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Sxfaca &vainage for a g r i c ~ i t * x ~ X  areas is a~ iqmzknzt pztrt 
of -qsmw-r5.t a ~ t i y f k i a ; ~  2% 2 & 3 ~ - & ~ ,  s*af%c+ &aiwr5 are ? 
~ x ~ ~ D ~ ~ S Z ~ ~  3.iSt~Z'tXiZk i~ =SSS %G P X G ~ E C ~  CZaPS 
d-ge by f l o ~ L g ,  to re- w a - ~ c q g i q ,  a& ocursioaa~~y to - -4- dispose of excess irrigsties gZr*z=, i = ~ #  sn1y lhiee9 s%kenSitiem 
has given to +the d o v e l c ~ ~ t  EZ s8uzface &rainage systezas; 
and their maintenance tends t~ be rregle&@rl, 

k 

Many of the practicing irrigation engineers are not fully 
familiar w i t h  the modem principles of drainage planning, design, 
construction, and maintenirnce. Until now, the only official 
documentation of surface drainage practices in Pakistan was a 
chapter of t h ~  -jab Manual of Irrigation Fractice of 1943. In 
Pakistan, different agencies are concerned w i + d  P a m  drainage, 
w i t h  design and construction of drainage systems, and w i t h  
operation and maintaiianse of the drains. Professionals in one 
agency are often not familiar w i t h  the objectives, m e t h o d s ,  and 
procedures of the other agencies. 

The need for an updated and expanded manual of surface 
drainage was thus reccqr,fzed in the design of the Irrigation 
Systems Management Project (ISM-11). !Fhis N2mttal is an output of 
the Project under the Federal Coordinator in the Office of the 
C h i e f  Engineering Advisor. Tfie Hanual was prepared and pubhished 
w i t h  the financial support of USAID. The principal authors are 
Richard Wenberg, PE, formerly U . S .  Sail Conservation Service 
National Drainage Engineer, and Zafar Ahanad Khan Burkki, f orr~erly 
Superintendling Engineer Drainage, Punjab Irrigation Department, 
wzrking in a technical assistance team provided by Harza 
Engineering Company. 

The concept of this Manual is to develop and improve upon 
the drainage practices established in Pakistan, and not to 

I replace them. With the intention of prepring a manual that 
I 
; would be accepted and adopted as an official. doament, the 

I participation of local authorities was sought. The authors m e t  
i 

i 
w i t h  drainage practitioners af all of the Provincial Irrigation 

I Deparbents, and with other agencies concerned with drainage, 
I including WAPDA, the On-Farm W a t e r  Hanagemeazt Prcqram, an& the 

Punjab Environmental Protection Agency- After the first &aft 
was completed, it was sent  to the Irrigation Departments and 
other agencies for review. Comments and recanmendatioras w e r e  
discussed in a twoeay workshop held at Bhurban in April 1992 to 
reach a consensus, After completing the reccmaended revisions, a 

i 
second meeting was held in Lahore in Septaaber 1992 for final 
review by representatives of ~rrigation Deparbtents. 



Although this XanuaL is intended primarily for use by 
engineers of the Provincial Irrigation Departments, the scope of 
the Eanuai extends beyond their normal responsibilities. Xt is 
b - r t a n t  fur the irrigatioa;. eeggineers to understand the entire 
spectrum af agricultural drairiage so that they em see as to how 
their role relates to the overall. btater management objectives and 
to other agencies, It is expected that the Manual wil3 also be 
us& by O;;-*Farm Water Hanagemerst yersomeP of the Agrfcrrl.hure 
Deparbwts, as wela as by XAmA and other organizations with 
drainage res~rs5bi1itIcsi  

The procedures presented in this Manual are intended as 
guidelines for users who are expected tc exercise professional 
skill iand judgement. In many cases, alternative procedures or 
m e t h o d s  are descri'- so -st %he USC,~ zay select what is best 
for the specif5e p&ysPcaf a d  ec~na~ic c irc~taaces .  The Xantxal 
includes different procedures  use^ by different Irrigzition. 
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 w i t h  surface drainage- I would  reco~~mend 
strongly that m e t h o d s  and procedures outlined in the Manual 
be adopted in practice in order to achieve efficient mainage for 
agricultural areas w i t h  consequent benefits, 

. 

Xinistry of Rater and Power 
Government of Pakistan 
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Ou$all 

Main 

Major drain to provide an outlet for a &ahage system 

Rhmy open Qain of a Government @rigation Ihpartment) draiaage 
system providing outfalI to branch and tnbutag &aim and draining 1 
into a natural stream or river &QU@ gravity flow or pump* , 

Secondary 1-1 Government @ID) mntroned drain pravidhg ootfan : 
to tn'bu* draias. 

Tn"butary T e e  level of Government (PW) controUed drain providing 
(-) o u M  to subm'butaxy and farm b h q  drains into a branch or main 

drrtin S d e s t  drain controlled by the Sin&  on Dep;trtm 

Subtn'butaq Smdht Gove-nt (FID) eontrolled drain in provinces; , 

provides outfall to farm drains. 

Seepage Drain foflecting seepage flow from adjacent Eel& by water £ k i n g  
through the drain bank 

Farm &dl drab/dit& serving one or more firms or fi~Xdings, providing 
o u m  to field drabs, and draining into a Government @ID) ; 
controlled drain. 

Field Smallest bain/&tch s e e  one or more fields. May =me as much , 

as 10 acres. 

M e  Design rate at which water is to be removed from a drabage area, ' 

coefficiem mually expressed in Pakistan in cusecs per w e  d e .  

EC: Electrical conductivity of so3 water extract, measured in decisiemens 
per meter (dS/m). 
1 dS/m = 1 d l h h o  per centimetre (mnbo/m), an mrlier term. : 



Gatchie: 

Ghat: 

Hardpan: 

Hydraulic 
gradient: 

Irish bridge: 

Late* 

Levee: 

Vertical height above a reference point, often mcan serr bd. 

! F d  capacity level (in drains). 

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

Far&en l w p  nsed in repairing ~ ~ ~ X X U I S  or voids in slope. 

Ramp in the side of a canal or drain at a dope lcss than the acrjaaat ; 
side slope for access by rurimaln. 

Layer d hardened subsoil which often has a high clay content 

Highest R d  k v e L  

Slope of thc free swhce of water flowing in an open &amel, I 

usually expressed in uRits of feet jwrfoot. 

Structure in open drain with brick-ked flattened side dopes aad bed 
for ease in crossing by bullock carts and other vehicles. A h  referred 
to a5 "-ewtr;vn. I 

I 

Safts affecting soils. 

]Land measuring unit: 1 karam = 5 5  feet. I 

Wooden p l rb  or beams, usually fotu inches squarer used for A 

regdating the flow of water thmugh a masonry structure pmviW wifi 
grooves in the sides to hold the h d e s  in @ion. U.S. tena is i 
"mpbgf. 

The bmch lines in a sulxmf" drainage system. 

U.S. term for an eanhen nnb-ens often compacted, mrmaliy 
along the side of a river to contain or to &ert £load waters (had). 

Natural Ground Level. Preferred Sin& term same as NSL 

- X -  



Prome: 

Rain m k  

Shale: 

spoil- 

Staking arad 
Fcr*shiq: 

Surface water 
irxlet: 

GLOSSARY (conk) 

Natural Surface Level of a field or gomd 

A naW meam,, &er than a river, usually with intermittent flow. 

Any nahual or co-aed f kc i l i~  ta dispose of drainage water. 

In h e  context of drains, term for o@.i& 

Masoary or brick -mtt:riaL 

A system of con~uous higation of rlce &Ids at one end 
and d d n h g  out at she other end into adjoidq down dupe 5ela and 
so 3% practiced in Sin& T'Xs may be graaimd for two or tfrvee 
waterings rather than mmhuous. 

A lo@hldhd (L) d o n  shaving dimensions of a canal or dzak 

Aa ercded channel caused by c a n c e n m  e e r  flow, 
u s -  tern is "S, 

R & d  Distance of drain or 4 (1000 feet). 

U-s. term for min nrb. 

Reduced level b a d  on e l d o =  

An easily split rock having laminated hyers of fine day m sib partides 

Subwfkce Water Level or Subs02 Water Leve3, 

Any SU~B~US or mused earth from excavatioa 

Method of rebuilding a bank: that has dou&d or eroded 
eroded by wing branches of local plants anb wooden stakes, 

US. term for kmi& 

Sm~hlre to convey sufhce water into a drai3, 
Also referred to as W. 

h v  or depressed tract of kin& 



Wetland: 

WSk 

Land mndition when ttxe waar &le is within rhe erap 
c?xmxf& period of time. 

Revia* d e d  ~~lramp. Larrd widy wi& -ding 
part of &e year providing habitat for qyatic He. 

Water S& Sope. 



mry and hqwe of &wface 

I. 1 Agridmrai drainage is the practice ofrenovkg excess or mwmted water from 
agrid- lzzd SurEdce dmhge fadities not only remove excess precipitation &d 
irri&o~ water from agridural fields, but often also serve as conveyance channels fsa * sub&= drainage and for wfhce runoff from outside qgidrltoral areas. 

12 At least 300 years ago, Herodotus wrote about drainage works near the city d 
Memphis in Egypt. In British India, the need for drainage to reduce waterHoggjngwas noted 
as ezdy  as 1851 in the W w m  Jabmna Canal area OJEsBAK et al, 19973. M a h h  
associated with standing water had become a serious concern In 1870t wz&rZog@ng was 
reported in the S b h d  Canal area and in 18841 in the Bwi E b b  Canal area It became 
apparent that as irrigation systems developed, probIems of waterlogging foEmed. G r d  
water monitoring program were established between I933 and 1947 to better define 
potential waterlogging problem areas As a result of the rn~nito&g, about 2308 miles of 
swhce drains were wnsmaed hi British India thing this perid. Unfortunate&, the 
enthusiasm for c 0 1 1 s s 1 ~  open drains was reduced for two primary reasons. One, major 
maintenance problems. bciuding weed growth in the upen deveIoped Secon& m q  
&ah were constructed parallel to irrigation c a d s  which did intercept setpage water bnt 
did not effectively control water1qghg in the area. 

1 3  This mamd deals with both mmral and d d a l  drains. Rivers, streams aad 
depressions act as natural b ins .  Constructed open drains, induding main, bran&, and 
field drains3 are d e d  arSc5ai drabs. ESrains are effedve 3 ?&ey remuve excess 
accumu2ation of water withia a reasonable ?he.  

1.4 mere are both positive and negative effects of surface ponding and ~~ 
of the so2 profile. The presence or absence of water either on rhe sdace or in the SOB 
affects the soil's tcmpera?ure, aeratioq, and other hportmt c k a c t e ~ c s .  Wet soil 
absorbs and tends to retain heat for longer periods tharn drier so& Saturated so2 has 3s 
v o i d ~ h l l e d w i & w a t e r m t h e r t h a n a ~ e ~ f w a t e r a n b ~ ~  ~p~~ 
dt iva td  era- need an aerated root m e  to live and to produce f d  or fibre in a cost 
e f f p ' e  m e r .  lhirqe reduces the time required for evaporation, plan? absuption and 
deep ssepage to remape water from the soil pore spaces. Thk dmhge permits admpate 
air to enter the soil profile, and provide oxygen to the root zone. Hme-,~r, there are a h  
benefits of ponded and saturated soil anditiom These oon8itiws ~ften pmwide h b h t  for 
waterfowl and fish, as well as m e  and endangered flora and fama. Stagnant, p0ndedvmte.r 
p v i d e s  a go& ewiroment fos bacteri+ vinrses and other mic300- ereathg a 



public health hazard. Vectors, such as mosquitos that carry and transfer yellow fever and : 

malaria, sue &c amchted with standing water conditions. 
' I 

1.5 S& drainage removes pond& water which is the pxkmy objective of field 
drainage for agribdture. This reduces the time the rout zone portion of the soil profile is * 

saturated, Saturated soil, which is generally referred to as waterlogged soil, not ~ n l y  
restrim needed aeration of the root zone but may lead to  tio on. Widsation is the 
accumdation of salts in the soil profile to the extent it restricts uptake sf water &om the 
so2 by 2lant roots. Subswhe drainage removes excess water from the soil profiTe. 
Tubewells and horiU,ntd drabs (He or mbe drab), srre used for subsurface drainstge wip6 : 
the objective of removing excess soil water and salts from the root m e .  

1.6 Surface drainage for agriculture is very important with or without subsudkce 
drainage but surface drainage done can not be w e d  to prevent waterfogging or 
sahiwion in irrigated agriculture, Either natural or man d e  s u m  chinage is 
needed so remove excess d t s  from the root zone On ul average annual bask, a balance 
of root zone d t s  must be maintained 'Fhis is accumphhed by removing as much s d ~  &om , 

the mt zone as enters wi& the applied water. warion in PaUtara has been successful. . 
for maay d d e s  without install& su- shinage systems. The needed sihity 
balance in the root zone was provided by deep permlation of excess irrigation water. 336s 
percolation d e d  the dts out of the root m e  d m  to the water table. These salts were 
safely away from the crops. Later, the water table rose with k f v e d  salts to the root zone 
and to within the c a p i h y  mge for surface evaporation. 'Ilie evapcmeon leaves salts on 
the soil surface. Surhce wetting of the so2 followed 5y d c e  drainage can dissolve an8 
remove some exposed salts. However, it is a rare and unique situation where subsdhce , 

drainage is not n d e d  for redamation of a sa3inised area. 

L7 Sowees of excess water are direct precipitation, higation water and snrEace : 
runofE from outside the area flowing into or across developed lands. Seepage from canals, : 
higated fields and ponds adds to the amount of so2 water. The corresponding rise of the 
water table level has injurious effects as stated above. Extensive areas in each of Pakistan 
provinces ate suffering from this prob1em One remedy is to reduce the mount of water ' 

entering the soil. Another remedy ~ to lower the water table by abstraction, 

1.8 Reducing the amount of water entering the soil may k accoqlished by: (1) 
1- the c a d s  and  water^^; (2) improving W e r  management; and (3) removing rain 
and spill as quickly as possible with efident surface &&age systems. Abstraction 
can be done ( 9 )  subsurface drabage systems; (2) natural seepage; and (3) 
e v a g o ~ ~ t i o n  by plants. 
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1.9 Agricultural dr&nage has both beneficial and adverse impacts on the 
environment. Lack of drainage usually results iz water10gghg and dinkation, while 
excessive drainage may dry esabbhed wetlands. They are of great ec01ogid d u e  and 
contribute significantly to environmental stability. However, wetlands sutah a large variety 
of qpaaic He, fauna, and flora. Other important environmental components in a drahge 
project area are mt?.ual scenery, quality of air and water, kydrology of the area, places of 
historical and archaeological importance, a id  the overall emsystem of the surrom@ area, 

Water Qusdity 

1.10 For agidture, the primary water qualiv concern is salt loading or salinity and 
sodicity levels in tbe so2 water- However, all toxic elements need to be idef ied and 
managed correctly. Bahage  effluent fkom agricultural iarmd may contain not only 
agricultural chemicals md nutrients but frequently industrial and municipal wastes, 
especiahty in the vicinity of towns and industrial ins-tions. fn cases where a drainage 
system includes a large uiy or industrial csmp1ex in its catchment area, the municipal waste 
water and &dory effluent ohen form the major component of the n o d  flow. For 
example, the Paharang Drain carries dl the industrial emuent and d c i p d  waste water 
of Fials*ad city. This is only one of many situations in Pakistan where muniw and 
industrial waste water is intermingled with agricultural binage in channels constructed for 
@ c u I W  use. 

1.11 An EnviivLonme.&tal Protection Agency of Pakistan @PA Pak) was c r d  in 
1983. The ordinance (Appendix D) provides for an emironmental impact assessment @IA) 
for projects. Where a project is likely to adversely affect the environment, an donmental  
impact statement @IS) nust be prepared by the project sponsor and submitted for WA 
review. 

1.U Maintenance is emphasized in this Manual because it is vital for sustainable 
agricultural surface chinage system. If maintenance is delayed or neglected, the system 1 

wil l  cease to perform as intended and the anticipated benefits cannot be re&&. 
Codtment to maintenance must be made and supported during the planning and design 
phases. For example, drain side s i o p  designed for stability reduce future dtemmce  
requirements. 



1.13 In Pakistan, natural &ahage outfab are not always available. Many o u W  
channels have been constructed within irrigation projects. The design and hstdM011 of 
large drainage system with primary and secondq open draioJ are generally implemented 
by the Water and Power Development Authority (WMDA). Mer construction, the 
respective provincial irrigation department assumes r-m'bility for operation and 
maintenance. Tnbutaxy drains are planned and costructed by the provincial irrigation 
departments. 

I .  14 The major drains in Pakistan's four provinces are shown in Figures 1.1 ta 1.4. 
General maps of hkktan's irrigation systems, mean annual raintan, and soils are presented 
in Figures 15 to 1.7. 
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2.1 Planning of surhtee draha.ge systems m~st  be mmprehensive. The total land me. 
inc11tdhg dmted  emironmental areas, such as wildfife cunidors snd weth& necQ to 
be established in plamhg thc system. Ibe intended mainternace procedures are critical 
for selecting some of the design parameters and the methods of C O ~ ~ O I I .  and access 
MoIonitoring of facilities should be pan of tbe written project plao. 

2.2 AU eoncemed individuals and gmup should be hmIvcdr as early as possible. , 

Their eoncem and a l tedve approaches need to be considered in 16e pkmnbg phace , 

before starting initial designs. 'Ihe desires and capabilities of persons with maintenance 
respomib3ity, especially, need to be considered and iawprated thrmghmt the pbn+ 
design, and ~011sthuCaion phases* 

- ,3 The p r h q  objectives of water management for dninage of irrigated knQ and 
raided agridtud lands ate: 

8 Timely removal of d c e  water; 
Prevention or correction of wateriogg@ 

e Provision of OU- faditi- and 
@ Rovkiun for anifom and timely irrigation application, 

2.4 inp Panem Drahqe mnrt be refated to the meQ of tbt potential , 

cropping patterns. The drainage system, as well as tht imigatiion system, shWd be designed 
to allow the greatest flemb3itjr to the h e r  in selecting cmps to be gmwn in respo~zse to 
market and changing economic conditio~~~. Watet management fur a g r i d e  in pakimtn 
is p-y differenthed on tbe ba$s of rice prcductioxh land and nondee p'obu&onlaad 
'Ibis is true for both irrigation suppiy and drainage y0Iume aod timing RiQ can tolerare 
and thrive on polnded water conditions for the entire gmvkg period. HweverL rice wifX 
also produce very weH in unsaturated soil water fonditions but wecd cxmtm1 may be a 
problem Even where dce is to be co&en@ grown in an aria, drainage to permit timely 
harvesting and to enhance double cropping should be eorkdged. ~ e s s  it i s  certain . 



that rice is the only m p  ?Q plan fur, &e design cagmciw should be fur crops with a shortuc 
aowab1e pending b e .  

25 Examples of addition& coderations 
are: 1) t s t a b w  enviromental dues; 2) developing and re- w e t l d q  3) 
m a b a b k g  natural ~~; 4) d k p s b g  of higation spill watw, aqxirhg faad fur 
drabage systems; 5) ptential me of b- m d  municipal esent ;  6) using 
spoil con?i&hg d d p d  waste; and 7) reusing drakge water. 

26 'Thy DrainageC is a water management primice to panidly solve waterlogging 
and shisainn.. Hawever, it is not a rmmmended solution to sllMhate for a needed 
dmhge outlet Dty &ahage is the practice af M$ating part of an sea while leaving the 
remainkg &.axnt kmd ~ m .  S& atrd subsurface? waters contabkg I e s r M  dts B06y 
f fsmthekigatdxato&eMi l iva.ra  ~ e ~ o w a r e a b e c o ~ ~ ~ ~ &  
are a~am@ated he: to evaporation lasses. This, &we is import of at fnrrn 
inigatd cropped area without an export of salt h m  the Mlow g.mmL 

27 ]Dry drainage has been prnpaed in lieu of deve10pbg an o u ~  faaty  ur ta 
a31mhe sdhisation d an mdall is ~pravI&d A p p r  p r d  at &e 5th htcznatbd 

Workshop in Ldhare En F c b w  I%?& addressed this subject with 
~ f e r e w d ~ & & e k f t W O u M ~ @ D ) a r e a k ~ ( ~ &  
Wyseurel 1992). Motz l!v%uBudd pmp& dry drabage as gn dfematkc; wMan on& for 
higaaing rice h d  axeas. The paadd water QB the rice. m d d  provide a head to dmelqz 
a downward fkuc with l a d  mmtsaf of the gmmd w&er tawad tHe fall- area 
(WAPDA, 1991). 

28 Wedads  bave numerous enviromntal dues, sach as: Mitat for &heSies, 
Mitat £or 4&*e, mtcr storage, f l e d  peak r&ctiaii, sediment and contambat kqpbg, I 

nutrient rettdon, fd chain support remeation use, and heritage presmatioa T?ex 
d u e s  are d e s c ~ W  in Chapter 5 of a comprehensive dtsczipaion of f h m  &ahage k ahe 
United States @R& 1987). Wedads differ from site to s ib  a d  only some of %bese vabes 
d be f o d  at a specific I d o n  In addition to $he above *a- the t empmy or 
permanent storage af dts wetlands that would have negztive ef3Fkr.s on the adjacat b n  
land is a signij5- emmdc oo-ti0.11 to the immediate area or region as dimxsed in 
the DeveIophg and Retaining Wetlmds W o n  kIm. 

29 The E m r i m m a  &teetion Agemy @PA) of Pakimn has recently be& 
orgmkd. Tihere is aiso to be an EPA for each province3 but ody Pnajab bas been staffed I 

at phis limb For project area glambg emimmenml d u e s  wed 331 be asesed a~& an 

-n- 
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!2mrbmaEaO h p c t  ikssmeot (EM) prepared as outfined in the 
Flkvhmcen~: htection C3rdhmce (,App&x D), Water qmRy stan&& M d  be 
m r ~ w i ~ h k ~ & d u s e o f r H e w a t e r o r ~ ~ .  F s r ~ l e , w a t e r t o b e  
~ ; ~ ~ d ~ ~ f ~ ~ ~ ~ ~ ~ ~ b e ~ f p f ~ f ~ ~ a ' b a n ~ ] ~ t ~ k d f o r ~  
ca-0~- TaXrle 21 is the latest list of e&ent smdads  fmmkhed ibry &e PmnjSb EPA. 
The R h d  S m M  va9taes in the table were m be rcgkd by the U'lthate S M  
values in 1990, bart tk Relaxed values are saU in e&a. Tke pertinent provincial. H A  : 
s M d  be C O & ~  for the most recent s*tamh& iElr eEext iJd 3 e  provinoe. 

w m g  t 

1 

211 A w e h d m d a o u d e t  for a- R0-d-e- , 

i n t o a w r : ~ ~ e ; r w i & ~ ~ t g ~ a a d e t ~ d i n t ~ c ~ c $  
&emid and basic elensen&+ sach as b y  m e a k  Far example; scIenhm itctmmkia i 

in Zbtcsm reservoirS California, USA d major ckstmdan d wii8-iz Swih a : 
r ~ m 2 m d w e ~ ~ k B u s h e d , & & B d ~ ~ a r & ' t ~ t e d h ~ ~ t o  I 

r&ce 4 x ) e t s  to n o n k c  C O ~ ~ O I I S .  Rmting Bows eougb a w d m d  wi tba t  ' 

a ~ ~ h m v e r , = y ~ m ~ e b ~ ~ ~ & w c : W ~ ,  I 

Icmafarg M r % h € d  

232 
imigsh~lf z k r a * & o r i m e  &is oontinaeto&%m- ' 

f l ~ a r e ~ o u ~ ~ t p @ a p r n ~ m ~ ~ i a & m t f ~ 1 e t o ~ e W n o o d ~  
' 

m ~ ~ . & h p w w o n =  ~ t h i y p i d & r ~ ~ I e t o ~ h r s a d e I y ~  
a S ~ ~ r t a ~ r n 3 # t d d ~ r n o r ~ ~ r d c r a ~ r ~ t ~ m & a s k ~  
~ t E E a n k ~ g e ~ ~ ~ ~ c u R r ~ t o r ~ ~ ~ 9 n d ~ ~  
damage t~ inqmnmt sractud facilities. cubem &odd pEe-rSp be on a I& rn , 

sloping me, wscb are rather than in farm of= imerted q@mn which ' 

m a y ~ m e d o g g c d w i & ~ ~ e e a r t h o r ~  me ~ Q b d r O P f C d  
f@ebsKh i 

simatiom, prmkiom for tempc,my s m q e  of Bout3 waters mtsidk: thae pmject area an , 

r a g e m  may be b~orprsmed to midi ~ ~ ~ - o f ~ f i . ( p w ~ d d o g a d  ki@timW ' 
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Table 2.L Envkomncnurl Quality Standards for Municipal and 
Equid Indust& EEuent unless defined) 

1, "r~ll- * c  @C 
2 PH 5.5 - 95 6 d - 9 0  
3. S d a y E l ~ ~  

~ d ( B O D ~ a t 2 @ C  200 50 

i - 4. ---(CDD) 400 m 
5. T ~ ~ ~ s Q l i d s  afl m 
a ~aa~~w~a~icf  501#) 35t#) 
7- Gr-ad 0 2  20 10 
8. P b e n o L k ~ ( a s h I )  ES 03 
9- c M d e ( = C I )  Im 1000 
lo. RlImi* @SF') 20 10 
1 qmide (as (3) 2 1 
3.2 A x n i a n i c r n ~ ( a s ~ )  30 20 
u. S-(m loo0 XOOO 
14. SuIpEde ($1 2 1 
15. &nmozaia 75 40 
16. Xksticidcs, R- 

Rmgideq and Xrrseabades ." 
m e  

0.75 
17. 2 OJ 
rB c%KmGtPrn0 

(*and-) 2 f 
s- fJ%Pf 4 1 
a. L e d =  2 a5 
21. M l m y '  0.3. 0.Ul 
22 2 05 
M N* 2 1 
3% S W  2 1 
a. Totdt&xmds= 10 2 

1 26. Zhc XO 5 
n * C  2 f 

Ek6mn 4 15 
3. Iron 10 2 
30 - fa 6 
31 Bmm 10 6 
JZ Chid f 2 



I 

I 2.U Figure 2.1 is a view of a syphon under the Chasma Right Bank Card TInis is 
I 

I an expensive conaete lined canal that appears to have significant temporary nood storage 

I ad&1e on rangelamb outside of the pject  area Temporary impmdment of flood 
waters reduces the size of floodway needed to convey those f b m  safely through the 
irrigated land to a river. Fa this situation, the canal embankment s h d d  be designed to 
provide the temporary flood storage. The additional cost for such an embankment mnst be 
compared to the potential Beefits of protection for facilities and crops, I 

i 
2.14 Depressiod areas within t b 2 " @ ~ 0 ~ e d  project area might be suitable for 

r 

temporary storage of routed flood flows. In this case, it would be appropriate to dedicate ' 

thk area as a floochvay and not develop it for %gation. 

I Figure 2.L Level syphon under & kigzhon canal (=RBC) with. view outside project area. 

Disposhg of Irrigation Spa Water 

! 2.15 One of the mjor concerns with the exhkg, typidy level Eelids, mrmmded by . 
b u n 4  is the &spud of krigztion canal water: I) during heavy rahfall periads; and 2) 
delivered at the end of watercourses when it is not needed By design, taiX escapes hame 
generaffy not been provided in P a J i h q  a water short region. For improved water 

I mamgement, it wodd be desirable for all canals, as well as watercowses, to 3ave pmvisiions 
I for routing unneeded water back to a mnal. or to a natural or artificial open c h k  Even 

when irrigation water is directed to ao open drain it is not lost. Most of the water will be 
diverted atgain and used for irrigation fwther downstream, A spill gate discharging into ztn 



chupter 2 - PtLIIIning 

open drain is shown in Figure 2.2. Collector drains and field ditches in a pilot on-farm 
water management project in the D. G. Khan administrative area provide improved , 

management of excess water. 
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Fire 22. Spill gate side view aod end view. 
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I ~ W e r  2 - P h n i n g  

Acqnisition of Land for Drainage Systems 
I 

2.16 The design and instabtion of a d m h g e  system m y  be deferred but the Iand 
needed for open drains should be reserved or purchased when phmhg an higation project 
At this stage, land values of undeveloped areas are low. Furthermore, there is less 
resistance to sell a sttip of land at this b e  compared to its protection after it is developed 
and in production. 

, I 

Indns&hl and Mornicipal ErSnlient in Drains 

2.17 Even though industrid 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 sludge. Before approving release of d c k p a l  or 
h d w M  waste water into an agricultural drainage system, d y z e  the effluent to determine 
its suitability for pow'bIe uses. Soil bas the capacity to assist in biodegrading many cbemid 
mrngomds, but ptentiaE downstream users must h o w  the compssitim of the eBuenL 
If the @ty of the waste water is not acceptable, the water must be treated or an 
acceptabIe location must be found to use or dispose of it For example, municipal waste . 
water containing heavy metals (mpper, zinc, iron,, and manganese) from Giza, Egypt, was 
used suczesddy on citrus In sat& soils (USCHD, 1989). FOP control of untreated effluent 
entering &aim, refer to Section 70 of the Canai and Drainage Act (Appendix A). 

Use of Spoil Coniainbg Xnadnstnial Waste 

1 2.18 As stated above, heavy metals are usually a problem in sludge or waste water . 
fiom industry. When industrial waste water is routed through drains, heavy metats witl 
probably accumulate with the silt in the b i n  beds, The g h k g  or spreading of p i I  from 
such c h i n s  on agricultural land must be wefuuy managed and monitored, It is possible 
for plants to accumulate toxic levels of some metals (phytotoxicity) when growing in . 
con-ted soif, General concentrations of trace elemenits l%eavj- =eta&) iz suh are 
listed in Table 22 (ME, ,990). The E)eficiency level indicates yieltds axe restricted due , 

to hdfici~:na amount of the element; Adequacy indicates the n o d  range for good crop 
growsh; and the Phytotoxcity level indicates yield is restricted due to excessive mount of 
the element hamhg the crop, The values in Table 22 are only approximate; all crops are 
not aff&d uniformly. 



Chapter2 - Pbning  

Table 22. Trace Elemen& in Soils 

ktmcbble levels in -/kg 
Element Deficiency k?ukwW! P W o t o ~ k h ~  

cOe~ 0 - 0 2  0 3  - 05 > 05 
Iron 0 - 3.0 3.1 - 5.0 > 5.0 
Manganese 0-0.5 0.6 - 1.0 > 1.0 
Zinc 0 - 0 2  0.3 - 0.5 > 05 

&use of Drainage Water 

219 Drain em-uent is n o d y  of lower quality than the o r i m  inigation water. 
Reusing the drain water depends on the intended use and the nature and mount of solids 
or con taminants in the effluent. Monitoring of the water quality is necessarysary Water with 
only a small quantity of salts is referxed to as stwet wa#m and can be used to irrigate axy 
c q .  

2.20 With proper maaagement it is reasonable and practld to use saline ground 
water for irrigation of certain crops. Salt tolerance data for a wide range of @dW 
plants are presented in Appendix E. The thrdoId values reprefit the saM9 level just 
prior to yield reduction The slope M o r  represents the percent of yield reduction per unit 
&ease ia salinity. The ratings in the last column axe general crop sensitivity to salt 
concentration: T01exatlt, T, Moderately Tolerant, W, Moderately Sensitive, M$ and 
Sensitive, S. 

2.21 Using saline water for irrigation is only recommended where tbere is both the 
capability to monitor the salt eoncentration in the soil water extract and the wibgness to 
acrually monitor water quality and adjust crop and irrigation practices as needed. ' 

222 If surface drains are umdabIe for disposal of saline ground water from 
drainage tubewells, the water is mixed with the sweet water in irrigation -eIs and 
reused. All ground water is saline to some extent, sweet water contains some salts; only 
distilled water is salt free. Soil water extract is nut ansidered &e, if the electrid 
conductivity PC) is less than four decisienens per meter (dS/m) (ASCE, 1.W). 
Decisiemens per mear is equal to millimAm per centimetre ( d o s / c m ) .  
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Economic and ~ o c ' i  Concerns I 
2.23 Project plans normally include economic evaluation. The evaluation may be for 
portions of the project as separate units or as one all-inclusive evaluaaiof~ Social, concerns 
are integrated with monetary costs and benefits to determine acceptability. 

2.24 The economic return of incremental levels of grotdon should be evaluated, 
A-ion costs of h d  for dhate drainage f d t i e s  are to be included, even if drainage 
is mbiml or deferred in the initial insWti.on p b .  

2.25 Various design discharges should be evaluated for optimum benefits versus costs. 
As discussed in Chapter 3, instalhaion costs wil l  increase with larger design discharges, but 
the structural and crop benefits may increase at a greater rate providing an improved overall 
beaefit/mst ratio. 

2.26 &timates of maintenance costs must be developed at this stage to provide amruaI , 

cost information for the economic evaluation. 

MonjtQring 

227 Monitoring of water quality paranneten should be carried out in oonjunction with 
periodic maintenance reviews and coordinated with the EPA and other concerned agencies, 
higation departments should wok with EFA to establish water quality standards and to 
manitor quality of water W e s ,  including drains. A system of monitoring of water quality 
needs to be developed with the cooperation of EPA, BIlDs, and other departments, including 
Agriculture and WiZdlide. Monitoring for maintenance n& and operaaiom activities of 
open chins are presented in Chapter 6, Operation and Maintenance, 

Requirements of the Canal and Acts 

2.28 Obstructiom in either artificial or natural channels will lower their efficiency. 
Tbe Canal and Drainage Act of 1873 defines d c i a l  and natural channels as q river, 
stream, or drainage chmneL Fur removal of obstrucaions, Sections 55,56,6P and 62 of the 
Cand Act outline the procedure to be followed, including recovery of casts and 
comgensatioa These sections of tfie CanaE and Drainage Act are in Appendix A A h ,  see 
Sh& Irrigation Act (AWpendix B), W o n  l2, aaad Balucbbn Canal and Drainage 
Or-=, 1980 (Appendix C), Section 50. 

2.29 hblic notification for planned work on a natural drain is required in accordance 
w i k  Section 55 of the Punjab Caaal and Drainage Act, 1873; the MWFP Canal and 
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Chqter 2 - P k & g  

Drahage Act, 1948 (same provisions as the Puqjab Act); Section 12 of the Sin& higation 
Acl; and Section 50 d the Bduchistan Canaf and Drainage O r m c e ,  1980. The 
notification is ta be confined, however, to those portions which are d y  operative or 
likely to become operative within a reawnable period The notifiation must dearly define 
the h i t s  wiahin each village. 

230 In the case of a natural drain or reaches thereof where a well defined bed exists 
b within a village, it wil l  suffice if the limits are defined as within 100 feet of the bed of the 

chamel. h this case, demarcation at the site is unnecessary. Where a welt defhxl bed 
does not exist, land plans (for the area to be notified) to the d scale of 1/ZW09 as well 
as the usual. index plan, &odd be prepared. The k i t s  51 ?k2 rn~iadora -id! %eii 3e 
specified as widths of land required in each village. The Limits must be demarcated on the 
ground by boundary p h  500 feet apart on the straight and closer on eurves, as necessary. 
It must be realized that notification under Section 55 does not establish any right other than 
removal of oMru&om. 
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Chapter 3 

s ' m w A a  Rmom 

Introduction 

3.1 Surface water runoff from agricultural lands is a major consideration for mdke 
drainage planners. This runoff depends on topography, soils, vegetative cover, Iand we, and 
climatic characteristics of the area ltt ~riginates Erom precipitation, as well as from excess c 

irrigation 

3 2  Precipitation records are not included in this Marmal since they are usnally 
available for local rain gauge stations- If rainfall data are not readily a W 1 e ,  they may 
be requested from a rneteorologicaI office, hydrology unit of the relevant irrigation depart- 
ment, or WMDA Long-term rainfd records are available for some raihvay stations. If 
precipitation analysis for rainfall depth is needed, the procedure descd'bed in the Modified 
Unit Hydrograph Method below may be used. 

Runoff Methods - &nerd 

33 Both slnrface and subnurface drainage waters normally flow in the same d i s p d  
channel, since water moves toward topographic low points. Channel design must include 
the total capacity for flow &om both sources (see design sections in Chapters 4 and 5). 
Surface drains should be designed to handle flows fkom 5- to 15-year storm recurrence 
i n t e d .  Where relatively expensive stmctures are invo1vd and where damage to the 
structures may dictate the need for a more conservative design, the 25- or 50-year storm 
reamence intend should be used depending on emnomic evaluation, 

3.4 Many fonnulas and analytical methods are available for estimating storm runoff. 
The runoff methods discussed in this chapter are presented because they have k e n  inuse 
in Paldstan in vzuqring degrees. The Empirical Equation method is used most often a d  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 d e s  times a customary 
runoff value (chinage coeflident) 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 hduded is a pmcedwe for adjusting - 
design discharge downstream from confluences ofbmches of h h s  &at approach the same i I 
size of subcatchment areas, known as the 20-40 Rde. The Runoff Curve Number method 
is used either done or in combination wi& other methods. The MocEfkd Unit Hydrograph , I 
method includes the Runoff h e  Number Method and is extensively used Tbe US. A m y  
Corps of Engineers developed the MEC-1 Procedure In IBM persod compnter format I 

I 



(USACE, 1990). This model needs to bc &%rated for the characteristics of the catchment 
area within the mnstraints of historical measured precipitation and resultant runoff. Other 
computer runoff models are brieBy discussed. 

35 Inigated lands in the Indus Plah are gsne-y flat, surface irrigated within 
bunded boundaries, and divided predominately into oneacre fields. SurEzoe runoff from 
these b d e d  fields is about as low as from contour terraced fields. However, it is antid- 
pated there will be more on-farm dmhge in the hhrre. Drain capacities lrnll need to be 
I q e r  to accommodate excess water released from bmded fields. 

3.6 'Ihe Fourtb hainage Roject was evaluated for degrees of drainage versus 
benefits and cmp damages and damages to struchrral facilities, hcludiq roads and bridges 
(WAPDA, 1988). Four cusecs per square mile and less indicated positive benefitsoat ratios, 
Benefit-cost ratios were the greatest at 10 to I2 cusecs per square d e .  

3.7 Usually, ,the design discharge for mrfke drabs to safely remove swfkce runoff 
has been determined by using drainage eocffieients. For example, fonr eosecr per spare 
ndle has normally been the m&mm d.rahage coefficient adopted in the b j a b ,  with a 
maxim= of two mica per square mile in Sindh. Even though these values an lower thau 
nomdly required for ef ective drainage, the absence of field drains aad staggered flows to 
an outlet due to temporary storage in bunded fields have mntriiutred to their successful use 
in the past However, it was acknowledged in the Mamd of higation Rxtice (PWD, 
1961) that higher values are justified. 

3.8 RmoE is determined above and below the otrtfdl of cuntrr'buting drains and 
stream, at points of change in the channel slope, at culverts and bridges, and at its outfit& 
These are discused more completely in Chapter 5, Open Dmh.  Q p e ~  dnins with seepage 
flow should be designed essentially as a storm water drain. 

3.9 The Empirid Eqyation as g e n d y  used in Pakistan ik 

where, Q = design discharge, cusecs 
C = drainage coefficient, cuecs 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. Since 
not all of the catbent  contributes =off d o m l y ,  as the area of the catchment her- 
the resulting moff  per square mile typidy  decreases. An adjustment factor commo* 
used outside of Pakistan and recommended ?ny Tipton and Kahbach (WAPDA, 1963) is the 
exponent, 5/6 = 0.833, often rounded to 0.83. An exponent of 0.667 was recommended h 
the Manual of Iraigaeioa. Ractice @WD, 1961). Using the 5/6 adjustment factor, the 
Empirid Equation becomes 

Q = cw= 

3.11 Figure 3.1 is a graph for direct solution of W in square des to the 0.833 pmer 
to simplify f ie  use of the Empirical Equation. Computing design discharges can be further 
simpwed by using a curve developed for specific "C" values frequently used in the area. ' 

A ctwe of &charge, Q, versus ~h$-= iS plotted f ~ r  each "C" w e  similar to Figure 3.1. 

3.12 Tbis Empirid Equation provides an econ~mical and effective design for open 
drains, if the drainage coefficient (C) is selected properly. A range of &ahage coefficients 
are presented in Table 3.1 as general guidance, There has been considerable experience 
in applying these coefficients, espeady in the lower end of the tabdated ranges resulting 
in satishctory performance of the constructed drains. b e n t  runoff data have been from 
irrigated fields within bmds without farm drabage. For future designs, drainage coeffidents 
should be selected on the basis of existing and potential o n - h  drainage fkdities, More 
intensive on-farm drainage system ylriPI dictate the selection of larger "C' dues  near the 
upper end of the ranges. The coeftilcients in Table 3.1 s h o d  be limited in use to catchment 
areas of ten square miles or less. Values in Table 3.1 are a h  restricted to bmded field 
conditions k.~ the cornand areas of the Lower Indus Plain, since only that management 
factor is given in the table. 

Table 3.1. Range of Drainage Coefficients, "C", for Lower Iadus Plain 

Region OR & Mpf. Factor l!&bnun 
Range 

M;urimutn 

North funjab Bqded Rice Fields 4 I0 
&NWFP m d e d  Veg. & Grab 6 15 

South Punjab B d e d  JXice Fields 2 8 
& Balucbistan Bunded Veg. & Grain 3 18 

Shdh & Bunded Rice Fields 2 4 i 

Baluchistan Bunded Veg. &k Fruit 2 6 
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3.13 The values in Table 3.1 are jmtiiied by extensive ddktuxy  experience in the 
use of "C fhtors, as stated above. For Northern Punjab, M~on hdadhdd developed . 
jusScation for "C values up to 10 or U'cusecs per spare mile (WAPDA, 1988). Haigh 
recommended a "G eatple d f2 for areas not subject to river floods and 16 if there is xicler 
flwding (PWQ 1961). Due to the large variations in rainfan, so& empq and topogmpb 
in Pakistan, draiDege design should be based on drainage coefficn'ents selected on the bads 
of local conditions, 

3.14 Even though the Ehpkical Equation is jussed by continued s&.f&icm witZr 
system d d p  and perfonmace resuiting &om its use, it is an empirid form&. i h r e  
should be an on-going review to rationally evaluate the effectiveness of dmkage codfkients ; 
used on actual installed systems over time. In addition, research is recommended t a d & e  
or adjust the "C values by analytical methods using actual rainfall data and gauged nm~E ' 

hfonnatioa With additional experience and analytical validatioq thir metbod may welt be 
used for larger catchments. 

3.15 A catchment area may contain subareas with distinct dmbge a x e f f i c i e  
Computing e@den.t catchment areas for these subareas k a wthod for detembing the : 
design discharge of an open drain serving the entire catchment. The method k I 

1. S e l e c t o n e o f t h e d t a i n a g e ~ E ~ ~ ~ f o r ~ ~ & ~ o r f o r t h e  I 

major area below the subject catchment, if the next reach of the &&age sys'tem 
is Po be 

2. CMahte the runoff ftm each subarea with an appropriate =C v a b .  I 

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

4. AM the eq-ent areas to the subarea with the dcaiaage coefficient: sdeded : 
in step 1. 

5. Calculate the total runoff using the &ahage coefficient of Step X d the total : 
area from Step 4. 

' I 

I 



3.16 'Ihc detded procedma of the Coqsi te  Drainage Coefficient Method are 
illustrated ia the foUmhg amp1e: 

A 600O-acre catchment contah 5000 acres (7-81 square miles) of hd arith 
~ n i s t i c s  represented by a "C value of 10 and loo0 acres (156 square miks) 
of land with ckmcterktics represenad by a "C d u e  d fm. It is necesaq to 
convert o w  of ihe subareas to an quident area with the same "C as the other 
subarea Select 10 as the 1oIpHcon "C" d u e .  The didurge from I56 spare miles 
w i t h T  = 4 i s 4 x P  = 58fosea Tomnvertthe L56spwemilearratoan 
eq~eptarrawitha"Cvalneof1O,llse5.$ = IOM?  hen,^^ = 0.58imd 
M = 052 sqwe miles. Ih total tqoisaient catchment area is 7-81 plus 052 spare 
milg e q d s  833 square mil& Ite tot& ciisdwge from the 6000axe catbent 
withnCof 10 = 1 0 ~ 8 3 3 ~ ~ 5 8 c u s e c r  Fordraindesiepbeloarthicpoimin 
& e a ~ e r t t ~ e 8 3 3 ~ e d m a n d t h e 5 8 f u s e c s a r e W i n t h e ~ ~  

3.17 It ir genaal practice to begin m h t  dadatiom at the m a  or nppa md of 
a drain and p r d  downstream. An empeal  procedure termed th T W  mle may be 
wed ia computing rtxpk& capacities for a drain below ajmctioa with a tri'butay. It is a 
simpEed fmm of flood muting used by the Scnl Collsemation Service in tht US. (33, 
1971). 

3.18 For larger ddaage areas, th qpEcatiion of the procedure msy h e  
mnsiderable effect on the main des@ On slnallcr areas, the change in r e q W  drain 
c a g ~ ~ m a y b e w , s m a l l t h a t t h e p r ~ e d a s n o t n e e d t o b c a p p ~  I5qed-h 
applying the 7WW mie will guide thc desigaer in its use. 

3-19 The 2040" p a e s  fa two c h m d ~  are: 

Rult t Wbenthccatchnrentarraofoneofthedrainnirrh40 h Y O 1 .  -mt 
of the total catchment area, the required capacity d the clmme1 befm tbe 
junction Saan be dete- by adding the required design capdies of eaeb 
mainabwethejlnn&o~~ ' I h i s i s I L ~ ~ n t h e ~ t i ~ n t h a t t h e B o w s f r o m  
PUO water&& or catbents of h u t  the sane size may reach thc@&on at 
about thc same time. Theref- &e drain apacicapadty below tbe jtmcfim & d d  
btliesaunofthetwaBmm 



M e 2  2 ~ & e c a t c S m t ~ ~ d a ~ r h t a r y i s l ~ ~ 2 ? 0 p t r a n t o f ~  ' 

 to^^ the C a p c i t y a f t h e ~ k I Q W t h e ~ m i s  
caXcubtt.3 using the design ckacterk&cs, eg. drainage cloeiEcier& far the total ' 

~~ I 

Ik?!mpie: 

T" = PO. ) , T X t e ~ R d c s $ . d 2 ~ h T & l e 3 2  

Plhtm'ktwcmB&35~~ks~~ % ' h q 3 5 ~ k I  
Em (0.79 of tbe Mcrence betahcn 20 and 40 percent -a, Q75 tima 8.0 1 
-@68- Bdd6.0ans#sto67 .6c~lsecst~ardveat~3 .6~ ,  
h r * ~ ~ o f ~ ~ M m ~ ~ o ~ ~  

! 



Rmmf'f Cucpe Number Method 

3.20 T'be Rmoff Cbme N e r  Method (CN) for estimating runoff developed by the 
US.SoilCarised~n.%rsri~hasbeenased~enSmelyhf~ Itisaxnethodof 
stkathg nunoff from pmcipirtatiisn, W on soiI a& cover cornaditions &a catches area 
A CN is =I-ed and usxi wi& a precipitation axmmt to determine the depth of Rmo& 

321 The detailed pr&a are presented in the SCS National Eqbeabg 
Handbook W o n  4, PPybIog~, p u b ~ e d  jn 1972 and 1:e.vised in 1985 {SCS, 3985). The 
pzocedwes are a h  included hi T-4 Release 55, "Urban. Hydrstagy fa SmalE 
Watersbeds*, (SCS, 19861, d Ehgbee- Field l&mad, Chapter 3 "Btkdq Runoff 
a d  Fed? 13bcbrgem, (XS, M). The prmehes are based an O ~ ~ O I I S  of rim& 
$ s m ~ ~ ~ ~ t b ~ a e h e s ~ ~ d ~ ( m & ~ ~ ~ v e ~ ~ ~ c t o ~ o n 5 0  
SF d e  (32 000 acres) = + b e a t s  and larger. 

3.22 The facbrs d d e r e d  in detemhhg the CN are: hyQo1Wc soil p u p ,  ccpper 
tyge, tr- ~ 1 ~ c  condirtion, and antaxdent moisture d t i o n .  C m w  m m b  
~ m p ~ f o r u s e i n P ~ f ~ r t h e f I e s t f m ~ ~ a r e ~ d i p T a M e 3 3 -  
Actdent  moisture con&tion W m  represeats the Maneace of m.3 moisture otn sadbe 
m o E  prior ts the t h e  being cansidered in sefezhg a HoweverI there is rn resear& 
or docwnew bas& for adjwhg CN's for antecmknt moistme m&tions o k  E, 
it. P or I Q  for the arid anditions of Pa%istan, mns, m msrect3m fkctor is mxmme.nM 

323 The ~drohgic sosoif group are prbady d e w  an M t ~ & o n  meti. 
suhmhce gem&%@, zs well as the ktake rate, &Ws the rate of i.&&d0&1, 

DeMons af hyd-mlogic mli grotps & 33, C, or D (Scrs, 1%. am: 

A Luw potential and hi& idtra%ion rates evw wben thtmmgbly 
wetted Codst &eQ of deep, wen to ~ ~ l y  ebbed saads or 
~ v e ~ ~ ~ & ~ o f w a t e r ~ o n @ ~ e f ~ Q ~ ~ ~ ) .  The 
d e r  jprts of the Jhang so3 series are in &is p u p  (WkPDPe, WS). 

33 Moderate infiltration rates when thoronw wetted. Ca- &&y of 
moderately wen b weU drained SO& Moderately k e  to modptdy 
come textwe;waer tmsmisiondes d 0 . S  toOBir&r-  F & & d  
mi& of the &tag soil series are in G q  3 WMD4 2%). 

C L r n v a ~ 0 1 1 ~ w b e n & o m u @ y ~ t t e d .  Consistcfticffy~soifswith 
a layer &zit @peck d m  vmtet movement. M-& fine to fine 
texture with a dow rate of water tranmkion (O085-0.15 b/hr). '3he 
h* and nmost of the 4zhharb !mil series are in this groosg, I 

wm4 WI. 
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Table 33. Runoff Curve Numbers (CN)' 

Soil Group 
Cover Desxhtion - A B Z B  

R i c e , ~ w i t h b m d , & ~ u t  5 5 S 7 6 0  
on-farm drainage system, 

R i c c , ~ ~ b m d , & w i t b  5 7 5 1 1 6 3 6 5  
on-*-- 

Grain,irrigatedw&hbrmd,&withont 5 5 6 2 6 7 Z l  
on-Emn binage sysk= 

~rain,irrigattdebrm$&with m t s n 7 5  
o n - ~ ~ s w -  

Row Crop, it+fd with bunt& withoat 63 70 75 78 
an-farm &inage qsmL 

R o w G . o & ~ ~ b u n d , & w i t l t  68 75 79 83 
0 x 1 - b  dmhge system. 

RangeIand,-4mwm* 
o f g r a s s , w c t d s , b m  
s6xubsinpoorHC. 

I 
C 8 0 8 7 m  

I 
 air HC n 81 89 
Goid HC 62 74 85 

I ~ d , ~ d , d c s a t s h r u b i n  
I 
! poor HC a n = #  
I Fair HC 55 72 81 86 

I Good EC 49 68 79 84 
Urban - 

I OMntnercIal awl lm&kess 
I 

1 a% b* area 89 92 94 95 
In- w i & ~ % i q m + o ~ a r e a  81 88 91 93 

I 
i R t s i d d  with 65% h @ ~ r t s  arta r% 85 90 92 

38% i m w  area 6'1 75 E3 81 
I ~~~~ n 8% 85 

25% i m ~ 0 ~  3rez 5 4 7 Q m 8 5  
ZE%im+marea 51 68 79 84 
~ 2 %  kper~i011~ area 4s 65 n 82 

- Basic refereaces used are (SCSt 1985) and (SCS, 1986) with aT1 research 
based on US- conditions. Judgmental adaptation was used for l ad  sop 
and h d  conditions* 

- HydroIogic condition (AC): Pour - 1e5s than 30% g m d  wvec Fair - 
to 70% p m d  cover; Good - more than 70% ground cover. 

' - W e  mmbers for Group "An have not been developed. 
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D. High potential of runoff with very low infiltration rates when thorwgldy 
wetted Consist chiefly of day soils with a high sweuing potent@ soils with 
a permanent high water table, soils with a claypan or clay layer at or near 
the surface, and M w  soils over nearly hperarious m a t e s  Low rate of 
water trmmkion (0-0.05 h/h). Some of the C h ~ ~  and all of the 
Nobar soil series are in this gmup (WBBDA, 1963). 

3.24 Recommended C N s  for irrigated cropland in the Palrirtan hh Piaim (WAPDA, 
1963) were considered in developing Table 33. ?he rrcommendatioris in that npoa are: 
good cropping pattern of millet, sugar cane, and maip (A - 51; B - 67; C - 76; D - 80); and 
poar cropping pattern of cotton and rice predominantly (A - 61; B - 72; C - 79; D - 82). 
Even though ahere have been satisktory results using this method, field scale research is 
recommended to validate or adjust the C N s  presented in Table 33. 

325 If more than one CN is needed based on catchnreilt area characteristics, then a 
weighted average CN is determind Multiply each CN by the area d the rrrspectie 
~ ~ n t  and &vide the ammation of these products by the total catbent  area m 
determine a weighted average CN. After tbe m e  namber has been determined, F i  
32 ean be used to obtain the direct runoff for a given amount d pr+tx&ox1, 

-e G k  

1. Catchment area = 1OOO acres. 

2 Soil profile has fine texture soil with low hEItration rate and slow rate of 
water tramnhion 

3. Crop is irripted rice p r h d y -  

4. A three-in& rainfaIl event. 

L First determine which soil p n p  is represented. Based on the defmitiolls afthe 
four hydrologic soil groups (gages 29 t 311, the given soil profile description 
matches that for hydrologic soil group C. 

2. The cropland is irrigated rice. It is not given whether an or~-farm 
~ e s y s t e m i s o r w i u b e i a p l a a .  Armmeanm-fimnmaimrge 
system will be installed. Select CN of 63 from Table 33. 
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3. Using a CN of 63 and precipitation of three inches, the direct nmoff of 
about 0.4 inches &om the storm is read from Figure 32. For the I W  
acre catchment, totd runoEis 0.4 x 10% -= 430 acre-kches. Dividing this 
amount by 12 inches per fwt, the total runoff is 333 acre-feet. 

3.26 This total runoff is the volume of runoff over the entire c a t b e n t  To 
determine the required design discharge in cusecs, it i s  necessary to select an acceptable 

b time period for removal, such as 48 how. 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 will 
be removed in about two days with a constant faow rate of 8 3  cusecs. 

3.27 For maize with an on-farm drainage system on the same so& the ClfrT from Thle 
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. I 
3.28 This method can be applied to large basins with various soils and crops. 
However, the distribution of the conditions must be horn to estimate the weighted average 
curve number and total runoff from the basin. 

Modified Unit Hydrograph Method 
' I 

3.29 The Modified Unit Hydrograph Method is used extensively for runoff evaluation 
in Bakism Titon and Kalmbach hcC WAPDA, 1963) introduced the method presented 
here for use when raidaLl intensity and remrrence interval data are not a M 5 e .  

330 The procedures for the method include the calculation of moff based on a rain- 
fall storm that is continuomas over a period of sufficient duration to develop moff  from the 
entire area The %hour interval is u s d y  used because daily records are most numerous. 
In some: cases, the peak m o f f  will be developed by a short intense storm rather than a 
storm of longer duration. Both cases should be investigated wken re@ed. Separate 
analyses of 24,48-, and 72-hour rainfall storms may be made from the records of stations 
in the area of interest to determine the magdude of storms that occur for various 
recurrence intervals. The recurrence interval of various raiddl intensities &dl be 
devefoped by the nstation-year" method (WisIer & Brater, 1959) on a m&mm annual 
rainfall stom basis &insley et d, 1958). 

~ x ~ x W 6 0 x 2 4 h r  
s m i n h r  &Y - - acre-feet 

432Sw &Y 
acre 



Rah~faU Ehq~ency Analysis 

3.3 1 The station-year method is based on the assumptiion that aH locations are in a 
meteorologically homogeneous area and win experiene sirnitar raidkll kequencies. 'Ihe 
primary factors affecting the meteorological homogeneity of an area arc: 

Distance &om the ocean 
I 

Diredon of prevailing winds 
Q Mean annual temperature 
* Altitude 

3.32 As reported by Tipton and Kdmbach (WAPDA, 19631, these fktors are M a r  
throughout the Upper hdus Basin plaios below the Himalayan *piedmont plainn and 
between the Sutlej and &elurn Rivers. There is a gradual decrease in total precipitation 
from the nofieastern born* of the plain toward the Arabian Sea. The major storms do 
not follow any particular paatern over the area. High-intensity rains oa+n throughoat the 
general hdus Basin but with greater frequency in the northew zone. It was concluded that 
zones having simiIa moflswln rainfall depth (within reasonable limits) would be considered 
meteorologidy homogeneaus. 

3.33 Rain gauge stations selected for analysis by the station-yeat method should be 
completely independent with respect to the effect of major storms. That is, no two stations 
should record a yearly maxhum raintall from the same major stom 

3.34 Design storm duration and recurrence interval shall be selected based on the 
area and the type of project under mnsideratioa Generally, the adyses of stonns of 
various dumtiom are required as there is no direct way of determining tiae critical storm 
duration without the folIowing considerations: 

@ meanhitensity 
s time pattern sfrainfall 

condition of catchment area 
storage-discharge relationship 

3.35 Point rainfall is defined as the recorded &aU over an area of ten square miles 
or less. Recorded rainfall representing ateas greater than ten square miles shall be redud 
in accordance with an areal distribution curve specifically prepared for the area 

3.36 The areal distribution curse shall be prepared by plotting the areadepth 
relationship for several major storms. 'Ihc areal distribution w e  for each storm shall be 
derived by the isohyetal method (Linsley et al, 1958). An isohyetal map should be drawn 
for each selected stom fiom which the average rainfall depth and area &d be determined ~ 
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for each isohyet. Then the ratio of each average &a,ll depth to the xnaxhm point 
rainfall of the same storm shall be determined and plotted versus the area When all storms 
are thus plotted, an average m e  may be detemhed for use in the design process. Tfris 
average distriibution m e  shall be used for each 24-how period of a mulaiday stom 

3.37 M W e d  Unit Hydrograph Method Example (funkhed by Project Planning 
Directorate, WUDA): 

Tbe catchment is the Upper Rechna Remaining (SCARP-IV) between Lahore and 
Gujaranwala. The precipitation data fiom I3 rain gauges were a d y e d  for poi& 
midall of 24- and 4&hom dufatiom with recurrence intervals of 5,lO and 40 yea& 
p-&le 3.4). 

Table 3.4. R M  Recurrence hterval for Upper R e h  Remaining 

Reaxsene Point rainfa& inches 
intend v q  24 hum !ifux!W 

5 4.7 6.0 
10 6.0 7-75 
40 82 3250 

The maximum a i ~ d  rainfall for any duration shall be d y z e d  as foHows: 

Step 1. Select the necessary records for the analysis. The Iongest available 
records, not necessarily continuow should be used 'Fen years of 
independent record is mmidered as a minimum and the stations 
selected must be in an area that is meteoroIogidy hamogenmus. 

Step 2, Tabulate the maximum annual Sham and 48-how rsPinfall for each 
station for the period of record (Table 35 {24 hours) and Tale 3.6 
(48 hours)). 

Step 3. Retabdate the rainfall amo&ts in decreasing order of magnitude' and 
mmpute the recurrence h t e d  for each rainfall storm using the 
foflowing equation (see Tables 3.7 and 3.8): 

Rainfall amounts less than two inches were not used in the analysis. 



Ram- 
Year- 
1955 
1956 
1957 
1w 
1569 
1960 
1961 
1%2 
1%3 215 
1% 3.10 
1%5 253 
1966 3-50 
f%7 275 
1968 1.20 
1969 35Q 
1970 2.35 
1971 2.94 
2m 2QQ 
1973 4.65 
1974 1.60 

Kar- sial- Shah- 
IBJZ m ;Jamdl 

22Q 4.243 
234) 249 
4.00 262 
4.40 387 
395 5.47 
ISQ 4.47 
4.53 10.12 
450 494 

420 1-41 275 
3 9  7-62 396 
3.s 1.10 1.56 
4.00 2-79 750 
3.E 2.41 
3 . 4  4.40 140 
1.30 7-@I 286 
27Q 529 t25 
3 3  433 3.10 
230 251 ZXI) 
32s 333 250 
230 739 260 

Table 3.5. Ma;rdmurn Annual 24-hour Rainfall (cont.) 

Bado- 
ratta 
220 
530 
5.60 
450 
8.63 
27C 
320 
3J5 
3.95 
3.83 
350 
235 

Missing 
l.75 
150 
260 
350 
225 
5-12 
250 



Table 3.6. Maximum Annual 448-bow Rainfall (cant,) 

Sheikh- $ango. Metha- Gujran- 
w=L- Wmsuia wal;r 
350 3.67 3.96 5 -70 3 B  



Table 3.7. Frequency Analysis of %hour IRahfd 

Ordef M a l l  & Order W a l l  l+ Order hiddl fai 
m b-1 &=I m ,o I-3 m I- L=l 
1 I025 221 57 4.40 3.87 I51 2.53 146 
2 10.12 I105 61 4a0 3.62 152 2.5E L45 
3 9.60 7'3.6 64 4.10 3.45 153 250 L44 
4 9.15 55.6 55 4.00 3.40 161 249 137 
5 8.70 44.4 68 396 325 162 245 136 
6 8.QO 368 69 395 3 B  163 241 I35 
7 8.QO 3151 71 394 3.11 164 235 134 
8 7.72 n.62 n 390 3.07 166 230 m 
9 730 2455 74 3.87 298 173 U S  127 
10 7.64 22.1 75 3.83 294 376 22t3 Z Z  
11 7.62 20.1 75 3 s  291 379 2s l.23 
I2 750 l8.4 77 3.75 287 JBI 212 122 
l3 7340 27.0 33 3.73 285 183 U O  Ul 
14 7.19 15-78 79 3-70 2.7'9 185 200 I 3  
15 7-10 14.73 3.64 275 
17 7 ~ 0  P3.m 81 3.a 272 
18 690 I227 82 3.50 2-69 
I9 650 PL63 % 3.40 2 3  
21 635 1052 99 335 223 
22 632 10.04 100 330 2.Z 
23 6.25 9.60 102 3.25 2.16 
24 $10 9.20 1% 320 2.03 
25 6.00 8.84 la 3.17 2.04 
2? 590 8.18 109 3.16 2113 
28 5.80 7-89 PI0 3.15 201 
29 5-33 7.62 112 3.12 297 
30 5.60 736 TW 3.10 IS5 
31 5-49 7x2 ll9 3.m 1.85 
32 5.47 690 I20 3 ~ 7  1.84 
33 5.42 6.69 lu 3.05 3.82 
34 530 650 I23 3.04 1-79 
35 525 631 124 3.00 l.78 
36 5.D 6.33 l29 295 L71 
37 5-12 597 rn 2% 1.70 
38 5.18 581 I31 290 l.68 
39 5.a 5-66 l32 2.86 L6? 
40 5.W 552 I33 285 LS 
42 495 5% l35 280 1.63 
43 4.94 5.D I37 2.79 L61 
44 4.93 5.02 U8 2.75 L6Q 
47 4 x 1  4.70 142 27Q I55 
48 4.65 4.60 145 2.65 252 
49 458 451 146 262 0 1  
50 450 4.42 147 260 tSO 

* - Gaps in tbe Order indicate equal rahf3.l amomts oocurred more than once. 
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'Fable 3.8. Frequency Analysis of #how Rainfall 

Ordef Raiddl & Order Rainfa 4 Order Rainfall & 
J!L - lJE.tal -PL Iiachfd I.& A -1c-1 

1 19-60 221 55 5.70 3.87 130 3-65 1-70 
2 16-46 1105 56 5.60 3.62 135 353 3s 
3 aS.75 73.6 59 557 3.74 136 3.60 l.62 I i 
4 l5.00 55.6 60 552 3.63 137 352 
5 I339 44.4 61 5.50 3-62 I38 350 U O  
6 P3.m 36.8 65 5.45 3.4 145 3.45 k52 
7 lL47 33.5 66 532 334 146 3.4 251 
8 H.30 27.62 67 530 329 148 3.37 L49 
9 9.45 2455 69 52tl 3 3  149 336 L48 
10 9.35 221 70 5-15 3.S IS0 335 L47 
12 952 20.1 72 5-32 3-07 I51 334 146 
12 920 18.4 74 531 3.02 I S  332 2.4s 
33 825 17.0 74 5-10 298 153 3.30 244 
14 890 15-78 75 5.08 294 W 327 L43 
I5 8235 14.78 76 5-06 2.93 154 3 s  L42 
16 856 13-C43 77 5.W rn 156 33l L4l 
I? 8.q 32.27 78 499 223 159 327 I39 
I8 820 lL63 79 495 2-79 1QD 3-35 3.38 
I9 &I2 11.05 80 4.85 276 I&? 3-22 2.2% 
20 8.m 1052 82 484 269 364 3.M I34 
23 7-75 10.04 83 4.76 266 Z68 3.m l.32 
22 730 9-60 84 4.75 263 f 69 3.~0 l.3 
25 733 9.20 85 4.50 260 173 2% l.27 
26 7.M 8.84 87 450 25.9. 178 29Q I27 
2-7 7m 8-18 89 4-45 24 175 a m 
29 699 7.89 !XI 4.40 245 I76 275 125 
32 6.80 7-62 92 435 240 1-79 270 I23 
33 6% 736 93 430 237 384 265 3L20 
35 6.65 7.12 94 4.25 235 385 258 X I 9  
36 650 690 % 420 230 187 25? XI8 
37 6-45 6.69 98 4.B ZB 18% 255 I S  
38 6461 65U 100 4.M 22P f89 2.55 X l ?  
40 637 439 182 4.06 216 190 253 If6 
41 637 6.U 103 4-05 214 l91 250 I S  
42 635 597 105 4.04 210 192 245 tlS 
43 632 581 106 4.00 u]8 193 2.40 Ll4 
44 630 5.66 110 395 201 I95 236) I S  
45 6.26 552 113 392 135 1% 225 2x2 
46 6 Z  526 114 390 EX3 238 222 Zlf 
47 610 5.B 117 3 s  288 199 215 XI1 
48 602 5.m f 18 385 I87 203 214 U19 
49 5.98 4.70 la3 381 l.84 20t 2x3 LW 
50 5x3 4-60 121 3-83 l.82 2'03 207 LtI3 
52 586 451 122 3-75 181 204 204 UB 
53 5 s  4.42 X B  369 2.72 2QS uK) lB'7 
54 5.75 3.94 129 3.67 L71 

' - Gaps in the order indicate equal rainfall amounts umm4 more than once I 
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c%upier 3 - Szu@izce 

e x :  R, = Recurrcxlir=e interval in years, 

n = Number of years of record' 

m = Order of magnitude of the raiofalt event. 

Step 4. Plot the laiafall in inches verms the recurrence intervat in years aod 
draw a smooth amre through the phis (Figure 33). When dm&g 
a smooth m e p  some plotted pints may be off of the curve. V h  
in Table 3.4 are basically consisste~t with curyes in Figure 33. 

Estimation of Rimoff 

338 The symbols and p r d w e s  used in deveIopiq a synthetic unit hydrograph to 
' 

estimate runoff Bow in the Mudifled Unit Hydrog~qh method (WABDA, 1963) are (refer , 

rn FQwe 3.4): 

A = Webent area in square d e s  above a point of interest. 

L = of thr: basin in Wes measured along the major chmeI ErOm the 
poiat of interest to the upper catchment asea divide. 

I, = lLength of the channel in ds measured dong the major cbme1 fim tEre 
point of interest to the point on Phe ckmm1 closest to the centroid of the 
catchment area 

1 

S, = Mean slope ofthe chmeL Where more than one slope is known, the mean 
stupe can be computed by the qx&on: 

s, = p4 / ( S n t i o n  (1/q5)) 12 
N = Number of channel reaches of equal length 

S, = Sope of the individual channel reaches in fkct per hot. 

t, = Unit storm durationin horn. 

Inthisexample,n = ~ w h i c h I s b a s e d o n e i @ s t a t i o m * ~ y e a r s d r e d  
eacfi(8x20 = 160)andfieeomvPithMy-drecordeach(5xf2 = 60). 
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ClIOpcT 3 - Sq$oc:e Runoff 

5 = ~ t i m e h h o u r s f r o m t h e a n t r o i d o f t h c l r n i t ~ ~ r n ~ t k t i m e  
when th wlit b d r w h  peair dischage ocnns. 

339 The bade r&tiodip fur a,mputing the hg time and mdt lgdqppph peak 
~ ~ f i o m m a i n a g e ~ d a r a a n :  

(; = ooeEdent de- h m  o sh.rtilar eatdmeftt but with -Ie fbw  r~~ 

3.40 S i n c e r b e ~ ~ n t a r r a ~ ~ a p p r ~ i s s t i n b e i n g u s e d b y  
fhe PlaWiDg IXnxm- WAPDq thc Unit Hytir-ht Rektkm&ips an imhckd in 
Figure 35- Using tbc Lag R t M m  Came aRa tbc Eactox &.JQSJQS is ampmeb (reEu 
t o T a b l e 3 9 ~ t b t t , ~ i s r e a d ~ .  ~ n , ~ t h e t , ~ e i n t h e L a g ~ P P e a l r  
Z k h q y e r w e t h e ~ i s r r a d & ~ -  T h e s e a w c r t a e n ~ i n t h e U p p a R e c t m a  
R--Ia 
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Table 39. Rnnoff Results for Modifid Unit Hydrograph 

Example. Upper R e  Remaining (SCARP IV), Ahadpr Vsugh Bash 

(A) Starm Duration of 24 hours. - 
Area ]Rain KO. Q 
m L h  su!x 
P 4.70 2.7 109 
2 4.62 26 273 
3 452 25 531 
4 4-70 2.7 59 
4a 4.7Q 27 41 
- 6-70 2 7  144 

J&vx. storm 
Rain RO. Q 
in. in, BsSG 
6.00 3.8 B56 
5-89 3.7 393 
5.77 3.6 782 
6.00 3.8 8.5 
6.00 3.8 59 
6.W 3.8 206 

@) Storm Dwation of 48 hours. 

Area 
No. 
H 

aLam 
Rain RO. Q 

10-yr. storm 
RO. Q 
A cusec 
5.4 220 
5 2  558 
5.1 1100 
5.4 m 
5.4 84 
5.4 290 



Computer Models 

3.43 Some of the mmputer models used for storm mofp evaluations are Mefly 
discussed in this section. User manu& are needed with the programs to M y  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 
programs ;and h a t e d  pubwed material for the computer models discwed in this 
section can k obtained &om Water Resowces Pubjlicaeions (WIW)t f.0. Box =I, 
Littleton, Ch10rad0, USA 80161-2841; telephone: 503- 7901836; telefax: 303-7908509.' 

3.44 HEC-1 is a computer model for rhfhll-moff event simulation. The model was 
developed by the U. S. Arrny Corps of Engineers for flood studies. h has been tested and 
successfully used for many years in the United States, and more rectntiy tested in Pakktzm * 

This runoff evaluation program must be calibrated for use on the catchment area. h addi- 
tion to data for a recorded midall event or events, t?~e a t b e n t  area soii and h d  
treatment characteristics and gauged mff are needed for dibmtion. The program 
software is adable in BM PC compatible format &om %tad Methods, Fnc, Waterbury, 
CT 06708; telephone: 203-7551=, telefx 203-5971488 (USACE, 1990). I 
3.45 Awagat Branch Drain Catchment, which is part of the Fourth Drainage Project, : 
F W & a  was evaluated by use of this program ?he study on Awagat Drain, whi& bas 
a total catchment of 83 spare d e s ,  was reported to have reasonable results considering 
limited &%ration data (swASPU/WRAB, 1990). 

TR 55 Model 

3.46 me Urban Hydrofogy for Small Watershed's graphical method for detemhhg 
peak discharge was developed by the SCS (SCS, 1986) based on procedures in the National 
Engineering H a n m k  Section 4, Hydrology (SCS, 1985). It includes a graph fur 24hom 
duration storms with a time of concentration (Tc) less than 10 horn. Information on land 
use, soils, and rainfall is required. A computer program of the p r d m e s  for B M  
compa~ile computers with MSDQS 21 or later and at least 256 K storage has been , 

written, The program and manual are adable  from: 

I 
The use of supplier names in tbk Manual does not constitute endorsement of the 
products nor are they the only sources for a paaidar itern The intent is to indicate 
the types of mate* adable and iden* sample sources, 



i3mpter 3 - surface auroff 

Nationat Technical Idormation Service (NITS) 
US. I k p r m e n t  of h m x n r c e  
5285 P m  Rqal Road 
Springfiefti, VA 22161 Telephone: 7034874650 

3.47 The prmehes  for deterndniag peak disehiuge from watersheds d 2000 acres 
or less using the EFU 2 model are presented in Chapter 2, "Bth&Q R m f f  aad Pealc 
Ilkhrgesm in the SCS E- F W  M d  (SCS, 1990). The pr- arc adapted 
for use in the United States, Puerto Rico, and the Virgin Idmds. Data for tbe peaL 
disfharge &%its were mrnputed using gmxdmes of the SCS N & d  Enghedg 
M a n b k  @m34), Seaion 4. NM4 cn 'IR-55 &odd be osed to estLnate ptaL 
didmges beyond the Emits of the EFM 2 model. An MS-DOS micr~comguter pmpm 
of the EFM 2 procedures the S t 3  E- F W  M d  is a d f e  h m  IUT'E. 

HlE-2 Mdel  

3-48 The HEC-2 model is a water surface p d e  comp;uter pmgram Water h 
profftes are devc20ged for steady, gradualfy varied flow in n a h d  and mawmade &anueTs. 
It banas  5ubdical and supeIfQi&d flows, as weIl as bridges or other o€stmdo= TtEis 
program is a l s ~  IBM compatible and requires only 398K RAU ~~r software and 
publication are a M 1 e  from WRP and Hastad. 

--2Q and WSP-2 Mod& 

3.49 aR-20 is a procednre for project f o ~ t i ~ n  hydrology. The program provides 
~dm109ic adysis of catchment areas with present conditions and various comtbhatiaas of 
l a d  awer, use and mchd or &amel m a d o m  wshg w e  event stomrai&R data 

350 WSP-2 computes water smface profiies in open channels for ewhurtiog flood 
routing W S - 2  uses the smdard step methob to determine flm chamderistics and water 
d c e  promes for open elmneb in&- flood plains. It includes the effects ofbridges, 
culverts, and other re&ri&ons, 

3.51 TR-20 an8 WSP-2 pmcedwes were develuped by the SCS. Tbere is an SCS 
microcomputer version oETR-20. The mamd and software are adhibfe from NTfS. 's 
W S g ~ 2 g ~ I s n o t a ~ H e o r a ~ e ~ a t ~ ~ e d i o m ~ b u t t i s ~ I e ~  
Matea foran Q*, Both of these program are dm a~ztb]Be Prom E W s W  Me- Tne. 
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Chapter 4 

4.1 This chapter is intended to orient provincial irrigation engineers to farm 
drainage, even thou@ fium drabage is nor one of their n o d  reqmm'biIi~es. It is not 
intended to be an on-fa*= drainage mamal. 

4 2  Faw drainage generally has not been provided for irrigated k d s  in Pakhn. 
However, d a c e  drabage of farms is innportant for reduetion of damages due tu stadhg 
water, prolonged saturation of tbe root zone (watcr10g@ng), and a&e percowm of 
poor quality water to ground water. 

4.3 The primafy prablem of inadequate drainage is waterlogging of the SO& P h t  
roots need oxygen in adbition to an adequate supply of water and nutrients, Waterfogging 
prevents pXant mots from receiving oxygen, because the water dkp1aces &/oxygen h m  the 
pore space in the soil. A soif profile fiat is saturated with water becomes anaerobic, dS& 
means without air because the so2 water restricts the normal exchange of air between the 
soil and the atmosphere. Also, cornpsd  may be formed in armef06c conditions thaf are 
injurious to plant roots- Plants vary considefabIy in their &i%ity to tolerate asaerobic 
conditions or toxic substances in tbe root zone. Even though there m y  be no zipgareat 
damage to a mop, restricted availability of nutrients reduces potential yield, 

4.4 All plants need water for basic development and mop produdion, 3fowemzS the 
availability ~f water to the plant roots may actually be re~trictea k a watedogged atbe 
salinity level of the soil water increases to the pint that the osmotic process in the pkat 
roots is limited- The osmotic process involves movement of water though a membrane 
&om a low saline level to a greater lev& Therefore, if the sabity I w e 1  of the soil 
water appr~aches the n o d  dniq level of the plant root ells, witaer absorption is 
restricted 

4.5 There must be an acceptabfe s W 9  b a b e  in the ruut m e .  Sala an pnsmt 
in the soil crust and in the subsluface water. They are delivered to the soil with the 
irrigation w-atex, as well as ocmmkg na~~&Iy* As the water is removed by 
evapotranqiratio~~ 0, the salt is left bebind, Iffie excess salt must leach behw the mot 
zone and be removed by M& or artif?cid drainage. Surface &rainage is important bat 
its h i t s  need to be recugakd as it will not &e&y rernove saline water h r n  the mot 



m e .  WIS on the soil d c e  can be dissolved and flushed b m  the mhe but smhe 
drainage by itself will not solve a waterlogged and &inked field mndition, 

4-6 Where submdke water is dine, whicfi is a maman condition in most areas of 
Pakistan, the emergence of waterlogged conditions will cause sdhised c o n ~ o n s  of the 
land. 

4.7 Agrictrl- land in Pakistan's inigation projects is n o d y  laid out in 25 acre 
squares. ~ s q u a r e i s ~ v e ~ t s w i d e ~ d f i e u n i t s I ~ n g ~  Awitisorreacrc -one- 
acre fields are usually swromcfd by a bmd ami are border irdgatcd as one fM& 
However, it is not unmmon to have a one-axe field divided into 1/2- or 1 /4-aore Eel& 
eaeh surromder8 by bm&. ~~~ h e r s  have their own amqemerrt far irri@ng 
each segment This &vision into s z d i  parcels makes it eEEasft to conecb and convey excess 
s&xe water to a farm &ra.h 

4.8 When there is excess prtxipitirtion, or krigation spill warer is po& on & fidd 
for more thau a day or sq the farmer is indined to breach 4 buds neassary to ~m the 
surface water to wnre toward an oli$ali. %me kigaion chime& as in the ~10mmmd of 
the old P w  arid in NWT, have the m.ii reaches co~nected to the m e s t  drabs 
through link &mek whicb  any wrcers water from the higgon charmcts d i r e  to the 
&aim. Elsewhere in NWFP and, generally, in ine h j a b  and Sindh irrigation systems, the 
emess Mgazion water has no direct outlet to &aim- The excess water mTLtec& an th 
f e d  causing crop daknage and contri%uthg to wzterf.ogg@ The ktdu&011 offidd 
anit f h m  t h i n s  will help ~~e this prob1enr. 

4.9 ~ e p ~ o f 5 e 1 d a n d f a r m d r a i n s 1 ~ l u s t J r e ~ ~ 1 l i c f e ~ a n d ~ ~ b p  
the concern& h e r s  for &ek mum.! benefit. The h e r s  shdd  oooperaat in latying a t  
a worM1e wfxt of farm d m h  d e r  the guidance a d  techid asktane af tke 
provincial irrigation departments a d  the On-Farm W m r  Management Wng of the 
qpidture departments. 

4-10 While phmhg new irrigation pmjects, the proyina irrigation depmments and 
WAFDA ShouZd inslute that the e e r  d&ri.%ution system is designed to mt k any mrpS 
water at the xd end of higation wafercomes or have &Id drains d link ctmnek 
a&1e to carry such sufpl~s ao the next Inigatiorz &amel or drab. 

4.11 Most field drainage ditches are sMow aid kite&& to co.Uec~ d ramme 
swp1us d c e  water oat.. Howevers shdiow gumd water may be intenxqtecf by apen 
s d k e  &ahage &t&es. fn addition, s u b d c e  dmhge may have to on&& into mdke 
drabs either by rrm- of mty or pumped BOW. 



Ckp&t 4 - F r ~ m  D-gt 

4.12 In Sin* it is a common practice to have two or amre flaw-through ~ Q P ~ O I I S  
of irrigation water during a rice &rowing season. W y ,  this practice is d e d  t h e e  
system. ?'he purpose of adding £re& isrigation water, while cb&argSng previously applied 
higation water, is to dilute the salinity level in that specific field. However, as the wz&r 
flows through succeeding fields, it becomes more and more &e. Thus, the Bmmslope 
fields receive less a d  less benefit from the flow-though higaeiion water. 

4- W A practical sohtioa to meet the need for intensive h drainage is to follow the 
policies adopted for ~811struction ittld suabtenance of inigation water mums. For 
higation, the Govement or project agencies design d constmct wafercmms 
Subsequent operation, maintenance and reconstruction are entrusted to the c o n c e d  
benefi- farmers and the Watei Users Asxiations P A ) ,  Goverm.net or project 
agencies shoatEd only become hofved in cases of neglect of maintenance and for guedons 
pertaining to operation of the system 

4.14 E f f d v e  ~01vement and pdcipation of the benefichies is essential for 
S U C ~  hplementation ofmy CO-ty dwe10pxnent project F m w  must@c;Pate 
in the phmkg and constmd~n of field &aim. Under the On-Farm 'Water m e - t  
Program, Water Users A s d a t i o s  have been organid at the watercourse corn area 
level. These Water Users ~ t i o n s  could assme the respflsliilities of demarcation, 
comm&on and maintenance of field ditches arnd brains, Even tliough drabs 
commonly serve two or =re the location of a non-PD &ah, i.e,fran ckain, may 
result in it s e d g  two or more watercQurses. Smce there probabIy wiU be different Wafer 
Users Associations for each waterc~urse m m  area, the cooperation of ;tlI concerned 
WAS Is need& The kmers' participation though the mdaaion  &odd also r&e in 
reducing user &ssa-on a d  administrative problems for the o n - h m r  management 
agency raad in promoting local leadership for making day-today decisions on estabEs&g 
and operating the drab. 

4.15 A Water Users Asswktions Ordinance was p r o m u I ~  in 1981, for e~~ 
implementation of operation a d  maintenance of On-Farm Water Management Ppojects. 
F o d  Wazer Users Assockti0115 with certain legal powers have now been organized d 
registered mder dl the 8n-Fm Water Management Projm (6EWh4 1991). The 
Associations are assigned respmibSties prior to improvement of the w a t e r a m  dmbg 
improvemen& and in the ptbprovement gerhds. me invofvement of the Water Users 
Associations in properly maintaining the improved watercourses is emphasized These newly 
organized W e d  ~titutiopxs have played a vital role in recovering the local share of the 
bnpro~ement casts. 



CkqSer 4 - Farm L h h g e  

4.16 The foUowing activities of the Water Usen Assodation, through their Exeatme 
Committees, are effective in planning constructing, operating and mdak ing  on-km 
watercourses. They &odd also be applied to planning, h i a b g  operating and mmtammg 

. . *  

fann and field e. 

1. To arrange and provide labour and to dismiute the physical and finamid 
involvement proportionately. 

2. TO settle all matters of mtes between various water users regarding a@ment 
of the watercourse, fixation of nakks, distribution 3f work, etc 

3. To make aktemite arrangements for irrigation flows during periods when the 
watercourse is being r e c u ~ ~ ~ a e B / ~ r ~ ~ ~  

4. C a q  out works according to stmdards and spcEcad011~ mder the techid 
supemision of water management Geld st&. 

5. To safe@ the watercourse coxistmdon and ogerijttion materids supplied to 
them, and to keep and maintain proper record of mat.xids received a d  atiZized 
on the watercowse oonstruction in groper register- 

6. To Zouk after d to arrange fur periodic d~ maintenance and repair of 
the watercourse after its amstructi~a 

kainage a d e m  Layout 

4.17 The overall layout of irrigation channels and surface chins fix an area of sewed 
thousand acres is shown in Figure 4.1. me irrigation system has a main d with b m h  
and &&r.'butaries. Individual M@on outleu are not shown. A total of eight q y r e s  (t5 
aaes each) served by watercourses are &own on Figure 442 A branch araterconrse serving 
one-acre fields is shown on Figure 4.3. The end of the branch watermuyse is sham in the 
upper comers of fields 1 and 2. A field drain c o m ~  to the branch watercourse to 
convey spa water to the farm drain is shown at the bottom of the w e .  

4.18 The Jndividd fields need to be shaped and managed so that when drsinage of 
the idhidual field is needed the bmd wiU be breached and the drainage water will flaw 
across the adjacent field toward a farm drain. There m y  be as q as &ee or fonr fidds 
to noss if h e  is one farm &ah pr~vided fur a& quare (s axes). 

Cgnd Forming 

4.19 Land fa* refers to cbnghg the Iand mdke to pravide for rfie orderly 
movement of surface water. Laad moothing and precision land gnding are methods which 









as WCN as impxOVir;g dbrikm~on and uniformity af infikra~out of hi 
kdts of imprmd c q  pmhctio 
are not tr, be merBo~lhe& k t  &ere 
drabage codtiom figme 4A shows a 5efd fhat neeQ land fom- 





retain e m  water 

OX plane shflrdd be opera& ma the area to provide a iwe far a good seed bcd lhis 
opce4)n alsc anll ta% care of scnlemns in fa arras. 





h e  surface flooding of the lam? dmhg this pe&d k permhiale. Some hi@-* aod 
Specialty mops, espedally ~egctables, may q u i r e  a more sagid rate of removal of runoff 
water to prevent damage. It has been cum- to use I, 2, or 4 asecs per q m r e  mile as 
a &ahage coeE.Eien', aauming among other &hqp thar &Id and farm draim senring a 
square or less didn't & 

430 Ahaad dug ditchwith d h w ~ o m i a F i . e  49 (a) tosene acme aer ear less 
W d  win also sat%@ typical re- rate rqyiremts, if an o u m  system is a w E e  and 
the bntlds an o p e d  to allow the sy~rem to operate. 

4.31 Ifthcminimmnsizcotfarmdach~aedwitha~rmomdad&~cris 
U f e e t d e e p ~ a O S f m t b e d w i ~ d a t o p a r i d t h a i . 2 5 f e e t ( F i k 4 - 9 @ ) ~ t h e  
a c a ~ a n a i s 3 . 7 5 ~ e f ~ ~  'LhiTdrainsizeisad~easan~utfanfor60acnror 
more armming a drainage coefficient of 10 cusecs per spare mile aad a velocity of 025 fctt 
persamKL ThisdrainagecoeEcientismtheupperwdofthevahtesinTable3.t The 
ve1ucity results from a water slnface slope of 0-0001 aad Manaiags "n" of 0.45 wed in 
?vfm&gs q&oIL 
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433 Field and farm drains should be kept open. If a farm ditch has lost a third of 
the constructed dep* ie. six inches of silt in a 18-inch deep &a& then it &auld be: 
rehabilitated. NevertheIa rehabilitation by mechanidy rmmtructing the drairrs by either 
band shovel or .bractor mounted ditcher is hepensive and &o&d be done at least ammaEfir. 
The necessity, as well as the o p p d t y ,  to k e p  lfxe weeds mowed or remmed is more 
evident to the fixmen since they visit the fields frequently and have a p n o d  interest in 
keeping the field ditches and farm & a h  functioning properly. 



DESIGN and CON~Ur"F1U.N of OPEIN DRAINS 

5.1 OuW main, branch, tributaryy and 5ubtsr'butary b i n s  zre open Qains 
c o m c t e d  for reeivhg and tmqmthg surface and s u M a e  drainage water to a Safe 
oudalL Surface and subsurface drainage water nlay be &urn rain water, as well as fhm 
irrigation wwces. The drab  m y  be used to intercept ground water, 00naroI ground w e r  
levels, or provide an outlet for leaching saline or sdic  soils- 

5 2  Qpen drains may be mtud m i b h  or man-made. Man-made chins are 
referred to as a d E d  drabs. General categories of axtifidd drabs are: 

I. Storm water drain intend& for speedy d k p d  of rain watet; 

2 Seepage drain wirh its bed below subsoil water level to intercept asd take asway 
seepage. 

3. Seepage cwn stann water drain which is a codination of btf i  

5-3 Whether the drains are designed and wmtmcted by pruvkitrl kigation 
departments or by WMD& the &tenance reqmm'b%q is with fie r&e: pmsrincial 
irrigation department. 

5-4 Fattors affecting rhe size and shape of drains are dmhge mnoE water smbce 
slope, depth, bed width side slopes, roughness of t?ie bed and a d  biting vef.&;ies, 
L u d  design and performme experience have been hcurporated in this chapter- 

5 5  Togographic m e y s  are made in preparation far designkg open drains Xlu some 
cases, accurate surveys may have been prepared previody for planning or other prdimhq 
studies. These prior m e y s  should be thorongldy reviewed in the field to Y* the odgiml 
work aoQ if needed, to mllect supplemental data scale to plot topogra.@c m w j ~  
Should not be based on r i d  requirements. Lxd site conditions and amount of detail 
needed for design and c u ~ c b i o n  are the primary considerations in se!&hg the d e .  
However, a a m o n  scale is one inch to a c a d  mile (5000 k). 



Soils . 
5.6 Soils along the aXgment of a proposed drain must be duatecl  for ~ C Q M  
stability and fur bc&q strength for stmctms.  Where tbe W of a drain will be excavated 
below &e water -e level and at other lacations where the soil may be m I e ,  the drain 
desigD must be based on r d p i s  of soil samp1es &om bore holes esi pits. Soil sampk for 
analysis &udQ be obtain& at no more than half miIe intervals The depth of soil fog d 
cofIeCSion of 5-03 samples are b& on site conditions, mtidpted design depth of d r a b  and 

5.7 ~ e n s o ~ ~ l a o n a ~ a l i E g r r m e n t a r e ~ k t a k e n , ~ E ~ e r ~ d  
have the se~w of a Research Assistant. The Executive Engineer ~~d pmvide the 
s e m a  of an SubEngheer to indicate the alignment oftbe drain and to askstthe Resear& 
!&stant Jn taking sanpIes, 

5 8 To relate soif particle size percentages to textural ~ c a t i o ~  use FEgtrre 5-1, 

W i n  - mew 

5.9 T'bearq A, ofa&ahidonfozl .~Bow, Q,isdetemhedhmtheeq&un 
A = Q/V. The: velocity, V, is computed using Mimnbg's equation: 

v = ~ R * s *  
n 

Mere: 

V = velocity in feet per second 
n 5 roughness coefficient of b e 1  
R = ~~t radius, which is the area divided by the wetted perimeter- 
S = dope of Iydmdic: gradient, d y  Ion@&- I;fopc: of cbnmd 

WJwa~er mrke (WS) in open chain& flow 

5-10 Velocities from Mamiq's equation can alsr, be obtained from pub- 
hydraulic tables ami a mnmppb Fig. 52). G q S d  presentations of geometric anb 
~~c eE.emcns of trapezoid& channels with M e  S o p  of 1:I to 4:1 ate in Fies  53. 
h l a m h g s  quazion is wed $0 determine velocities for surface drabage cihameIs I..acey and 
]Kern@ aptions are qpqr ia%e for canal desigin with silt fadex Baw ~ ~ E ~ o M  bat not 
for draim. Agidd drain waters are nat antidgated to have ~ c a a t  amamls ofsilt 
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beespxted&rsgingari&andnimnmofvegctat~~ T h c h ' ~ ~ ~ ~  
bi~@&&b after ~ ~ ~ ~ & ~ c t i o n w i B  be fmer than the values given in the table. An kevaBne 
of 0.03 is mmmmc:& ty the Bureau of R-on for &sign of opm thins (USBR. 
E3841, which is  mmkmtt .Elbe dm in. TrtBmt: 5 2  for a WC EM~X-IS CSE~,@WE& 
may bt quite S ~ C S C ~  of ma..ur m a  * 



a d p d  to determine a safe distance. Afso, w a d o n  throe amshy h d  is nbramdy 
difFaarIt and expensive, if timbering of excavator aaclcs is needed. S e ,  the 
e e n a a c e  of such reaches is very Wdt Wedands and ponds s h d d  mrndly be 
pro*& tnrt may h comected by bmnch drains to the main drain, dew- on pkmed 
objectives. 

5.24 Drain Zen@ is normal& stationed with r e d u d  distances; 0 b q h k g  at the 
outfkll. References to left or @t banR are looking Lr the dow~~s&eam direction, 

1 Prmrin Side S l o p  

525 Drain side dopes are &termin& primarily by the stabsty of the tlrroagh 
w ~ c h t b e d r a i n k ~ ~ ~ ~ ~ ~ d ~ t h e ~ ~ m e ~ a d l s t o ~ u s e d ,  I%leshepst 
side dopiles (tio-ntak~ertid) recommended for 3 5  are in Table 53. Flatter 
side s l o p  may be d m I t  %PT more ~~~ mi earnarmid mahteme9._ 

Table 53. R e o r , m n d d  Side Slqxs Based on So& 

sand 31 
I.mXT3 2 1  
aa~ 1 3 1  
Pea5 and mu& 1:l 

5.26 IbinsidesIopes*&~k&Wi&eom-ce~~e 
given in Table 5.4 (SC5,1%9). Side s3opes b u l d  iw as; Bat as feasza19 comidew the 
width of rightaf-way rapired d the ease of &=ce d aaas. Xn motst m af 
P * a  drabs are ma faced and axe mmmo* subject eo f00a a d  animal t d 5 c  a& 
causes &wmce problems. These pmbkms snay be r e d u d  mi.ag flaaer sI- 
e.g Wee horizontal to o m  vertical, artd by providing proper 

I D m  m?g& 

5-27 Faeon amsidexed in ~~ t;Ir+ depth of a drab are: =PeY 
below the design hydraulic gmdiene (WS) to remove the bessp smfacc nume pmvkha 
of OUW fos s a b w k e  binage; d &eient waterway deaxaace fix czisthg W@gq if 
f-*bIe. Ifthere k r n z  d v t e  !dcp& tl.mmgh ex&hg - brkig~ the *c"xzE* 

flour srnay a d  m be d e p d  

- 745 - 



Ckpter5-Lkst'igrr curd.COnsm&n of- Lkmins 

Tabie 5.4. R ~ ~ e n d e d  Side Slopes Based on PIanned Maintenance 

M o w i r x g & e  3: 1' Hatter slopes desirable 

- H y ~ ~ o g e : r a E e d b m ~ w i t h l f Y - l ~ r ~ ~ k r z s e d t o m s w s i c t e ~ ~  
as steep as 1:l. 

- FQDW reco-nMo= 

5.2% S f i d a t  depth mat be propided kIm the design F== -1 
~ ~ ~ n u x u E ~ u ~ f r ~ ~ t 3 K : ~ d e r ~ & ~ ~ ~ o r r s ,  Whenthe 
tykauk h e  h a  been estab- as in F i e  5,4* the depth of thdE bed is 
m e  w k n * W S g ~ k ~ M ~ *  
? q & & m ~ & x d ~ m f ~ ~ ~ &  U S h g t h i ! s g a k e & & * ~  
e m  de&a &%ai~ai Tm!x be c%e&td in refiraim ZQ CO-1 pins Tlre depth of 
& r ~ ~ d b = & ~ ~ .  % & r n ~ t * ~ & ~ f t i r c : * t : ~ ~  





5.30 Tbe type of e e z y  to be used for C O ~ ~ O P L  shwld be kFhe: 
seldo~~ofdrainbcdwid& Vfypedraim-tabedmaybeMtwi&W*ar 
bhdequiprnent. I;ZarMdraInsm far azanmba by s m p q  
hydraulic examurs, or ikagbs Dep 
eqnipmenEuJed Spcdfi+dminimumbed.cwi~areoftcnbvedonthtypad 
available. 

531 ? b t r e W a m l u : p ~ n d r a i n d c p t h a n d b e d ~ m a y d e t e r m i n e ( b e ~  
economical crass seaion, ~f~~ tiwa ufa xnd&ck As a 

area A n % x c e s s i v e I y ~ ~ ~ W m & t o h I q s a n d o r d t G ; a r s ~ ~  
l2Eaadewand1Mnka* A ~ 1 ) ~ ~ ~ 9 0 ~ ~  . . d m  
r d u e  ti5.I-n arad lIx%de- Ea ficme v m d  
m o y . ~ h g r ~ c & * q h b ~ &  
tenan=- J~dgglmmt of famrs is re@& 

3. E k v a t b n o f ~ c  fur side 
areas. ROP &e t ; Z d 8 ~ 1  wkre  side b i a  mcdsxDa& 
Plrnslrn* 

4. ~ 0 0 0 f ~ ~ ~  
xixaabsa-1-a 









- F i e l d  eleivatians - Subsoif water e l e ~ a t i o n s  - Laxstion of coatral paints - Soil hriags - G n r t f a Z H  W - S ,  ehevatLons - W a t e r  surface elevation at 

- Ceefficiat  of mgosity "nm - Side slap- - l%hsi%m w i d t h  - aiahm tiepa h a m  hku&~urg~ 
gradeline (seapage hh~) 

pe.rr&issfbXc veZazPty 
a -  





or&pmkx%hlyhgsuessbm Bua&s, h-r are g m y  

5 s  
~ o n o l p e o t d f w b s t ~ o r h i g h  a s s x h d ~ a l ~ a S  

year mxmence interval stom P o ~ W .  tmkwater stage npsmam of pumped 011t69 
systuss by pnmGiag system d m M q  shmld bc wnsidesed in setting c id iom of 
other smxmes snch as bfidges 

551 'Ihcbci@tofbanlrs~~mdraimu,thesea~beMghejl*~toannain 
the lmchw&z effect of long drwtion gaze damre ~~~~~ SaZrr- 
~ ~ & ~ b r i & ~ ~ & ~ a ; h n d  c:m&mpc:tca-* 
~ e c l l ~ r -  

@en in Table 55 
I 

lQw%&d*WS)mh* 
NGZ, w b i c k w ~ i s  higher. L a&i&i01$ th+ minimrmrMt;id consmaion height to afkm 
for se@tfzpenais om iDehperfoot cfkigh 

553 D r a i n m M d h  as either art m d a n  of the acmatd side 
W a  clismme a- lkpembgm 

msnianmnmw km-'ben-ar 

*fa& 5.5 Top W* d fur 
I 

Tog WI& I 

Used as Not used as 
-81t 



a F o m a r o a d 1 5 f e e t ~ a n d m t m o r e ~ a w e , f ~ ~ ~ ~ .  
s l d i i c e a s a n ~ ~ ~ d  

fi. 0 n ~ ~ s i d t o f t h e : ~ h ~ ~ e ~ o n n w d t f i u c ~ b e ~  
; u a o ~ d o n t o & e e ~ w ~ & e ~ . i a ~ ~ ~ ~ f a ~ ~ I C V i & h  I 
a 5-foot top width a d  m;nimum 2-foot bei&& WMt: this is esc&d ' 

w h e r e ~ e ~ ~ s c s d ~ ~ i t k ~ r e c a i H l m n e n d e d h o ~  
areas~prevea tems ionafehz~ed~  S & d o w l e k M k s e t W  : 

f a r ~ n g h f r o m t b t d r a i n e d g e t c e d H e t b e W ~ d t h t o b e ~ ~  1 

h x a s e d b y 5 8 p e r ~ & s t i B l ~ ~ f o r a m ~ d ~ t o :  
work. ~ i s & ~ ~ ~ % t h e d r a i n h a s a ~ t ~ m o f ~ ;  
tha3.I tvm feet deep , 

b K ~ i I i s ~ ~ ~ o n C o r D ~ y b e  s e & m C i s e k  ' 
where flaxkg onide sf tbe drain is &d& wGmpz@m I 

The s t d a d  practice of the WAPDA 
%foot height 







~ S - ~ u u d ~ ~ a o f q P e n ~  

Section D shorrld be adopted where it is desired to amid ~~ af dcpressiom 
and where a mid is considered e s s e f i  The neaszy  spoil in both cases m t ~  
be obtained fiomMrrcpw pits in the bed or &om judicious widemkg ofthe dririn 

bmd ma 

556 Tbc l a d  width needed on the inspaion barzk side should be as &awn in 
Sections A tJuo@ 0. No h e a s e  in width fur d z q y e a t  spoil will be needed m this 
G d q b & e ~ 2 ~ o ~ k & * e d f i o m ~ f a b s m i p i & e M  LUtshecpent 
p 3 f r o m ~ d a & o n ~ k p l a c e d o n ~ ~ ~ & G e o f t t 3 e Q . a i a .  

557 For the h d  width on the opposite side, the fie-foot wide,  foot dm& 
s h ~ k s e t b a c j h : a ~ c i ~ t ~ ~ m a 2 t 0 w ; a ~ e ~ r e x ~ o r ~ w o r k o r a N , S .  A 
strip ofland 10 feet wid:: &om the outer tat of the d m 1  should be axpired ior the spoiI 
ba& ~ e r e ~ ~ f l m i s ~ ~ ~ m w a t e r d d t d ~ e b y ~ & ~ -  
torurianotBer@~thebdtaid~magbeasbelm 

L Where bad is dt ivatd,  dlow two feet h m  the uutside toe of tfre doweL I 1 
2 Were land is not d M  or soiE is 7QZtar' ( d t  afFeded)* &ow for X:6 angle 

of repose plus 10 feet bepnd the outer toe of the dm& I 
558 T ~ w i d t h s s h ~ b e h d ~ f e ~ o f % ~ o r q o ~ ~ ~ n n i t & ~  
mmmmmea h use ~~ fbr ease in land acqukitiun proce&bg~ 

spr%ace water 18nleaS 

559 Suzface water S e e  need to be pqerly sited to manage the s u k e  water %m 
intothedrain S ~ ~ ~ n o ~ s h o d d n o t ~ a e E . ~ w e d t o ~ ~ ~ ~ ~ e x ~ ; i t  
pkmed ]tocations though Sets, which may be either pipes or masonry skwtms. &&ice 
water inlets should nomdy be I d  in depr&ons, Spoil bmb d aHector ditches 
Should be oo~15tnacbd to manage the flow and &ezt d a c e  moff to these inlets. Other 
types of Me& are chutes, drop s p h ~ l s ,  box inlets, and cuIverts, See F i e  5.7 fbr an 
example dra- of a h c e  water N e t  

5-60 Sm Mets reduce emion of side dopes and silt mUtxtion. in the drain, the 
vahre of inlets can not be aper emphasized EPiralL use of surface water inlets Is 
reco-d 





5-61 Thesiiit1~dofMe~bdd*~p~aaaEi~eb1rn-kN.S~A kt 

Me&@pmzybea 

removed to drain the Iow adjoining E~F+-~ Z& kzais d ez%&s& zxxd -'k 
r q W  prior to the next B d  rnoniatic OF h d  aged w k & d  gates can a b  
be med fur ppws. 

5 = a  ~ r n l % : r & ~ & * ~ ~ ~ ~ * ~ ~ ~ c ~ ~ f S  &pl$mfhfm 
mil cbmck&ticq and whether &e drain passes &m@ 
h bigatd apeas, the k t  consideration is gemem& &e 

irrigated areas. For mdti~&ed aimas, o m  inlet pelr mile is r e a - d d  

3-63 Cardid on-site olxxwatiom by the Sub-hXod UiEeer dmhg sprrface: 
periods will help determine where inlets are n&ed 

Design -~k 

Give= Draiaage area = 11 368 aares (Fk 4-8) 
~JsetaemSdEqoationwi&C = 4 o n u p s t r e a m ~ d o f 1 5 6 8  

acres. 
use@ = I o o n ~ ~ ~ ~ e s ,  
Profile of drain wig. 59 )  
Side dopes = 2%. 
value of *n" = -045 
?%nhm bottom width = 4.0 feet 

Repired: Design of drain for smfaa water n m d  

1, Lx;lcate conire1 points and hydraulic grad&& as, shown in Fqpe 5-4, 

2. Draw subdmides for reaches d other design points as &am Figure 5s d 
determine their drainage axeas. 





.8 S h w  &c RDq at8 
width, depa and 

m d-m art &m on tbe plmd G d o %  

sod velocity fw ae?l desiga pint This may be 

-+ F&-vM 53. Fez w3fes =- ~~~~~ 
d vdocity stmdd anform with the 
desijp If& 
-om fd**, 

Measure the d- @zbs h m  the: @ g . h  to 
e s t z a b ~  the bed u f a e  c h h .  5.23 shmm there are bps ax S&O.I,IS 

25+m and T5+50 a d  a rise at aatiaa SO+OO. This rise is 
ant3 it b1e& with the 

e 5rop-s; bowever, tbe ibps 
w ~ r k  is not &m so pnx5s-dy 

tllawmdh~m e or dtaenta l  to the drain For lager dropg 
&C d e ~ @  s h ~ d d  k ~ H Z L ~ ~ ~ ~ Q E ? , & ~ S ~ S U ~ Q ~ ~ &  

signed to contml emion 1 the drops, 

Bridge at station 25 +aQ Field in fowon on this &sing bridge inmaw that 
tbe8crwareaatthebridgeisnotIesschsathe 
&ah and &ere b e d  Im at the 
gradient not be at ttm ph.t 



I%% example is an Leaion @Ti&. 5-10) af Mamma h& Drain located in the E m  
Drakage m e .  The side Met stmttirre in F i e  5-11 is acXSO part sffbis &&age system 

















Department should have the r-mibility for determining the d i d x q e  of catchem 
above W o a d  bridges in regard to the safety of the railway Iine. Also, the Railway 
Department is ohen a good source of topographic maps, and disch-e records. 

5.74 Design criteria for bridges or other aoss draiaage stnrauns ovu draim, ie. 
can& w a k r c o q  roads, rail roads and o h  fa&.tiies that cross the drain, are specifed 
by tbe au&ority resyom'k,Ie for the coastraction and maintenance of the structure. In the 
case of railways in Pal&- the structure is designed and comtmcted by the Railway 
Department at the expense of the owner of the drain. 

5.75 Waterconuse cmshgs are structures often required in aonjundonwith b h g e  
system. U d y  the watercourse is an open chamel above N G L  Gemrally watercame 
crossings are provided over thc &ah by a RC aqpedua. Less often a ypf;on stmctare may , 

be used for canal flow. The draiaage Bow should not be placed in a syphon because the low 
velocity may cause serious maintenance prob1em. 

5.76 Ihe capacity requirement for some stmctrnes may be for flood flows which are 
much greater than the ~~e requirement This extra capcity atso allows an extension 
of the drainage system without necessitating a remodem of akting ~~~. E&hg 
structures shoar1.d be measured to determine &eir cqa&yy if thc co~tnzctiion .&wings or 
designs ate not available. An existing structure may be considered adequates if it will prm 
the design drainage flow with a head whjch will oust no overflow on the sidc banla 
upstream of the smcturc. 

5.77 Structures used on some private 8nd field roads may only need to be deigned 
to carry drainage Bow. 2%- structures need to meet two requirements: I 

1. The structure must be of su£E&nt size and bated to pass the design 
flow within the a.Uowab1e head Xuss. 

2. ?he struehue must hare adequate strength, si~?, and dmibility to meet 
the requirements of traffic or other intended usagee For pipe erosiag 
stn~caures, tbe minimum lengtb of pipe &odd pmvide for side s l o p  of 

I 
the road fill unless masonry h- are as high as the roadway. 

5.78 Head lobs though pipe culverts sbould ordinarily not ace& 0.5 foot The head 
loss may be reduced by inoeasing the size of the structure. New pipe adverts for stom 
dmhs usually are designed for 25 percent more capacity than tfr drain design as a faaor 
of safety. 



5-79 There are several types of flow thou@ pipe culverts. Under some situations, 
detailed knowledge of hydraulics is nemstmy for the desige Refer to bydrauiic tests for 
dete- pipe capacity ansidesng site conditiom. 1Wree common flow conditions are: 

1, Cuhferts flowing full w i b  both ends submerge& 

2. Curvcxts flowkg fd wiab nnlr-s~bxnerged or free &charge. 

3. Culvert fiuw Wted by entrance conditions (submerged entrance). 

BatC' sm- 

5.80 In Sindh there is a special concern with OPM s ~ ~ e s  because sane of the 
irrigated lane? is close to sea level efevatioa It is necessary to use tw- gates in the 
outW c h i n s  for these low lying h&. Full-time bigpaion Department & aperate the 
gates. They are open when the tide is mt to allow outaow of the drabage water d d d  
before the sea  water can flow into the outfall &&L kt is aecamq to me bzmks in 
mn.ction with these outfall structures to prevent unwarated water flow around the 
strums. Refer to Figuaes 5.14 md 5.15 for byouts of example outkill ~ c t u r c = s  in Sindh. 

h Muchistan Province a major s d k e  drainage system, the Mairdh W e r  5.83 
Drain, was commaed with a pumped ondet (Fig. 5.16). kt Shdh the IadcmaS- 
Drainage system has eight pump& stadom to Eft altain water from open drains to irrigation 
c a d s .  Kbirpur SCARP is a .tubewell drabage project, p ~ h  saline pd water to 
~ p e n ~ w ~ & ~ h r p n i s f i f t d b g r ~ u m p i n g ~ n n s t o ~ ~ ~  D r a i n ~ e t r S  
mixed with sweet water to reach a desired salinity l e d  of 4M parts per ~~EUIL The bft 
Bank O a n M  Drain is mder ~ n s t r p l ~ o ~ . ~  It will pmvjide more dtedes in manag& 
drain waters. The Kotxi Bamge system has both a right bank and left bank outfi4l drain 
outklhg to the Arabian sea via auxitrous creek 

5.82 Outfall structures or systems descdW above are nonndy designedly WAPlDA 
or by consulting h. Typically, witten instructions for operation d maintenance are 
provided with the 'design and C ~ ~ & O I L  p b  

5.83 In canjunction with struct~rs in the drains, it is appropriate to incorporafe 
gauges or hydrdic measuring devices as shown in F i e  5.17. 



F&m!5J4. T y @ c a l p ~ ~ n p m s t a t i o n i n S - t o - a n ~ d o r ~ e d r a i n ,  
Similar ormdaZl SmSm in Fig. 5.16. 



4 F i  3.E Typical tide gate s b a m  in Sin& bat6ng four gates tha: are nrandy ammdid 







I Co-dion of open 
Drain ILayo~t: 

5.84 The number of stakes required tor d c h g  the drain layout on the g r d  
depends on toyogmphy, size of drain, the type of equipment to be used, aad the experience 
of the contractor or installer. A centre Iine stake9 slope stakes, and offset refereme stakes 
may-be set at every station Somtinres the centre h e  cut or i3.I is marked on the centre 
b e  stake. In m y  cases, staking is not r@ed at evtq stattion but a suEcient m m k r  
of stakes should be set to obtain the intended result 

5.85 ~~ Mads pro* permanent reference of the reduced distance @Dm) 
dong the length of drains and a d s .  Stone is the most suitable mateM for distance madm 
on b ins .  The portion of marks q p a r h g  above the ground should be suitably-f5nkb& 
with the 3LD. number a t  into the doping faces of the stones, as show in Figure: 5.18. 

Exca~at5un 

5.86 Theexcavat i~nshouldbeto~e l ineandgradeas~intheplamand 
staked in the field It is generally advisable to limit lotyering of the water table to Owcr 
three feet at one h e .  lf the water table must be Itrwered more &t this amount to attain 
the design depth, the excavation should be done in stages. Sfaged anstrution shoold & 
considered for dewatering the wzer table areas with suEdent time between stags to 
permit the water table to recede to each succeeding depth 3eveE 
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Slge Protection 

5.87 Th placement of stone or masonry fur s@t protection should be in accord with 
thedesigndaawhgandasstakedkthefie3[&, EthenaturalbanksamateW*not 
readily drain, permeable mate- such as saad d gravel, & d d  be plaad an the slape 
before phing the stone or masonry surfhe. 

5.88 Bridges should be eonstmcted or rem&eU& prior to the excaxatia a£ the 
d e n  &ore in the inmtcdiatc Gciniq. Depending on site cmdition, it is &en neasarg 
to provide a bypan for the cbame1 dong with teqmaq traffic ammgements. ~~ 
dnring cozistmction is a %recpent rapiremat that often varies with the seasax af 
amd01t 

5.89 AII adverts should be installed or rexxwkUei! prim to the site excawdim 
WhenmultipIepipe&e~areuocd,thc~-betw~theb&orpipesWdkat 
Iwtrmchalfthediameterofthepipe. A l l b a e L r m s h o u d b e c a r e ~ a n d ~  
compacted. 

5.91 TheinstalktionofidletJtmamegeopedallyirt~shouldbevergcare6nqr 
done. T h e p i p e ~ o ~ d b e w e i f W d ~ b y s b a p i n g t h e ~ a n a t o ~ 4 n f ~ t o t h e ~  
ofthepipe. 'Ihisfine~should~ndupthe&&ofthepiptoapointarherrtbe 
badmUmbetasityrd&.CvithahandormMd-- Anjohshanidbeas 
watertight as feasl'ble, 

5.92 'Ihe e tio on should be 00q1eted by tm@g the soil an,& the pipt 
Moisture control ~f the b m  soil will fiditate placement and Mom Ta-rc: 

to prevent a &i.ktre by wasbout at the. inlet stmetme. 













6 .S  To accomplish needed maintenance, the respoa'ble o ~ o i o n  ?mmt be 
properly organized and M e &  Urgent repair eonchitiom need to be recognized end 
ad&- early to allow time d e d  for tedmid consdration and sbifts in Idget  
abcatioas, 

Control 021 Vkgeaatb~ 

6.16 WeedS~ybentmcmdbgW~sh~inF~62and63. Awed* 
mourned on an excavator nz tractor, can also be very effective in cmtrdbg vqetatbm 
wXrh  the open drain (Fig. 6.4). Mowing to cum1 vegetatiion on spoil baob, berms, and 
~~t?ledraimisbothecomnnidimdeE~ifthesidedogesanmttoc~C Far 
s a f e ~ 3 s i d e s l o ~ ~ n w f i i c h f a n n ~ ~ a r e t o B e ~ ~ ~ ~ d b e ~ 3 : 1 w ~  
4:2dopesarepreferrd Sidesla~esasstecpas 1 : l . , a s w e l l a s ~ l b e d s , m a y k m o w c d  
using mowers mom&& on 3 y b d i ~  operated boorm (Figs. 65 to 6.7). Atl mdBeb 
&own in Figmes 65 to 6.7 are ztvaiM9e frcm Henid (see Referaces) The weml rake 
s h S ~ 1 1 i n F ~ e 6 A s n d m ~ e n o f d t y p e s a r e a ~ I e f i m m ~ & W r , L t d  
(see References). 

6.17 Removal of grass and other vegetation from inside s lop is mp&cd 'Ihc 
vegetation &odd be cut QE rather than uprooted The mowing or csltfbg isjust abaee tfre 
stnfafc ofthesideslope, dtherooasrrlehimaamp~thsiopes&helppscnt 
f~mmion of zain cats. Vegetation deamce of this nature s h d d  be dome in J i m  before 
themins- 

6.18 There an aiS0 q i o O h  or boat lmnmtcd mowers (E&. 64 .  Tke mDQls 
s h m  are made by Aqnarins Systems (top picme), Bo- ;md Hmkr (bob 
p i c b r e ) a s ~ I e s o f a ~ ~ e ~ ~ e n b .  M-fbrtheseWare% 
References. 

6.19 ~ m e ~ ~ c a o b e : a g o o d m ~ d ~ i F ~  xuxbsbb~e prgetatiad 
iaopenikab. H ~ r , ~ d r y v e g e ~ ~ ~ i m a y b e h a t d t o m a n a g e w i t b o o t c r r a t i a g  
akmrdfordjacentaopsorpmperty. CanlnmtbetakmmtotddestmyM~plastic 
pipeoutkts,orotherprope*. A n y b a m i n g M ~ s h o n t d b e i n ~ b w i t h M l w s s  
andorm-  ~ g e n e ~ h a s a n e g a t i v e i m p a d o n a i r ~ t y a a d h ~ ~  



F i  62. Weed removal by hand 



potential animal fodder- An advantage is thatbat minimum equipment t needed. Howeverp 
adequate fire fighting equipment with properly trained pemme1 may be required- 

6.20 Chemicals to control undesirable vegetative growth have produced some excellent 
results. Caution should be wd in application to prevent crop damage or water pohtion 
from the driftisg chemicals. Broad leaf crops and most vegetable and M t  crops are 
p ~ ~ 1 y  smcepbiIe to damage. M o d o n  on appropriate chemi& umdy may be 
obtained from local dealers or current pubEcatio~~~. Major chemical companies have 
prepared considerable infumtion relative to usage of spcdfic products. 

621 For guidance in the zrse of &exni& on common weeds on drain b e  refer to 
madktweis r e c o m n M o 1 1 ~  or local technical mated- The most current i n f o d o n  
a-le, incluclhg data on new herbicides, shodd be followed. Laws or regulations 
governing use of herbicides shan be followed. All chenicds should be used accordkg to 
label on the chemical container. The EPA xkxmrages the usc of chemicals in peremid 
draim or rmllahg as thc water is frequently used for human and arrimal c o ~ ~ o n .  
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Clbemid fontsol is very controversial. The primay considemeion is that the water is aped 
arr and ow by aaimais and by people for pem& use without treatment Ahq 
herbicides may enter the drain water which is often used for irrigation again, aad may ham 
the higated mps. 

6.22 Bi0109id control of vegetation needs research and evahdun. Under some 
conditiox~s fish may be effective for the eontr01 of algae or submersed species (AXE, 1980). , 

lac Grass or Amur Carp (Ctercoph.qmg&n idelk) and b e 1  Carp (Qpbus capb) are 
two @es being used and stu&d During prepasation of this IXainage !&am&, 
intnxhcing 6iPh that live on vegetation was cikcmsed with staff of the irrigation departmenb 
and othen, The general concIusion was tihat this would not be f&1e. A commm ancem 
with Grass Carp is that, as a ~~on-native species, they have no natural predators and may 
have mcmtrolied population growth amding out native species, Anothez opinion 
expressed was that the 1 d  p p f e  would probably catch and eat the &kt Wer than they 
cudd be stacked. TecMdyl fish are fasiiIe under wntroHe6 conditions in selected 
~ o c a ~ o n  I 

623 Removal by hand or mechanical management of w e d  growth is pr~b&ly tlre 
most reas0n;abIe and feasible. 

sat Removal 
I 

624 Debris and mil from adjoining lands are d e d  into open drsins by sdkce 
runcE S& as defked for irrigation channels, is not found in a &ah Mmever, a dParin 
with debris aad earth from the adjoining lands is often referred to as bekg sggrzded or 
silted. me silt deposits on the bed have to be dean4 out for the efficient opedm of the 
drain The frequency of silt darmce depends u p  the class of the d m b  and the &sign 
objective, Storm water drains may be dlowed to dt up to a c o ~ d e ~ 3 e  extent. ft may 
only be n v  to remove siIt when the drslin is no longer capable of conveying the 
&charge it was designed to any.  In Figure 6.9 the drain appears to have ample hydrdc 
capacity, but silt bas ammndated to the extent that the present bed is neadyBeve1 with the 
smrcbufpag lan& This andition may r d t  in waterioggiq rhe adjoinhg h d  

6.25 For seepage drains, every inch of sfit accmdated on the bed reduces eEdency. 
When the depth of amUaated silt is 12 to 18 inches, the at should be r e m d  

6.26 Most seepage draixts have a m t t e  ~ O I I  The amette width established for 
each drain is based on the anticipated seepage water &chargee The depaft, as we8 as the 
widq sfadd be lxX3.h- 
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627 If the seepage water ~KIS more than two feet deep, then efSdenr silt dearmce 
cannot be done by manual labour and a mechanical excavator is needed On the other 
band, the machine may not be efficient nor econoficaf for depths less than 18 inehes of silt 
clearance. The relative advantages of md labour and xmxhaical excavation must be 
considered. Silt removal by hand is sh~wn in Figwe 6.10 and a drain W g  dean& by 
excavator dong with a &ah cleaned with draghe is shown in. Figure 6 1  1. A sekdde for 
mechnicaf excavation of silt from drains &odd be programmed for at least two d 
preferably thne years and updated annually. The revised schedule should be submitted to 
the Superintend@ Engineer in April to mange for work to coxx;mence in October. 

Sloughing Drain Banks 

6.28 A method to repair sloughed drain b h  is to flatten the side dopes fo one 
(vertical) in four @orizontdl) or one in five. IXs can on& be done where sdficient iaad 
width is adable. Redcsign of d o n  may allow mowing the bed and flattening the 
slopes within the right-of-way. 

629 Staking aad bushing is both expensive and of limited application. Figure 6.12 
shows the placement of stakes and bushes to collect silt or fiu a seetion of damaged Qain 
bank With a lot of h a d  labour adable, the staking and bushing approach sobe &e 
problem for the short turn. But if the drain is dear& of silt by a medxmical exmvator* tb 
staldng and bushing will probab1y be disturbed or destroyed by the machine. In practice, 
some of the voided area may be i3led with ear& as &own in Figure QJ.2 

630 hother methud of bank repair is to filf the v d e d  area with eartllt d o -  
referred to as, "GatcEe pitching". fit- the side s l o p  with large divots of berm earth 
£rum nearby higation channels is easier requkiq less h e  and eEoe &an sta%ing and 
bushing but has Mtatio~1~. 

631 Bank sloughing can be remedied by intercepting &e water a few feeS aumy ftom 
the top of slope (5 or 10 feet) by installing a horizontal s u m  pipe drain. padel to the 
open drain at an elevaai06 approximately lli to 15 feet ahme the low B w  level in the open 
drain. The horizontal drain will intercept the soit water moviog toward the open drain as 
shown in Figure 6.13. 'Ihe water that is collected by the hosiz01ptd chin &odd be directed 
to the open drain usiag a gravity outlet at approximate intends of one hatf milc to one 
mile. Depending on so& and l d  experience, the horfionW drain may need to he ptaced 
in a sand-gmeI envelope. It is recugnked that this af8e&e m y  be r&tiveXy e q e -  











0 VIEW 



T O P  VIEW 

6.42 TIE(=u d e a d  record @&uq) 5UTd e8t: 2dditi~1ts sbdd  be; 
pr-and 5dm.6- 
Each copy of the l&o%y 
~ e ~ & o u f d W e & p T m o n ~ d o ~ M c ~ w i P t & ~ b b ~  
spies. Copies sbmld be sqpEd to thc ~ ~ F c : ~  
& sod XXvision2i31d reqmm%q 
& d e w m t e - * a  42 go to the 



P6& zz!wkw 

6.43 Reviewtheentiredrain~emaRereach~~tflowsndonananrmalbazir 
The repon of periodic reviews wiU become part of the &tory of the system A &art note 
for meh subsequent year should be written giving capital expenditure and g a e d  remarks 
regarm functioning of the drain and aag other pertinent inibrznatioa R-4 sneh as 
the necessity for repairs and m-cti.on of adgipiand hleb should be recorded These 
am& additiom should be issued by the Superintend@ Engineer to all oEce15 psseshg 
a copy of ttre original &tory. 

6-44 l h k g  periodr:~ r d -  the evidence of w e a t 4  industdal or nrbsn tadJte 
waer should be noted. Utkr agencies, iadudiq EP& are to be inbonned anit apprapdate 
follow rrp action taken to correct thc prob1er~~ In FQpe 615 note the co1uw of the waste 
water entering the d m h  

6.45 A p m e  for documenting the original and conthing &bry of a ddmge 
system Is: 

k N d v e  description of the d m b g e  areas prior to m ~ e t i 0 1 z  of the 
drainage system lhis should contain a brief dadpaion at the cmditio~ts 
prevdhg at th+ time of planning and bspction of the drain. Refkrence 
should be made ro prevalence of salinity and waterI- also the depth of 
~ ~ ~ ~ w a t e r ~ 1 e , n o d f l o o d i m g h m ~ a a d a a y o t h e r ~ o ~ ~ e a t i O g  
the need of the dmhge system 

The planned objectives fur the drain should be stated 

Indicate the pfanned and the ~ ~ ~ c t : e d  conditions for 3-er2ng th tpbS 
altering wetkds, reclabhg saiiniscd lan& or pbEc M a k  impL-- KG& 
referen= to the @ d a r  ~ ~ e s  hotved 

B. Technical clbssion containing brief notes on: 

t Alignment of tbe drain as finany acaptod, with ref- to 
previous p t o p d s  a d  reams fur the selected d i p m a t  cmez dher 
dxenmives ansidered 

2 Gstp&?y of br;tin and reasons therefor. 

, Il9Q - 
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3. Notes on long section, e.g. identifyq low points or control 
elevations for the bed, 

4. Type of aoas section adopted and reasons for selecting side 
slT=- 

5. Any qxxbl features in design of structures. 

6. Notes on pecoliar diflidties experienced during construction aed 
hhow they were overcome. 

7. A complete and accurate record of pumping plant features, such 
as: name of pumping station, type of pump, type of motor3 make of 
motor andpump, totasflcrio~~head, -rand ~ o f p m m p s ,  
number of sme power size of motor, W& transformer with lsack 

Plans to aa~3mpay the History 

1. hdex plan (&acing)* usually at a scale of one incb qwds one 
d e ,  s h e  

a Contours 
b. Drain alignment with W s .  
c lkrpomt alternative alignments that were considered a d  rejected. 
d, Village and district boundaria 
e. Position of ~~t stnretwes 
f: higation channels 
& ~ ~ i r &  

m- 
i h u n h i s  of catchment area 
j. ~ g a u g e ~ o n s  

2 As-bdt long-dons (tmckg) ta the vertical scale 1/100 for 
deep d m h  and 1/50 for &alTaw drain &awing: 

a W s  
b. N.S. levels 
c Bed levels 
d. Mitxkmm d e s i p d  W.S. lwei 
e. Ilaiped-e 
f. Cathentarear 
g. W%6dth3 



-rd- @emt&1 &iWW&maee 

h Gradient of the chamel 
i Subsoil water level wit21 daze 
j. Position and sketches of xmsonr)' works 
k Datum and reference bench marks 

3. For old draias only, which have been remodelIed &r 
mxstmction, a aadng of the long section on which the original and 
subsequent designs of the drain are &own in &tin&e mlouzs. 

4. One tradng sheet showing representative cmss d o n s  of the 
dhain as mmtn]l&d 

D. Dnriag monitoring of dnin after o o m d i o a ,  the fdbwhg items &odd 
be recorded ;mnuallv: 

1. cost d d-tiun of mahemce needed snd p e r f o m  

2 Statement of flooded areas, 

3- Statements of benee t~ the hd derived h m  the draia, The 
co1lcxthe records of tbe villages sfaodd be used first. 

E For monitow pumping plant qstem, the foZXm&g infomion should bc 
reported muddy 

1. Name of system 
2 Number of pump 
3. Typeand*qofgumps 
4. Workiag hour of each pump 
5. l=umpd v o b  (ac h) 

Ga- of DraiBs 

6.46 A U o f f i ~ ~ e s i t c s ~ ~ u l d b e p i t C t n & o r m s d e ~ p a a o f s t ~ ~ f o s  . 
cmshgs or grade aontroL A typical gage site is &m in Figure 6.16. Consideration 
should be given to the foUow@ 

I. The side dope &odd be bid at ~ existiag side dupe of the drab. 

2 'IlhereMdka~&pa~dropr~oflonefootdecpbothnpstrram 
and doamstrram of the dkhage W o n  mmtC 

-En- 



3. A paa;r 15% 0-65 feet thick is required at each end of the &dc slope 
pitching. 

4. The overall length of the discharge structure should be 20 to 40 feet 

5. RL of the bed of tbe discharge structure or bed bar should be at the 
same eIevation as the designed bed. 

6-47 Where discharge obsemaions will be required in a re& of drain with widely 
varyiog cross wctions, the side dope pitching &odd conform to the part idat  section of thc 
drain at the selected ilischqe site. lhis will help establish steady d o r m  Boar mnditiu~;, 
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6.48 Roper location of a gauge is very important. A gauge shold be far enmgh back 
from an o u M  to minbke the effect of either backwater, or law water level in the outfdl. 

6.49 Discharge measuring sites with flow above the n a d  surface kvel h d d  be 
avoided where possIb1e. If such a site is selected, theu a combihtion of the obsedo~lt 
methods &awed in the next se&3n should be adopted for the site. 

550 Automatic rearding gauges are recummeaded, but the location and number sf 
gauges need scrim consideration as tbek h&dMon and replacement costs may be qaat , 

expensive. Ah, these gauges require a high level. of =Nice and maintenance d 
considerable effort is required to d y z e  the &&a recorded- 

651 Ap&d gauge previody used in Bak5stan rn record the maxim- Bood water 
level attained may sti l l  be used. This gauge mnskts of a w d e n  Pob placed between a steel 
date and an e m e l  iron gauge. The wooden rod )las a square cut every 02 foot In WE& 
a ball made of a -e of clay and saod is p M  The balls disintegrate wHen submqgd 
zs the h d  water rises. The last bail disrdvd ira&cates the height of- B o d  The 
enamel iron gauge can be r d  directlys but the d e r  xua be present at the time 
now. With this gage, care must be taken that the p g e  reader replaces all b h e d  barfls. i 
Discharge Observations of k)rains 1 
652 The objective of okmhg disdmqe of drains -is to acquire data regarding the 
runoff from Yariuus types of catchment ares in Yaricws parts of tfae country. DeWed 
annual data exists for many &ahage projeds Such mmEdata are beaeEdag in evatuathg 
and re- surf&= runoff gr&a in Chapter 3s espedly K data me consistent& 
acquired and reaxded each year. F3r ab&tha& infomation an &is wbjeck refer to the 
Hydraulic a d  Sediment Monitoring Ik4amd for Rmkidd Ini@ora Departments 
1992). 

6.53 Systematic methods of dkchqes &odd be adapted cmrent: ' 

meters, if a-le, should be d where the veIacity is less than 0.75 fe sexund 
Pygmy nrrrem meters are e s p c i a y  useful for shalX6w BQW depths. If a pygmy meter is not. 
available, velocity rods or flmts may be wed as fezm~ws: 

1, VeIociq rod discharge meters should be web, if the velci& is less tkm 
0.75 feet _per s a n d  and the depth is one foot or more. 

2. Float ~~ method should be used with a soeEuenzt 0fO~7~ where the 
velocity is less tban 0.75 feet per second and the depth is less t b i  one foot. 



654 Standard current meter should be used where the velocity is 0.75 feet per second 
or mure. For standardization of discharge &tit, it is hpor~ant  that the appropriate method 
be adoptd For additional i n f o d o n  refer to the MydraGc a d  Sediment Monitoring 
ll&m3d o, 1592). 

655 Flow meswing gages on d r a b  &odd be observed daily h m  b e  to 
September and other times oftbe. year when flows are noted. Kit is ddpated that ~ ~ Q W S  

m y  cause bed scour or other damage, it is very important to have gage readings. This 
record, together w!th o h m e d  discharges, should be d&pat&ed every ten days by the 
Sube-eer to the office lrrf the Executive Engineer with a wpy .to a e  SuWVisiod Offier. 

656 When abnormally high floods occur9 arrangements should k made to esthm& 
peak. distharge dam. When drain banks may probably be breached in m a q  pbes, it is 
advisable to carry out a bydradic survey as soon as g~~si%1e~ showing the extent of the 
flw and fhe levels it amhe-d at vafiow points froxi WE& the hydradic slope canbe 
determined and arr estimate of the &&qe determkd Care should be taken to oarrect 
fie levels at sites where &e water bas been ~~ beaded up. 

657 When & n o w  hi& fa& ucar9 water may spill over the ridge of a 
catchment area iata another catdmcnt that was bloeked. The cpntity of water coUected 
h the overflow catchment area &mkl& esh+ced  as soan as pssiile &er the flw. 
Also, the duration of the pading &odd be recorded in the d drainage report. Tbse 
data are to be included In the comeoras ofthe mff from the on'&& catchment area 

b t i ~ t i o n d  Co-b and Oppoz-tmitim 

658 The Irrigation E k m  have had more experience and better success in 
mmaghg the deEvexy of water than instaEiag d ~~g ~ ~ c t o r y  chinage system. 
The drahge needs d maintenance of drainage systems have not had hig%t. priority stam 

659 Opelation anb mkntexmi~ce of dmbge system in P m b n  by tht Prcwin* 
Wgation D e m n t s  us@ amua hdget &o$nents should be very e f f e  but: m 
d t y  it has not been. Wead of adequate annual maktemce., it is often n- to 
defer ~ t e ~  and perfom reM%Won later which may be mcfi -re expensive. 

6-60 Amwr mslintr?me grants quite often are much less than the mahkmance 
me& The &aim deteriorate, ~~g choked with weed grow& aid  necesd- 
a spa% ~ ~ ~ t ~ i f i t a t i o n  programme every five or six years at great cost. lfpart Qf the 
reMSMon were wed towards yearly maintenances it would be more spent 
and help keep the &aim in proper uprating condition througboat the operational perid 
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6.61 Many of the drainage systems have been p h e d ,  designed and Installed bg tbe 
PIDs. Some ofthe & w e  systems may be d m &  by one agency, such as WAPD4 and 
turned over M the PPIDs for maintenance. me cost of operation and ~ ~ c e  &odd 
be considered aloag with orighd design and instzdktion costs. It is espedally impatant for 
cuurdhationbetween WAPDAand the resgo11sibIe PPID onall plami~gaml designdcdsiora 
that may affect maintenance advitiq or needs As diwused in Chapter 2 on plamring. it 
is impartant for all directly mncerned pups, or agmeks, as well as some 
goups or individwk that an only remotely impacted by tbe pmj- to h e  aa inpnt imo 
these overall de-o~s. 

Bodgets 

6.62 hurng project phmhg, it is hqmxiant to estimate the average, or at Ieast 
minimurn, annual maintenance costs a d  maLe  em^ for adequate fnnds to be 
available. It is generally much less eqemke to perform minot mabteaanoe activities 
annually or as soon as the need is noted 'Ihe bewfits of thc project drabage system ean 
not be real&& if the &ahage system is not kept in good oparning EO~&~Q.H. Dmeascd 
crop yields due to proioqed pending and other dated i d t s  from the impaired operation 
of the drainage system shodd be co&&rcxT &ring the planniag phase ri@t tbrmgb thc 
design, instdhtion, amdl ogedon phases. 

6-63 If maintenance is nut pedb& on a regular bas& then the toral qmcm bay 
have to be replanned and rehabilitated 'Phe cost of prfomhg the reZlabSM01l is often 
more than the maintenance costs d d  b e  bee% if perlEom4 in k This cost 
difference may be chcmmaed by the owner of the system as there has begn r W % e n  
work performed as a capital outlay rather $ban as a & m e  espa&twe WE& C Q ~ X S  

under the noadeveXopment budget In reality, it takes a few years to obtain a p p d  for 
capital outlays for rehab5tation of a system, duriag whieh time there will probably be , 

additional crog and property damages kcmerd by the owners or h r  team&. In 
summay, it &odd be viewed as Iws  expensive a d  e r x , n o ~ ~ y  I 

as soon as the need is apparent, 

6.64 For each open drain system, the yard&& far maintenance casts needs &J be 
developed. This should be part of the phmkg and design pme*n so that fh&g 
arrangement on be es?ab%hed for k t e m m c k  before the system s hsMed. Yare& 
for stnuchlres need to be developed separ&eIy- The deve10pment. anit m m d  m&im of 
yardseicks for &&age system have been done similarly ia ead~ PWs but i m b i d d  
preferences in frequency of we& or sediment removal and Bhe unit casts are cliff- 
Since this is more of a local preference item, cach PID or Drainage &de shwtd do as t k y  
have dune in the past 



Aqaiius System P . O h  215,220 N. Hankon, Nor& M e ,  WI 53- USL hame 
(414) 392*2IQ2 Fax ( 4 9  392-2984 

1980. Uperation aad ~ t e ~ o e  of Irrigatioo and Rabgt  Systems. ASQE 
~ ~ R ~ ~ o n ~ ~ ~ c e B 5 7 . A m e r i ~ W e ~ o f M  
345 E-ast 47th St., Mew York, MY f00I-Z 265 pp. 

AXE. 199U.AgdiRlrel W t y  Assessment and hknagemexlt E&tsdbyb&KTsnJi 
AS= IWumIs aad Reports on E@nce:xhg W c e  d 71. h e r i m  Sodcty d €34 
Engineers, 345 East 4'7th St. New Yo* NY 10017. 619 pp. 

Batman B.V. Oustm6jzend Z, 1616 332 N e d a W  Pbne fEB6-4333- Fan 
oZB643m- 

ERS. 1987. Fama ihhagt in tbc U M  States: =oq3 Status aod E4r- Emted by 
George k Pavelis. M k  RibL No. 1455, USDq ~ n o m j : ~ :  R m c h  Senice, W&ingtm 
E c  170 pp- 

G o w b . g J u h n W , a n d ~ d ~ C L ~ . l ~ ~  
F B d v e  Solution to Waterlogging d ??aE&&ian. of 5th htermid  
Dmbgt WorMop. bbort Pakbmq Feb. 845,1992. Edited by W. E VO.otnmq fiqmm 
Chairman was F. A. Zdxzi ,  Dhmur General, htem%ionai Wat~rloggkg & W t y  
1R-h Institute. P&lisbed by WBPDA and JICD/CIIDt VoH EI pp- 6-26 to 6-34. 

Herder B.V., Postbus 801% Hedeswcg 5: 4330 EA M d d e w  me N e h t k w k  
011 $8-29356. Fax 01 180-m. 

MVASEtI/N&W. 1990- EC-1 MOW Qrientd R ~ Q E  Rehtionsbip for A- 
Bran& Dxaia, M- N a d  Khdiq, 4 WUem F. Woman. Jammy 1992. N R M  
REPORT No. 31. Xncenmtiona3 WatexHoggkg and Salinity Resea& W&te, WMD& 
more, f* titi* pp* 

UnsleyI W r -  M A  KoRXer, amd J U L  Rdhus- 19%- Hydrology fur 
Hi& (53 Metric Editioa. 99823) 

BiEWAK, Mott M d h n a l ~ L  1991- Pakistan Smo ~ a w M  
Drainage Propam). Wo- Paper No- I, Hktorqr D- En ;P- f tElJ3WlL 
WIT- 

-B7- 



OFWM. 191. O u  Farm Water hb~qement Pnqpmme bj&. Revkw of h~ I W  - 
191. Directorate &wm1 ttn Fa= Water em~nt b j a b 9  21 S k  Bm 

Rroa4 Lahore. 55 pp- 

I 

U 5 A E  1990. HEC-1 H @ ~ m h  P-C: U W ~ S  &%ZIG& Me- C W  
Engine* So*ep W ~ & ? q r ,  cr 0606708. USA pp. m* I 

USCD* 1989. Toxic Sdstmm in Agkuf 
the Second Pan-Anrerim Reanal Cudcrnce on 











A 

(2) intcderes with, increases or dimhishes the supply dwatcr io, or the BOW ofwmx from, 
t k ~ u g h ,  over or d e r q o r a a l  ordrainage work or bymy meam raisesorlowers t&e 
l~~ofthewatainanycaaals; 

( 4 ) ~ ~ ~ d a m o r  ~c t i ionfor thcporpm o f d i v e ~ o r u p ~ t b e a u x e n t o E  
a river on the banL whereof &ere is a h o d  e-ea or r e b  or neglects to remope 
aay such dam or &stmchn when lawhlly required so to do; 

Q prevents or htederes with the linaaot llsc of a wattr-amne by aay person irzlthmkd to 
use the same; 

(6) be i i  rc!tpm%Le for tbe mahimane oE a ~ ~ u n i e ,  or using a ~r~ 
neglects to take proper p d 4 u z s  for the prmentim of warte of the water thaw6 or 
i a t eres  with tht authorisxi WriWon of water *e&om, cn mes such watetr in sn 
unmlaow z8lamer, 

O ~ e s ~ ~ r n i s t e r n a l ~ ~ r e b y  or &e 
hQ&oa of tbe land of another p e w  I 

(10) while xmqptmg 
. . 

rm any cam& neglects to take progc?r ~ t i u ~  fm the dety dtisa 
c a d  d of vessels th-q 

( I I ) ~ ~ ~ t ~ ~ k ~ a m e . t o a s s i s t c n t o o o ~ e ~ a s r i s t i a ~ ~ ~  
~ ~ ~ r e q n i r e d o f h i m o r ~ a ~ ~ t o s u g p ~ h i s l a b o m f o r r b e e n w t i u n u f p n y  
~ r ~ ~ e n l a w f u n y s o b o d t o d o d ~ p a n W a f t h L z A c y  

(U) destroys, defaas or moves any Iand or level mark or w r - g q p  fi.cd bg 
a public semzmc 



( 2 ) ~ t ~ r ~ ~ f ~ i s c o ~ a a d g t b i s ~ m t h c ~ ~  
- 1 3  

=Yo* 
t h a r t h e c o s t a s a r t i f v * i b y t h e ~ ~ C a a a l O B [ i a r f o r r ~ ~ o f t h e ~ ~  
arq~tbt~~iarapcaaf*&th&~ishelQshsnb:psyablebybim; 
~ i f s ~ c h ~ ~ ~ ~ ~ ~ ~ o r f ~ ~ t c o b y ~ o r d e r a r i t b i n t h c ~ o d t o b e ~ r t r  
aata f suehremova lcrrepa ir sha l lber~~e~sDEhpuvmbytheco lkcsors s  
arrears of b d  rewme. 



TEE SIM1W EUVGAmON ACT 1879 

An Aa to provide for Mptior~ in the ( P r h  of Sdh). 

~ i t i s z t c e s s q ~ ~ ~ o x ~ f a r & e ~ c m , ~ c e : a e d  
~ n d ~  f o r t h e q i y  o f ~ r t h e ~ h m m a d e f o r t h e l ~ d r a t c ~ f o r a a t e r  
so sqp&d, in thc (Pmvke of S W ) ;  It is enacted as foZrows:- 

PART- I 

1, 

@lm---s 
wi&~hl&(wuias-*m 
~ o f ~ ~ ~ ~ ~ o n m ~ ~ r r E ~ ~ ~  
p i p e s o r ~ ,  

(c) dl umter- &&age-- and flood e as herdnak 
r W &  *&Re& 

(dl any part of a h, smq, Me, sub-soil water, m n d n  of w 
nataral dmhge+ebsme& to which the ~ 0 V i B c k . l  G m e m m )  may apply the 
prov%c)m of section 5, or which the water has been applied or med Before the , 

p ~ g a f f h i s A c t f o r t b e p r r r p ~ s e o f ~ ~ ~  

(e) ~ M b e l o m g i a g t o { t h e ~ ) w h i c h h d t n a t e d m a b s n k o f e n g ~ a p  
h c ~ m % r e  &heiF, and wKch bas been appropriated d I r  thc orders d (any . 
cbwmzme~~t) for the pllxpms of such d, 

%a meam any ~ v r k  in c u d o n  with * cpcm of imiption or 
~ ~ a m a d c o r ~ d ~ ( a n y @ o v e ~ e ~ ~ f w ~ e ~ ~ j s e ~ f ~ e ~ e o f ~  
camtzy, whether d t r  the ~ ~ ~ ~ S Q I I S  of section 15 or o & e ~  aad instrrdes escape- 



channels fmm a canal, dams, weirs, emZ,&n& sluices, grubs and other works comuxbd 
herewith, but does not include works for the remwal of scuage from tawm; 

L Whenever it shall be neccsssry to make, any inqniry or ammhation in mmedcm 
with a projected and, or with the mahtenanceJ of an exist& can& any CzmaMXEeer ddy 
empowered in this hew and any person aning under the general or spdal order of any 
such c3nzdmmr, may:- 

(a) enter upon such land as he may think necessary for the pnrpose, and 

@) exerciseaIL~e~ddoall~inrespcctofsuchlandashe~t~rcise 
mi do if (the Provincial Government) had issued a noti6catiora rmder the 
provisions of seetion 4 of the Land Aequistim Act, 1874 to the eE' that land 
in that l d t y  is likely to be needed for a public pnrpose, and 

(c) set up and maintain water-gauges and C all other th@s neesaq  far th 
prmectltion of mdi inquiry d emmhtion, 

8. A n y W ~ e r W y e m ~ a w e r d h t b i s b e ~ d q p m ~ t M d e r t h a  
generat or npeciat order of any a& Cmd-uB- may enter upon aay land, bdm or 
watermurse, on account of whieh smywater rate is chaqeable, for the pmpose of inspec@ 
or regutatkg the use of the water supplied or of meaFming tbe laDd idgated thereby or 
chargeable wth a water-ate, and of doing all rhings aeeessary for the pmper rqphtion aml ' 

~ e m c n t  of the canaI from which such waer is s q p E d  

& In case of aay accident being apprehended or happening to a any Caaa4m 
duly empowered h this beha& and any puson acting d e r  the generat or spedal order of 
any such 42ard-oEer, m y  enter upon m y  land adjacent to such c a d ,  and may take trees 
and o k  mate&& and execute all works which maybe necesq for the pmpost of 
pr2venh.g such accident or repking m y  damage done. 

a Whcn a Caxd-officer or othr pmon proposes, under thc provisions of any d the 
three last preadingdons, to enter imo any b~~ or e d d  eomt or gardenattached 
to a dhveEng house, not supplied with water &om a am& aad not & . n t  to a fb& 
embankment, be shall pr&omIly give to the occupier of such building, cbrm or garden sDch 
reasormb2e notice as the urgency of the ease may allm. 

c2mdCr- 

& S u i t a b l e m ~ o f c r o b J i a g c a a a I s ~ b e p ~ d e d a t s u c h p ~ a s t h t ~  
Government) (or (zing Cmmksioner if empowered by (the Prmmd 

. . Gawemmemt) in- 
behalf) thinks mcessary for the reasom#Ie convenience of the idi&itmts of the adjacmt 



laad; and suitab1e bridges, culverts or other works sban be c o ~ ~  to prevent the 
ddmge of the adjacent lad being obstructed by my d 

R e m o d  of Obtructior~~ to Drainage 

12 Whenever it  appear^ to the ~ o v i n ~  Gavenunent) that injury to the public health, 
or public comeaiencepr to any c a d  or to any fand for which bigation from a canal is 
avdabIe has &XI. or may arise from the obs~rzlction of any river* stream or natmal 
drainage course, the (BraPincial Government) may, by nutifidon @&&& in the (Ofkid 
Gazette), promif within Emits to be defined in such notiEdon, the f o d m  d aag sarh 
obstruction or may5 within such Emits, order the remmd or other madScatim of such 
&-&on. 

Thereupon so mneh of the said river, stream or natural draiDage chamel, as is eoxnpkd 
wi*a such WIS, be held to be a thinage work as dehed in &on 3. 

Co-on of Bahage works 

fZ Whenever, it ajh3peam to the f B r M  GoPemnt) that any &ahage work is 
necermry fur the public health or for the improvement of the proper CUtWion or h@ion 
ofany lam& or W pmtedon &om floods or oher actmnMom ofwater, ar from ension 
byariver,isre@reBforanyhd,tbe ~ov3nc ia l~e~mtjmayeausea&emefor  
su&work~,bedawnupandd&intoexe~~ation,andthepuxm~~~bytbe 
~ ~ c i a l G o ~ e ~ ) ~ d r a w q ~ e x e n r f e s u c h ~ ~ ~ e x e : ~ i n ~ ~ ~ n  
therewith the powers conferred on Gmd Offfcers by &om 7,8 and 9, and shall be liable 
t o ~ c b b ~ o n $ ~ u p o n ~ o ~ c e ~ ~ b y s e c a i c o ~  10and34. 

5hmmuy M o ~  

in every case of entry upon any land or building d e r  section 4 stdon 7, section 
8 r u d o n 9 , t h e ~ - 0 i c e r o r p e 1 ~ 0 n ~ ~ e e 3 1 t r y ~ a ~ c e ~ a n d ~ ~ r d ~  
~ntoftbe~e,ifany,cauJtdbythee~,orintheaecotionofapy~~~tormg 
crop, tree, i3Ui.l- or other property, 
and within one monfbt from tbe date of such entry colnpemation shalI be ten- bg a 
~ - 0 E c e r  duly empowered in this kbslf to the landholder or owner of the pputy  
RnsnaPd 
If such tender is not accepted the Chd-~~ffioer forthwith refer the matter ta the 
CoUectorforthep~ofmaldnginquiryrrsmthca~~~~ofeompe~ionamldbdding 
ale same* 
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BALU-M OWWAN= No. XX OF 3980. 

'LHE BAfkf-AM CAMAf.  AND DRAINAGE Om-w 1P80. 
AN 

0RCsIWANa 1 

(2) It extends to the whole of the Rovioce of Wuchistaq except tbe tribal areas. . 

(3) It Et shallme in force at one.  I 
2. In this Orwe unless there be somethhg repugnant in the sabjed or conme- 

(1) "chMkW includes:- I 
(a) all cam& dmmefs, tube-wells and rrservoirs c o ~ ~ e d ,  muntamyl 

- .  
or aomoned by the Pravind Chvemment for tlse mppb or storage 
of -r; 

@) all work, e-en& mchres, supply aad tseape chinneb or rrsasoirs; 



(c) all water- as dehed in the sub-do421 of tbis section; 

(dl dl pats of a river, stream, lake or natural collection of water or m&md 
drahagt, channel, to which the ~~ GoPement has applied fhe 
prmkiom of Part In[ of this Urdhmce, but does nut include a Ihreze not 
constructed at the cost of the Provincial Government and not d t S d  or 
con6tQEed by the Pmvixid 6wemment or ia the constmdw &WIG& the 
mritdm* of the Rewind GQvement does wt ex& mgces ten 
&- 

(2) W a t e r ~ Y m e a m a n y ~ e I w h i c h i c s u p p ~ e d w i t h ~ d m s n a ~ ~  
which is not mamaned . . 

at the cmt ofthe ~~ Gooeff3ma.t aml & d h q  
works k10* to any md2 cl3ame4 

(3) -e-work'' includes , eszp&?meIs from a areal weiff, 
e m l b w -  grains and ather works far the protection of lands h 
flood or h m  er&o* fanned or B2aaamd . 

b the - . . Gw- 
under the provki~ns of MI Of tihis Q r a  Wt does not imbdc works 
for the r e m d  of saverage b r a  to-; 

50. WhenweritappearstothcGosemmmtthat~toaaylagdortheplnbEcheslth 
or p&Ec comenience has azkn or may arise h m  the obstruction of aag herI stream m 
 el, sueh Govemng may by wtib?dion pbliish in the Offi* 
prohiit, within Mts to be defined in sach n 0 6 d q  the f ~ d i o n  of any obstra* 
or my, wi&h such Wits, arder the r e d  or otbea xmdi f idrn  of the mcb o h & o a  

Thereupon so mnch of the said h r ,  sbMm or drainage &mn& as is comprk l  
W i ~ s u c b M ~ ~ t l b e h e I i d ~ k ~ e ~ ~ a s d e ~ i n ~ o n Z  

51. The IXvisional Canal Officer or other penon aithorkt  by the Go- in tttat 
be~lnayaftersuchput,~~nisneaaordertothepuson~orha~eontrol 
o v e r ~ ~ & o ~ 6 i o ~ ~ t o r e r n 0 v e o r ~ t h e ~ e w i ~ a t i m e t o b e ~ ~ ~  
order. 

~ w i a h i n t h e ~ s o ~ s u c h p e r ~ 0 1 1 d ~ m t ~ 1 ~ m p ~ ~ ~ ~ * ~ t h # ~ d  
Qnal~ ' camayge t tbeo~&onremoved  o r ~ ~ a n d i f ~ p e r s w . b o ~ t b t  
o r d e r ~ i s s n e d d o e s n o ~ w h e n ~ & n p a n . p a y t h e u q ~ m e s ~ ~ d i a ~ & ~ ~  
m a d o n ,  such explses shall be r m t d I e  by the ChR-r from him or his 
xegr-~e in interest as an anear of hd-revenue. 

9 fin 



52. Whenever it appesrs to the Government that any drainage works are necessary for 
the improvement of my landg or for the proper dthtion cu irrigation &erect& ar that 
protection form floods or ctber accmmhtion of water, or Emm erosion by a rivert is 
required fox arty M, I 

The Government may arw a scheme for such &ahage works to be drawn up and 
published together with an estimate of its cost which the Gwe-nt proposes to d d k q  
andad&eofthclandswhichitispro~tomalre~~Ileiarespeetaf~ I 
scheme. 

53. 'Ihe person a u ~ ~  by the Govemme~ft to rlrwr up sucb sdz- may exercise dl , 
or any of the powers conferred on the Canal OEicex by section 10; I 
54. hanooalrate,inrrspectofsuchschemesmaybe~ed,~~tomlesbbe 
made by the Gorernment on the ownes of all lands which shsU, in the manner presdkd 
by such rules, be d e t e h d  to be so chaq3~&1e, I 

~ v i d & t h a t i n t h e ~ o f a g r i ~ ~ W n o s u c h r a t e s h a l l k ~ e d f o r t h c  A 

Iwo harvests i n m a d y  folowhg the completion of the scheme. I 
55. A n y m c h ~ e r ; a c m a y b C f o f l ~ & a n d r e c ~ w e r e d i n t h e ~ p d e d b p  
s d o n  40,41 and 42 for the cofpection and recovery of water-rates 

56. Whenewer, in pursuance of a aotifiatioxi made -under &P M any o ~ c t i o n ,  is 
removed or m e e d ;  

or whenever any &&agework is &ed out d e r  seetim I 
all c h h s  fot mnpeWun cm account d any loar eonsequent on the rrmcrpat or 

m e d m  of the said o ~ ~ o r n  or the eombnrdon of sueh work may be made Wan 
the a~ector ,  dheheddealwiththe  someinthe m m n e r @ d t d i n d ~  1l. 

57. No such daim shall be entcaaincd afrcr tbe e~qpidon of orat year from thc 
~ e ~ o f t h e f o s s w ~ ~ o ~ u n t e s s t t s e ~ ' I f ~ r i s s a ~ e d t h a t ~ ~ h a b  
~dentaursefornotmakiagthedaimwi~suchpend 



No. F.17 (1)/83-Rib.- The foxfowing Ck-ce made by the P r e s i h  is henby 
fur general Momatbm 

0Rf)XllVAMm M o m  of 1983 

AN 
OmmmE 

to provide for the eon@& of ponution and peszdoi13 of tznvimrna 

W H E P ?  it is expedient to p d d e  fot tbe contra1 ofpHution and gresmatim af 
e n e o m n t  and for mat&rs ~ M W &  &ex&& or andllary tken%tx 

Now, 'ITEREFORE, in pmuance of the daydJdyfPn,&'  
inexerciseof d p a w e n e ~ h g h i m i n t h a t ~ t h e h & d e n t i r , p l t a v d t o ~ a n d  
prosndpte the folkwing Or-=: 

L 

(2) It atends to thc whuIe of PakiRan and its tenitorid watexs, Eithsive Eco& 
Zone a d  historic waters 











(a) eZaabrnN*o& 
@==% 



(c) ~ ~ & ~ ~ ~ r i e s ~ ~ o n t h r d r e ~ i n ~  
aspxts of e-mem d p e &  grants to institutions for q&fk 
prctj- 

(d) der~anyof%powers~rtbisOr~andtheregalationsto 
=Y *- ageq ,  

(e) identi& the needs for kgishtiw in the e . m v b r n d  fiela 

(9) pezfonn airy other function which the Chmcil may 
=sign to iL I 

i 

(a) p e ~ o r d a s s o f ~ o r  



App& D 

( 1  area or class of ares, or 

(e) cr;asseS of public waters 

as may be prcscdxd by replatiom 

(2) Every proponent of a project the com$uctian or completim of which is likely 
to adversely af%ed the emhnment shall B e  with the Agency, at tht time of plmnbg the 
project, a detailed ehmenta3  impact s ~ e m e n t  hcfarding ing'odon OX 

(a) the impga on the environment of the pro@ inmhptdal 

@ the treatment works of the proposed praject-, 

(c) the una'voidable adverse emiromentd effects ofthe proposed pro* 
and 

(d) the steps proposed to be tslw by the project pupanerzt to minimiv 
adverse e * m n d  eEects 

( 3  The Agency may pnsaibe guidekes for the prepamtion of envk0~11entd 
impact staternem ad, where so& guidelines have ban prescribed the pmpnents of 
projects sbaU prepare e d m e d  impact statements aemrdbg to thc ssid @defies. 

(4) 'Iht Ageney may itvK or thrmgh the appropriate Governatet agency r&e& 
the ea&wnW impact statement anb, where it deems appropriate, it may also hhre  
public panidpatson in the assesmen#, of the exmimmena impaa statement 

Q After the review under sub-sedan (4). thc Agency may either approve the 
enviromentd impact assessment or r e a m e n d  to the Federal Government that the project 
be modified or rejected in the interest of emironmental ~bjeaives. 

9. - Agency shall askt the 
local com& local antburides or ather Gawmment agencies and pemm to hplemenlt 
schemes for the proper disposal of wastes in Iine with the stambirds and proctdmes 
p r e s a i i  by the Agency. 

19. randsof- Tbe bun& of the Agency shall be &rived fmm the follmiag 
Sow- Emzx!* 



(b) gnats, loam advances and other moneys rtotived from I d  or i n ~ ~ o ~  
agencies; 

(c) fees, rates and c h g e s  received by the Agency under the jprwision of tbis 
ck&mxe-ae8 9 

(a') A other surns received by the Agency. 

(I) The Agenq &dl submit its a m d  budget estimates for a p p r d  of tbe 
Federal Government thou@ the Comd 

(2) The Agency shall maimah proper a~xomts a d  other relevant recurds 4 
prepare d statement of accounts h such form as may be grescn i  by des, 

(1) Whoever Oonmvenes or Ms to comply with any provision of this CMimnce 
or of any d e  or r e ~ o n  of any ihction h e d  by the Agency thereunders shaU. be 
p ~ 1 e w i t h ~ W ~ t h r a & r n w E & ~ d t o ~ o y ~ o r w i t h f i i o e w f i i d r  
~ ~ e x t e n d t o o m f r r a n & & ~ n r p e e s , o r ~ b o ~ d h & e c a s e o f a ~ ~ ~ ~ ~  , 

c ~ ~ v e n t i o a  or Mure, wlth an additiolral k e  w%zitb way extend to en t h d  mpes 
for everyday &r the htst &zing WE& such oontra-perit or  SPIT^ con&ions 

(2) The Director General or an afficer gene* w p d & y  mthom by him 
in this IxMf may a- any offence under tbiS ~ ~ c e .  

fi No suit, prosecution or other legal prmx&gsbdIbe against the Come& 
the Agenq* the TXrectur General, or the members, oEceas, eqlqees ,  experfs or 
easdtatnts of the Agenq, for zmythhg in gaod Stkt done or intended to be done d e r t b  
Ox*= or m y  d€! or reguhtiora. 

a - No Cum shall take cqphnce of my offence ~ ~ 3 t e  under 
this Chhine except on a complaint in writing made by the Agency, 

fi of Anency recoverab1e as an =ear of land revenue, Any dzles rcxmm.bIe by 
&e Agency under the p r d o n s  of this & W e e  or any d e s  or reg&&ions shall be 
r m e d 1 e  as an an- of revenue. 



Iss - The Federal Guvemment may, by norifidon in tbe ~~ , 

Gazette, make rules for a n y k g  out the pu~poses of thir O r m e  

f 7 - (1) The Agtnry may, bg M'eation in the ofkid 
Gazette with the app- of the Federal Guvemment, make regulations, not hm&&nt 
with~epm~o~ofthisOr~ceortheruf~forcarryiogout~pmparesofttris 
Oa-ce. 

(2) h p a r t i d  and without pnjudicc to the g e e  d* h g o h  pawex, 
such regulatom may provide for th levy of feeq rates aad h g e s  in respect of semias 
rendered, action taken and schemes implemented by tht Agency. 
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Aggendbr E 

sALT T O W C E  OF CROPS (AS- 1990) 

TaMe L Salt ToIerarnce of Fibre, Grain and S p e d  Oops8 

EIectricd conductivity of 
-I2 saturated soil extract 

Common Botanicat 'I'k~eshold Slope 
name nameb dS/me %/iiS/m EWgf 

- 
Flax 
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Ifabk 1. Salt T01crctnce of Fibre, &ai.n and special sops (cant.) 

These data serve only as a guidehe t~ relative tolemces among crops. Abohrte 
tolerances wqy depending on climatey soil conditions, and d& practices, 

Bobnid and eommcm names follow the aumntion of Hortus Third (liberty 
Hyde Bailey Hortorim Stafl1976), where pmiible- 

Jn @erous soils, plants wili tolerate el&d condu~ti ies  h t  2 dS/m 
higher than, indicated 

R h g s  and references are M e r  discussed in Mamral N&r 71 (AS- 
1990). Ratings with an * are esmm. 
LRss tolerant during seeding stage, EC, at this m e  &odd not exceed 4 dS/m or 

5 a/m, 
Grain and forage yields of DeKdb XL75 g r m  on an organic muck soiI 

decreased about 26% per Ds/m abwt a tbresXl01d of 1.9 B/XB @30- et al, 
19m). 

Because paddy rice is grown under flW& con&tiom, Wues refer to the 
e 1 d d  coaductivirq, of tXze soil water while plants are rnb~~~erged, Less tolerant, 

during seedkg stage. 
Semitive during gemination aad emergence. EC. shoplld nut exceed 3 dS/m. 
Sesame dtiwm, Seasam 7 and 8, miiy be more tolerant &an indicated by the S - 
Data bn one dt.kq Tr~breEi"~ 



TaMe 2- Salt Tolerance d Graaes and Forage Crops' 



-grass, 
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P& grass, 
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Salt Tolemace of Grasses and Forage Orow (ant) 

Average of s e y d  v"&etiq 
and mmon and Grenfid 

Average for Boer, W b  Sand, and Weping 4tivars; Lbmanra sccaa sbcna 
50% =re to!emt 








