12852

14349

15520

5.44

4.70

4.25

4.03

3.81

3.67

3.59

3.45

5359

6959

8526

10078

11545

12936

14367

15798

5.36

4.64

4.26

4.03

3.85

3.70

3.59

3.51

5465

7160

8788

10221

11732

13123

14433

15859

5.46

4.77

4~39

4.09

3.91

3.75

3.61

3.52
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WATER STORAGE AESEFrIfOIRS - SCHEDULE OFMATERIALS -

BRICK MASONRY 1000 - 4500 GALLONS (FOR ALL. • 1/ B~RATIOS)

NOTES.—
1. Referto the drawing numhers TAU/01 0 and TAU/01 1
2 Schedule ~ndudes 5% was~gefor all the items except for steel which is 10~%~

I I I I I I

Ltri~i,,i/AREADTH RATIO 1:1 Ltriuii-i, wi~Aui,, RATIO 15 :1 Iisn~u.,i RATIO 2.1--.—..

- —~- =
BRICKWORI CEMENT SANDIAGG. ~3TEEl

.-..~—... -
- - - -- ~

BRICKWORK CEMENT SAND AGG. STEEL
Brick (Bags)

~ LNQSI ~ ~ ,~ ~ J!~c~sj

LEN,~
~ .-.

~1RICKWORK CEMENT SAND AGO. STEEL
Brick (Bags)

~ ~ (~1 ~ (~ (Kas)

CAPACIV(
&DEPTh

LGlns) J~
Brick
(N~~

(Bags)
(~ (~ (~ (~1

FOR 1000
325 264 3824 1998 40 131 87 193 264 3824 1963 39 130 85 187 273 3956 2008 40 133 85 188

FOR 1500
3.25 318 4615 2537 51 164 118 268 318 4815 2513 50 163 118 262 332 4813 2592 52 169 118 266

FOR2000
325 364 5274 3032 61 194 147 340 368 5340 3045 61 194 147 338 386 5604 3150 63 203 150 343

FOR 2500
325 409 5934 3561 71 225 180 421 414 6000 3567 71 225 178 417 427 6197 3633 73 231 179 417

FOR3000
325 446 6461 4008 80 251 208 492 455 6593 4056 81 252 209 493 473 6857 4139 83 261 210 492

FOR3500
325 492 6689 4478 90 278 238 568 491 7120 4516 90 279 238 567 509 7384 4599 92 288 239 566

FOR4000
3 25 518 7518 4968 99 307 270 650 532 7714 4995 100 306 268 841 541 7846 5029 101 313 267 638

FOR 4500
325 548 7912 5351 107 328 296 715 573 8307 5474 109 330 297 714 577 8373 5499 110 340 298 715
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BRICK MASONRY
1000-4500 GALLONS

ESTIMATED QUANTITIES AND COST
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STONE MASONRY
1000-4500 GALLONS

ESTIMATED QUANTITIES AND COST





WATER STORAGERESERVOIRS- SUMMARY OFCOST ESTIMATES
STONE MASONRY 1000 - 4500 GALLONS
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NOTES
I Refer to the drawing numbers TAU/0I0 and TAUfO1 I
2 Schedule Includes 5% wastage for all the items except for steel which Is 10%.

WATER STORAGE RESERVOIRS — SCHEDULE OF MATERIALS
STONE MASONRY 1000 — 4500 GALLONS (FOR ALL L/ 9 RATIOS)

LENGTH!BREADTHRATIÔ 1:1 I LENGTH!PnEAITIHRATIO 1.5:1

UI

I LENGTH! BREADTH RATIO 2: 1
CAPACITY
& DEPTH

~GIns~

STONET CEMENT
WORK (Bags)
~ ~ J~

SAND AGG STEE - ITONE
WORK

~ (Cft) ~Sj

CEMENT SAND

~ ~Cf~

TONE
WORK

Cft

CEMENT SAND AGG STE~

~KQS)
(Bags)

JK~ ~s) (C~
(Bags)
(No~(Cft)

FOR 1000

4.75 290 2307 46 160 63 135 290 2290 46 159 81 131 296 2325 47 162 62 130

FOR1500
4.75 350 2883 58 197 85 187 350 2866 57 197 83 l83 362 2947 59 203 85 185

FOR2000
475 398 3368 67 229 105 235 404 3401 68 229 105 234 416 3480 70 237 106 236

FOR 2500

— 4.75 448 3874 77 261 127 289 452 3901 78 261 l26 288 470 4021 80 272 128 288

FOR 3000
475 495 4402 88 294 151 348 495 4359 87 292 147 337 513 4483 90 301 149 340

FOR3500
475 531 4813 98 320 170 398 537 4833 97 320 169 392 555 4941 99 330 169 391

FOR4000
4.75 567 5235 105 346 191 447 573 5246 105 345 188 440 597 5412 108 380 191 445

FOR 4500

~ 69~ 5870 ti3 ~ 212 501 609 5683 - 114 372 210 485 633 5934 117 ~ 212 498
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WATERSTORAGE
STONE MASONRY

RESERVOIRS- SUMMARY OF COST ESTIMATES
5000 - 20000 GALLONS

CAPACITY

(IN GALLONS)

LENGTH/ BREADTH RATIO
1: 1 1.5:1 2:1

TOTAL RATE/ TOTAL RATE/ TOTAL RATE/
COST GLNS COST GLNS COST GLNS

AT0%PREM AT0%PREM AT0%PREM

FOR5000

FOR 6000

FOR7000

FOR 8000

FOR9000

FOR 10000

FOR 11000

FOR12000

FOR13000

FOR 14000

FOR 15000

FOR16000

FOR17000

FOR18000

FOR19000

FOR20000

23646

26325

28389

31215

33390

35613

37883

39423

41021

43356

44942

46565

48980

50631

52301

53971

4.73

4.39

4.06

3.90

3.71

3.56

3.44

3.29

3.16

3.10

3.00

2.91

2.88

2.81

2.75

2.70

23780

26420

28815

31273

33454

35970

38188

40161

40403

42296

44217

46166

48142

49693

51700

53383

4.76

4.40

4.12

3.91

3.72

3.60

3.47

3.35

3.11

3.02

2.95

2.89

2.83

2.76

2.72

2.67

24154

27013

29729

32111

34324

36813

39021

41271

41414

43296

45443

47596

49246

50896

52782

54474

4.83

4.50

4.25

4.01

3.81

3.68

3.55

3.44

3.19

3.09

3.03

2.97

2.90

2.83

2.78

2.72
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WATERSTOWkGEF�SERV~)IF~-. SCHEWLEOF MATERIALS
STONE MASONR1’ 5000 - 20(XX) GALLONS (FOR ALL L/ B- I~TOS)

I Bf~AOTHPATIO 1:

1187 10812

CAPAar~
& DEPTH
~

f1~F~6EMENT- II
WORI( I Bag~~~
~ ~g~1

~! ~
1ifl

LII~ L~J1~

ii~ ~T LI~MENT~
WO1* 1(Ba~)

~ft~ ~

~ANgA(~3.

J~fV4~1~

~T~L~foNE
1WOFE

~ ~f~___

~MtWr ~AG~1~
1(Bags)

~9~1 ~
——

I I ~9 I B~ADTHPAllO I .~ 1 1 LEN~1HI W~ADTHPATIO ?

FOR5000
750

FOR6(00
750

FOR 7000
750

FOR9(00
7.50

FOR9000
750

FOR1(0(1)
750

FOR110(X)
750

FOR 12000
750

FOR 13000
750

FOR 14000
750

FOR 15000
750

FOR 16(500
750

FOR 17000
750

FOR196(X)
750

FOR 19)00
- 750

FOR 200(0
7.50

1300

1384

1497

1582

1667

1752

1808

1893

5978

2034

2095

2175

2232

2288

2345

12(64

12942

14132

15039

ie

1~9

17517

18654

19624

20278

20937

21935

22~39

23285

23969

218

241

259

283

301

319

338

350

373

392

406

459

439

452

466

479

366

411

447

496

534

573

613

641

702

748

776

966

653

885

917

762

818

889

945

1001

1057

1095

1162

1230

1259

1299

1358

1399

1439

1479

1201 11006

1314 12148

1413 13170

1515 1425B

1596 15117

1695 16170

1796 17088

1850 I7E~

1921 18674

1992 19470

2062 20275

2132 25089

2204 2I~

228) 22559

2331 23394

24077

772

881

967

1089

1153

1282

1385

1456

1387

1408

158)

1635

1741

1816

1893

1968

367

411

452

495

533

577

616

652

687

722

759

796

534

663

9)3

220

243

263

284

302

323

342

358

373

405

422

438

451

468

482

692

763

820

889

945

1003

1059

1102

1155

1206

1255

1295

1349

1308

1433

1473

770

875

974

5079

1175

5284

1353

1476

t3c6

1387

1470

1554

1641

1708

1796

15218

12475

13637

l4~

15572~

16818

17534

1848)

19255

20~

20973

25902

22576

23255

24065

1229

1356

1468

1568

1853

1752

1836

1921

1992

2062

2547

2232

2289

2345

2415

3~71

419

465

506

545

588

627

667

702

738

777

817

849

882

918

224

249

273

283

311

332

351

369

385

405

419

438

452

465

481

495

712

790

862

925

980

1044

15(0

5156

1204

1252

5308

1365

1406

‘445

1494

- 1535

772

882

993

1092

1190

1297

1395

1497

1311

5390

1477

1562

1638

1712

1791

~ar~s—

1 Rofer ~sIhecIa~lngnurr~ersTAUfi)I2~ I4rAU
1~)15ardTAU/016

2 Schethde ,ncludoo 5% wastage for all the items e~eptfor steel ~ich is 10%

935 1873 2472 24746 951 1868
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RCC/BRICK MASONRY
5000 - 20000 GALLONS

ESTIMATED QUANTITIES AN]) COST

.1





WATER STORAGE RESERVOIRS - SUMMARY OF COSTESTIMATES
RCC I BRICK MASONRY 5000 - 20000 GALLONS

CAPACITY

(IN GALLONS)

LENGTI-1 I BREADTH RATIO
1:1 1.5:1 2:1

TOTAL RATE/ TOTAL RATEI TOTAL RATE/
COST GLNS COST GLNS COST GLNS

ATO%PREM ATO%PREM ATO%PREM

FOR5000

FOR6000

FOR7000

FOR8000

FOR9000

FOR10000

FOR11000

FOR12000

FOR13000

FOR 14000

FOR15000

FOR16000

FOR17000

FOR 18000

FOR19000

FOR 20000

24570

27356

29502

34692

36995

39346

40940

42853

45286

46938

48626

51139

52856

54592

56327

4.91

4.56

4.21

4 Os

3.85

3.70

3.58

3.41

3.30

3.23

3.13

3.04

3.01

2.94

2.87

2.82

24723

27472

29963

~7617

34781

37394

39695

41737

43095

45094

47121

49177

51260

52896

55010

56778

4.94

4.58

4.28

4 Ot~

3.86

3.74

3.61

3.48

3.31

3.22

3.14

3.07

3.02

2.94

2.90

2.84

25124

28106

30932

~4O9

35705

38291

39695

42914

44210

46436

48473

50520

52489

54225

56327

57995

5.02

4.68

4,42

4 1~

3.97

3.83

3.61

3.58

3.40

3.32

3.23

3.16

3.09

3.01

2.96

2.90
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WAlER STORAGE FESERVOIRS - SCHEDULE OF MATEALALS
RCCCANTILEVER f BRiCK WALL 5000 -- 20000 GALLONS (FORALL L / B~RATiOS)

I I—Nh (H I HI0 AUtH F1AT1fl 1. 1 I —- - I FN(iTl-lJ KFtA ~ K PAI1O 1 !i I

CAPACflyIBsflCKWORg~ c~EMEPa
& DEpTH[~ ~kj~
jGhs) j j~ s~i ~.

~M4b
~

a

A~: uBRICwwo~nCEMEpiynr~ANoA~: 1t~(J gwr~MrPtr
fl~ k~flT(~

a.- ~ ai~iiicgsj ~ an ~s I .icn. ~ ii~i

L~ANb’1A~
—--~

n
5.—-

La.
-—5

458 1629 570 8268 7817

LENGTH / RRFAIflH I4ATIfl 7 1

4581 5636 584 8463 7955

fl

ID

N)

NJ

FOR5000
750

FOR8000
750

FOR 7000
750

FOR 8000
750

FOR 9000
750

FOR 10000
750

FOR 11000
750

FOR 12000
750

FOR 13000
750

FOR 14000
750

FOR 15000
750

FOR160(X)
750

FOR 17000
750

FOR 18000
750

FOR 19000
750

FOR 20000
750

564

617

657

711

751

792

832

859

899

939

966

993

1033

108)

1087

8171

8949

9533

10315

10894

11478

52062

12451

13034

13818

14007

54396

1498)

15369

15758

7760

8816

9273

10167

10852

51550

12259

12739

‘3944

14708

15223

15744

16536

57071

17611

155

172

185

203

217

231

245

255

279

294

304

315

331

341

352

363

419

465

500

547

583

620

657

682

744

784

Bit

838

879

907

935

963

510

552

610

655

701

748

780

877

929

965

5000

1055

1093

1130

1821

1969

2173

2331

2492

2658

2775

2728

2891

3002

3158

3285

3402

3519

624

871

718

758

805

845

879

912

948

979

1013

1047

1073

1107

9046

9727

10408

10992

11673

12256

12742

13229

13755

14202

14688

15174

15563

16050

8664

9427

10206

10893

11687

12384

12996

14083

14713

15350

15998

16650

17 167

17835

158

173

189

204

218

234

248

260

282

294

307~

320~

333’

343

357

421

466

504

547

584

624

660

690

748

783

814

846

882

909

941

P70

551

560

6)1

656

708

753!

795!

883!

926

970

50)4

t08)

1095

1142

1825

‘997

2175

2333

2516

2677

2822

2726

2860

2995

3,33

3273

3381

3522

644

698

745

785

832

845

912

946

986

5020

5053

1087

5154

1147

9338

10116

10797

11381

12062

12256

13229

53715

54299

54785

15272

‘5759

56147

16633

8879

9746

10506

11201

11988

12384

13387

14493

15207

15848

16496

17117

17662

18295

464 1660

522 1863

577 2058

626 2229

672 2390

723 2570

753 2877

815 2895

908 2785

953 2930

997 3066

5042 3201

1084 3332

1122 3448

1l66~ ~

~ 3899

159

178

195

210

224

240

248

268

290

304

317

330

342

353

366

277

431

480

526

566

603

644

664

758

774

812

845

879

911

940

973

10021114 16147 18156 1189 3636
NOTES -

1 Refer to the drawing numbers TAU
1O13,TAU/014,TAUJOI5 and TAU/016

2 Sdiedule unclLdes 5% wnstage fnr all the items except *x steel which S 10%
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0.3
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0.3

203
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42
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13
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C
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182

0.72

182

582

1470

13153

522

3876

112

182

2,
-U

2,

20

2,
2,

2,

15
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211
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3245
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1145
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IS-

23
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23
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20

$2

20

20

0.20

0.!

‘3

42

0.1

‘3

‘3

63

0.20

02

‘9

6.3

62

‘3

120

564,

120

564

2,5

12
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2,9

22

2,

220

22
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2,

9’

2,

2,
32
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82

53
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25
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