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_GLOSSARY

Aman

Aus

Beel

District

. Hé'or

‘Rice grown during the wet season (Kharif), and harvested late (Nov-

| 2.5t/ha

. moving water in rivers and canals.
Boro

“Haor is a wetland ecosystem in the north eastern part of Bangladesh.

December). Yields: (i) Broadcast, deep water 1.5t/ha; (ii) Transplanted,
local variety 2.2t/ha; (iii) Transplanted, high yielding variety, 3.25t/ha
Rice grown during the wet season (Kharif), and harvested early (July-
August).

Yields: (i) Broadcast 1.25t/ha; (ii) Transplanted, high yielding variety,

Saucer shaped low-lying area with pond of static water as opposed to

Irrigated rice grown in the dry season (Rabl) Transplanted in
December/January and harvested in April / May. Yield: (i) Transplanted,
high yielding variety, 4.25t/ha

Second administrative unit of the government comprising 6-9

Physically a bowl or saucer shaped shallow depression, also known as a
pback-swamp

Integrated Water
Resources
- Management Unit

Unit comprising two sections: (i) planning & design, and (ii) operation &
maintenance, with a mandate to guide LGED'’s activities in the water

 Khal

~ Natural or man-made water chann

sector.

| Kharif
Local Stakeholder

Local Stakeholders are inhabitants of an area d|rectly or indirectly affected

by water management, be it as beneficiaries or as “project affected
people”.

Rabi

Dry / winter cropping season (Nov

Stakeholder
Groups

Stakeholder groups are collections of individuals who have similar interests
concerning water.

Union

Subdivision of Upazila. There are

Union Parishad

Local government institution at Union level. The Union Parishad consists of
an elected council & chairman, and is the oldest government institution in
Bangladesh

| Upazila

Administrative unit, sub-division of District and lowest administrative tier of |
the government. In all, there are 482 upazilas in Bangladesh.

Upazila Parishad

2" tier of local government institut Upazila.

Vi
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ABBREVIATIONS AND ACRONYMS

ADB
AE
CA
(610)]
CPO
CSs
DAE
DLIAPEC
DOC
DOF
DWRA
FMC
FSDD
GoB
JBIC
JICA
ICM
IWRMU
LCS
LGED
MC
MIS
NGO
O&M
PM
PMO
PRA
QC
SAE
SP
SSWR
SSW-1
SSW-2
SSW-3
SSW-4
TA
TOR
ubDCC
UE
uPVvC
UP
uzP
WCS
WMCA
XEN

Asian Development Bank

Assistant Engineer

Community Assistant (Project Based — Subproject Level)
Community Organizer

Community Participation Officer (Project based, district level)
Construction Supervisor (Project Based — Upazila Level)
Department of Agricultural Extension

District Level Inter-Agency Project Evaluation Committee
Department of Cooperatives

Department of Fisheries

District Water Resources Assessments

First Management Committee

Feasibility Study & Detailed Design
Government of Bangladesh

Japan Bank for International Cooperation

Japan International Cooperation Agency

Integrated Crop Management

Integrated Water Resources Management Unit (of LGED)
Labour Contracting Society

Local Government Engineering Department
Management Committee (of WMCA)

Management Information System

Non-Governmental Organization

Operation and Maintenance

Planning Meeting

Project Management Office

Participatory Rural Appraisal

Quality Control

Sub-Assistant Engineer

Subproject

Small Scale Water Resources

SSWR Development Project Phase | (ADB), 1996-2002
SSWR Development Project Phase Il (ADB), 2002-2009
SSWR Development Project (JBIC), 2009-2015
Participatory SSWR Project (ADB) 2010-2017

Technical Assistance

Terms of Reference

Upazila Development Coordination Committee

Upazila Engineer

Un-Plasticised Polyvinyl Chloride (or PVC”u”)

Union Parishad (local council)

Upazila Parishad

Water Conservation Structure

Water Management Cooperative Association

Executive Engineer

Vii
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UNIT CONVERSION TABLE

Length

1 inch (in)

1 foot (ft)

1 metre (m)

Area

1 acre

1 acre

1 square metre (m?)
1 hectare (ha)

Volume
1 cubic foot (ft3)
1 cubic metre (m3)

Capacity

1. imperial gallon
1. US gallon

1 pint

1 US gallon (dry)
1 litre (1)

1 litre (1)

1 hectolitre (hl)

1 litre (1)

1 cubic metre (m3)

Mass

1 ounce

1 pound

1 long ton
1 short ton

1 gram (g)

1 kilogram (kg) 1000 g

1 ton 1000 kg

Pressure

1 pound force/in?
1 pound force/in?
1 Pascal (PA)

1 atmosphere

1 atmosphere
1 bar
1 bar

Energy

1B.t.u.

1 foot pound-force
1 B.t.u.

1 B.t.u.

1 Joule (J)

1 Joule (J)

1 kilocalorie (Kcal)

0.0254 m
0.3048 m
3.28 feet (ft)

4046.86 m2
0.4046 ha
0.00024 acres
2.47 acres

0.0283 m?
35.315 cubic feet
(ft%)

0.0045 m?3
0.0037 m3
0.5681 |

0.0044 m3

0.22 imp. gallon
0.264 U.S. gallon
100 litres

1.760 pints

1000 |

28.3286 g

0.4535 kg

1016.05 kg
907.185 kg

0.0353 ounces (0z)
2.20462 pounds
0.984 long ton
1.102 short ton

6894.76 N/m?
51.7 mm Hg
1 N/m?2

760 mm Hg
14.7 pound
force/in?
(Ibf/in2)

1 bar

10 metres
100 kpa

1055.966 J

1.3559 J

0.25188 Kcalorie
0.0002930 KWh
0.000947 B.t.u.
0.7375 foot pound-
force (ft.Ibf)
4185.5J

= 3.97 B.t.u.

viii

1 kilowatte-hour (kWh) 3600000 J

Power
1 Joule/sec

1 foot pound/sec
1 Kcal/h
1 watt (W)

1 horsepower (hp)

1 kilowatt (kW)

Temperature

=3412B.t.u.

0.7376 foot
pound/sec

1.3557 watt
0.001162 kW

1 Joule/sec

= 0.7376 foot
pound/sec (ft Ibf/s)
745.7 watt

550 ft Ibf/s

860 Kcal/h

= 1.34 horsepower

0C (Celsius or centigrade-degree) °C

= 5/9 x (°F - 32)

OF (Fahrenheit degree) °F

K (Kelvin) K

1.8x0C + OF
°C +273.15
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SECTION-1: INTRODUCTION
A. Background

One CAD subproject was developed under SSW-1 (1996-2002), SP11004 Agrani Irrigation
project. This was considered successful with farmers choosing to switch from cultivation of
winter Boro rice to vegetables and potato. Under SSW-2 (2002-2009) 29 CAD subprojects
were developed and three CAD & IRR subprojects. The cost of these at 2013/14 prices
(assuming 5% annual inflation in US$ terms) varied from about US$ 460 to 1,160 / ha,
averaging US$ 745/ ha.

These were usually designed for boro rice cropping with water pumped from a permanent
water body, small river or khal into a concrete header tank. Water distribution from the
header tank to farmers’ fields usually comprised: (i) either a buried concrete pipe or an open
(lined) canal system constructed by the project supplying flow to outlets; and (ii) open
earthen ditches from the outlets to the fields dug by farmers. Where buried concrete pipes
were adopted joints were sealed using bitumen impregnated hessian / jute cloth and a
concrete / mortar surround. Spigot and socket joints are only features of the larger (600 mm
or more) concrete pipes. Associated structures included: (i) simple header tanks for
sedimentation of coarse sediment and to allow driving head through pipeline — ie no
regulatory or flow measurement function; (ii) air-vent standpipes to release trapped air; and
(iii) riser outlets for surface irrigation. Any sediment that entered the pipe system was
expected to wash out through the riser outlets.

Figure I-1: Photos of CAD Irrigation System

; ;s

[ i ":5' & .
Locked cover to prevent tampering to Alfalfa
Vale of Outlet

Air vent Standpipe & Outlet Box, Kharia Nadi
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Unfortunately many of these early CAD schemes are not working well, and the main reasons
included: (i) failure to provide equitable coverage over the proposed benefit (command)
area; (ii) leaking concrete pipeline joints; (iii) no regulatory structures except for the alfalfa
valves at the outlets; and (iv) inability of farmers to procure suitable sized pumps and
manage operation including distribution of water and collection of fees from users.

In 2011 a guideline was adopted for CAD subprojects constructed by LGED and significant
improvements included: (i) adoption of uPVC pipes up to 550 mm diameter; (ii) improved
layout and flow control with large systems broken up into independent smaller rotation units,
80-120 ha in size. A single pipeline to supply each flow control unit, and flows controlled at
the head each rotation unit — usually at the header tank. This guideline was used for design
of CAD subprojects under SSW-3 and SSW-4, and forms the basis of this current guideline.

From May 2014, to ensure immediate benefits result from new schemes, a pump house and
two pumps along with steel pipe connections are being provided by LGED. Unless an
electric connection can be quickly provided then diesel pumps are adopted. Overtime

farmers / WMCAs are expected to arrange for addition pumps to meet peak water demand.

B.

Criteria for Selection of CAD Subprojects

CAD subprojects are relatively expensive', therefore criteria should be used to screen
proposals during reconnaissance, see below.

Table I-1: Criteria for Selection of CAD Subprojects

Nr Criteria

1 | Water source | The water source must be perennial with sufficient water in an adjacent river /
khal even in a dry year to meet demand. Highly unstable rivers should also be
avoided.

2 | Other Users Increased pumping from the water source must not adversely impact on other
users (whether for domestic, agricultural or fishery use)

3 | Existing There should be an existing low lift irrigation system (open channel / pipe) in
irrigation the subproject area demonstrating community interest and ability to manage
system an irrigation system

4 | Community The local community must give high priority to provision of an irrigation system
Interest (CAD type SP)

5 | Groundwater If the command area is already irrigated by either: (i) small privately
pumping (household) owned shallow wells; or (ii) a few number of deep tubewells it

should not be developed as a CAD SP

6 | Flooding /land | Irrigation facilities should not extend over land which is extensively flooded in
elevation the monsoon. If the proposed SP contains extensive (say >40%) of such land

it should not be developed as a CAD SP.

7 | Power source | Reliable power supply must be available — assuming electric pumps this
implies that a suitable power line is available within (say) 3km

8 | Soils The soils should be suited to irrigation — sandy soils with high infiltration rates
are not suited to surface irrigation. Also note that a high variation of soil types
within the subproject would pose challenges to operators.

9 | Topography If the proposed command area is highly fragmented / broken (eg bisected by
khals) then irrigation development is not likely to be viable. For example
undulating & irregular narrow ridges broken by low-lying land are not suitable.

10 | Unit Cost/ The CAD subproject must be viable. While high value crops may be proposed
Economic for Rabi, it is suggested that the SP should at least break even for padi
Viability cropping. This means that the existing rabi cropping intensity should be quite

low (ie less than say 60%).

11 | O&M The CAD subproject should benefit equitably all farmers within the subproject

area to facilitate collection of O&M fees

T EME study 2013/14 in US$: (i) CAD 806/ha; (iii) Regulatory 300-600/ha; and (iii) Non-regulatory 160-200/ha.

2
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C. Design Guideline for CAD Subprojects

This Guideline is intended for use by those responsible for the detailed design of the CAD
subprojects developed by LGED. It is intended to synthesize best international practice and
ensure sound design, standardization and adoption of efficient and cost effective buried pipe
irrigation systems.

Following this Introductory Chapter, the rainfall and climatic variation in Bangladesh are
presented in Chapter Il, and irrigation water requirements in Chapter Ill. This chapter also
observes that crop water requirements vary through the lean season, only peaking for a few
weeks, and that in design optimisation whole life (capital and pumping) costs should be
considered.

In Chapter IV pipe system options are discussed and guidelines given for pipeline layout
and achieving cost effective design. This is followed by design guidance in Chapter V for the
pipe line, and in Chapter VI for the associated pipe system structures.

The adoption of appropriate pumps able to deliver the required discharge against the
pumping head efficiently is important to operators / farmers to minimise operation costs, and
pump selection and power requirements are discussed in Chapter VII.

Construction is discussed in Chapter VIII. Finally operation and maintenance requirements
are described in Chapter IX.
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Figure I-2: Schematic lllustration of Buried Pipe System
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SECTION-2: CLIMATIC DATA
l. Rainfall and Climatic Data
A. Introduction

Reference crop evapotranspiration may be calculated using climatic data for any one of 16
main climatic stations in Bangladesh using the FAO program CROPWAT (version 8). Data in
a format ready for use in CROPWAT are available from the FAO CLIMWAT database.
Details of these programmes are given in Appendix B1.

However several institutes and agencies keep climatic records including the Bangladesh
Meteorological Department (BMD) and the Bangladesh Water Development Board (BWDB).
A hydrological station network map is given at the end of this Chapter and shows locations
for 252 rainfall / climatic stations. Using data from several stations close to the subproject is
is likely to result in greater accuracy of evapotranspiration estimates.

Figure I-1: Climatic Stations in Bangladesh, FAO
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B.

Rainfall Data

1. Variation in Average Rainfall

To indicate country wide variation in rainfall, data have been analysed and compiled for the
following 13 stations.

Table I-1: Selected Climate Data Stations & Average Annual Rainfall

Average .
. . . Elevation Annual Rainfall as
Nr Station Latitude,N Longitude,E ] percentage
(m) Rainfall £
(mm) of average
1 | Barisal | 22041'59.99" 900 22'00.08" 10 2,120 83%
2 | Chittagong* | 22019'49.53" 910 49'30.59" 10 3,259 127%
3 | Comilla 230 27'21.45" 910 10'55.33" 17 2,202 86%
4 | Cox'sBazar | 21926'21.96" 920 00'27.91" 3 3,936 153%
5 | Dhaka | 23042'35.97" 900 24'25.55" 19 2,149 84%
6 | Faridpur 230 36'00.02" 89° 51'00.00" 15 1,881 73%
7 | Jessore* 230 10'00.00" 89° 13'00.01" 13 1,789 70%
8 | Madaripur 230 10'23.09" 900 12'16.65" 10 2,012 78%
9 | Maijdee / Noakhali | 22°52'20.02" 910 06'06.11" 9 3,372 131%
10 | Mymensingh 240 44'56.49" 900 24'10.12" 18 2,563 100%
11 | Rajshahi* 240 22'06.80" 88° 36'00.09" 26 1,375 54%
12 | Rangpur* | 250945'01.53" 89° 15'22.10" 38 2,318 90%
| 13 | Sylhet* [ 24°5351.23" | 91°52'17.85" 24 4,422 172%
Average 2,569

The data shows a large range in annual rainfall. The districts to the east are the driest with
rainfall 50-75% of the average for the country — Rajshahi with just 1,375 mm falls in this
area. Districts with 70-100% of the country average extend from the north-east to the south
east and also the centre - centre-west of the country — Rangpur, Dhaka, Comilla, Madaripur
and Barisal fall in this region. Districts wetter than the average lie in the east, with the wettest
districts in the far north-east, Sylhet -172%, and the far south-east, Coxes Bazaar — 153% 2.

It is the uncertainty associated with monthly rainfall that impacts cropping, and the high
variation in the amount and timing of rainfall from year to year can cause extensive crop loss
due to flooding and/or water shortages. Monthly rainfall data are presented below for five
stations, giving a reasonable representation of the average monthly rainfall variation in the

country.

800.0
600.0
400.0

200.0

Monthly Rainfall (mm)

0.0

Sylhet

== Chittagong =fll=Rangpur

== Jessore

== Rajshahi

2 Hill tract areas in the south east are not considered
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Figure I-2: District Map
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Figure I-3: Indicative Average Annual Rainfall
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a. Sylhet — 4,422 mm

Sylhet represents the wettest part of the country, with an average annual rainfall of 4,422
mm, about 172% of the country average. Wet and dry year rainfall (5 year probability of
occurrence) varies from 4,932 mm to 3,841 mm and large areas of the countryside are
submerged during the monsoon for prolonged periods. The distribution of rainfall over the
year impacts on crop losses / production. In the driest year of the 28 year data record, 2008,
monthly rainfall was quite uniformly spread from July to August, with about 600 mm falling
each month. This would not have posed significant difficulties for farmers, though with
flooding much less than usual. In a near average year, in 2006, there was 4,526 mm of
rainfall. However most of this “extra” rainfall fell in June, 1,589 mm, which would have
caused severe flooding and Aus crop losses. The wettest year on record was in 1988 when
there was 6,146 mm of rainfall. However the high rainfall was distributed over several
months with peaks of 1,196 mm in May and 1,138 mm in August. Flood damage to
transplanted Aus seedlings would have occurred in May, the Aman crop would also have
suffered excessive depths of floodwater and the land would have been slow to dry out for a
Rabi crop.

Sylhet 1000.0
Month | Average Dry Wet
X2.33 X1.25 X5 900.0
dan |74l es| s3] | 219
MarCh ......... 1 517 131.7 169.1 5000
April 409.1 355.3 456.2 ’
Mprl | 5023 5144 | 660.5 400.0
. 8 2'8 32.0 939.9 300.0
June | | B4z 732. : 200.0
Juy | 8399 7294 | 936.6 100.0
Aug 650.5 565.0 7255 0.0 -
Sept | 6237 541.7 | 6955
Oct 226.0 196.3 252.0
Nov | 290| 252 323
Dec | 133 116] 148 —8—Average —#—Dry —d—Wet
Annual 4422.7 3841.2 4932.0
1400
1200
1000
800
600
400
200
0 .
Jan Feb March April  May June July Aug  Sept Oct Nov Dec
W 1988: 6,146 mm m 2006: 4,526 mm 2008: 3,476 mm

Sylhet Monthly rainfall — 4,423 mm in an average year
28 years of data, 1981 to 2010
(some years missing from record)
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b.

The south and south east of the county, represented by Chittagong data has rainfall 120-
150% of average, and is the next wettest area after Sylhet. Wet and dry year rainfall (5 year

Chittagong — 3,259 mm

probability of occurrence) varies from 3,709 mm to 2,739 mm.

In the driest year of the 25 year data record, 2006, rainfall was particularly light in June and
In a near

August, and some (minor) supplementary pumping may have been required.

average year, in 1987, there was 3,402 mm of rainfall. However most of this “extra” rainfall
fell in July, 1,308 mm, which would have caused severe flooding and Aus crop losses. The
wettest year on record was in 2007 when there was 4,837 mm of rainfall. Most of this fell in
June and July with peaks of 1,378 mm and 963 mm. Interestingly there was 106 mm of

rainfall in February which would have helped meet rabi / boro crop water requirements.

. ... Chittagong 1000
Month | Average Dry Wet 900 T
X2.33 X1.25 X5
165 13.9 188 800
""" 3456 291 394 700
7872 658 | 89.0 600
168.2 1414 | 1914 igg
"350.1 2943 | 3985
'615.2 5171 700.1 300
: . . 200
844.8 710.1 961.5
o 100 \ v
526.9 4429 | 5997 o lm=E~ @00 Ay
323.3 2717 | 367.9 ;
S X X D AN 2 N W &R L
2238|1881 | 2547 N R R O R AN SRR v
715 60.1 81.4
60 5.1 6.8 —@—Average =—#=Dry Wet
3,259.1 | 2,739.5 | 3,709.3
1400
1200
1000
800
600
400
200
0 i .
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W 2007:4,837 mm W 1987: 3,402 mm 2006: 2,420 mm

Chittagong Monthly rainfall — 3,259 mm in an average year
Based on 25 years of data, 1981 to 2009
(some years missing from record)
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C. Rangpur — 2,318 mm

Rangpur district, lying in the northwest represents the drier part of the county with rainfall 75-
100% of national average. Wet and dry year rainfall (5 year probability of occurrence) varies
from 2,719 mm to 1,860 mm.

In the driest year of the 23 year data record, 1994, there was 1,281 mm of rainfall, and
monthly rainfall only exceeded 200 mm in June. Supplementary pumping would have been
required for Aus and Aman cropping. In a near average year, in 2003, there was 2,343 mm
of rainfall with most of this falling in June and July. The wettest year on record was in 1987
when there was 3,388 mm of rainfall. Much of this fell in July, 1,387mm and would have
caused flooding and crop damage to the early Aman crop.

Rangpur 1000

Month | Average Dry Wet

X2.33 X1.25 X5 900
Jan 8.9 7.2 10.5 800
Feb |~ “do7] 86 12.5 700
March | 3247 260 38.0 600
April | 1066 85.6 1251 500
May | 2717 | 2180 318.7 400
June | 4525 363.1 530.8 ggg
July 500.9 401.9 587.5 100 . W
Aug | 3%02) 2810 4108 o Nem
Sept 3832 307.5 4495 C oo A e S &N

A\

Oct 184.3 147.9 216.2 W@ V@" & F PR TS
Nov 9.0 7.2 10.5
Dec 7 6 61 8.9 == Average «===Dry Wet
Annual | 2,318.0 | 1,860.0 | 2,719.1
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W 1987:3,388 mm  m2003: 2,343 mm 1994: 1,281 mm

Rangpur Monthly rainfall — 2,318 mm in an average year
Based on 23 years of data, 1981 to 2010
(some years missing from record)
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d.

Jessore — 1,789 mm

Jessore district, lying in the south west northwest represents the drier part of the county with
rainfall 50-75% of national average. Wet and dry year rainfall (5 year probability of
occurrence) varies from 2,000 mm to 1,549 mm.

In the driest year of the 26 year data record, 1994, there was 1,321 mm of rainfall, though
this was fairly evenly distributed over the monsoon months with monthly rainfall exceeding
200 mm in June, July and August. In a near average year, in 1983, there was 1,810 mm of
rainfall with the highest rainfall occurring in May and August — supplementary pumped
irrigation would probably have been needed in June and July. The wettest year on record
was in 1988 when there was 2,402 mm of rainfall. Much of this fell in June, 740 mm and
would have caused some flooding and crop damage to the early Aus crop.

Jessore
1000
Month | Average Dry Wet
X2.33 X1.25 X5
Jan 12.3 10.7 13.8 800
Feb C 244 21.1 27.3
© I 600
March 475 411 53.0
April C 796 | 689 88.9 400
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June " 3270 2830 3655 200 - .
I - (4] Y —— 9] -
Aug 279.7 242.0 312.6 oH=-—-—-- \\h
Sept © 2750 238.0 307.4 S P DD @ N YOS
\'b <<® & Q WO o (o) Q
Oct 144.0 124.6 160.9 G SR N
Nov T T329] 285 36.8
Dec EET.Y- N E—-w1 121 == Average ==Dry Wet
Annual | 1,789.4 | 1,548.7 | 2,000.3
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m1988:2,402 mm  m1983:1,810 mm 1994: 1,321 mm

Jessore Monthly rainfall — 1,789 mm in an average year

Based on 26 years of data, 1981 to 2008
(some years missing from record)
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e. Rajshahi — 1,375 mm

Rashahi district, in centre-west represents the driest part of the county with rainfall only just
over 50% of the national average. Wet and dry year rainfall (5 year probability of occurrence)
varies from 1,601 mm to 1,117 mm.

In the driest year of the 26 year data record, 1992, there was just 795 mm of rainfall, mostly
falling in July — September. Supplementary irrigation would have been required for both an
Aus and Aman crop. In a near average year, in 2001, there was 1,402 mm of rainfall with
more than 200 mm falling in May, June, July and October. Supplementary irrigation may
have been needed in August and September. The wettest year on record was in 2007 when
there was 2,004 mm of rainfall.

Rajshahi 1000.0
Month (" Average Dry Wet '
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Rajshahi Monthly rainfall — 1,375 mm in an average year
Based on 26 years of data, 1981 to 2007
(some years missing from record)
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2. Lean Season Rainfall

Although supplementary irrigation may be required from April to September, the main
justification for a pumped irrigation CAD subproject is to enable Rabi/ lean season cropping.

What is interesting is that even in the wetter parts of the country the quantity of rainfall in the
lean season, from November to February, is rarely “significant” (>50 mm rainfall in a month
is adopted as being “significant”).

Referring to Table 1-2 below, from November to February, the number of years in which
rainfall in any month exceeded 50 mm showed little correlation with the volume of annual
rainfall. The wetter eastern districts of the country have as little rainfall as the eastern
districts during the lean season. For example, the likelihood of “significant” rainfall from
November to February in any one month in Sylhet is 9% (ie about 1 year in 11), and is about
6% in Rajshahi. The district with the best chance of “significant” rain was Chittagong (16%),
with Rangpur having the least chance (1%).

This indicates that there is a need for CAD subprojects and supplementary (pumped)
irrigation for the lean season in all districts. However, the heavy monsoon rainfall in the
eastern districts, particularly in the north-east, leads to prolonged flooding and high soil
moisture — in this area only higher lying land may be suitable and fewer CAD subprojects are
likely to be viable.

Table I-2: Lean Season Rainfall

Avg annual Leg?th Nr of years with significant (> 50 mm / month) of rainfall
District r?grm;a)ll R(ey(;:)-d Oct Nov Dec Jan Feb Mar

Sylhet 4,390 29 26 4 2 0 5 22
90% 14% 7% 0% 17% 76%

Average (Nov — Feb) 9%
Chittagong 3,256 26 19 9 0 2 6 11
73% 35% 0% 8% 23% 42%

Average (Nov — Feb) 16%
Rangpur 2,318 23 20 1 0 0 0 5
87% 4% 0% 0% 0% 22%

Average (Nov — Feb) 1%
Jessore 1,789 27 20 6 2 1 4 9
74% 22% 7% 4% 15% 33%

Average (Nov — Feb) 12%
Rajshahi 1,375 27 18 4 3 0 0 4
67% 15% 1% 0% 0% 15%

Average (Nov — Feb) 6%

C. Climatic Data

Monthly temperature (minimum and maximum) °C, humidity %, wind speed km/day and
sunshine hours data are required to calculate reference evapotranspiration, Temperature
variation across the country is indicated by the data tabulated below in Table I-3.

14




Guidelines for SSWRD Project

Exchibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L
Table I-3: Average Monthly Temperature Data
Sylhet Chittagong Rangpore Jessore Rajshahi
Month Min Temp | Max Temp | Min Temp | Max Temp | Min Temp | Max Temp | Min Temp | Max Temp | Min Temp | Max Temp
°Cc °Cc °Cc °Cc °Cc ’Cc °Cc °Cc °Cc ’Cc
Jan. 13.1 25.2 13.5 25.3 10.6 23.3 11.3 254 10.4 24 .4
Feb. 14.5 27.2 16.2 28.2 12.7 26.1 14.4 28.5 13.2 27.7
Mar. 18.3 304 20.3 30.8 16.1 30.3 19.5 33.2 17.7 33.2
Apr. 20.4 30.8 22.8 30.9 20.7 32.2 23.6 35.7 229 36.2
May 221 30.9 24.7 323 229 32.1 249 35.1 24.3 34.9
Jun. 23.1 31.0 252 315 25.0 32.0 258 33.3 25.8 335
Jul. 24.3 30.9 24 4 29.9 257 31.7 259 32.2 26.0 32.2
Aug. 244 31.6 251 31.2 25.3 30.9 259 32.2 26.1 324
Sep. 23.8 31.1 242 30.7 25.1 314 254 325 255 32.3
Oct. 220 30.9 23.9 31.5 224 30.8 23.2 32.3 23.2 31.7
Nov. 18.1 29.2 19.6 28.9 17.4 28.6 17.9 30.0 17.8 29.3
Dec. 13.9 26.4 15.0 26.1 12.7 25.3 12.4 26.5 12.7 25.8
Average 19.8 29.6 21.2 29.8 19.7 29.6 20.8 314 20.5 311

15
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Figure I-4: Average Maximum & Minimum Temperatures

Average Maximum Temperatures
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Temperatures are higher for the dryer western districts, and lower for the wetter eastern
districts. Temperatures peak in the pre-monsoon season, particularly in the drier districts. In
Rajshahi for example, where there is just 1,375 mm of rainfall per year, temperatures reach
36°C in April. In contrast in Sylhet temperatures peak at 31-32°C.

Average minimum temperatures peak at 24-26°C in July, and drop to 10-14°C in January, for
all districts

Monthly climatic data are tabulated and discussed below for five selected districts, and given
in Appendix ** for 13 districts. As with rainfall there is significant variation in climatic data
from year to year which is not apparent from the averages. This is illustrated by comparing
monthly data for a single year, 1997, with the long term monthly averages.
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a.

Sylhet

Table I-4: Climatic Data for Sylhet

Month MinOTemp Max Temp | Humidity Wind Sunshine
Cc °C % km/day hours

Jan. 13.1 252 71 92 7.9
Feb. 14.5 27.2 67 116 8.2
Mar. 18.3 30.4 67 145 7.8
Apr. 204 30.8 76 143 6.8
May 22.1 30.9 81 127 5.7
Jun. 23.1 31.0 84 113 3.8
Jul. 24.3 30.9 88 105 3.5
Aug. 24.4 31.6 87 92 4.4
Sep. 23.8 31.1 87 77 4.7
Oct. 220 30.9 83 76 7.1
Nov. 18.1 29.2 77 86 8.3
Dec. 13.9 26.4 72 88 8.4
Average 19.8 29.6 78 105 6.4

Maximum temperatures remain at about 32°C from April to October, dropping to about 25°C
in January, the coolest month. Minimum temperatures show more variation, peaking at 24°C
in July-August, and falling to 13 °C in January. In 1997 monthly values were close to the long
term average. Humidity remains high in the monsoon season at 80-90%, and falls to the lean
season to about 72%. Wind speeds are typically “light”, between 60 and 216 km/day, and
peak in March — April. Sunshine hours vary from about 8 in the drier lean season, reducing
to about 4 in the monsoon.

Table I-5: Wind Speed Categories

Nr | Wind Category

Wind Speed Range

m/s km/day
1 | No wind 0 07| O 60
2 | Light 07 |25 60 | 216
3 | Moderate 25 35| 216 302
4 | Strong 35 302

w1997 — Max

Average

Temerature °C
N
S

Jul.

Aug.

Sep.  Oct.
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b. Chittagong

Table I-6: Climatic Data for Chittagong

Month MinoTemp Max Humidity Wind Sunshine
Cc Temp °C % km/day hours

Cdan 13.5 . .253. 72 . .110 8.6
. Feb. 16.2 . .282 70 . 146 8.9
. Mar. 20.3 . .30.8_ 74 . .233 8.7
LA 228 ..30.9, 75 . .39%0 8.5
. May 24.7 . .323, 79 . .344 7.1
o dun 25.2 . 315, 84 LA 4.1
Cdul 24.4 299 83 426 4.3
Aug. 25.1 31.2 86 378 5.1

.. Sep. 242| 307 84| . . 257 6.4
| Oct. 23.9 _ 315 82 . .140 74
_ Nov. 19.6 . .28.9 76 .. 96 8.1
. Dec. 15.0 26.1 73 .94 8.2
Average 21.2 29.8 78 249 7.1

Maximum temperatures remain at about 31°C from April to October, dropping to about 25°C
in January, the coolest month. Minimum temperatures show more variation, peaking at 25°C
in June, and falling to 13 °C in January. In 1997 monthly values were close to the long term
average. Humidity remains high in the monsoon season at about 85%, and falls in the lean
season to about 72%. Wind speeds are typically “light”, between 60 and 216 km/day, from
October to February, and “moderate”, between 216 and 302 km/day, or “strong”, greater
than 302 km/day, from March to September. Sunshine hours vary from 8-9 in the drier lean
season, reducing to 4-6 in the monsoon.
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Temerature °C
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S
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c. Rangpur

Table I-7: Climatic Data for Rangpur

Month MinoTemp Max Humidity Wind Sunshine

C Temp °C % km/day hours
_Jan. 10.6 283 82| 53 6.8
. Feb. 12.7 . .26.1 A A 7.8
. Mar. 16.1 .. 303 68 | 113 8.0
Apr. 20.7 .32.2 73] .. .183 74
May 229 321 81 131 6.6
CJdun. 250 320 85| 128 5.1
Ll 257 37 84| 124 4.3
Aug. 25.3 30.9 85 115 5.2
_ Sep. 251 314 87| 95 5.2
_ Oct. 22.4 .30.8 8| .. ..70 7.3
Nov. 17.4 28.6 79 69 8.3
 Dec. 12.7 253 82| 53 7.5
Average 19.7 29.6 81 98 6.6
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Maximum temperatures remain at about 31-32°C from April to October, dropping to about
23°C in January, the coolest month. Minimum temperatures show more variation, peaking at
25-26°C from June to September, and falling to 11 °C in January. In 1997 monthly values
were close to the long term average, except for April which was slightly cooler than usual.
Humidity remains high in the monsoon season at about 85%, and falls in about 70% in
March. Wind speeds are usually “light”, between 60 and 216 km/day. Sunshine hours vary
from 7-8 in the drier lean season, reducing to 4-6 in the monsoon.
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d. Jessore

Table 1-8: Climatic Data for Jessore

Month MinOTemp Max Temp | Humidity Wind Sunshine
C °Cc % km/day hours
Jan. 11.3 254 73 65 7.3
Feb. 44| 285 69 9 78
Mar. 195 %2 6] 173 79
Apr. 23.6 35.7 69 318 8.1
May 249 31| 76| 320 7.3
Jun. 58|  333|  84|l 219 4.8
Jul. 50| 32| 87| 245 3.9
Sep. 254 325 86 176 4.8
Oct. 232| 33| 8| & 6.7
Nov. 79| 300 77| 6t 7.4
Dec. 12.4 26.5 75 51 7.2
Average 20.8 31.4 77 175 6.5

Maximum temperatures peak at about 35°C in April and May, dropping to about 25°C in
January, the coolest month. Minimum temperatures show a bit more variation, being about
25°C from May to September, and falling to 11°C in January. In 1997 monthly values were
close to the long term average, except for April which was rather cooler than usual. Humidity
remains high in the monsoon season at about 87%, and falls in the lean season to about
73%. Wind speeds are typically “light”, between 60 and 216 km/day, from September to
March, and “moderate”, between 216 and 302 km/day, in the pre-monsoon and monsoon
months. Sunshine hours vary from 6-8 most of the year, reducing to just 3-4 from June to
September.
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Table I-9: Climatic Data for Rajshahi

Month MinOTemp Max Temp | Humidity Wind Sunshine
C °Cc % km/day hours
Jan. 104 24.4 74 74 7.2
Eeb. 130 T o1 62
Mar. 177 “s5sl T g 103 65
Apr. 22.9 36.2 62 158 8.4
May 543 TN B 173 —
o 558 “sael " es 163 o
Jul. 26.0 32.2 87 148 4.5
Aus. 6.1 “adl T es 133 51
Sop. Se £ 53l ee 111 =2
oot 535 T 70 —a
Nov. 17.8 293 77 68 8.1
Dec. 12.7 25.8 75 76 7.7
Avorags 0.6 T 113 20

Maximum temperatures peak at about 36°C in April, dropping to about 24°C in January, the
coolest month. Minimum temperatures vary from about 25°C from May to September, falling
to 10°C in January. In 1997 monthly values were close to the long term average, except for
April which was cooler. Humidity remains high in the monsoon season at 85-87%, and falls
in the lean season to about 56% - lower than for most of Bangladesh. Wind speeds are
typically “light”, between 60 and 216 km/day throughout the year. Sunshine hours are 7-8
most of the year, reducing to 4-6 from June to September.
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Figure I-5: Hydrological Station Network
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Il Irrigation Water Requirements

A. Introduction

Peak irrigation requirements occur in the lean season/ Rabi (December to April) with further
supplementary irrigation depending on the crop and rainfall in subsequent months. Irrigation
requirements will be greatest for the drier and hotter western districts, and lower for the
wetter eastern districts.

Cropping depends to a great extent on land elevation. Lower lying areas are vulnerable to
flooding for much of the year limiting cropping while supporting fish-based livelihoods. Higher
areas have the potential for 250-300% cropping.

Land categories and seasonal cropping are illustrated and described below.

Figure II-1: Typical Cropping Pattern by Land Category
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For land of the same category all farmers are likely to want water at the same time —
conversely if a subproject comprises several land categories water demand will be
attenuated. Farmers on higher land will plant first, with farmers on lower land planting some
weeks later after their fields have dried out and the monsoon crops harvested.

Of importance for design engineers of CAD subprojects is on the type and extent of lean
season (Rabi) cropping, and the period over which irrigation water will be required by
farmers. These lean season crops may include a variety of dry-foot crops (wheat, vegetables
— onion & garlic, potato, etc) as well as boro paddy.

In this Chapter crop water requirements for the lean season are estimated using the climatic

data summarised in Chapter 0 for five districts that represent the broad range found in
Bangladesh (outside the hill tracts). Reference crop evaportranspiration is calculated from
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monthly average climatic data using the FAO program CROPWAT (version 8). Details of this
program are given in Appendix B1.

Table II-1: Cropping by Land Category and Season

. Cropping Intensity
Land Cateaory | Land | Natureof | _Cropping %
99| Type | Flooding | Kharif-1 | KharifI | Typical | Typical
Rabi -
(summer) | (monsoon) Current Potential
Non-cultivated . Not . .
highland [ M'9" | fioodeq | (Housingarea roads & otherinfrastructure)
FO (< 0.3m . . HYV Boro, o o
flooding) | " | Intermittent Oilseed, | 210% | 300%
HYV & B. T. & HYV Wheat,
F1(0.3m - Medium Aus, Jute Aman vegetables 0 0
<0.9m) -high Seasonal (onion, 190% 280%
(3-6 ] garlic, etc)
. months) HYV Boro,
o Medium- DW Amam Oilseed, | 160% | 220%
) | (Wheat)
Seasonal hvv Boro
F3 (>1.8m) Low (less than y hyv Boro 100% 100%
(cont.)
|| 9months) R S I RN S
Non-cultivated o _
low land Very low | Permanent (Fishing & navigation)
Totals |  179% | 220%
T — Transplanted; HVY — high yielding variety; DW — Deep water; B — broadcast
B. Adopted Parameters for Calculation of Crop Water Requirements
1. Rice Crops
a. General

For transplanted boro (winter rice) the calculation of crop water requirements requires
consideration of:

Rice evapotranspiration as well as evaporation from ponded basins;

Nursery requirements;

Puddling requirements to break soil structure and reduce deep percolation; and
Bund seepage and deep percolation losses.

Effective Rainfall

b. Crop Coefficients

Rice is usually grown in levelled basins which are flooded with water throughout most of the
growing season. For rice two crop coefficients per growing stage are required. The first one
Kc wet is used when there is ponding water on the soil surface while Kc dry is used when
there is no ponded water, which is a common situation towards the end of the late season
during the drying out of the soil profile.

Kc is influenced mostly by crop type and to a minor extent by climate and soil evaporation.

Kc for a given crop varies over the crop growing stages as ground cover, crop height and
leaf area change as the crop develops.
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For upland crops four growth stages are usual, namely initial, development, mid-season and
late season. In wetland rice this is extended to six stages to include the nursery and land
preparation periods. The different stages are described below and Kc dry and Kc wet values
are given in Table 1I-2:

Vi.

Nursery stage: starting from preparation of the nursery area to transplanting of rice
seedlings.

Land preparation stage: for land preparation and inundation prior to transplantation.
Often land preparation will fall totally within the nursery period. If puddling is used for
rice cultivation it is part of land preparation. Water requirements for land preparation
depend on the amount required for soil soaking, water losses during (puddling)
operations and on the amount of water used to maintain standing water in the field.
Water requirements for soaking the land and puddling depend on the initial soil
moisture content, soil surface conditions, soil texture and depth of puddling.

Initial growth stage: during this period under optimal conditions for lowland rice, there
is water standing permanently. During this period the leaf area is small, and for
lowland rice evapotranspiration is predominately in the form of evaporation of the
standing water. Kc wet during the initial period is large and Kc dry relatively low.
Development stage: as the crop develops and shades more and more the ground
and water standing, evaporation becomes more restricted and transpiration gradually
becomes more important.

Mid-season stage: at this stage the Kc dry reaches its maximum value as maximum
canopy cover is achieved.

Late season stage: the Kc wet and Kc dry values at the end of the late season stage
reflect crop and water management practices. Kc wet will be used only when there is
ponding water. However, it is normal practice to drain the field in this grain filling and
maturation stage with the crop drawing on water stored in the soil profile.

Table II-2: Growth Stages, Crop Coefficients, Rooting and Puddling Depths

Nursery Land Growth Stage Total
Preparation* | Initial Devel. Mid- Late-
season | season
15-20 25-30 30-40 20-30 115 -
Length (days) 25-30 20 90 =120 150
Kc dry 0.70 0.30 0.50 0.5-1.05 1.05 0.7
Kc wet 1.20 1.05 1.10 1.1-1.2 1.2 1.05
Rooting Depth (m) 0.10 0.1-0.6 0.60 0.60
Puddling Depth (m) 0.3-0.6
Nursery Area (%) 10%
Critical Depletion 0.20 0.20 0.20 0.20 0.20
Yield Response 1.0 1.09 1.09 1.09
Note: Land preparation including puddling occurs within Nursery period
Figure 1I-2: Rice Crop Growth Stages
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c. Rooting Depth

Initial and maximum rooting depths are required as for all crops. However, as long as
puddling is effective, that is, as long as water is ponded over the soil surface with a limited
controlled deep percolation, the maximum effective rooting depth is considered to be equal
to the puddling depth, which assumes that no roots grow beyond it.

d. Land Preparation, Puddling and Percolation Losses

Land preparation for boro paddy typically includes (i) land soaking; (ii) ploughing; (iii)
harrowing and puddling; and (iv) smoothing, see Figure II-3. Land preparation is carried out
to:

¢ Remove / plough in stubble and remove any weeds;

e Break up soil structure to facilitate transplanting and reduce deep percolation water

losses; and
e Establishment of reduced soil condition which improves soil fertility and fertilizer
management.
Figure II-3: Land Preparation

RN TN

-

Dry Field with cracks prior to soaking

Soaked field (left) & Puddled field (right)

The amount of water required for soaking and puddling depends on the initial soil moisture
depletion, the soaking depth and soil water holding capacity and farmer practices. In
Bangladesh for Boro typically about 180 mm is required?.

Puddling is only possible with heavy soils*, with clay content of 20% or higher, and enables
rice to be grown under ponded conditions where the water table depth is below the root zone
and the soil under the puddled layer is at field capacity. Where rice is grown on light silty
soils either percolation losses will be very high, or the water table is brought to the surface.

The depth of puddling is typically 0.3-0.5 m. The greater the depth the more water required
but the more effective it becomes in reducing deep percolation losses. The maximum rooting
depth of rice plants is 0.6 m so puddling beyond 0.6 m serves little purpose as well as being
difficult with the 2W tractors commonly used. However if soils are puddled to just 0.15 - 0.25
m then percolation losses are likely to be considerably higher for several reasons:

e The rather thin impermeable (puddle) layer;

3 Table 9.5, Principals and Practices of Rice Production, S K De Datta
4 For some soils careful management is required and puddling may not be appropriate, for example the black
cotton clay soils (vertisols).
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e Cracking which will occur if the soil is allowed to dry between irrigations. Once cracks
penetrate below the puddle layer it cannot be restored by adding water to the soil.
Critical depletion represents the soil moisture level at which cracks penetrate below
the puddle layer so that when irrigation resumes percolation losses may be (initially)
high as water passes through these cracks; and

¢ In the developing growth stage the plant roots may penetrate below the puddle layer,
and facilitate percolation losses.

The deep percolation rate after puddling to a reasonable depth, usually 0.4 to 0.5 m, is likely
to be just 1 to 3 mm/day for clayey soils®. For calculations here 1.3 mm/day is adopted.
Tractors (2W) are used for plowing, harrowing and puddling and their widespread use
enable land preparation to be done quite quickly. Land preparation is therefore usually
limited by the amount of water available, or that can be pumped, for land soaking.

e. Nursery area

The area covered by the rice nurseries usually occupies 5-10% of the total cultivated area
and are established 25-30 days before transplanting is planned.

Figure 1l-4: Land Preparation

A

Transplanted Rice Seedling

Oil seed crop (left) and Rice Nrsery (right)

f. Cropping Calendar

The cropping calendar will vary from subproject to subproject, depending on land category,
climatic and soil factors, as well as farmer preferences / crop prices.

In general transplanting starts in December/ January and is completed in February/ March.

Late planting (and transplanting) usually results in higher yields, but increases the risk of
crop damage from pre-monsoon rains and flooding. Broadly the optimum date for
transplanting is early January in the wet beel areas in the north-west of the country, and
early-mid February in the drier north-east.

Late transplanting may however reduce water demand as pre-monsoon rains meet water
requirements later in the season.

5 Field studies in the Philippines have shown mean percolation rates to be 1.3 mm/d on alluvial soils with water
table between 0.5 and 2 m, and 2.6 mm/day when the water table is deeper, (Kampen 1970)
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For the crop water calculations here, transplanting over 6-7 weeks is assumed which
attenuates the high water demand of land preparation. Also, the area transplanted in
successive decimals is gradually reduced so that the water demands of transplanted areas
can be met as well as the demands for land preparation. Early and late transplantation
schedules by 10 day decimals are tabulated below so the implications of late / early
transplanting may be assessed.

Table II-3: Proposed Planting / Transplanting Schedules

Decimal Early Schedule Late Schedule
Planting Transplanting Planting Transplanting |
December i 25%
| January!l ] 20% 25%
January Il 0 20% 20% 25%
January Il 20% 20% 20% 25%
Februaryl | 15% 20% 20% 20%
 Februaryil 15% 20% o 20%
February IlI 15% 20%
March | 15%

g. Irrigation Scheduling

Good on-farm water management with frequent irrigations increase yield. Experiments in the
Philippines indicated that 4-8 day irrigations were appropriate, with yields dropping slightly
when the irrigation interval was increased to 10 days®.

Irrigation was scheduled to replenish ponded depths to 100 mm (max). This indicates that
nine irrigations are required with an irrigation interval of 10-14 days, Figure II-5. Smaller
more frequent irrigations may improve yields but should not require any more water.

Figure II-5: Irrigation Scheduling for Boro (Rabi rice)
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8 Principals and Practices of Rice Production, S K De Datta
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2. Vegetables and Pulses

For vegetables planting in early January is assumed with harvest in early April. Crop growth
stages, crop coefficients and rooting depths are given in Table II-4. Irrigations were
scheduled whenever readily available soil moisture is depleted (ie avoiding any loss in yield
due to water stress). Typically (at least) 7 irrigations are required, Figure 11-6.

Table 11-4: Growth Stages, Crop Coefficients and Rooting Depths

Growth Stage
Initial | Development | Mid-season | Late-season
Vegetables | | | |
220 30 30 B =T
Length (days) 90 days
Ke | 070 | 07105 1.05 2095
 Rooting Depth (m) | 025 0.25-0.6 0.60 060 |
Critical Depletion 0.30 0.30-0.45 0.45 0.50
(Pulses
20 | 30 | 40 ... 20 ]
Length (days) 110 days
(Ke | 040 | 04115 1.15 035
| Rooting Depth (m) |~ 030 | 0.30-1.00 1.00 J1.000
Critical Depletion 0.60 0.60 0.80
Figure 1I-6: Irrigation Scheduling for Vegetables
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For pulses, planting in early January is assumed with harvest in mid/late April. Crop growth
stages, crop coefficients and rooting depths are tabulated in Table II-4. Irrigations are
scheduled to be when the readily available soil moisture is depleted (ie avoiding any loss in
yield due to water stress). Typically (at least) 4 irrigations are required.

3. Rainfall Assumptions

Usual convention for design of irrigation infrastructure is to use dry year data and this
convention is adopted here, although it is recognised that it may be appropriate to use
average rainfall data for the following reasons:

o Pumping costs based on the average crop water requirements should be used to
determine scheme financial / economic viability; and

e For pipe systems additional flow capacity is easily provided by proving extra
freeboard to the header tank and standpipes (air vents), and sizing of the pipelines
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could arguable use average rainfall data to avoid over capacity and high construction
costs.

Notwithstanding the above it should be noted that in the dry / lean season there is little
rainfall and whether average or dry year rainfall is adopted is not too significant.

Effective rainfall is that which is received during the growing period of a crop and is available
to help meet consumptive water requirements. It does not include rainfall that evaporates
from the soil surface, runs off or percolates beyond the root zone. CROPWAT provides
several options for calculating effective rainfall.

CROPWAT options

Climate / ETa GETE | Maon-ice crop scheduling | Riice scheduling Land Preparation [fice]

— Effective rainfall method for CWH calculations

Mate: in red are correction factors that

" Fixed Percentage: 20 % CROPWAT applies to adjust formulas in
the caze of I:Ie_cal:le ﬁnd daily rain_fall
¢ Dependable rain [FAD/AGLW formula) data [for effechive rainfall calculations

ol o ity doety
Peff=06*P-10/3  for Pmanth<=70 /3 mm ally data are aggregated per decade]

Peff=08%F-24 /3 for Pmonth > 70 #3 mm

" Empirical formula
Peff= 05 *P+ A f3 for P<= 50 43 mm
FPefi= 07 =P+ 20 /3 for P » RO 43 mm

{+ USDA zoil conservation zervice
Peff=[F*[125-02 =3 *P]/125 for P <= 280 /3 mm
Peff=125 /3 +01+P for P» 250 £3 mm

¢~ Rainfall not conzsidered in inigation calculations [effective rainfall = 0]

Save az default Reset to FAD defaultz | (] | Help |

Lean season rainfall in Bangladesh arrives is often of short duration which reduce the rainfall
effectiveness. The USDA SCS formula gives a lower proportion of effective rainfall than the
FAO formula and is considered to be more appropriate.

C. Irrigation Efficiencies
1. Field Irrigation (Application) Efficiencies

Basin field irrigation efficiencies may be as high as 90%, are usually 50-80%, but may be as
low as 30-40%, particularly for non-rice crops.

For rice, in addition to the deep percolation losses, there may be additional losses of water
by basin runoff, lateral seepage to (drainage) channels (khals) or to field bunds and uneven
deep percolation rates, often along small cracks that may develop due to drying of the soil,
decay of roots or burrowing animals. These losses arise due to poor land preparation, soil
variations and poor water management practices such as allowing very high ponded depths
and runoff of water from rice basins.
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Of these losses, lateral seepage to field bunds may be most significant and difficult to reduce
unless puddling is done under the bunds which are then rebuilt — not a common practice
among farmers due to additional labour required. Studies for seasonal water balance for
Boro in Bangladesh’ indicated the following:

Irrigation supply: 1,200 — 1,350 mm

Effective rainfall: 50 mm

Evaportranspiration: 350 - 380 mm

Deep percolation (vertical losses): 300-350 mm

Lateral seepage and losses though bunds: 600 — 670 mm

These studies indicated that about half of water applied to puddle rice fields may be lost as
lateral seepage to field bunds, and then percolation below these bunds though the soil
matrix or cracks which are not sealed as puddling under the bunds is rarely done. The
studies also noted that lateral seepage and bund losses vary hugely though the season, and
are small whenever field ponded depths are small or the field surface dry, as well as being
affected by field size — the smaller the field the greater the proportion of bund losses.

For dry-foot crops on-farm water management is more onerous than for rice, and over
application leads to water loss below the root zone as well as runoff.

Application efficiencies will vary between subprojects but, for reasonably heavy soils, the
following may be adopted in absence of other information: (i) 65% for rice; and (ii) 55% for
dry-foot crops.

2, Conveyance Efficiencies

A conveyance efficiency of 80% is adopted to account for seepage and operational losses
between the pipe outlets and farmers’ fields. This assumes unlined open channel water
distribution. If farmers adopt hose then losses would be reduced.

Within the buried pipe system losses would be small assuming joints are properly sealed -
which may be assumed for uPVC pipes, and are generally ignored. However if concrete
pipes are used with poor joint sealing arrangements, then an efficiency of 96% may be
adopted within the buried pipe system from pumping point to outlet.

D. Irrigation Water Requirements for Selected Districts

Irrigation water requirements have been calculated for 13 districts for the following six
cropping scenarios:

(i) 100% Rice: Early Planting (Dec to Feb)

(i) 100% Rice: Late Planting (Jan to Feb)

(i) 100% Vegetables

(iv) 100% Pulses

(v) 10% Vegetables, 10% Pulses & 80% Rice
(vi) 20% Vegetables, 20% Pulses & 60% Rice

Dry year data are adopted for calculation of effective rainfall, and heavy soils are assumed.

7 Hydrology of a groundwater irrigated rice field in Bangladesh: seasonal and daily mechanisms of infiltration,
Water Resources Research, Vol. 45, 2009
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Irrigation water requirements are discussed below — monthly tabulated data are given for 13
districts in Appendix B-2.

1. Rice Cropping — early and late planting

Net and gross water requirements for 100% rice is summarised below for both early and late
planting. The net requirements include for crop consumptive use, land preparation, deep
percolation under the puddled part of the field and effective rainfall. The gross water
requirements are the net requirements with efficiencies of 65% and 80% allowing for losses
in the field (lateral seepage and deep percolation), and for conveyance of water from source
to crop respectively. The gross requirements represent the volume of water to be pumped
from the source (khal/ river/ etc).

Calculated crop water monthly requirements show considerable variation — for example
monthly requirement for (early) rice are: Dec — 103 mm, Jan — 171 mm, Feb 73 mm, Mar -
45 mm. The irrigation system may be designed to meet the peak demand over a single
month, or over a longer period up to about 3 months, particularly where there is considerable
variation in land category and therefore attenuation in demand.

Adopting a longer 3-month period significantly reduces design duty, typically by about a
factor of about 0.8, and therefore system costs. It is therefore recommended that buried
pipes are sized using the average (3-month) duty, but that sufficient freeboard is provided to
structures (header tank and standpipes) and enough pumps to meet a peak demand about
25% higher than this. This allows for the peak 1-month water demand to be met or load
shedding to be accommodated where electric pumps are adopted.

Calculated boro water requirements (early planting) are lowest in the northeast of the
country, in Sylhet, at 383 mm (net), 737 mm (gross), and increase to 673 mm (net), 1,294
mm (gross) in the west in Rajshahi. Requirements are also high in Cox’s Bazar, largely due
to higher wind speeds and sunshine hours. The calculated requirements were surprisingly
low in Madaripur and Noahkhali / Maijdee and inspection of data indicates this is due to
higher humidity, lower wind speeds and fewer sunshine hours in these two districts®.

The 3-month average demand varies from 0.74-0.78 I/s/ha in Madaripur to 1.05-1.14 I/s/ha in
Cox’s Bazar. Duties for selection of pumping equipment and adoption of freeboard to
associated structures should meet peak (1-month) demand and be 20-25% higher than this.

The areal variation for gross irrigation demand for boro is shown on Figure II-7.

8 No (site) investigation has been done to check the accuracy of climatic data records — it may be that poor sites
for these climatic stations is under reporting wind speeds / sunshine hours.
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Figure 1I-7: Gross Irrigation Requirements for Boro Rice (early planting)
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Table 1I-5: Irrigation Requirements for Boro

Boro — Early Planting Boro — Late Planting

District Net Gross D&s:irggntt):;y Net Gross D?: irg]r:)r?tﬁ;y

mm mm mm/d I/s/ha mm mm/d | mm/d | l/s/ha

' |Sylhet | 383 | 78 | 72 | 08 | 339 | 652 | 69 | 080
2 | Noakhali-Maijdee 441 848 6.9 0.79 379 729 6.6 0.77
5 |Maderpur | 454 | &3 | 64 | o7a | a7 | 73 | 68 | o7
4| Rangpur 476 | 915 | 66 | 076 | 464 | 892 | 75 | 087
5 | Mymensingh 478 919 71 0.82 452 869 | 7.8 0.90
6 | Comilla | 499 | 960 7.3 0.84 462 888 | 8.1 0.93
7 | Dhaka 514 988 7.4 0.85 513 987 8.4 0.97
. Far|dpur 3 10 63 ! 75 ) 0,56 o 1 046 85 098
9 | Barisal 559 | 1075 | 78 | 090 | 520 | 1,000 | 85 | 098
10 Chitagong w3 | 1085 | 81 | 0s4 | 2 | 1004 | 87 | 100
11 | Jessore 507 | 1148 | 77 | 089 | 620 | 1,192 | 92 | 106
12| CoxsBazar | 638 | 1227 | 90 | 105 | 588 | 1131 | 99 | 114
13 | Rajshahi 673 1,294 8.2 0.94 683 1,313 9.4 1.09

Note: System design to accommodate 20-25% higher duties to meet peak (1-month) water demand / load
shedding

For the adopted planting schedules, | 159
the variation in monthly net demand
(ie field requirement) may show two

peaks — the first peak is associated | 140

with land preparation / puddling, 120

while the second is associated with

peak crop  evapotranspiration. | 100 —

Monthly net duties on the chart are | g, |

for Faridpur District — the peak net

water requirement is 154 mm in | ©0 7 —

January. 40 - I

The gross irrigation requirement, 201 [

adopting conveyance and 0 . ; : . ; N
Nov Dec Jan Feb

application efficiencies of 80% and eb  March Aprii  May
65% respectively, is 296 mm in
January (9.6 mm/d, 1.1 I/s/ha).

160

M 100% Rice: Early Planting (Dec to Feb)

100% Rice: Late Planting (Jan to Feb)

The average 3-month  gross
requirement is 7.5 — 8.5 mm/d (0.87 — 0.98 I/s/ha) for early and late planting respectively,
Table II-5.

The ratio between peak (1-month) and average (3-month) demand for boro rice is about 0.8
- 0.83.
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2. Non-rice cropping

Water requirements are tabulated below for vegetables and pulses grown in lean season,
and are typically slightly less than half the requirement for boro rice.

For vegetables, gross irrigation demand varies from 307 mm in Sylhet to 639 mm in Cox’s
Bazar. For pulses demand is similar.

Table II-6: Irrigation Requirements for Vegetables and Pulses

Vegetables Pulses
District Net Gross D&s_i,ggn'irl:; y Net Gross D?; irgr’lr:)r?t:;y
mm mm mm/d I/s/ha mm mm/d | mm/d | l/s/ha
1 [Syhet | 135 [ 307 | 34 | 039 | 120 [ 203 | 33 [ 038
2 | Noakhali-Maijdee 160 364 3.9 0.45 160 364 8 0.44
3 Madanpu S 153 o 6 | s e 158 g 43 050
4 | Rangpur 214 486 5.1 0.59 223 507 | 541 0.58
5 | Mymensingh 214 486 5.2 0.60 219 498 | 5.1 0.59
6 | Comilla 201 457 4.9 0.56 205 466 4.8 0.56
: Dhaké .................... s | 489 L 5 2 ) 050 oot 502 51 059
o [Fagpr | 22 | so7 | 53 | o1 | 235 | sas | sz | oer
9 | Barisal 219 498 5.2 0.61 225 511 5.1 0.58
10 Chitagon 22 | sos | 54 | oe | 2 | s | 53 | 061
11| Jessore 246 | 559 | 57 | 066 | 279 | 634 | 57 | 066
12 | Cox’s Bazar 281 639 6.8 0.78 283 643 | 6.5 0.75
13 | Rajshahi 264 600 6.1 0.71 302 686 6.9 0.80

Note: System design to accommodate 20% higher duties to meet peak (1-month) water demand / load shedding

Adopting Faridpur district | 180
climatic data the monthly net
demand of vegetables and
pulses planted in January are | 140
shown on the adjacent chart.
There is no land preparation /
puddling requirement and | 100
irrigation demand increases with

160

120

the stage of growth, peaking in 80
March at about 100 mm. 60
40

The gross irrigation requirement,
adopting conveyance and 20

application efficiencies of 80% 0 ] . ] ] | B | |
and 55% respectively, is 227 Nov Dec Jan Feb March  April May
mm in March (7.3 mm/d, 0.84

I/s/ha). The average 3-month m 100% Vegetables 100% Pulses

gross requirement is about 5.3
mm/d (0.61 I/s/ha).

In general the ratio between peak (1-month) and average (3-month) demand for vegetables
and pulses is about 0.7.
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3. Mix of rice and Non-rice cropping

A mix of rice and non-rice crops significantly reduces and attenuates irrigation demand, as
shown below for a mix of: (i) 10% vegetables, 10% pulses and 80% boro rice (planted late);
and (ii) 20% vegetables, 20% pulses and 60% boro rice (planted late).

For example, a gross requirement for 100% boro cropping of about 1,050 mm (Faridpur
district data) reduces to about 950 mm and 860 mm respectively.

Table II-7: Irrigation Requirements for Mix of Rice and Non-rice Crops

10% Vegetables, 10% Pulses & 20% Vegetables, 20% Pulses &
80% Boro 60% Boro

District Net Gross Dészirggnlz;:;y Net | Gross D?: ir%?)r?tlrj];y

mm mm mm/d I/s/ha mm mm/d | mm/d | l/s/ha

1 | Sylhet 298 590 6.3 0.72 256 525 5.6 0.65
2 | Noakhali-Maijdee | 335 | 665 | 62 | 071 | 291 | 597 | 56 | 065
3 Madanpu S o5 | 720 | 63 073 18 o2 T oo | oes
s [Rengor | 415 | w2 | 71 | os2 | a6 | 750 | 66 | 077
5| Mymensingh 405 | 803 | 73 | 085 | 358 | 733 | 68 | 079

6 | Comilla 410 814 7.5 0.87 358 734 | 6.9 0.80

7 | Dhaka 454 901 7.8 0.90 395 809 7.2 0.83
. Far|dpur i1 oeh 2o T oo wis | a5 1 75 1 ose
T t— 260 ‘o1a 2o T oo w1 o 172 1 osa
0 ChittégSng .............. e | o a1 054 403 o5 | 76 | oss
11 | Jessore 549 | 1,088 | 86 | 099 | 477 | 977 | 80 | 092
12 | Cox’s Bazar 527 1045 9.3 1.08 466 ‘954 | 87 | 1.01
13 |Rajshahi | 603 | 1,196 | 89 | 103 | 423 | 1,072 | 83 | 096

Note: System design to accommodate 20-25% higher duties to meet peak (1-month) water demand / load

shedding

Significantly the peak demand
also reduces as a mix of crop

generally spreads irrigation
demand more equally over
several months. This is

illustrated in the adjacent chart
based on data for Faridpur
district where monthly net
irrigation  requirements  are
sustained at about 105 - 130
mm from January to March.

The gross
requirement, adopting
efficiencies of 80%  for
conveyance and 55% (non-
rice) and 65% (rice) for
application is about 230 — 280
mm.

peak irrigation

180

160

140

120

100

80

60

40

20

No

-EEE n

eb March April May

10% Vegetables; 10% Pulses & 80% Rice

W 20% Vegetables; 20% Pulses & 60% Rice

40




Guiidelines for SSWRD Project
Exhibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L

E. Design Duty for Subprojects

In determining the design duty to size a specific CAD subproject the following needs
consideration:

i.  Cropping pattern and intensity.
ii. Soil type, land preparation requirements including deep percolation and initial
moisture condition.
iii.  Application and conveyance efficiencies.
iv.  Pumping hours / load shedding for electric power pumps.

The feasibility report for the subproject may provide some of the required data which may be
supplemented by site visits. However the designer needs to be aware that cropping patterns
may change over the design life of the subproject influenced by external factors such as crop
profitability, marketing conditions and farmer preferences. Similarly there may be an
improvement (or deterioration) in electric power supply.

Continuous pumping of water may be assumed provided that standby (diesel) pumps are
provided to accommodate any load shedding. While farmers may not like irrigating at night it
is assumed they will if they need the water. Also for rice grown in ponded basins irrigation is
not difficult and stream flows may often be left unattended.

It is also advised that the trade off between operation or pumping cost and capital
construction cost be considered. Whole life cost optimisation requires that both capital and
pumping costs are considered for various pipe sizes — pumping head options. In practice this
means a design resulting in a relatively low (2-4 m) water pressure in the header tank for
most of the lean season, but with a higher pressure (5-7 m) acceptable for 3-6 weeks. This is
discussed in Chapter 0.

As an example, a fairly typical subproject could adopt the following design parameters:

¢ Mixed cropping with 80% rice and 20% non-rice crops;
Application efficiencies of 65% for rice and 55% for non-rice;

o 80% conveyance efficiency between the field and outlet from the buried pipe system
(the small operational losses within the buried pipe system are ignored);

o Adoption of a usual (3-month average) duty to size the pipeline; and

e Adoption of peak (1 month) duty to determine the height of the header tank and
standpipes.

For such a subproject in Faridpur district, the usual gross irrigation requirement or duty
would be 7.9 mm/d (0.91 I/s/ha), while the peak duty would be 9.1 mm/d (1.05 I/s/ha). The
total volume of water to be pumped would be 954 mm. The usual flow would be maintained
for about 3 months.
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SECTION-3: PIPE SYSTEM

1. Pipe System Options, Layout and Cost Effective Design
A. Pipe System Options
1. Introduction

Low-pressure (up to about 6 m operating head) pipeline conveyance systems enable
delivery of irrigation water to farmers for surface application with minimal land-take, reduced
water losses compared to open channel systems, and (depending on the control systems
adopted) with increased flexibility of supply to meet a range of crop water demands. The
pipe system supplies outlets (risers) which are spread equitably over the full command area,
delivering water to irrigator groups for surface conveyance and application.

For the CAD subprojects developed by LGED the net irrigation command area typically
varies from about 300-800 ha (with an upper limit of 1,000 ha), and the irrigator group areas
from about 40-80 ha.

Options for the conveyance pipeline system require making choices for the following: (i)
upstream versus downstream control; and (ii) choice of pipe types.

2. Upstream versus Downstream Control Systems

The characteristics and advantages / disadvantages of upstream and downstream control
systems are tabulated below.

Table I-1: Upstream Versus Downstream Conveyance Systems

Option Characteristic Advantages / Disadvantages
Upstream Water is released from a header tank | Simple system to build but: (i) the
Control (open | into the pipeline system. Operating standpipes are vulnerable to overtopping
pipeline pressures within the pipeline are and possible damage; and (ii) good
system) controlled by open standpipes operation requires monitoring of irrigation
located at the end of each reach, and | demand and standpipe water levels to
often just upstream of each outlet adjust the number of pumps operating.
(riser). If the outlets are closed water
rises in the standpipes and if supply
is not reduced overspills. When
irrigation ceases the pipeline would
usually drains empty.
Downstream | In a downstream control system Usually a slightly more expensive system to
Control standpipes are replaced with build and with slightly higher pressures than
(semi-closed | pressure reducing valves so that for an upstream control system. However
or closed when there is no irrigation demand downstream control is beginning to find
pipeline) pressure in the pipeline builds to the | favour as a means of flexible water delivery
system design static water level (SWL) and (water is available at each outlet
flow ceases. There is no spillage from | instantaneously) and for ease of operation
the system and the operator turns which leads to increased efficiency of water
on/off the pumps according to the use. These advantages are particularly felt
water level in the header (discharge) | if a range of different dry-foot crops are
tank. If required a water sensor (eg cultivated in the dry season. If mono-
mercury float switch) can be used to cropping of paddy rice is proposed then the
turn the pumps on/off. advantage is minimal.

Initial LGED practice was to design pipeline conveyance systems for upstream control with
open standpipes located just upstream of each outlet (riser). There are usually no other flow
control or measurement structures. Costs were therefore minimized, but operational
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challenges were considerable. Pump houses and pumps were not provided and farmers
were expected to source these themselves. CAD investments tended to be regarded as high
risk as some subprojects such as Daripiapur, Chapai Nawabganj showing spectacular
success while others have failed.

Improved designs were initiated from 2011, retaining upstream control but with improved
layouts for rational operation and incorporating structures to control flows to each pipeline,
as well as washout and escape structures.

3. Conveyance Pipes and Costs
a. Conveyance Pipe Characteristics
LGED practice prior to 2011 was to use precast concrete pipes with joints sealed by: (i) filling
gaps with hessian cloth soaked with bitumen; and (ii) placement of a mortar / concrete
surround. This remains the lowest cost option, particularly for larger pipes (> 300 mm).

Concrete pipes with spigot and socket joints can provide reasonable water tight joints for
pressures up to about 6 m, particularly if rubber gaskets are used. However rubber gaskets
are not currently used with concrete pipes and maintenance efforts to reseal leaking pipes is
a recurring problem.

An alternative option is to use uPVC (and / or HDPE) pipes available for pipe diameters up
to 600 mm. This is more expensive than concrete but would enable downstream control if
this was desired, as well as addressing the joint leakage problem. uPVC pipes are
manufactured in Bangladesh. GRP pipes are also a possibility but would have to be
imported / are expensive.

For low-pressure pipe systems (less than 6 m head) with open water surface risers / outlets
“water hammer” will not be an issue. Nonetheless flow velocities in uPVC pipes are limited to
1.7 m/s®. For concrete pipes flow velocities of about 2.4 m/s are allowed, though such high
velocities may acerbate damage to, and leakage of, joints.

Table I-2: Conveyance Pipe Characteristics

Typical Nomi_nal
Nr Material Diameters Jointing ;Norklng _Average Suggested Use
(mm) ressure, | Life (years)
PN (bar)

1 Rigid uPVC | 50 to 600 Solvent (small 4,6,10 & 50 years Ideal for irrigation water
(6m mm pipes); and 16 bars (but | buried with | conveyance for smaller
lengths) spigot & socket | any proper pipes. Maximum flow

(large) pressure trenching / velocity, 1.5 m/s
can be bedding
specified)

2 | Precast 300-900 Rubber Usually Low | 50 years Free water surface flow
spun mm gaskets, mastic | pressure buried with or low pressure
concrete fill, filter fabric, proper pipelines

mortar / trenching /
concrete, bedding
external bands
3 | GRP 300 to Couplings with 10 & 16 bar | 50 years Irrigation water
2,000 mm | elastometric (other buried with | conveyance where
seals pressure proper larger diameters are
classes trenching / required. Careful
possible) bedding handing necessary to
avoid damage.

9 FAO Handbook for pressurized irrigation techniques, 2007
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b. Pipe Sizes and Wall Thicknesses

The base material from which the uPVC pipes are produced shall be un-plasticised Polyvinyl
Chloride (uPVC) with additives as necessary for manufacture in accordance with 1ISO 4065:
1996(E).

All fittings having sockets shall comply with ISO 727-1985 and shall be compatible with the
pipes supplied.

Pipes with a nominal pressure of 3.25 bar (32 m head) are to be used. Thinner wall pipes
are difficult to produce, particularly for larger sizes, as they tend to deform.

Adopting a design norm for working (static) pressure of 70% gives a pressure rating of about
22 m, leaving 30% (10 m) for surge pressures (refer ASAE S261.7, 1989).

Wall thicknesses of uPVC pipes and pipe fittings shall be commensurate with the adopted
pressure rating and determined in accordance with ISO 4065: 1996(E), having a SDR value
of 81 (equivalent to PN 3.25).

For the recommended 3.25 bar (32 m head) pipe diameters and wall thickness are tabulated
below for the range of pipes sizes likely to be used.

Table I-3: uPVC Pipes Diameters and Wall Thicknesses

External Nominal Wall Internal Length

Nr Diameter thickness .

Diameter (mm) (m)

(mm) (mm)

1 160 2.00 156 6.00 |
2 180 2.30 175 6.00 |
3 200 | 2.50 195 6.00 |
4 .25 | 280 219 6.00
S .2%0 3810 244 6.00 |
6 ..280 | 350 273 6.00 |
7 .35 | 400 307 6.00 i
8 0385 | 440 346 6.00
9 ..400 500 390 6.00 i
0 450 | 560 439 6.00 |
11 500 | 620 488 6.00 i
12 560 7.00 546 6.00

There are a number of manufacturers and suppliers of PVC pipe in Bangladesh including:
¢ Rangpur Foundry Limited (rfl@prangroup.com)

e Aziz pipes (info@azizpipes.com)
o PCL plastics (pclplasticsbd@yahoo.com)

c. Comparison between PVC and Concrete Pipe Costs

LGED 2011 rates for uPVC (3.25 bar pressure, 32 m head) pipes of various diameters are
tabulated below and include for transport to site, placement in trench and jointing.

LGED 2011 rates for concrete pipes are also given. The “fitted and fixed” rates are the

schedule rate increased by 10% for the reinforced concrete plinths which are to be placed
under the pipes to prevent settlement and joint failure.
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PVC pipes are available for a variety of sizes from 225 mm to 560 mm (outside diameter).
Concrete pipes are usually spun for pipes from 300 to 550 mm (internal diameter), and cast
using steel forms for diameters from 600 to 900 mm or even larger.

For 300 mm diameter pipes, uPVC is comparable in cost to a concrete alternative, about Tk
1,900 / m. For larger diameters concrete pipes are considerably cheaper, being half the cost
of uPVC pipes for diameters of about 550 mm (Tk 3,075 /m compared to Tk 6,200 /m).

While the lower friction losses and greater range of available diameters of PVC pipes means
that often a slightly smaller pipe can be used than its concrete alternative, designers should
avoid using PVC pipes larger than (say) 500 mm. Also twinning of PVC pipes should be
avoided as this would be very expensive. For large flows concrete pipes should be adopted.

Table I-4: Comparison between PVC & Concrete Pipe Costs (2011 rates)

............................ PVC Pipe (3.25 bar) Concrete Pipe
External | Pipe Wall | Internal LGED Di':r;e;‘ear' o | 2011 Fitted & |
Diameter | Thickness | Diameter Rate™ thickness Schedule | Fixed Rate™
(mm) (mm) (mm) (Tk/ m) (mm) of Rates (Tk/m)
225 2.80 219 1,130
250 3.10 244 1,184
_.280 3.50 273 1,487 e
315 4.00 307 ~1.900 300 x 50 719 | 1,891 0%
355 4.40 346 2,370 350 x 50 1,780 2,136 90%
400 5.00 390 3,016 400 x 50 2,044 2,248 75%
450 5.60 439 3.780 450 x 50 2,144 2,358 62%
500 6.20 488 4,667 500 x 50 2,185 2,404 52%
560 7.00 546 (6,200) 550 x 75 2,795 3,075 50%
600 x 75 2,958 | 3,254
650x75 | 3005 | 3306
700x75_ | 3345 | 3680
750x100 | 3,656 4,022
800x100 | 4662 | 5128
850x100 | 4,880 | 5368
900 x 100 4,606 5,067

‘1. PVC pipe fitted & fixed 2011 LGED rate includes for transport, placement & jointing
‘2. Concrete pipe fitted & fixed rate is taken from 2011 schedule of rates but increased by 10% for cost of RCC
plinth bedding under pipe joints

d. Use of uPVC pipes in CAD Subprojects
The adoption of uPVC pipes for CAD subprojects has the following advantages:

i.  Lengthy on-site manufacture of pipes is avoided — this often takes a year or longer.
ii.  Quality control is easier and problems arising from poorly cast / spun pipes avoided.
iii. PVC pipes are light and handling, placement and jointing is both easier and quicker
than for concrete pipes.
iv.  With PVC pipes leaking joints are rare.

The main disadvantage is the higher cost. Prior to the manufacture of larger size uPVC
pipes in Bangladesh the cost difference was prohibitive. This is no longer the case for
smaller pipes, though larger diameter uPVC pipes are relatively expensive.

To avoid very high pipeline costs it is recommended that LGED CAD pipe irrigation systems

adopt a mix of PVC pipes with diameters ranging from 225 to 500 mm and concrete pipes for
diameters from 550 to 900 mm.

46




Guiidelines for SSWRD Project
Exhibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L

Figure I-1: Photograph

s of uPVC Pipe and T-fitting

B 4 4 |

uPVC pipe and T-fitting

B. Pipeline Layout

1. Introduction

The pipe system layout must provide complete and equitable coverage to the whole
command area.

The first challenge is to identify the command area for the subproject. Prior to detailed
survey this is best done using freely available google earth imagery. This allows the planner
to identify:

i Physical features (settlements, fields, roads, bunds, rivers, khals, wet land, etc).

ii. Drainage alignments / hydraulic boundaries, rotation units and a viable command
area for the subproject.

iii.  The best alignments for the pipelines and possible locations for irrigation outlets and
for the header tank. Note: google earth imagery gives spot heights to the nearest
meter.

2, Guidelines for Layout Preparation

The process and guidelines for delineating the pipe system layout is as follows. As noted
above this should be done using google-earth, or a GIS program. For those unfamiliar with
these programs imagery may be printed out, joined and the layout done on a paper copy:

e Block out any land not to be commanded (eg village areas, permanent swamps — low
land).
¢ Delineate natural drainage lines.
Delineate physical features which affect the layout (eg roads, bunds, railway tracks);
¢ Finalise and delineate the subproject boundary and command area.
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e Divide up the command area into roughly equal rotation hydraulic units each
commanding about 80-130 ha. There should generally be a minimum of 2-3 rotation
units in the subproject and as many as about six;

o Consider whether the subproject can efficiently be commanded from a single header
tank — or whether the area should be divided up into two schemes each with its own
header tank to reduce pipeline lengths and costs.

e Ensure complete coverage of the command area so that all beneficiaries have
equitable access to water. As a rule of thumb no part of the irrigable area should be
more than 200-400 m from a riser (outlet).

e Each rotation hydraulic unit should be supplied by a separate pipeline. The main —
larger diameter pipelines should be as short as possible, and may be aligned up /
down slopes. Branch spur lines should lead from each main pipeline so that there is
a riser located at all high spots.

e Adopt the number of riser outlets so that each outlet commands a 10-15 ha irrigator
unit. From each the outlet flow will be distributed by open channel / hose procured by
farmers.

e Flow from the main or primary header tank to any secondary flow control tank would
usually be through a (closed) pipeline without risers (outlets). The closed pipeline
should be aligned along the most direct route to minimise costs.

o Consider the danger posed by pipeline floatation if a pipeline is aligned across low
lying areas that may flood deeply in the monsoon months. If necessary the pipeline
should be set lower in the ground with more than 1.0 m of cover and / or encased
with concrete.

Examples of good layouts of constructed CAD subprojects are included as Appendix C.

Figure I-2: Layout of Part of CAD System

Bajra Panail SP - HT ‘

@ The figure shows four
outlets located along
branch pipeline PL1-1.
Each outlet is located to
supply an area of about
10 ha, and are located
about 230 m apart

= (Yo
‘PL1?18_'OL11

€lliizina

QUi Tou et b 235115:34:56:
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C. Costs of CAD Subprojects and Cost Effective Design
1. Costs of CAD Subprojects

Capital costs of CAD subprojects are typically about BDT 60-100,000 / ha (US$ 750-
1,250/ha (2014 rates), and the uPVC pipes themselves typically comprises about 60-65% of
the investment. The costs of major components of a CAD subproject are illustrated below
for SP 33097 Mongalpur. This scheme has a net irrigable area of 313 ha, and its total as-
built cost was BDT 28.04 million, US$ 350,525 (US$ US$ 1,120 / ha) at 2014 prices. The
uPVC pipes made up 63.1% of the total cost.

Table 1-5: Cost Breakdown for SP 33097, Mongalpur

Component Cost BDT % USs$ US$/ha
Header tank, 6.1 x 3.25 2,771,085 ) 9.9% 34,639 11
Flow control structure (1 nr) 817,289 |  2.9% 10,216 33
Buried pipe system S I
- UPVC pipes 17,702,503 | 63.1% | 221,281 707
- UPVC pipe fittings 580824 ) 2.1% 7,260 23
- trench earthworks 1,966,253 | 7.0% 24,578 &)
- sand bedding 667,847 | 24% 8,348 27
Standard structures 2,956,241 | 10.5% 36,953 118
Sub-total | 23,873,669 | 85.1% | 298,421 953
Pump house incl. steel pipes & pumps
Pump house, 4.3 x 4.8 250929 | 09% 3,137 10
Pump house accessories _ 83203| 03% 1,040 3
Pumps (2 provided) 225,331 0.8% 2,817 9
Sub-total | 559,463 | 2.0% 6,993 22
Misc 20,500 0.1% 256 1
Total | 28,042,006 | 100.0% 350,525 1,120

2, Cost Effective Design

Cost effective engineering design does not necessarily mean that construction costs should
be low. Rather it requires that money be spent on engineering infrastructure which will
enable the expected agricultural benefits to be obtained with minimal risk and for the lowest
full-life (construction and operation) costs. In practice this requires:

e A buried pipe system layout which can provide water to the whole scheme area — not
just part of it — and ensure a similar standard of service to all farmer beneficiaries.

e Quality infrastructure which will perform reliably / as expected — for example adoption
of uPVC buried pipes instead of concrete pipes to address joint leaking / quality
issues.

e Control structures which will facilitate water distribution by farmers — flow control
should be provided at the head of each rotation and irrigator unit.

e Consideration of both capital (construction) costs as well as operating / pumping
costs by consideration of various pipe sizes — pumping head options.

¢ Minimizing pumping costs through careful selection of suitable pumps that operate
efficiently for the usual pumping heads.
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Larger pipes (400 - 500 mm) are 5-7 times more expensive than the smaller pipes (160 —
200 mm) but of course carry higher flows. This is illustrated below for a pipe friction loss of
0.3%. In terms of pipe capacity / cost, the larger pipes are more cost effective.

Figure I-3: Pipe diameter and flow

0.3% friction loss

400.0 For the same friction loss, 0.3%,
£ 3500 yi pipe flow varies from 24 I/s for a
'S 300.0 / 195 mm (200 mm OD) pipe, to
8 50,0 / 273 s for a 488 mm (500 mm
£ 2000 / OD) pipe, an increase of about
2 1500 )4 11.
[a) ) /
@ 100.0 v . .
2 0 A The ratio of unit costs for these
& 0.0 - pipes is about 6, (BDT 5,700 /

0 100 200 300 400 500 600 BDT 971)
Pipe diameter, mm

Note: Calculated using Colebrook - White formula with ks = 0.03 mm

Capital costs are reduced if higher flow velocities, 1.2-1.7 m/s can be adopted. Head losses
in pipes (and pipe fittings) are particularly sensitive to pipe flow velocity, see Figure I-4. For a
400 mm uPVC pipe the friction loss is 0.05% for 0.5 m/s flow, but increases to 0.4% for 1.5
m/s flow. Similarly for a 200 mm uPVC pipe the friction loss is 0.12% for 0.5 m/s flow, but
increases to 0.96% for 1.5 m/s flow.

Figure I-4: Pipe flows and friction loss for different pipe sizes

200mm uPVC Pipe 400mm uPVC Pipe
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X X
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(= (=
3 _ / 2 0.100% —
& 0.000% & 0.000%

000 050 1.00 1.50 2.00 000 050 100 150 2.00
Pipe flow velocity, m/s Pipe flow velocity, m/s

Note: Calculated using Colebrook - White formula with ks = 0.03 mm

Adoption of high flow velocities increases pumping head and annual pumping costs, and
therefore may result in higher whole life costs. This is illustrated for a typical scheme in the
table below, where adopting moderate (0.7-1.0 m/s) pipe flows gave the lowest whole life
costs over 25 years.
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Table 1-6: Whole Life Costs over 25 years

CAD subproject with:
Higher pipe Modest pipe Lower pipe
flows flows flows
| Capitalcost | US$/ha ..600 80| 1300
| Pumpingcost | US§/ha [ A VN IR 4 F—-
Whole life cost (not discounted) | US$ /ha 2350 2025|2050
Whole life cost (discounted at 4%) US$/ ha 1,694 1,584 1,769

Recommended measures to reduce whole life costs include:

e Adopting the most direct alignment for the expensive main (large diameter) pipelines,
even if this means that many branch spurs are required to convey water to high
points in the command area.

¢ Limiting the length of the main pipelines — conveying water more than about 2.5 km is
not practical for LGED buried pipe systems. If necessary the command boundary and
area should be limited / reduced.

¢ Avoiding twinning of pipelines — always adopt a single pipe of suitable diameter. For
particularly large flows it may be necessary to adopt a concrete pipe.

e Adopting pipe diameters to give moderate pipe flow velocities of 0.7-0.8 m/s and
pumping pressures of 3-5 m for the usual (3-month average) discharges. This usually
gives the lowest total (capital and pumping) cost over 20-25 years. To enable the
system to meet peak (1-month) discharge the header tank will have to be sufficiently
high to accommodate higher (5-8 m) pressures.
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A.

Pipeline Design

Design Process and Steps

The design of a CAD subproject is facilitated by breaking the design up into a number of
steps each of which is done in correct sequence. The design steps are listed below:

Vi.

Vii.

viii.

Xi.

Xii.

Xiii.

B.

Layout: fix the boundary of the subproject and alignment of the pipelines. Divide the
command area into roughly equal sized hydraulic (rotation) units 80-120 ha in size.
Obtain stakeholder approval to the layout and complete any necessary (additional)
topographic survey — eg header tank and other structure surveys and long section
surveys along pipeline routes.

Fix the location of (any) flow control / measurement structures in addition to the
header tank.

Decide on the number and location of each outlet riser. Note: each outlet is to
command 5-15 ha irrigator units and to be spaced at 200-500 m intervals along the
pipeline.

Adopt the design duties to design the system. The usual (3-month) duty may be used
to size and optimise the pipe distribution system, while the peak (1-month) duty will
be used to determine the height of the header tank and standpipes.

Divide the pipeline into reaches separated by nodes (points). For uPVC pipe systems
for which a wide range of pipe diameters is available each reach will usually extend
between adjacent riser outlets.

Determine the lengths, net command areas and design discharges along the
pipelines for each reach and prepare a Discharge Statement. An initial indication of
pipe diameters may be obtained by observing recommended flow velocities of 0.7-
0.8 m/s for the usual flows.

Make a note of the existing ground level at each node (reach end point) and also (if
different) the highest ground level in the command area of the the node outlet.

The minimum pressure at each outlet of shall be 0.5 m above (the highest) ground
level in its command area.

Allowing for friction losses along the pipeline and through its structures determine the
required pipe diameters for the design flows. The calculation starts from the tail
(downstream end) of each pipeline and works upstream towards the header tank.
Confirm / identify locations for all structures including: (i) riser outlets; (ii) any flow
control / measurement structures; (iii) standpipe air-vents; (iv) standpipe escapes; (v)
washouts; and (vi) khal / road crossings.

Determine pressure head at the header tank for the usual flow. Also determine the
pressure head for the peak flow to determine the full height of the header tank and
standpipes. For the header tank allow a freeboard of 0.1 m to the calculated peak
water level. For the peak discharge check that the maximum flow velocity in the
pipeline is not exceeded, (1.7 m/s for uPVC pipes).

Determine pumping heads, suitable pump types and power (motor) requirements.

Pipeline and Node Numbering System

The pipeline numbering system should, as far as possible, reflect the rotation units. For
example Pipeline 1 to supply Rotation Unit 1 and so on.

Off-taking (branch) pipelines should be numbered from upstream to downstream with the
number of the main pipeline as well as the number of the branch. For example Branch 5-1
implies the first branch off-taking from pipeline 5. Similarly 5-1-1 implies the first sub-branch
pipeline offtaking from Branch 5-1.
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Nodes for outlets and pipe-bends should be denoted by numbers and letters starting from
upstream and progressing downstream. Thus 1A is the first node along pipeline 1, while 2B
would be the second node along pipeline 2.

C. Pipe Sizing and Pipe Flow Friction Losses
1. Approach

Pipe sizing is the process whereby pipe diameters are adopted for each reach taking into
account pipe friction losses and losses due to bends, changes in pipe diameter and off-
taking T-junctions to outlets.

This is an iterative process with more than one solution possible. However the aim will be to
optimise the selection of pipe diameters so that:

i. Flow velocities are reasonably uniform from reach to reach and do not exceed the
maximum allowable velocity for the pipe type.

i. The design hydraulic grade line ensures command over all off-takes but is not so
high that pumping costs will be so large that whole life costs increase. In practice, for
the usual design discharges the pipe flow velocities are likely to range from 0.7-0.8
m/s, giving a pressure at the header tank of 3-5 m. For the peak design discharges
check the pipelines to determine the peak pressures and required heights of the
standpipes and header tank. In practice the hydraulic pressure head should not
exceed 6-8 m.

iii. A negative hydraulic head should never develop.

Once head losses are calculated for the reach pipe pressures are determined at each node
and the hydraulic grade line is determined working from the tail of the pipeline upstream
towards the header tank. During operations pipe pressures decline from a maximum of
about 2-6 m at the header tank, depending on flow, to about 0.8 m (min), at the tail / last
outlet.

Figure lI-1: Long section showing pressure drop along pipeline
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A standard design spreadsheet allows the impact of a change in pipe diameter on the
hydraulic grade line to be immediately apparent and facilitates the selection of appropriate
pipe diameters.

2. Pressure and Velocity Limits

For concrete pipes the maximum flow velocity may be 2.4 m/s, though rather lower velocities
are suggested unless rubber gasket seals and spigot & socket joints are adopted. The
maximum flow velocity for uPVC pipes should be 1.7 m/s '°. This helps safeguard the pipe
against high surge / water hammer pressures.

A minimum flow velocity of about 0.3 m/s is suggested to avoid sedimentation of the
pipelines.

The allowable (working / static) water pressure in the pipeline depends on the class of uPVC
pipe (wall thickness) specified. Usually for CAD subprojects developed by LGED a 3.25 bar
(32 m) pressure rating will be specified. To protect against surge damage the allowable
water pressure shall not exceed 70% of the pressure rating, ie about 2.3 bar (22-23 m head),
see Section II-D.

A lower pressure rating is not recommended as damage during transit and handling would
be significant. Further it is difficult to manufacture thinner walled pipes as these tend to
deform as they are extruded from the die machine.

3. Pipe Friction Losses
a. Darcey-Wiesbach formula

Pipe friction may be calculated by spreadsheet using the Darcey-Weisbach formulae:
H. = f (L/D) (V?/2g)
where:
L = pipe length (between nodes)
D = pipe diameter
V = pipe flow velocity

G = acceleration due to gravity (9.81 m/s?)

The spreadsheet includes a fixed value for the Moody friction factor of 0.020 for concrete
pipes and 0.0168 for uPVC pipes'".

These values are appropriate for completely turbulent flow in the pipes. However the flow
type and appropriate equation for the friction factor (there are four) depends on the relative
pipe roughness (roughness / pipe diameter) and Reynolds number. With reference to the
Moody diagram below, fully turbulent flow is above and to the right of the dotted line.

For the smooth uPVC pipes (roughness of 0.0015 mm compared to concrete which has a
roughness of about 0.03-3.0 mm) with very low flow velocities (and low Reynolds numbers)
the pipe flow may not be turbulent.

0 FAO Handbook for Pressurised Irrigation, 2007
" Note: in the spreadsheet the formula is rearranged to use 4f values where f is 0.0050 (concrete) and 0.0042
(uPVC)
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Figure 1l-2: Moody Diagram
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For uPVC pipes the excel design spreadsheet using Darcy-Weisbach could possibly be
amended to include for a check on the flow type, and include for the four different formulae
for calculation of the friction factor depending on flow type. However this would be quite
complex and is probably not necessary.

b. Colebrook White formula

The Colebrook-White formula is recommended by the Hydraulics Research Centre,
Wallingford, UK, and is particularly suited to pipes which are neither totally smooth nor
wholly rough. The relationship between velocity, pipe slope, pipe diameter and pipe
roughness is as follows'?:

2.51v
= —2V(2gDS) log [3 7D * DyeD3)!

where:

V = velocity (m/s)

D = diameter (m)

S = hydraulic gradient

ks= pipe effective roughness (m)

g= gravitational acceleration (9.806 m/s?)

v = kinematic viscosity of fluid (0.00111 at 15°C)

Pipe effective roughness values, ks, for use in the Colebrook-White formula are tabulated
below. Friction losses for difference pipe sizes are shown on Figure II-3.

12 Charts for the Hydraulic Design of channels and pipes, HR Wallingford, 1983
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Table Il-1: Pipe Roughness, ks

ks (mm) Recommended
Material Maximum Flow
Good Normal | Poor .
Velocity (m/s)
uPVC (with spigot & socket joints) 1] 0.06 15
uPVC (chemically cemented joints) 0.03 )
Precast concrete with ‘O’ ring joints 006 | 0.15 0.60
Spun precast concrete with ‘O’ ring joints 006 | 0.13 0.30 25
Monolithic concrete construction - steel forms 0.30 0.60 1.5
Figure 11-3: Pipe flows and friction loss
160mm uPVC Pipe 200mm uPVC Pipe
2.500% 1.600%
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a / & 1.200% -7
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B 1.000% / S 0.800% —~
& / -2 0.600%
g 0500% g ' 0.400% )
& — e P
0.000% & 0.200% —
000 050 1.00 150 200 2.50 0.000%
Pipe flow velocity, m/s 0.00 0.50 1.00 1.50 2.00
Pipe flow velocity, m/s
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Pipe flow velocity, m/s
Pipe flow velocity, m/s

Note: Calculated using Colebrook - White formula with ks = 0.03 mm

4. Losses Due to Bends and Fittings

Losses due to a bend of fitting may be calculated by the product of the velocity head (V?/2g)
in the pipeline and the appropriate loss coefficient, C.

Coefficient C values are listed below:

e Entry: 0.50 (sharp), 0.05 (bell).

e Bends: 0.15 (22.5%); 0.30 (45°); 0.75 (90°).
e Tees: 1.20 (sharp); 0.80 (radius).

e Valves: 0.12 (open gate valve).

o Exit: 1.00 (sudden), 0.20 (bell).
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In practice highly accurate calculation of headloss is not necessary and in the standard
design spreadsheet a fairly conservative approach is adopted whereby the headloss in each
reach is calculated as follows:

i.  Calculation of the velocity head, V?/2g

i. Determination of the number of pipe bends / changes in pipe diameter / values etc in
the reach.

iii.  Calculation of the loss due to pipe bends, etc adopting a coefficient C of 0.75.

iv.  Determination of the number of riser outlets and the number of standpipe air valves
in the reach.

v.  Calculation of the loss due to riser outlets and standpipes.

vi.  Calculation of the total fitting and bend losses

The total fitting and bend losses are added to the pipe friction losses to give the total reach
head loss.

5. Standard Design Spreadsheet

Use of a standard design “excel” spreadsheet facilitates design and choice of pipe diameter,
headloss and hydraulic pressure head in each reach working from the tail in an upstream
direction to the header tank.

A printout of the spreadsheet used to design a subproject is included as Appendix D-3.
D. Surge and Water Hammer Protection

Before discussing the design and provision of protection against pipe burst, pressures due to
“surge” and “water hammer” are briefly defined.

1. Surge

Surge is considered to be any transient pressure fluctuation which may occur in pipeline
systems at atmospheric pressure. During surge, water flow is characterized as being
unsteady, oscillating from one steady state condition to another. Surge is often associated
with the entry and exit of air which becomes trapped in the pipe system. This particularly
occurs when ever pumping is restarted after a closure.

Surge problems in low-pressure pipelines are usually caused by the sudden and
uncontrolled release of entrapped air from the line. The air may have collected at one
position during pipe filling or be entrained in the flow at structures. Open pipe systems,
where overflow stand-pipes are used suffer more from surge than other pipe systems. If
large volumes of air are released a shock wave may be generated. Ways of avoiding surge
include:

e Provision of air valves to provide for the controlled release of air; and
e Ensuring that pipe systems remain full of water, which dramatically reduces surge
problems.

2, Water hammer
When the kinetic energy of moving water is transformed into pressure energy, a pressure
wave is generated that oscillates back and forth in the pipeline. At any point in the pipeline

this is registered as a surge in pressure which is known as water hammer. The pressure
wave is reflected back on itself when it encounters any free water surface, usually at the air
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vent standpipe, and becomes superimposed on itself so resulting in the dampening of the
surge.

Water hammer usually occurs as a result of the sudden arrest of flow caused by one of the
following:

e Sudden valve closure.
e Sudden release of air.
e Sudden stoppage of a pump.

The sudden release of air can be avoided by adequate provision for air release using valves
or vents. In the case of sudden pump stoppage or valve closure the surge in
pressure can be damaging if not restricted to below certain limits. The hazards include:

o If the total of the initial pressure and the excess pressure developed at water hammer
exceeds the maximum permitted pipe pressure, then there is a risk of the rupture of
the pipe or a pipe joint.

o If negative pressure results then a pocket of cavitation may be created, causing
possible collapse of the pipe wall.

e Cycling positive and negative pressures may lead to acceleration of pipe failure over
time, due to pipe fatigue.

For low-pressure uPVC pipe materials, standard specifications (ASAE 5376.1, 1989) detail
that:

e The maximum surge pressure should not exceed 30% of the rated pipe pressure - ie
about 10 m for the proposed pipes which have a rating pressure of 3.25 bar (32 m);

e The total of maximum operating pressure and pressure surge should not exceed the
rated pipe pressure.

For most buried pipe systems in Bangladesh, terrain and pipelines are quite flat, and
protection against surge and water hammer is ensured by taking the following measures:

i.  Adoption of a steel pipe from the pump to the header tank.
ii. Provision of open standpipes just upstream of every outlet — these release air as well
as dampening out any water hammer.
iii.  Adoption of open standpipe diameters which are commensurate with the size of the
buried pipeline, as tabulated below.

Table 1l-2;: Buried Pipeline and Open Standpipe Diameters (mm)

Buried uPVC Pipeline Outer uPVC Air vent Standpipe Protective Concrete
Diameter (Do) Outer Diameter Standpipe Inner Diameter
160
186 160
225 (50 mm thick)
.20 200
280
315
400 | 400
450 355 (50 mm thick)
500
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A.

CAD Irrigation System Structures

Types of Structures

The types and typical numbers of structures associated with a typical irrigation (uPVC) pipe
distribution system are described below along with a summary of their function. Sample
structure drawings are included as Appendix E.

Table Ill-1: Description and Function of CAD Irrigation System Structures

Nr Type of Nr Description Function
Structure Required

1 | Pump House 0-1 Masonry walls and (depressed) Protection and security of
concrete floor to house the pumping equipment.
required number of motors and
pumps. Steel shutter winders and
doors, and corrugated iron
roofing.

2 | Header Tank 1 Rectangular reinforced concrete To receive discharge from
structure with 3 main separate pumps and allow settlement of
compartments, and with (steel) sediment to removed by
ladder and operating platforms to | flushing / manually. Also to
provide access to gates / shutters | enable flow control and flow
and flow measurement V- measurement to offtaking
notches. Also hand railing and pipelines. Height to be sufficient
washouts. A cheaper alternative to drive design flow through
would be to adopt a circular conveyance pipelines.
reinforced concrete tank and
adopt, if required electronic flow
monitoring devices to out let
pipes.

3 | Flow Control 0-3 RC structure with gates / shutters | To provide flow control and flow

Structures / valves and V-notch weirs measurement at head of
rotation units.

4 | Outlets (Risers) | 30 (typ.) | uPVC pipe offtake from pipeline To release irrigation flows from

for irrigation leading to (concrete/PVC) riser pipeline to 5-15 ha (typ)
pipe fitted with an alfalfa value. irrigator units (usually every
Masonry / concrete distribution 200-500 m along pipeline).
box to be located over riser pipe.
If lay flat hose connections are The type of structure built
are proposed then the walls of depends on whether layflat
the outlet box are about 1.2 m hose conveyance from the
high and steel pipes are set into structure is requested by
the walls of the outlet box to farmers, or surface
which hoses may be attached. conveyance.
5 | Outlets to 0-10 uPVC pipe offtake with control To release smaller flows for
standpipes valve and RC access box leading | hose conveyance to irrigate
to steel pipe riser to which 1-2 lay | small areas of higher land,
flat hoses may be attached. ponds, homestead gardens, etc
6 | Standpipes (air | 30 (typ.) | Vertical uPVC pipe leading off To ensure pressures within
vents) from top of uPVC pipeline at high | pipeline remains within design
points and usually just upstream limits and to allow air to vent.
of outlets (risers). Standpipes to | Top of standpipes to be 0.6
comprise uPVC pipe placed (typ) m above design HGL
within concrete pipes for support /
protection.
7 | Escapes 3 Vertical uPVC pipe leading off To allow monitoring of
(standpipe from top of PVC pipeline key pressures in pipeline, feed back
overflows) locations and where escape flow | to pump operator to increase /
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Nr Type of Nr Description Function
Structure Required
can discharge safely. Small clear | decrease pumping flows, and
piezometric tube to be fitted to for excess flow to discharge
allow monitoring of water level safely into drainage ditch. Top
(pressure). of standpipes to be 0.3 (typ) m
above design HGL.

8 | Washouts 3 uPVC pipe offtake with control To allow periodic flushing and
valve and RC access box located | emptying of pipeline for repairs
at low point(s) in pipelines and removal of sediment.

B. Flow Formulae

In this section the flow formulae used for the hydraulic designs of the pipe system structures
are presented, focussing on energy / head losses.

1. Energy Loss Equations for Transitions

Head (energy) losses through transitions include for losses between structures / channels
and pipes.

The general expressions for transition losses are:

For exit losses: 8He = Ce (V2-V3)?/2g

For inlet losses: SHi= Ci(Vi—V2)?/2g

SHi, dHe = energy loss through transition [m]

G, Ce = coefficient of head loss in transition

V1 = velocity upstream of transition [m/s]

Vs = velocity in constriction (pipeline) [m/s]
Vs = velocity downstream of transition [m/s/]

Values for the head loss coefficients from open channels / structures to and from conduits
are tabulated below and shown on Figure 2.2. Note: these coefficients apply for Froude
numbers of the constricted flow of less than 0.5.

Table IlI-2: Energy Loss Coefficients for Transitions

Type of Conduit
Type of Transition Circular, Rectangular (free
Submerged water surface)
Ci Ce Ci Ce

Conduit protruding from channel slope 0.65 1.00 0.50 1.00
Conduit connected to straight head wall 0.55 1.10 0.50 1.00
Cond_wt connected to simplified straight line 0.50 065 0.30 0.60
transition
Coqdmt connected with rounded ends to 0.25 0.50
straight head wall
Conduit connected to simplified straight line
transition with vertical walls 0.20 0.40
Conduit connected to transition with round
to rectangular 6D long pipe transition (width 0.40 0.60
2D, height D)
Warped transition 0.10 0.20
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Figure lll-1: Headloss Coefficients for Pipe — Channel / Structure Transitions
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2. Alfalfa Valves
Energy losses through alfalfa valves are calculated using the transition loss formula for exits.
The flow velocity downstream of the transition may be taken as zero, giving:
8He = Ce (V2)?/2g

The head loss through alfalfa valve will be 1.5 to 2.2 times the velocity head through the
riser. Adoption of a loss coefficient of 2.0 for alfalfa valves is proposed.

Adopting headloss throiugh the alfalfa valve of about 50 mm gives the following outlet pipe
and valve sizes for the likely range of areas/ discharges. Where higher heads are to be
dissipated/ flows reduced the alfalfa valve must be partially closed. For areas smaller than
about 10 ha, it may be more appropriate to adopt a sluice valve outlet structure.
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Table IlI-3: Irrigator Area and Alfalfa Valve Diameters
Net o
imigation | Indicative | Offtaking UPVC | AlfalfaVaive | '"F°atve Indicative
Area for Peak Flow Outlet Pipe Dia. Dia. . Headloss
Velocity
Outlet
(ha) (I/s) (mm) (inch) (m/s) (mm)
L w0 6 .08 | CLN—
L B o0 6 .|..08& | 69
S 2 | 200 8 |00 50
- R B 28 20 | 8 | o8 | (I
30 33 225 8 0.83 70
3. Pipe Orifices

The (gated) pipe offtakes from concrete structures are submerged flow orifices for which
discharge is mainly a function of the head loss across the orifice, and the orifice opening as
given by the following formula:

Q = Cq4Cy A (2g(h1 — hp))°®

Where:

Q = discharge [m?/s]

Cq = discharge co-efficient

Cv = velocity co-efficient

A = area of opening (= product of orifice opening “a” and orifice width “b”) [m?]
h1 = upstream water depth above orifice crest [m]

hz = downstream water depth above orifice crest [m]

Cv can usually be taken as 1.0, and adoption of Cd = 0.61, (fully contracted orifice) is
suggested.

Note: as an alternative to this equation the transition headloss equation may be used with

the appropriate loss coefficient, C.

4. Broad Crested Weirs

For free flow (ie modular) conditions discharge is (approximately) given by:

Q=1.7bh's
Where:
Q = discharge [m?/s]
h1 = upstream depth of flow over the weir crest [m]
b = width of the weir [m]

The flow over a weir is modular when it is independent of variations in downstream water
level. For this to occur the downstream energy head (Es), must not rise beyond a certain
percentage of the upstream energy head (E+).
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The ratio Es/E; is the “modular ratio” and the modular limit is the value of the modular ratio at
which flow ceases to be free. Usually flow velocities upstream of the weir, and downstream
of the hydraulic jump are similar, and Es/E1 may be approximated by hs/h;.

The modular limit also depends on the height of the crest above the downstream floor (p2).
As shown below the modular limit for broad crested weirs with a shallow sloping back
(downstream) face varies from 0.79 to 0.94, while for a vertical back face the modular limit
varies from 0.67 to 0.92, depending on the value of the ratio (E1/p2).

Figure IlI-2: Modular Limit for Broad Crested Weirs
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For submerged (non-modular) flow, the discharge is reduced by multiplication by the
applicable reduction factor “f” tabulated below. The reduction factor depends on the modular
ratio (Es/E1), and on the approaches to the weir.

The values given in this table are applicable to weirs with either a rounded or a sloping
upstream face and a sloping downstream face, with slopes 1V:2H or flatter, are from Fane’s
curve. For weirs with a vertical back (downstream) face, reduction factors are greater, and
have been approximated from Chow, 1978, Figure 14-17.

Table Ill-4: Reduction Factors for Submerged Flow

Modular Ratio | “f’ value for weirs with shallow | “f’ value for weirs with a vertical
Es/Eq sloping u/s and d/s faces back face
I 099 0.88
I 098 0.70
I 084 0.50
I 077 -
I 071 -
0.61 -
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5. V-Notch Weir

For a negligible approach velocity tests on a 90° V-notch weir for upstream heads (H:)
varying from 6 to 55 cm resulted in the following equation:

Q =1.34 H24 (m3/s)
Where, Hq = upstream head over the weir crest (m).

If the flow becomes submerged the discharge reduces. For a 90% V-notch weir a 10% loss
in discharge occurs if the downstream head (H2) rises to 0.5H; as shown on the figure
below.

Adopting a limit for the downstream head H; of 0.5 H¢ (or less) is proposed.

Figure IlI-3: Head over V-notch weir crest and flow
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It is suggested that 90° V-notch weirs are incorporated into pipe distribution system
structures (for example at header tanks and flow control structures) to allow flows into
pipelines to be measured.

Alternatively, it may be appropriate to fit flow measurement / metering devices to the
pipelines despite the higher costs, particularly if a record of cumulative flow is required.
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C. Design Features of Pipe System Structures

Sample drawings for pipe system structures are given in Appendix E and design features of
are discussed below.

1. Pump house and Platform

The pump house will typically have brick masonry walls and a concrete floor. The floor may
be depressed below ground level so that the suction head for the pumps does not exceed a
practical limit of 5-6 m. It should be sufficiently large to house the required number of motors
and pumps. Steel suction and delivery pipework should be arranged to facilitate access to
the pumps for operation/ maintenance. For ventilation steel shutter windows and doors are
required. The roof may corrugated-iron sheets or a concrete slab. The pump house provides
protection and security for pumping equipment.

Figure IlI-4: Pump House and Platform
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SECTION A-A
(PUMP AND MOTOR ARE NOT SHOWN)

For subprojects drawing water from larger rivers it may not be practical to locate pumps
inside the pump house, even with a depressed floor, as the pumping suction head could be
too high (more than about 4-6 m) in the lean season. In this case usual practice is either to
provide a concrete platform on the river bank where the pumps may be placed in the lean
season, removed during the monsoon, or to provide a floating platform anchored to the river
bank. Unless the river bank is stable any pumping platform should comprise a reinforced
concrete slab supported on top of precast concrete / steel sheet piles. Access steps to the
platform would facilitate placement/ removal of pumps.

2. Header tank

The height of the tank is determined by the pipeline design and necessary head to supply
irrigation water to all the outlet risers. It has to be sufficiently tall to allow the peak (1-month)
demand flows to be met. In addition freeboard of 0.2 m may be provided. As usual flows are
much lower, to avoid pumping excessive heights and incurring high pumping costs, the
discharge pipes from the pump house enter the tank in the bottom half of the tank, see
Figure IlI-5.
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There are three main compartments. The first receives water from the delivery pipes and
facilitate settlement of any coarse sediment. Flows into the second compartment are
controlled by (8 or 10 inch) alfalfa valves operated from an operating platform. From the
second compartment flows may be through orifices into the third compartment, or if these
are closed over 90° V-notch weirs so that flows may be measured.

The second and third compartments are divided into sub-compartments according to the
number of off-taking pipelines.

The number and diameter of alfalfa valves is determined from the design flows, adopting a
head loss of 100 mm or less.

Only one V-notch weir will be provided to measure the flows to each off-taking pipeline and
their crest levels vary according to the design discharges — the higher the discharge the
lower the crest. Sufficient headloss should be allowed so that flow remains free (ie

unaffected by the downstream water levels), and is likely to be about 150 mm.

Figure 1lI-5: Rectangular Header Tank
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Plan of a typical tank
showing
compartments. In
compartment-1
sediments are settled
and flows into
compartment-2
controlled by alfalfa
valves. Flow
measurement by V-
notch weir is possible
between compartments
2 & 3. Flows enter the
3 main pipelines from
compartment-3.

Pumped water from the
pump house enters
about halfway up the
tank.

Flow control is by the
alfalfa valves located in
compartment-2. The
allow flows to be
controlled / rotated as
required to each off-
taking pipeline.

Flow measurement is
possible only if the
direct connections set
in the walls between
compartments 2&3 are
closed. Flow
measurement is
suggested whenever
new pumps are
procured.
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The reinforced concrete header tank is a costly structure, and cheaper alternatives may be
considered. For example, where pumped coarse sediment is not expected, a cheaper,
circular header tank design may be considered®, see Figure 1II-6. The internal diameter of a
circular header tanks would be about 1,200 mm to allow for inspection/ cleaning. Wall
thicknesses would be about: (i) 175 mm for tanks where 3.5<H< 4.5 m; (ii) 200 mm for
4.5<H<5.5 m, and (iii) 225 mm for 5.5<H>6.5 m.

Figure IlI-6: Circular Header Tank
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A circular reinforced concrete header tank would
be cheaper than rectangular structures and
practical so long as pumping of coarse sediment
is not expected.

100mm Class-E Blinding Concrats
FLANGE @ 12 8 150 ¢/fe

A further operational improvement may be to adopt flow control by providing sluice / gate
valves to each pipeline instead of the alfalfa valves, and flow meters instead of V-notch
weirs. However this could increase costs.

3. Flow Control / Measurement Structure

For many subprojects flow control / measurement at the head of each Rotation Unit would
be at the header tank. However for the larger subprojects, a pipeline offtaking from the
header tank may supply water to two or more Rotation Units, in which case an additional
flow control / measurement structure will be needed.

A typical structure could comprise several compartments as shown below. The inlet pipe
would discharge into the first compartment, from which flows into second compartment
would be controlled by alfalfa valves operated from the top of the tank. Flow measurement to
each pipeline would be by a 90° V-notch weir set into the partition wall between adjacent
compartments.

The structure would incorporate the following features: (i) trash racks to prevent trash
entering the off-taking pipelines; (ii) an operating platform to access the valve operating
handles and V-notch weirs; (iii) access ladders; (iv) small pipe drains set at the floor of the
structure to allow cleaning of each compartment; and (v) pipe overflows set at design water
level.

13 Circular tanks are the norm for smaller irrigation schemes built by the BMDA and BADC.
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The height of the reinforced concrete structure is dictated by the pipeline design, specifically
the hydraulic pressure head in the off-taking pipelines plus head losses through the structure
itself.

If flow measurement was not needed then an alternative would be to provide a gate / sluice
valve located within a valve chamber / box at the head of the off-taking pipeline. To protect
against surge pressures and allow exit / entry of air a standpipe should be located just
upstream of the valve.

Figure llI-7: Flow Control / Measurement Structure
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4, Outlet Risers

Outlets typically comprise am off-taking uPVC pipe leading to riser pipe capped with an
alfalfa value. A masonry / concrete distribution box is located over the riser pipe. It is
advised, particularly for uPVC pipes, that the outlet box is offset from the main pipeline to
avoid damage to the pipeline and allow access to the pipeline in event of repairs being
required. To prevent tampering of the alfalfa valve a lockable screen may be provided.

Figure 111-8: Outlet Riser supplying Field Channels
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Depending on area of the Irrigator Unit, the offtaking
pipeline diameter should vary from 160-225 mm, and
the alfalfa valve be either 6 or 8 inch in diameter, see
Table II-3.

While the T-joint for off-taking pipelines are laid
horizontally, the T-joint for standpipes / air vents which
are constructed over the pipeline, are laid vertically - as
shown in the adjacent picture.

The outlet riser shown on Figure 1lI-8 supplies water to
field channels, and the pucca-nuccas built into the walls
of the outlet box control flows to the field channels.
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An alternative design, shown below is for outlets supplying water for lay-flat hose
conveyance to farmers’ fields. In this case the outlet box requires high walls - assuming
water is to be conveyed less than 100-150 m then 1.2 m high walls are likely to be sufficient.

Figure I1I-9: Outlet Riser supplying Layflat hose
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5. Outlets to Standpipes

For smaller areas, less than about 10 ha, or to provide water to fish ponds/ washing,
standpipes are suggested. These structures comprise a uPVC pipe offtake with control valve
housed in a concrete / masonry chamber leading to a steel pipe riser to which 1-2 lay flat
hoses may be attached.

Figure I11-10: Outlet to Standpipes
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6. Air Vent and Escape Standpipes

Air-vent and escapes are similar structures comprising vertical (uPVC / concrete) standpipes
leading from the top of the pipeline as shown on Figure IlI-11. The main differences between
them are as follows:

i.  Air vents are located at high points and just upstream of every outlet. They ensure
that surge / water hammer pressures within the pipeline remain within design limits
and allow air to vent. The top of the air vent standpipes is usually 0.6 m above the
design hydraulic grade line (pressure head) at the standpipe location.
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i. Escapes are located at a few key locations and allow excess flow to discharge safely
into a drainage ditch. The top of escape standpipes is usually set just 0.3 m above
the design hydraulic grade line.

Escape standpipes always have a small clear piezometric tube fixed to the standpipe to
allow monitoring of pressures in the pipeline and “feed back” to the pump operator to
increase supply if pressure is low, and to decrease supply if pressure is too high. The air
vents may also have these piezometric tubes if additional monitoring is desired.

These standpipes may comprise just concrete pipes placed on top of the uPVC riser pipe
without any way to monitor pressures. If this simple design is adopted then the concrete
joints must be sealed carefully and may require periodic re-sealing. However as they rise
above ground any leakage is readily apparent. To ensure against leaks the uPVC pipe may
be taken to the required height, in which case the concrete / 2" uPVC pipe surround is
purely for protection.

Figure IlI-11: Standpipe Airvent
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The diameter of the standpipe depends on the parent buried pipe diameter, see Table II-2,
while its height will depend on the design pressure in the pipeline. For an upstream control
system, the pressure in the pipeline declines from the header tank to the tail. If too much
water is supplied water will overtop the standpipes.
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For most subprojects the height of the standpipes will probably vary from about 6.0 m at the
head to a minimum of 1.6 m at the tail.

7. Washouts

Washouts comprise a side pipe off-take from the parent pipeline fitted with a control (gate)
valve and concrete / masonry protective box. They should be located at any particularly low
point(s) along the pipelines to to allow periodic flushing and emptying for repairs and
removal of sediment.

Figure 111-12: Plan and Section of Washout
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Iv. Pumps, Power Requirements and Accessories
A. Introduction

For each CAD subproject the required design flows, usual and peak, pumping heads,
pump type(s) and power requirements must be determined. In this section the
selection of suitable pump sets is discussed and the power and energy required for
them. Pump accessories are also described.

A pump set comprises the following:

The Pump itself, usually cast iron — centrifugal pumps up to 8 inch in size are
manufactured locally.

Power unit — either an electric motor or a diesel engine — this makes up the
major cost of the pump set.

Steel Base frame on which the motor and pump are fixed — usually skid type
Main switch & starter — for electric motors only

Electric connection to mains — for electric motors only

Battery and starter — diesel engines only

Together with associated steel pipes, pipe bends, gate / sluice valves, end (foot)-
valve to prevent back flow and pipe screen the pump sets typically make up about 1-
2% of the subproject cost, refer Table I-5. Suggested rates for pump sets and
associated items are given in Appendix A-2.

In Figure IV-1 below a pump set with electric motor, steel pipework from pumps to
header tank and a small platform located on a river bank are shown.

Figure IV-1: Pump Sets and associated equipment

Power unit
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Electric motors are more efficient than diesel engines, and electric power attracts a
significant subsidy in Bangladesh. For these reasons adoption of electric motors will
reduce running costs. However complete reliance on electric motors leaves farmers
vulnerable to load shedding and crop losses.

B. Types of Pumps

Roto-dynamic pumps fall into the following categories: (i) axial flow pumps — low
head and high discharge; (ii) centrifugal pumps — high head and low discharge; and
(ii) mixed flow pumps. They are all designed to run at a constant speed and their
performance is described by the following characteristics:

e Pumping head and discharge;
¢ Power Requirement; and
o Efficiency of operation.

Pump labels typically summarize the pump type / size, pumping head and discharge,
and operating speed. Indicative power requirement and date of manufacture may
also be given. However sometimes labels are misleading, for example a label may
state: 400 m®hr, 20 m meaning one or the other (ie 200 m®/s or 20 m of lift), not both.

Two labels for centrifugal pumps manufactured by Milners Pumps Ltd, Bangadesh
are shown below. Label A for a 125 mm (5 inch) pump indicates the recommended
range of flows and associated heads, ie 150 m3/hr for 18 m pumping head, and 200
m?hr for 15 m head. Label B for a 150 mm (6 inch) pump is less informative, and
indicates 5 cusecs (507 m?hr) for 9.5 m head. No pump efficiency information is
given.

Figure IV-2: Pump Labels

A. Label states: A. Label states:
e 125 mm (5 inch) pump e 150 mm (6 inch) pump
e Flows: 150-200 ms/hr e Flows: 5 cusecs (150-200 m3/hr
e Head:18-15m e Head:9.5m
e BHP: blank e RPM 1500
e RPM: 2900
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Table IV-1: Discharge Units Conversion

| (m°/s) | (cusecs) | (I/s) | (m3/hr)
005} 177 50.00 |  180.00
L0068 212 60.00 |  216.00
L.007 247 70.00 | 252.00
008 2.8 80.00 |  288.00
0.09 3.18 90.00 |  324.00
0.10 353 | 100.00 | 360.00
0.11 388 | 11000 | 396.00
0.12 424 | 12000 | 432.00
0.13 459 | 13000 | 468.00
0.14 494 | 14000 | 504.00

. .015)  530| 15000 |  540.00
,016]  565| 160.00 | 576.00
..017) ~ 600] 17000 | 612.00
018|  635| 18000 | 648.00
019|  671| 19000 [  684.00
0.20 7.06 | 200.00 | 720.00

1. Axial flow pumps

Axial Flow Pumps (AFPs) initially spread in East Asia in the 1960s via national
programs and village level machinery manufacturers to small farms where surface
water needs to be raised 1-4 m. In its most simple form the pump consists of a boat
propeller inside a pipe. IRRI improved the impeller blade design in the early 1970s
and today there are millions of low cost, improved AFPs in Thailand, China and
Vietnam. AFPs currently have very limited use in South Asia.

In 2012 CIMMYT, Bangladesh and iDE, Bangladesh and their national partners
began manufacturing ' and testing AFPs in Bangladesh. Testing to determine
performance was done by BARI and closely monitored by CIMMYT". Test features
and results (June 2013) were as follows:

Static pumping lifts (negligible friction lift): 1, 2 and 3 m;

Pump diameters: 4 — 6 inch;

Diesel engine power: 10 — 14 HP;

Engine speed: 2,000 — 2,300 rpm;

Pumping discharge variation: 50-70 I/s at 1.0 m lift to 30-50 I/s at 3.0 m lift;
and

e Energy (fuel) efficiency'®: 80 — 120 m® /| at 1.0 m lift to 60-70 m?/I at 3.0 lift.

The axial flow pumps showed significant efficiency gains over centrifugal pumps, with
energy (fuel) savings of 30-50% for a static pumping lift of 1.0 m, reducing to 10-30%
for a static lift of 2.0 m. For a static pumping lift of 3.0 m there was negligible energy
saving, and above 3.0 m centrifugal pumps are more energy efficient.

4 Manufacturers of pilot AFPs are: (i) Rahmann Engineeringm Kushtia (6 & 8 inch models); (ii) Hira
Engineering Workshop, Dhaka (6 inch); and (iii) the PRAN-RFL Group.

S Farm Machinery & Post Harvest Extension Division, Bangladesh Agricultural Research Institute
(BARI)

6 Measured by volume of water pumped in m? for each litre of fuel used.
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Figure IV-3: Axial Flow Pump

Axial Flow Pumps have been manufactured in Bangladesh since about 2012. They show
energy savings of 10-30% for low (<3 m) pumping heads compared to centrifugal pumps.
Here the power source is a diesel engine

CIMMYT, Bangladesh consider that the locally manufactured axial flow pumps are
still not as energy efficient as ones used in southeast Asia. Catalogue information for
axial flow pumps from Thailand gives the following.

Diameter (inch) Discharge at 5m Speed (rpm)
(m3/min) I/s
5-6 3 50 900
7-8 7 120 900

One disadvantage of axial flow pumps is their length, typically 4-6 m long, and
weight, typically 40-80 kg depending on length and diameter. Unlike a centrifugal
pump they are never mounted on the same chassis but may be connected to an
engine (dedicated stationary diesel engine or a two-wheel tractor) via rubber V-belts.

For AFPs there is a large power demand as the pump is starting because there is a
column of water and heavy pump impeller to start moving. Once the pump is
underway the power demand drops to its usual running level. Starting and shutting
down of AFPs should be minimized as much as possible.

For the CAD subprojects pumping heads are likely to exceed 10 m including static lift
and friction losses, and axial flow pumps are not suitable.
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2. Centrifugal pumps
In Bangladesh centrifugal pumps are widely available and manufactured locally. They
are suited to the range of pumping heads required by the CAD subprojects. Pumping
characteristics for this type of pump are discussed below.

Figure IV-4: Centrifugal Pumps
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C. Pump Performance Curves

Performance characteristics curves are valid for a certain operating speed. The
equations relating the roto-dynamic pump performance parameters of flow (Q), head
(H) and power (P) to rotating speed (N) are as follows"’:
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7 These are collectively known as the Affinity Laws
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The affinity laws give a good approximation of how pump performance curves
change with speed but in order to obtain the actual performance of the pump in an
irrigation system, it has to be matched to the system curve/ required pumping flows
and heads, as discussed below.

Note: changing the impeller diameter gives a proportional change in peripheral
velocity with flow directly proportional to the impeller diameter D. However for any
particular pump it is not possible to change the impeller, at least not without badly
affecting efficiency, so pump performance cannot be adjusted this way.

a. Performance Curves for Selected Pumps

Milner Pumps Ltd has a testing facility at their factory in Tongi and pump
performance curves are available for their pumps, and are presented here.

The peak efficiency for any pump occurs for a certain single head and discharge and
efficiency falls off quite rapidly if the pump is required to pump at different heads. At
their optimum operating head and discharge, Milner pumps are 80-83% efficient.

For the six pumps manufactured by Milner's the operating range where pump
efficiency is between 70-83% are tabulated below. Data for one larger pump
(YANSHAN 250S24) are also give. Performance curves for each pump are included
as Appendix F.

For the largest Milner pump (F: 150-26 CN), operating against a total head of about
16 m is the most efficient point for operation, and providing the power unit selected
can deliver the required power gives a discharge of about 360 m%nhr. If the head
increases, for example due to a decline in the river water level in the lean season, the
flow will decrease unless the power delivered by the power unit can be adjusted —
easy for diesel motors with a throttle, but less usual for simple / small electric motors.
For example, if the head increases to 20 m the flow will decline to 210 m%hr and the
pump efficiency will drop from 83% to about 70%.

Table IV-2: Pump Models and Operating Heads

Pump Sugges_ted Ee Range of Range _o ! To Most Efficient Operating Point
D Pump Model Size Flow (n/hr) Dynamic Head
mm inch (m) m |md/hr| lils |cusecs|Eff %
A ETA 80-20 100 4 43-111 13.8-9 12 84 23 0.8 80%
B ETA 100-20 125 5 66-158 12.8-81 1 120 33 1.2 80%
C ETA125-20 150 6 108 - 288 125-6.6 11 178 49 1.7 80%
D ETA 100-26 125 5 70- 182 215-137 | 19 | 132 | 37 | 13 | 80% |
E ETA 125-26 150 6 117 - 285 228-15 20 218 61 2.1 80%
F ETA 150-26 CN 200 8 212 - 458 20-11 16 362 101 36 80%
Yanshan 250S 24 250 10 250 - 650 29-12 24 470 131 46 84%

For subprojects with pumping heads ranging from 6-13 m, Pump Type C is likely to
be most suitable, while for higher heads, 11-20 m, Pump Type F is suitable. The
Yanshan pump is suitable where even larger heads, from 12-29 m, and higher
discharges are required.
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Figure IV-5: Pump Performance Curves

35 Pump Performance Curves - Milners (190°) & Yanshan 250 S24
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Figure IV-6: Centrifugal Pump Testing, Milnars Factory, Tongi
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D. System Operating Curves and Energy Efficiency
1. System Operating Curves

For the CAD schemes the pumping equipment (pump and motor) for each system
need to cope with variation of both discharge and head depending on crop water
requirements and incidence of load shedding. As detailed in Chapter Il, the buried
pipeline diameter is selected for the usual (3-month) duty, but the system
accommodates the maximum or peak (1-month). If there is severe load shedding
then at least part of the pumping should be using diesel.

For most of our CAD systems
the total (static plus friction)
pumping head will be between
4 - 18 m for the usual duty,
increasing to between 9 — 23
m for the maximum duty. **
REF **

SYSTEM CURVE

e

FRICTION HEAD

SYSTEM HEAD

Each system has a unique
operating curve showing the
relationship between head and
flow.

STATIC HEAD

FLOW

Note: the pumping head is comprised of both friction losses in the suction and
delivery pipelines as well as the static lift from the khal / river to the header tank.

2. Varying Pump Performance to Minimise Energy Use

As discussed in Chapter Il, water requirements vary through the season / year, but
sufficient pumping capacity should be provided to meet the peak (1-month) demand.
Most of the time irrigation demand will be less than this.

Options to match pumping supply to demand include the following:

e Option 1: Pumping for only a few hours each day. This is a high energy cost
option as pumping head will be at a maximum for the time the pump(s) are
operated. For this reason Option 1 is not recommended.

o Option 2: Adjusting pump speed. This is easy to do with diesel pumps and
farmers often try to minimise fuel costs by throttling down the engines to
reduce speeds. However for electric pumps this is more difficult.

e Option 3: Adoption of several pumps working together (ie in parallel), and
using the minimum number of pumps commensurate with irrigation demand.

e Option 4: Adoption of pumps which operate separately — this option will only
be attractive if there is a large range of operating heads to be met, and
significant efficient gains will result from having separate pumps to meet the
usual and peak flows.

a. Pump Control by Adjusting Speed
Figure IV-7, shows a system curve plotted together with the head — flow

characteristics of a pump. For a single pump operating at constant speed there is
only one operating point. For a variable flow pump, reducing speed moves the
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intersection point on the system curve along a line of constant efficiency. The
operating point of the pump, relative to its best efficiency point, remains constant and
the pump continues to operate in its ideal region. The affinity laws are obeyed which
means that there is a substantial reduction in power absorbed (energy used)
accompanying the reduction in flow and head.

Figure IV-7: System Curve and Variable Speed Pump

80
70 I-I; ficien
1480rpI e
E 50 T1% / — )
HEADALONCLRVE S ] %
A I e ¢
o S 40 1_|-,:l.|-.|| B3%
EI = -k J_-z I/~ .‘[
30 Tomm e = ——1 150
2 il L] B0rpm
L 2
#"Jf—'— T’j—'l"‘ TS OTTNTT 100 f
SYSTEMCU |~ At | -1 = $
P il :
0
0 200 400 600 800 1000 1200
Flow Rate m3/h
ALOW
Single Pump Variable Speed Pump

(one operating point) (several operating points)

In addition to energy savings there could be other benefits of lower speed. The
hydraulic forces on the impeller, created by the pressure profile inside the pump
casing, reduce approximately with the square of speed. These forces are carried by
the pump bearings and so reducing speed increases bearing life. In addition,
vibration and noise are reduced and seal life is increased providing the duty point
remains within the allowable operating range.

b. Multiple Pumps working in Parallel
Installing several pumps working in parallel is an energy efficient method of flow

control with variation in flow met by switching on and off the additional pump(s) to
meet demand.

The system curve is
usually not affected
by the number of
pumps that are
running. For any one
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per pump, as more pumps are started. It is also apparent that the flow rate with two
pumps running is not double that of a single pump.

It is possible to run pumps of different sizes/ types in parallel providing their closed
valve heads are similar (ie overlap). For example, with reference to Figure IV-5
above, pump types D (ETA 100-26) and E (ETA 125-26) would operate well in
parallel against heads in the range 14-20 m, but neither are very suited to operate
together with pump C (ETA 125-20) which has a closed valve pressure of about 13
m.
For most subprojects, adopting a combination of three or more compatible pumps is
likely to be most efficient.
E. Pumping Power Requirements
For a given discharge and head the power required by the pump is given by:

Power (kW) = 9.81 x discharge (m3%s) x head (m) / pump efficiency
This is sometime expressed as:

Power (kW) = discharge (I/s) x head (m) / 102 x pump efficiency
As noted above, the efficiency of the pumps will be about 70-80% provided that
suitable pumps are selected and are operating within their recommended pumping
head.
For the range of Milner pumps manufactured in Bangladesh the pumping power
requirements for the most efficient operating points (about 80% efficiency) are given

below. Data for the large Yanshin pump are also given.

Table IV-3: Pump Model, Most Efficient Operating Point and Power Required

Suggested Pipe . . . Pump power
Pl:gp Pump Model size Most Efficient Operating Point required

mm inch m | m3/hr| ls |cusecs| Eff % kW HP

A ETA 80-20 100 4 12 84 23 0.8 80% 34 46

B ETA 100-20 125 5 11 120 33 1.2 80% 45 6.0

o] ETA 125-20 150 6 11 178 49 1.7 80% 6.7 8.9

D ETA 100-26 125 5 19 132 37 1.3 80% 8.5 11.4

E ETA 125-26 150 6 20 218 61 21 80% 149 19.9

F ETA 150-26 CN 200 8 16 362 101 36 80% 19.7 26.4
Yanshan 250 S 24 250 10 24 470 131 46 84% 384 51.5

For the largest Milner pump (F: 150-26 CN), the pumping power requirement to
deliver 362 m3/hr (101 I/s; 3.6 cusecs) against a total head of 16 m is about 20 kW, or
27 HP.

For the (10 inch) Yanshan pump, 250 S24 the pumping power required to deliver 470
m?hr (131 I/s; 4.6 cusecs) against a total head of 24 m is about 38 kW (52 HP).

1. Diesel Motor
For a diesel motor (engine), its Break Horse Power, BHP (power output) must at

least equal the power required by the pump calculated above. However in practice
the following considerations are taken into account:
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(i) Fuel efficiency — engine fuel efficiency drops when operated at maximum power
and speed (rpm), and also a very low power and speed, with optimum fuel efficiency
occurring at a middling power and speed. The pump curves given above are for an
operating speed of 1450 — 1500 rpm. Typical diesel engines may operate at speeds
from 1000 to 2400 rpm, and a speed of about 1500 is likely to give maximum fuel
efficiency. Therefore if the pump power requirement is calculated to be 26 HP, then
adopting a diesel engine with a 10-20% higher power output, ie about 30 BHP, is
likely to enable higher fuel efficiency.

(i) Service life: engines for pumping water are likely to be operated continuously for
long periods, and service life is increased by operating them at about 80% peak
power and speeds.

As a rule of thumb, the power delivered by the engine (its break horse power, BHP)
should be 10-20% higher than the pumping power requirement. Adopting 15% gives
diesel engine BHP requirements for the range of Milner pumps as tabulated below.
For the largest Milner pump (F: 150-26 CN), a 30-32 BHP engine is appropriate. For
the Yanshan pump, a 60 BHP engine is needed.

Table IV-4: Diesel Engine Output Power Requirements

it G6-L

" ; . Pump power Diesel Engine
Pl:gp Pump Model Most Efficient Operating Point required Output Power Suggest
m m3/hr | lls |cusecs| Eff % kW HP kW BHP BHP
A ETA80-20 12 84 23 0.8 80% 34 46 39 53 5.5
B ETA 100-20 11 120 33 12 | 80% 45 6.0 5.2 6.9 7
C ETA 125-20 1 178 | 49 1.7 | 80% 6.7 8.9 7.7 10.3 10-12
D ETA10026 | 19 | 132 | 37 | 13 | 80% | 85 114 98 | 132 [ 1245
E ETA 125-26 20 | 218 | 61 21 | 80% | 149 19.9 17.1 22.9 22.25
F ETA150-26CN | 16 | 362 | 101 | 36 | 80% | 197 26.4 227 | 304 | 30-32
Yanshan 2508 24 24 470 131 46 84% 384 51.5 442 60.1 60

The energy efficiency of internal combustion engines is typically 15-35%, as most of
the energy of the fuel is wasted as heat.

CHIT TAGONG BUILDERS & MACHINERY
SIFAMG

Two pump sets with Typé F Milner Pumps, and diesel engines with rated outputs of 28 and 32

BHP, Baneswardi, May 2014
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2. Electric Motor

The power output of an electric motor must supply the power required by the pump
as calculated in Table V-3 above.

While the power of diesel engines usually refers to their output power, the power for
an electric motor typically refers to its rated input power, which is the power it can
safely take without burn-out.

The rated input power for an electric motor is typically given by:

Pumping power requirement / motor efficiency

The motor power ratings required for the range of Milner pumps is tabulated below
for 80% motor efficiencies. For the largest Milner pump (F: 150-26 CN), a 25 kW (33
HP) rated motor is appropriate. For the Yanshan pump a 48 kW (65 HP) electric

motor is needed.

Table IV-5: Electric Motor Input Power Requirements

P:IBnp Pump Model Most Efficient Operating Point Pl.:r;n(;:u[:rc;n;er In:i:‘::i::‘:::{ﬂg Suggest
m | m3hr| lls |cusecs| Eff% kW HP kw HP HP
A ETA 80-20 12 84 23 0.8 80% 3.4 4.6 4.3 5.8 6
B ETA 100-20 1 120 33 1.2 80% 45 6.0 " 56 7.5 8
C ETA 125-20 1 178 49 1.7 80% 6.7 8.9 " 83 12 [ 12
D ETA 100-26 19 132 37 1.3 80% 8.5 14 | 107 14.3 14-16
E ETA 125-26 20 218 61 2.1 80% 14.9 19.9 18.6 249 25-26
F ETA 150-26 CN 16 362 101 3.6 80% 19.7 26.4 247 33.0 30-35
Yanshan 250524 24 470 131 46 84% 384 51.5 48.0 64.4 60-65

The efficiency of electric motors is typically 75-80%, much higher than for internal
combustion engines. Most of the wasted energy is in the form of heat.

P -

Pumb set with Iarg-e Milner’s Pump and electric motor, Control Switch for electric
Milner’s Pump Factory, Tongi motor
June 2014 June 2014
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F. Selection of Suitable Pumps and Motors for CAD Subprojects

The capital cost of pump sets and associated equipment is typically about US$ 15-
20/ ha, Table I-5, while seasonal energy costs using subsidized electricity is about
US$ 20/ ha (Tk 7 / dc), Table IV-7. In other words, the amount spent on energy in a
single year is more than the cost of the pump sets. Taking care to select pumps that
will be operating efficiently will save farmers a great deal of money.

To allow for varying irrigation demand at least three pump sets are recommended for
our CAD subprojects, and in general 3-6 pumps will be provided depending on
scheme size, location and crops grown.

High energy efficiency will usually be achieved by adoption of compatible pumps
working in parallel to meet the usual water demand operations, as well as peak water
demand and when the header tank will be full.

If the range of operating head is within the design head range for a single pump, then
all the pumps may be the same. However it may be that the booster pumps used to
meet peak demand are selected as being suitable for higher heads.

For some CAD subprojects where there is a large operating head range, it may be
best to adopt lower head pumps to meet usual flows, and higher head pumps to meet
peak flows. Where these pumps are not compatible with each other they should be
operated separately (not in parallel).

a. Friction Losses

Steel pipe friction and bend losses are given below for the range of pumps
considered. For the largest pump (F: 150-26 CN), pumping 362 m%hr (101 I/s, 3.6
cusecs), the pipe flow velocity would be 3.2 m/s, and the pipe friction loss would
3.9% (calculated using the Colebrook White equation and for ks =0.03). Losses in a
90° bend would be 0.4 m (adopting 0.75 V?/2g).

For a reasonable typical pumping installation comprising 4 bends / fittings and 40 m
of pipe, the total friction head loss would be about 3-4 m for peak flows, dropping to
about half this for usual flows.

Table IV-6: Bend and Pipe Friction Losses
Suggested Pipe

Pipe 90° Bend|Pipe Friction| Loss for 40 m

Pl;lll:‘;“) Pump Model Size Most Efficient Operating Point flow P loss of pipe

mm inch m |m3/hr| lls |cusecs| Eff% | mis m % m

A ETA 80-20 100 4 12 84 23 08 | 80% 3.0 0.34 7.5% 3.00

B ETA 100-20 125 5 11 120 33 12 | 80% 2.7 0.28 4.8% 1.92

c ETA 125-20 150 6 11 178 49 1.7 80% 28 0.30 4.1% 1.64

D ETA 100-26 125 5 19 132 37 13 | 80% 3.0 0.34 6.0% 2.40

E ETA 125-26 150 <] 20 218 61 21 80% 34 0.45 6.2% 248

F ETA 150-26 CN 200 8 16 362 | 101 36 | 80% 3.2 0.39 3.9% 1.56
Yanshan 250S 24 250 10 24 470 131 4.6 84% 27 0.27 3.0% 1.20

b. Steps for Pump Selection

To select the required number(s) of suitable pumps the following design steps are
suggested:

e From the net irrigation area and crop mix calculate the peak and usual
discharges.
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e Determine the system curve for the subproject by:

o Calculating the water level in the header tank for three different flows,
eg peak flow, usual flow and one other. This should be done for the
critical (usually longest) pipeline. Thence determine the static pumping
head (ie the difference between the lean season river/ khal water level
and the water level in the header tank) for each flow. Note: only for the
peak flow will the header tank be full.

o Adopt diameter for pipe steel work and determine the friction head
loss in the pipe and pipe fittings for each flow. Note: as the number of
pumps operated will be reduced for lower flows, the friction loss for the
peak flow with all pumps operating may be adopted for all scenarios.

o0 Total head for each of the 3 different flows is given by the friction loss
plus the static lift.

e Select numbers and types / capacities of pumps to meet head and discharge
requirements. Where possible adopt compatible pumps that may be operated
in parallel. Clearly specify the numbers and types of pumps to be operated to
meet: (i) the usual flow and head conditions, and (ii) the peak flow and head
conditions.

G. Pumping Energy Requirement and Cost
Pumping costs are given by the product of energy used and unit cost of energy.

The energy used is the power required by the motor times the duration the motor is
running.

Thus for a given discharge and head the energy required is given by:

Energy (kWh) =981 Q H T

(e1 &)
where:

Q is the pumped discharge (m®/s)

H is the average pumping head (m)

e the pump efficiency (in the order 0.7—-0.85)

e, the motor driving efficiency (0.7—-0.9 for electric motors and 0.1-0.35 for diesel
engines).

As indicated in the above equation, pumping efficiencies are given by the product of
the efficiencies of: (i) the pump; and (ii) the power unit. The efficiency of the pump is
usually about 70-85% provided that a suitable pump is selected and is operating not
too far from its optimal pumping head and discharge. The efficiency of the power unit
varies from: (i) 70-90% for electric motors; and (ii) 10-35% for internal combustion
engines.

Unless improved data are available the following efficiencies are suggested for the
calculation of power requirements:

e Pumps: 0.75

e Electric motor: 0.75
e Diesel engine: 0.25
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A (spreadsheet) calculation of power requirements is tabulated below for a scheme
net irrigation area of 313 ha, a gross water requirements of 826 mm and an average
pumping head of about 9 m.

Table IV-7: Power & Energy Requirements

Electric Diesel

Nr Item . ) Units
Pumping | Pumping
Water Requirements 429
Net Irrigation Requirements 826 mm
1.2 | Gross irrigation requirements 826 mm
8,263 m?3/ha
1.3 | Average pumping Head 9.0 m
Pumping Hours
2.1 | Nr of pumping days per season (with staggered 140 days
planting)
2.2 | Nr of pumping hours per day 20 hours
2.3 | Nr of pumping hours per season 2,800 hours
Irrigation Flows
3.1 | Average flow required per ha 2.95 m?/hr per ha
0.82 I/s per ha
3.2 | Net Irrigation Area 313 Ha
3.3 | Flow required for scheme 256 I/s
Pump & Motor Efficiencies & Power Required
4.1 | Pump efficiency 0.75 0.75
4.2 | Motor efficiency 0.75 0.25
4.3 | Average power required per hectare 0.13 0.26 | kW/ha
4.4 | Average power required for scheme 40.2 7.8 | KW
54.7 10.6 | HP
Energy Requirements
5.1 | Energy required per ha for the season 360 584 | kWh/ ha
5.2 | Energy required for the season for scheme 112,687 17,531 | kWh
Cost with Electric Pumping
6.1 | Cost of electricity 4.5 BDT / kWh
6.2 | Cost of pumping 1,620 BDT per ha
656 BDT per ac
6.6 BDT per dc
20.3 USS$ per ha
2,450 US$ per Mm?3
Cost with Diesel Pumping
7.1 | Fuel consumption rate 0.15 | I/ kWh
7.2 | Fuel consumption / ha for the season 162 | | /ha
7.3 | Cost of diesel fuel 68 | BDT /I
7.4 | Cost of pumping 9,181 | BDT per ha
3,715 | BDT per ac
37.2 | BDT per dc
114.8 | US$ per ha
13,900 | US$ per Mm?3
7.5 | Fuel efficiency 61 | m3 water /|
fuel

These calculations indicate that average power requirements are 40.2 kW (0.13
kWr/ha) for electric pumping and 100 kW (0.32 kW/ha) for diesel, and the energy
required for the lean season is 360 kWh/ha for electric pumping and 900 kWh/ha for
diesel.
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A fuel consumption rate for diesel pumps of 0.15 | / kWH is adopted to determine
diesel fuel requirements's.

For the current (2014) energy cost rates, pumping costs for boro are likely to be
about US$ 20 / ha and US$ 110 / ha for electric and diesel respectively.

For diesel pumping efficiency may be expressed as the volume of water pumped per
unit of fuel used, and is about 60 m?® of water / | of fuel.

These calculations indicate that pumping with electric pumps is much cheaper than
using diesel, about 1/5" of the diesel pumping costs. However to firm up pumping
costs, particularly for diesel pumps, additional data / pump testing is required.

H. Pump Accessories

Suction pipes lead from the river / khal to the pumps. These are fitted with a screen
and a (flap) foot-valve at the end to: (i) prevent entry of debris or stones that may
damage the pump impeller; and (ii) to held water in the pipe and facilitate pump
priming at start up. To minimise leakage the flap valve must have a river seal. The
suction pipeline should have flanged connections so that they can be removed during
the monsoon, and extra pipe lengths added as required in dry years.

From the pumps pressure pipes lead to the header tank. These are usually fitted
with: (i) a 1% -2 inch priming pipe to allow water to be poured into the pipe system
and pump at start up; (ii) a %2 inch take off pipe to allow cooling water to be taken off
— only required for diesel pumps; and (iii) ideally a gate valve. The gate valve, when
fitted, ensures that leakage from the header tank back to the river does not occur
and, proving water is retained in the header tank, facilitates pump priming using
water from the header tank.

To safely accommodate high pressures that may be generated at pump start up /
shut down steel pipes are recommended. If uPVC pipes are used to reduce costs,
then they should be thicker walled and able to take a nominal pressure of at least 6
bars. Even so, unless they can be buried, they remain vulnerable to damage and are
likely to deteriorate (become brittle) in sunlight. Other accessories include pipe bends
and pipe supports.

. .-"‘"":'4 L, 3 A
v T : :
Screen and foot-valve with flange connection 1% inch Pipe f'ttEd. to8 mch outIeF pipe to allow
pump priming. ¥z inch pipe also fitted for draw

off of cooling water for diesel engine

8 CSIRO report 20/02 — January 2002 reports fuel consumption rates of 0.09 to 0.25 | / kWh
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Appendix A: uPVC Pipe Rates (2014/15)

Outside Diameter

mm

Nominal Wall

thickness
mm

Internal
Diameter
mm

All-in Installation Rate
(2014)
BDT/m

[
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400

BEC R
0 |

40
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2.00

S22 |
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' 6.20

350
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195

219 |

244

a3

307
346

EEC R
488

s L

652
SCEEREEPE
e
1449
1,542
e
e
3,113
3849
4913
5,700

Working Pressure: 3.25 bar (32 m head)

Pipe sizes & wall thickness in accordance with 1ISO-4422 and 1SO-4065 for required working

pressure - the nominal wall thickness is the minimum diameter

Ex-factory rates as quoted by Suppliers in August 2011
Total rate is the all-in Installation rate for the uPVC pipeline including placing, connecting and
jointing but excluding bedding & trench earthworks (O-ring jointing proposed)

In estimating pipe quantity allow for jointing wastage of (say) 3-8% depending on pipe

diameter
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Appendix A2: Suggested Rates for Pump Sets and Associated Items

S.No Work description Rate (2014/15)
Unit BDT Uss$
6.9.01 | Supplying MS pipes of standard thickness including painting with anticorrosive paint, laying
in position and true to alignment, fitting, fixing and joining by welding and / or flange
connections all complete as per specifications and drawings and as per direction of the
_Engineer in Charge: e
- Internal diameter 100 mm (4 |nch) m 2,321
Internal dlameter 125 mm (5inch) m 2901 |  37.67
- Internal diameter 150 mm (6 inch) m 3442 | 4470
- Internal diameter 200 mm (8inch) [ m 4733 | 6146
- Internal diameter 250 mm (10 |nch) m 6,903 89.65
6.09.08 | Supplying and installation of different diameters of Gate Valves used in any pipeline system,
including different diameter flange, dresser rubber washer, nut, bolts, gasket, welding, fixing,
etc all complete as per drawing, specification and direction of the Engineer in Charge
0.1 500 mm dia. gate valve (20 inch) each 124,195 - 1,612.92
0.2 450 mm dia. gate valve (18 inch) each 112,000 - 1,454.55
0.3 400 mm dia. gate valve (16 inch) each 97,600 - 1,267.53
04 | 355 mm dia. gate valve (14inch) | each 72,200 | 937.66
0.5 | 315 mm dia. gate valve (12inch) | each 57,200 | 742.86
0.6 | 280 mm dia. gate valve e . ... | each . 0.00
0.7 | 250 mm dia. gate valve (10inch) | each 42,000 | 54545
0.8 | 225 mm dia. gate valve each
0.9 | 200 mm dia. gate valve (8inch) each 33,099 |  429.86
0.10__ | 150 mm dia. gate valve (6inch) each 22500 |  292.21
0.11 | 125 mm dia. gate valve each
0.12 100 mm dia. gate valve (4 |nch) each 15,500 201.30
6.09.13 | Supplying and installation of different diameters of MS perforated Foot Valve including
painting with anticorrosion paint, laying in position, fitting, fixing and joining by welding and /
or flange connection all complete as per drawing, specification and direction of the Engineer
Jin Charge: R
0.1 - Internal diameter 100 mm (4 |nch) each 3,295 42.80
0.2 - Internal diameter 125 mm (5 inch) each 4,119 53.49
0.3 - Internal diameter 150 mm (6 inch) each 4,887 63.47
0.4 - Internal diameter 200 mm (8 inch) each 6,717 87.23
0.5 - Internal diameter 250 mm (10 inch) each 9,803 127.31
6.09.14 | Supplying and installation of different diameters of 90° MS Bend including painting with
anticorrosion paint, laying in position, fitting, fixing and joining by welding and / or flange
connection all complete as per drawing, specification and direction of the Engineer in
Charge: | S
0.1 Internal dlameter 100 mm (4 |nch) each 2437 | 3164
0.2 - Internal diameter 125 mm (5 inch) each 3,046 |  39.56
0.3 - Internal diameter 150 mm (6 inch) each 3614 |  46.93
0.4 - Internal diameter 200 mm (8 inch) each 4748 |  61.66
0.5 - Internal diameter 250 mm (10 |nch) each 7,248
6.09.** | Supplying and installation of different diameters of 45° MS Bend including painting with
anticorrosion paint, laying in position, fitting, fixing and joining by welding and / or flange
connection all complete as per drawing, specification and direction of the Engineer in
Charge: I
0.1 | -Internal diameter 100 mm (4inch) | each 2193 2848
0.2 |- Internal diameter 125 mm (5inch) | each 2,741 3560
0.3 | -Internal diameter 150 mm (6inch) | each 3252 | 4224
0.4 - Internal diameter 200 mm (8 inch) each 4,273 55.50
0.5 - Internal diameter 250 mm (10 inch) each 6,524 84.72
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S.No

Work description

Rate (2014/15)

Unit

BDT

Us$

6.09.**

Supplying and installation of 125mm - 150 mm (5 - 6
inch) ecentric expansion MS pipe joint for the pipe
system including painting with anticorrosion paint,
laying in position, fitting, fixing and joining by welding
and / or flange connection all complete as per
direction of the Engineer in Charge

Nr

6,883

89.39

6.09.**

Supplying and installation of 125mm - 200 mm (5- 8
inch) ecentric expansion MS pipe joint for the pipe
system including painting with anticorrosion paint,
laying in position, fitting, fixing and joining by welding
and / or flange connection all complete as per
direction of the Engineer in Charge

Nr

8,519

110.63

6.09.**

Supplying and installation of 150mm - 200 mm (6 - 8
inch) ecentric expansion MS pipe joint for the pipe
system including painting with anticorrosion paint,
laying in position, fitting, fixing and joining by welding
and / or flange connection all complete as per
direction of the Engineer in Charge

Nr

9,465

122.93

6.09.**

Supplying and installation of 150mm - 250 mm (6 -
10 inch) ecentric expansion MS pipe joint for the pipe
system including painting with anticorrosion paint,
laying in position, fitting, fixing and joining by welding
and / or flange connection all complete as per
direction of the Engineer in Charge

Nr

12,426

161.37

6.09.**

Supplying and installation of 200mm - 250 mm (8 -
10 inch) ecentric expansion MS pipe joint for the pipe
system including painting with anticorrosion paint,
laying in position, fitting, fixing and joining by welding
and / or flange connection all complete as per
direction of the Engineer in Charge

Nr

13,806

179.30

Pumps w

ith Diesel Engines

6.13.20

Supply, installation and commissioning of approved pump-set including: (i) Water Pump for
rated head and discharge with operating efficiency > 70%, complete with suction and
discharge pipe flange connections and priming arrangement; and (ii) a Diesel Engine with
rated power complete with self starter and battery; all mounted on (iii) a steel Base-frame.
Pump, flanges, pipe-work and steel frame to be painted in accordance with the Specification.

Discharge and power requirements as follows:

0.1

- 3 inch pump: Rated discharge 84 m3/hr, 0.8 cusecs |

(43 - 111 m3/hr), Rated head 12 m (13.8 - 9.0 m), 3-4
.inch flanged connections, 6 HP engine

0.2

- 4 inch pump: Rated discharge 120 mSIhF, 12
cusecs (66 - 158 m3/hr), Rated head 11 m (12.8 - 8.1
m), 4-5 inch flanged connections, 7 HP engine

0.3

- 5 inch pump: Rated discharge 178 m3/hr, 1.7
cusecs (108 - 288 m3/hr), Rated head 11 m (12.5 -
6.6 m), 5-6 inch flanged connections, 9 HP engine

0.4

- 4 inch pump: Rated discharge 132 m3/hr, 1.3
cusecs (70 - 182 m3/hr), Rated head 19 m (21.5 -
.13.7.m), 4-5 inch flanged connections, 12 HP engine

0.5

- 5 inch pump: Rated discharge 218 m3/hr, 2.1
cusecs (117 - 285 m3/hr), Rated head 20 m (22.8 -
15 m), 5-6 inch flanged connections, 20 HP engine

0.6

- 6 inch pump: Rated discharge 362 m3/hr, 3.6
cusecs (212 - 458 m3/hr), Rated head 16 m (20 - 11
_m), 6-8 inch flanged connections, 27 HP engine

0.7

- 10 inch pump: Rated discharge 470 m3/hr, 4.6
cusecs (250 - 650 m3/hr), Rated head 24 m (29 - 12

m), 10 inch flanged connections, 52 HP engine

51,459

Nr

TRz

Nr

86,275

Nr

76,231

Nr

101,636 |

Nr

05

Nr

TR A

1840.46

1,120.46

990.01

1,319.95

1,805.92

3,444.11
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S.No Work description Rate (2014/15)
Unit BDT Us$
Pumps with Electric Motors
6.13.21 | Supply, installation and commissioning of pump-set including: (i) Water Pump for rated head
and discharge with operating efficiency > 70%, complete with suction and discharge pipe
flange connections and priming arrangement; and (ii) AC 3-phase, 50 Hz, 380 +5% Voltage
squirrel cage Electric Motor; (iii) Starter enclosed within metal box and ensuring adequate
protection to motor against overload and with 3-phase volt and amp meter and neon
indicators; (iv) Capacitor Bank to keep power factor on 0.95 and installed inside Starter Box;
(v) Switch Fuse Unit (Main Switch) with indicator lamps suitable for outside use and
complete with housing; (vi) a steel Base-frame for Pump and Motor. Pump, flanges, pipe-
work and steel frame to be painted in accordance with the Specification. Discharge and
_power requirements as follows: ]
0.1 - 3inch pump, Rated discharge 84 m3/hr, 0.8 cusecs Nr 100,078 1,299.71
(43 - 111 m3/hr), Rated head 12 m (13.8 - 9.0 m), 3-4
inch flanged connections, 4.3 kW (5.8 HP) min.
power rating
0.2 - 4 inch pump, Rated discharge 120 m3/hr, 1.2 Nr 126,590 1,644.02
cusecs (66 - 158 m3/hr), Rated head 11 m (12.8 - 8.1
m), 4-5 inch flanged connections, 5.6 kW (7.6 HP)
0.3 - 5 inch pump, Rated discharge 178 m3/hr, 1.7 Nr 169,709 2,204.02
cusecs (108 - 288 m3/hr), Rated head 11 m (12.5 -
6.6 m), 5-6 inch flanged connections, 8.3 kW (11.3
HP)min. powerrating S
0.4 - 4 inch pump, Rated discharge 132 m3/hr, 1.3 Nr 150,063 1,948.87
cusecs (70 - 182 m3/hr), Rated head 19 m (21.5 -
13.7 m), 4-5 inch flanged connections, 10.7 kW (14.5
HP) min. powerrating . B
0.5 - 5 inch pump, Rated discharge 218 m3/hr, 2.1 Nr 225,874 2,933.43
cusecs (117 - 285 m3/hr), Rated head 20 m (22.8 -
15 m), 5-6 inch flanged connections, 18.6 kW (25.2
HP) min. powerrating . B
0.6 - 6 inch pump, Rated discharge 362 m3/hr, 3.6 Nr 285,536 3,708.26
cusecs (212 - 458 m3/hr), Rated head 16 m (20 - 11
m), 6-8 inch flanged connections, 24.7 kW (33.5 HP)
0.7 - 10 inch pump, Rated discharge 470 m3/hr, 4.6 Nr 454 107 5,897.49
cusecs (250 - 650 m3/hr), Rated head 24 m (29 - 12
m), 10 inch flanged connections, 48 kW (65.3 HP)
min. power rating
Electric Power Connection
8.08.4 | Supplying all materials as per requirement of power LS (450,000) (5,844.16)
development board for service connection from PDB (PS)

pole to the desired structure and any other charges
(eg. Security deposit, connection fee, meter
installation, testing fee) required by the power
development board for supply of power through
underground cable / overhead line, etc, complete as

per direction of the Engineer in Charge
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Appendix B: Climate Data and Crop Water Requirements
Appendix B1: Description of FAO Programmes for CWR Calculation

CLIMWAT is a climatic database to be used in combination with the computer program
CROPWAT and allows the calculation of crop water requirements, irrigation supply and
irrigation scheduling for various crops for a range of climate stations worldwide.

CLIMWAT 2.0 for CROPWAT is a joint publication of the Water Development and
Management Unit and the Climate Change and Bio-energy Unit of FAO. It offers observed
agro-climatic data of over 5000 stations worldwide.

CLIMWAT provides long-term monthly mean values of seven climatic parameters, namely:
i.  Mean daily maximum temperature in °C
ii.  Mean daily minimum temperature in °C
iii.  Mean relative humidity in %
iv.  Mean wind speed in km/day
v.  Mean sunshine hours per day
vi.  Mean solar radiation in MJ/m2/day

vii.  Monthly rainfall in mm/month
viii.  Monthly effective rainfall in mm/month
ix. Reference evapotranspiration calculated with the Penman-Monteith method in
mm/day.

The data can be extracted for a single or multiple stations in the format suitable for their use
in CROPWAT. Two files are created for each selected station. The first file contains long-
term monthly rainfall data [mm/month]. Additionally, effective rainfall is also included
calculated and included in the same file. The second file consists of long-term monthly
averages for the seven climatic parameters listed above. This file also contains the
coordinates and altitude of the location.

All station information is drawn from the database of the Agromet Group of FAQ.

All variables, except potential evapotranspiration, are direct observations or conversions of
observations. Original data coming from a large number of meteorological stations as
included in CLIMWAT, could not be uniform. For example, humidity and radiation can be
expressed through different variables. With respect to humidity, data can be provided as
relative humidity, dew point temperature or water vapour pressure. These three variables
can be uniquely converted into each other if the mean temperature is known. However, if
humidity is measured and provided in more than one of these variables, the actual numbers
would not necessarily be in line. In this case it is necessary to decide which variable to use.
When compiling CLIMWAT, it was decided to use water vapour pressure as a core variable
and only where it is not available, use dew point temperature and relative humidity.
However, there is a risk that the provided value of vapour pressure is higher than the one
that is possible to obtain, given the mean temperature. The original databases were
crosschecked for this possible inconsistency and one of the other variables was used in the
few cases where it occurred.

The same problem arises with radiation. Instead of the solar energy flux at the surface often
only sunshine hours or sunshine fraction are recorded, both of which though can be
converted to radiation. In order to calculate evapotranspiration using the Penman-Monteith
method, both radiation and sunshine fraction are necessary. To keep both these values in
agreement the observed radiation was used as base variable and the sunshine fraction was
estimated from it. When only the sunshine fraction (or hours) has been observed it was used
to estimate radiation. If both (fraction and radiation) are observed radiation was preferred.
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As a result, the provided relative humidity and sunshine hours are often deduced from
observations of vapour pressure and radiation, even if the former are observed. The
procedure, however, ensures that the different expressions are coherent.

In compiling the data, an effort was made to cover the period 1971 - 2000, but when data for
this period were not available, any recent series that ends after 1975 and that has at least 15
years of data have been included. Some of the series are "broken", but they nevertheless
have at least 15 years of data (e.g. 1961-70 and 1992-2000).

CROPWAT is a decision support tool developed by the Land and Water Development
Division of FAO. CROPWAT 8.0 for Windows is a computer program for the calculation of
crop water requirements and irrigation requirements based on soil, climate and crop data. In
addition, the program allows the development of irrigation schedules for different
management conditions and the calculation of scheme water supply for varying crop
patterns. CROPWAT 8.0 can also be used to evaluate farmers’ irrigation practices and to
estimate crop performance under both rainfed and irrigated conditions.

All calculation procedures used in CROPWAT 8.0 are based on the two FAO publications of
the Irrigation and Drainage Series, namely, No. 56 "Crop Evapotranspiration - Guidelines for
computing crop water requirements” and No. 33 titled "Yield response to water".

As a starting point, and only to be used when local data are not available, CROPWAT 8.0
includes standard crop and soil data. When local data are available, these data files can be
easily modified or new ones can be created. Likewise, if local climatic data are not available,
these can be obtained for over 5,000 stations worldwide from CLIMWAT, the associated
climatic database. The development of irrigation schedules in CROPWAT 8.0 is based on a
daily soil-water balance using various user-defined options for water supply and irrigation
management conditions. Scheme water supply is calculated according to the cropping
pattern defined by the user, which can include up to 20 crops.

CROPWAT 8.0 is a Windows program based on the previous DOS versions. Apart from a
completely redesigned user interface, CROPWAT 8.0 for Windows includes a host of
updated and new features, including:
i. Monthly, decade and daily input of climatic data for calculation of reference
evapotranspiration (ETo).
i. Backward compatibility to allow use of data from the CLIMWAT database.
iii.  Possibility to estimate climatic data in the absence of measured values.
iv. ~Decade and daily calculation of crop water requirements based on updated
calculation algorithms including adjustment of crop-coefficient values.
v.  Calculation of crop water requirements and irrigation scheduling for paddy & upland
rice, using a newly developed procedure to calculate water requirements including
the land preparation period.

vi.  Interactive user adjustable irrigation schedules.
vii.  Daily soil water balance output tables.
viii.  Easy saving and retrieval of sessions and of user-defined irrigation schedules.
ix.  Graphical presentations of input data, crop water requirements and irrigation
schedules.

x.  Easy import/export of data and graphics through clipboard or ASCII text files.
xi.  Extensive printing routines, supporting all windows-based printers.

xii.  Context-sensitive help system.

xiii.  Multilingual interface and help system: English, Spanish, French and Russian.

CROPWAT 8.0 for Windows was developed using Visual Delphi 4.0 and runs on the
following Windows platforms: 95/98/ME/2000/NT/XP and Vista.
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Appendix B2: Average Monthly Climate & Rainfall Data for 13 Districts

Barisal

Rainfall
(mm)

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

Average

- 38
22.3
415
944

o 2213
429.7
ats

Dry

3.3

19.2

40.9

81.2

190.2

369.4

362.7

3564
2939
1837

39.5
59

306.4

252.6

158.0

34.0

5.0

2120

1,823

Wet

2485
4738
3300

s
25.1
934
106.0
482.5
400.2.

206.3

66
2,381

Month

Min Temp
°c

Max Temp
°c

Humidity
%

Wind
km/day

Sunshine
hours

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Average

1.8

19 |

20.1

26|

247
256
255

256 |

253
236
18.9

I

211

28.3

313 |

33.0
31.6
30.9

30.5
31.5
29.5

30.2

31.0 |

265 |

79

(I

75

83
88
90

88
86
83

83

80 |

8

80 |

o

81

103

173
163
148

111
70

68

76

8.1

8.1

8.3

8.2

6.8

4.3

4.2

133

4.5

5.2

7.2

7.9

8.0

6.7

98



Guiidelines for SSWRD Project

Exhibit G6-1.: Criteria and Design of Command Area Development Subproject

Exhibit G6-L

Chittagong

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

346
1682
350.1
6152
aaas
5269
3233
2238
71.5
3,259

13.9

29.1

65.8

141.4

2943

5171

710.1

442.9

271.7

188.1

60.1

5.1

2,739

188
394
890

1914

13985
_700.1

9615
_599.7

3679
2547

81.4

68

3,709

Month

Min Temp
°C

Humidity
%

Wind
km/day

Sunshine
hours

o dan.
Feb.
Mar.

13.5

16.2

20.3

Al
May
Jun.
Oct.
 Dec.
Average

22.8

247

252

24.4

251

242

23.9

19.6

15.0

21.2

72

70

74

75

79

84

83

86

84

82

76

73

78

110
146
233
350
344
411
426
378
257
140
96
o4
249

8.6

8.9

8.7

8.5

7.1

4.1

4.3

5.1

6.4

74

8.1

8.2

7.1
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Comilla

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

7.0

5.4

o225

17.5

57.7.

45.0

1510

117.6

351.1

273.5

381.4

297 1

4506

351.0

315.7

245.9

2715

211.5

1519

118.3

33.5

26.1

6.8

1,715

689
- s
3768

1813

83
268
180.2.

 455.3
537.8

324.0
39.9

2,629

Month

Min Temp
°Cc

Max Temp
°Cc

Humidity
%

Wind
km/day

Sunshine
hours

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Average

11.4

e
196
et e

242

e
e
254
et

235

ot
12.5
207

23.8

324

314

e
3o
P L

e

b R
34|
R

T e
24.9
297

74

82

83

=
75
80

e
e
T

o

76

55

204

67

7.4

7.8

132

8.1

7.7

6.7

4.8

4.5

193

5.2

5.6

6.8

7.7

7.7

134

6.7
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Cox's Bazar

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

6.1

5.3

o 24

19.4

280

24.2

1066

92.2

288.5

249.7

874.6

756.8

8942

773.8

777.2

672.6

- 484.7

419.4

3374

291.9

1101

95.3

5.3

3,406

813

- 18
8689

68
250
119.1

9777
999.7

5419
3772

. 68
4,400

Month

Min Temp
°c

Max Temp
°Cc

Humidity
%

Wind
km/day

Sunshine
hours

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Average

15.0

e
i na R
et
e
R
St

- 25.0

s R
e
R
T TR

217

26.7

30.3

29.7

P
S
B
B
e
B

B
B
o

P

71

88

80

i
e
ot
-
o
i

St
o
o
i

131

21

165

9.3

142

9.3

160

9.1

185

8.8

208

7.5

236

4.1

3.5

4.8

149

5.9

7.4

8.5

8.8

7.2
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Dhaka

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

5.0

4.0

220

17.8

639

51.7

1404

113.6

271.8

219.9

356.0

288.0

3950

319.6

3015

243.9

369.7

299.1

1775

143.6

31.8

25.8

146

11.8

2,149

1,739

256

1639

2072

58
74.6

1317.2
4155
_461.1
351.9
4315
37.2
AN
2,508

Month

Min Temp
°c

Max Temp
°Cc

Humidity
%

Wind
km/day

Sunshine
hours

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Average

12.7

el
et
s R
s R
e
it

- 26.2

et
e
e
e

213

252

31.6

30.4

P
o
b
B
e
B

et
B
B
P

70

84

76

i
o
o
e
et
o

i
o
o
o

48

161

113

7.7

8.3

8.4

8.2

177

71

192

5.1

190

43

5.3

5.3

59

71

7.8

7.9

6.9
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Faridpur

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

81
198
495

_110.8

5.1

16.6

41.5

92.9

238.0
3217
3487
303.4
e

199.5

269.7

292.3

254 .4

238.7

1537
34.3
103
1880.9

128.9

28.7

8.6

1577.0

26
- &8s
3463
1755

21471

7.0

_ 965
126.5

3672
398.0

325.0

39.1
11.7

Month

Min Temp
°C

Max Temp
°Cc

Humidity
%

Wind
km/day

Sunshine
hours

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Average

12.1

193
23.0

255
25.7

260
25.7

et
192 | 290 |
13.7

211

24.4

32.4
34.2

31.5

31.7

e
324 |
T

73

63
69

83
86

77

77

82

59

110
186

147
115

113

7.5

8.1

8.0

8.1

7.1

162

4.9

43

4.9

4.9

68

7.1

7.8

7.8

6.7
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Jessore

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

123

10.7

244

21.1

415

41.1

79.6

68.9

1971

170.6

327.0

283.0

3593

310.9

2197

242.0

275.0

238.0

1440

124.6

32.9

28.5

108

9.4

9894

1548.7

13.8

273
53.0
889
1220.3

365.5
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Exhibit G6-L

Madaripur

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July
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Sept

Oct

Nov

Dec

Annual
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18.5

556

45.2

131.1

106.6
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Maijdee / Noakhali

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual
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Exhibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L

Mymensingh
R(ar:‘r:’fsll Average Dry Wet
Jan 5.7 4.6 6.6
Feb 20.6 16.7 24.0
March 32.7 26.6 38.1
April 143.0 116.1 166.6
May 351.5 285.2 409.5
June 433.2 351.6 504.8
July 528.3 428.8 615.5
Aug 394.3 320.0 459.3
Sept 3924 318.4 457 1
Oct 232.9 189.0 271.3
Nov 17.7 14.3 20.6
Dec 10.8 8.8 12.6
Annual 2563.0 | 2080.0 2986.0
Month Mi"ozemp Ma"oze"‘p Humidity % k"n‘:}:gy S‘;}’;SU':L“"
Jan. 11.8 24.6 73 54 6.6
— 15 573 sl
Var 80 310 sl 1ol 4
For 578 323 al ieel 74
May 539 315 ol il eq
Jun. 25.0 31.5 85 171 4.1
i 553 313 o T
Ao 554 318 sl 1ol 44
Sep. 515 315 sl 10l 4s
oot 530 314 ol el ee
Nov. 18.2 29.5 77 46 7.8
Soc. 30 563 e T IR
Average 503 30.0 e T
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Exhibit G6-L

Rajshahi

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

3.1

2.5

AR

9.6
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19.0
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Average
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e
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—
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e
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5.1
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8.1

7.7

7.0
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Exhibit G6-L

Rangpur

Rainfall
(mm)

Average

Dry

Wet

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

324
1066
271.7
4525
15009
3502
3832
1843
9.0
2318.0

7.2

8.6

26.0

85.6

218.0

363.1

401.9

281.0

307.5

147.9

7.2

6.1

1860.0

105
125
380

1251

13187
5308

_587.5
_410.8

4495
_216.2

10.5

89

2719.1
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Min Temp
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Average
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261
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T
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28.6
253
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76

68

73

81

85

84

85
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85
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7
113
153
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128
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115
9%
70
69
53
98

6.8

7.8

8.0

7.4

6.6

5.1

4.3

5.2

5.2

7.3

8.3

7.5

6.6
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Exhibit G6-L

Sylhet

R(a;:;z;ll Average Dry Wet
Jan 7.4 6.5 8.3
= st 33T is

March 1517 131.7 169.1
Apri 001 53] 4562
May  592.3 514.4  660.5

June 842.8 732.0 939.9
July 8399 729.4 9366
Aug 650.5 565.0 7255

Sept - 623.7 541.7  695.5
o o060 o551 2800
Nov e o5 s a3
Dec 13.3 11.6 14.8

Annual 44227 3841.2 49320

Month MinoTemp Max Temp | Humidity Wind Sunshine

Cc °C % km/day hours

Jan. 13.1 25.2 71 92 7.9
Feb. 14.5 27.2 67 116 8.2
Mar. 18.3 304 67 145 7.8
Apr. 20.4 30.8 76 143 6.8
May 22.1 30.9 81 127 57
Jun. 23.1 31.0 84 113 3.8
Jul. 24.3 30.9 88 105 3.5
Aug. 244 31.6 87 92 44
Sep. 23.8 31.1 87 77 4.7
Oct. 22.0 30.9 83 76 71
Nov. 18.1 29.2 77 86 8.3
Dec. 13.9 26.4 72 88 84

Average 19.8 29.6 78 105 6.4

110



Guiidelines for SSWRD Project

Exhibit G6-1.: Criteria and Design of Command Area Development Subproject

Exhibit G6-L

Appendix B3: Crop Water Requirements and Design Duties for 13 Districts

Barisal
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov| mm/month 0 0 0 0 o 0
Dec mm/month 121 18 14 11
Feb] mm/month 128 66 116 103
March| mm/month 108 105 88 102 103 101
Aprill mm/month 78 89 12 25 75 61
May| mm/month 8 18 o] o] 14 11
Totals] mm 559 520 219 225 460 401
Peak net duty (based on peak month) mmvd 5:29 523 2.8 329 479 438
I/s/ha 0.61 0.60 0.33 0.38 0.55 0.50
Peak net duty (based on peak 3-month mm/d 4.06 4.39 2.30 2.22 3.96 3.54
period) I/s/ha 0.47 0.51 0.27 0.26 0.46 0.41
ratio duties 3-months / 1 month 0.77 0.84 0.81 0.68 0.83 0.81
Efficiencies, Duties & Water Requirements
AtFieldboundary
Field irmigation efficiency (weighted) % 65% 65% 55% 55% 63% 61%
Peak field imigation duty (based on 3 mwd 62 . 6.8 B R 40 L83 .58
month period) /s/ha 0.72 0.78 0.48 0.47 0.73 0.67
Total water requirement at field level mm 860 800 398 409 731 657
At Pumping Point at Head of System
[Cavemy e efiicenty, |(piee [ oritte ol flelc kel Al MM (S o e D3 e AR MECI o
Peak duty for at pipe outlet (based on 3 mm/d 7.8 8.4 5.2 5.1 7.9 7.2
hinidnintt /s/ha 0.90 0.98 0.61 0.58 0.91 0.84
Total water requirement at pipe outlet mm 1,075 1,000 498 511 913 821
Conwveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 1,075 1,000 498 511 913 821
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Exhibit G6-1.: Criteria and Design of Command Area Development Subproject

Exhibit G6-L

Chittagong
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Noi mm/month | O O CAR B O [T I O
Dec| mm/month 125 19 0 0 15 11
Jan] mm/month 164 160 51 27 136 112
Febl] mm/month 20 136 72 75 124 111
March] mm/month 111 110 90 107 108 105
Aprill  mm/month 65 77 9 17 64 51
May| mm/month 8 20 0 0 16 12
Totals| mm 563 522 222 226 462 403
Peak net duty (based on peak month) mmd 529 22 29 24 48 4.4
I/s/ha 0.61 0.80 0.34 0.39 0.55 0.51
Peak net duty (based on peak 3-month mm/d 4.21 4.51 2.37 2.32 4.08 3.64
period) I/s/ha 0.49 0.52 0.27 0.27 0.47 0.42
ratio duties 3-months / 1 month 0.80 0.87 0.82 0.68 0.85 0.83
Efficiencies, Duties & Water Requirements
AtField boundary O
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61%
Peak field irrigation duty (based on 3 mm/d 6.5 6.9 4.3 4.2 6.5 6.0
month period) Vs/ha 0.75 0.80 0.50 0.49 0.75 0.69
Total water requirement at field level mm 866 803 404 411 734 660
At Pumping Point at Head of System
Conveyance efficiency (pipe outlet to field % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 8.1 8? 5.4 53 81 7.5
month period) I/s/ha 0.94 1.00 0.62 0.61 0.94 0.86
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 1,083 1,004 505 514 917 825
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Exhibit G6-L

Comilla
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 0 0 0 0
Dec|] mm/month 114 16 13 10
Jan| mm/month 151 152 46 27 129 106
Feb] mm/month 76 123 62 64 111 99
March| mm/month 103 102 85 99 100 98
May| mm/month 2 6 0 0 5 4
Totals mm 499 462 201 205 410 358
Peak net duty (based on peak month) mm/d 487 490 24 319 452 413
Vs/ha 056 . 057 0.32 037 0.52 0.48
Peak net duty (based on peak 3-month mmv/d 3.79 4.19 2.14 2.1 3.78 3.36
period) I/s/ha 0.44 0.48 0.25 0.24 0.44 0.39
ratio duties 3-months / 1 month 0.78 0.85 0.78 0.66 0.84 0.81
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61% ~
Peak fleld imigation duly (based on 3 mnvd S SN I s )38 6.0 B A
month period) Vs/ha 0.67 0.75 0.45 0.44 0.69 0.64
Total water requirement at field level mm 768 711 365 373 651 588
At Pumping Point at Head of System e
Conweyance efficiency (pipe outlet to field, % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 7.3 8.1 4.9 4.8 7.5 6.9
month period) Vs/ha 0.84 0.93 0.56 0.56 0.87 0.80
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 960 888 457 466 814 734
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Exhibit G6-L

Cox's Bazar

100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 0 0 0 0
Dec|] mm/month 128 20 16 12
Jan| mm/month 182 173 67 40 149 125
Feb| mm/month 102 151 a3 85 138 124
March| mm/month 139 137 118 133 135 132
May| mm/month 7 16 0 0 13 10
Totals mm 638 588 281 283 527 466
Peak net duty (based on peak month) mm/d o.87 .58 381 429 527 497
Vs/ha oA g5 o.ad 20 i ot
Peak net duty (based on peak 3-month mm/d 4.70 5.12 2.98 2.87 4.68 4.24
period) IIsiha 0.54 0.59 0.34 0.33 0.54 0.49
ratio duties 3-months / 1 month 0.80 0.92 0.78 0.67 0.89 0.85
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61% ~
Peak fleld imigation duly (based on 3 mnvd re 18 54 )....52 74 E
month period) Vs/ha 0.84 0.91 0.63 0.60 0.86 0.80
Total water requirement at field level mm 982 905 511 515 836 763
At Pumping Point at Head of System e
Conweyance efficiency (pipe outlet to field, % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 9.0 9.9 6.8 6.5 9.3 8.7
month period) Vs/ha 1.05 1.14 0.78 0.75 1.08 1.01
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 1,227 1,131 639 643 1,045 954
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Dhaka
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 0 0 0 0
Dec|] mm/month 89 16 13 10
Jan| mm/month 156 156 49 29 133 109
Feb] mm/month 81 129 66 68 117 104
March| mm/month 108 107 89 104 105 103
May| mm/month 7 19 0 0 15 11
Totals mm 514 513 215 221 454 395
Peak net duty (based on peak month) mm/d 508 208 28 335 465 426
Vs/ha oA g rns e o o
Peak net duty (based on peak 3-month mmv/d 3.83 4.36 2.27 2.23 3.93 3.51
period) IIsiha 0.44 0.50 0.26 0.26 0.46 0.41
ratio duties 3-months / 1 month 0.76 0.87 0.79 0.67 0.85 0.82
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61% ~
Peak fleld imigation duly (based on 3 mnvd A I ar oAt 62 B A
month period) Vs/ha 0.68 0.78 0.48 0.47 0.72 0.67
Total water requirement at field level mm 791 789 391 402 721 648
At Pumping Point at Head of System e
Conweyance efficiency (pipe outlet to field, % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 7.4 8.4 5.2 5.1 7.8 7.2
month period) Vs/ha 0.85 0.97 0.60 0.59 0.90 0.83
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 988 987 489 502 901 809
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Faridpur
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Noi mm/month | O O A O [T I O
Dec| mm/month 102 16 0 0 13 10
Jan] mm/month 154 154 48 28 131 108
Febl] mm/month 80 128 66 68 116 104
March] mm/month 115 114 96 111 112 110
Aprill  mm/month 91 105 13 28 88 71
May mm/month 11 27 0 0 22 16
Totals mm 553 544 223 235 481 418
Peak net duty (based on peak month) mm/d 227 227 219 228 &0t 532
I/s/ha 0.57 0.57 0.36 0.41 0.54 0.50
Peak net duty (based on peak 3-month mm/d 3.88 4.40 2.33 2.30 3.98 3.57
period) I/s/ha 0.45 0.51 0.27 0.27 0.46 0.41
ratio duties 3-months / 1 month 0.78 0.89 0.75 0.64 0.86 0.83
Efficiencies, Duties & Water Requirements
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61%
Peak field irrigation duty (based on 3 mm/d 6.0 6.8 4.2 4.2 6.3 58
month period) Vs/ha 0.69 0.78 0.49 0.48 0.73 0.68
Total water requirement at field level mm 851 837 405 427 763 685
At Pumping Point at Head of System
Conveyance efficiency (pipe outlet to field % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 7.5 85 5.3 52 ?9 7.3
month period) I/s/ha 0.86 0.98 0.61 0.61 0.91 0.85
Total water requirement at pipe outlet | mm | 1088 ... LS N LA N 534 B S I LA
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 1,063 1,046 507 534 954 857
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Jessore
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 0 0 0 0 0
Deef mmvmonth 1 R B R R I UL S I S
Jan| mm/month 123 119 LR 24 102 85
Feb] mm/month 83 130 68 71 118 106
March| mm/month 135 135 114 131 133 130
Aprill  mm/month 138 159 20 53 135 110
May| mm/month 27 61 0 o] 49 37
Totals mm 597 620 246 279 549 477
Peak net duty (based on peak month) mm/d a0 22 37 4.2 0 48
I/s/ha 0.53 0.861 0.43 0.49 0.58 0.55
Peak net duty (based on peak 3-month mm/d 4.00 4.76 2.51 2.51 4.32 3.89
period) Vs/ha 0.52 0.36 0.41 0.49
e P B 037 090 R . 053 059 R ogs .......
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61%
Peak field irrigation duty (based on 3 mm/d 6.2 7.3 4.6 4.6 6.9 6.4
month period) l/s/ha 0.71 0.85 0.53 0.53 0.79 0.74
Total water requirement at field level mm 918 954 447 507 871 782
At Pumping Point at Head of System
Conveyance efficiency (pipe outlet to field % 80% 80% 80% 80% B80% 80%
Peak duty for at pipe outlet (basedon 3 | mmvd e SEELATR I Y N LA NN LAN N N
month period) V/s/ha 0.89 1.06 0.66 0.66 0.99 0.92
Total water requirement at pipe outlet mm 1,148 1,192 559 634 1,088 ar7
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 1,148 1,192 559 634 1,088 977
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Madaripur
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 0 0 0 0
Dec|] mm/month 100 16 13 10
Jan| mm/month 130 126 43 26 108 89
Feb] mm/month 69 98 55 57 90 81
March| mm/month 94 92 76 89 90 88
May| mm/month 3 7 0 0 6 4
Totals mm 454 407 183 188 363 318
Peak net duty (based on peak month) mm/d 419 4.06 24 287 378 3.50
Vs/ha s A g8t o 20 o o
Peak net duty (based on peak 3-month mmv/d 3.32 3.5 1.93 1.91 3.19 2.88
period) IIsiha 0.38 0.41 0.22 0.22 0.37 0.33
ratio duties 3-months / 1 month 0.79 0.86 0.79 0.67 0.84 0.82
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61% ~
Peak fleld imigation duly (based on 3 mnvd BT I s )38 51 AT
month period) Vs/ha 0.59 0.63 0.41 0.40 0.59 0.55
Total water requirement at field level mm 698 626 333 342 576 522
At Pumping Point at Head of System e
Conweyance efficiency (pipe outlet to field, % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 6.4 6.8 4.4 4.3 6.3 59
month period) Vs/ha 0.74 0.78 0.51 0.50 073 0.68
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 873 783 416 427 720 652
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Maijdee / Noakhali
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Novl mm/month 0 o] 0 0 0 0
Dec mm/month 117 17 0 0 14 10
Jan| mm/month 145 143 48 27 122 100
Feb| mm/month 59 89 45 47 80 72
March| mm/month 79 79 63 76 77 75
Aprill mm/month 40 49 6 10 41 33
May] mm/month 1 2 0 0 2 1
Totals mm 441 379 160 160 335 291
Peak net duty (based on peak month) mm/d 4.68 4.61 203 245 4.14 3.66
I/s/ha 0.54 0.53 0.24 0.28 0.48 0.42
Peak net duty (based on peak 3-month mm/d 3.57 3.46 1.71 1.67 3.10 2.75
period) l/s/ha 0.41 0.40 0.20 0.19 0.36 0.32
ratio duties 3-mo“nlhs /1 month 0.76 0.75 0.84 0.68 0.75 0.75
Efficiencies, Duties & Water Requirements
AtFieldboundary e R
Field irrigation efficiency (weighted) | % e5% | es% 5% o osse | es% 8%
Peak field irrigation duty (based on 3 mm/d 5.5 53 3.1 3.0 4.9 4.5
month period) /s/ha 0.64 0.62 0.36 0.35 0.57 0.52
Total water requirement at field level mm 678 583 291 291 532 478
At Pumping Point at Head of System
Conveyance efficiency (pipe outlet to field % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 6.9 6.6 3.9 3.8 6.2 5.6
month period) Vs/ha 0.79 0.77 0.45 0.44 0.71 0.65
Total water requirement at pipe outlet mm 848 729 364 364 665 597
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 848 729 364 364 665 597
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Mymensingh
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 1 0 0
Dec|] mm/month 88 15 12
Jan| mm/month 139 138 45 26 118 97
Feb] mm/month 75 112 62 64 102 92
March| mm/month 116 115 98 112 113 111
May| mm/month 1 4 0 0 3 2
Totals mm 478 452 214 219 405 358
Peak net duty (based on peak month) mm/d 4.48 445 316 361 424 408
Vs/ha o oo ikl o o ol
Peak net duty (based on peak 3-month mmv/d 3.67 4.06 2.28 2.24 3.70 3.34
period) IIsiha 0.42 0.47 0.26 0.26 0.43 0.39
ratio duties 3-months / 1 month 0.82 0.91 0.72 0.62 0.87 0.83
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61% ~
Peak fleld imigation duly (based on 3 mnvd B . ar oAt 59 B A
month period) Vs/ha 0.65 0.72 0.48 0.47 0.68 0.63
Total water requirement at field level mm 735 695 389 398 643 587
At Pumping Point at Head of System e
Conweyance efficiency (pipe outlet to field, % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 71 7.8 5.2 5.1 7.3 6.8
month period) Vs/ha 0.82 0.90 0.60 0.59 0.85 0.79
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 919 869 486 498 803 733
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Rajshahi
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Novl mm/month 1 0 0 0 0 0
Dec| mmymonth. LI . o o (ETR I 0
Jan| mm/month 154 155 49 30 132 109
Feb| mm/month 88 136 74 [ 124 nz o
March| mm/month 140 139 120 136 137 135
Aprill  mm/month 142 162 21 60 138 113
May| mm/month 33 75 0 0 60 45
Totals mm 673 683 264 302 603 523
Peak net duty (based on peak month) mm/d 49? 5.00 3.87 4.39 483 ol 465 ..........................
I/s/ha 0.57 0.52 0.36 0.41 0.49 0.47
Peak net duty (based on peak 3-month mm/d 4.24 4.91 2.70 3.06 4.48 4.04
period) Vs/ha 0.49 0.52 0.36 0.41 0.49 0.47
ratio duties 3-months / 1 month 0.85 0.98 0.70 0.70 0.93 0.87
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61%
Peak field irrigation duty (based on 3 mm/d 6.5 7.6 4.9 56 71 66
month period) I/s/ha 0.76 0.87 0.57 0.64 0.82 0.77
Total water requirement at field level mm 1035 1051 480 549 957 857
At Pumping Point at Head of System
Conveyance efficiency (pipe outlet to field % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 8.2 9.4 6.1 6.9 8.9 8.3
menth period) /s/ha 0.94 1.09 0.71 0.80 1.03 0.96
Total water requirement at pipe outlet mm 1294 1313 600 686 1196 1072
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 1,294 1,313 600 686 1,196 1,072
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Rangpur
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Noy mm/month 1 0 0
Dec| mm/month 89 15 12 9
Jan| mm/month 114 112 39 22 96 79
Febl] mm/month 78 126 65 67 114 102
Mg_:rch mm/meonth 115 114 98 111 112 110
Aprill mm/month 75 87 12 23 73 59
May| mm/month o~ 10 0 0 8 6
................. Tolg owm | .. .976% . 464 L S s 415 386
Peak net duty (based on peak month mm/d 3.7 4.5 3.1 36 4.3 4.0
I/'s/ha 0.43 0.52 0.36 0.41 0.49 0.47
Peak net duty (based on peak 3-month mm/d 341 3o 224 22 1 3s8 | 3.24
Periodf s ha 0.39 0.52 0.36 0.41 0.49 0.47
ratio duties 3-months / 1 month 0.92 0.87 0.72 0.62 0.84 0.80
Efficiencies, Duties & Water Requirements
At Field boundary
Field irmigation efficiency (weighted) % 65% 65% 55% 55% 63% 61%
Peak field irrigation duty (based on 3 mm/d 5.2 6.0 4.1 4.0 57 5.3
month period) Vs/ha 0.61 0.70 0.47 0.47 0.66 0.61
Total water requirement at field level mm 732 714 389 405 659 600
At Pumping Pointat Head of System
Conwveyance efficiency (pipe outlet to field) % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 6.6 7.5 5.1 51 71 6.6
month period) Vs/ha 0.76 0.87 0.59 0.58 0.82 0.77
Total water requirement at pipe outlet mm 915 892 486 507 823 750
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 915 892 486 507 823 750
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Sylhet
100% Rice: Early | 100% Rice: Late 10% Vegetables; 20% Vegetables;
Planting (Dec to | Planting (Jan to 100% 10% Pulses & 80% | 20% Pulses & 60%
Description Units Feb) Feb) Vegetables 100% Pulses Rice Rice
Net irrigation requirements incl. land preparation & effective rainfall
Nov] mm/month 0 0 0 0
Dec|] mm/month 103 16 13 10
Jan| mm/month 161 159 52 30 135 112
Feb] mm/month 73 120 57 59 108 95
March| mm/month 45 43 26 40 41 39
May| mm/month 0 0 0 0 0 0
Totals mm 383 339 135 129 298 256
Peak net duty (based on peak month) mm/d 519 .13 204 211 452 391
Vs/ha 060 059 0.24 024 0.52 0.45
Peak net duty (based on peak 3-month mmv/d 3.74 3.58 1.50 1.43 3.16 2.73
period) IIsiha 0.43 0.41 0.17 0.17 0.37 0.32
ratio duties 3-months / 1 month 0.72 0.70 0.74 0.68 0.70 0.70
Efficiencies, Duties & Water Requirements
At Field boundary
Field irrigation efficiency (weighted) % 65% 65% 55% 55% 63% 61% ~
Peak fleld imigation duly (based on 3 mnvd 58 55 2r o p.....28 50 LAsS
month period) Vs/ha 0.67 0.64 0.32 0.30 0.58 0.52
Total water requirement at field level mm 589 522 245 235 472 420
At Pumping Point at Head of System e
Conwveyance efficiency (pipe outlet to field, % 80% 80% 80% 80% 80% 80%
Peak duty for at pipe outlet (based on 3 mm/d 7.2 6.9 3.4 3.3 6.3 56
month period) Vs/ha 0.83 0.80 0.39 0.38 0.72 0.65
Conveyance efficiency (HT to pipe outlet) % 100% 100% 100% 100% 100% 100%
Total water requirement at pumping point mm 737 652 307 293 590 525
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Appendix C

Sample Layouts

SP 33097 Mongalpur, Dowrabazar, Sunamgan;j
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Appendix D1:
Appendix D2:
Appendix D3:
Appendix D4:

Appendix D
Sample Design Calculations for a CAD Subproject
SP 33097 Mongalpur
Number of Rotation and Irrigator Units
Command Areas, Design Flows & Minimum Pipe Diameters

Buried Pipe Loss Calculation for Pipeline-1
Head losses in Header Tank and in Flow Control Tank
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Appendix D1
Number of Rotation and Irrigator Units
Name of SP : Mongalpur Subproject

Up : Dowrabazar
Dist : Sunamganj

Item Units Quantity Remarks
Gross Area ha 401
Net Irrigable Area ha 313
Crop Water Requirements I/s/ha 0.65
Efficiency d/fs of outlet % 80.0%
Water Requirements at Outlet I/s/ha 0.81
Numbc.er e S = = Nr 3 Select to give 80-120 ha Rotation Units
Net Irrigable Area of Rotation Units (avg) ha 104.3
Number of Outlets (risers) ie Irrigator Units Nr 30|Select to give 5-15 ha Irrigator Units, and generally
Net Irrigable Area of Irrigator Units (avg) ha 10.4|every 200-500 m along pipe line
Nr of standpipes Nr 15| Adopt about 50% of nr of riser outlets
Number of benefitting HHs Nr 704
Number of HH per Rotation Units Nr 235
Number of HH per Irrigator Units Nr 23
Rotation flows (avg) I/s 85
Irrigator flows (avg) I/s 8
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Appendix D2

Command Areas, Design Flows & Minimum Pipe Diameters

Command Areas, Design Flows & Minimum Pipe Diameters Associated with Maximum PipeFlow
Name of SP : Mongalpur Subproject
Up : Dowrabazar
Dist : Sunamganj
Available PVC pipe sizes outer diameter (mm): 160, 180, 200, 225, 250, 280, 315, 355,400, 450 & 500
Max flow velocity is 1.5 m/s for PVC pipes. Typical maxis 1.2 m/s

Pipeline-1 Pipe thickness for 3.25 bar working pressure
Sl | Pipeline | Length RD EL Command Area Design Duty Irrigation Efficiency Design Pipe Flow Velocity Pipe diameters Suggested Pipe Thickness & Diameter
Ne Reach (cumulative) dfs of Qutlet Discharge, Q Typ Max Typ Min (mm}

m m m ha cfsfacre Iisiha o m3is mis mis mm mm External Dia | Thickless Internal Dia
1 KL 200 2,990 8.80 15 0.0093 0.85 &0 0.012 1.20 1.50 114 102 160 2,00 158
2 JK 200 2,790 7.00 30 0.0083 0.65 80 0.024 1.20 1.50 161 144 160 2.00 156
3 1J 200 2,580 7.10 45 0.0083 0.65 80 0.037 1.20 1.50 197 176 200 250 185
4 HI 50 2,390 8.25 45 0.0093 0.65 80 0.037 1.20 1.50 197 176 200 250 185
5 GH 480 2,340 8.30 56 0.0083 0.65 80 0.046 1.20 1.50 220 187 225 2.80 219
5] FG 340 1,880 8.26 71 0.0093 0.65 80 0.058 1.20 1.50 248 221 250 310 244
¥ EF 270 1,540 8.05 97 0.0093 0.65 80 0.079 1.20 1.50 289 250 315 4.00 307
8 DE 240 1,270 7.55 105 0.0083 0.65 80 0.085 1.20 1.50 301 269 315 4.00 307
g CcD 310 1,030 8.20 118 0.0093 0.85 &0 0.098 1.20 1.50 319 285 355 4.40 348
10 BC 290 720 7.30 128 0.0093 0.65 80 0.105 1.20 1.50 334 298 355 4,40 346
11 AB 350 430 7.21 139 0.0083 0.65 80 0.113 1.20 1.50 346 310 355 4.40 346
12 HT-A 80 80 8.50 147 0.0093 0.65 80 0.120 1.20 1.50 356 319 400 5.00 380
2,990 8.45

Pipeline-2
Sl | Pipeline | Length RD EL Command Area Design Duty Irrigation Efficiency Design Pipe Flow Velocity Pipe diameters Suggested Pipe Thickness & Diameter
No Reach (cumulative) dfs of Outlet Discharge, Q Typ Max Typ Min (mm})

m m m ha cfslacre lfstha Yo m3/s mis mis mm mm External Dia | Thickless Internal Dia
1 IJ 320 2,015 7.60 6 0.0093 0.65 80 0.005 1.20 1.50 72 64 160 2.00 156
2 HI 100 1,695 7.51 6 0.0093 0.65 80 0.005 1.20 1.50 72 64 160 2.00 156
] GH 110 1,595 7.55 14 0.0093 0.65 80 0.011 1.20 1.50 110 98 160 2.00 156
4 FG 190 1,485 7.80 14 0.0093 0.65 80 0.011 1.20 1.50 110 98 160 2.00 156
-] EF 210 1,285 8.20 22 0.0093 0.65 80 0.018 1.20 1.50 138 123 160 2.00 156
8 DE 90 1,085 8.70 38 0.0093 0.65 80 0.031 1.20 1.50 181 162 200 2.50 195
4 cD 290 985 817 133 0.0093 0.65 80 0.108 1.20 1.50 338 303 355 4.40 346
8 BC 350 705 8.55 145 0.0093 0.65 80 0.118 1.20 1.50 354 316 400 5.00 390
9 AB 250 355 7.68 158 0.0093 0.65 80 0.129 1.20 1.50 369 330 450 5.60 439
10 HT-A 105 105 8.05 166 0.0083 0.65 80 0.135 1.20 1.50 378 339 450 5.60 439
2,015 8.45
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Pipeline-3
Sl | Pipeline Length RD EL Command Area Design Duty Irrigation Efficiency Design Pipe Flow Velocity Pipe diameters Suggested Pipe Thickness & Diameter
No | Reach (cumulative) d/s of Qutlet Discharge, Q Typ Max Tvp Min (mm})
m m m ha cis/acre I/siha k] m3/s m/s mis mm mm External Dia | Thickless Internal Dia
1 KL 150 1,910 7.42 14 0.0003 0.65 &0 0.011 1.20 1.50 110 98 160 2.00 156
2 JK 80 1,760 8.30 14 0.0093 0.65 &0 0.011 1.20 1.50 110 98 160 2.00 156
3 1J 540 1,680 8.00 28 0.0093 0.65 80 0.023 1.20 1.50 155 139 180 230 175
4 HI 220 1,140 8.20 44 0.0093 0.65 80 0.036 1.20 1.50 195 174 200 2.50 195
& GH 150 920 8.68 52 0.0083 0.65 80 0.042 1.20 1.50 212 189 225 2.80 219
3] FG 310 770 8.35 G0 0.0093 0.65 &0 0.049 1.20 1.50 228 204 280 3.50 273
7 EF 90 480 8.32 20 0.0093 0.85 80 0.073 1.20 1.50 279 249 280 3.50 273
8 DE 170 370 8.30 €2 0.0093 0.65 80 0.075 1.20 1.50 282 252 355 4.40 346
] D2-D3 200 200 917 92 0.0093 0.65 80 0.075 1.20 1.50 282 252 355 4.40 346
1,910 8.17
Branch 1-1
Sl Pipeline Length RD EL Command Area Design Duty Irrigation Efficiency Design Pipe Flow Velocity Pipe diameters Suggested Pipe Thickness & Diameter
No | Reach (cumulative) dfs of Outlet Discharge, Q Typ Max Typ Min (mm)
m m m ha cis/acre lisiha Yo m3fs mis mis mm mm External Dia| Thickless Internal Dia
1 F11-F12 180 430 7.68 12 0.0093 0.65 80 0.010 1.20 1.50 102 a1 160 2.00 156
2 F1-F11 250 250 7.90 12 0.0093 0.65 80 0.010 1.20 1.50 102 o1 160 2.00 156
430 8.05
Branch 2-1
Sl | Pipeline Length RD EL Command Area Design Duty Irrigation Efficiency Design Fipe Flow Velocity Pipe diameters Suggested Fipe Thickness & Diameter
Mo Reach {cumulative) dfs of Qutlet Discharge, Typ Max Typ Min (mm)
m m m ha cfs/acre I/siha %o m3s m/s m/s mm mm External Dia | Thickless Internal Dia
1 C2-C21 180 180 8.45 6 0.0093 0.65 80 0.005 1.20 1.50 72 64 160 2.00 156
190 8.55
Branch 2-2
Sl Pipeline Length RD EL Command Area Design Duty Irrigation Efficiency Design Pipe Flow Velocity Pipe diameters Suggested Pipe Thickness & Diameter
Mo | Reach (cumulative) d/s of Outlet Discharge, Q Typ Max Typ Min (mm)
m m m ha cfs/acre I/siha % m3ls mis mis mm mm External Dia | Thickless Internal Dia
1) E21-E22 100 200 7.93 9 0.0093 0.65 80 0.007 1.20 1.50 838 79 160 2.00 156
2 E2-E21 100 100 7.91 El 0.0093 0.85 80 0.007 1.20 1.50 88 79 160 2.00 158
200 8.70

130




Guiidelines for SSWRD Project

Exhibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L
Branch 3-1
SI | Pipeline | Length RD EL | Command Area Design Duty Irigation Efficiency Design Pipe Flow Velocity Pipe diameters Suggested Pipe Thickness & Diameter
No Reach (cumulative) d/s of Qutlet Discharge, Q Typ Max Typ Min (mm})
m m m ha cfs/acre I/siha % m3fs mis mis mm mm External Dia | Thickless Internal Dia
1 F31-F32 270 600 7.40 15 0.0093 0.65 80 0.012 1.20 1.50 114 102 160 2.00 156
2 F3-F31 330 330 7.85 21 0.0093 0.65 80 0.017 1.20 1.50 135 120 160 2.00 156
600 8.32
Pumping Plant and Power Requirements
Total discharge at peak demand (for boro paddy - see note below) 0.254 m3/s 20% efficiency
8.979 cusecs
Nr of pumps 5 Nr {Notes: (i} not less than the nr of Rotation units; (i) no standby pump)
Pump discharage 51 I/s per pump

Adopted pump capacity

Pump spare capacity

Top of header tank

EGL at header tank / near river {ie where pump to be located)
River level during dry season (ie Dec - March)

Total Static Head

Suction Head

Allowance for friction losses [pipe and fittings)

Total Pumping Head

Adopted power unit efficiency

Adopted pump efficiency

QOverall efficiency

Power Demand per pump (for adopted pump capacity)

Total Peak Power Demand for SP

1.80 cusecs/pump

57 /s per pump
2.01 cusecs/pump
205 m3/hr per pump

902 USG/m per pump 1USG = 38 Itr
12% (Note: adopt 10-20%) 1USG= 0.83 UKG
1445 m
850 m
3.60 m {refer feasibility report: note data not too reliable)
10.85 m
4.90 m Note: recommended limit: 2-3 m
0.50 m {Note: distance maybe about 50 m)
1135 m
0.80 Note: electric unit: 75-85%)
0.60 Note: 40 - 80%
0.48
13.2 kW Power (kW) = 9.81 x discharge {m3/s) x head [m) / overall efficiency
18.0 HP {1 kW= 1.36 HP)
66.1 kW

89.9 HP (1 kW= 1.36 HP)

Note: 24/7 pumping at peak demand period is assumed. However electical power shortages mean that pumping may only be possible during night hours. If 100% rice cropping occurs in the SP area and if peak demand
occurs over the whole command area simultaneously then the pipe system and pumps cannot meet crop water demand by only pumping at night. In practice: (i} some vegetables / wheat etc may be cropped; and (i)
transplanting of boro rice is usually staggered reducing peak water demand. None-the-less water shortage may occur due to non-availability of power in which case the WMCA may have to arrange hire / purchase of a

generator for day time use over the peak water demand period.
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Appendix D3

Buried Pipe Loss Calculation for Pipeline-1

Buried Pipe Loss Calculation for Pipeline -1

Name of SP : Mongalpur Subproject

Up : Dowrabazar For concrete pipe adoptf=  0.0050
Dist : Sunamganj For PVC pipe adoptf=  0.0042

Available PVC pipe sizes outer diameter (mm): 160, 180, 200, 225, 250, 280, 315, 355,400, 450 & 500

Hydraulic Grade Line : HT-A-B-C-D-E-F-G-H-l-J-K-L

L Chainage 2,990.0
Length KL 200 m
Ground EL 6.60 m PWD
Command 0.80 m (0.5 plus 0.3 m req'd - min)
Top of pipeline 560 m PWD
Hydraulic Grade Line El 7.40 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 8.00 m PWD
Diameter of Pipe (external) 160 mm hf = (2*F1*v*2)/(g*d)
Diameter of Pipe (internal) 156 mm f= 0.0042
Design Discharge 0.012 m3/sec V= 0.63 mis
Pipe Friction Loss 0.43 hf= 0.433 m
Velocity head, v2isg 002 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 002 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 1.43 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.01 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.04 m
Total fitting / bend etc losses 0.05 m
Hydraulic Grade Line El at K 7.88 m PWD
K Chainage 2,790.0
Length JK 200 m
Ground EL 7.00 m PWD
Command 0.88 m (0.5 plus 0.3 m req'd - min)
Top of pipeline 6.00 m PWD
Hydraulic Grade Line El 7.88 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 8.48 m PWD
Diameter of Pipe (external) 200 mm hf = (2*F1"*2)/(g*d)
Diameter of Pipe (internal) 195 mm f= 0.0042
Design Discharge 0.024 m3/sec v= 0.80 mis
Pipe Friction Loss 0.57 hf= 0.567 m
Velocity head, v2/sg 003 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.03 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 1.43 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.02 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.06 m
Total fitting / bend etc losses 0.09 m
Hydraulic Grade Line El at J 8.54 m PWD
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J Chainage 2,580.0
Length I 200 m
Ground EL 7.10 m PWD
Command 1.44 m (0.5 plus 0.3 m req'd - min)
Top of pipeline 6.10 m PWD
Hydraulic Grade Line El 8.54 mPWD
Freeboard for standpipes 0.60 m
El of top of standpipes 9.14 m PWD
Diameter of Pipe (external) 250 mm hf = (2*f1*v*2)/(g*d)
Diameter of Pipe (internal) 244  mm f= 0.0042
Design Discharge 0.037 m3/fsec v= 0.79 mis
Pipe Friction Loss 0.44 hf= 0.439 m
Velocity head, v2/sg 003 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 003 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 1.43 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 002 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.06 m
Total fitting / bend etc losses 0.08 m
Hydraulic Grade Line El at | 9.06 m PWD
I Chainage 2,390.0
Length HI 50 m
Ground EL 825 m PWD
Command 0.81 m (0.5 plus 0.3 m req'd)
Top of pipeline 7.25 m PWD
Hydraulic Grade Line El 9.06 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 9.66 m PWD
Diameter of Pipe (external) 250 mm hf = (2*f1*v*2)/(g*d)
Diameter of Pipe (internal) 244 mm f= 0.0042
Design Discharge 0.037 m3/fsec v= 0.79 mis
Pipe Friction Loss 0.11 hf= 0.110 m
Velocity head, v2/sg 003 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.03m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 0.36 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.02 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.06 m
Total fitting / bend etc losses 0.08 m
Hydraulic Grade Line El at H 9.25 m PWD
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H Chainage 2,340.0
Length GH 460 m
Ground EL 830 m PWD
Command 0.95 m (0.5 plus 0.3 m req'd)
Top of pipeline 7.30 m PWD
Hydraulic Grade Line El 9.25 m PWD
Freeboard for standpipes (min) 0.30 m
El of top of standpipes (min) 9.55 m PWD
Diameter of Pipe (external) 280 mm hf= (2*F1"v*2)/(g*d)
Diameter of Pipe (internal) 273 mm f= 0.0042
Design Discharge 0.046 m3/sec v= 0.79 mis
Pipe Friction Loss 0.89 hf= 0.891 m
Velocity head, v2/sg 003 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 003 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 3.29 Nr
Nr of riser / outlets 3.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.02m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.08 m
Total fitting / bend etc losses 0.10 m
Hydraulic Grade Line El at G 10.24 m PWD
G Chainage 1,880.0
Length FG 340 m
Ground EL 8.26 mPWD
Command 1.98 m (0.5 plus 0.2 m reg'd)
Top of pipeline 7.26 m PWD
Hydraulic Grade Line El 10.24 m PWD
Freeboard for standpipes (min) 0.30 m
El of top of standpipes (min) 10.54 m PWD
Diameter of Pipe (external) 315 mm hf = (2*f1*v*2)f(g*d)
Diameter of Pipe (internal) 307 mm f= 0.0042
Design Discharge 0.058 m3/sec v= 0.78 mis
Pipe Friction Loss 0.58 hf= 0.582 m
Velocity head, v2/sg 0.03 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.03 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 2.43 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 0.00 Nr
Loss per riser / standpipe 0.02m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.04 m
Total fitting / bend etc losses 0.06 m
Hydraulic Grade Line El at F 10.89 m PWD
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F Chainage 1,540.0
Length EF 270 m
Ground EL 8.05 mPWD
Command 2.84 m (0.5 plus 0.3 m req'd)
Top of pipeline 7.05 mPWD
Hydraulic Grade Line El 10.89 m PWD
Freeboard for standpipes (min) 0.30 m
El of top of standpipes (min) 11.19 m PWD
Diameter of Pipe (external) 355 mm hf = (2*F1I*v"2)/(g*d)
Diameter of Pipe (internal) 346  mm f= 0.0042
Design Discharge 0.079 m3/sec V= 0.84 mis
Pipe Friction Loss 0.47 hf = 0.472 m
Velocity head, v2/sg 0.04 m
Nr of pipe bends / changes in pipe diameter / values etc 0.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.00 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 1.93 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.02 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.06 m
Total fitting / bend etc losses 0.06 m
Hydraulic Grade Line El at E 11.43 m PWD
E Chainage 1,270.0
Length DE 240 m
Ground EL 7.55 mPWD
Command 3.88 m (0.5 plus 0.3 m req'd)
Top of pipeline 6.55 m PWD
Hydraulic Grade Line El 1143 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 12.03 m PWD
Diameter of Pipe (external) 355 mm hf = (2*f1"*2)/(g"d)
Diameter of Pipe (internal) 346 mm f= 0.0042
Design Discharge 0.085 m3/sec V= 0.90 mfs
Pipe Friction Loss 0.49 hf= 0.485 m
Velocity head, v2/sg 0.04 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.03 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 1.71 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.03 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.08 m
Total fitting / bend etc losses 011 m
Hydraulic Grade Line El at D 12.02 m PWD
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D Chainage 1,030.0
Length cD 310 m
Ground EL 820 m PWD
Command 3.82 m (0.5 plus 0.3 m req'd)
Top of pipeline 7.20 m PWD
Hydraulic Grade Line El 12.02 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 1262 m PWD
Diameter of Pipe (external) 400 mm hf = (2*f1"v*2)/(g"d)
Diameter of Pipe (internal) 390 mm f= 0.0042
Design Discharge 0.096 m3/sec v= 0.80 mis
Pipe Friction Loss 0.44 hf= 0.440 m
Velocity head, v2/sg 0.03 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control val etc 0.03 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 221 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 0.02m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.06 m
Total fitting / bend etc losses 0.09 m
Hydraulic Grade Line El at C 12.55 m PWD
[+ Chainage 720.0
Length BC 290 m
Ground EL 7.30 m PWD
Command 5.25 m (0.5 plus 0.3 m req'd)
Top of pipeline 6.30 m PWD
Hydraulic Grade Line El 12.55 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 13.15 m PWD
Diameter of Pipe (external) 450 mm hf = (2*f1*"v*2)/(g*d)
Diameter of Pipe (internal) 439 mm f= 0.0042
Design Discharge 0.105 m3/sec V= 0.69 mfs
Pipe Friction Loss 0.27 hf= 0.272 m
Velocity head, v2/sg 0.02 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.02 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 2.07 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser / standpipe 001 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.04 m
Total fitting / bend etc losses 0.06 m
Hydraulic Grade Line El at B 12.88 m PWD
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B Chainage 430.0
Length AB 350 m
Ground EL 721 mPWD
Command 5.67 m (0.5 plus 0.3 m req'd)
Top of pipeline 6.21 mPWD
Hydraulic Grade Line El 12.88 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 13.48 m PWD
Diameter of Pipe (external) EtoF 450 mm hf = (2*f'1"v*2)/(g*d)
Diameter of Pipe (internal) 439 mm f= 0.0042
Design Discharge 0.113 m3/sec v= 0.75 mis
Pipe Friction Loss 0.38 hf= 0.380 m
Velocity head, v2/sg 003 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.02m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 2.50 Nr
Nr of riser / outlets 2.00 Nr
Nr of standpipes 1.00 Nr
Loss per riser [ standpipe 0.02 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.05m
Total fitting / bend etc losses 0.07 m
Hydraulic Grade Line El at A 13.34 m PWD
A Chainage 80.0
Length HT-A 80 m
Ground EL 850 mPWD
Command 4.84 m (0.5 plus 0.3 m req'd)
Top of pipeline 750 m PWD
Hydraulic Grade Line El 13.34 m PWD
Freeboard for standpipes 0.60 m
El of top of standpipes 13.94 m PWD
Diameter of Pipe (external) 450 mm hf = (2*f1*"v"2)/(g*d)
Diameter of Pipe (internal) 438 mm f= 0.0042
Design Discharge 012 m3/sec v = 0.79 mis
Pipe Friction Loss 0.10 hf = 0.098 m
Velocity head, v2/sg 003 m
Nr of pipe bends / changes in pipe diameter / values etc 1.00 Nr
Loss due to pipe bends / change in pipe diameter/ control values, etc 0.03 m Adopt loss coefficient, K, of 0.8
Estimated nr of riser outlets 0.57 Nr
Nr of riser / outlets 1.00 Nr
Nr of standpipes 0.00 Nr
Loss per riser / standpipe 002 m Adopt loss coefficient, K, of 0.6
Losses due to risers / standpipes 0.02m
Total fitting / bend etc losses 0.04 m
Hydraulic Grade Line El at HT 13.48 m PWD
HT Chainage 0.0
Ground EL 845 mPWD
Command 5.03 m
Top of pipeline 7.45 mPWD
Hydraulic Grade Line El 13.48 m PWD Check also pipeline 2
Freeboard for Header tank 0.60 m
El of top of header tank 14.08 m PWD
Height of Tank 5.63
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Appendix D4

Head losses in Header Tank and in Flow Control Tank
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Appendix E1:
Appendix E2:
Appendix E3:
Appendix E4:
Appendix ES:
Appendix EG6:

Appendix E
Sample Drawings of a CAD Subproject

SP 33097 Mongalpur

Index Map, Schematic Layout and Layout Drawing
Pump House

Header Tank

Flow Control Tank

Long Profile for Main Pipelines

Standard Drawings
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Appendix E1: Index Map
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Appendix E1: Schematic Layout and Hydraulic Data
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Appendix E1: Pipe Layout Drawing
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Appendix E2: Pump House

Notes :

1.
. The orientation and exact layout of each Pump House shall be confirmed on Site by
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All dimensions are in milimeters unless otherwise shown.

the Engineer.

. The foundation material and condition shall be checked prior to construction and

remedial measures taken as directed by the Engineer.

. Concrete to support brick maso nry walls shall have minimum 28-day crushing

strength of 150 kg/cm? (15 N/mm?): suggested mix proportions 1:2:4.

. Reinforced concrete for floor and pump plinths shall have minimum 28-day crushing

strength of 210 kg/cm?® (21 N/mm?): suggested mix proportions 1:1.5:3.

. Floor plinth dimensions shall be confirmed before casting.
. Reinforcement shall be high strength deformed steel bars minimum yield strength of

415 N/mm? (Grade 60) unless otherwise shown.

All steelwork shall be fabricated and painted or galvanized as shown / directed by the
Engineer in accordance with the Specification.

All brickwork shall be pointed / plastered and painted as directed by the Engineer in
accordance with the Specification.

|~ Steel Frame Window
— with Steel Shutter

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
in_Greater M ingh, Sylhet and Faridpur Arecs
MONGALPUR SUBPROJECT SP 1D
UPAZILA : DOWA DISTRICT : SUNAMGANS el

PUMP HOUSE PLAN
DRAW GY | DESIGNED 6| REVIEWED BY RECOMUENDED BY] APPROVED B

SARAWAR H. KHAN Exec. Project Director
5 gt |2 w0 Soicuun| Sz S [ (oo
DRG. NO.33097, '=MONGALPUR=02 JUNE 2014
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Appendix E3: Header Tank Drawings

Exact location of pumping station and of (temporary) pumping platform shall be as
directed by the Engineer on Site.
. All walls, operation deck slab, columns and foundation to comprise reinforced
concrete Class C (21 N/mm2 minimum strength)
Blinding concrete placed under foundation to be Class D (15 N/mm2 minimum
strength).
Reinforcement shall be deformed steel bars (minimum yield strength of 276 N/mm2)
unless otherwise shown.
. Chamfers 20x20 mm to be provided to all exposed concrete edges.
. Steel for V-notch weirs shall be 8 mm thick plate and sections
Enamel water level gauges graduated in centimeters to be provided to measure
depth of flow over the V-notch weirs.
100 mm diameter steel pipe washouts to be provided for each compartment to
connect to drainage pipeline leading to river to allow emptying of structure.
10. 200 mm pipe overflow to be provided to first compartment
11. Steel access ladders to be provided as follows: (i) 2 No outside; and (i) 5 No inside.
12. Steel delivery pipes to be fixed to wall as shown and to include flange connections
and arrangement to faciitate pump priming.

Notes
1. Alldimensions in milimeters unless otherwise shown.
2
3
4
5
6
T
8
9

B2|B1 13. Foundation fill material shall comprise suitably graded and compacted sand, gravel
or stone or blinding concrete as directed by the Engineer
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Haader Tank Drewing have besn revised fo allew for
8 variable water lwvels,
@ uPVC plpes ofiinking from sida of tank; and

& for a single foundation slab Instead of solunn footing.
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zﬂ : : lr - : 8.00
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3 . | |IE -
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2 b 1—|'n | |
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v ‘J"ii: T§az B1 \—mm W
Iﬁ 1500 !5! 1450 !E! 2150 !aﬁl SONSALPUR SUBFARER] XS
Revision-1, October 2012 cenenal CADCR TANK
SECTION A-A Hhender in aliowrfor

lovols,
'@ uFVC pipes off-taking from side of tank; and
@ for u single foundation slab instead of column footing.
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Fxhihit GR-I
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AN
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SECTION B1-B1

Notes :
See Sheet 1

[ LOCAL COVERNMENT ENGINEERING DEPARTMENT|
m.l.mh 'WATER RESOURCES DEVELOPMENT PROJECT

Revislon-1, October 2012

Hoader allow for
@ variahle wator

lovals,
@ uPVC plpes off-taking from side of tank; and
@ for a single foundation slab instead of column

footing.

[l and Fi Arscs
MON R SUBPROJE!
AT A : DOWARMIATAR, DSTRICT - SUMAMGAN) bl
HEADER TANK,
GENERAL
13 [
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Fxhihit G6-I

wd 9

L= 1300 121 1200 12]
T 790 L I/
i o V' NOTCH WERS SEE DETAL
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i T
191 g | B H v 1o o
10, E 10 E
Seolols Q_El i g L
u Of \ ||_leeo
= '-T = -

Notes :

See Sheet 1

LOCAL GOVERNMENT ENGINEERING
SMALL SCALE NATER RESOURCES

gt
4

3450
SECTION Revision-1, October 2012
Header Tank Drawing have been revised to allow for
@ varisble water levos,
@ uPVC pipas off-taking from side of tank; and
‘@ for a single foundation slab Instead of column focting.
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Notes :
See Sheet 1

LOCAL GOVERNMENT ENGINEERING DEPARTMENT|

{0 i
| | - TP
=l —=t
2jy \ [[oco
- ) - K
i s wa
PL2 4500 PLT w450
T g
SECTION B3-B3
1, ( 2012
Hendor Tank Drawing have been ruvised to allow for

lovals,
@ uPVC plpea off-taking from side of tank; and
@ for a single foundation slab Instoad of
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jl_o

38 R )

" ——————— ——— — ——— — — —— ———— — — — i

A\

ELEVATION OF DELIVERY PIPES

11.30

100 rrrv)]:

Notes :
See Sheet 1

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SWALL SCALE WATER RESOURCES DEVELOPMENT PRO.SCT
MONGALPUR SUBPROJECT

UPAZILA : OCTWARARAZ AR, DESTRICT : SUMAMTARS

Revision-1, October 2012

Hoador Tank Drawing have boon rovised to allow for

@ variable water lovels,

® UPVC pipoes off-taking from side of tank; and

@ for a single foundation slab Instead of column footing.

DETAILS OF DELIVERY PIPES AND FIXING
(Revised)
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Appendix E4: Flow Control Tank

1200
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|
|
22y

|
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Notes
1
2
3.
3500 | 4
I 5
1200 250 1330 | 280
—H [
ml

#2800 STRL e 7
PRE

| 8

9.

I ]| 10

1

12

LIL gy

All dimensions in milimeters unless otherwise shown

. The foundation material and condition shall be checked prior to construction and

remedial measures taken as directed by the Enginser.
Blinding concrete placed under foundation to be Class D (15 N/mm? minimum
strength).

. Allwalls, operation deck slab and foundation to comprise reinforced concrete Class

C (21 N/mm? minimum strength)

Reinforcement shall be high yield deformed steel bars (minimum yield strength of
276 N/mm?) unless otherwise shown.

Alfaffa valves complete with base plate, 32 mm dia. shaits, fixing and operating
arrangements to be as approved by the Engineer.

Waler level gauges graduated in centimeters to be provided to measure depth of flow
over (1) V-notch weirs; and (i) in downstream outlet chamber.

Steel trash racks fabricated from 30 x 8 mm steel flats and angle sections o be
provided.

100 mm diameter steel pipe washouts complete with end caps to allow emptying of
structure and 150 mm steel pipe overflows to be provided

Steel access ladders to be provided as follows: (i) 1 No outside; and (i) 4 No inside.
Chamfers 20x20 mm to be provided to all exposed concrete edges.

Foundation fill material shall comprise suitably graded and compacted sand, gravel
or stone or blinding concrete as directed by the Engineer.

T

\_\

AN

d

te <

\\’uﬁn‘?ﬁu

)

ELAN
[OPERATING DEGK NOT SHOWN)
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LOCAL GOVERNMENT ENGINEERING DEFARTMENT
BMALL SCALE WATER RESQURCES DEVELOPRENT PROJECT
In_Grogter nln and Fe Arsos.

MONGALPUR SUBPROJECT i
UPAZRLA ;| DESTICT : BUMAMGAN \

Revision-1, October 2012 FCS
= G.Ad  PLAN
Flos Corirol & Wan bt TR W7 [ RSO BV [NV B JECOMBRD B ATROWS &Y
@ variable waiwr levels;
@ Alioita valve flow control rather than getes; snd sz oL | [
®Siwel lnddar rthar than step Irona. EAD Dgpant — T
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Ao POST
e
muﬂhhi
T R AR P

5 1§

T ————+32, 2 NO SHAFTS

Notas :
See Sheet 1

BMALL BCALE WA
in_Grecter M ond Fe

MONGALPUR SUBPROJECT
PATILA | DOWARABAZAR, DRTRCT | BUBAMGAN)

@ varinble water levels:
& Alfalfa valve flow control rather than gates; and
@ Steal ladder rather than step irons.

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
TER RESOURCES DEVELOPMENT PROJECT
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350
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SECTION B1-B1

Notes :
See Sheet 1

and F
MONGALPUR SUBPROJECT

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL BCALE WATER REBOURCES DEVELOPMENT PROJECT
In_Grecter

Areos.

Revislon-1, October 2012

FC8
G.AS ; BECTION

Flow Control & Iy

rovised 1o allow for:

@ variable walsr levals;

@ Alfalfa valve flow control rather than gates; and
® Steel ladder rather than step irons.
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Exchibi* AT« Cowitamia wnd Macinun ad € nmmscnd Awoa Dhanalohannnt Coslhimninnt

Evhihit A

1000

v | [HH

Notes :
See Sheet 1

BMALL SCALE WATER

Revislon-1, October 2012

Flow Control &
revised 1o allow for:

walsr levels;
@ Alfalfa valve flow control rather than gates; and
® Steel ladder rather than step irons.

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
RESOURCES DEVELOPMENT

PROJECT

in Greoter M oand F Areos
MONGALPUR SUBPROJECT
UPADILA | DOWARMIAZASL OFSTRICT | SURAMGAN) il

156




Guidelines for SSWRD Project
Exhibit G6-1.: Criteria and Design of Command Area Develgpment Subproject Exhibit G6-L

Appendix E5: Long Profile for Main Pipelines

b m —1 EXISTING GROUND ELEVATION PROFILE | &‘&
Tank (6.10m x 3.25m)
at Ch 0+000 Km

PIPE TOP ELEVATION PROFILE
| (1.0m below existing G.L) | RET o
[ Branch -1-1 at Ch. 1+540Km,

R

180 | \____ %/"’
20| \
1.0 \
100 |_
90| &
E 80|
=X |
!
E 70|
c
;.E_. 6.0
@ eV L
8
W50
JeBlel g # L= m + L=3Em +—tam——f——Lemim - Lo m # L=e0m F—— L=asom ——F— L0 m —f— =200 —f
4.0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
- g § i g g B g
§ 2 & % 3 S % & & 4 &
" 3z - 2 3 i 5 3 88 4 2 g
g 3 s : g s g 5 THEEE
m (PWD) 2 8 § ] 8 ] 8 8 |8 2 8 2
=~ e~ w0 © ~ @ ~ -~ - ~ o = >
B § g g
§ § 2 3 ? & 1 g Es. § & E
« Points .Ik A B1 (] D1 E1 F1 Gl H1 1 J K1 I.ll

LONG PROFILE OF PVC BURIED PIPE SYSTEM ( PIPE LINE-1, LENGTH=2.99 Km)

AND HYDRAULIC GRADE LINE (A-A1-B1-C1-D1-E1-F1-G1-H1-11-J1-K1-L1) e SECURFHM ST RN DRP NG THIH Y

SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
in Greater ingh, Sylhet and Faridpur Areas
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Proposed Header
Tank (6.10m x 3.25m [ Juncion Point (C2) of
al Ch +000 Km [Branch -2-1 at Ch. 04705 Km.

HYDRAULIC GRADE LINE

15.0 PIPE TOP ELEVATION PROFILE 5 Fow Goral Bk

B {1.0m below extating @.L) (3.75m x 2.25m) at Ch. 0+855 Km.
140 | <;%"9
13.0 "f

- -__""—‘—-—1\
Junclion Pont (E2) of
120 h\‘ Branch -2-2 &t Ch. 1+085 K.

10|
100 | f *‘f
a
E 90|
E 80|
s |
g0l 1
ks !
0|
i " - - n k L "
50 1”‘# T T M T m W N S W L1 1
SSr{ANe-Ala 8 8 g 8 8 8 2
pe & 4 4 & E < &
2 level m (PWD) s 3 g 5 85 3 8 s & 8 g
e g 2 8 8 E B 8 g8 8 = 8
b < o ~ = o © o ~ ~ ~ ~
e after Laying m (PWD) 3 § § E E E § § E 5 §
" . w
ication Point § g § § § ? ? ? ? f?i 2
inch Line / Bend Points = =

-8

B
FR
F
-8
F&

LONG PROFILE OF PVC BURIED PIPE SYSTEM (PIPE LINE-2, LENGTH= 2.015 Km)

AND HYDRAULIC GRADE LINE A-A2-B2-C2-D2-E2-F2-G2-H2-2-)2) LOCAL GOVERNMENT ENGINEERING DEPARTMENT

SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
in Greater Mymensinah. Svlhet and Faridour Areas
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Junction Point (F3) of
Proposed Flow Control Branch 3-1 at Ch. 0+480 Km.
— (3.75m x 2.25m) Struciure

at Ch 0+000 Km.
—| EXISTING GROUND ELEVATION PROFILE |
PIPE TOP ELEVATION PROFILE
(1.0m below existing G.L)

100 I

120

1.0

©
o

g
o

fL-s0mf Le310m + L=aTom ¥ L . e p—

| | ] | | | | | | ] _1 | | | |
00 10 20 30 40 50 60 70 80 90 100 11.0 120 130 140 150 160 17.0 180 19.0 200

Distance in 100 m

o
o

Elevation m (PWD)
=~ =
(=] (=]
|

s (Km) of Riser{Alfa-Alfa £ 2 S 2
id Airvant pipe g g 5 g 3 % g
+ Grade Line level m (PWD) 2 £ i g § g B Y 3 =
-avel at Centre Line ~ ~
ipe, m{PWD) = = § ﬁ § § § § § 3
|of PVC Pipe after Laying m (PWD) = S 8 8 2 § g8 g ¢
~ o ~ ~ ~ ~ ~ ~ ~ o
& (Km) of Location Paint g 8 g g g 8 2 8 8 3
ne / Bend & H & & B 3 2 +
Point of Branch Line / Bend Points o2 03 . 3 Ha T.{s

L5
&

LONG PROFILE OF PYC BURIED PIPE SYSTEM (PIPE LINE-3, LENGTH= 1.91 Km)
AND HYDRAULIC GRADE LINE (D2-D3-E3-F3-G3-H3-13-J3-K3-L3)

LOCAL GOVERNMENT ENGINEERING DEPARTMENT

SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
in Greater My i Sylhet and Faridpur Areas
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Junction Point (C2) of Branch -2-1

at Ch. 0+T05 Km. ( Pipe Line-2)
PIFE TOP ELEVATION PROFILE
(1.0m below existing G.L)

IJul:Mn Point (F1) of Branch -1-1
Eoh ToBIOMR { P L) — GROUND ELEVATION PROFILE |
{1.0m below existing G.L) 130 _ %"
EXISTING GROUND ELEVATION PROFILE | !
120 120
10| 10|
100 | 100 |
a =)
9.0 9.0
E™r Al
E so| E 8o |||
c c |
]
Brop g 7o
o 2 ~190m
W 60 weof| {7
(Chai (Km) of Riser{Alfa-Alfa Chainage (Km) of Riser{Alfa-Alfa 2
Valve)and Airvant pipa 2 Valve)and Airvant pipe a
Hydraulic Grade Line level m (PWD) 5 3 2 Hydraulic Grade Line level m (PWD) 5 2
Ground Lavel at Cantre Line s 3 2 Ground Level at Centre Line 8 g
of PVC pipe. m(PWD) = ~ ~ of PVC pipe. m{(PWD) = =
Top level of PVC Pipe after Laying m (PWD) =3 § 2 Top level of PVC Pipe after Laying m (PWD) ] -
Ll o - ~
Chainage (Km) of Location Point ] 2 Chainage {Km) of Location Point g 8
Branch line / Bend g B I Branch line / Bend g z
Location Point of Branch Line / Bend Points 1 F11 Flz Location Point of Branch Line / Bend Points {l:z' E¥1
LONG PROFILE OF PVC BURIED PIPE SYSTEM LONG PROFILE OF PVC BURIED PIPE SYSTEM
(BRANCH PIPE LINE-1-1, LENGTH= 0.43 Km) (BRANCH PIPE LINE-2-1, LENGTH= 0.19 Km)
AND HYDRAULIC GRADE LINE (F1-F11-F12) AND HYDRAULIC GRADE LINE (C2-C21 LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT FROJECT
In Greater Sylhet and Faridpur Areas
MONGALPUR SUBPROJECT SPID
Upazila: [ Dist. 5 i l3309?
BURIED PIPE SYSTEM
3 LONG PROFILE OF PVC BURIED PIPE
AAFIBA (1ot Wost
H Db, mm Rt (Br. Pipeline-1-1, L=0.43 Km. & Br. Pipeline-2-1, L= 0.19 Km.)

CRAWNGY | DESIGNEDBY |CHECKEDBY| CHECKEDBY | REVIEWED BY |RECOMMENDED BY| APPROVED BY |

L1, 5=
W3 Tahurs Chewdhury | Md. Monirul Istam | M A Mannan s YD Bpociatit m [ o
CAD Opsrstor | Design Enginsar | Team Loader | DRG. No. 33097/BP- MONGALPURB-S February-2012
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Appendix E6: Standard Drawings (Standpipe Airvent)
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distribution pipefine to
while uPVC uﬂmum
nh:hmhhlw-

BN SR AN P

i mills ise shown.
of Standpipss Alr—vents to be decided on Site but typically ot Intervals
m and just upstreom of ony outlet volves to control surge prassures.
to

nnhduzlm of 3.25 bar.
sunlight mmaum
mm os tabulated.
to be ploced oround base of UPVC protective stondpipes for

mmhmmummwmmmwm
MmWhmmzl N/mm2 for Class C, and 15 N/mm2

Minil
for Class D.

" 276 W)

3
%
&

sholl be high yieid daformed steel bors (minimum yield strength of

PLAN
Buried uPVC Pipeline|  uPVC Alr Vent uPVC Protective Plpe Protective
Outer Diameter (D) mmw MDI-M:{D; Plpe Inner Dl-unnnﬂ);
{mm} {mum) {mmy) {mm)
E 180 180
2 308 mn
= 200 225 (50 mm thick)
280
3
g s 0 mﬁ"ﬂq
500

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
RESOURCES DEVELOPMENT PROJECT

SMALL SCALE WATER
n_Grecter M and Fi Areas
CAD SUBPROJECTS 2L

‘STANDPIPE FOR AIRVENT FROM PVC PIPE
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Appendix E6: Standard Drawinas (Discharae Box for Surface Irriaation)

I 2500(MIN) {[E
/'I‘EEM /PW.' PIPE DIAMETER, D
Id Id
0 Q —
\—Nnrml Standpipe 7
§| ? la———PVC OFFTAKE 22Smm DIA
¢ Lo I I | I |
h | |
Il |
b
=
- @ 0] e
250 —=— o
O 1 l# I l g
— —
OF OPEN CHANNELS
TO SUIT EACH OUTLET
L ]5 R
p—— —
- —
B
Notes :
1. Al dimansions in milimeters unless otherwise shown. PLAN
2. NI uPYC pipes to be in occordance with I1SO—4065 ond 1S0—4422.
e LOCAL GOVERNMENT ENGINEERING DEPARTMENT
i ﬁdh&hﬂu:fph hmnﬂ"::i:d“::;:l design working pressure of 3.25 bar. SCALE:1:20 SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
5. Number and crientation of pucca—nuccos to ba decided on Site. In M and F SPID
open channels to out each outiet. CAD SUBPROJECTS
8. Minimum concrete strengths to be: () 21 N/mm2 for Closs C, ond 15 N/mm2 for Closs D.
for Closs D. QUTLET TO DISCHARGE BOX
7. Reinforcement sholl be high yield deformed stesl bars (minimum yield strength of FOR SURFACE IRRIGATION
276 N/mm2) unless otherwise shown.
B. Lockable grill to prevent tompering to be provided os ordered by the Engineer on Site.

162



Guidelines for SSWRD Project

Exhibit G6-1.: Criteria and Design of Command Area Develgpment Subproject

Exhibit G6-L

Appendix E6: Standard Drawings (Discharge Box for Surface Irrigation)

200mm ALFA ALFA VALVE (SEE DETAIL)

PYC PIPE DIA

o \ - s MASSNRY kLS (Gt DETA
r=—=1 1
\ /—M Stand Pips % \ T T T I T
/ZA\ 7\ A\ V/Z\\) é ! o 1
§ EL-E:/ ['lzlnln ® © 200 c/c
= —E0mm thick Clasa—'D" Concrete
)
L~
O 2 A4 (:)
—FVC TEE DwDx160 (AIRVENT)
SECTION A-A

Notes :
1. For notea see Sheet/STD/02

LOCAL GOVERNMENT ENGINEERING DEPARTMENT

CAD SUBPROJECTS 2L,

OUTLET TO DISCHARGE BOX
FOR SURFACE IRRIGATION

D -] Swon, (i) | sowoe GE)
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Appendix E6: Standard Drawings (Discharge Box for Surface Irrigation)

1000 (TYP)

L7AN

1 (MIN.

—=——S'BEND

SECTION B-B

164

Notes :
1. For notes ses Sheet/STD/02
LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT ECT
In_Greater M and F Areas
CAD SUBPROJECTS =R
OUTLET TO DISCHARGE BOX
FOR SURFACE IRRIGATION
DRANM Y DESIGMED BY [ REVIEWED BY| APPROVED BY
-t 4 Sowor, Tatny | 'Soe (e
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Apbpbendix E6: Standard Drawinas (Discharae Box for Surface Irriaation)

T

350 330 cH
V=S
5 No.10mm# BARS {,4 \\
[poT—— ﬂ: _|_
g ) 8 ! y
R’ __1 \.‘:‘:—_ H—— :/
6 ml—l ainl
| B 1
PLAN
REINFORCEMENT DETAIL-A
PLAN Shaft
PACCA-NACCA FRAME
350 .
| 1 HOLE FOR PADLOCK———
e e
5028 200 G5! | i o ey
SECTION A-A ) ¥ %
I[I'—Sﬂ Pin £ - L
10mm@ BAR HANDLE E
1-10mmd r @ fum, Metol o
“‘—\ E | I |‘—-
s —
| — ' SECTION : DETAIL-A
25 200 25 m on
PAGEA NAGEA LD AND HANDLE R v et ey
CAD SUBPROJECTS IE""
ALFALFA VALVE OUTLET TO DISCHARGE BOX
FOR SURFACE IRRIGATION
:w:m Y| Desees B[RV BYEroMEeD 5 APWOWD BY
Notes :
DETALED MS ROD OF PACCA NACCA LID 1. For rtem s T e o gy
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Appendix E6: Standard Drawings (Discharge Box for Hose Irrigation)

25000uN)

NG

TEE DxDw225 /MPPEMIETER.D

(=———PVC OFFTAKE 225mm DIA

1400 ()
1

l_l L&' (7Smm) STEEL OVERFLOW PIPE
4™ (100mm) STEEL IRRIGATION PPE—)-'_I
"WITH END CAP®
E
STEEL OUTLET PIPE REQUIRENTS
NET IRRIGATION | MIN. NR OF OUTLET REQUIREDS PLAN
AREA [HA) DIA 3 DIA 4" DIA 57 Lo
<5HA 2 1 N/A
510 HA 4 2 1
1015 HA NR 3 2
N/R-NOT RECOMMENDED
Notes :
1. All dimensions in millimeters unlesa ctherwise shown. LOCAL GOVERNMENT ENGINEERING DEPARTMENT
2. Al UPVC pipes to be in accordance with ISO—4085 and ISO—4422. SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
3. uPVC distribution pipeline to comprise pipe with design working pressure of 3.25 bar. in M and Fi
4. Exact location of Outlets to be decided on Site. 8P ID
5. Diometar and number of steel pipe outiet from diechorge box to depend on orea to be CAD SUBPROJECTS |
hhuhdw bulated.
OUTLET TO DISCHARGE BOX FOR HOSE
6. Brick mason be used for walla insteod of concrets i approved the
o Brick ¥ ¥ plostared With 153 Gement mortor. b IRRIGATION
7. Minimum concrets strengths o be: (1) 21 N/mm2 for Cioss C, and 15 N/mm2 TRAWN BY | DESGED BY |REVERED Y RECOMENGED Y] _APPROWD BY
8. Reinforcoment shall be high yleld deformed steel bors (minimum yield strength of
276 N/mm2) unless otherwiss shown. _
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Appendix E6: Standard Drawings (Discharge Box for Hose Irrigation)

8 T

L f wges {e————CLASS 'C’ CONCRETE
e 9 TERNATELY BRICK MASONRY
Y BE ADOPTED FOR WALLS)
. -
g [ T e S
‘ / Airvent Stand Pipe b «

I L or i}
A\ AN AN Z7AN P, . ,| }zoa m
T F / e 3

thick Closa—"D" Concrete

]
\
i

|~————PVC RISER 225mm DIA

MPPEI:MD/

L—PVC TEE DxDx160 (AIRVENT)

SECTION A-A Notes :
1. For notes see Sheet/STD/6

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
In_Greater M and Fi Areas

CAD SUBPROJECTS S

QUTLET TO DISCHARGE BOX FOR HOSE
IRRIGATION

B

iy o e, G | 'Sowee G
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Appendix E6: Standard Drawings (Discharge Box for Hose Irrigation)

120
o |150H| 800 {150
[ ]
P R LR TR~ o oversLow pipe
| 1=
4 ipmm © 150C/C " T W&'F ‘
[ | 1 IRRIGATION PIPE
N e o
— ]Il Wt |
1L sof | Jr
772\ TIAN =] | e N
sal PR T

1000 (TYP)

[=——PVC RISER 225mm DiA

90 BEND

\4

SECTION B-B

Note :
1. For notes see Sheet/STD/8

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
In _Greater M and Fi Areas

CAD SUBPROJECTS =K

QUTLET TO DISCHARGE BOX FOR HOSE
IRRIGATION

e
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Appendix E6: Standard Drawings (Discharge Box for Hose Irrigation)

ALFALFA VALVE DETAIL A

Note :
1. For notes see Sheet/STD/8

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
in_Greater M: and F Areas

CAD SUBPROJECTS i

QUTLET TO DISCHARGE BOX FOR HOSE
IRRIGATION

DRANM BY | DESIGMED BY |REVEWED BT APPROVED BY

. ¥ e specome o G | 'Bowee (e
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Appendix E6: Standard Drawings (Discharge Box for Hose Irrigation)

ALFALFA VALVE

Note :
1. For notes see Sheet/STD/8

LOCAL GOVERNMENT ENGINEERING DEPARTMENT
SMALL SCALE WATER RESOURCES DEVELOPMENT PROJECT
in_Greater M: and Fi Areas

CAD SUBPROJECTS =u

QUTLET TO DISCHARGE BOX FOR HOSE
IRRIGATION

A [ e, it | 'mtee G
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Appendix E6: Standard Drawings (Standpipe for Hose Irrigation)

P
(\O Notes :
1. All dimensions in milimeters uniess otherwise shown.
2. Qutiets to Stondply to be p as ogresd with WMCA to imigate
MASONRY smoll areas <5ha, using flexible hose (3 inch diometer). Flaxible hoss to be
VALVE CHAMBER provided by farmers.
3. Steel pipe stondpipe to be mild stesl and galvonized and provided with a brick
masonry collar to prevent movermnent.

4. Al PVC pipes to be in occordance with ISO—4065 ond 1SO—4422.

INCH Gl PIPE
/_‘5 5. PVC distribution pipeline to comprize pipes with design working pressure of 3.25 bor.
/ ] 6. Brick mosonry volve chomber to be plostered or pointed os directed by the Engineer
on Site.
IIEED:WO—_-— @ § A' T.ﬁm&wﬁﬁmﬂ-hh(ﬂﬂijmeankmC.mdibN/mml
B. Reinforcement shall be high yield deformed stesl bars (minimum yield strength of
PIPE 276 N/mm2) unless otherwise shown.
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Appendix E6: Standard Drawings (Wash Out)
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Notes :

1. All dimensions in milimeters unless otherwise shown

2. Washouts to be located ot low points so thot water from pipefine can flow into a
droinage channel or low—lying orea. locations are given but are to be
confirmed by the Engineer on Site

3. Brick vaive cf to be p

on Site.

or pointed as directed by the Engineer

4. Mnimum concrets strangin o be: (1) 21 N/mm2 for Ciose C (12 proportion).
5. Reinforcement shall ba high yield deformed stesl bors (minim strangth of
78 Nymim3) ntoss othecuiss shown. {rmishmiim e
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Appendix E6: Standard Drawings (Wash Out)
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Notes :
1. For notes see Sheet/STD/11
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Appendix E6: Standard Drawings (Small Gully Crossing — Typical Arrangement)
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SECTION A-A

Notes :

All dimensions are in millimeters unless otherwise shown.
This arrangement for small gullies only. For large gullies
steel pipes shall be adopted.

Exact arrongement for washout to be os directed by the
Engineer on Site.

Concrete placed around uPVC in trench to be Class 'D’

(15 N/mm2 minimum strength).
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SECTION B-B
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Appendix E6: Standard Drawings (Conveyance Pipeline Trench Construction)
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Appendix F
Pumping Characteristics for Selected Pumps

Pump Curve for Milner Pump: A: ETA 80-20

Pump Curve for Milner Pump: B: ETA 100-20
Pump Curve for Milner Pump: C: ETA 125-20
Pump Curve for Milner Pump: D: ETA 100-26
Pump Curve for Milner Pump: E: ETA 125-26
Pump Curve for Milner Pump: F: ETA 150-26

Pump Curve for Yanshan Pump: 250 S24
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Pump Curve for Milner Pump: A: ETA 80-20
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Pump Curve for Milner Pump: B: ETA 100-20
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Pump Curve for Milner Pump: C: ETA 125-20
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Pump Curve for Milner Pump: D: ETA 100-26
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Pump Curve for Milner Pump: F: ETA 150-26
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Pump Curve for Yanshan Pump: 250 S24 (10 inch)
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Sample Specification for uPVC Pipe Distribution System
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Sample Specification for uPVC Pipe Distribution System

1. Introduction

This part of the Specification covers the conveyance pipe system works including: (i) pipe sizes, wall thickness
and material specification; (ii) pipe storage and handling; (iii) pipeline layout and location of structures; (iv) trench
construction; (v) pipe placement and jointing; (vi) structure connections; (vii) thrust control; and (viii) pipeline
testing and backfill.

Works for pipeline system structures, including as applicable, control structures, riser outlets; standpipe air-vents,
standpipe escapes and washouts are covered by the General Specifications.

2. uPVC Pipes and Fittings Appearance and Sizes
2.1 Appearance

When viewed without magnification the internal and external surfaces of the pipes and fittings shall be smooth,
clean and free from scoring, cavities and other surface defects. The material shall not contain visible impurities.
The ends of the pipes and fittings shall be clean and square to their axes. The colour of the pipes and fittings
shall be grey.

2.2 Pipe and Fitting Sizes and Wall Thickness

The base material from which the uPVC pipes are produced shall be un-plasticised Polyvinyl Chloride (PVC’u”)
with additives as necessary for manufacture in accordance with ISO 4065: 1996(E).

All fittings having sockets shall comply with ISO 727-1985 and shall be compatible with the pipes supplied.

Wall thicknesses of uPVC pipes and pipe fittings shall be commensurate with a working pressure rating of 3.25
bar (32 m head). Required wall thickness shall be determined in accordance with ISO 4065: 1996(E), having a
SDR value of 81 (equivalent to PN 3.25)

The pipes shall have one end socket and one end spigot (plain). The spigot end shall be chamfered to facilitate
insertion into the socket of the adjacent pipeline / fitting. The socket shall be machine made.

The length of the pipes shall be 6.0 m including socket. Pipe diameters and wall thickness are tabulated below
for the range of pipes and pipe fittings likely to be used.

uPVC Pipes Diameters and Wall Thicknesses

Nr External Nominal Wall Internal Length
Diameter thickness (mm) Diameter (mm) (m)
(mm)

1 160 2.00 156 6.00
2 180 2.30 175 6.00
3 200 2.50 195 6.00
4 225 2.80 219 6.00
5 250 3.10 244 6.00
6 280 3.50 273 6.00
7 315 4.00 307 6.00
8 355 4.40 346 6.00
9 400 5.00 390 6.00
10 450 5.60 439 6.00
11 500 6.20 488 6.00
12 560 7.00 546 6.00
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uPVC Tee Dimensions and Wall Thicknesses

Nr Dimensions - External Nominal Wall Length
Diameter thickness (m)
(mm) (mm)

1 Tee 160 x 160 x 160 2.50 1.47
2 Tee 180 x 180 x 180 2.80 1.47
3 Tee 200 x 200 x 200 3.20 1.47
4 Tee 225 x 255 x 255 3.50 1.47
5 Tee 250 x 250 x 250 3.90 1.47
6 Tee 280 x 280 x 280 4.40 1.47
7 Tee 315 x315x 315 4.90 1.47
8 Tee 355 x 355 x 355 5.60 1.98
9 Tee 400 x 400 x 400 6.30 2.29
10 Tee 450 x 450 x 450 7.00 2.67
11 Tee 500 x 500 x 500 7.80 2.67

uPVC Bend Dimensions and Wall Thicknesses

Nr Dimensions - External Nominal Wall Length
Diameter thickness (m)
(mm) (mm)

1 Bend 160 2.50 1.52
2 Bend 180 2.80 1.52
3 Bend 200 3.20 1.52
4 Bend 225 3.50 1.52
5 Bend 250 3.90 1.52
6 Bend 280 4.40 1.52
7 Bend 315 4.90 1.52
8 Bend 355 5.60 1.52
9 Bend 400 6.30 1.98
10 Bend 450 7.00 1.98
11 Bend 500 7.80 1.98

uPVC End Caps Dimensions and Wall Thicknesses

Nr Dimensions - External Nominal Wall Length (m)
Diameter (mm) thickness (mm)
1 End cap 160 2.00 0.56
2 End cap 180 2.30 0.56
3 End cap 200 2.50 0.56
4 End cap 220 2.80 0.56
5 End cap 250 3.10 0.56
6 End cap 280 3.50 0.56
7 End cap 315 4.00 1.42
8 End cap 355 4.40 1.42
9 End cap 400 5.00 1.42
10 End cap 450 5.60 1.42
11 End cap 500 6.20 1.42

3 Pipe Testing and Marking
3.1 Pipe Testing

The following tests shall be conducted for uPVC pipes on representative samples of each diameter of pipe
required. Testing shall be carried out in any reputable laboratory as required by the Engineer.

Dimensions: The thickness of the pipes and pipe fittings shall not be less than the nominal thicknesses
tabulated, and shall not exceed the nominal thickness by more than 15%.

Short Term Hydrostatic Test: For a temperature of 200C and a test pressure of 9.5 bar the pipes shall not fail
within a period of 1.0 hrs.
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Heat Reversion Test: The longitudinal reversion value in accordance with the test requirements of ISO 2505
shall not be greater than 5%.

Impact Strength: Impact strength at 200C shall satisfy ISO 3127.

Resistance to Acetone: A short length of pipe shall be immersed in acetone vertically to a depth of at least 25
mm at room temperature for 2 hours shall not show any attack on the surface of the test piece. Fattening and / or
swelling of the pipe shall not be deemed to constitute failure.

Specific Gravity: The specific gravity of the pipe material shall be within 1.35 to 1.45.
3.2 Pipe Marking

Pipes shall be permanently marked at intervals no greater than 2.0 m. The marking shall include the following
information:

e Manufacturers name or trademark
e Nominal outside diameter
¢ Pipe material (uPVC)
e Standard (ISO 4065: SDR 81)
¢ Date (and time) of manufacture
e LGED
¢ Not for sale
3.3 Fitting Marking
The marking of fittings shall include the following information:
e Manufacturers name or trademark
e Sizes
e  Fitting material (uPVC)
e Standard (ISO 727)
e Date (and time) of manufacture
e LGED
e Not for sale
4 Pipe Handling and Storage
4.1 Receiving Pipes and Fittings

All pipes and pipe fittings received on Site shall be visually inspected for damage which may have occurred
during transit. Ends shall be checked for any cracks or splits or other damage. The pipes shall also be checked
for any severe deformation which could later cause jointing problems.

Any damaged pipes and fittings should be returned to the place of manufacture / procurement and will be not be
accepted in the permanent works.

4.2 Handling

The pipes and fittings should be handled with reasonable care. They are relatively light and must not be thrown
around and / or dropped from any height.

Pipes and fittings should not be dragged / pushed / dropped from a truck bed. Loose pipes may be rolled down
on a timber support but care must be taken that they do not fall on each other or on any hard or uneven surface.

4.3 Storage

Pipes should be stored on level ground which is dry and free from sharp objects. Different pipe sizes should be
stored separately.

The pipes and fittings shall be protected from the sun.

Pipes should be continuously supported along its length. If this is not possible the spacing of supports should not
exceed 1.0 m.

Pipes shall not be stacked to a height in excess of 2 m, or 6 layers, whichever is the lesser.
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5 Pipeline Layout and Location of Structures

The contractor shall confirm the pipeline layout and lengths of each size of pipe required under the contract by
setting out the pipeline(s) prior to trench excavation, marking all pipe bends and structure locations with marker
flags. The marker flags shall be at least 1.6m in height.

The locations of riser outlets shall be discussed and confirmed by the outlet farmers represented by the the
Organizing or Management Committee of the WMCA, all as directed by the Engineer-in-Charge.

6 Trench Construction

The trench shall be excavated to a depth to ensure cover to the top (crown) of the pipe of typically 1.0 m, and at
least 0.8 m. The trench grade (longitudinal slope) shall be as shown on the drawings or as otherwise directed by
the Engineer-in-Charge, so as to provide uniform slopes between pipeline structures.

The trench below the top of the pipe shall be only wide enough to permit the pipe to be easily placed and joined,
and to allow for initial backfill material to be uniformly placed under the haunches and along the side of the pipe.
The usual trench width shall be D + 0.3 m where D is the pipe outside diameter.

Where stable conditions exist trench side slopes shall be vertical subject to safety considerations. Where
necessary for side slope stability, trenches may be excavated with sloping sides. Where working conditions and /
or right-of-way restricts width, the sides of the trench shall be shored using timber boards braced across the
trench.

The trench bottom shall be uniform so that the pipe is fully supported without “bridging”. Clods, stones and
uneven spots that can damage the pipe or cause non-uniform support shall be removed. A small layer of bedding
material (sand) may be spread over the bottom of the trench to facilitate uniform support to the pipe.

Where rocks, stones or uneven material are encountered, the trench bottom shall be cut 100 mm below the
required grade, and backfilled with bedding material (sand).

Excavated material shall be placed along one side the trench, allowing easy access from the other side for
placement of pipes prior to laying.

The excavated trenches shall be fenced / marked off as directed by the Engineer-in-Charge to prevent people /
animals falling into the trench.

Where ground water is encountered it shall be kept below the formation level of the pipes to be joined by
pumping, side drainage trench construction, placement of sand in the trench bottom and any other measures as
directed by the Engineer-in-Charge.

7 Pipe Placement and Joining

Small holes shall be excavated for the socket ends of the pipes to permit the pipe body to be uniformly supported
along its whole length. Pipe laying may start from any structure location and shall proceed in a downstream
direction.

Pipes shall be carefully placed in the excavated trench for joining after removal of all foreign matter or dirt. Prior
to joining the connecting surfaces of the spigot and socket shall be cleaned with a rag or brush.

The pipe socket (bell end) should be aligned downstream. Ensure that the rubber gasket (ie “O” ring) is placed
correctly in the socket and that lubricant is applied to the spigot of the adjacent downstream pipe. The spigot
should be smoothly chamfered — if necessary any minor irregularities may be filed off.

The two pipes should be carefully aligned and the spigot of the downstream pipe inserted into the socket (bell
end) of the upstream pipe applying firm pressure, either by hand or using a “bar and block” assembly. A small
twisting motion may be useful for smaller pipe diameters. Care should be taken to avoid over entry of the spigot
into the socket.

Pipes shall be cut by a method which provides a clean square profile with splitting of damage to the pipe wall.
Cut spigot ends shall be chamfered.

8 Structure Connections

Minor settlement of rigid structures will not usually cause shear breakage of the uPVC pipe, and the pipes may
be placed directly into concrete structures. As uPVC pipe will not bond with concrete water seal is provided by
two “0” ring rubber gaskets placed 100 mm apart in the wall of the structure.

To minimize differential settlement initial pipe backfill within 1 m of the structure shall comprise sand. Further to
accommodate any differential settlement, rubber “O” ring pipe joints shall be provided to all pipelines within 1 m
of the structure.

9 Thrust Control

Thrust control (joint restraint) is required to prevent pipe movement and damage at the following locations: (i)
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changes in pipe direction (eg tees, bends, elbows, etc); (ii) change in pipe size; (iii) dead ends (end caps). Thrust
control shall comprise Class D concrete placed between the pipe and the (vertical) side of the excavated trench
to resist movement.

10 Initial and Final Backfill
10.1 Initial Backfill

Initial backfill shall be by hand and shall comprise soil or sand that is free from stones larger than 15 mm in
diameter. At the time of placement the moisture content of the material shall be such good compaction can be
achieved. Initial backfill shall not be carried out during wet weather.

Initial backfill shall be placed under and around the pipe and to provide 50 mm cover to the pipe top (crown).
Initial backfill shall be compacted firmly to provide adequate lateral support to the pipe and prevent movement.
Compaction shall be carried out using a steel plate or other approved rammer at least 12 kg in weight in 100 mm
thick compacted layers.

Pipeline testing and commissioning shall be carried out after initial backfilling of the pipeline trench, but before
final backfill unless otherwise approved / directed by the Engineer-in-Charge.

Grounds for carrying out final backfill prior to testing may include: (i) a real and identified risk of pipe floatation;
(i) safety hazard — particularly near settlements; (iii) blocking of right of way, etc.

10.2 Final Backfill
Final backfill may be by hand or machine.

Final backfill material shall be free from large stones and other debris larger than 75 mm in diameter. The
material shall be placed and spread in approximately uniform layers to fully fill the trench. Final backfill shall be
placed and compacted by iron rammer in 250 mm thick compacted layers.

10.3 Concrete Backfill

To ensure against floatation and / or scour and exposure of the pipeline where it crosses natural drainage lines,
the initial backfill material may comprise concrete Class D placed and compacted under and around the pipe and
to a depth of 100 mm over the top of the pipe.

Concrete backfill shall also be used where the pipeline crosses under road embankments.
11 Pipeline Testing and Commissioning

The pipeline shall be tested for leakage and to ensure that design flows are supplied to all outlets along the
pipeline before final backfilling. As part of the commissioning process, in additional to checking of flows at each
outlet, water levels in the standpipes shall be measured and adequacy of freeboard confirmed at the design
flows.

The reasons for any instances of inadequate freeboard shall be reported to the concerned authorities / design
engineers and the cause determined (eg foreign material left in pipeline, inaccurate measurement of pipe length,
wrong pipe diameter used, etc). Following identification of the causes remedial measures / actions shall be taken
as ordered by the Engineer-in-Charge.

If for reasons of safety and / or cropping necessity, (parts) of the pipeline are fully backfilled prior to testing and
system commissioning then the Contractor shall re-excavate selected parts of the pipeline, and any areas where
surface wetness is observed, to expose the joints and check for any leakage as ordered by the Engineer-in-
Charge.

Any leaks or damaged pipes / pipe seals shall be repaired and the pipeline retested.
12 Pumping Plant, Transformer and Electrical Connection
12.1 General

The following may be provided under the CAD subproject contracts subject to instruction by the Engineer-in-
Charge, and in accordance with the requirements of the Power Development Board:

e  Pumping plant and associated pipeline and fittings
e Transformer and Electrical installation
e Electrical transmission line

12.2 Pumping Plant and associated pipeline and fittings

The number, pumping discharge and pumping head of the required pumps, as well as indicative power
requirements are indicated as appropriate in Section 7: Particular Specifications and in Section 9: Bill of
Quantities.
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Any electric motor(s) provided shall have the following: (ii) AC 3-phase, 50 Hz, 380 +5% Voltage squirrel cage;
(ii) Starter enclosed within metal box and ensuring adequate protection to motor against overload and with 3-
phase volt and amp meter and neon indicators; (iii) Capacitor Bank to keep power factor on 0.95 and installed
inside Starter Box; (iv) Switch Fuse Unit (Main Switch) with indicator lamps suitable for outside use and complete
with housing; (v) a steel Base-frame which shall have lug-holes to allow for bolting to a concrete plinth. The pump
set and steel frame shall be painted with anti-corrosion paint.

Any diesel engine(s) provided shall have the required rated power and shall be provided complete with self
starter and battery, all mounted on a steel Base-frame. The base-frame shall have lug-holes to allow for bolting to
a concrete plinth. The pump set and steel frame shall be painted with anti-corrosion paint.

Pipes, Valves and Associated Fittings

Mild steel galvanized / painted steel suction and delivery pipes shall be provided for each of the pumps sets
(pump & motor) complete with bolted flange/ welded connections, bends and arrangement to facilitate pump
priming. The pipelines shall be of sufficient length to allow water to be pumped during the lean season from the
river / khal to the header tank / discharge box. The diameter of the steel pipes shall not be less than the pump
size. Unless otherwise directed by the Engineer gate valves shall be provided in each of the delivery pipelines
leading from the pump. These shall be fixed with bolted flange connections to allow for replacement as
necessary. MS perforated foot valves galvanized / painted with anticorrosion paint shall be provided to the end of
the suction pipes.

Number and Model of Pump Sets and Associated Pipes and Fittings

To allow for varying irrigation (crop) demand during the lean season at least three pump sets are recommended
for the CAD subprojects, and in general 3-6 pumps will be provided depending on scheme size, location and
crops grown.

12.3 Transformer and Electrical Installation

A complete electrical installation shall be provided for operation of the pumping plant. Since night time operation
is envisaged a 65 Watt tubular fluorescent light or similar approved shall be provided, as well as electrical meter,
power sockets, switchboard and pumping plant transformer all as required. Theses shall be located at / near the
pumping / header tank site as directed by the Engineer-in-Charge.

The switchboard, electrical meter, power sockets and lighting shall be wall mounted, for water proofed
construction and with protective cover(s) for security and water proofing, unless located inside a building that may
or may not be available on Site.

All cables shall be adequately supported and present a neat appearance. Cables shall be fixed using proper
cable cleats or saddles.
The wall mounted switchboard shall receive power from the transformer and distribute it to the pumping plant.

12.4 Electrical Transmission Line

The contractor shall supply and install an overhead electric cable connection complete with supporting poles from
the existing electrical distribution system to the pumping plant transformer.

12.5 Testing and Commissioning of Electrical Equipment

The Contractor shall test and commission the electrical equipment along with the pumping plant whether sourced
under this contract or some other arrangement all in accordance with requirements of the Power Development
Board and as directed by the Engineer-in-Charge.

191



Guiidelines for SSWRD Project
Exhibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L

192



Guiidelines for SSWRD Project
Exhibit G6-1.: Criteria and Design of Command Area Development Subproject Exhibit G6-L

Appendix H

Selected Photographs
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Production of spun concrete pipes Spun concrete pipes — curing
(SP 31001, Rouha, Mymensingh) SP 31001 Rouha, Mymensingh

it .

Placed cocrete pipes with mortared joints -

Pressure Testing of concrete pipes
SP 31001 Rouha, Mymensingh (in SSWRD this is not carried out)

Elevated concrete pipe aqueduct Leakage from joints of buried concrete
(Orissa, India) pipeline
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.Sorag'e of uPvC pips-_' Manufacture of uPC Pies
SP 35161 Noyemullah Khal, Habiganj RFL Factory, Bangladesh

T-placed on pipe for airvent standpipe Backfill to uPVC Pipe
SP33059 Baneswardi, Faridpur SP 33097 Mongalpur, Sunamganj

o

i T '.‘.": < ,- @ﬁ-é.ﬁwm ¥ : : : L L
Airvent standpipe about 5 m high Airvent standpipe about 1.4 m high
(near to head of system) (at tail of system)
SP 33044 Bajra Panai, Faridpur SP 33044 Bajra Panai, Faridpur
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ST~

Standpipe airvent which is not suffiently high Piezomentrictube not yét fixed to airvent
and venting water standpipe
SP 33096 Saherber Gaon, Sunamganij SP 33096 Saherber Gaon, Sunamganj

i

1 : 5 SR “ . .
Outlet riser box with alfalfa valve for flow Flow from pucca-nucca / outlet riser box
control during system testing
SP 25288 Dariapur, Chapai Nawabganj SP 33096 Saherber Gaon, Sunamganj

Outlet box arrangement with pucca-nucca to Locked cover to prevent tampering with

control flow to field channels alfalfa valve
SP 25240 Chara Para, Unmesh, Mymensingh SP 25240 Chara Para, Unmesh, Mymensingh
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4

Cast Iron Alfalfa Valve Steel pipe with flange to connect to uPVC
pipe
_SP33059 Baneswardi, Faridpur

= ¥

ff?")._?u-' ik EX %xi&“ .,f*m, SRS e . \_ Bl )
Factory mande connection between flanged Gate valves for on / off flow control may be
steel and uPVC pipes used instead of alfalfa valves built into flow
SP 41008 Goshinga, Gazipur control structures

SP 41008, Goshinga, Gazipur

P : S et
Header Tank under construction Completed Header Tank
SP 33096 Saherber Gaon, Sunamganj SP 33096 Saherber Gaon, Sunamganj
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R v 4 5
Access ladder arrangement to top of Header Handles to open / close valves from top of
Tank, SP 25288 Dariapur, Chapai Nawabganj tank, SP 33096 Saherber Gaon, Sunamganj

Flow measurement V-notch weir between Operating Platform on top of Header Tank,

compartments 2 & 3, SP 33096 Saherber SP 33096 Saherber Gaon, Sunamganij
Gaon, Sunamganj

i
Pump house and header tank Operating Platform
SP 33044 Bajra Panail, Faridpur SP33059 Baneswardi, Faridpur
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2 diesel motors & pumps installed in pump Electric motor and pump mounted on steel
house, SP33059 Baneswardi, Faridpur frame / skid, Milner Pump Foundry, Tongi,
Dhaka

Diesel Pump set arrangement
Baneswardi Pump House

e,

Screen (éL Foot valve) at end of Suction Pipe Gate (Sluice) Valve
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