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FOREWORD

_ Surface drainage for agricultural arsas is an important part
‘of water management activitiss isn Zgkistan. Surfzce drains _are
. particularly important in irrigated areas to protect srops from

-damage by ¥l coé.&ng, to reduce waterlogeing, and sCcoagionelly  to

- dispose of excess irrigatien flows. Yet, mzl%y limited attention

has been given to the develcooment of surface éra:.naae sysi‘.ems
and thelr maintenance tends to be neglected. :

Many of the practicing irrigation engineers are not fully 3
familiar with the modern principles of drainage planning, design,
construction, and maintenance. Until now, the only official
documentation of surface drainage practices in Pakistan was a
chapter of the Punjab Manual of Irrigation Fractice of 1943. In
Pakistan, different agencies are concerned with farm dralnage,-
with - design and construction of drainage systems, and with
~ operation and maintsnance of the drains. Professionals in one
agency are often not familiar with the ob3ect1ves, methods, and
-procedures of the other agencies. S Do

-.The need for an updated and expanded manual of surface
drainage was thus recognized in the design of the Irrigation
Systems Management Project (ISM-II). This Manual is an output of
the Project under the Federal Coordinator in the Office of the
Chief Engineering Advisor. The Manual was prepared and published
with the financial support of USAID. The principal authors are
‘Richard Wenberg, PE, formerly U.S. Scil Conservation Service
National Drainage Engineer, and Zafar Ahmad Khan Burki, formerly .
Superintending Engineer Drainage, Punjab Irrigation Department,
working in  a technical assistance team provided by Harza:
Engineering Company. o %

The concept of thls Manual is to develop and lmprove upon 3
the drainage practices established in Pakistan, and not to
replace then. With the intention of preparing ‘a manual that
would be accepted and adopted as an official document, the
participation of local authorities was sought. The authors nmet

with drainage practitioners of all of the Provincial Irrigation .

Departments, and with other agencies concerned with drainage,
including WAPDA, the On-Farm Water Management Program, and the
- Punjab Enviromnmental FPFrotection Agency. After the first draft
' was completed, it was sent to the Irrigation Departments and
other agencies for review. Comments and recommendations were
discussed in a two--lay workshop held at Bhurban in April 1992 to
reach a consensus.  After completing the recommended revisions, a
second meeting was held in Lahore in September 1992 for final
review by representatlves of Irrigation Departments. :

~yvii-




Although this Manual is intended primarily for.'use by

engineers of the Provincial Irrigation Departments, the scope of.

the Hanual extends beyond their normal responsibilities. It is
important for the irrigatior eiigineers to understand the entire

spectrum o©f agricultural drairage so that they can see as to how .

their role relates to the overall water management objectives and

- _to other agencies. It is expected that the Manual wiil also be -
used by On-Farm Water Management personnel of the Agriculture-
Departmerts, as welli &s by WAPDA and other organizationsfwith

drainage responsibiiikiss.
The procedures presented in this Manual are intended as
~guidelines for users who are expected tc exercise professional

skill and judgement. In many cases, alternative procedures or

methods are described so that the user may sslect what is best

- Tor the specifis physical and economic circumstances.  The Manual
includes different procedures wused by Qifferent Irrigation:

- Departments to meet their specific needs. References are also.

given for users who may want to go more deeply into certain

 subjects.

This Manual will be of great help to irrigation engineers
and others concerned with surface drainage. I would recommend
strongly that the methods and procedures outlined in the Manual
be adopted in practice in order to achieve efficient drainage for

agricultural areas with consegquent benefits.

-

(Aszyﬂ. KAZI)
Chief Engineering Advisor
Ministry of Water and Power.
Government of Pakistan !
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i 1 . '
Bed:

Bed bar:

- Bevelled lip:

" Buad:

Chak:

- Chak- banch _
ling: -

Coilector: '

Cross—dramage

works:

Culvert:

Cunette:

Cusecs:

Ditch:

GLOSSARY

Embankment on the side of an irrigation canal or surface drain

Boitom of an irrigation canal or surface drain.

Grade control structure for canal or drain. Called "Bed Pmﬁie" in
Sindh Province. L

.Taperc-d pipe inlet end to improve hydraulic flow.

An earthen embanlm_aeﬁt, often compacted, ncrméﬂy_along the side of
a river to contain or to divert flood waters. U.S. term is "levee”. Also, -
an earthen embankment used to contain water on a field, especxally for

u'nganon.

Block of land ir:igated from a specific outlet stn’:ctnre.

 Line indicating the boundaries of a chak.

. Buried horizontal drain in a subsurfe~e drainage system which reocivés : _

water from laterals and conveys it to a submain, mam, or an outfail- '
point, i.e., pumping plant or an open drain. :

Structures for carrying drainage water across othe civil works,
such as roads, railways, canals, and bunds. _

Structure to convey water under an embankment or road with a span- .'
of eight feet or less. If the span is greater than eight feet, 1t is

considered a bridge.

Small drain constructed in the middle of the bed of a storm cum

seepage drain to convey seepage flows.

- - Cubic feet per second.

 Portion of land surface or area from which earth has been removed by .

excavation; the depth below original ground surface to the excavated
surface. _

‘Small drainage channel; often used instead of dmm, as in farm drtck
or field ditch.




. Branch |
- Tributary
" (Subdrain)

Subtributary

GILOSSARY (con’t.)

- Major drain to provide an outlet for a drainage system. | :
Primary open drain of a Government (Irrigation Department) dramage_ L

System providing cutfall to branch and tributary drains and draining -
.mteanaturaisﬁeamornverthroughgrav:tyﬂowmpumpmg. B T

Secondary level Government (PID) controlled drain provmmg ontf.aﬂ

to tributary drains.

‘Tertiary level of Government (PID) controlled drain provxdmg . [
outfall to subiributary and farm drains; drains into a branch or main
drain. Smallest drain controlled by the Sinch Imgatnon Degmment "

Smallest Government (FID) controlied drain in three provmws,'

. provides outfall to farm drains.

: (AHGavemmentdramsabovem@aicopmvzdedzreadrwwgeto ad;acmlandsand
receive water from subsurface drainage systems.) o

- Seepage
Farm
Field
Drainage -

. coefficient

EC:

through the drain bank.

Small drain/ditch serving one or more farms or holdings, pmv;dmg-

outfall to field drains, and draining into a Govemment (PID)
controlled drain.

Sma}lest drain/ itch servmg one or more ﬁelds May serve as much_ |
-as 10 acres. .

Design rate at wlnch water is to be removed from a dramage arm,
usually expressed in Pakistan in cusecs per square mﬂe. ‘

o per meter (dS/m).

1 dS/m = 1 millimho per centimetre (mmho/an) an earher term. |

'_ Envxronmental Impact Assessment.

- Environmental Impact Statement.

i

- Drain oollectmg seepage flow from ad]aeent ﬁelds by water ﬂowmg '_

‘Electrical conductmty of soil water extract, measured in decmemens R



- Elevation:
 EPA:
CFlL
Gatchie:

Ghat:

-Hai'dpan:'
HFLf :
Hill toﬁept
‘Hydraulic |
gradient:
Irish b_ridge:

Laterals: o
- Levee:

'NGL:

GLOSSARY (cor’t.)

Vertical height above a reference point, often mean sea level.

Environmental Protection Agency.

Full capacity level (in drains).

A built-up piece of land using earth or gravel.

Earthen lump used in repairing rain-cuts or voids in slope.

Ramp in the side of 2 canal or drain at a slope less than the adjacent
side slope for access by animals. C _

Layer of hardened subsoil which often has a high clay éontem.?

- Highest Flood Level.

Channel with high velocity flow usually résulting from intense rain in
3 hilly catchment. _ _ o

Slope of the free surface of water flowing in an open channel, e
usually expressed in units of feet per foor. - _ S

Structure in open drain with brick-lined flattened side slopes and bed

- for ease in crossing by bullock carts and other vehicles. Also referred

to as "causeway’. | -
Saits affecting soils;
Land measuring unit: 1 karam = 5.5 feet.

Wooden purlins or beams usually four inches square, used for

regulating the flow of water through a masonry structure provided with |

grooves in the sides to hold the karries in position. U.S. term is

- “stoplogs”. o

The branch lines in a subsurface drainage system.

US. term for an earthen embankment, often compacted, normally :
along the side of a river to contain or to divert flood waters (bund). .

Natural Ground Level. Preferred Sindh term same as NSL. -




NSL:

Nullah:

 Qutfalk

Outlet:

Pacm:

Pancho

system:

Pro_ﬁle:’

Rain cut:

Staking and
bushing:

Stoplog:

- -Surface water

inlet:

Swalc:

GLOSS‘ARY (con’t.)
Natural Surfaoe Level of a field or ground. _ _ _
A namral stream, smaller than a river, usually with intermitte'ng ﬁow A
Any natural or conszmcteci facility to dispose of dramage watcr b

In the context of drams, U.S. term for outfall.

‘Masonry or bnca -ﬂatena}.

A system of contmuons nnganon of rice fields at one end

and draining out at the other end into adjoining down slope ﬁci&s,ami - e
so on, practiced in Sindh. IhmmngMCedformarthree o

waterings rather than continuous.

A longitudinal ® section showing dimensioﬁs of a canal or drain. -

An eroded channel cansed by cencentralmg water flow.

US. term is "rll". | |
Reduced Distance of drain or canal (1000 feet).

US. term for_rm‘n ct.

Reduced level based on elevaiion.

| Aneamlysphtrockhamglammatedlayexsofﬁnedayarsﬂtparndes.' :

Subsurface Water Level or Subsaz! Water Leve!

Any surplus or unused earth from excavation.

‘Method of rebuilding a bank that has sioughed or eroded

eroded by using branches of local plants and wooden stakes.
U.S. term for kerrie |

Structure to convey surface water into a drain.
Also referred to as inlet. '

Low or dep_r&ssed tract of land.




Swamp:

' Waterlogge;i:'

Wetland:

‘WSL:

WSS:

‘Water Surface S ope.

GLOSSARY (con’t.) _- SR e
See wetland. | |

Land condition wheu the water tabie is within the cTop root zone for
extended period of time. : ;

P:ewausiy called swamp. Land typically with standing water at lmast
part of the year providing habitat for aquatic life. .

Water Surface Level, often used instead of WSS. o R




Chapter 1

INTRODUCTION

- History and Purpose of Surface Draimge

1.1 Agnculmral drainage is the practice of removing excess or unwanted water from
agricultural lard. Surface drainage facilities not only remove excess precipitation and
irrigation water from agricultural fields, but often also serve as conveyance channels for' o
subsurface drainage and for surface runoff from outside agricultural areas. :

1.2 - At least 2500 years ago, Herodotus wrote about drainage works near the cxty af
Memphis in Egypt. In British India, the need for drainage to reduce waterlogging was noted
as early as 1851 in the Western Jamna Canal area (NESPAK et al, 1991).  Malaria
associated with standing water had become a serious concern. In 1870, waterlogging was
reported in the Sirhind Canal area and in 1880 in the Bari Doab Canal area. It became
apparent that as irrigation systems developed, problems of waterlogging followed. Ground
water monitoring programs were established between 1933 and 1947 to better define
potential waterlogging problem areas. As a result of the monitoring, about 2300 miles of
surface drains were constructed in British India during this penod Unfortunately, the

enthusiasm for constructing open drains was reduced for two primary reasons. One, major

maintenance problems, including weed growth in the open drains, developed. Second, many -
drains were constructed parallel to ungauon canals which did intercept seepage water bm
did not eﬁecuvely control waterlogging in the area. '

1.3 This manual deals with both natural and artificial drains. Rivers, streams and
depressions act as natural drains. Constructed open drains, including main, branch, and
field draips, are called artificial drains. Drains are effective if they remove excess
accumulanon of water within a reasonable time. -

14 'Ihere are both positive and negative effects of surface ponding and satmation
of the soil profile. The presence or absence of water either on the surface or in the soil
affects the soil’s temperature, aeration, and other important characteristics. Wet soil-
absorbs and tends to retain heat for longer periods than drier soil. Saturated soil has its.

void space filled with water rather than a mixture of water and air. Ma.nyplams,especiany o

cultivated crops, need an aerated root zone to live and to produce food or fibre in a cost

' effective manner. Drainage reduces the time required for evaporation, plant absorptionand .

deep seepage to remove water from the soil pore spaces. This drainage permits adequate
air to enter the soil profile, and provide oxygen to the root zone. Howevar, there are also
benefits of ponded and saturated soil conditions. These conditions ofien provide habitat for
waterfowl and fish, as well as rare and endangered flora and fauma. Stagnant, ponded water -
prmudes a good environment for bacteria, viruses and other microorganisms creanng a
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- public health hazard. Vectors, such as mosquitos that carry and transfer yellow fever and
malaria, are aisc associated with standing water conditions. SR

1.5 Surface drainage removes ponded water which is the primary objective of field
drainage for agricutture. This reduces the time the root zone portion of the soil profile is
saturated. Saturated soil, which is generally referred to as waterlogged soil, not only -
restricis needed aeration of the root zone but may lead to salinisation. Salinisation is the

accurmulation of salts in the soil profile to the extent it restricts uptake of water from the -

soil by olant roots. Subsurface drainage removes excess water from the soil proﬁle.
Tubewells and horizontal drains (tile or tube drains), are used for subsurface dramage w1th-
~the objective of removing excess soil water and saits from the root zone.

1.6 | Surface dramage for agnculture is very important with or ‘without subsurface

drainage but surface drainage alone can not be. expected to prevent waterlogging or .

salinisation in irrigated agriculture. Either natural or man made subsurface drainage is

needed to remove excess salts from the root zone. On an average annual basis, a balance i

of root zone salts must be maintained. This is accomplished by removing as much salt from
the root zone as enters with the applied water. Irrigation in Pakistan has been successful
for many decades without installed subsurface drainage systems. The needed salinity
balance in the root zone was provided by deep percolation of excess irrigation water, This

- percolation carried the salts out of the root zone down to the water table. These salts were .

safely away from the crops. Later, the water table rose with dissolved salts to the root zone
~and to within the capillary range for surface evaporation.  The evaporation leaves salts on

the soil surface. Surface wetting of the soil followed by surface drainage can dissolve and -

remove some exposed salts. However, it is a rare and unique situation where subsurface '
dramage is not needed for reclamanon ofa sahmsed area.

‘17 Sources of excess water are direct prec:pltanon, n‘nganon water and surface. oA

runoff from outside the area flowing into or across developed lands. Seepage from canals,
irrigated fields and ponds adds to the amount of soil water. The corresponding_ rise of the
water table level has injurious effects as stated above. Extensive areas in each of Pakistan.
'provmces are suffering from this problem. One remedy is to reduce the amount of water
- entering the soil. Another remedy is to lower the water table by abstraction.

1.8 : Reducmg the amount of water entering the soil may be accomphshed by‘ (1)

- lining the canals and watercourses; (2) improving water management; and (3) removing rain-
“and spill waters as quickly as possible with efficient surface drainage systems. Abstraction -

- can be done by: (1) subsurface drainage systems; (2) natural seepage, and (3)
: evapotranspirauon by plants. :
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Wetlands

19 Agricultural drainage has both beneficial and adverse impacts on the
environment. Lack of drainage usually results in waterlogging and salinisation, while -
excessive drainage may dry established wetlands. They are of great ecological value and
-contribute significantly to environmental stability. However, wetlands sustain a large variety
of aquatic life, fauna, and flora. Other important environmental components in a drainage

project area are natural scenery, quality of air and water, hydrology of the area, places of .

historical and archaeological importance, and the overzll ecosystem of the surrounding area.

Water Quality

1.10 For agriculture, the primary water quality concern is salt loading or salinity and. -

- sodicity levels in the soil water. However, all toxic elements need to be identified and -
managed correctly. Drainage effluent from agricultural land may contain not only
agricultural chemicals and nutrients but frequently industrial and municipal wastes,
especially in the vicinity of towns and industrial installations. In cases where a drainage
system includes a large city or industrial complex in its catchment area, the municipal waste
water and factory effluent often forms the major compenent of the normal flow. . For

example, the Paharang Drain carries all the industrial effluent and municipal waste water .

of Faisalabad city. This is only one of many situations in Pakistan where mumicipal and
industrial waste water is intermingled with agricultural drainage in channels constructed for
agricultural use. _ -

111 An Environmental Protection Agency of Pakistan (EPA Pak) was created in .
- 1983. The ordinance (Appendix D) provides for an environmental impact assessment (EIA) _
for projects. Where a project is likely to adversely affect the environment, an environmental
impact statement (EIS) must be prepared by the project sponsor and submitted for EPA
review. : P

Maintenance Needs

112 - Maintenance is emphasized in this Manual because it is vital for sustainable
.agricultural surface drainage systems. If maintenance is delayed or neglected, the system
will cease to perform as intended and the anticipated benefits cannot be realized.
-Commitment to maintenance must be made and supported during the planning and design
phases. For example, drain side siopes designed for stability reduce future maintenance
- requirements. o '
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Pakistan Drains

1.13 In Pakistan, natural drainage outfalls are not always available. Many outfall -
channels have been constructed within irrigation projects. The design and installation of -
-~ large drainage systems with primary and secondary open drains are generally implemented
by the Water and Power Development Authority (WAPDA). After construction, the -
respective provincial irrigation department assumes responsibility for operation and -
maintenance. Tributary drains are planned and constructed by the provincial irrigation
~ departments, : ' o

114 The major drains in Pakistan’s four provinces are shown in Figures 1.1 to? 14.
General maps of Pakistan’s irrigation systems, mean annual rainfall, and soils are presented -
in Figures 1.5 to 1.7. -
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. ~Figure 12. Punjab major drains.
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Chapter 2

PLANNING

General

2.1 Planning of surface drainage systems must be comprehensive. The total land use; -
including allocated environmental areas, such as wildlife corridors and wetlands, needs to

be established in planning the system. The intended maintenance procedures are critical .
for selecting some of the design parameters and the methods of construction and access.
Monitoring of facilities should be part of the written project plan. S

22 All concerned individuals and groups should be involved as early as possible.
Their concerns and alternative approaches need to be considered in the planning phase -
before starting initial designs. The desires and capabilities of persons with maintenance
responsibility, especially, need to be considered and incorporated throughout the plauning,
design, and construction phases. - e

 Planning Considerations

Water Management

23 The pnmary objectives of water management for drainage of zmgated Iands and : |
rainfed agricultural lands are: - ' L

Timely removal of surface water;

Prevention or correction of waterlogging;

Provision of outfall facilities; and

Provision for uniform and timely irrigation application.

24 Cropping Pattems. Drainage must be related to the needs of the potential
cropping patterns. The drainage system, as well as the irrigation system, should be designed
to allow the greatest flexibility to the farmer in selecting crops to be grown in response to

market and changing economic conditions. Water management for agriculture in Pakistan . o

is primarily differentiated on the basis of rice production land and nonrice production land.
This is true for both irrigation supply and drainage volume and timing. Rice can tolerate

and thrive on ponded water conditions for the entire growing period. However, rice will

also produce very well in unsaturated soil water conditions but weed control may bea
- problem. Even where rice is to be consistently grown in an area, drainage to permit timely
harvesting and to enhance doubie cropping should be considered. Unless it is quite certain

-12-
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: that rice is the only crop to plan for, the dcsxgn capacity should be for cmps with a shonex:
allowable ponding time. :

. 2.5 - Additional Positive Features, Exampies of aédmonal planmng consxderahons o
 are: 1) estabhshmg environmental values; 2) developing and retaining wetlands; 3)

natural waterways; 4) disposing of irrigation spill water; acquiring land for

drainage systems; S)evahlanngpotennaluseefmdusmaiandmmapaleﬁmem,ﬁ)mgr

spoﬁ commmng municipal waste; and 7) reusing drainage water. .

2.6 - "Dry Drama.ge is a water management practice to partially scive waterloggmg "
and salinisation. However, it is not a recommended solution to substitute for a needed

dramage outlet. Dry drainage is the practice of irrigating part of an area while leaving the -
remaining adjacent land fallow. Surface and subsurface waters containing leached salts flow
from the irrigated area to the fallow area. The fzliow area becomes salinised as the salts

are concenitated due to evaporation losses. ’Ihus,ihxexsanmportefsahfmmtbe, o

- irrigated cropped area without an export of salt from the fallow gmund.

2.7 Dry drainage has bccn pmposed in Heu of developing an ontfaﬂ facimy orto

alleviate salinisation until an outfall is provided. A paper presented at the 5th International

Drainage Workshop in Lahore in February 1992, addressed this subject with specxﬁc ST

reference and analysis of the Left Bank Cutfall Drain (LBOD) area in Sindh (Gowing & |
Wyseure, 1992). Mott MacDonald proposed dry drainage as au alternative solution only for

irrigating rice land areas. The ponded water on the rice would provide 2 head to develop .~ |~

a downward flux with lateral movement of the ground water towaxd thc faﬂew area_”
_' (WAPDA, 1991). S

Enumnmental Values |
2.8 ' Wetlands have numerous environmental values, such as: habﬁat for ﬁshena, .

habitat for wildlife, water storage, flood peak reduction, sediment and contaminant trapping, -
- nutrient retention, food chain support, recreation use, and heritage preservation. These -

values are described in Chapter S of a comprehensive description of farm drainage in the ™ =~ I

" United States (ERS, 1987). Wetlands differ from site to site and only some of these values
- will be found at a specific location. In addition to the above values, the temporary or
permanent storage of salts in wetlands that would have negztive effects on the adjacent farm -

land is a significant economic contribution to the immediate area or regmn as d:smssed mo .

the: Developmg and Retammg Wetlands Section below. | _ | |
29 The Environmental Protection Agency (EPA) of Pakistan has recently been: |

" organized. There is 2also to be an EPA for each province, but only Punjab has been staffed .

at this nme. For pmject area planning, environmental values need to be assassed and an




| | Chapter 2 - Planning _ o |
Environmental ‘Impact Assessment (FIA) prepared as outlined in the Pakistan =

- Environmenta! Protection Ordinance (Appendix D). Water gquality standards should be
coordinated with the intended use of the water or water body. For example, watertobe - -

used only for crop irrigation can be of poorer guality than water to be used for human
- consumptiop. Table 2.1 is the latest list of efluent standards farnished by the Punjab EPA. |

The Relaxed Standard vaiues in the table were to be replaced by the Ultimate Standard |
values in 1990, but the Relaxed values are stil] in effect. The pertinent pmvmaalEPA |

should be consulted for the most recent standards in effect i the province.

Dewloping and Reigining Wetlands | _ .
2.10 Natural lower elevation areas may be set aside for collecting drainage water with

the intent of developing wetlands. Historically, seepage from canals has created wetlands L

that serve valuable functions. Retaining these induced wetlands may ve beneficial provided =
they are properly managed. Surface water management is essentia: to protect publichealth. |
Standing water areas provide an environment for vectors, suck as mosquitos and snails. |
These transmit malaria and yellow fever and schistosomiasis, respectively. R

211 Awetland area needs an outlet for entering flows. Routing of drainage water
into a wetland area without providing an outlet can result in toxic concentrations of =

chemical and basic elements, such as heavy metals. For example, selenium accomulation |
in Kesterson reservoir, California, USA caused major destruction of wildlife. Such a

reservoirandweﬂandsmustbeﬁushedwithﬂoodﬂowsordﬁutedinsomemamm_é' .
reduce contaminants to nontoxic concentrations. Routing flows through a wetland without Ny

abypasdraimhowever,maymscexmsivebackwatezabomtheweﬂandmr -

Mainta'ning Natural Waterways :
212 | Project planning often must incude drainage water from catchments cutside the

irrigation area which originally crossed this land and should continue to do so. Hill torrent |

floods are routed through a project area when it is not feasible to route the flood flows
- around the proposed irrigation area. It is typical and reasonable to design for safely passing
a 50-year return period flow or greater under a major irrigation canal, such as the Chasma
Right Bank Canal, generally through box culverts, to minimize overtopping and serious
damage to important structural facilities. Box culverts should prefersbly be on a levelor |
sloping grade, which are self-cleaning, rather than in the form of an inverted syphon which Sk
may become clogged with coarse texture earth or rock. The same flows should be routed
through the irrigation project area to a natural drain or river outfall, if feasible. Insach
situations, provisions for temporary storage of flood waters outside the project area on
- rangelands may be incorporated to avoid out-of-bauk flow within developed irrigation land.

14 -




Table 2.1. Envircnmental Quality Standards for Municipal and
Liquid Industrial Effiuent (mg/L, unless defined)

Relaxed Ultimate
No.  Parameter Standard Standard
1.  Temperature 6°C 40° C
2 pH ' 55-95 60-90
3. 5-day Biochemica! Oxygen _ '
Demand® (BOD) at 20° C 200 S0
4. Chemical Oxygen Demand® (COD) 400 150
5. Total Saspeaded Solids 400 200
6. Total Dissolved Solids 5000 3500
7. Grease and Oif 20 16
8. Phenolic Compounds (as Phenol) 15 63
S 9. Chioride (as CI) 1000 1000
10.  Flouoride {(as F) 20 0
1. Cyanide (as Cn) 2 1
12 Anxionic Detergents® (as MBAS) 30 .20
13.  Sniphbates (S0 1000 1000
4. Sulphide (S) - 2 1
15. Ammonia 75 40
16.  Testiades, Herbicides, _ '
Fungjcides, and Jassctiddes 0.75 : - 015
i7. Cadmium® 2 ' 0.1
i3 Chrominm®
(trivalent and hexavelant) 2 1
19,  Copper” 4 1
20, Lead® 2 0.5
2L Mercary 01 001
22 Seleninm® 1 05
B, Nickel 2 S
24 Siver* pd 1
25.  Total toxic metals® 10 2
26.  Zinc 15 5
27. Arsenic 2 1
28.  Barium 4 15
26.  TIron 10 2
30 Manganese 10 6
3L Boron 10 &
32 Chlorme 1 1

* Assirmes minimom diintion of 10:1 on discharge,
if more stringent local standards are not necessary.
® . Assnmes biodegradabie detergents
(smngcntstandardsreqmmdfornommncsurfam)
< Subject to total toxic metal discharge.

Source: Envimnmw:al!‘mtecﬁmAgencyomezjab.
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213 Figure 2.1 is a view of a syphon under the Chasma Right Bank Canal. Th:s is
an expensive concrete lined canal that appears to have significant temporary flood storage
available on rangelands outside of the project area. Temporary impoundment of flood -
waters reduces the size of ﬂoodway needed to convey those flows safely through the
irrigated land to a river. For this situation, the canal embankment should be designed to

- provide the temporary flood storage. The additional cost for such an embankment must be.
compared to the potentlal benefits of protection for facilities and crops. : '

214 Depressional areas within the' fpropos'ed project area might be 'suitaﬁle for
temporary storage of routed flood flows. In this case, it would be appropriate to dedxmte
thls area as a ﬂoodway and not develop it for irrigation.

1gt_u~e 21. Level sypton under main irrigation canal (CRBC) with view outside project area.

Dlsposmg of lrngatlon Spnii Water

2.15 ~  One of the major concerns with the existing, typically level ficlds, surrounded by
bunds, is the disposal of irrigation canal water: 1) during heavy rainfall periods; and 2)
delivered at the end of watercourses when it is not needed. By design, tail escapes have
generally not been provided in Pakistan, a water short region. For improved water
management, it wouid be desirable for all canals, as well as watercourses, to have provisions
for ronting unneeded water back to a canal or to a natural or artificial open drain. : Even
when irrigation water is directed to an open drain it is not lost. Most of the water willbe
diverted again and used for irrigation further downstream. A spill gate dxschargmg intoan -

- 16 -
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2. | open drain is shown in Figure 22. Collector drains and field ditches in a pilot oil-farm
. water management project in the D. G. Khan administrative area provide improved
: - management of excess water. :

Figure 2.2, Spiﬂ gate side view and end view.

-17 -
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Acquisition of Land for Drainage Systems

2.16 The design and installation of a drainage system may be deferred but the land o

needed for open drains should be reserved or purchased when planning an irrigation pro;ect.
At this stage, land values of undeveloped areas are low. Furthermore, there is less
resistance to sell a strip of land at this time compared to its protection after itis deveioped o
and in production. _ , '

Industrial and Mumcxpal Effizent in Drams |

217~ Even though industrial and municipal effluent should not be released to a
drainage system without the permission of the owner, it is often done. Heavy metals are
often present in industrial waste water or shudge. Before approving release of municipal or
industrial waste water into an agricultural drainage system, analyze the effluent to determine
its suitability for possible uses. Soil has the capacity to assist in blodegradmg many chemical
compounds, but potential downstream users must know the composition of the effluent.
If the quality of the waste water is not acceptable, the water must be treated or an
acceptable location must be found to use or dlspose of it. For example, municipal - waste
water containing heavy metals (copper, zinc, iron,, and manganese) from Giza, Egypt, was

used successfully on citrus in saudy soils (USCID, 1989). For control of untreated effluent

entering drains, refer to Section 70 of the Canal and Drainage Act (Appendix A).

Use of Spoil Contammg industrial Waste

2. 18 As stated above, heavy metals are usually a problem in sludge or waste water,

from industry. When industrial waste water is routed through drains, heavy metals will = =

probably accumulate with the silt in the drain beds. The placing or spreading of speil from

“such drains on agricultural land must be carefully managed and monitored. 1t is possible .

-for plants to accumulate toxic levels of some metals (phytotoxicity) when: growing in -
“contaminated soil. General concentrations of trace elemenis {(heavy metals) iz soils are
listed in Table 2.2 (ASCE, 1990). The Deficiency leve! indicates yields are restricted due -_
to insufficient amount of the element; Adequacy indicates the normal range for good crop
growth; and the Phytotoxcity level indicates yield is restricted due to excessive amount of
the element harming the crop. The values in Table 2.2 are only approxm:ate all crops are
not affected uniformly.
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Table 22. Trace Elements in Soils

Extractable levels in mg/kg
Element Deficiency Adequacy Phytotoxicity
Copper 0-02 03-05 > 05
Iron ¢-3.0 31-50 > 5.0
- Manganese 0-05 . 06-10 > 1.0
i 0-02 03-05 > 05
Reuse of Dramage Water |
2.19 Drain effluent is normally of lower quality than the original lrngatmn water.

Reusing the drain water depends on the intended use and the nature and amount of solids
or contaminants in the effluent. Monitoring of the water quality is necessary. Water with
only a small quantaty of salts is referred to as sweet water and can be used to irrigate any
crop

220 - With proper management it is reasonable and practical to use saline ground
water for irrigation of certain crops. Salt tolerance data for a wide range of agricultural
plants are presented in Appendix E. The threshold values represert the salinity level just-
-prior to yield reduction. The slope factor represents the percent of yield reduction per umit
increase in salinity. The ratings in the last column are general crop sensitivity to salt -
concentration: Tolerant, T; Moderately Tolerant, MT; Moderately Sensitive, MS; and

Sensmve S. .

221 Using saline water for irrigation is only recommended where there is both the
‘capability to monitor the salt concentration in the soil water extract and the willingness to
“actually monitor water quality and adjust crop and irrigation practices as needed. - -

222 " If surface drains are unavailable for disposal of saline ground water from
drainage tubewells, the water is mixed with the sweet water in irrigation channels and
teused. All ground water is saline to some extent, sweet water contains some salts; only
distilied water is sait free. Soil water extract is not considered saline, if the electrical
conductivity (EC) is less than four decisiemens per meter (dS/m) (ASCE 1990)
Decisiemens per meter is equal to millimhes per centimetre (mmhos/cm).

-19 -
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Economic and Social Concerns

223 - Project plans normally include economic evaluation. The evaluation may be for
portions of the project as separate units or as one all-inclusive evaluation. Social ‘concerns
are integrated with monetary costs and benefits to determine acceptability.

224 . The economic return of incremental levels of protection should be evaluéted. )
Acquisition costs of land for ultimate drainage facilities are to be included, even if drainage -
is minimal or deferred in the initial installation phase. - ' _

225 Various design discharges should be evaluated for optimurn benefits versus cosls |

As discussed in Chapter 3, installation costs will increase with larger design discharges, but

the structural and crop benefits may increase at a greater rate providing an improved overall

benefit/cost ratio. : o .

226 Estimates of maintenance costs must be developed at this stage to provide'énnual- ‘

cost information for the economic evaluation. ' ' B _
Monitoring

227 . Monitoring of water quality parameters should be carried out in conjunction with

periodic maintenance reviews and coordinated with the EPA and other concerned agencies. ok

Irrigation departments should work with EPA to establish water quality standards and to
monitor quality of water bedies, including drains. A system of monitoring of water quality
- needs to be developed with the cooperation of EPA, PIDs, and other departments, including
Agriculture and Wildlife. Monitoring for maintenance needs and operations activities of
open drains are presented in Chapter 6, Operation and Maintenance. :

Reqﬂirements of the Canal and Drainage Acts

228 Obstructions in either artificial or natural channels will lower their efﬁ_cii{:nq..'_ '

The Canal and Drainage Act of 1873 defines artificial and natural channels as any river,

stream, or drainage channel. .For removal of obstructions, Sections 55, 56, 61 and 62 of the
Canal Act outline the procedure to be followed, including recovery of costs and
compensation. These sections of the Canal and Drainage Act are in Appendix A. Also, see

Sindh Irrigation Act (Appendix B), Section 12, and Baluchistan Canal and D inage |-

Ordinance, 1980 (Appendix C), Section 50.

229 Public notification for planned work on a natural drain is required in accordance
with: Section 55 of the Punjab Canal and Drainage Act, 1873; the NWFP Canal and

-20-




Chapter 2 - Planning

Drainage Act, 1948 (same provisions as the Punjab Act); Section 12 of the Sindh Irrigation
Act; and Section 50 of the Balichistan Canal and Drainage Ordinance, 1980. The
-notification is to be confined, however, to those portions which are actually operative -or
likely to become operative within a reasonable period. The notification must cIeaﬂy define -
the limits within each village.

: 2.30 In the case of a natural drain or reaches thereof where a well defined bed exists
within a village, it will suffice if the limits are defined as within 100 feet of the bed of the
channel. In this case, demarcation at the site is unnecessary. Where a well defined bed
does not exist, land plans (for the areas to be notified) to the usual scale of 1/2000, as well
as the usual index plan, should be prepared. The limits in +the notificaiion will ‘hen be
specified as widths of land required in each village. The limits must be demarcated on the
ground by boundary pillars 500 feet apart on the straight and closer on curves, as necessary.
It must be realized that notification under Section 55 does not establish any nght other than- :
removal of obstructions.
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Chapter 3
SURFACE RUNOFF

Introduction

3.1 Surface water runoff from agricultural lands is a major consideration for surface

drainage planners. This runoff depends on topography, soils, vegetative cover, land use, and
climatic characteristics of the area. It originates from precipitation, as well as from excess
: _ungatlon. :

32 Prec:.pltauon records are not included in this Manual since they are. uspally

available for local rain gauge stations. If rainfall data are not readily available, they may -

- be requested from a meteorological office, hydrology unit of the relevant irrigation depart-
ment, or WAPDA. Long-term rainfall records are available for some rmlway stations. K '
precipitation analysis for rainfall depth is needed, the procedure described in the Modified
Unit I-Iydrograph Method below may be used.

Runoff Methods - General
33 - -Both surface and subsurface drainage waters normally flow in the same dlsposal

channel, since water moves toward topographic low points. Channel design must include
- the total capacity for flow from both sources (see design sections in Chapters 4 and 5).

Surface drains should be demgned to handle flows from 5- to 15-year storm recurrence -

interval. Where relatively expensive structures are involved and where damage to the
. structures may dictate the need for a more conservative demgn, the 25- or SO-year storm
recurrence interval should be used depending on economic evaluation.

34 Many formulas and analytical methods are available for estimating storm runoff.

The runoff methods discussed in this chapter are presented because they have been inuse . =

in Pakistan in varying degrees. The Empirical Equation method is used most often and is
applied in all cases as a check, even though other more precise methods are used. - This

- equation is simply the product of the catchment area in square miles times a customary =

runoff value {drainage coefficient) per square mile in cusecs (cubic feet per second). ‘A
-method of utilizing more than one drainage coefficient in a catchment area is discussed in
the Composite Drainage Coefficients Section. Also included is a procedure for adjusting
demgn discharge downstream from confluences of branches of drains that approach the same

size of subcatchment areas, known as the 20-40 Rule. The Runoff Curve Number method o

is used either alone or in combination with other methods. The Modified Unit Hydrograph
" method includes the Runoff Curve Number Method and is extensively used. The U.S. Amy . -
Corps of Engineers developed the HEC-1 Procedure in IBM personal computer format i
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(USACE, 19990). This model needs to be calibrated for the characteristics of the catchment
area within the constraints of historical measured precipitation and resultant runoff. Other -
computer runoff models are briefly discussed. : 1

3.5  Trigated lands in the Indus Plain are generally flat, surface irrigated within
bunded boundaries, and divided predominately into one-acre fields. Surface rupoff from
these bunded fields is about as low as from contour terraced fields, However, it is antici-
pated there will be more on-farm drainage in the future. Drain capacities will need to be

*  larger to accommodate excess water released from bunded fields.

3.6 - The Fourth Drainage Project was evaluated for degrees of drainage versus

benefits and crop damages and damages to structural facilities, including roads and bridges
- (WAPDA, 1988). Four cusecs per square mile and less indicated positive benefit-cost ratios. -
Benefit-cost ratios were the greatest at 10 to 12 cusecs per square mile.

3.7 - Usually, the design'discharge for surface drains to safely remove surface runoff

has been determined by using drainage coefficients. For example, four cusecs per square .
mile has normally been the maximum drainage coefficient adopted in the Punjab, with a

maximum of two cusecs per square mile in Sindh, Even though these values are lower than -
normally required for effective drainage, the absence of field drains and staggered flows to

an outlet due to temporary storage in bunded fields have contributed to their successful use o |

in the past. However, it was acknowledged in the Manual of Irrigation Practice (PWD,
1961) that higher values are justified. | | |

3.8. Runoff is determined above and below the outfall of contributing drams and _

Streams, at points of change in the channel slope, at culverts and bridges, and at its outfall.

- These are discussed more completely in Chapter 5, Open Drains. Open drains with seepage

flow should be designed essentially as a storm water drain. ' _ e
Empirical Equation

-39 . The Empirical Equation as generally used in Pakistan is:
Q=CM | |

- where, Q = design discharge, cusecs

C = drainage coefficient, cusecs per square mile
M = catchment area, square miles.
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3.10 The design discharge should be modified as the catchment area increases. Smce : z. :
not all of the catchment contributes runoff uniformly, as the area of the catchment increases A
- the resulting runoff per square mile typically decreases. An adjustment factor commonly

used outside of Pakistan and recommended by Tipton and Kalmbach (WAPDA, 1963) is the
exponent, 5/6 = 0.833, often rounded to 0.83. An exponent of 0.667 was recommended in |
- the Manual of Irrigation Practice (PWD, 1961). Using the 5/6 adjustment factor the [
_ Empmml Equation becomes | ‘-

Q = CM®®

o311 Figure'3.1 is a graph for direct solution of "M" in square miles to the 0.333-p0wér o
- to simplify the use of the Empirical Equation. Computing design discharges can be further

simplified by using a curve developed for specific "C" values frequently used in the area. - -

* A curve of discharge, Q, versus CM"® is plotted for each "C” value similar to Figure 3.1.

312 This Empirical Equation pmvides an economical and effective des:gli for dpen . |

drains, if the drainage coefficient (C) is selected properly. A range of drainage coefficients

are presented in Table 3.1 as general guidance. There has been considerable experience [

_’m applying these coefficients, especially in the lower end of the tabulated ranges resulting |

in satisfactory performance of the constructed drains. Current runoff data have been from = ‘!
irrigated fields within bunds without farm drainage. For future designs, drainage coefficients o
should be selected on the basis of existing and potential on-farm drainage facilities. More '

intensive on-farm drainage systems will dictate the selection of larger "C" values near the
upper end of the ranges. The coefficients in Table 3.1 should be limited in use to catchment "
-areas of ten square miles or less. Values in Table 3.1 are also restricted to bunded field -

~conditions in the command areas of the Lower Indus Plain, since only that management o

factor is given in the table.

Table 3.1. Range of Drainage Coefficients, "C", for Lower Indus Plam |

_ _ Range

Region Crop & Mgt ng_ Oof Minimum Maximpm
North Punjab ~ Bunded Rice Fields 4 10
& NWFP ‘Bunded Veg. & Grain 6 - 15
South Punjab Bunded Rice Fields 2 8
& Baluchistan =~ Bunded Veg. & Grain 3 10
Sindh & Bunded Rice Fields 2 4

2 6

Baluchistan Bunded Veg. & Fruit
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C?:épter 3 - Surface Runoff

313 . The values in Table 3.1 are justified by extensive satisfactory experience inthe = .
use of "C® factors, as stated above. For Nortkern Punjab, Mott MacDonald devclaped -

justification for "C" values vp to 10 or 12 cusecs per square mile (WAPDA, 1988). Halgh ;
recommended a "C" value of 12 for areas not subject to river floods and 16 if there is river

- flooding (PWD, 1961). Duemthelargevananonsmrmnfaﬂ,soﬂs,cmps,andtopography-‘;' :

" in Pakistan, drainage design should be based on drainage coeﬁcxents seIected on the basis |
of loca.l conditions. . -

3.14 Even though the Empirical Equation is justified by contimied sansfacnon thh N
system design and performanoe resulting from its use, it is an empirical formula. There =~
should be an on-going review to ranonally evaluate the effectiveness of drainage coefficients | =~
used on actual installed systems over time. In addition, research is recommended tovalidate 5

or adjust the "C" values by analyt:cal methods using actual rainfall data and ganged ranoff

- information. With additional experience and analytical validation, this mcthod may well be I

used for }arger catchments.

Composnte Dramage Coeﬁuem | 3
3.15 A catchment area may contmn subareas with dlstmct dramage eoeﬁc:ents. . .

Computing equivalent catchment areas for these subareas is a method for determining the b

de51gn discharge of an open drain serving the entire catchment. The method i i
1. ~ Select one of the drainage coefficients, nsually for the largest subarea orfor the . _ |
ma;or area below the subject catchment, if the next reach of the dramage system |
is to be designed. P
2. Calculate the runoff from each subarea with an approptiaxe “C" value.

3. . Calculate the equivalent area for éach subarea of Step 2.

4. Add the equivalent areas to the subarea with the dramage ooefﬁczent selected- T

- in Step 1.

‘5. Calculate the total runoff usng the drainage coefficient of Step 1 and thc total .
- area from Step 4. _ B
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3.16 = The detailed procedures of the Composite Drainage Coefficient Method are
Hlustrated in the following example: o . T

~ A 6000-acre catchment contains 5000 acres (781 square miles) of land with o
. characteristics represented by a "C” value of 10 and 1000 acres (1.56 square miles)
of land with characteristics represented by a "C" value of four. It is necessary to
convert one of the subareas to an equivalent area with the same "C” as the other -
subarez. Select 10 as the common "C” value. The discharge from 1.56 square miles -
with "C" = 4 is 4 x M*® = 58 cusecs. To convert the 1.56 square mile areato an
equivalent area with a "C” value of 10, use 5.8 = 10 M*®. Then, M*® = 058 and
M = 0.52 square miles. The total equivalent catchment area is 7.81 plus 0.52 square
miles equals 8.33 square miles. The total discharge from the 6000-acre catchment
with "C" of 10 = 10 x 833°® equals 58 cusecs. For drain design below this point in
themtchmenttheSﬁSsquaremﬂﬁandtheSScusecsareusedinthemﬁmmaﬁom .

3.17  Itis general practice to begin rumoff calculations at the source or upper end of B

a drain and proceed downstream. An empirical procedure termed the “2040" rule may be - N
- used in computing required capacities for a drain below a junction with a tributary. Itisa RN -

simplified form of flood routing used by the Soil Conservation Service in the U.S. (sCs,

318 For larger drainage areas, the application of the procedure may have - o
considerable effect on the drain design. On smaller areas, the change in required draim
capacity may be so -small that the procedure does oot need to be applied. Experience in -
applyingthewrulewﬂlglﬁdethed&eignerinitsuse. ; 5 SR

319 The "20-40" procedures for two channels are: | L
Rule 1. Where the'catchment area of one of the drains is from 40 S3y-ent 3

of the total catchment area; the required capacity of the channel below the
junction shall be determined by adding the required design capacities of each
drain above the junction. This is based upon the assumption that the flows from
two watersheds or catchments of about the same size may reach the junction at
about the same time. Therefore, the drain capacity below the junction should

be the sum of the two flows. B _ o
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* Rule 2. Whmﬁzcmchmentmofam’bnmmlﬁsthanwpemcntofthe :
tatalwatershedarca,thcdwgncapaatyofthedrambe!owthc;nnﬁ:on:s'?-* o
calculat=] using the design characteristics, ¢.g. drainage coeﬁcxenf, fortbctota}'g "

hed

Rule 3. Wherethecatchm:ntareaofatn’butary:sbetween%to%pemntofthc P
total catchment area, the discharge shall be proporticned between the smaller -~
discharge at 20 percent and the larger discharge at 40 percent. The discharges |
are computed by both Rules 1 and 2 and the difference between them
‘determined. Mt&ed&pd:sdmrgefor&echamlbe&ewthe;uncﬂomsob— .
wmdbyaddmgapropomonafthedr&erencemthedxschargeobtamdnsmg L
Rule 2. i'

Example:

Anibmazydmmforaﬁsquaremﬁemd:memarea}omsadmnfmaﬁjég
- square mile catchment area. Thus, the total catchment area below the junction = -
is 10.0 square miles. The smalier watershed is 35 percent of the total watershed
and Rule 3 applies. Asumcthatthcﬁmpmcalﬁquanonzstobeusedmth
C =10 'IhexesultsusmgkmiﬁiandZaremTablesz. =

" Table 32. Example Application of 20-40 Rule

Watershed Area RmoﬁQ*lOM“”

square miles SUSQCS

Rule 1 3.50 283
Rule 1 : 650 o 473

" Rule 1 o Total 756
Rule2 10.00 | §16

Difference 80

Thedxﬁ”mbetwecnlﬂandﬁpcmntzsﬁpement '11ms,35percen:is% -
15/20 (0.75) of the difference between 20 and 40 percent. Then, 0.75 times 80
cusecs equals 6.0 cusecs. Addéﬁmecstoﬁ?ﬁmtaameatﬁﬁm

_ forthcmpacatyofthedmmbelﬁwtheguncuon. :
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Runoff Curve Number Method

320 _’Ihe_RunoffCurchumberMcthod(CN)foresﬁmaﬁngmoffdevelopedby{hc - o
'U.S. Soil Conservation Service has been used extensively in Pakistan. It is a method of R

estimating runoff from precipitation, based on soil and cover conditions of a catchment area.
A CN is selected and used with 2 precipitation amount to determine the depth of runoff.

321 The detailed procedures are presented in the SCS National Engineering
Handbook, Section 4, Hydrology, published in 1972 and revised in 1985 (SCS, 1985). The
procedures are also included in Technical Release S5, "Urban Hydrology for Smail -

- Watersheds', (SCS, 1986), and Enginecring Field Mamal, Chapter 2, "Estimating Runoff
and Peak Discharges”, (SCS, 1990). The procedures are based on observations of nmoff -

: fromwaxershedsuptozowacresinsize,_althoughtheyhavebeenused&tisfactorﬂyoi_lSO'
- square mile (32 000 acres) catchments and larger. : ' S

- 322 The factors considered in determining the CN are: kydrologic soil group, cover

type, treatment, hydrologic condition, and antecedent moisture condition. Curve numbers

appropriate for use in Pakistan for the first four factors are presented in Table 3.3.
Artecedent moisture condition factor represents the influence of soil moisture on surface
‘runoff prior to the time being considered in selecting a CN. However, there is no research
or documented basis for adjusting CN's for antecedent moisture conditions other than I,
ie.Ior IN, for the arid conditions of Pakistan, Thus, no correction factor is recommended.

323 The hydrologic soil groups are primarily dependant on infiltration rates. The
subsurface permeability, as well as the intake rate, affects the rate of infiltration.
Definitions of hydmlogic soil groups A, B, C, or D (SCS, 1985) are: @~ Lo

-A. Low runoff potential and high infiltration rates even when thoroughly

wetted. Consist chiefly of deep, well to excessively drained sands or

- gravel with high rate of water transmission (greater than 030 in/hr). The
sandier parts of the Jhang soil series are in this group (WAPDA, 1963). . =

" B Moderate infiltration rates when thoroughly wetted. Consist chiefly of

: moderately well to well drained soils. Moderately fine to m !
coarse texture; water transmission rates of 0.15 to 0.30 in/hr. Farida and
much of the Jhang soil series are in Group B (WAPDA, 1963). -

C. Low infiltration rates when thoroughly wetted. Consist chiefly of soils with
- layer that impedes downward water movement. Moderately fine to fine - =
texture with a slow rate of water transmission (0.05-0.15 infhr). The

: Buchianaandmostofthe(ﬁmharkanasoﬂseﬁsarehthis'gmnpi_;'..
(WAPDA, 1963). ’ : .




_ Chapter 3 - Surface Runoff
_Table 3.3. Runoff Curve Numbers (CN)*

S ' Seil Group
Cover Description A B C D
Rice, irrigated with bund, & without 55 57 59 60
on-farm drainage system.

Rice, irrigated with bund, & with 57 6 - .63 . 65
on-farm drainage system.

. Grain, irrigated with bund, & without : 55 62 67 70 -

-on-farm drainage system. ' :
- Grain, irrigated with bund, & with ' 60 68 - 72 75
Row Crop, irrigated with bund, without - 63 70 75 78

on-farm drainage system. .
Row Crop, irrigated with bund, & with 68 75 0 8
: on-farm drainage system. _
Rangeland, semixrid, herbaceous mixture

of grass, weeds, low growing _

shrubs in poor HC®. - < 80 8 9

Fair HC ' 7 81 29

. Good HC 62 74 85

Rangeland, semiarid, desert shrub in '
: Poor HC . 63 T 85 88
FarHC . 55 T 8 8
: Good HC 49 68 o 8
Urban areas
' Commercial and business with
£3% umpervious area g - 92 94 95
Industrial with 72% impervious area 81 88 21 93
Residential with 65% impervious area 77 8 % %2
' . 38% impervious area 61 75 & 87
30% impervious arca 57 g2 81 86
25% impervious area 54 70 80 85
20% impervious area 51 68 o %
12% impervious area 46 65 77 82

s Basic references used are (SCS, 1985) and (SCS, 1986) with all research
based on U.S. conditions. Judgmental adaptation was used for local crop
E and land conditions. _

b . Hydrologic condition (HC): Poor - less than 30% ground cover; - Fair - 30% '
-to 70% ground cover; Good - more than 70% ground cover. L

Ce Curve numbers for Group "A" have not been developed. -

-30-
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D. High potential of runoff with very low infiltration rates when thoroughly
wetted. Consist chiefly of clay soils with a high swelling potential, soils with
~ a permanent high water table, soils with a claypan or clay layer at or near -
~ the surface, and shallow soils over nearly impervious material. Low rate of -
water transmission (0-0.05 in/hr). Some of the Chuharkana and all of the
Nokar soil series are in this group (WAPDA, 1963). o

324 Recommended CNs for irrigated cropland in the Pakistan Indus Plains (WAPDA,
1963) were considered in developing Table 3.3. The recommendations in that report are: -
good cropping pattern of millet, sugar cane, and maize (A - 51; B - 67; C - 76; D - 80); and -
poor cropping pattern of cotton and rice predominantly (A - 61; B-72; C- 79; D -82).

Even though there have been satisfactory results using this method, field scale research i
: 'recommended to validate or adjust the CNs presented in Table 3.3. . L

325 If more than one CN is needed based on catchment area characteristis, then a

- weighted average CN is determined. Multiply cach CN by the area of the respective =

subcatchment and divide the summation of these products by the total catchment area to

determine a weighted average CN. After the curve number has been determined, Figm'e

32 can be used to obtain the direct runoff for a given amount of precipitation.

 Example Given:

1. Catchment area = 1000 acres.

2. Soil profile has fine texture soil with low infiltration rate and slow rate of
- 'water transmission.

3. Crop is irrigated rice primarily.
4. A three-inch rainfall event.
Procedures:

1. First determine which soil group is represented. Based on the definitions of the
- four hydrologic soil groups (pages 29 & 31), the given soil profile description
matches that for hydrologic soil group C. ' - -

2. The cropland is irrigated rice. It is mot given whether an on-farm

-drainage system is or will be in place. Assume an on-farm drainage
system will be installed. Select CN of 63 from Table 3.3.

. -31-
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3. Using a CN of 63 and precipitation of three inches, the direct runoff of

- about 0.4 inches from the storm is read from Figure 3.2. For the 1000

acre catchment, total runoff is 0.4 x 1000 = 400 acre-inches. Dividing this
amount by 12 inches per foot, the total runoff is 33.3 acre-feet.

326 This total runoff is the volume of runoff over the entire catchment.  To

determine the required design discharge in cusecs, it is necessary to select an acceptable

‘time period for removal, such as 48 hours. Since a flow of one cubic foot per second will

remove about two acre-feet in one day™ or four acre-feet in two days, the 333 acre-feet wﬂl'
be removed in about two days with a constant flow rate of 8.3 cusecs. '

'3.27 : For maize with an on-farm drainage system on the same soil, the CN from Table . |
3.3 is 72. From Figure 3.2 with rainfall of 3.0 inches and CN of 72, the direct runoff is 0.8
inches. ' :

328 - This method can be applied to large basins with- various soils and Crops.

Howcver the distribution of the conditions must be known to estimate the Welghted average
curve number z2nd total runoff from the basin. :

Modified Unit Hydrograph Method.

329 The Modified Unit Hydrograph Method is used extensively for ranoff evahlanon o

in Pakistan. Tipton and Kalmbach Inc. (WAPDA, 1963) introduced the method presented
here for use when rainfall intensity and recurrence interval data are not available.

1330 " The procedures for the method include the calculation of runoff based on a ram-
fall storm that is continuous over a period of sufficient duration to develop runoff from the

entire area. The 24-hour interval is usually used because daily records are most numerous.

In some cases, the peak runoff will be developed by a short intense storm rather than a
storm of longer duration. Both cases should be investigated when required. Separate
analyses of 24-, 48-, and 72-hour rainfall storms may be made from the records of stations
in the area of imterest to determine the magnitude of storms that occur for various -
recurrence intervals. The recurrence interval of varicus rainfall intensities shail be
developed by the "station-year” method (Wisler & Brater, 1959) on a maxmmm anmlal- '
rainfall storm basis (Linsley et al, 1958).

1 1fx60sx 60 min x 24 hr
s min  hr - day

43 560 £t ' day

acre

-33.
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Rainfall Frequency Analysis

331 The station-year method is based on the assumption that all locations are in a - :
meteorologically homogeneous area and will experience similar rainfall frequencies. The -
primary factors affecting the meteorological homogeneity of an area are: :

® Distance from the ocean

® * Direction of prevailing winds
¢ Mean annual temperature

® Altitude

332 As reported by Tipton and Kalmbach (WAPDA, 1963), these factors are similar
throughout the Upper Indus Basin plains below the Himalayan "piedmont plain" and
between the Sutlej and Jhelum Rivers. There is a gradual decrease in total precipitation
from the northeastern boundary of the plain toward the Arabian Sea. The major storms do
not follow any particular pattern over the area. High-intensity rains occur throughout the
general Indus Basin but with greater frequency in the northern zone. It was concluded that = -

zones having similar monsoon rainfall depth (within reasonable limits) would be considered

~meteorologically homogeneous. : c

333 Rain gauge stations selected for analysis by the statidn-year method shbuld be
-completely independent with respect to the effect of major storms. That is, no two stations
should record a yearly maximum rainfall from the same major storm. : :

334 Design storm duration and recurrence interval shall be selected based on the _

area and the type of project under consideration. Generally, the analyses of storms of B

‘various durations are required as there is no direct way of determining the critical storm
duration without the following considerations: o

mean intensity

time pattern of rainfall
condition of catchment area
storage-discharge relationship

2 000

3.35 © Point rainfall is defined as the recorded rainfall over an area of ten squaxe miles
or less. Recorded rainfall representing areas greater than ten square miles shall be reduced
“in accordance with an areal distribution curve specifically prepared for the area.

336 The areal distribution curve shall be prepared by plotting the area-depth
relationship for several major storms. The areal distribution curve for each storm shall be
derived by the isohyetal method (Linsley et al, 1958). An isohyetal map should be drawn

for each selected storm from which the average rainfall depth and area shall be determined

-34 -
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for each isohyet. Then the ratio of each average rainfall depth to the maximum point
rainfall of the same storm shall be determined and ploited versus the area. When all storms
are thus plotted, an average curve may be determined for use in the design process. This
average dlst:ibutlon curve shall be used for each 24-hour period of a multiday storm.

337

Modified Unit Hydrograph Method Example (furmshed by Project Plannmg-

Directorate, WAPDA):

“The catchment is the Upper Rechna Remaining (SCARP-IV) between Lahore and

Gujaranwala. The precipitation data from 13 rain gauges were analyzed for point -
rainfall of 24- and 48-hour durations with recurrence intervals of 5 10 and 40 years
(Table 3.4). :

* Table 34. Rainfall Recurrence Interval for Upper Rechna Remaining

Recurrence . Point rainfall, inches
interval, years 24 hours 48 hours
5 47 6.0
10 6.0 7.75
40 _ 82 12.50

The maximum annual rainfall for any duration shall be analyzed as follows:

Step 1. Select the necessary records for the analysis.. The longest available
records, not necessarily continuous, should be used. Ten years of -
independent record is comsidered as a minimum and the stations
selected must be in an area that is meteorologlcally homogeneous

Step 2. Tzbulate the maximum annual 24-hour and 48-hour ramfa]l for each _
station for the period of record (Table 3.5 {24 hours} and Table 3 6

{48 hours}).

Step 3. Retabulate the rainfall amounts in decreasing order of magnimde .and :
compute the recurrence interval for each rainfall storm usmg the ;
following equanon (see Tables 3.7 and 3.8): :

n+1

Ri:

m

i

Rainfall amounts less than two inches were not used in the analysis.
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Table 3.5. Maximum Annua! 24-hour Rainfall

750 -

140

Ram- = Hafiz- Wazir- Hlar- Sial- Shah- -
Year nagar abad abad Daska poke Kot  Jamal
1955 - 220 420 -

- 1956 230 249
1957 4.00 252
1958 4.40 387
1959 395 547
1960 199 447
1961 4.50 1012
1962 450 494 -
1963 = 215 190 230 212 420 141 275 -
1964 310 4.40 7.64 250 3.50 7.62 396
1965 = 2.53 165 138 1.55 315 1.10 156
1966 350 5.08 549 8.00 4.00 279
1967 275 3.08 330 255 3.15 241 150 °
1968 120 115 3.10 325 3.40 440
1969 3.0 590 632 2.80 130 7.00 286
1970 235 265 4.90 250 270 519 125
1971 294 770 350 3.16 350 458 310
1972 200 157 1.90 160 230 251 210
1973 465 4.50 490 420 325 3.10 250 -
1974 160 1.60 115 2.50 230 719 260
Table 3.5. Maximum Annual 24-hour Rainfall (cont.)

Bado-  Sheikh- Sango- Metha- - Gujran-
Year gratta uwpura wali  Warpal suja = wala
1955 220 3.50 330 350 5.00 320
1956 530 3.50 440 335 3.50 3.70
1957 5.60 8.70 7.10 7.10 4.70 1025
1958 4.50 542 2.85 350 6.50 250
1959 8.60 9.60 5.70 5.10 650 7.40
1960 2.7¢ 120 230 230 225 2.70
1961 320 2.00 490 2.50 3.80 250
1962 375 3.73 305 200 635 312
1963 385 3.00 1.50 1.80 160 3.64
1964 383 4.50 3.00 3.00 3.60 295
1965 3.50 3.00 150 3.40 150 215
1966 235 6.90 4.50 6.00 275 272
1567  Missing 2.50 6.00 225 250 9.15
1968 . 175 2.60 6.10 3.50 3.40 220

11969 150 3.94 317 325 245 3.07
1970 2.60 4.10 3.10 310 3.50 3.04
1971 350 580 325 3.00 3.50 305
1972 225 212 1.80 175 2.00 2.10
1973 512 400 500 3.50 525 495
1974 2.50 2.80 2.75 285 625 091
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Table 3.6. Maximum Annual 48-hour Rainfall

Ram- Hafiz- Wazir- Har- Sial- Shah-
Year pagar abad ahasL Daska poke kot jamal
1955 2.70 626
1956 _ : _ 245 337
1957 _ 750 425
1958 550 499
1959 _ 6.02 599 .
1960 ' 365 637
1961 4.50 . 19.60
1962 - : 7.00 545

£ 1963 215 345 3.69 222 420 213 275
1964 = 310 512 9.45 3.89 5.50 1147 - 588
19¢5 253 . 214 168 225 385 204 156
1966 456 508 588 890 440 334 885"
1967 300 3.08 3.95 255 365 332 1.65
1968 130 164 375 400 '4.40 552 207
1969 350 645 632 380 1.70 7.00 3.40
1970 335 265 5.06 425 3.00 560 175
1971 390" 771 39 532 350 1 3.10
1972 275 257 2.56 190 230 312 246
1973 705 678 586 5.10 550 331 420
1974 190 1.60 121 445 = 520 9.12 3.10

Table 3.6. Maximum Annual 48-hour Rainfall (cont.)

Bado-  Sheikh- . Sango- Metha- Gujran-
Year ratta npym_ ml_.l_ _amal_ sx.ua,_ wala -
1955 330 : 320
1956 530 400 665 435 350 B ¥
1957 895 13.00 - 1130 910 470 1500
1958 5.60 847 405 415 820 392
1959 = 1640 15.75 775 6.80 770 1339 S Lo
1960 3.17. 195 270 375 295 405 S
1961 475 290 560 315 630 - 3.60 é
1962 485 733 3.15 395 650 3.12
1963 5.15 4.00 240 2.50 213 404
1964 598 8.00 4.60 4.60 435 484
1965 385 = 340 270 3.70 225 327
1966 365 812 520. - 7.00 515 854
1967 Missing - 3.00 7.70 2.50 375 9.15
1968 3.00 420 . 610 350 365 258
1969 200 406 336 5.00 365 = 557
1970 2.89 705 320 3.20 350 3.52
1971 410 ' 6.40 5.75 3.75 580 430
1972 2.70 395 . z70 325 2.00 310
1973 680 4.00 635 5.50 6.45 495

1974 350 363 275 410 625 174
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Table 3.7. Fréquency Analysis of 24-hour Rainfali

Order* Rainfall R, Order Ramfal R, Order Rainfal R,
(inches) (years) _m u_ﬁlmmsl

l]
o

1 1025 221 57 440 387 151
2 10.12 1105 61 420 3.62 152 251 1_45
3 9.60 736 64 410 345 153 250 14
4 9.15 556 65 400 340 161 249 137
‘5 8.70 44 68 396 325 162 245 136
6 860 368 69 395 320 163 241 135
7 8.00 31.57 7 394 311 164 235 134
8 772 27.62 72 3.90 3.07 166 230 133
9 7.70 24.55 74 3.87 298 173 225 127
10 7.64 »1 75 383 294 176 220 . 125

1 7.62 20.1 76 330 291 Y, 215 123
12 750 184 77 375 2.87 181 212 122
13 749 170 78 37 283 183 210 1.20
14 719 15.78 79 3.70 2.9 185 200 1.19
15 710 . 1473 80 3.64 2.76 o

.17 700 1300 81 3.60 272

18 6.90 1227 2 350 269

19 6.50 1163 96 340 230

21 635 10.52 99 335 223

2 632 1004 100 330 221

23 6.25 9.60 102 325 2.16

24 6.10 920 106 320 208

25 6.00 884 108 3.17 204

27 590 8.18 109 3.16 20

22 580 7.89 110 3.15 201

29 570 762 112 312 197

30 560 . 736 13 3.10 195

31 549 712 119 308 1.85

32 547 650 120 307 184

33 542 6.69 121 3.05 182

34 530 6.50 13 3.04 179

35 525 631 124 3.00 178

36 519 6.13 126 295 171

37 512 597 130 294 - 170

33 510 581 131 290 168

39 508 566 132 286 167

40 5.00 552 133 285 1.66

42 495 526 135 280 1.63

43 494 ' 513 137 . 271 161

44 450 . 502 138 275 160

47 4% 4.70 142 2.70 155

48 465 = 460 145 265 152

49 4,58 451 146 262 151

50 450 442 147 2.60 1.50

- Gaps in the order indicate equal rainfall amounts occurred more than once.

-38 -




- Table 3.8, Frequency Analysis of 48-hour Rainfall

Order‘ Ramfall

]
E

R B O R BN RN RS EEEEEE Bomuanawer

19.60

15.75
15.00

- 1339
1300
1147
1130
945

9.12
9.10
895
390

854
847
320
812
8.00
175
750
133
7405
700
699
6.80
6.78
6.65
6.50
645
640
637
637

- 635
632
630
6.26
625
6.20

598
588
5386
530
575

- 16.40

- 835

885 .

602

R,

(vears)

21
1105
736
556
444
36.8
315
27.62
24.55
21
201
184
170
i5.78
14.78
1300
1227
11.63
1105
1052
10.04
9.60
920
884
818

785

762
736
112
6.90

| 6.69
6.50
631
6.13
597
581
5.66
552
526
513
502
470
460
451

442

394

QOrder Rainfail

R
Jm (i_nshesl (vears)
55 387 .
56 560 362
59 557 374
60 552 3468
61 5.50 362
65 545 340
66 532 - 334
67 530 329
69 520 320
n 515 3.15
72 . 512 307
74 511 3m
74 5.10 298
75 508 294
7 5.06 291
77 500 287
78 499 253
™ 495 29
80 435 276
82 4584 269
- 83. 476 2568
84 475 263
85 4.60 2.60
87 450 254
89 445 248
90 440 245
9 435 240
o3 430 237
o4 425 235
96 420 230
99 4.15 223
100 4.10 221
102 406 216
103 4.05 214 .
105 404 210
106 400 208
11D 395 201
113 392 195
114 390 193
117 389 188
1i8 385 1.87
120 381 184
21 3380 182
iz 375 181 .
128 3.6% 172
129 - 367 171

Order Rainfall

130

135 353 1.63
136 3.60 162
137 352 161
138 3.50 160
145 345 152
146 3.40 151
148 337 149

149 336 148
150 335 147
151 334 146
152 332 145
153 330 144
154 327 143
155 325 142
156 320 141
19 317 139
160 315 138
162 312 136
164 310 134
168 368 131
169 3.00 130
173 295 127
174 290 127
175 259 126
176 275 125
179 270 123
184 265 120
185 258 119
187 257 118
188 25 118
189 255 117
19 . 253 116
191 250 115
192 245 115
193 240 114
19 225 112
198 222 im
199 215 L
201 214 109
202 213 109
203 207 108
204 204 108
205 T

* - Gaps in the order indicate equal rainfall amounts occarred more than onc¢." -
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Chapter 3 - Surface Runcftf
Where: R, = Recurrence interval in years,
n = Number of years of reobrd’ |
m = Order of magnitude of the rajnfali'event. -

_ Step 4, Plot the rainfall in inches versus the recurrence mterval in yws and.

draw 2 smooth curve through the poiats (Figure 3.3). When drawing ) :
a smooth curve, some plotted points may be off of the curve. Values = "W

in Table 3.4 are baswa]ly consistent with curves in Flgure 3.3.

Estlmanon of Runoff’ '

338 The symbols and procedures used in dev‘*lopmg a synthetlc unit hyd:ogaph to

N estimate runoff flow in the Modxﬁed Unit Hydropc_ph method (WAPDA, 1963) are (refer Ny P
to Figure 3.4): :

A = Catchment area in square miles above a pomt of inter&st.

L = Length of the basin i in miles measured along the ma;or channel from tbe Z_' 8

- point of interest to the upper mchment area dmde

La = Length of the channel in miles measured along the MJO}.’ channel from the -
: point of interest to the pomt on the channel ciosest to the oentrmd of the -

‘catchment area.

| S, = Meanslope of the channel. Where more than one slope is known, the mean._ __

slope can be computed by the equation:
'S, = [N/ (Summation (1/s.°~‘» F
N = Number of chamlel reaches of equal length. :
S = Slope of the individual channel reaches in feet p per foot. " =

t. = Unit storm duration in hours.

! In this example, n = 220 which is based on eight stations with 20 years of;reéord_
- each (8 x 20 = 160) and five stations with 12 years of record each (5 x 12 = 60).
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| Chapter 3 - Surface Runoff

Lag time in hours from the centroid cf the unit rainfall excess tc the time
when the unit hydrograph peak discharge occurs. ' -

&
Il

g = Unithydrographpeakdischargeinwsecspersquaremﬂcﬁ'omonefnchaf_ -

direct runoff.
Q, = Camhmemareépeakcﬁschargeinwsecs&omoneinchofdireﬁrmﬁ;'__i
= Catchment area peak discharge in cusecs.

339 The basic relationships for computing the iag time and unit hydrograph peak
(discharge from drainage basin data are: ' ' ; -

b = GILLY/(SI™T

“where C and n are constants

Qo

640 C,
b = —
| %

G = coefficient derived irom 2 similar catchment but with ns_cabie_ flow remrds.

340 mme-mmmmmﬁsﬁmwm-issﬁnmgwby

the Plaraing Directorate, WAPDA, the Unit Hydrograph Relationships are inciuded n

Figure 3.5. Using the Lag Relation Curve after the factor LL./(5)° is computed (refer :

- to Table 3.9), the t, value is read directly. Then, using the t, value in the Lag viz Peak
Di mefaeq,isreaddimctbv.'i‘heseameswereusedintheﬂpperkechna.ﬂ

3.41. | After determining the unit hydmgraphpeakdiséharge (g,). thccatdzmem a;rea. -
pmkdischa.t_gesl((),anﬁﬁ),-asdeﬁmdabove,aremlculatedﬁ'omtheeqmtions:

Q =Ag 2d Q=Q(RO) where RO. = rumoff

342 TheUnkHydmgmphproduwsthepeakdischmgeperunitofmmﬁ,wIﬁchist
an inch. The next step is to determine the runoff amount whick is customarily done using
the Curve Number Method. For this example, 2 Runoff Curve Number (CN) of 80 was
used (Fig. 3.2}. Table 3.9 shows ths results for runoff and design discharge values. A more
&amughdhcmﬁcnofnﬂthy&ngagkmyhef&mdhmoﬁoftheﬁngﬁmrmgﬁy&dog :
texts, such as Linsley et al, 1958 or 1988, listed in the References.
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Chapter 3 - Surface Runoff
Table 39. Runoff Results for Modified Unit Hydrograph

Example. Upper Rechna Remaining (SCARP IV), Ahmadpur Vaugh Basin
Area L L. S. Area LL, t % Q

P

1 50 18  .0004 60 450 345 6.9 41.1
2 90 45 0004 200 2000 415 63 106.6
3 140 5.0 0004 434 3500 432 5.0 214.8

4 30 15 0003 32 346 330 7.0 24
4a 15 1.0  .0003 2.0 87 280 7.8 15.6

5 68 34 0003 92 13¢ 385 59 543

| (A) Storm Duration of 24 hours.

o 3=yr, storm 10-yr. storm

- Area Rain RO. Q Rain R.O. Q
No. _in, Jn. gusec Jn, dn. . cusec
1 470 27 109 6.00 38 156
2 462 2.6 273 5.89 3.7 393
3 452 25 531 5T 36 782
4 470 27 59 600 338 85
4a 470 27 41 | 600 38 59
s 470 27 144 6.00 38 206

(B) Storm Duration of 48 hours.

S-yr. storm 10-yr. storm

Area Rain RO.  Q Rain RO. Q

1 6.00 38 155 7175 54 220
2 5.90 3.7 397 - 7.63 52 558
3 ST 36 782 745 51 1100
4 600 38 8 775 54 120
4a 6.00 38 59 175 54 84
5 600 38 205 775 54 290
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Chapter 3 - Surface Runoff
~ Computer Models

3.43 Some of the computer models used for storm runoff evaluations are briefly |
discussed in this section. User manuals are needed with the programs to fully understand
the input and output factors. Caution should be exercised in using computer models as this

- is a rapidly developing technology and the models are not easy to use correctly. . The K

_programs and associated published material for the computer models discussed in this
section can be obtained from Water Resources Publications (WRP), P.O. Box 2841,
Littleton, Colorado, USA 80161-2841; telephone 303-7901836; telefax: 303-7909509. '_ :

HEC-1 Model

344 "HEC-1 is a computer model for rainfall-runoff event simulation. The model was:

developed by the U. S. Army Corps of Engineers for flood studies. It has been tested and ~

successfully used for many years in the United States, and more recently tested in Pakistan.
This runoff evaluation program must be calibrated for use on the catchment area. In addi-
tion to data for a recorded rainfall event or events, the catchment area soil and land
treatment characteristics and. gauged runoff are needed for calibration. The program

- software is available in IBM PC compatible format from Haestad Methods, Inc., Waterbury, .

CT 06708; telephone: 203-7551666; telefax: 203-5971488 (USACE, 1990).

345 Awagat Branch Drain Catchment, which is part of the Fourth Dramage Pro;ect, S
Faisalabad, was evaluated by use of this program. The study on Awagat Drain, which has -

a total catchment of 83 square miles, was reported to have reasonable results con.ndenng '
limited calibration data (TWASRI/NRAP, 1990).

TR 55 Model

3.46 The Urban Hydrology for Small Watershed’s graphical method for determining

peak discharge was developed by the SCS (SCS, 1986) based on procedures in the National

Engineering Handbook, Section 4, Hydrology (SCS, 1985). It includes a graph for 24-hour -

duration storms with a time of concentration (T.) less than 10 hours. Information on land
use, soils, and rainfall is required. A computer program of the procedures for IBM

compatible computers with MS-DOS 2.1 or later and at least 256 K storage has been'- S

written. The program and manual are available from:

! The use of supplier names in this Manual does not constitute endorsement of the

products nor are they the only sources for a particular item. The intént is to mdn:ate R

the types of materials available and identify sample sources.
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Chapter 3 - Surface Runoff

National Technical Information Service (NTIS)

U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161 - Telephone: 7034874650

EFM 2 Model

347 The procedures for determining peak discharge from watersheds of 2000 acres
or less using the EFM 2 model are presented in Chapter 2, "Estimating Runoff and Peak
Dlscharges in the SCS Engineering Field Manual (SCS, 1990). The procedures are adapted
for use in the United States, Puerto Rico, and the Virgin Islands. Data for the peéak
discharge exhibits were computed using procedures of the SCS National Eng:neenng j
Handbook (NEH4), Section 4. NEH-4 or TR-55 should be used to estimate peak
discharges beyond the limits of the EFM 2 model. An MS-DOS microcomputer program
of the EFM 2 procedures in the SCS Engineering Field Manual is avaﬂableﬁ‘omN'ﬂS

HEC-2 Model
348 The HEC-2 model is 2 water surface profile computer program, Water surface

profiles are developed for steady, gradually varied flow in natural and man-made channels. -
It handles subcritical and supercritical ﬂows, as well as bridges or other obstructions. This

program is also IBM compatible and requires only 390K RAM. Computer software and : o

publication are available from WRP and Haestad.

TR-20 and WSP-2 Models

3.49 TR-20 is a procedure for project formulation hydrology. The program provides '7
nydrologic analysis of catchment areas with present corditions and various combinations of
land cover, use and structural or channel modifications using single event storm rainfall data.

3.50 WSP-2 computes water surface profiles in open channels for evaluating ﬂood' _
routing. WSP-2 uses the standard step method to determine flow characteristics and water
surface profiles for open channels, including flood plains. It mcludes the effects of bridges,
culverts, and other restrictions.

351 TR-20 and WSP-2 procedures were developed by the SCS. There is an SCS
microcomputer version of TR-20. The manual and software are available from NTIS. e
WSP-2 program is not available on diskette at this time from NTIIS, but is available in
written form only. Both of these programs are also available from Haestad Methods, Inc.
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Chapter 4

FARM DRAINAGE

Introduction
4.1 This chapter is intended to orient provincial irrigation engineers to farm |
drainage, even though farm drainage is not one of their normal responsibilities. It is not -
intended to be an on-farm drainage manual. o

General

42 Farm drainage generally has not been provided for irrigated lands in Pakistan.
However, surface drainage of farms is important for reduction of damages due to standing -

water, prolonged saturation of the root zone (waterlogging), and excessive percolation of

poor quality water to ground water.

4.3 The primary problem of inadequate drainage is wateriogging of the soil. Plant -

roots need oxygen in addition to an adequate supply of water and nutrients. Waterlogging =
prevents plant roots from receiving oxygen, because the water displaces air/oxygen from the

pore space in the soil. A soil profile that is saturated with water becomes anaerobic, which
means without air because the soil water restricts the normal exchange of air between the

soil and the atmosphere. Aiso, compounds may be formed in anaerobic conditions thatare

injurious to plant roots. Plants vary considerably in their ability to tolerate anaerobic

conditions or toxic substances in the root zone. Even though there may be no apparent | B '

damage 10 a crop, restricted availability of nutrients reduces potential yield.

4.4 All plants need water for basic development and crop production. However, the
availability of water to the plant roots may actuaily be restricted in a waterlogged soil, if the
salinity level of the soil water increases to the point that the osmotic process in the plant
roots is imited. The osmotic process involves movement of water through a membrane
from a low saline level to a greater salinity level. Therefore, if the salinity level of the soil -
water approaches the normal salinity level of the plant root cells, water absorption is
restricted. ' _

4.5 There must be an acceptable salinity balance in the root zone. Salts are present
in the soil crust and in the subsurface water. They are delivered to the soil with the
irrigation water, as well as occurring natrally,. As the water is removed by
evapotranspiration (ET), the salt is left behind. The excess salt must leach below the root
zone and be removed by natural or artificial drainage. Surface drainage is important but

its limits need to be recognized as it will not directly remove saline water from the root e
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zone. Salts on the soil surface can be dissolved and flushed from the surface but surface
dramage by itself will not solve a waterlogged and salinised field condition. '

4.6 Where subsurface water is saline, which is a common condition in most areas of |
Pakistan, the emergence of waterlogged conditions will canse salinised conditions of the
land.

4.7 Agncultural land in Pakistan’s irrigation projects is normally laid cut in 25 acre
squares. Each square is five units wide and five units long. A unit is one acre. The one-
acre fields are usually surrounded by a bund and are border wrrigated as ome field.

However, it is not uncommon to have a one-acre field divided into 1/2- or 1/4-acre fields,
each surrounded by bunds. Individual farmers have their own arrangement for irrigating
each segment. This division into small parcels makes it difficult 10 collect and convey €XCESS -
surface water to a farm drain.

4.8 When there is excess precipiiation, or irrigation spill water is ponded on the field
for more than a day or so, the farmer is inclined to breach all bunds necessary to allow the
surface water to move toward an outfall. Some irrigation chamnels, as in the command of
the old Paharpur canal in NWFP, have the tail reaches connected to the nearest drains
through link channels which carry excess water from the irrigation channels directly to the
drains. Elsewhere in NWFP and, generally, in the Punjab and Sindh irrigation systems, the
€XCess irrigation water has no direct outlet to drains. The excess water collects on the
farmland causing crop damage and contributing to waterlogging. The introduction of ﬁcld
‘and farm drains will help alleviate this problem.

4.9 The purposes of field and farm drains must be fully understood and acrepted by
the concerned farmers for their mutual benefit. The farmers should cooperate in laying out
a workable system of farm drains under the guidance and technical assistance of the
provindial irrigation departments and the On-Farm Water Management Wing of the
agriculture departmenis. :

4.10 ‘While planning new irrigation projects, the provincial irrigation departments and
WAPDA should insure that the water distribution system is designed to not have any surplus
water at the tail end of irrigation watercourses or have field drains and link channels -
avaﬁable to carry such surplus to the next irrigation channel or drain.

4,11 Most field drainage ditches are shallow and intended to collect and remove
surplus surface water only. However, shallow ground water may also be intercepted by open
surface drainage ditches. In addition, subsurface drainage may have to outfall into surface -
drains either by means of gravity or pumped flow.
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412 In Sindh, it is a common practice to have two or more ﬂow-thmugh applications
of irrigation water during a rice growing season. Locally, this practice is called the pancho
system. The purpose of adding fresh u’nganon water, while discharging previously applied
irrigation water, is to dilute the salinity level in that specific field. However, as the water
flows th:ough succeeding fields, it becomes more and more saline. Thus, the down-slope
fields receive less and less benefit from the flow-through irrigation water.

4. 13 A practical solutmn to meet the need for intensive farm drainage is to fo}low the

policies adopted for construction and maintenance of irrigation water courses. For

irrigation, the Government or project agencies demgn and construct watercourses.

Subsequent operation, maintenance and reconstruction are entrusted to the concerned
beneficiary farmers and the Water Users Associations (WUA). Government or project
agencies should only become involved in cases of neglect of maintenance and for questions
pertaining to operation of the system. S

Water Users Associations

414 . Effective involvement and participation of the beneficiaries is essential for
successful implementation of any community development project. Farmers must participate
in the planning and construction of field drains. Under the On-Farm Water Management
ngram, Water Users Associations have been organised at the watercourse command area

level. These Water Users Associations could assume the respeonsibilities of demarcation, .

construction and maintenance of field ditches and farm drains. Even thongh farm drains
commonly serve two or more farms, the location of a non-PID drain, i.e. farm drain, may

result in it serving two or more watercourses. Since there probably will be different Water
Users Associations for each watercourse command area, the cooperation of all concerned =

WUASs is needed. The farmers’ participation through the association should also resultin-
reducing user dissatisfaction and administrative problems for the on-farm water management
agency and in promoting local leadership for making day-to—day decisions on estabhshmg
and operatmg the drains.

4.15 A Water Users Associations Ordinance was promulgated in 1981 for eﬁ‘ééuve e

implementation of operation and maintenance of On-Farm Water Management Projects.

Formal Water Users Associations with certain legal powers have now been organized and '

registered under all the On-Farm Water Management Projects (OFWM, 1991). ‘The
Associations are assagned responmbﬂmes prior to improvement of the watercourses, during
improvement, and in the postimprovement periods. The involvement of the Water Users
Associations in properly maintaining the improved watercourses is emphasized. These newly
organized farmers’ institutions have played a vital role in recovering the local share of the
improvement costs.
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416 The following activities of the Water Users Association, through their Executive
Committees, are effective in planning, constructing, operating and maintaining on-farm

‘watercourses. They should also be applied to planning, installing, operating and maintaining
farm and field drains.

1. To arrange and provide labour and to distribute the physical and financial
involvement proportionately.

2. Tosettle all matters of disputes between various water users regarding ahgnment
of the watercourse, fixation of nakkas, distribution of work, etc.

3. To make alternate arrangements for irrigation flows during periods when the L |

watercourse is being reconstructed/improved.
4. Carry out works according to standards and specifications u mder the techmwl -

supervision of water management field staff. L
3. To safeguard the watercourse construction and operation materials supphed to

them, and to keep and maintain proper record of mat=rials received and nﬁhzed o

on the watercourse construction in proper register. .
6. To look after and to arrange for periodic cleaning, mamtenance ang repair of
the watercourse after its construction.

Design
Drainage System Layout

4.17 The overall layout of irrigation channels and surface drains for an area of several
thousand acres is shown in Figure 4.1. The irrigation system has a2 main canal with bmch&s
and distributaries. Individual irrigation outlets are not shown. A total of eight squares (25 '
acres each) served by watercourses are shown on Figure 42. A branch watercourse servmg_
one-acre fields is shown on Figure 4.3. The end of the branch watercourse is shown i in the i
upper corners of fields 1 and 2. A field drain connected to the branch watercourse to =
convey spill water to the farm drain is shcwn at the bottom of the figure. ¥ 3

4,18 The mdmdual fields need to be shaped and managed so that when dramage of
the individual field is needed the bund will be breached and the drainage water will flow
across the ad}acent field toward a farm drain. There may be as many as three or four fields
to cross if there is one farm drain provided for each square (25 acres). :

Land Forming

4.19 Land forming refers to changing the land surface to provide for the orderly =

movement of surface water. Land smoothing and precision land grading are methods which |
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Fignre 41. Overall layout of irrigation and drainage systems.
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Chapter 4 - Farm Drainage

may be necessary for surface drainage to improve the effectiveness of the drainage systein,
as well as improving distribution and uniformity of infiltration of irrigation water. The
benefits of improved crop production by smoothing or grading the land prior to irrigation
are not 10 be overlocked, but there are also crop production benefits related to improved
drainage conditions. Figure 4.4 shows a field that needs land forming. | o

420  Land smoothing consists of removing small irreguiarities on the land surface by
use of special equipment. Land smoothing is an important practice for good surface
drainage. 1t eliminates minor differences in field eievations and shallow depressions,
without changing the general contour of the ground surface. However, it resolts in better
drainage, usnally with few:r surface ditches, and enables farm equipment to be operated

more efficiently. Land to be smoothed must have 2 soil profile which will allow small cuts. o

- Except for isolated spots handled by prior rough grading, land smoothing operations seldom
involve cuts and fills exceading six inches. o ' _ o :

421 Land smsmhmg is accomplished best by special equipment, such as the Eandpm "

-or leveller, which can work efficiently to wlerances of 0.1 foot or Yess. This degree of R
accuracy is necessary to remove irregularities from very flat land. Rough grading can be =

done with farm tractors and scrapers or 2 landpiane. In making cuts, avoid removing all
topsoil from an area. It would be benter (o take thin layers from 2 larger area. Where fills
from rough grading exceed six inches, make an allowance for 6 shrinkage. Shrinkage of
soil is expressed as cut/fill ratio. The allowance is related to the types of soil and soil
conditions. Final smoothing operations may be deferred uniil compaction or matural
settiement of such areas has taken place. ' - B

422 Precision land grading for irrigation is reshaping the surface of the land fo

planned grades throughout its length o field ditches or other suitmble outlet. Typically,

however, precision-graded fields in Pakistan have zero grade. The feld to be graded must
be surveyed with sufficient spot elevations to determine its topography. A grid system with
60-foot (20-meter) intervals is suitable for most jobs. After determining the average
elevation of the field, the necessary allowance for shrinkage (cut/fill} should be given. A -
- map showing cut and fill values at the grid points should be made for guidance of the
equipment operator. The skill of the operator is very important in the vwot of grading.
Precision land grading on fairly large tracts is accomplished by earth moving scrapers, land
levellers, and landplanes (Fig. 4.5). For fields of an acre or iess, the grading and smoothing -
is usually done with a heavy timber pulled by oxen {Fig. 4.6}. ' o

423 The On-Farm Water Management Field Manua, Volume H (OFWM, 1986),
describes how 10 survey, design, and stake for precision land grading, -

424 To facilitate levelling operations, the ground surface should be chiselled or disced

prior to levelling operations and snould be free of buliy vegetation and trash, Lsesew S

- 55 -




*®
*
i

“,”.m:;‘ . s -
Figare 4.5, Yand bewiimg with ralieg soraper.

g

-
» .
-




Chapter 4 - Ferm Drainage

- the soll facilitates moving it by the leveller, as well as mixing crop residues into the soil, thus
- preventing vegetation from collecting or the leveller blade. |

425 land smoothing requires annual maintenance to retain effective. water
- management. After the field has been properly graded to achieve good surface drainage,
ordinary farming practices involving tiliage, planting, cultivating, and harvesting, as well as
wind and water action, will disturb the surface m@gﬁmimmdwmrmmnbmm-
crop damage. The irregularities from farming practices, such as implement scars, need to
be erased before the seed bed is prepared for the next crop. Therefore, each year a leveller
or plane should be operated over the area to provide 2 base for a good seed bed. This
operation alsc will take care of settlement in fil] areas. . R

426 A diagonal method of operating a plane to maintair a smooth field is shown in
Figure 4.7. With this method, it is possible to resmooth most of a Heid with a plane in

Figure 47. Land smoothing procedure.

Bedding

427 Another form cf drainage within a field is bedding. Bedding resembles 2 system

ufpaza!leiﬁeldditeheswithfﬁein%emninglandshapedmaras’scﬁ.rmde&mrfac:.@ This
sysmmsfdﬂiﬂgeisgene@mdenhu&wi&ﬁmﬂcp&sanﬂﬁm.mbbm
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_ _ Chapter 4 - Farm Drainage
Some surface flooding of the land during this period is permissible. Some high-value and

specialty crops, especially vegetables, may require a more rapid rate of removal of runoff
water to prevent damage. It has been customary to use 1, 2, or 4 cusecs per square mile as
a drainage coefficient, assuming among other things that field and farm drains serving a
square or less didn’t exist. . o

430 A hand dug ditch with dimensions in Figure 4.9 (a) to serve a one acre orless =
field will also satisfy typical removal rate requirements, if an outfall system is available and
the bunds are opened to allow the system to operate, .

431 If the minimum size of farm ditch constructed with a tractor mounted ditcher is
235 feet deep with a 0.5 foot bed width and a top width of 2.5 feet (Fig. 4.9 (b)), the
excavated area is 3.75 square feet. This drain size is adequate as an outfall for 60 acres or
more assuming a drainage coefficient of 10 cusecs per square mile and a velocity of 025 feet
per second. This drainage coefficient is near the upper end of the values in Table 3.1. The
-velocity results from a water surface slope of 0.0001 and Manning’s "n” of 0.45 used in
Manning’s equation. _ S .

SAAING A SR
b WA

A,

Figure 49.  Field ditch cross sections.
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Chapter 4 - Farm Drainage
Maintenance

433 Field and farm drains should be kept open. If a farm ditch has lost a third of
the constructed depth, Le. six inches of silt in a 18-inch deep drain, then it should be
rehabilitated. Nevertheless rehabilitation by mechauically reconstructing the drains by either
band shovel or tractor mounted ditcher is mexpensxve and should be done at least amua&y
The necessity, as well as the opportunity, to k2ep the weeds mowed or removed is more
evident to the farmers since they visit the fields frequently and have a personal mterest n

keeping the field ditches and farm drains functioning properly. B
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Chapter 5

DESIGN and CONSTRUCTION of OPEN DRAINS

Introduction

51 Outfall, main, branch, tributary, and subtributary drains zre open drains
constructed for receiving and transporting surface and subsurface drainage water to a safe
outfail. Surface and subsurface drainage water may be from rain water, as well as from -
Jirrigation sources. The drains may be used to intercept ground water, control ground water
levels, or provide an outlet for leaching saline or sodic soils. '

52 Open drains may be natural mullahs or man-made. Man-made drains are
referred to as artificial drains. General categories of artificial drains are: -

1. Storm Water drain intended for speedy disposal of rain water;

2. Seepage drain with its bed below subsoil water level to intercept and take away
seepage. ' ' : '

3. Seepage cum storm water drain which is a combination of both.

53 Whether the drains are designed and constructed by provincial irrigation
departments or by WAPDA, the maintenance responsibility is with the respective provincial
irrigation department. ' '

54 Factors affecting the size and shape of drains are drainage runoff, water surface =
slope, depth, bed width, side slopes, roughness of the bed and banks, and Limiting velocities.
Local design and perfonnance experience have been incorporated in this chapter.

Investigations
Topographic Surveys

55 Topographic surveys are made in preparation for designing open drains. Insome
cases, accurate surveys may have been prepared previously for planning or other preliminary
stadies. These prior surveys should be thoroughly reviewed in the field to verify the original
work and, if needed, to collect supplemental data. The scale to plot topographic surveys

should not be based on rigid requirements. Local site conditions and amount of detail =

needed for design and construction are the primary considerations in selecting the scale.
However, a2 common scale is one inch 1o a canal mile (5000 ft.).
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Chapter 5 - Design and Construction of Open Drains
Soils

56 Soils along the alignment of a proposed drain must be evaluated for slope

stability and for bearing strength for structures. Where the bed of a drain will be excavated

‘below the water tabie level and at other locations where the soil may be unstable, the drain
-design must be based on analysis of soil samples from bore holes or pits. Soil samples for -
‘analysis should be obtained at no more than half mile intervals. The depth of soil log and .

collection of soil samples are based on site conditions, anticipated design depth of dram and

structures, a.nd potential maintenance problems.

5.7 - When soil samples on a drain alignment are to be taken, the Engineer shouid
have the services of a Research Assistant. The Executive Engineer should provide the
services of an Sub-Engineer to indicate the alignment of the drain and to assist the Rtsearch

Assistant in taking samples.

58 ~ To relate soil particle size percentages to textural classification use Figu:re 51, |
Design

Open Channel Flow

59 ‘Iheared,A,ofadrmsecuonforanyﬂowQ:sdetemnnedfromtheequanon

A = Q/¥V. The velocity, V, is computed using Maunmg’s equation:

V = 1486 R¥ s 12
n

Where:.

V = velocity in feet per second

n = roughness coefficient of channel '

R = hydraulic radius, which is the area divided by the wetted pcnmeter

S = slope of hydraulic gra.d.lcnt, usually longitudinal slope of channel
bed/water surface (WSS) in open channel flow

5.10 Velocities from Manning’s equation can also be obiained from pubimm
hydraulic tables and a nomograph (Fig. 5.2). Graphical presentations of geometric and

hydraulic elements of trapezoidal channels with side slopes of 1:1 to 4:1 are in Figures 53.

Manning’s equation is used to determine velocities for surface drainage channels. Laceyand

Kennedy equations are appropriate for canal design with silt laden flow conditions butnot =
for drains. Agricuitural drain waters are not anticipated to have significant amounts ofg'lt. C
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D ., i

5.11 Therequmdéwgnmpamyofmopmmdmen&sanrmnmdem
chammmuﬁ,aswenaszhetypc,slepe,areaandsutfaoe characteristics of the catchment.

512 Recommendations and procedures for determining design capacities of ope:a '
drains are provided in Chapter 3, Surface Runoff. In general, design capacities for open
émmmngmgawdaopmndahwémdieﬁmﬁemaﬂmﬁwmmm
interval storms. Temporary ponding of storm fiows in the field has been considered in
surface drain capacity estimates. Ponding on arable land should not normally be permitted
for periods exceeding 24 bours. In the past, ponding of three to seves days on cropland was
aﬂmedmpbmng&mke&e&amgesys&mmmmm@bnﬁﬁm&ngexm&”
QMMmmrMMWmmdmmm _

5.13 &wmﬁrmmwkmﬁmmtcmmﬁwdm-
mxmmmmnmmr&wm&n:snph&m:edmﬁm mumicipal and
industrial drainage, and the quantities delivered by subsurface drains. Open drains with
seepage flows should be designed essentially as storm water drains. Refer to Chapier 3,
&nﬁmknm&formemﬁcpmubwzmdmmemmmm

5.14 Farmwdmmmmﬂm@mmmwdw@mwm&
capamtymﬁgwcmthcmqmmﬁsmof.iwdm Adeguate depth may be needed 0
provide propes outfall conditions for seepage flow, subsurface horizontal drainage, or field
ditches in the surrounding agricuitural aress. The capacity of the open drain must be
zdequate to contain the expected escape discharge from canals, The cutfall should be

emmamymt&mésﬂmgemmtmm&mmmy Itmay -

be feasible to restrict the escape discharge by wéxremngwmeaitheﬂwwm
locations., :

215 mmmmammmmpmawmmfmmm
of excess irrigation and storm waters. The addition of runoff water and, in some cases,
subsurface drainage fow may change a normally dry stream to one with continuous flow,
at least during the irrigation season. ‘Ihcmnmuemwenmgefihcmmm
myr@:mmw@kmmmmnaﬁw&ﬁwmmmwmm

that hampers flood capacity.

516 Tmcﬁveiormamhmbamdenm&emorp&mmmﬁmﬂm
may be used to check scour stability of natural channels used as open draine.  Stahility

should be determined for S-year recurrence interval flood flow, plus irrigation waste flow.
The tractive forces used to check stability are affected by the wetted banks and the type of
sediment transported by the channel. If instability is indicated, control structures will be
required. The tractive force method is in several texts and in the SCS technical release for

i
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Chapter 5 - Design and Construction of Open Drains

be expected after aging with a minimum of vegetation. The "n" value actually occurring
immediately after construction will be lower than the values given in the table. Ar "n" value
- of 0.03 is recommended by the Bureau of Reclamation for design of open drains (USBR,
1984), which is consistent with the values in Table 52 for a hydraulic radius of 5.0 which
may be quite representative of major outfall drains. |

Table 52. Value of Manning’s *n” for Earthen Channels

i i o
Less than 2.5 0.040 - 0.045
2.5 t0 40 0.035 - 0.040
401050 0.030 - 0.035

' More than 5.0 0.025 - 0.030

AliMofm

3.20 Aﬁgnmzm&aMMmrdxaiaQrMmmmpagemmmm_?”

follow the patural depression. However, may be desirable to short circnit loops or to

improve fiow conditions by increasing the slope of the hydraulic gradient. Inshortmmtmg: L

hxgeioeps,panefzhcscvcwdlmpmysemasa&mchm

521 hgencral,anapcn&amshonidbcsﬂmgh& TaMgeMmampkm _
should be used. Curves with a radins of not less than 600 feet are desirable, but sharper
curves may be used if needed to follow old drains or swales. decrease the waste area cansed
by the use of long radii curves, or to conform to ownership boundaries. When a carve

radius must be smaller than recommended and the average velocity is greater than two feet.
per second, it is common practice 10 protect the cuter slope from erosion with stone pitching =~
placed over stone spall mmmmmmmmmwmm)m .

i&evdmaiwﬂamthan2&js},genﬂemmxsmtasmpmm
522 Tom%m&mmmmmmma

* chak bandi line or the boundary of 2 square. H the proposed alignment severs an area from

~ the existing irrigation source, alternative arrangements for the source of irrigation water

must be made. In cases where zamindars refuse 1o accept the new arrangements, a notice .~

as per the Canal and Dranage Act should be issued.

523 Formmaimm&m&gmm&mtgommmmm -

m&mmﬁ&mmweﬂmém&emm&emmmbc
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Chapter 5 - Design and Construction of Open Drains

analyzed to determine a safe distance. Also, excavation through marshy land is extremely
difficult and expensive, if timbering of excavator tracks is needed. Similarly, the -
maintenance of such reaches is very difficult. Wetlands and ponds should normally be.
protected, but may be connected by branch drains to the main drain, depending on planned
objectives. :

524 Drain length is normally stationed with reduced distances (RD) beginning at the
outfall References to left or right bank are looking ia the downstream direction.

Drain Side Slopes |
525 Drain side slopes are determined primarily by the stability of the soils through
which the drain is constructed and by the mzintenance methods to be used.. The steepest

side slopes (horizontal:vertical) recommended for tour 55 tvpes are in Table 5.3. Flatter
side slopes may be desirable for more satisfactory and economical maintenance.

Table 53. Recommended Side Slopes Based on Soils

Soil Side Slopes
Sand 31
Loam - . 2:1
Clay 15:1
Peat, and muck Il

526 Drain side slopes which may be used with varions maintenance methods are

given in Table 5.4 (SCS, 1969). Side slopes should be as flat as feasible, considering the
width of right-of-way required and the ease of maintenance and access. In most areas of
Pakistan, drains are not fenced and are commonly subject to foot and animal traffic which

causes maintenance probiems. These problems may be reduced by using flatter Sideslops, R

e.g. three horizontal to one vertical, and by providing proper access points.

Drain Depth

527 Factors considered in establishing the depth of a drain are: sufficient capacity

below the design hydraulic gradient (WSS) to remove the design surface runoff; provision
of outfall for subsurface drainage; and sufficient waterway clearance for existing bridges, if
feasible. If there is not adequate depth through an existing culvert bridge, the culvert bridge
floor may need to be depressed. ' -

-75 -



Chapter 5 - Design and Construction of Open Drains
Table 5.4. Recommended Side Slopes Based on Planned Maintenance

Steepest
Type of maintenance  Side Slopes Remarks
‘Mowing & grazing 3 Flatter slopes desirable
Dragline or Excavator 111 Usually used on steep side slopes, for drains over
four feet deep.
Blade equipment 3:1 Flatter slopes desirable. -
Chemicals Any Use caution near crops and cpen water’

* - Hydraulically operated booms with 10°-14’ reach may be used to mow side slopa
as steep as 1:1.
* - Follow mamufacturer’s recommendations.

528 Sufficient depth mmst be provided below the design hydraulic gradeline (WSS)
to aliow surface runoff to flow freely into the drain under design conditions. When the
hydraniic gradient line has been established, as in Figure 5.4, the depth of the bed is
measured don from the bydraulic gradient When the bed slope is established first, the
- depth is measared upward to locate the water surface. Using this last method, the water
surface elewation obtained ~uust be checked in relation to control points. The depth of
eackh rzach shoulg b deterr ned to meet the discharge needs of the specific area involved.

529 Subsarfamdxs&a:gem&tobemdemd. Subsurface drainage is primarily

by tubewells which discharges into open drains or irrigation canals. There is an increase in

the amount of horizontal subsurface drainage being installed for water logging and salinity

management. A majority of the borizontal drains bave pumped outlets, but some use gravity )

fiow into an open drain. Open drains required to serve as a gravity outfall for subsurface
drains should have at least one foot of drop to the normal low water in the open drain.
This required depth of the open drain may sometimes result in the drain capacity exceeding -
the design requirements for surface runoff and the actual elevation of the bydraulic gradel-
ine may be substantially lower than required. Thxsoﬁencmmsatthc@peren&e&mn

drainage systems.
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Chapter 5 - Design and Construction of Oper Drains
- Width of Bed

530  The type of machinery to be used for construction should be considered in the
selection of drain bed width. W”typedmmsmﬂ;wtabedmbebuﬁtmthbuﬂﬁmxsm_'
blade equipment. Flat bed drains are normally designed for construction by scrapers,

hydraulic excavators, or draglines. Depth of drain and soil conditions affect the type of -
equipment used. Smﬁdmmwmémsacoﬁcamwmmmﬁw
ava.dable

531 Therelannnshpretweeadraxnécpthambadmdtbmaydemrm:bcm_
economical cross section, which approaches that of a semicirdle. As s general rule, 2 deep, -
narrow drain will carry more water than a wide, shallow drain of the same cross-sectional -
area. An excessively wide, shaliow drain tends to develop sand or silt bars which cause
- meandering and bank cutting. A deep, narrow drain tends to increase velocities and to
reduce siltation and meandering. In some situations, it may be necessary to sacrifice
emmnyandhydmhceﬁmmmmemafmmbﬁmandmﬁm'

tenance. Judgcmentefaﬂfaaorszsmqmmdmseieamedwgnm

~ Hydraulic Gradieat

532 Thehydmnhcmdmmastheskcpeofmehymmgad&mc(masm
- surface in 2 open channel with uniform flow). Izmmpammdcmmngﬁawvebaty
- The importance of proper location of the gradeline increases as drain discharges become

greater. Thedmpmﬁicﬂae@m}shoﬂdbcp%o&eda&d&emmm&

control points shown. Control points are used to help select the elevation of the desired
hydraulic gradeline. lhcmnﬁoipomsmaym&,bntmm&m&tmme@m@' _

1. Namral ground elevations along the route of the proposed drain.

2, Elevamnofmacaiiowareaswbedmmd. Netesmaﬁioeam Thwcazc B
obtained from the topographic surveys or from maps.

3. Elevation of hydraulic gradeline fers&dcd:aamor&ihuﬂncsmthem o

areas. Hotmeekvmwwhcretﬁea&mmhcmmmm ERE
main drain. .

4. Monofknmmmmhcm&mmwm.:
nullahs at entrance location. .

5. Elcvanonafbndgc&ckaﬁ!mrﬂdcefmem khmbemwmxy&t '_
thcpmmaiungau mema:::mammp-



Chapter 5 - Desiga and Construction of Open Druins

equal 10 twice the design capacity of the earthen section of the open drain for B
bridges and other significant structures. The hydraulic gradeline should be
placed at ieast one foot below the stringers or lowest part of the bridge.

6. Allowable head loss on culverts should be kept as low as-poséible. In
agricultural drainage, the allowable head loss should not exceed 0.5 foot. -

7. Elevation needed to protect buildings or other property within the arca from §

overflow.

8. Elevation of bydreulic gradiem of outfall. If the drain being designed is 10

outfall into an existing drain or natural stream or nuliah, the elevation of the .

water in the outfall drain or stream should be used as the controlling elevation
or level. The water surface level in the cutfall drain or stream may be

determined from recorded data, from local people, or from high water marks | o
Anoihermeiimdofobminingahiseievaﬁonurlweiiswwermincthedcpmhef-__ S
flow in the receiving drain by applying the same flow design basis as used for the | _

proposed drain. For small receiving chanaels in rather flat topography, the water
elevation may be estimated at the bank full {full C2pacity) stage. j . :

533 The control point elevations should be plotted and connected. This drawn line =

gives the upper limit of the hydraulic gradient which is often the hydranlic gradient used for -
design. The resulting reaches should be as long as possible, broken only where necessary -
10 stay close to0 or below the contro! points, as shown on Figure 54. ST

534 if the hydraulic gradeline has been well established, it will be altered only at |

structures with head losses. At these points, the head loss will be shown upstream from the |

structure as a backwater curve which will change the hydraulic gradient, usually only for a oo
shor distance. ST

Slope of Bed

$.33 To determine th: bed slope, the required drain depth is determined and

measurec down from the bydraulic gradeline. The resuiting points are connected to show
the bed slope of the drain. This method of locating the drain bed is generally satisfactory =
in designing the bed slope of a new drain. The example (Fig. 4.4) illustrates the use of
surface control poinis to establish the hydrautic gradelines. o

536 In the case of reconstructing or remodelling existing drains, the elevations of the =
eﬁsﬁngdzaiabed,bﬁdgcﬁmrs,anﬁsoﬁmmbemaﬁmgsmpmm_ﬁ". |
establishing the bed levels of the remodelled drain. ﬁtﬁmcs,itmayhemw e

-80-



-&ms-mm&mawfepam
wiomte'thebediincaf'thedrainﬁomthwewn@lpoimsanda&dthcdmdemm.
locate the design hydraulic grade line (water surface). Care should be taken to avoid bed
-siop&s:hatv&ﬂzendmmmcdnﬁngmamwhmmcbed_si@eiswﬁm.w
design hydraulic gradient o
M'MQBM@PWW
537 Procedures for designing siopes and sections are: |

L &Mei@%afonﬁaﬂmrm(w&)fﬁrpﬁrposesafthc&ain&éi@.
ﬁedemﬁ.en-my&mmﬁedhywmghwwmmskm _
channel backing up in the drain. The natural ground surface (N.S.) level of the
drain alignment may also be a control. o L

2. Set the water surface siope (WSS) with reference to the average N.S. of the

3 Drew the hydralic gradient line of drain, Le. 2 line from or above the outfall -
W.S. level paraliel 1o the water surface slope set in (2) abeve. Refer to tributary

wmm_mmmzmmmmemWﬂmm-mm&e e

intersection discussion below for guidance on joining hydraulic gradelines. |

4. Demﬁnint&cdcﬁgndkchﬁgeofmwgmia%&ri "

5. Select the drain section to carmy the discharge, ie. section having acceptable
depth of flow, desired velocity, etc. |

6. Plot the resuiting bed line as determined in {5).

7. &mpare&mhedhmm&&c%h&eﬂmﬁimih&anﬁ&u&wm
excavation is practical. : ' : T

8. ﬂmgpmmrmm_mmmwmﬁmmm@m and

 revise the width of bed. |
538  The discharge for seepage drains is dependent on the head provided by the water

tzble elevation, *he source of water, and the bydroulic oroperties of the soil. Wma;‘a:-_ N

concern in pracuce is the construction and maintenance difficuiries. Tae seepage dischargs
shmﬁdeaterthcdminhcmmeéminMm&&eiw&wmm&h%m_ |
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539 i perennial seepage flow is expected, a cunette should be dug in the bed of the
drain to carry the pernnial flow in a compact and hydraulically effective channe! instead

of spreading over the entire width of the drain bed. This type of drain is called astonmeums

seepage drain.
54@ Dmndmgnmaybedo&bymbewa:maﬁmmwmm Gnc :

method is to design the drain for the required capacity at the lower end of the reachand
use that section throughout the reach. If this method is used, the upper end of the reach .
will be over designed. Reaches should be selected to keep over designing within reasonable
limits. To reflect the flow conditicns as arcorately as possible, the selection of the length =
of reach is important. mmgmmmemafrmMMMm&&nmﬁm_;.__

- the following:
L. Tributary junctions where drain capacity changes.
2. Achammmewmrwrmm

3. Mmcmm&emdmm&ma%ngmcﬁmy&&m&dMMWme
shorter reaches. A knowledge of where and bow much additiona! water emters  ~
'M&ammﬁdemWWMrmmemmm&em_ o

designing of the drain

4. .Bﬁégu;, wivcm, wom@rpcmazmmymmybemtab@@_@& _. :' |

reach.

541 Aﬁcrmb&imgmhymcm@mme@memmm

W&mwm&cmmmmw&afmm _

342 Dzmade&gnmwixdnmby&ewnz,wm iathmmm&emqemed

drain depth is determin

et at the controd poinis for the dischargss at those points m

mzﬁa&t&mﬁ’ﬁu&@m%m&&mmﬁm In reality, the depth at the
beginning and end of 2 reach will differ. The depths arc established below the hydrankic .+

gradeline and the iine of the drain bed is Graven berween the points. The slope ol the drain

hed nopmeally will not be paraliel 1o the hydraulic gradeline. Mmmam ::_-'_

ﬂmam,a&nagemesm&pwmmﬁﬁz arbas&,myﬁemqm
543 Ai“mcﬁaﬂ.a{m X

rocedures for open drains is shown mﬁ"“@l"ﬁss;: | R
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- 545 When&mmmkm&mt&e&mn@km&dmﬂmm%
‘shouid not be made abraptly. It is better to form 2 transition section where the section’is
gradually widened or deepened as needed. m&n@ﬁmmne&mbem!yp
iong enough to avoid havicg an erosive bank obstruction. Where there is an increase in
: downstream, the wansirion should be gentle enough to MW B
. a&wmmmwsﬁwmmma{mmwmm e

depth of drain going

546 Wbﬂaas&zﬂﬂwmmammmammiwfeettrm:mf’.ﬁ}:f
: '-Wmmmmmwmammaﬁmm&mem'; |
-mmmmm mmwkmawmm;_

5.47 Where the difference in the bed leveis of two drains is W and
mmga&smmmm&a%ms&ﬁﬁhm&émmdﬁemm&

348 - Berms should be designed w: (1) provide room for movement of the

; i _@}Wﬁcfwm‘kmmﬁmmwm@)
prevent excavated material from washing back into drains; and (@MW“‘
mmwmmsmmwmeﬁge&mm :

SnDInEIn

349 | MWWMWQMWMmmmmf“":

withi m‘tmm af the desigrated land wadth. They are mﬂﬁxymm&ﬁ Sindh
_ ﬁmw:&h&mm&c&mmmwwm&hmmmm S

phnﬁmmmmnmmemWﬁmmm

on farmiznd. Banks may also aid in controlling surface water m hm




- Chapter 5 - Design and Coastruction of Open Droins

ortopromiawlpngareasfmmﬂocdmg. Bnnds,howmr aregenezahyt‘e:lmedm
instalied for flood protection purposes. R

550 Thedesxgnhexghtcfbankstopmtectpampmgsystemsshcﬁdbcsatatthc

highest elevation expected for backwater or high water Ievel associated with at least a 50-

year recurrence interval storm. Potential backwater stage upstream of pumped outfall
systerns, caused by pumping system shutdowr, should be eenszdered in semng elevations of
other structures such as bridges. _ T

551 mhc:gmofbanbfmomﬁndmmtmhemmbemghermghmm"

~ the backwater effect of long duration gate closure during high tide perizds. Structures o
upstrcam,suchasbndgu,mustbesezaianclevatwnh:ghmghwprc ectagamtme Ly

associated

552 mmmm%mmmwzmm&mmmmTabIeSS

- dependmgentypcofdmnandwhcthcﬁhcbaﬁkwgzsmbcusedasanmspectmnmad

~ ornot. The freeboard is specified above the design water surface slope (WSS) or above the
B NGLwhlchevcrxshigher.Inad&ﬂon,themmaddmomiwmmonhaghmoanm -
- for settlement is one inch per foot of height.

5.53 Drain banks should be designed as either an extension of the emads:zdc
slope of the drain or set back a specified distance by use of a berm. Depemdmgan

_aﬁwableeanhlaadmg, abcrmmaybenecessazyataweaﬁedmmﬁﬂh&ght_
TableS.S. hﬁmmm'fog“’idthanﬁ?mb&arﬁfarm&

Top W'dth :
- Used as Not used as
Inspection - Inspection Freeboard
Main Drain 20 15 3
Branch Drain 1$ | 12 3
Subdrain 12 -5 2
Ianspection Roads and Spoil Banks

554 Spoﬂimmngarshapmgmammanmddmrabicpmcﬁo& 'Ihedegeeoff
' kvcmmeplaﬂngofspoﬁ,andethamcesmiawdmfmspoﬂammanj
'-WMM&WPMWWQnMWMMV
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Chapter 5 - Design and “onstruction of Open Druins

shown on typ:ml sections (Fig. 5.6). Two situations are:

1. Whenwaxcrsurfanezsbelﬂwthenannaigmundsnrface(bf&) referteFigme

5.6, Section A.

- a charoadﬁfeetmdeandnatmarethanmfeeth:ghabmemé '

b.

surface as an inspection road. B :
On the opposite side of the dramfromtheinspecﬁonmadthe:eﬁmﬁd'be

an obstruction to free flow into the drain in the form of a stout dowel with |
a 5-foot top width and minimum 2-foot height'. While this is ‘essential =~
where the drain traverses cultivated land, it is also recommended in other

areas to prevent erosion of the side slopes. Such dowels should be set back =
fareneugh&omthedr&inedgetoenablethebedwi&thtobembsequemly; :
increased by 50 percent and still leave room for 2 mechanical excavator to -

-work. Thsmpar&mlaﬂymoﬁam:fthedlmhasaseepageﬁmofmeg-' |
than two feet deep.

Fomaspoﬁbankoumdethemé}mgspamforadrammhm E t _.

bedataievelenefootbeiowthetcpofthemad. i
Ifadchﬁonaleaﬁh:savaﬂable,ztmbepiacedmamadb&nkmthxgher

than two feet above N.S. and not wider than 20 fect. This may bedone = = -
provided a saving in land results. If the available earth is in excess of this |

quantity, the road should then be formed three feet high above N.S.andthe
surplus shouldbedisposedcfasspcﬁasshminSecﬁonA, of Figare 5.6. ©

2. Whenwatersurfanemabovcthenatmalsurfacemferto?igmcSﬁ,SechonB,
C. or D as indicated.

a Ifadequatespoﬂisavaﬂahie,aroa&ﬁfeetwiﬂe'shouldbefcmedm&et L
above "Water Surface”, as shown in Section B. Astautdewelonme R

opposxtesxdexsneededasmenﬁonedabove

Ifspoﬂmmadequa:e,SecﬂonCorDmaybea@ted. SecnonCrssmtab}e .
where flooding outside ofthedrmn;smderedummparm

' The standard practice of the WAPDADeszganrectcmtels to speufya mnmm
~ 3-foot helght. | -
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szms Dmgumd(.'ommaoft?peam

Section D should be adopted where it is desired to avoid flooding of dcpmmm
and where a road is considered essential. The necessary spoil in both cases must
be obtained from borrow pits in the bed or from judicious wxdenmg of the dram.

Land Widths

5.56. The!andmdthneededonthemspecuonbanksxdeshouldbeasshmmw |
Sections A through D. No increase in width for subsequent spoil will be needed on this =~ =
side, since the spoil will only be obtained from manual labour in the bed. All subsequent =

- spoil from mechanical excavation will be piaced on the opposite side of the dram.

5.57 For the land width on the opposite side, the five-foot wide, two-foot high dowel
should be set back a sufficient distance to allow a dragline or excavator to work on NS. A
strip of land 10 feet wide from the outer toe of the dowel should be acquired for the spoil
bank. Wherethedrmnﬂowxsenmelystormwaterandsﬂt ciearaneebymechammle:xcava e
tarwiﬂnotberequcd,theiandmdtbsmaybeasbelew | | .

1. ‘Where la.nd is cultivated, aﬂow two feet from the outside toe of the dawel.

| 2. Wherelandzsnotaﬂt{vatedorsoﬁls‘kaﬂar'(saltaffected) allawforl&angle.“ |

of Tepose plus 10 feet beyond the outer toe of the dowel.

558 Izndmdthsshouldbemmﬂhpi&so"Karam oranyothersmaﬂwtnmtoﬂand ; .

measurememmuseiomﬂyforeasemlandaeqmsmonpmcwdmgs._

Surface Water Inlets

559 - Surface water inlets need to be properly sited to manage the surface water flows
into the drain. Surface runoff should not be allowed to flow into the drain except at
planned locations through inlcts, which may be either pipes or masonry structures. Surface
water inlets shonld normally be located in depressions. Spoil banks and collector ditches
should be constructed to manage the flow and direct surface runoff to these inlets. Other
types of inlets are chutes, drop spillways, box mlets, and culverts. See Figu:se 5.7 for an
example drawmg of a su.rfaoe water inlet. _ _ :

5 60 - -Since inlets reduce erosion of side slopes and silt collection in the dram, the_
value of inlets can not be over emphasazed. Liberal use of smface water mlets s
recommended. S
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Figure 5.7, Design example #1 catchment area.
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361' ' “The sill level of inlets should be placed at or a litile below the N. 5. level m--”

roaches where @mﬁgﬁﬂmﬁi&eﬁa%&&a&&éﬁfmmmfmgﬁmmﬁ

where flooding is undesirabie, z simple inlet design may be a pacca regulator with earth S
between two sets of karries.  After the Hood in the drain passes, karries and earth can e

removed to drain the low adjoining area. However, the karries and earth need 0 be

replaced prior to the next ﬂood evert. Automatic or band operated winched gates can also
be used for this pmpos . '

5.62 Th@mﬁbezgfzégadeyﬁsonzhemﬁiaﬁa,mmopemmm
soil charactensncs,andwhether the drain passes through cultivated or uncultivated areas. =~
In irrigated areas, the last consideration is generslly the most important. For example,a
mxmmumoftwomletspermﬂeaneachs:deoftheéxamzsrmmmmdedmtmﬂym

zmgated areas. For uncultivated areas, one inlet per mile is recommmﬁed.

563 Careful on-site observations by the Sub-Divisionz! Officer dnnng sad‘aoe mmﬁ = |
o penods wxll help determme wherz additional inleis are needed. o

564 Dmmagemietsshauidhedemgnedferhzghcrmﬁcapamymmem

 outfall

| Design Examples
M-

Given: Drainage area = 11 368 acres (Fxg. 5.8)
- VJse the Empirical Equanenmthc 4 onupmmchmant 0f1568
- acres.
Use C = 10 on remaining 9800 acres.
Profile of drain (Fig. 5.9) _
Side slopes = 2:1
Value of "n" = .045
. Minimum bottom width = 40 feet

- Required: = Design of drain for sﬁrfaeewéter removal. .
Solution: |
L Lomte controlpomtsandhydrauhcgradehneasshewnmﬁgure54

2. Draw subdivides for reaches and other design points as shcwn Fxgnre 5.8 and
 determine their drainage areas. _
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.- Begin preparing the hydraulic design. Determine the_d&suhmefmaemga?ﬂis L
using applicable drainage formulas. The area above station $7+50 ¢ 1568 acres)
- uplicable to the C of four ic adjusted to an equivalent area of 518 acres for C

equal to 10. This is necessary 1o be able to add the upper area to the areas

below this point. The "20-40" Rules 1 and 2 were applied as mecessary. -

Prepare hydraulic computations for Figure 5.8. Show the RD's, mtchmcm areas, L

design dischargs in tusess, slope of bed, bed width, depth, and capacity in cusecs.
The vonirol ¢levations are shown on the plotted L- section. I

Regin witha trapezoidal cross-section, using a bed md&h of four feet, determine
the depth and velocity for each design point. This may be done by using

- CompBior programs, appropriate hvdraulic tables, or use curves as inchided in.

Figure 5.3. For thiz problem use Figurs 53, Sheet 3 of 6. The bed width, depth,
and velocity should conform with the previously specified requirements for drain

~design. If they do not conform, assume 2 different bed width and/or channel o

cross-section shape and recalculate.

Measure the calculated depths downward from fie hydraulic gradeline to I
- establish the bed of the drain. Figure 5.8 shows there are drops at stations

25+00 and 75+50 and a rise at station 50+00. This rise is eliminated by
continuing the upstream bed slope until it blends with the downstream bed slope.
The bed is satisfactory for design regardless of the drops; however, the drops

~shouid be eliminated, if feasible. Most machine work is not done so precissly

that small drops will be noticeable or detrimental to the drain. For larger drops,

thcdm*gnshouidbedmngcdaratrmsiﬁms&ﬁtm,drcpstructure,orchmg-de- |

signed to control erosion at the drops.

Bridge at station 25+00. Field information on this existing bridge indicates that
the flow arez at the bridge is not less than the required flow area of the new
drain and there will be no head loss at the bridge. Therefore, the hydraulic

gradient will not be changed at that point.

A new crossing is to be established at station 80+60 where Q = 18 msccs.
Assume that two 24-inch concrete pipes, 60 feet long with bevelled lip (ie.
smooth end) will be installed. Determine the head loss. o



| Chapter 5 - Design and Constraction of Open Drains
| Eggmplg Mg, 2 | |

: ""!nsemmpiedesz@:sa@plﬁdemgdﬁ@mhvmW&Dﬁmm_
- Terkbanwala Drain is southwest of Sargodba and cutfalls into the Jhelom River. The

drainage area is approximately 25 square miles. The drain is designed with about six cusecs
per square mile capacity. The runoff anmalysis was done by use of the Modiffed Unit
Hydcrograph Method with the Runoff Carve Method used for the volume of runoff. The

culvert and bridge structures were designed for twice the drain (apamty as is the mtomy .
practice. E

The plan and proﬁie sheets, which include the nydmnlia data, are incznded_as E‘igure 5.9.%_ -

Example No, 3

This example is an L-section (Fig. 5.10) of Nasrana Branch Drain located in the Faisalabad

Drairage Circle. The side inlet structure in Figure 5.11 is also part of this drainage system.
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Drops 8~ Chutes

5.66 Tbemmmxﬁmammmmanrmwchnmsmme&dx

_ﬁmbﬁmSa:&quiﬁeﬁwﬁ?mm&mm@mmmmﬁg&rﬁ@'
s. manﬁszs) | _ -

567 MW&WMMWWMWMM&EMM -

the mmy of the sarthen drain. This capacity is normally achieved by increasing the
v&wwwmhryigem:hmmwwmwmmmmmm;

bridge. Design detaile of bridges depend on the re
should be Jesigned to span the drain with the bottom of the strin,

N E LA VWt b of the site. New W R g
yers, or lowest part of the,

bndgc,mimmﬁm&mmm %ﬁmmﬁmﬁmmnﬂ&-miz‘fmbﬁg o

mﬁth,th@ms%ﬁdh@mpmmémzhemmwmaémm

568 A!a:gesemafdewwm:av@b&tfmhn@%mmmﬁmm?y.."
Directorate. “Trish bridges”, or grade crossings, ave nmpopulasr mfﬁmmwm% '
cﬁivsmmhﬁnmmhmﬁ}i&m

589 %cmmafwmmmmmm@mmm%dmmm
2wafwwﬁmmw%emmmeMdemmm This
mndmamw&@mwm@ﬁmm@ambcmw&ﬁmm&f:-“
the drain is increased at a lajer date, R

570 Mgmh&w&gtﬁcmm&&%&b@g&w&h&xmwmm_- |
maftbedmnmef:ﬁes@am& In general, Guming should not be used.
Kowever, i fhuning is economically memmmamwmam' :

Directorate nses 2 maximum reduction in cross section arex of 25 percent. The bridge
_Wbﬁwmﬁﬁmwm&ﬁm% DEE

-afmmmmm o |
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deepen or widen a drain
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573 Thcl’e shonié be ﬁxllcoeperamm between Ra:lway Ofi
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Chapter § - Design and Construction of Open Drains

| Department shouid have the responsibility for determining the discharge of catchmenzs -

above railroad bridges in regard to the safety of the railway line. Also, the Raleay--
" Department is often a good source of topographic maps, and éxscharge records.

578 ' Desxgn criteria for bridges or other cross drainage structures over drains, ie.

canals, watercourses, roads, rail roads and other facilities that cross the drain, are specified [

by the authority rest: onsible for the construction and maintenance of the structure. In the

‘case of railways in Pakistan, the structure is designed and constructed by the Raﬂway- I

Departinent at the expense of the owner of the drain.

575 Watercourse crossings are structures often required in con;uncnon with d:mnage S

systemns. Usually the watercourse is an open channel above NGL. Generally watercourse
crossings are provided over the drain by a RC aqueduct. Less often a sypbon structure may

be used for canal flow. The drainage flow should not be placed in a syphon because the Iow ' | N

velocity may cause serious maintenance problems.

5 ‘?6 . The capacity requirement for some structures may be for ﬂood ﬂows whxch are -

much greater than the drainage requirement. This extra capacity aiso aliows an extension
of the drainage system without necessitating a remodelling of existing structures. Existing
structures should be measured to determine their capacity, if the construction drawings or
designs are not available. An existing structure may be considered adequate, if it will pass

the design drainage flow with a head which will cause no overﬁow on the side banks _‘ o

' upstream of the structure.

577 Structures used on some private and field roads may only need to be desxgned
to carry dramage flow. These stmctures need to meet two reqmrements '

1. The structure must be of sufficient size and lmted to pass the des:gn -
flow wnhm the allowable head loss. _

2. The structure must have adeqaate strength, si7e, and durabxﬁty to meet.
the requirements of traffic or other intended usage. For pipe crossing -
 structures, the minimum length of pipe should provide for side slopes of
the road fill unless masonry headwalls are as ingh as the roadway. :

578 Head loss through plpe culverts should ordman}y not exceed 0.5 foot.. The head‘ B

loss may be reduced by increasing the size of the structure. New pipe culverts for storm
drains usually are designed for 25 percent more &pacny than the drain desxgn asa factor o
of safety
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Chapter § - Design ard Construction of Open Drains

5.79 There are several types of flow through pipe culverts. Under some situations,
detailed knowledge of hydraulics is necessary for the design. Refer to hydrauiic texts for
determining plpe capacity consideriog site oondmons Three common flow condmons are:

1. Culverts flowing full with both ends submerged.
2. Calverts flowing full with non-submerged or free discharge.

3. Culvert flow limited by entrance conditions (submerged entrance).

Outfall Structures

5.80 In Sindh there is a specxal concern with outfall structures because some ef the
irrigated land is close to sea level elevation. It is necessary to use two-way gates in the
outfall drains for these low lying lands. Full-time Irrigation Department staff operate the

- gates. They are open when the tide is out to allow outflow of the drainage water and closed -
before the sea water can flow into the outfall drain. It is necessary to use banks in
conjunction with these outfall structures to prevent unwanted water flow around the
structures. Refer to Figures 5.14 and 5.15 for layouts of example outfall structures in Sindh.

581 In Baluchistan Province a major surface drainage system, the Hairdin Carrier
Drain, was constructed with a pumped outlet (Fig. 5.16). In Sindh the Larkana-Shikapur

Drainage system has eight pumpmgstanons to lift drain water fromopendrams to irrigation - |

canals. Khairpur SCARP is a tubewell drainage project, pumping saline ground water to
open drains which in turn is lifted by pumping systems to irrigation canals. Drain wateris
mixed with sweet water to reach a desired salinity level of 400 parts per million. The Left

Bank Outfall Drain is under construction. It will provide more alternatives in

drain waters. The Kotri Barrage system has both a right bank and left bank outfall dram
outfalling to the Arabian sea via numerous crecks.

5.82 Outfall structures or systems described above are normally designed by WAPDA.

or by consulting firms. Typically, written instructions for operation and maintenance are
provided with the design and construction plans. :

5.83 In conjunction with structures in the drams, it is appropriate to moorporate |
gauges or hydraulic measuring devices as shown in Figure 5.17. : '
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MRIGATION CHANNEL ————
SHALILOW CUTFALL DRAIN

PIPES .
AE ‘L—_A—E PUMP HOUSE

DRAIN —-——p

PUMPING SYSTEM

NE PUMPS

PIPE

SECTION A.A

- Figure 5.14. Iprmlpump]iftstauonmSmdhmmthcranmgauonmaimshaﬂcwomfzﬂdrm
- Similar outfall structure in Fig. 5.16.
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Chapter 5 - Design and Construction of Open Drains
- Construction of Open Drains
Drain Layout

584  The number of stakes required tor making the drain layout on the: ground :
* depends on topography, size of drain, the type of equipment to be used, aad the experience
of the contractor or installer. A centre line stake, slope stakes, and offset reference stakes
may be set at every station. Sometimes the centre line cut or fill is marked on the centre
~ line stake. In many cases, staking is not required at every station but 2 suﬁcxent number R
of stakes should be set to obtain the intended result. . -

5. 85 : Dtstance Marks provade permanent reference of the reduced distance (R.D),-
along the length of drains and canals. Stone is the most suitable material for distance marks
on drains. The portion of marks appearing above the ground should be suitably-finished -
~ with the RD. number cut into the sloping faces of the stones, as shown in Figure 5.18.

i"_‘z—-i

RO, ON

BANK OR ROAD ¢
LEVEL

>
o
o

SIDE | . FRONT
Figure 5.138. Distance mark detail
Excavation

586 Theexcavauonshouldbetothehneandgradeasmmﬁedmtheplansamit.f

‘staked in the field. It is generally advisable to limit lowering of the water table to two or ~

three feet at one time. If the water table must be lowered meore that this amount to attam'
the design depth, the excavation shouid be done in stages. Staged construction should be

considered for dewatering the high water table areas with sufficient time between stagas to o

penmt the water table to recede to each succeeding depth Ievel.
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Chapter 5 - Design and Construction of Open Drains
Slope Protection

5.87 The placement of stone or masonry for slopc protection should be in accord with
the design drawings and as staked in the field. If the natural bank soil material will not

readilydram,permeablematenal,suchassaadandgravel,shonidbeplacedon&eﬂgpe.'_ T

before placing the stone or masonry surface.

Bridges

588 Bndges should be constructed or remodelled prior to the exmvatzon of the -
earthen section in the immediate vicinity. Depending on site condition, it is often necessary
to provide a bypass for the channel along with temporary traffic arrangements. Dewatering
during construction is a frequent requirement that often vanw w:ﬂz the season of -

~ construction. _ .

Culverts

5.89 All culverts should be installed or remodeiled prior to the site exmnen. ¥ o

Where multiple pipe culverts are used, the space between the barrels or pipes should be at
least one half the diameter of the pipe. Al backfill should be mzefuﬁy and ﬁrm}y'
compacted. :

Surface Water Inlets

590 Pipe overfall structures should be installed to discharge into areas recessed in the
banks of the drain, especially if the drain is a flowing stream. The flowing water and debris
in the drain will normally not damage a pipe structure msnchalo&snon. Also,me'

- structure will not impede flow in the drain.

591 Themstaﬂaaonofmletstmcmr&gespeaanymﬁngshunidbeverycam&ﬂy
done. 'Ihepxpeshouldbewelibeddedbyshapmgthebaseareatoconfonntothesbape
of the pipe. This fine grading should extend up the sides of the pipe to a point where the

backfill can be easily reached with a hand or mechanical tamper. All joints should be as o

watertight as feasible.

592 The installation should be completed by tamping the soil axo!mdthep:pe.. .
Moisture control of the backiill soil will facilitate placement and uniform compaction. The

fill over theplpeshouldbehzghennughtoforceanyaverﬂewwaiertothcmdcsoft&c. »

structure to prevent a failure by washout at the inlet structure.
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BmSpeﬂBanks,mﬁRmﬂw:y |
593 Tmmimamnf&ammdu&gdzmm&mof&mmmyaﬁmﬁ:

disposal areas are shown in Figure 5.6. Specific design dimensions may be specified by PID |

Circular. ﬁedmgndmu:gm&mcrespemﬁcmfcmmawhmﬁt ‘the site. -
These types of information are used by the constructicn engineer mdmmmea N

contractor.

5.94 %epmcﬁmafimngbermmmtheiwdkngafs?oﬂ,amﬁhes&mé:__, |

sfﬁmmsl@cﬁ,bcrms,andicveﬁedmmm:hmimmy The spoil should be shaped ©
to facilitate maintenapce. %cnmbammie&mdsg@ﬁm&h&peﬁmmarmwwg
of&emﬁﬁoﬂébcdwgmdmmmﬁwgmng@fmmm :

5.95 &aﬂm&espoﬁﬁsﬂdksmmmmchamm&cmmm

of water will flow directly back into the drain. Directing soriace runoff water to designated
surface water inlet locations must be finally determined in the field during construction.

Surface water inlets may need to be located at staiions other than shown on the plans to
enzble directing of surface runoff with 2 minimum of speil and roadway shaping. The = =
number of surface water iniets may also need to be changed. Considerationshouldbe given .

tocentmlhngemanaf:hespo&asmﬁastheaﬁﬁe:par&afthce:a&ss&cﬁmmdm} )
struction site. '

Seeding -
596 Frequently, disturbed areas are not sceded. Hms&dmgm&rﬁhmg;'

drain banks, berms, and spoil disposal areas for erosion protection and ease of maintenarge = |
are recommended. Thesw&ngshmﬁdbede&easwmm&agmgrmmwm after

construction is completed.

- i .



Chapter &

General

- &1 Operation and maintenance sotivities ef ﬁgea drain systems are inseparable : md o
~are discassed topesher for that reason. Monitoriag and inspection are important § -

of drein system operations. Much of the ioliowing Wm mwes to mmmmm s
&mammmmwmmmm maintenance that is being stressed. A

- definite maintsnance progrzmme shoold be developed when the ézmge mtem is being

pmm&mm&mwmmﬁemﬂyaﬁ*ﬁmg& m@&mgm The gl

maintenance progrunme should include monitoring, periodic roview, estimated ?zmdm :

_ needs,a&dhnwth&fzmémgwﬁi&a@kgazﬁ meﬁwm&ngmmmmar}_{ R T
_mgentmnamm, _ o _ S

62 The: agency msgem“bﬁﬁ for speration and maintenance mﬁ& Siffatent than the .:
design or construction orgasization. It mus: be invelved in decsion at the wi:es:_
_mlbicsmge,howmr &%Wmﬁwmmc ssful. mm%

Importance of Maintenance R
63 Wmmafmgmmammmwgﬁmn%

is to be carried out indefinitely. mfanmmgswrwmmﬁatmmm&ammpwf -

“Maintenance of Drainage Systems”, presented 2t 4 Pakistan Engineering Congress (Zaidi
et al, 1990); “Timely performance of preventive and regular maintenance of
mumxsabsomzdymfy:fmemmmaaperfummcmibrwmchﬂmym; '
designed and built. Unformnately, the imponance of timely maintenance is olien
meﬂcokcd,mﬂﬁngmthemqummcnmg additional expenditure fmrcpwafihe&mages_ =
 caused by deferred maintenance.”

6.4 .- Unless the major problems with open drains, growth of vegetation and silting, a;:e
controBled by regular maintenance, they may quickly decrease the effectiveness of the drain.
The capacity of ac open drain may be reduced szgmﬁmﬁymemgearmwémﬁzma

heavy growth of weeds or brush '
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83

2. Obtain the longest life and greatest use of the system: and
3. Achieve the above objstivss at the lowest feasible cost. e
656 ﬁswmﬁc%:mmmmzn&mm&mm&mmf :

Mznual (ASCE, 1m;mmﬁmmm¢wammmw o
mcﬁ:ﬁyofn@mngmmzem nabﬁtmmsmwmaww

problems are: mwmmngawmwmmmmﬁmwmw |
restricrs How; and (2) satisfactorily repairing bank sloughing caused by high ground water
'mpagcmmmdmmgmmw&tb&yw Gthergtohicmﬂmm

68 Smngwam‘ mmmﬁ*mf&rmmdmmm&m'_' |

maintenanoe of open drains. In addivion to maintsing
inlets may be needed o drain such areas.

 Vegetation

6.9 ‘ Inmgz&m&smﬁ:dwmﬁmgm&mm aaeefthcm |
mmmmmwmmmmwﬁmﬁmm In reaches where

Mmrs@mymmmmmmawmg

making it difficalt to keep the drain clear. It is essential to clear the drains at least twice

a year, such as i3 Jupe and December. F@m&l%mm&zmmﬁhamm R
ﬁf%ﬂa&oﬁzm'ﬁmﬁm&h@m&ﬁa&m},aﬁﬁnﬁ%@%&
- cordaa). -
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- 6.10 Inndaiéreasthchlgh.ievdofsahmtymmasvegemmegnmhmthemf"._.
'butwhenudegamaremstaﬂedandtbesakwatermﬂuwxsrmaed,mégmwth__ e

: Deeomes a problem.

Silt Amalaaon and Obstractions

6.11 nmmmmwmagmwméaomaqmmwgmny”-"-

tends to become higher due to siltation. Therefore, it is recommended that at these

locations the bed should be maintained one foot lower than the designed level Siltation :

veqoﬁenmmmmwmefamwm&cwmma._'._'
seepagedmmorsew&easagmwtyeﬁﬂetfothomnmisubmm o
_S!ou@mgofﬂaaks

- 6.12 Slcughmgofbmhmmmmﬁwwlw&mwembbmm-_
' bed:sacommnpmblem. Repairing these side slopes has been difficolt. It is generally

not practical to anticipate all locations where this will happen while the drain is being
planned or designed even with soil investigations. Bank slonghing typically occurs whenthe =
adjacent water tabie is quite high and the flow level in the drain is low, so that the hydranlic -~

~ head is more than two or three feet. Thus, the drain bank in that zone is saturated with the

' water moving into the drain. Slope stability is adversely affected by the saturated condition

. wh&re&mmﬁMngdmcsaﬁdldammmmmamm_ =
otherwise had been stable. . o .

Banks, Service Road and Spoil Areas

613 Dramsystemsmaybewmmei&s,:fﬁeymmtpmp@mm Forz*.'
efficient monitoring and maintenance, a well maintained service road providing access 0

the entire drainage system is essential. Banks or service roads may be breached by storm

flows, which may seriously affect operation of the system. If spoil deposits are intended to

testrict surface water flows, they need to be monitored. Also, the associated surface drains

| mmﬁmmmmmmmmmhemmwmmmw.;_.;'
~ the drainage system operating as intended. _

614  Structures that may be damaged or worn include side inlet pipes or culverts,

- gauges, bridges, pumping plants, and two way gates. Significant structures, especially
pumping plants and tide gates, require specific operation and maintenance plans. .
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Solutions for Maintenance Problems

6.15 To accomplish needed maintenance, the responsible organization must be -
properly organized and staffed. Urgent repair conditions need to be recognized and -
~ addressed early to allow time needed for technical consultation and shlfts n budget'
allocations. '

Control of Vegetation

616 Weedsmayberemovedbyhandasshmmﬁgur&s&lanﬂ63 Aweedrake =

mounted on an excavator ot tractor, can also be very effective in controlling vegetation |

within the open drain (Fig. 6.4). Mowing to control vegetation on spoil banks, berms, and o .'
mthmtbedramszsbotheconomcalandeﬁeciwe,xftbemdeslopesaremttoosteep For
safety, side slopes on which farm tractors are to be operated should be made 3:1 or flatter; = .

4: lslop@sarepreferrcd. Side slopes as steep as 1:1, as well as channel beds, may be mowed

using mowers mounted on hydranlically operated booms (Figs. 6.5 to 6.7). All models

shown in Figures 6.5 to 6.7 are available from Herder' (see References) The weed rake -

shown in Figure 6.4 and mowers of all types are available fremEngzneermg&I—Iire,I.td"_ B

(see References).

6.17 Removal of grass and other vegetation from inside slopes is reqmred. ’Ihe'

vegetation should be cut off rather than uprooted The mowing or cutting is just above the -
surface of the side slope, and the roots are left intact to protect the slopes and help prevent

_ formauonoframmts Vegetanoncieamneeoftmsnamreshonldbe doncm]nnebefore

6. 18 There are also amphibious or boat mmmted mowers (Fig. 68). The modeh .

shown are made by Aquarius Systems (top picture), Botraan (centre), and Herder (bottom .
. picture) as examples ofavaﬂablemechamzedeqmpment. Address&sforthmeﬁrmsarem S
References. _ __: '

6.19 Sometimes burning can be 2 good method cfcommlhngund&mablcvegetanen--- N
- in open drains. However, burning dry vegetation may be hard to manage without creating =~ -

'ahamrdforadjacen:cropsorpmperty Care must be taken not to destroy bridges, plastic

pipe outlets, or other property. Any burning activity should be in compliance withlocallaws "
and ordinances. Btmnggeneraﬂyhasauegmveampactenaxquamyanda!sgmh IS

! Thcmcofmmrfacwexandsnpphcrmmmmtmsmmmtmm.

endozsementoftheproductsnorazetheytheonlysmmesforapammnem.'I'iw' L

mxemzsmmdlmtethetyp&scfeqmpmenﬂhatareavaﬁabieandsamplesom
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Figure 63. Removing weeds by use of loog handled rake,
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potenual animal fodder. An advantage is that minimum equipment is needed. However
adequate fire fighting equipment with properly tramed personnel may be requzred '

620 Chemicalsto control undesirable vegetative growth have produced some excellent
results. Caution should be used in application to prevent crop damage or water poliution
from the drifting chemicals. Broad leaf crops and most vegetable and fruit crops are
particularly susceptible to damage. Information on appropriate chemicals usually may be
obtained from local dealers or current publications. Major chemical compames have
prepared considerable information relative to usage of speaﬁc products. ;

6.21 " For guidance in the use of chemica]s on common weeds on drain banks, rcfer_ to .

- manufacturer’s recommendations or local technical material. The most current information

available, including data on new herbicides, should be followed. Laws or regulations
governing use of herbicides shall be followed. All chemicals should be used accordmg to
label on the chemical container. The EPA discourages the use of chemicals in perenmal- .
drains or nuilabs, as the water is frequently used for human and animal consumption.

Figure 64. Weed rake for use with excavator.
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Chemical control is very controversial. The primary consideration is that the water is used
over and over by animals and by people for personal use without treatment. Also,
herbicides may enter the drain water which is often used for irrigation again and may harm
the irrigated crops. :_ |

6.22 Biologiaﬂ control of vegetation needs research and evaluation. Under somc :
conditions fish may be effective for the control of algae or submersed species (ASCE, 1980). -
The Grass or Amur Carp (Ctenopharyngodon idella) and Israel Carp (Cyprinus carpio) are

two species being used and studied. Duﬁngpreparaﬁon of this Drai e M T

introducing fish that live on vegetation was discussed with staff of the irrigation departments

and others. The general conclusion was that this would not be feasible. A common concern

with Grass Carp is that, as a non-native species, they bave no natural predators and may

have uncontrolled population growth crowding out native species. Another opimi .

expressed was that the local people would probably catch and eat the fish faster than they

- could be stocked. Technically, fish are feasible under controlied conditions in seiected
locations. S

623 . Rémoval by hand or mechanical management of weed growth is prababljrthe-
most reasonable and feasible, ' ' ? )
Silt Removal

624 Debris and soil from adjoining lands are carried into open drains by surface
- runctf. Silt, as defined for irrigation channels, is not found in a drain. However, a drain

~ with debris and earth from the adjoining lands is often referred to as being aggraded or' __ :

silted. The siit deposits on the bed have to be cleaned out for the efficient operation of the
drain. The frequency of silt clearance depends upon the class of the drain and the design_
objective. Storm water drains may be allowed to silt up to a considerable extent. It may
only be necessary to remove silt when the drain is no longer capable of conveying the
discharge it was designed to carry. In Figure 6.9 the drain appears to have ample hydrazlic
capacity, but silt has accumulated to the extent that the present bed is nearly level with the
surrounding land. This condition may result in wateriogging the adjoining land.

625  For seepage drains, every inch of silt accurnnlated on the bed reduces efficiency.
When the depth of accumulated silt is 12 to 18 inches, the silt shonld be removed.

6.26 Most seepage drains have a cunette section. The cunette width established for
each drain is based on the anticipated seepage water discharge. The depth, as well as the
width, should be maintained. - B
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6.27 If the seepage water runs more than two feet deep, then efficient silt clearance

- cannot be done by manual labour and a mechanical excavator is needed. On the other

hand, the machine may not be efficient nor economical for depths less than 18 inches of silt
* clearance. The relative advantages of manual labour and mechanical excavation must be
considered. Silt removal by hand is shown in Fxgure 6.10 and a drain being cleaned by

excavator along with a drain cleaned with dragline is shown in Figure 6.11. A schedule for:

mechanical excavation of silt from drains should be programmed for at least two and
preferably three years and updated annually, The revised schedule should be submitted to- o
the Superintending Engineer in April to arrange for work to commence in Oc_tober :

Sloughing Drain Banks _

6.28 A method to repair sloughed drain banks is to flatten the side slopes to one
(vemml) in four (horizontal) or one in five. This can only be done where sufficient land = -
width is available. Redes;gn of section may allow narrowing the bed and ﬂaxtenmg the
slopes within the existing right-of-way. § LT

629 . Staking 2nd bushing is both expensive and of limited apphcatmn. F‘gure 612

shows the placement of stakes and bushes to collect silt or fill a section of damaged drain - o
bank. With a lot of hand labour available, the staking and bushing approach will solve the:'. o
problem for the short term. But if the drain is cleared of siit by a mechanical excavator, the

staking and bushing will probably be disturbed or destroyed by the machine. .In prachoe, N
some of the voided area may be filled with earth as shown in Figure 6.12. Lo

6.30 Another method of bank repair is to fill the voided area with earth sectmnS, _} =

referred to as, "Gatchie pitching”. Px*chmg the side slopes with large divots of berm earth |

from nearby irrigation channels is easier requiring less time and effort than stakmg and _
bushing but has obvious limitations. _ _ S

631  Bank sloughing can be remedied by intercepting the water a few feet away ﬁ'om

the top of slope (5 or 10 feet) by installing a horizontal subsurface pipe drain para]iel tothe
open drain at an elevation approximately 1.0 to 1.5 feet above the low flow levelinthe open =

drain. The horizontal drain will intercept the soil water moving toward the open drain as
shown in Figure 6.13. The water that is collected by the horizontal drain should be dlrected

to the open drain using a gravity outlet at approximate intervals of one half mile to one .
mile. Depending on soils and local experience, the horizontal drain may need to be piaoed-_. L
ina sand-gravei envelope It is recognized that this alternative may be relat:vely expenswe. w
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 Pigare 612. Repair of bank sloughing by staking and bushing

Rsin Cuts

532 Fﬂhngmmﬁbyplamngandmmmngzaﬁhmunpoﬂamwmm

cross section. The cause of the damage should also be considered and correstad. This may
manpmmm&@wm&mmﬂmﬁermﬁngmmwm&kamm

633 Special attention should be given 1o g reaches of banks, roadway and spoil

deposits, as needed, 10 maintain the design sbi .. %es. A common objective is managing
out-of-bank flood flows, as well as controllizz . lirection of surface water runoff, It ic
- important to insure that normal floods will not breach the bund or spoil and that the surface

water inlets are working properly. mﬁ%mmmgawmmmwﬂmm . |

- done in a manner that meets the original design requirements. |
634 Mainaining service roads is very important. The roadway needs to be inspected

frequently and kept in condition for use, as needed. This may require filling depressi s

and rain cuts occasionally, with more frequent smoothing.
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Structures

635 Bﬁ-vewimpemmmgive'm&ﬁcamﬂmmmmﬁningmmﬁmof

bridges and other structures during routine inspections to determine if repair is needed and
- to what extent. :

636 Distanice markers are rarcly damaged but repainting them is frequently needed.

637 mmmﬁztmc&&mdmwmmﬁlﬁngeﬁe@ed
backs around them. -

638 Water crossing structures should be examined for damages to masonry
- components, including supports. ¥ supports are in jeopardy becanse of bed tion,
mmmﬁsnm&mchasaheém(}%& 6.14}, should be used. A bed bar
iscomposedofmckarreckmdmmmmezﬁmmidegmﬁm-‘I‘he'depth,cis N
footer ¢ distance between bed bars is dependert on local site conditions. Repairs should -~ | -
be provided quickly to prevent future dsterioration Pipe or filume sections may need

639 : hmhgph&mimpe&mmmmeﬁmdr@mmy&s
mﬁammpmmmmm@mmmmm_mw&
developed for major structures to provide guidance for operating and maintaining them.
Each plan needs to be very specific for the particular types of swruchires and systems. Note

‘under “History" the items that should be incleded in frequent monitoring reports. =

£ 0 N A O N 1 E2EE A T N

TOP VIEW

Figare §14. Bed bar.
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TOP VIEW

- Figore 6.34. Bed bar.

Instructions and Criteria

640 Detailed operation and maintenance plans are needed for major stmctnras; |
mdudmgpnmpmgphmmmgates,andotharfadlmesthatmmtseﬁ-m'_-“ |
- Repmmshaﬂdhmwmmepmgsmgemm&ﬁmmdmg]

the design and coastruction stages. Aﬁw&mmneedmbemmmdmamdm R
with the general gunidance in this manual. .

6.41 ﬁemshouiébeupéo—da&zdcmﬂedmmrésafmc&émnmmmmm
conception. A major rcsponsi‘aﬂnyofthcammsmmﬁmmythcdramageqs:mto,”

~ anticipate needed maintenance and repairs.

642 The original detailed record {history) and subsequent addmons shoulﬂ be L

prspamdandmbmnﬁm&cﬂxd&gn&rfmwwﬂbcfem&m’bmgmcm:_ '
Each copy of the history should be in a laced file. The copy supplied for record in the

Secretariat should have the plans on tracing cloth, while prints will suffice for the other

copies. Copies should be supplied to the Superintending Engincer of the Drainage Circle -

and to each Division and Subdivision with responsibility for the drain. Whexeadzaxm
- gircle does not exist, then copies should go to the concerned Superintending Engineer.
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 Periodic Review

6.43 ‘Review the entire drain system after each significant flow and on an annua.l basxs. '
The report of periedic reviews will become part of the history of the system. A short note

- for each subsequent year should be written giving capital expenditure and general remarks e
regarding functioning of the drain and any other pertinent information. Remarks, such as . -

the necessity for repairs and construction of additional inlets, should be recorded. These =~
annual additions should be issued by the Superintending Engineer to all officers possessing =

a copy of the original history.

644 ; Dunng periodic reviews, the evidence of untreated industrial or urban waste

water should be noted. Other agencies, including EPA, are to be informed and appropriate L

follow up action taken to correct the problem. In Figure 6.15 note the colour of the waste
water entering the drain. ' : -

. History

645 Aprowduref@rdocumenﬁngtheoﬁginalandconﬁmxinghistoryofadﬁihage § -  .

system is:

- A. Narrative description of the drainage areas prior to construction of the
~ drainage system. This should contain a brief description of the conditions
prevailing at the time of planning and inspection of the drain. Reference
should be made to prevalence of salinity and waterlogging, also the depth of -
subsoil water table, normal flooding from rain and any other factors indicating
the need of the drainage system. o

The planned objectives for the drain should be stated.

Indicate the planned and the constructed conditions for lowering the water table, |~

- altering wetlands, reclaiming salinised land, or publis health improvements with
reference to the particular villages involved. T

B. Technical discussion containing brief notes on:
1. Alignment of the drain as finally accepted, with reference to
previous proposals and reasons for the selected alignment over other
alternatives considered. | '

2. Capacity of drain and reasons therefor.
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3. Notes on long section, e.g. identifying low points or control
elevations for the bed.

4. Type of cross section adopted and reasoms for selecting side
slopes.

5. Any special features in design of structures.

6. Notes on peculiar difficulties experienced dunng construction and
how they were overcome.

7. A complete and accurate record of pumping plant features, such
as: name of pumping station, type of pump, type of motor, make of
motor and pump, total suction head, number and capacity of pumps,
number of stages, power size of motor, R P.M,, transformer with load.

C. Plans to accompany the History

1. Index plan (tracing), usually at a scale of one inch equals one
mile, showing:

Contours

Drain alignment with R.D’s.

Important alternative alignments that were considered and rejected.
Village and district boundaries

Position of important structures

Irrigation channels

Important roads

Railways

Boundaries of catchment area

Rain gauge stations

e o pp ot p

2. As-built long-sections (tracing) to the vertical scale 1/100 for
deep drains and 1/50 for shallow drain showing:

R.D’s

N.S. levels

Bed levels _
Maximum designed W.S. level
Designed discharge
Catchment area

Bed width

@reap g
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Gradient of the channel
Subsocil water level with date

Position and sketches of masonry works
Datum and reference bench marks

e

3. For old drains only, which have been remodelled after
construction, a tracing of the long section on which the original and
subsequem desxgns of the drain are shown in distinctive colours.

4. One tracing sheet showing representanve cross sections of the
dram as constructed.

D. Durmg momtonng of drain after construction, the followmg items should
be recorded annnally: .

1. Cost and desmption of maintenance needed and performed.
2. Statement of flooded areas.

3. Statements of benefits to the land derived from the drain. The
oo_llective records of the villages should be used first.

E. For monitoring pumping plant system, the following information should bc
- reported momhly- _

1. Name of system
2. Number of pumps

3. Typeandwpacxtyofpumps
4. Working hour of each pump

5. Pumped volume (ac. ft.)

Gangmg of Drains

6.46 Alloﬁczaldlschargesxtesshouldbepltchedormadeaspanofstmcmresfor

crossings or grade control. A typical gage site is shown in Figure 6.16, Consxderanon
should be given to the fo!lowmg'

1. The side slope should be laid at the existing side slope of the drain.

2. 'Ihereshmﬂdbeapaocadropwaﬂorauoﬂonefootdeepbothupstream
and downstream of the discharge station structure.
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3. A pacca rib 0.65 feet thick is required at each end of the side slope
pitching.

- 4. The overall length of the discharge structure should be 20 to 40 feet.

5. RL. of the bed of the discharge structure or bed bar should be at the
same elevation as the designed bed. '

Figure 6.16. Typical gauge site.

647 Where discharge observations will be required in a reach of drain with widely
varying cross sections, the side slope pitching should conform to the particular section of the
drain at the selected discharge site. This will help establish steady uniform flow conditions.
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6.48 Proper location of a gangé is very important. A gauge should be far en&ngh back
from an outfall to minimize the effect of either backwater, or low water level in the outfall.

- 649 ‘Discharge measuring sites with flow above the natural surface level sﬁduld be |

avoided where possible. If such a site is selected, thex: a combination of the cbservation |
methods discussed in the next section should be adopted for the site. |

650 Automatic recording gauges are recommended, but the location and mj:mbéfof E o
gauges need serious consideration as their installation and replacement costs may be quite .
expensive. Also, these gauges require 2 high level of service and maintenance and =

considerable effort is required to analyze the data recorded.

651 . Apractical gange previously used in Pakistan to record the maximum flood water |~

level attained may still be used. This gauge consists of 2 wooden rod placed between asteel |
plate and an enamel iron gauge. The wooden rod has a square cut every 0.2 foot in which
a ball made of a2 mixture of clay and sand is placed. The balis disintegrate when submerged

as the flood water rises. The last ball dissolved indicates the height of maximum fl cod The . ., |
enamel iron gauge can be read directly, but the reader must be present at the time of flood L
flow. With this gauge, care must be taken that the gauge reader replaces all dissolved balls. |

Discharge Observations of Drains

6.52 The objective of obscrving discharge of drains is to acquire data regardi ing the | |

runoff from various types of catchment areas in various parts of the country. Detailed

and refining surface runoff procedures in Chapter 3, especially if data are consistently

annual data exists for many draiage projects. Such runoff data are beneficial in evaluating 2 |

acquired and recorded each year. For additional information on this subject refer to the .=

Hydraulic and Sediment Monitoring Manual for Provincial Irrigation Departments (USAID, .

1992). _ . R

653 Systematic methods of observing discharges should be adopted. Pygmy current
meters, if available, should be used where the velocity is less than 0.75 feet per second.

Pygmy current meters are especially useful for shallow flow depths. If a pygmy meterispot
available, velocity rods or floats may be used as follows: ' _ R

1. Velocity rod discharge meters should be used, if the velocit}? is less than o
0.75 feet per second and the depth is one foot or more. o

2. Float discharge method should be used with a coefficient of 0.7, where the
velocity is less than 0.75 feet per second and the depth is less than one foot.
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654  Standard current meter should be used where the velocity is 0.75 feet per second )

or more. For standardization of discharge data, it is important that the appropriate method

be adopted. For additional information refer to the Hydraulic and Sediment Monitoring .

Manual (USAID, 1992).

6.55 Flow measuring gauges on drains should be observed daily from June to
September and other times of the year when flows are noted. If it is anticipated that flows
may cause bed scour or other damage, it is very important to have gage readings. This
record, together with observed discharges, should be dispatched every ten days by the
Subengineer to the office of the Executive Engineer with a copy to the Subdivisional Officer.

656 ‘When abnormally high floods occur, arrangements should be made to estimate
peak discharge data. When drain banks may probably be breached in many places, it is
advisable to carry out a hydrauli¢ survey as soon as possible, showing the extent of the
flooding and the levels it attained at various points from which the hydraulic slope can be
determined and an estimate of the discharge determined. Care should be taken to correct
the levels at sites where the water has been artificially headed up. - e

6.57 When abnormally high floods occur, water may spill over the ridge of a
catchment area into another catchment that was blocked. The quantity of water collected
in the overflow catchment area should be estimated as soon as possible after the flooding.
Also, the duration of the ponding should be recorded in the annual drainage report. These
 data are to be included in the computations of the runoff from the original catchment area.

| Institutional Constraints and Opportunities
6.58 The Irrigation Departments have had more experience and better suec&cs in
managing the delivery of water than installing and maintaining satisfactory drainage systems.
The drainage needs and maintenance of drainage systems have not had high priority status.

6.59 Operation and maintenaice of drainage systems in Pakistan by the Provir c:al |
Irrigation Departments using annuai “udget allotments should be very effective, but in

reality it has not been. Instead of adequate annual maintenance, it is often necessary to

defer maintenance and perform rehabilitation later which may be much more expénsivc.

6.60 Annual maintepance grants quite often are much less than the maintenance
needs. The drains deteriorate, becoming choked with weed growth and silt, necessitating
a special repair/rehabilitation programme every five or six years at great cost. If part of the -
rehabilitation cost were used towards yearly maintenance, it would be more usefully spent
and help keep the drains in proper operating condition throughout the operational period.
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6.61 Many of the drainage systems have been planned, designed and installed by the
PIDs. Some of the drainage systems may be designed by one agency, such as WAPDA, and

~ turned over to the PIDs for maintenance. The cost of operation and maintenance should -

be considered along with original design and installation costs. It is especially important for
coordination between WAPDA and the responsible PID on all plannmg and design decisions

that may affect maintenance activitieg or needs. As discussed in Chapter 2 on planming, it .
is important for all directly concerned individuals, groups, or agencies, as well as some S

groups or individuals that are only remotely impacted by the project, to ha;ve an into -
- these overall decisions. mpnt |

Budgets

6.62 During project planning, 1t is important to estimate the average, or at i&st -
minimum, annual maintenance costs and make arrangements for adequate funds to be

available. It is generally much less expensive to perform minor maintenance activities

annually or as soon as the need is noted. The benefits of the project drainage system can |
not be realized, if the drainage system is not kept in good operating condition. Decreased
crop yields due to proionged ponding and other related results from the impaired operation

of the drainage system should be considered during the planning phase right through the ;: o

design, installation, and operation phases.

6.63 If maintenance is not performed on a regular basis, then the total system may

have to be replanned and rehabilitated. The cost of performing the rehabilitation is often |
more than the maintenance costs would have been, if performed in time. This cost
difference may be discounted by the owner of the system as there has been rehabilitation

work performed as a capital outlay rather than as 2 maintenance expenditure which comes |

under the nondevelopment budget. In reality, it takes a few years to obtain approval for
capital outlays for rehabilitation of a system, during which time there will probably be

additional crop and property damages incurred by the owners or farmer tenants. In N
summary, it should be viewed as less expensive and economically advantageous for the |

maintenance funds to be raised in a nmely manner and the maintenance work: performﬂd
as soon as the need is apparent.

6.64 For each open drain system, the yardstick for maintenance costs neeck tobe
developed. This should be part of the planning and design process so that funding |
arrangement can be established for maintenance before the system is installed. Yardsticks

for structures need to be developed separately. The development and annual revision of =

yardsticks for drainage systems have been done similarly in each PID, but individual
preferences in frequency of weed or sediment removal and the unit costs are different.

Since this is more of a local preference item, each PID or Drainage circle should do as !hey | o

have done in the past.
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Engmeeunganﬁ Rdseatch CemiPO.BGXZSM Derwer, CO 80225-0007. 286pp. e h

'USCID. 1989. Toxic Sunstances in Agricoltural Water Supply and Drainage. Pmcwdmg of

the Second Pan-American Regional Conference on Irrigation and Drainage. Ottawa,
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THE CANAL AND DRAINAGE ACT 1873
THE CANAL & DRAINAGE ACT (VIll OF 1§73)

MMmregn!azcknm%wgammBm R
W&emiﬁmmmm&_

Wm}mmwmmmmﬁrmcwwm&ﬂ o

rivers and streams flowing in natural channels, and of all lakes, (subsoil water) and other -
' natural collection of still water; and whereas # is expedient to amend the law relating to
mmmnmmtnﬁamézemizﬁmmﬁufm

PART 1

@ "wmhma&mmmwmmmaammmmy'-
mﬁeﬂ,mmwmﬂvmm@ermﬁmm -

- Mmmm@m&m&mmmwm&mmmi
n?&m&ﬁmzﬁ&mmwwﬂm&m& . R

Commencement: {1 shall come into fm i ance.

(€) All water-courses as defined in the second clause of this section; |

(d}wmﬁam,mmaarmm&wmmm"s-

drainage ,
. of Part I of this Act, (but does not indude 3 Kareze not constrocted at the cost

channel mmmmwmmwm _—

&%WW@:%mﬁbﬁmmm&mﬁm_{ | |
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m&ewmonwhercofdmmtam&rw&a%mﬁ,aﬁm '
maintained or controlled by the Provincial Government). .

(S)er?méudﬁm-&amkﬁommmmemm

simces,dramsmdu&ermrhformepmMGnafmmmodcrmm T
o &mdarmmdwmﬁmﬁwemmrmpmamﬁmm&m

Acgbntdommtmdadawerksfmthemma}afsewemge&mm

at i:i;e cost ofthe Pmaalﬁwemment,smmmc wam constracted or

- maintained at the cost of the Provincial Government, 2t such places as the Provincal =~

Govemm&mhm&r&emmemmof&em&m
aﬂ;accntlands. -

%Wammmmwwmtlmmmﬁmmﬁmm
to the effect that suitable crossings have not been provided on any canal, the Collector shall
mmmh%m&md@mmﬁémmm&c

mmmmm&kmnmmmwmnfmmmmoﬁh-
| W&Wmmwm:m@mmchmm R
reicmtﬁ:rmbe%%ﬁthmhm Ny

Pmemmwmme%McMﬁmMcm
anmmmmmmﬁmmm&mmmmm
W%vemmywmuﬁmmmbh&hwmmeﬁﬁaﬁﬁmmm

mtbmkmﬂsmbedeﬁmémsu&smaﬁmthcfamafmommm'

m!hmsachimﬁ,oxderthcrmﬁnro&hcr modification of such obstruction.

’ihercupoasamuchsﬁhemdmer mmmm&mmm |

m&hmahaﬂbehddmbea&mgm&mdeﬁmﬁmms
56, an

_mnmmwm&vcmmmmmhﬁﬁm aﬁermchmhhm e
mcmm&zm&em&mngerhawngm&maﬂymm:mamm

or modify the same within 2 time to be fixed in the order.
If, within the time so fixed, such person does not mmp!ywﬁhthemdmthesaxdcm

'mwmﬁmmm&&Maﬁﬁmmmmmm

was issued does not, when calied upon, pay the expenses invoived in such removal or
m@ﬁmm&ms@aﬂﬁem&ehp&emmhmw&
reprmm—mmammeﬁmﬁ-rm
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Orthazpmmnﬁcmﬂmdsmothcrmm&m orfmmmnlvamet

is required for any lands;

m&mmmmam&rm&WMWbemW S

- and published together with an estimate of its cost and a statement of proportion of such |
mmw&mmmmmmamxwmm

| ztmpmmmhmﬁcmmefzﬁesm
b5 A

.cha.rg&.‘bk

-- WWm&m@M&ﬂMmMWM&W&%MW

| mwmwm@m},
me&mmm'hmmam)mw&im

undchec.SSany abmmwrm or modified;
mmwmmﬁmwmmﬂ

modzﬁmﬁﬁcmémmthemmnofw&wmkmyumwm |

thnCoﬁactor mmm&mm&cmmm@mmm& 10. -

mmwmmwmmmmmmm

| mmmmwmmwmmmymﬂmmmw

drainage work;
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ﬁaﬁkn@w&dsh&m&cmmm&bymm&mmbem

jiot Mmma{amﬁmmm

Limitation of such dlaims: Nommmﬁbemmaﬁamemof 7
mm@&mdmmmimmwmm@m R

. Whoever, mmm&am&&cm | :




Appendix A
(2) interferes with, increases or diminishes the supply of water in, or the flow of water from,

through, over or under any canal or drainage work, or by any means raises or lowers the
level of the water in any canals;

(3)mxerferesmthﬂraketstheﬂowofwatermanynverorstream,soastbecn&ngex'
dama.georrenderlessusefzﬂanymalord:mnagework; .

(4) makes any dam or obstruction for the purpose ofdxvernng or opposing the current of' _
a river on the bank whereof there is 2 flood embankment or refuses or meglects to remove
any such dam or obstruction when lawfully reqmred s0 to do; .

S) prcvents or interferes with the lawful use of a water-course by any person anthonsed to
use the same; :

(6) being responsible for the maintenance of a water-ccmse, or using a wa:cr-wurse,
negiects to take proper precautions for the prevention of waste of the water thereof, or
interferes with the authorised distribution of water therefrom, or uses such water in an
- unauthorised manner;

(ﬂdxmmﬁ&swa&rmmmm:emﬂkhﬂthembyﬂemyﬂngorobs&uﬁmgthe

" | unganonofthclandofanozherpexson,

..(8) corrupts orfoulsthewaterofanymnalsoastorenderrt!essﬁtforthepmposefor
-whlchn:serdmamyused, . '

(9)manyvmlmenﬁrormga&anymalmﬁarywthemiﬁfortbembemg '
prescribed by Government for entering or navigating such canal; _

{10} while nangatmg on any canal, neglccts to take proper precaunons for the safety of tbe :
canal and of vessels thereon;

(11) ncglecs,wﬁheureascnabiemse,mwstormwMemass:stmsnpplymgthe -
“f-::sreqmredofh:morbemga!abeurettosugplyhzslabomfortheexmonofmy
work, when lawfully so bound to do under part VII of this Act;

- {12) destroys, defaces or moves any land or level mark rain-ganges or water-gauge ﬁxe:d by |
. a public servant; L

(13) dﬁuoygmmwhﬂorremesanyappamm&orpanofanywifw

hydrologncal observations or for controlling, regulatmg or measuring the flow ofwaxcrm any -
Gma.!, river or stream; .
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(14)passmorcausmanhna!sorvchiciestopassonerammyaftbeworh,banksot
channels of a canal or drainage work contrary to rules made under this Act;

(E}caus&sorknomnglyandmiﬁxﬂypemﬁmﬁle&gmzeuponanyanﬂordmmge
workortethersorbwwinglyaadwﬁlh:gﬁypermﬁsmﬁlctobetethereduponanymchml

or drainage work, or uproots grass or other vegetation growing on any such canal or
removes,mtscrinanywayinjumsorwnsestoberemedmtsorothemiseinjmsmy i

| iree,bush,msarhﬁgemmformcpmwcﬁoaofmchmnﬁo;&ainagém
(lé)makﬁormanymmermmmrﬂyabesthemaﬁngofmemmm&ényﬁnﬁi
within&e_limis::famalmdrainagewmk,orrefusserncglectsto.remtmysucb L
encroachment when so required to do by Canal Officer, or | AR

(17)‘85.012!:&6m_wﬁmmmmwbmmfawm_m&,

'shaﬂbeﬁable,oncemdcﬁonbeﬁoreahfag’s:ratcbfmchdassasthe??mvimial:‘f“ '

Gmgrmm&mmtﬁswwgwaﬁmmtummmwmatq“.
imprisonment not exceeding three months or both. B

(2) Whenever any person is convicted under this section the convicting Magistrate may order.
that the cost as certified by the Sub-Divisional Canal Officer for removal of the obstruction

or repairing the damage in respect of which the conviction is held, shall be payable by him;

an if such person neglects or refuse to obey such order within the period to be fixed, the

cost of such removal or repair shall be recoverable from such person by the collector as
arrears of land revenue. ' _— S
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APPENDIX B
THE SINDH IRRIGATION ACT 1879
An Act to provide for Irrigation in the (Province of Sindh).
_WIEREASItmmaryw'makeprmonforthewnsﬁncuon,mmtemcéand

regulation of canals for the supply of water there from made for the levy of ratcs for water -
sosupphed,mtbe(Prmnoeomedh),Itxsenactedasfoﬁows- :

PART 1

It extends to the whole of the (Province of Sindh).

(a)aﬁmals,channclsmbeweﬂgpzpesandresemuswnsma&mamtm;edor =

controlled by (any Government) for the supply or storage of water;

@)Anmrh,emhankmemamgands@lyandesmpechamkmmd
with such canals, channels, pipes or reservoirs, and zll roads constructed for the
purposeoffadhtahngthemmﬁucﬂencrmwmafmchmh,chmk,’
p:pesorr&zvmzs

{(c) all water-courses, dramage-works and flood embanbnents as heremafter-
respectively defined;

(d) any part of a river, stream, iake, sub-soil water, namralcoﬂection of waxer or T
natural drainage-channel, to which the (Provincial Government) may apply the - | =
provisions of section 5, orwhxchthewaterhasbecnapphedorusedbefoxethe,

passmgofttnsActforthcpurposeofanyensnngcaml,

(¢) all land belonging to (the(kown)whlchxsﬂmatedonabankofanymaiasv" o

‘hereinbefore defined, and which has been appropriated under the orders of (any e
Government) for the purposes of such mnal

3(3) _dmmk:mﬂms any work in connection with = system of nngauonor .

reclamation made or improved by (any Government) for the pur, se of the dxamage ofthe

country, whether under the provisions of section 15 or othemse, and includes osﬁpe-
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channels from a canal, dams, weirs, embankments, sluices, groins and other works connected . |
therewith, but does not include works for the removal of sewage from towns;

VA Whenever it shall be necessary to make, anymmorexammahonmconnectwnf

'wzthaprqectedmnal, or with the maintenance, of an existing canal, any Canal-Officer daly . .

empowered in this behalf, and any person acting under the general or special order of any
such Canal-Officer, may:- _

(2) enter upon such land as he may think necessary for the purpose, and

(b) exerc:seaﬂpowersanddoaﬂthmgsmxespectofsuchlandashemghtmmsef o
and do if (the Provincial Government) had issued a notification under the -
provisions of section 4 of the Land Acquisition Act, 1870, to the eﬁectthatland R

in that locality is likely to be needed for a public purpose, and

(c) set up and maintain water-gauges and do all other things ncwssary for the:_ .‘ _'

prosecution of such inquiry and examination.

8 AnyCanaI—Ofﬁcerdulyempoweredmthzsbehalf,andanypersonachngunderthe

general or special order of any such Canal—oﬂicers, may enter upon any land, building or -

water-course, on account of which any water rate is chargeable, for the purpose of i mspecting |
or regulating the use of the water supplied or of measuring the land irrigated thereby or o

- chargeable with a water-rate, and of doing all thmgs necessary for the proper regulanon and b
managcmeut of the canal from which such water is supplied. _

9.  Incaseof anyaomdem being apprehended or happenmg toa canal, any Canal-oﬁoer -

duly empowered in this behalf, and any person acting under the general or special order of :

any such Canal-officer, may enter upon any iand adjacent to such canal, and may take trees
and other materials, and execute all works which maybe necessary for the purpose of

preventing such accident or repairing any damage done.

10.  When a Canal-officer or other person proposes, under the provisions of any ef the
- three last preceding sections, to enter into any building or enclosed court or garden : attached
to a dwelling house, not supphed with water from a canal, and not adjacent to a flood-
embankment, he shall previously give to the occupier of such building, court or garden snch 3
reasonable potice as the urgency of the case may allow. N

Canal Crossings | |
il Smtablemeansofmngmaisshaﬂbepmdedatmchplaceasthe(hmmalz |

Government) (or (any Commissioner if empowe:ed by (the Provincial Government) in this o

 behalf) thinks necessary for the reasonable convenience of the inhabitants of the adjacent |
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land; and suitable bridges, culverts or other works shall be constructed to prevent the
drainage of the adjacent land being obstructed by any canal.

Removal of Obstructions to Drainage

B2 Whenever it appears to the (Provincial Government) that i mjmy to the pubhc heal:h,

or public oonvemenoe,or to any canal or to any land for which ngatmn from a capal'is
available has arisen or may arise from the obstruction of any river, stream or natural -

drainage course, the (Provincial Government) may, by notification published in the (Official :
Gazette), prohibit, within limits to be defined in such notification, the formation of any such

“obstruction.

obstruction or may, within such limits, order the removal or other modxﬁmnon of such_ B

'Ihereupon so much of the said river, stream or natural dtamage channel, as is oompnsed i

within such limits, shalibeheldtobeadrmnageworkasdeﬁnedmsecnon3
| Construction of Drainage works - |
15. 'Whenever, it appears to the (Provincial Gavemment) that any dramage work is

necessary for the public health or for the improvement of the proper cultivation or irrigation | =~
of any land, or that protection from floods or other accumulations of water, or from erosion . - -

- by a river, is required for any land, the (Provincial Government) may cause a scheme for .~
such work to be drawn up and carried into execution, and the person: authorized by the |
(Provincial Government) to draw up and execute such scheme may exercise in connection .

therewith the powers conferred on Canal Officers by sections 7, 8 and 9, and shaﬂ‘behable:
totheobhgauonslmposeduponCanaloﬁcersbysectmnsmand% S

Summary Decisions
24, 'Ineveryaseofentrylmonanylandorbuzldmgundefsecuoné sectxen?’ Secton

8 or section 9, the Canal-officer or person making the entryshaﬂascertamaﬂdreeordtbe
extent of the damage, if any, caused by the entry, ormtheexem&onofanywork,toany'ﬁ'-_ o

crop, tree, building or other property,

~ and within one month from the date of such entry compensation shaH be tendered by a
Canal-officer duly empowered in this behaif to the landhclder or owner of the property B

da.maged.

If sach tender is not awepted the Canal-officer shall forthwith refer the matter tu the o

Coliector for the purpose of making inquiry as to the amount of conmensauon and deciding
the same.
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THE BALUCHISTAN CANAL AND DRAINAGE ORDINANCE, 1980

THE BALUCHISTAN GAZETTE
PUBLISHED BY AUTHORITY

- NO. 241 QUETTA WEDNESDAY DECEMBER 10, 1980

GOVERNMENT OF BALUCHISTAN
- LAW DEPARTMENT

NOTIFICATION
Dated Quetta, the 10th December, 1980. | i
No Legis, 1-54/Law/80. The following ordinance made by the Governor of Baiuchlstan on
3rd December, 1980, is hereby published for general information:- _ 2

BALUCHISTAN ORDINANCE No. XX OF 1980.
THE BALUCHIS‘_I‘AN CANAL AND DRAINAGE oRDmANCE, 1980.
ORDI?'INANCE | |
to regulate Irrigation, Navigation and Draiﬁage.

PART-]
PI ARY

L (1) This Ordinance may be called the Baluchistan Canal and Drainage Ordinance,
1980. - s

(2) Tt extends to the whole of the Province of Baluchistan, except the tribal areas.

(3) It shall come in force at once. -
2. In this Ordinance, unless there be something repugnant in the subject or eontext:— |
(1) "Canals” includes:- -
(@ all canals, channels, tube-wells and reservoirs constructed, mamtamed,

or controlled by the Provincial Government for the s:zpply or storage :
of water;

(b) all works, embankments, structures, supply and escape channels or reservoirs;
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(c) all water-courses as defined in the sub-section(2) of this section;

(d) all parts of a river, stream, lake or natural collection of water or natural

drainage, channel, to which the Provincial Government has applied the

provisions of Part H of this Ordinance, but does not include a Kareze not

constructed at the cost of the Provincial Government and not maintained or
controlied by the Provincial Government or in the construction of which the

contribution of the Provincial Government does not exceed mpecs te;

thousand;
(2) "Water-course” means anychannelwhmhzssupphedﬁthwaxerfmmawﬁal,bm

which is not maintained at the cost of the Provincial Government and submdxaty |

works belonging to any such channel;

NE) "Dramage—work" includes , escape-channels from 2 mal dams, weirs,

embankments, shuices, grains and other works for the protection of lands from
flood or from erosion, formed or maintained by the Provincial Government

under the provisions of Part VH of this Ordinance, but does not i ldeworks -

for the removal of sewerage from towns;

50. Whenever it appears to the Government that injury to an}r land or the pubhc haith -

or public convenience has arisen or may arise from the obstruction of any river, stream or .~

drainage-channel, such Government, may by notification pubiish in the Official Gazette,
prohibit, within limits to be defined in such notification, the formation of any obstruction,

OF may, w:.thm such limits, order the removal or other modification of the such obstmctzon. | |

Thereupon so much of the said river, sﬁeamordramagechannelsasmcompnsed

within such limits shall be keld to be drainage work as defined in section 2.

behalf, may after such publication issue an order to the person causing or having control

_overanysnchobstmcﬂantoremove ormdxfythesamemthmaumetobeﬁxedmthe_

order.

modification, such expenses shall be recoverable by the Collector from him or ks
representative in interest as an arrear of land-revenue.

e Y.1 B

51 The Divisional Canal Oﬁoer or other person authorized by the Govemmem in that |

If,wizhintheﬁmesoﬁxed,snchpersondm not comply with the order, thesmd .
Canal Officer may get the obstruction removed or modified; and if the person to whom the
order was issned does not, when called upon, pay the expenses involved in such removal or
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52.  Whenever it appears to the Government that any drainage works are neoessary for
the improvement of any lands, or for the proper cultivation or unganon thereof, or that

- protection form floods or cther accummlation of water, or from erosion by a nver is

required for any lands;

| 'I'heGovemmentmaymuseaschemeforsuchdmmagewerkstobedrawnupand e

_published together with an estimate of its cost which the Government proposes to defray

-and a schedule of the lands which it is proposed to make chargeable in respect ofthe

scheme.

33.  The person authorized by the Government to draw up such scheme may exerc:se aB' :
or.any of the powers conferred on the Canal Officer by section 10; _

54, Anannﬂalrate,mrespect of such schemes may be charged, acoordmg tamlestobe )
madebytbeGovemment,ontheewnersofaB!andswmchshaH,mthemannerpracrﬂaed

by such rules, be determined to be so chargeabie,

: vaxdedthatmthewseofagxxaﬂMhndnoMr&eshaﬂbechargedfmtbe- ;
first two harvests unmedlately following the completion of the scheme. ' :

55, Any such drainage rate may be collected and recoveredmthemannerprmdedby"

section 40, 41 and 42 for the collection and recovery of water-rates.

56. Whenever, in pursuance of a notification made under section 50 any obstmct:on is
removed or modified; :

or whenever any drainage-work is carried out under section 52;

all claims for compensation on account of any loss consequent on the removal or'

modlﬁeaaon of the said obstruction or the construction of such work may be made before c

the coiiectcr andheshaﬁdeaimththesam&mthemannerprmdedmsechann a

57. Nosuchdmmshaﬁbeentertameda&ertheexpwatmnofonewammﬂle :
occurrence of the loss complained of, unless the Collector is satisfied that the cialmant had
sufficient cause for not ma.hng the claim within such period. | i



APPENDIX D
| ORDINANCE ESTABLISHING ENVIRONMENTAL PROTECTION AGENCY - |
THE GAZETTE OF PAKISTAN
EXTRAORDINARY
PUBLISHED BY AUTHORITY
ISLAMABAD, SATURDAY, DECEMEER 31, 1983

PART 1

' Acts,Ordmanws,PrwdenstrdersandRegﬁaaonshchxdmgMarﬂaﬁimOzdersand E

Regulations.

MINISTRY OF LAW AND PARLIAMENTARY AFFAIRS
- {Law Division)
‘siamabad, the 31st December 1983

No. F. 1‘7 (1)/83-Pub.- The following Ordinance made by the President is hereby pnbltshcd
for general imformation: o 3

ORDINANCE NO.JXOCKXVI of 1983

AN
ORDINANCE

to provide for the control of pollution and preservation of living environment.

WHEREAS it is expedient to provide for the control of pollution and presewanon of hvmg_ |
environment and for matters connected theremth or ancillary mercto _ '

And WHEREAS the President is satisfied that circumstances exist which renéentmy' |
tc take immediate act:on.

Now, THEREFORE, in pursuance of the Proclamanon of the fifth day of .fu!y 1977, anﬂ
in exercise of all powers enabling him in that behalf, the President is plessed tomakeand
‘promulgate the following Ordinance: L

L Short ti extent ang conunence! n-(l)'!'fns&dma&cemaybemﬂedthel’ahs:an :
Enwmnmenmi Protecuen Ordinance 1983 SR

(2) Itextends to the whole of Pakistan and its temtona.‘l waters, Exclusive Economic
- Zone and historic waters. .
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| {m)wmwmmymm@m Jesignated
%mmawmwhawmmm Lo

(9) “poltution” means any matter which, o being
ww‘: waters, aiters unfa vourahly the mﬁﬁ, Pm W W'. |

Appendiz D |
mm&ammasmwlqmmmdehvcxywmmfm
plnnpmgcﬂ.mxarscwageorforcemr&nng, it
power. |

B %Mm'wmrmﬂmgﬁmm&wmﬁty

bytheFeduﬂ

purposes of this Ordinance.

£ ﬂmmmammmmwmmmmam.'k

relating to local goverament;

o) “rumnicipal waste* includes sewage, mmmmmmw

like; .

discha rged nto the m soil OI‘.

rediclogical intagrity of the air, mﬁmmb&mmﬁmmwm

arxmw%mﬂemmmwmmwm,mwr':

' pwmﬁmmmmm&eh&,m&,m&hpma
other forms of bife; | : o

{q) ‘pzmb:&‘mnsyrmﬁeﬁhgwﬁ wﬁsgniu‘ens, _

{r} public waters" mwwwzammmmmmm |

mwmmmmmwzmmw&.M' -
Mmh&mmmﬁemmnﬁwaﬁmmmm Mmt&e_ 2
mmmmmm&m o

(s} “regulation” means regulations made under this Ordinance;

{t) W&“Wmmmt&s@z&m

 {u) “sewage mmm&wmmmmmm

mhmgm&em
{v} mﬂards mmeﬁum&ﬁm&m&aﬁmﬁm@

{w) “territorial waters™ MWWWW&@@@K&MTMMW&;M'

Maritime Zones Act, 1976 (LXOOXT) of 1976).
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{x) WWWWWMWWWME%
umnzdmsmm_ : | .

mmmmmmﬂmmmww
. mmmshasmﬂtry cattle, mm&y a&mmwmd‘ﬁ |

stabli of the Councl {X}WFWGWMW ;
: maﬁmsmmmwaacmmwmwmmW--_";g-
Pmmm()wmﬁandmma& - ‘ .

) ﬁw Presadent of Pakistan

{if) m%mmmgm o Vies o

' mhmﬁfﬁmmm:awm

ifw} mmmmm ” . Members

{2  The members of the Council,
for a term of three years.

{3} The Council shall frame iis own roles of procedures.

(%) MW&MMW%MMW
WMMMMMMWMRM&maW

{3) The council myﬁ by general or spedial order and subject in sach. ,
mitmyméﬂﬁgw@emyefiﬁwm%ﬂrﬁm o

if




Appendix D
(b)  establish comprebensive nationa! environmental policy;

{c) giveapprapﬁamdirecﬁcnmmmemthermabieandapewc"':-
TESOUrces; '

(d) ensure thar environmental considerations are zmcrwcaved into Ratml' %
~ Development Plans and Policies; :

{e) ensure enfercement of the National Environment Quz!ny Standafk, and

'£3) 'givceﬁmcﬁansmanyGGétMam abodymagermmqniringim;:
_ Mmmmmmiwmmmmmmwm
| ?rm_mﬁain&ammymgmtmgmcﬁarmmymtﬁmwm

LIrcinance,

(2 .’Ihcﬁamm,anfsamqmmdwthesmmwmm

@mM@memmmmmMemf&mem : '_ "
ofcmmmmanmmw:mmmmmeﬂmm S

| Estabiishment of the Agency, (1) The Federal Government ﬂmﬂ,bymaﬁmnmm
o .-mmmmWMmemmmmmmm_
Agenqmmmmma&mdm&emmsmmmnm&r&em- :
of this Ordinance or the rules and regulations. ' _

) The Agency shall be headed by 2 Director General who shall be appointed

- wmfmmﬁmmm&maMwM&nw&mm

) mmmmmafmwmmmmmmw
the Director General,

(4) The Agency sﬁaﬁhawsa:h&dmsmq&chmmiauﬁkgﬂswﬁas&c
Fﬂéﬁf&i OV EIRIIen may Wmt

{8 Tomﬁhmmtheé&c&mge&fh&&nﬁmtbebmm
establish such Advisory Committess wkemyﬁ&mﬁtwdwamw AN
| mmﬁmm@mm&c%&awmmmywm?
pmgmammwdsnfkaawiedge. | SR
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Appendix D
prepare national envirommental policy for appraval ofthe@mdl

pubhshanama!mponenthes:axeofemmnmcm;

establish National Eavironmental Quality Standards with ﬂxeappmalefm- SR

m&eﬂmmmms;m:&sasmmm o

mmmaﬁmmmmbmmm&lpom

:mmmm%mw&mm:emdmwm

. wmm%m&WWMsm;_
consolidation of survey and research system, the promotion of researchand |
development, the dissemination of the results of such research work and .
dcvelepmemmrk,andtheednca&onmdummngefmchmwg* S

other governmental functionaries; _

and t0 Tecommend to the Councl the introduction of enmmmtal

mfommoamtheesyﬂabxofeémnamim&mgns;m

mr@m&aﬁmhﬁ&cm!emmmofmwmo}poﬂum

‘IheAscm?ma?-

(a) Mamﬁmmmwwimmshanymmmm

re!cmnitatheﬁm@msoftheﬁ&genc;

-{'5) mmeappmvﬁeftheFe&raiGwermmatcmqum'
foreign assistance in support of the objectives of the Ordinance and =

enter into arrangements with foreign agencies or organizations for the

mdmﬂmmmsnmmmmmm

scmmzzsormeenngs;




| A 'Bm:s_emm-&bjectwmepmo’-‘ n of this Ordin mfhﬁﬁg&n@w- | =

L ©
@

@
®
®
(a)

(b

©

Appeadix D

‘establish and maintain laboratories to conduct research in various

aspectsofemmnmcmandpmdegrmwmsnmnonsforspeaﬁc'-

prajects;

dclegateanyofmpowersunderthzscrdmanceandthemgu]anomto:‘ |
any Government agency; _ :

identify the needs for iegzslanon i the environmental ﬁeid,

.-ﬁm°feqﬁestoftheFederaiGmemcntaranvmualemm G -
or any Govermment agency, provide advice and assstanoe m

envxronmenml matters; and

perform any other function whxch the Cmma‘l may

assign to it.

Iease,pmd:ase,acqmre,awn,ho!d,:mpmve,meorothmsedealm’

and with any property both movable and nmmvabie,

sell, convey, mortgage, pledge, exchange or othemzse d:spose of rts:
property and assets; _

cxewtezmﬁuments,mmrhabﬂm&sanddoaﬂactsorthmgsmry :
for proper management and conduct of its business; m ' j

appomtmchadv:sexsandconsultamsasﬁm&ersmyfor,p AN
| eﬁaentperformamoﬁtsﬁmcﬁo&sonsucht&mamimmdxﬂomas R

The provisions of this section shall apply to such -

@ |
®
(©

persons or class of persons, or

industrial activity or class of industrial activity, or

category, type.oi volume of discharges of air poﬂnnenorwastes, or
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(d}  area or class of ares, or
(e) classes of public waters
as may be prescribed by regulations.

(2)  Every proponent of a project the construction or completion of which is likely

- to adversely affect the environment shall file with the Agency, at the time of planning the S
- project, a detailed environmental impact statement including information on: | BRI

(a)  the impact on the environment of the proposedmdmmalacqu; o
(b)  the treatment works of the proposed prdject; | E

{c) the unavoidable adverse environmental effects of the propoéed project:
o : o T

(d) the steps proposed to be taken by the pr(}ject proponnt to . . .
adverse environmental effects. L

(3)  The Agency may prescribe guidelines for the preparation of eﬁﬁranmentéli o

- impact staiements and, where such guidelines have been prescribed the proponents of
projects shall prepare environmenial impact statements according to the said guidelines.: =

(4)  The Agency may itself or through the appropriate Government agencyrewew o
the environmental impact statement and, where it deems appropriate, it may also involve .

public participation in the assessment of the environmental impact statement. <

(5)  After the review under sub-section (4), the Agency may either approve the =
environmental impact assessment or recommend to the Federal Government thatthe project ~
be modified or rejected in the interest of environmental objectives. - R 5

9. | Agency to assist local councils, etc. posal of wa o
local councils, local authorities or other Government agencies and persons to implement

astes. The Agency shall assist the

- schemes for the proper disposal of wastes in line with the standards and procedures S

prcsm’bed by the Agency. o _ . S SR

10.  Funds of the Agency.- The funds of the Agency shall be derived from the following

sources, namely:- | | _ L ._ . L
(a) grantsmadeand!oamadmnoedbythe?ederéleemmemotthéfmﬁnﬁai'fi-_':_:
- Government; . ' E S
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(b)  grants, loans advances and other moneys received from local or international
agencies;

(c)  fees, rates and charges received by the Agency under the provision of t!ns -
Ordinance; and

(d) all other sums received by the Agency.
(1) The Agency shall suhmit its annual budget estimates for approval of the“ _
Federal Government through the Council. C

(2) - The Agency shall maintain proper accounts and other relevant records and
prepare anmual statement of accounts in such form as may be prescribed by rules.

(3)  The accounts of the Agency shall be audited i such manmer as may be d:rected :
by the Federal Government. :

12, Penalty

(1) Whoever contravenes or fails to comply with any provision of this Ord:nanoe .
~or of any rule or regulation of any direction issued by the Agency thercunder, shall be

punishable with imprisonment for a term which may extend to two years, or with fine which

mey extend to one hundred thoesand rupees, or with both, and in the case of 2 continuing
costravention or failure, with an additional fine which may extend to ten thousand mpees
for sveryday after the first during which such contravent or failure conditions.

(2)  The Director General or an officer generally or specially :mthonzed by him
in this behalf may compound any offence under this Ordinance. :

13. Indemnity. No suit, prosecution or other legal proceeding shall be against t the. Coundi,
the Agency, the Director General, or the members, officers, employees, experts or
sonsuitants of the Agency, for anything in good faith done or intended to be done under thrs
Ordmance or any rule or regulation. .

14. Bar of jurisdiction.- No Court shall take cognizance of any offence pumshabie tmder. :
_th;s Ordmanoc except on a complaint in writing made by the Agency.

15. he ge : rrear of land reve Amrduesrewverableby'. E
the Agency under the provmons of thzs Ordmance -or any rules or reguiations shall be
recoverabie as an arrear of land revenue. S
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16, Roﬂg:_m_mm The Federal Government may, by notification i in the oﬁaal_ -
Gazette ‘make rules for carrying out the purposes of this Ordinance. -

17, F regulations.- (1) The Agency may, by noﬁﬁcauon m the oﬁml
_Gazette with the approval of the Federal Government, make regula.uons, not inconsistent
with the provisions of this Ordinance or the rules, for carrying out the pmposes of tlns-'

{2)  In particnlar and without pre;udxce to the generality of the foregomg powe:,_. e
‘such regulations may provide for the levy of fees, rates and charges in respect ofserv:cts B
rendered, action taken and schemes implemented by the Agency o

Generaﬁ
M. ZIA-UL-HAQ

President.
CA RAHMAN

Secretary.
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Table 1. Sait Tolerance of Fibre, Grain and Special Crops*

Appéndix E

SALT TOLERANCE OF CROPS (ASCE, 1990)

Common

. name

Botanicatl

Avena sativa

"~ Secale cereale

inctorius

annuus .

Triticum aestivum
Triticum

Triticum

Electrical conductivity of
saturated soil extract

Threshold
dS/m"*
89
10
16
1.7
B i}

49
17

83

32

30
114

50
70
17

6.1
6.0

59

Slope

%/dS/m

50
190
9.6
120
52

1208
120

176

20

68

160
200
59
59

T TRT B BTART 5YC B4R 5 7 BE VEE ¢ -
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Table 1. Salt Tolerance of Fibre, Grain and Special Crops (cont.)

Footnotes:

b

These data serve only as a guideline to relative tolerances among crops. | Absoh:;e :

‘tolerances vary, depending on climate, soil conditions, and cultural practzoes. L

Botanical and common names follow the convention of Hortus Third (Liberty
Hyde Bailey Hortorium Staff 1976), where possible. -

In gypsiferous soils, plants will tolerate electrical conductivities abont 2 dS/m
higher than indicated.

- Ratings and references are further discussed in Mamxal Nnmber 71 (ASCE.

1990). Ratings with an * are estimates.

Less tolerant during seeding stage, EC, at this stage should not exceed 4 dS/m or |

5 dS/m.

Grain and forage yields of DeKalb XL-75 grown on an organic muck sol - -
decreased about 26% per Ds/m above a threshold of 1.9 Ds/m (Hoﬁ‘man et al, '
1983). e

Because paddy rice is grown under ﬂeoded conditions, values refer to the

electrical conductivity of the soil water while plants are sabmerged. Less telerant' =

during seeding stage.
Sensitive during germination and emergence, EC, should not exceed 3 dS/m.

Sesame cultivars, Seasaco 7 and 8, may be more tolerant than indicated by the S_
Rati o 4
Data from one cultivar, "Probred”.
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Table 2. Salt Tolerance of Grasses and Forage Crops*

_ Electrical conductivity of
_ Crop - saturated soil extract
Common Botanical Threshold Slope :
name . name® dS/m* %/dS/m  Rating*
Alfaifa Medicago sativa 2.0 : 73 MS
Nuttail atrides
Alkali Sporrobolus T
Barley* Hordeumn vulgare 60 71 MT
(forage) |
Bentgrass . Agrostis stolo- MS
nifera palustris
Bermuda® Cynodon dactyion 6.9 6.4 T
Bluestem, Dichanthium MS*
Brome, mountain Bromus marginatus ME
Brome, smootk Bromas inermis MS
Buffalo grass Ceachrus aliars Ms*
Burnet Poterium MS*
: sanguisorba L
reed arundinacea _—
Clover, alstke Trifolium hyvbridum 15 . 120 MS
Clover, Berseem T. alexandrinum 15 5.7 MS
Clover, Hubam Melilotus alba MT*
Clover, ladino Trifolivm repens 15 120 - MS
Clover, red T. pratense is - 120 .. MS
Clover, T. fragiferum - 15 120 MS
strawberry S
Clover, sweet Meclilotus MT*
Clover, white Trifolium repens MS*
Dutch B
Corn' (forage) Zea mays 18 74 MS
Vigna ungiculata 25 110 MS
(forage) e
Deallis grass Paspalum dilatatum - MsT
Fescue, tall - Festuca elatior 39 53 MT
Fescue, F. prateasis : ' ' M1
meadow o
Foxtail, _ Alopecurus 15 9.6 MS
Harding grass " Phalaris tuberosa 456 76 MT:
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Table 2, Sait Tolerance of Grasses and Forage Crops® (cont.)
Electrical conductivity of
saturated soil extract
Commeon Botanical Threshold Slope E
_ pame name® ds/m* %/3S/m  Rating?
Love grass’ Eragrostis sp. 20 84  MS
Milkvetch, Astragalus cicer - MS*
Qieer -
QOat grass, Arsrheaatherum . MSs*
Oats (forage) Avena sativa - MS*
Orchard grass Dactylis glomerata 15 62 . MS =
Panic grass, Panicum antidotale MT*
blue S
Rape Brassica napus - - MT
Rescue grass Bromus unicioides . MT*
Rye (forage) Secale cereale - MS*
Rycgrass, Lolm italicum . MT*
Ttalian multiflorum _ o
Ayegrass L. pereane 56 76 - MT
pereanial s :
Salt grass DistichEs stricta A
Sesbania ‘Sesbania exaltata 23 70 MS
Sirato Macroptilion: atro- ' . MS
purpurcum o
Sphaerophysa Sphaerophysa 22 7.0 - MS
: suisula .
Sudan grass Sorghum sudanese 28 43 - MT
Timothy Phlewmn pratense ~ MS*
Trefoil, big Lotus uliginosus 23 19.0 - MS .
Trefoil, _ L. corniculatus 50 100 - MT
" narrowieaf teanifolium R
bird’s foot o
" Trefoll, L. cornmiculatus . MT .
broadleaf arvenis S
bird’s foot ' :
Vetch, Vicia angustifolia 39 1o - MS
commaon ' L
Wheat® Triticam aestivum 45 26 - MT
{forage) S
Wheat Durum T. turgidum 21 25 MT
(forage) |
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Salt Tolerance of Grasses and Forage Crops® (cont.)

Table 2.
Electrical conductivity of
' saturated soil extract L
Common Botaniczl Threshold Slepe -
uzme name® 43 /m* %/dS/m  Rating!
Wheat grass, Agropyron 335 44 MT
crested :
Wheat grass, A, cristatun 75 &8 T
Wheat grass, A. intermedium MT*
Wheat grass, A. trachycactum MT
slender o
Wheat grass, A. elongatam 75 42 T
m}!.
Wheat grass, A Smithii MT*
Wild rye, Elymus angustus T
Altar
‘Wild rye, E. triticoides 27 6.0 - MT
beardless I
Wiid rye, E. canadensis MT*
Canadian
Wild rye, E. Junceas T -
Russtan : :

*  Same as Table 1.
- Same as Table 1.

. .
< Same as Table 1.

¢  Same as Table 1.

© Same as Table 1.

' Same as Table 1.

: Data from one cultivar, "Probred”.

Average of several varieties, Suwannee and Coastal are about 20% more tnhmmz,-

.~ and common and Greenfield are about 20% less tolerant than the average. S

' Average for Boer, Wilman, Sand, and Weeping cultivars; Lehmann seems abem
50% more tolerant. --
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Table 3. Salt Tolerance of Vegetables and Fruit Cmps‘

Common

Crop

Electrical conductivity of
saturated soil extract

Threshold
aS/m"

B5E

& &

rRnE

RER

Slope
%joSim

190
98
92

9.7

Ko

140

75
160
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Table 3. Salt Tolerance of Vegetables and Fruit Crops® {cont.}

: Electrical conductivity of
Crop saturated soil extract

Common Botanical = Threshoid Siope
pame name® ds8/m* GfdSfm
Squash, C. pepo melonepo 47 a4 - MT
Su'awbz:ry Fragaris sp. 14 k<4 SR
Sweect potaio Ipomoca batatas i35 ' 11 MS
Tomato Lywp:mm 25 99 M5
Tarmp Brassica rapa &9 2 MS

*  Same as Table 1.

®  Same as Table 1.

° Same as Table 1.

¢ Same 2s Table 1.

- Sensitive during germination and | emergence: £C, should net exceed 3 dS/m.

Table 4. Salt Tolerance of Woody Crops*

Electrical conductivity of

- Crop saturated soil extract
Common - Botanical Threshold . Siope R
name name® dS/m’ %/d8fm  Ratmg®
Almond® ~ Prunus ducks : 15 o0 s
- Agricot” Prunus armeniaca 15 ' 240 §
Avocado® - Persea americang . 5
Boysenberry Fubus vrsines 15 248 S
Castorbean Ricings communis ‘ L ay
Chertmoya Annona chermmoda 8
Cherry, sweet Prenos svinm s
Chemry, sand F. besseyi 3
Currant - Ribes sp. : 5
Date Palm . Phoexix dactyliferz 453 38 T
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%w%&s&ﬁ%mwx&%MﬁHMm§&mm

| HﬂmmMMQMMW&

3

$

&
4m§4qm5a§l

i’gg
%%

 Cltras st 4 ' : Bs

Proses porsics [N _ 28

|
R I AL

¢ Emm@mﬂmmﬁm&w%ﬁmmm%mmmﬁMﬁ&mﬁﬁgwk- '  

- sedivmm or cioride mgs@ﬁty or when these ioos do not pr ~-«m‘-m'm
Samez as Tabis L i
Same as Tuble 1,
Sarme 26 Table 1.
Same 35 Table L

" BB
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