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GLOSSARY 

A low diversion groyne structure built from stones and brushwood 
at the edge of a river with a free intake 
Typically a large earthen bund built across the full width of a river 
to divert the full flow of the river up to the capacity of the bund 
Underground water collection channel 
Poor quality, (earth construction) 
The summer irrigation season, from June to September 
River bed 
High quality, (cement construction) 
The winter irrigation season, from October to May 
Flood irrigation 

MEASURES 

Feet, ft or miles, (metres or km); 
Cubic foot per second, cusec or cfs. Cubic metre per second, 
(cumec or cms). 
Million cubic feet, (Mct). Million cubic metre, (Mcm). 
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BALOCHIST AN MINOR I RRIGATIO N  AND 
AGRICULTU RAL DEVELOPMENT PROJECT 

PHASE II PREPARATION STUDIES 

CHANDIA FLOOD IRRI GATION SCHEME 

EXEC UTIVE SUMMARY 

Flood i rr igat ion, particularly in  the Kachhi Plains, forms a major and 
important form of subsistence level i rrigated agriculture i n  Baloch istan .  
I nvestment in improvement of  flood i rrigation systems in  the  past has 
often been poorly conceived , expensive and inappropriate for the 
requ irements of the farmers .  

The development of the proposed Chandia Flood I rr igation Scheme i n  
Sibi District, is s ign ificant for a number of reasons, i n  particular;  the 
farmers wi l l  participate in al l  stages of the development and be fully 
responsible for al l futu re operation and maintenance; the development 
retains the main components of a traditional existin g  system developed 
by the farmers over many years and addresses o n ly the fundamental 
problems whi lst reta in ing the desirable safety features of that system in  
an appropriate manner without resorting to excessive eng ineering ;  the 
basic operating concept of the improved headworks fol lows s imi lar  ru les 
to the existing traditional concept and a re therefore readi ly 
understandable and operable by the farmers; and a flood s imulation 
model ,  derived from al l  the ava i lable meteorological and hydrological 
data, d rawn together for the first time, is used to p red ict a th i rty year 
time series of flood events enabl ing the long term viabi l ity of the 
improvements to be accurately assessed . 

The proposed scheme red uces the uncertainties of agriculture for the 
vi l lage, by the introduction of a increased and considerably more rel iable 
supply of irrigation water, thereby increasing the area of agricu ltura l  
production and incomes of the farmers . 

Two o ptions were stud ied, both based on  improvements to the 
."" tradWonaJ gand ha system d ivers ion and field bunds for flood i rr igat io n .  

The first option was a minimum intervention approach and included a 
flow regulator and l imiter, breachable bund and ded icated p lant to 
rebui ld the breachable d iversion bund . The second option provides 
g reater control over the flood flows and includes a s hort weir, sed i ment 
exclusion skimming weir and s lu ice, f low regulator and l imiter, sediment 
settl ing  basin, breachable bund and ded icated p lant to rebui ld the 
breachable d ivers ion bund .  This second option was found  to be 
preferred and would resu lt in  the med ian cropped a rea increas ing from 
205 acres to 883 acres . A 1 4km upgrade to the road to Chandia to 
improve access has also been cons idered . 



Land users wi l l  have the benefit of a more rel iable source of irrigation 
water which wil l enable them to expand crop production and they wil l  
ful ly participate in the development. 

Most land is farmed on an owner occu pier basis with water r ights 
relatively equal ly d istributed among 897 scheme beneficiaries . 

I mplementation wi l l  focus on extension and institutional support which 
wi l l  stimulate entrepreneurial activities at the vi l lage level through a 
Water Users Association, and thereby contribute to economic g rowth 
and sustainable development. 

The expected costs for the preferred option are Rs20, 569,024 for the 
main irr igation scheme. Cost per beneficiary for the irr igation works is 
Rs 2 ,931 . The cost for the road is Rs 1 3, 998, 7 1 6 which is a cost of 
Rs 4,003 per beneficiary, where the total n umber of beneficiaries from 
the road improvements is 3,497. 

The proposed flood irr igation scheme, if developed using the preferred 
option,  offers a favourable rate of return for the type of project with a 
financial rate of return of 1 1 . 8 %  and an  expected economic rate of 
return of in  the range of 7.2 % to 1 6 .4% with the median value being 
1 1 . 5 5 % .  The road is estimated to have an  economic internal rate of 
return of 7 . 7 %  and provides a marginal  rate of return to investment. 
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1 INTRODUCTION AND BACKG R O U ND 

1 . 1 Application 

The scheme was registered for consideration under  BMIADP Phase II by 
lead ing members of the community in  January 1 992, in response to 
advertisements placed in loca l newspapers by the project. The or ig ina l  
app l ication was sig ned by Mal ik Sher Mohammed , Mir  Nazir, Mir  
Mohammed and Sulaiman .  The appl ication was a lso supported by the 
Superintending Engineer for Sib i .  

1 .2 Location and Access 

The Chandia flood i rrigation scheme is s ituated in Sib i  District, 1 3  mi les 
east of Sibi on the edge of the Kachhi  Pla i n .  The scheme l ies o n  the left 
bank of the Chakar River about 4 mi les downstream from Tal l i  v i l lage . 
The longitude and latitude are 68° 5 '  East, 29° 29' North and the 
scheme is found on sheets 39 C/2 and 39 C/3 of the Survey of 
Pakistan,  1 : 50,000 sca le series .  The g rid reference of the proposed 
headworks is Q 1 20400. Figure 1 shows the posit ion of the scheme on 
a map of the Province and a more detai led location map is  g iven in  
Drawing Number CHA/FS/00 1 .  

I nfrastructure is poorly developed in  much of the Kachhi  area, road 
communications from Chandia vi l lage and the command area is  south 
west for a d istance of 8 mi les on a track to Mal l  and from there by 
meta l led road to Sibi ,  a d ista nce of 1 0  mi les.  I n  wet conditions, the 
track is impassable and in some years the vi l lage can be cut off for as 
long as 6 weeks . There is no motorable route from the command area 
to the headworks and access involves travel l ing  back into Sibi  and then 
out on the meta l led road to Ta l l i .  The headworks s ite is s ituated 
approximate ly a mi le downstream of the point where the road crosses 
the Chakar River .  
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Overview 

The sai laba or  flood i rrigation sector of agricu ltura l  p roduction in  
Balochistan has  suffered from inappropriate interventions and under 
investment for many years. In many areas of Balochistan ,  sai laba 
i rrigation p rovides the on ly form of agricultural production .  This system 
of farming is important for the production of cereals,  o i lseed and fodder  
The uncerta inties invo lved in flood irr igation and  the d ifficulties in 
col lecting data on the hyd rology and pred ict ing the flood volumes and 
benefits from the schemes, have a l l  proved to be problematic in  the 
past. 

In addition ,  improvements to the traditional form of d ivers ion structures, 
which a re a very flexib le form of d iversion, have been d ifficu lt to justify 
on the basis of the cost of rep lacing them with a complex eng ineering 
structure .  The proposed design adopts the traditiona l  g a ndha approach 
by reta in ing the breachable bund, but introd uces a m uch improved 
headworks and a short weir .  Th is will a l low a more contro l led use of 
the avai lable flood water, whi lst retain ing the desirable safety features 
of the traditional system .  

By improving the control of the flood waters through a n  improved 
offtake, a nd by reta in ing the traditional breachable bund of the gand ha 
system, the scheme a ims to reduce the uncerta inties associated with the 
avai labi l ity and periodicity of sa i laba irrigated agricu lture . Moreover, the 
flexib i l ity of the traditiona l system is reta ined with an appropriate 
improvement in the level of techno logy used to control floods .  The 
improved supply of water will lead to improved risk management 
strategies being adopted by the farmers in what is a relatively harsh 
environment. 
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2 C LIMATE AN D LAN D RESOU RCES 

2.1 Climate 

The scheme l ies on the eastern edge of the Kachh i  Plain and the cl imate 
is characterised by very hot summers and warm winters . Rainfa l l  is very 
low and erratic with an  annual  med ian  of only 4.9 inches, of which 
s l ightly more than half occurs durin g  the summer monsoon .  

The nearest meterologica l station with sufficient data for determin ing 
reference crop evapotranspiration (ETo) us ing the Penman method is  
S ib i ,  which is 13 mi les east and at a s imi lar  altitude .  The mean monthly 
temperatures at S ib i  range from 38°C in June to 13.8°C in January.  
The long term rainfa l l  data for Sibi has been ana lyzed by K idd et a l' and 
the median,  80 and 20 % exceedence rainfa l l  is s ummarized below in 
Tab le 1 .  

TABLE 1 MONTHLY RAINFALL FOR 80%, 50% AND 20% 
EXCEEDENCE PROBABILITIES (mm) 

Month 80% Median 20% 

Jan 0 5 2 2  

Feb 0 6 26 

Mar 0 5 2 1  

Apr 0 2 9 

May 0 0 7 

Jun 0 0 1 3  

Jul 3 22 60 

Aug 0 11 45 

Sept 0 0 1 5  

Oct 0 0 0 

Nov 0 0 0 

Dec 0 0 1 2  

1 Kidd, Rees, Keatinge, Rehman, Samiullah and Raza Meteorological Data Analysis of 
Balochistan 1 98 8  
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2.2 

2.2.1 

2.2.2 

Land Resources 

Topography 

The scheme is located in an extens ive piedmont p la in  extending from 
Pakistan's western mounta in ranges towards the I nd us val ley . The 
topography a round Chandia is typical of the Kachh i  Plain ,  flat and 
featureless. However, within the command a rea the natural topography 
has been extensively mod ified by the construction of level basins 
surrounded by bunds and the excavation of channels to d ivert the flood 
waters into the bas ins .  The land slopes in a south westerly d i rection ,  
but the actual s lopes a re less than 1 in  1000. Dur ing rain ,  runoff 
genera l ly occurs �� sheet flow, except where the land has been modified 
and then the flow tends to be concentrated in natural or man-made 
channels . The command a rea l ies at an a ltitude of a pproximately 500 
feet . 

Current Land Use Pattern 

Most of the command a rea has been mod ified by the construction of 
flood bunds and the subsequent level l ing of bas ins over a period of time.  
Where land is out of command or at the end of the system and where 
it remains uncultivated , the natural vegetation comprises p lants adapted 
to arid cond itions and a re typified by Tamarix. Withi n  the command 
area the land is used for extensive flood irrigation of sorghum,  mung,  
wheat and oi lseeds.  I n  any particular year the respective cropped areas 
depends on the avai lab i l ity and timing of flood water for i rrigation .  
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3 S OILS AND S UITABI LITY 

3. 1 Physiography 

The soi ls a re formed in river piedmont a l luv ium with the sediments 
orig inatin g  from the surrounding hi l ls,  which consist of l imestone, shale 
and sandstone of the Sibi Formation . Within the p iedmont pla in three 
subunits were identified . 

The Recent piedmont plain (21 9 acres)  has a lower physiogra ph ic 
position and is subject to most seasonal  floodi n g .  Lithology of the 
deposits is s i lty or loamy . The Late Subrecent pied mont p la in ( 1 773 
acres) occupies tt}8 h ighest position and the l ithology of the depos its is 
fine s i lt .  Much of this unit lies uncu ltivated due to lack of water. The 
Late Subrecent pied mont basin ( 1 43 acres) occupies a relatively lower 
position with in the Late Subrecent piedmont p la in  and as a resu lt it 
captures more floodwater, the unit has a clayey l ithology. 

3.2 Soil Survey Methods 

The soi l  survey fieldwork was carried out in December 1 992, 1 / 1 2 500 
scale sheets served as the base maps.  The soils were examined in 
auger holes to a depth of 1 .5m. The augerings were made at intervals 
vary ing with the complexity of the soi l  pattern, however, the average 
observation density was one auger hole per 50  acres . Representative 
soi l  profiles were stud ied in deta il and sampled for laboratory analyses 
in 1 . 5 m  deep pits with augering to at least 2m depth .  The soi ls were 
d ifferentiated fo llowing the FAD G uidel ines for Soi l  Profile Description 
( 1 977)  and the Soil Survey Manual (USDA Handbook 1 8 ) ,  on such 
characteristics as texture, structure, thickness of horizons, 
ca lcareousness, permeabi lity, d ra inage class etc . The pH of the soil 
was estimated by thymol blue, an ind icator su ited for pH values 
between 8 and 9 .  Colour notations were based on  M unsel l  Soil Colour 
Charts. I nfiltration rates were measured using the double r ing method . 

Twenty two soil samples were collected and ana lyzed in  the Soil  Survey 
of Pakistan laboratory at Lahore, the ana lyses inc luded : 

• 
• 
• 
• 
• 
• 
• 
• 

• 

texture : sand, si lt and clay (hydrometer method ) ,  
organic carbon (Walkley-Black) ,  
avai lable phosphorous (Olsen ) ,  
soluble cations :  Ca, Mg,  Na, 
soluble anions : C03, HC03, C I ,  S04 
pH,  
e lectrical cond uctivity (ECe) 
exchangeable sodium percentage (ESP) estimated by 
nomogram from sodium a bsorption ratio (SAR),  
CaC03 
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3.3 

3.3.1 

3.3.2 

Soluble ions, pH,  ECe and SAR were determined using the soi l  saturation 
extract. Avai lable water hold ing capacity (AWHC )  was estimated using 
the soil texture2 and were estimated to be :  8 %  for sands,  1 2 % for 
sandy loam, 1 7 % for loam, 1 9 % for c lay loam, 2 1  % for s i lty clay and 
23 % for clay. 

Description of Soil Mapping Units 

Four mapping units were recognized in the Chandia  scheme, as shown 
in Figure 2 and were tentatively corre lated with soi l  series estab lished 
by the Soi l  Survey of Pakistan (SSP) . The mapping unit symbols are 
based on the SSP name with the soi l  series names in brackets behind 
the mapping unit ·symbols . Detai led descriptions of representative soi l  
profi les and thei r analytical  data a re g iven in Annex A. 1 . 

Mapping Unit Bo-1 (Bolan series) 

Mapping unit 80- 1 l ies in the northern apex of the scheme in the Recent 
p iedmont p la in and covers 2 1 9 acres ( 1 0 % of the survey area ) . The 
soi ls are characterised by being very deep and well d rained, the texture 
is si lt loam to very fine sandy loam, with thin laminations of fine sandy 
loam or s i lty clay loam.  The soi ls sti l l  show the or ig inal sedimentation 
stratification. Colours are brown, ranging between 1 0YR and 2.5Y 5/3, 
with patches of 7. 5YR 5/4. The soi ls  are non-sa l ine and non-sodic, the 
permeab i l ity and infi ltration rates a re moderate (0.36 inch/hour) and 
AWHC is estimated at 1 9 % (by volume) to a depth of 80 inches . These 
soi ls a re intens ively cropped with sorghum and pulses as the main kharif 
crops and wheat or o i lseed as the main rabi crops. 

Mapping Unit Lu-2 (Luni series) 

Mapp ing unit Lu-2 occupies a large tract of l and in the eastern part of 
the scheme and a smal ler one in the western part .  Th is unit is in the 
Late Subrecent p ied mont plain and covers 830 acres (39 % of the survey 
area).  The soi ls a re deep and wel l  d ra ined,  textural ly they are si lt loam, 
approaching s ilty clay loam.  Colours are brown, ranging between 1 0YR 
5/3 and 4/3, with faint patches of 7 .5YR hue. Soil structure is weak 
coarse and medium angular  blocky with in-ped laminations . Fine sa lt 
specks a re scattered in the profi le .  At some places the soi ls are s l ightly 
sal ine. in the upper portion of the substratum, but non-sa line below. 
Permeabi l ity is moderate to s low, infiltration rates a re s low (0. 1 2  
inch/hour) and the AWHC is estimated at 1 9 % to a depth of 80 inches . 
The unit has minor inc lusions of other soi ls,  for example river bed 
deposits . About ha lf the area is not cultivated due to scarcity of water, 
with sorghum being the main crop during the kharif season. 

2Massoud F.I. Water Soil Plant Relationships 1 979. 
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3.4 

3.4.1 

Mapping Unit Ki-3 (Kachhi series) 

Mapping unit K i-3 occup ies a large stretch of land in the western ha lf of 
the scheme and a smal l  patch in the east. The un it is in the Late 
Subrecent piedmont pla in and covers 943 acres (44% of the survey 
area) .  The soils are deep and genera l ly well  d ra ined,  but loca l ly can be 
moderately wel l  drained . The textures a re s ilty c lay loam and s i lty clay, 
and were more variable in the substratum, rang ing from si lt loam to s i lty 
clay. Soi l  structure is wea k med ium subangular b locky.  Colours a re 
brown ( 1 0YR 4-5/3) ,  with or without fai nt to d ist inct specks of 7 . 5YR 
hue at p laces in the profi l e .  In some p laces, the soi ls a re s l ightly sal ine 
in  the upper portion of the substratum, but non-sa line below. I nfi lt ration 
rates are s low (0.05 inch/hour) and AWHC is estimated at 20% to a 
depth of 80 inches . This mapping unit has a bout 1 5  % inclusions of 
other soi ls,  particularly the 8hag series . O nly a smal l  portion of this unit 
is not cultivated, with sorghum as the main kharif crop .  

Mapping Unit 8g-4 (8hag series) 

Mapping unit 8g-4 occupies three smal l  patches in the Late Subrecent 
piedmont basin and covers 1 43 acres ( 7 %  of the survey area) .  This 
series is characterised by soils which a re d eep  and moderately wel l  
d rained with a texture which i s  s i lty c lay i n  the  subsoi l ,  but may 
approach s i lty clay loam above and below. Soil structure was found to 
be weak, fine to med ium angular  and subangular blocky. Colours a re 
brown ( 1 0YR 4-5/3) ,  with or without greyish brown ( 1 0YR 5/2) mottles 
ind icating  somewhat impeded d ra inage.  F ine sa lt specks were found 
scattered in the profi le .  The substratum is s l ightly sa l ine.  Permeabi l ity 
and i nfi ltration are slow (0.05 inch/hour) and AWHC is estimated at 
20 % to a depth of 80 inches. Crops found on this un it a re sorghum and 
pulses during kharif, wheat and oi lseeds during  rabi  season.  

Soil Management Properties 

Soil Fertility 

All Chandia soi ls are very low in organic matter, hence a lso i n  nitroge n .  
Ava i lable phosphorous i s  s imilarly very low, a lso because the soi ls a re 
strongly calcareous . Farm manure, n itrogen and phosphorous ferti l izers 
would be expected to g ive a good response, provided water is sufficient. 
I rr igation water may give a modest supp ly of nutrients . Cations a re in 
ample supply and potass ium deficiency is therefore not expecte d .  
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3.4.2 

3.4.3 

3.5 

Soil Water 

Al l  soi ls are at least 80 inches deep, medium or fine textured and 
virtual ly without coarse fragments . AWHC a re therefore high (about 
20 % ) .  However, in  the heavier textured Kachhi  and Bag h  soi ls, this 
water may be released more slowly which may cause draught stress 
when plant water demand is h igh,  and avai lable water values are near 
wi ltin g  point .  The Kachh i  and Bag h  soi ls have somewhat impeded 
d ra inage mainly due to slow permeabi l ity and the Bhag series are a lso 
prone to pond ing . Ploug h ing to break up s i lt pans pr ior to irrigation wil l  
improve infi ltration rates . 

Soil Salin ity and Sodicity 

The soi ls show no surface sal inity or sodicity, but Bg-4 and Ki-3 soi ls, 
and to a lesser extent a lso Lu-2 soi ls are s l ightly sal ine in the subsoi l ,  
which is probably related to their s low permeabi l ity . Below the s l ightly 
sa l ine layers textures, however, are somewhat coarser a l lowing leaching 
of sa lts . 

Land Capability Classification 

I n  the land capabi l ity classification as appl ied by SSP, 49 % of the land 
(Bo lan and Luni series) is considered as very good agricultural land 
(Class i r  I ) ,  provided the land is irr igated and properly ferti l ized . 

The remaining 5 1  % of the land ( Kachhi  and Bhag series) is considered 
as g ood agricultural land (Class i r  lis ) ,  with s l ight l imitations by slow 
permeabi l ity, workabi l ity and sal in ity. The suffix 's' stands for 
l imitations posed by soil properties . 

3.6 Crop Suitability Ratings 

Soi l  s uitabi l ity evaluations were conducted for the main  field crops 
sorghum (grain and fodder) ,  mung beans, wheat and oi l  seeds under the 
p resent land uti l ization type and irr igation system. 

The land uti l ization is characterised by the growing of fodder sorghum,  
with water being the l imiting  factor. It shou ld  be noted that in Chandia 
sorg h u m  and pulses commonly receive on ly one flood irrigation, i n  the 
kharif period . Wheat and oi l  seeds ( ra pe seed and mustard ) are grown 
on resid ual  kharif water and may receive addit ional water from spr ing 
floods.  Soi l  and crop suitabi l ity ratings take these severe irr igation 
reg imes into account .  Besides irr igation water quantity, water qual ity 
is important for crop performance. 
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TABLE 2 

With the current practice of only one irrigation per crop and very little 
additional rainfall, yields of field crops in Chandia are below optimal. 
This is confirmed by the average yields in Chandia which are low, but 
within the ranges (0.5 to 1.2 tons of wheat per hectare) commonly 
encountered in Kachhi plain. Under such a severe irrigation regime, crop 
performance largely depends on the availability of soil water. This again 
depends on the AWHC of the soils and the rooting volume of the crops. 
Rooting volume depends on the maximum rooting depth a crop can 
attain, which depends on crop type and soil characteristics and plant 
density. Normal maximum rooting depths cited, Landon', are 80 inch 
for sorghum and wheat. For mung beans and oilseed no figures were 
found but depths are probably over 60 inch. However, the possibility 
that the crops manage to develop even deeper root systems under the 
extreme Chandia conditions should not be excluded. Plant densities are 
low, but are possibly optimal for the Chandia conditions. 

In general, Chandia soils are all very deep (well over 100 inch) with a 
high AWHC of about 20 percent of volume. The heavier textured 
Kachhi and Bhag soils are somewhat more difficult for roots to penetrate 
than Bolan and Luni, but the soil profiles examined, all show very deep 
root penetration and sufficient porosity. 

Apart from the limitation posed by the single flood water application and 
the earlier mentioned deficiencies in nitrogen and phosphorous, the 
salinity in some of the Chandia soils reduces the range of crops which 
could be grown and probably depresses the yields of the existing crops. 

In an optimal fulfilment of all other crop requirements and taking the 
maximum salinity to 80 inch depth, the following yield reductions could 
be expected by soil salinity alone and is shown in Table 2. 

YIELD REDUCTIONS DUE TO SALINITY 

Soil Series Sorghum Mung Beans Wheat Oilseed 

Bolan 0-10% 25·50% 0% 0% 

luni 25-50% >50% 10% 10% 

Kachhi 25-50% >50% 10% 10% 

Bhag 25-50% >50% 10-25% 10-25% 

It should be noted that for sorghum as a fodder crop, salinity and water 
stress are probably less crucial than for grain production. In addition, it 
is difficult to predict what the exact reduction in crop yields is by water 
stress and salinity combined. 

3landon J. R. (ed) Booker Tropical Soil Manual 1991. 
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I n  Chandia i rrigation water from the river is expected to have ECw 
val ues between 1 a nd 2 d S/m as shown in  Figure 3, and these values 
ind icate sal inity levels that are more favourable for crop performa nce 
than those in the soils . At least 1 0 % of this irr igation water, however, 
should be a llowed for deep percolation to avoid sa l in ity bui ld-up in the 
soi ls .  A water sample from a sha l low well gave an ECw value of 2 .4 
dS/m, ind icating moderate sal in ity ground water, and that the  salts are 
being leached downwards under current p ractices .  Other tests show 
less l imitation for use of the water for i rrigation .  
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4 WATER RESOU R CES 

4. 1 Overview 

Water resources assessment is a key input to both the engineering 
design and the economic appraisal of the flood irr igation scheme. Flood 
magnitudes and durations influence the design capacity of headworks 
structures . The rel iabi l ity of a proposed scheme is a function of the 
d istribution of flood magnitudes and the design capacity . Flood volumes 
and the seasonal  d istribution of flood del ivery determine the potentia l  for 
irrigation and h ence the benefits of the scheme. I n  this section, the 
assessment of the water resources of the Chandia flood irrigation 
scheme is describ,ed and d iscussed . 

The water balance of the Chakar River bas in ,  which includes the 
Chandia flood i rrigation scheme, is complex . I n  particular, the precise 
interaction between river flow, over-ban k  flow and ground water is 
unknown and l ikely to vary seasonal ly.  Dai ly mean runoff data and 
annual  maxima are avai lable for only seven years for a site on the 
Chakar, together with a longer period of rainfa l l  data for s ites close to, 
but not with in  the Chakar catchment. 

A flood generation mode l  of the Chakar mountain catchment has been 
developed, cal ibrated and used to generate a 30 year synthetic time 
series of flood hydrographs for the Chakar  River at the boundary of its 
mountain catchment, thus extending the short runoff d ata record for the 
site . 

A water balance simu lation model of the Chakar River flood plain has 
been created to represent the behaviour of flows in  the Chakar between 
the mountain catchment boundary and the proposed d iversion site. I t  
uses as input data the 30 year synthetic t ime series of flood flows 
generated by the catchment model .  

The cal ibrated flood p la in model has been used to eva luate the d iversion 
performance of a lternative designs for the headworks of the Chandia 
scheme and thus assist i n  the screen ing of potential arrangements for 
further economic analysis . 

An  ana lysis of expected d iversion flow avai labi l ity at the headworks has 
been undertaken using the flood plain model with the 30 year synthetic 
time series of Chakar River flows . Two options for the improvement of 
the Chand ia Flood Irrigation Scheme were considered, together with the 
exist ing s ituation .  

1 4  
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4.2 Methodology 

There a re insufficient reliable rainfa l l  and runoff data related to the 
Chakar River to enable an acceptable, direct d ata-driven analysis of 
water resources to be made.  However, there is a considerable amount 
of rainfa l l  and runoff data related to other river  catchments in 
Balochistan .  It has been possible to regiona lize the runoff characteristics 
of these 1 8  rivers in terms of parameters in a truncated Fourier Series . 
This process wil l  be described in detail in the BMIADP Flood I rrigation 
Manual ,  but is summarized in Annex B . 1 .  

Use of the regionalization scheme offers two principal  advantages over 
a direct d ata d riven analysis, as fol lows : 

(a ) 

(b) 

For ungauged rivers, the runoff characteristics of all adjacent 
rivers in the same region can be accounted for in estimating 
the runoff regime of the ungauged catchment. 

Where gauged rivers have poor o r  sparse data, the 
regiona lized runoff scheme can be used to extend and 
rationalize the gauged data . 

Therefore ,  the quantitative assessment of the water resources of the 
C hakar River  has been based on the generation, calibration and ana lysis 
of a synthetic time series of hydrographs using a regional  Fourier Series 
mode l .  

An important feature of  this process is  the ca libration of  the models 
used in the assessment. Historica l  data , loca l observations, the 
experience of local fa rmers and the work of other  consu ltants have been 
reviewed and accounted for in ca librating the resu lts p redicted at 
intermediate stages of the water resources ana lysis . Consequently, it 
has been possible to maximize the qua lity of the a na lysis by calibrating 
the predictions of models against estimated distributions of data , 
obtained by pooling the above information ,  rather  than single 
unsubstantiated statistics .  

The data used in  the preparation and  calibration of  mathematica l  models 
of the Chakar system have been obtained through a comprehensive 
programme of: 

• . interviews with farmers, to estab lish cropped areas in 
previous years and high flood levels in the vicinity of the 
headworks; 

• transect survey work, to establish the cropped a rea in the 
current yea r; 

1 5  



• detailed topographic surveys, to establish the levels and 
extent of the existing command area a nd of the river and 
canal ;  and 

• sed iment and soi l  surveys . 

The assessment of Chakar River water resources has been carried out 
in four  phases, the interrelationship of which is i l lustrated by Figure 4. 

Chakar River Catchment Simulation 

I n  the first phase, a catch ment runoff model was developed and used to 
generate a synthetic time series of flood hydrogra phs for the Chakar  
River at  the moLintain catchment boundary.  The flood magnitudes, 
volumes and delivery predicted by this model were calibrated against 
historical rainfa l l  and runoff data and estimates of runoff .  

Chakar River Flood Plain Simulation 

I n  the second phase, a flood plain model was used to simulate the water 
balance and flood attenuation of the Chakar River between the mountain 
catchment boundary and the Chandia headworks site. The flood 
magnitudes, volumes and delivery predicted by this mode l  were 
ca librated against local information . 

Design of Chandia Headworks 

In  the third phase, a diversion model was used with the generated flood 
time series data at the Chandia headworks site to determine the 
optimum configuration for the headworks and to predict the reUability of 
the headworks. 

Chandia Yield Analysis 

I n  the fourth phase, the diversion model was used to estimate the 
volumetric yie ld associated with two options for improving the Chandia 
scheme, together with the existing without project situation .  

4.3 Characteristics of the Chakar River Basin 

The Chakar River emerges from a mountain catchment o n  the north­
eastern edge of the Kachhi Plain . The a rea is i l lustrated in Figure 5 .  

1 6  
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FIGURE 5 
CATCHMENT LOCATION MAP 
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4.3 . 1 Catchment 

The catchment of the Chakar River runs roughly east to west from Kohlu 
to Ta l l i  Tangi before jo in ing the extensive Kachh i  Pla in river system .  It 
l ies between the Bej i River bas in to the north and the Lehri River bas in  
to the south . 

The measured and calcu lated characteristics of the Chakar River 
catchment are summarized in Table 3 .  

TABLE 3 CHAKAR RIVER CATCHMENT CHARACTERISTIC S  

4.3 .2 Rainfall 

CATCHMENT 
CHARACTERISTIC 

Mountain  catchment 
area 

Proportion of area:  
mountain 

al luvial 

valley 

Fa ll 

Length 

Time of concentration 

VALUE 

570 SQ miles 
( 1480 sQ km) 

70% 

28% 

2 %  

3720 ft ( 1 1 30 m) 

53 miles (85 km) 

10.7  hrs 

Rainfa l l  in the Chakar catchment is dominated by summer monsoona l 
incursions which a rrive from the south east . Winter ra ins a re unrel iable, 
and a re thought to or ig inate in the h ighlands of northern Afghanistan 
and Pakistan .  

There a re no rain  gauges in the Chakar catchment. Rain gauges 
adjacent to the catch ment are l isted in Tab le  4, together with the 
periods for which d ai ly ra infal l  data have been made avai lable by the 
Pakistan Meteorolog ical Department (PMD) and WAPDA's Surface Water 
Hydrology Project (SWHP) .  Some of the data a re of doubtful qua l ity . 
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TABLE 4 

4.3.3 

RAINFALL DATA AVAILABILITY 

RAI N  GAUGE 

Talli 

Ghatti Bridge 

Kohlu 

Spin Tangi 

Lehri 

DATA SOURCE 

SWH P 

SWH P 

PMD 
SWH P 

PM D 
SWHP 

PMD 
SWHP 

DATA PER I O D  

1 962- 1 966 
1 988- 1 99 1 

1 962- 1 967 
1 988-1 9 9 1  

1 9 1 1 - 1 946 
1 962-1 964 
1 967-1 9 7 1  
1 973-1 974 

1 89 1 - 1 946 
1 964- 1 986 
1 988-1 9 9 1  

1 923-1 946 
1 965- 1 970 
1 988- 1 9 9 1  

Figu res 6 (a ) and 6 (b )  show the seasonal d istributions of average 
ra infa l l  depths over the catchment at Koh lu  and at Ghatti Bridge 
respective ly. These stations, some 2 5  mi les (40km) a part and in the 
same orographic reg ion, show a lmost identical seasonal del ivery 
characteristics, with a smal l  d ifference between the seasonal volumes.  

Runoff 

Runoff at Ta l l i  Tangi  is hig hly ephemera l .  Seven years of da ily averag e  
flow records for Ta l l i  Tangi have been processed a n d  publ ished by 
SWHP for the period 1 961  to 1 968, but excludes 1 966. The data a re 
of reasonable qual ity, a lthough re latively few stage-d ischarge 
measurements were made in this period . I n  addition, the annua l  
maximum d ischarge has been publ ished for each of  the seven years. I t  
has  not been possible to obtain the or ig inal  gauge records nor  the rat ing 
curves for the s ite, which would have enabled a t ime series of peak 
flows to be derived . 

Several other rivers in the region have a lso been gauged by SWHP. 
Those which exhibit a simi lar del ivery characteristic to the Chakar River 
a re l isted in Table 5. The assessment of hydrolog ica l s imi larity has been 
made as part of the development of the catchment runoff generation 
software . The detai ls of this assessment wil l  be described in  detai l  i n  
the  BMIADP Flood I rrigation Manual . A summary of  the process i s  
included in  Annex B . 1 . 
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FIGURE 6 (b) 
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TABLE 5 

4.3.4 

4.3 . 5  

REGIONAL RUNOFF DATA AVAILABILITY 

RUNOFF GAUGE DATA PER I O D  

Chak�r a t  Talli Tangi 1 9 6 1 - 1 965 
1 9 67- 1 968 

Lehri at  Gurak Tangi 1 9 63-1 965 

Beji at Ghatti Bridge 1 96 1 -1 967 
1 9 87-1 988 

Khost at Chap par Rift 1 9 6 1 - 1 982 
1 9 86-1 988 

Nari at Nari Bridge 1 96 1 - 1 9 7 1  
1 987 

Zhob at Sharik Weir 1 976- 1 988 

Runoff hydrographs for al l  magn itudes of flood events tend to rise far 
more rapidly than would be expected from the calcu lated t ime of 
concentration of the catchment (see Table 3 ) .  This may be due to the 
ang le at which the catch ment l ies to the summer monsoons.  The upper 
part of the catchment is effectively protected from the ful l  monsoon 
activity by a series of mountain ranges, whi lst the lower part of the 
catchment is d irectly exposed to the Kachhi  Pla in . This is l ikely to resu lt 
in  ra in fal l ing predominately in the lower catchment, causing runoff to 
bui ld up  more rapidly than would be pred icted by normal ly accepted 
formulae (see Annex B . 2 ) .  

The Flood Plain 

The Chakar River flood plain is effectively unbounded in its upper 
reaches,  being wide and gently s lop ing  down from east to west 
fol lowing a short, steep section close to Tal l i  Tang i .  

The river channel has sh ifted by  up  to  1 600 feet ( 500m) in  the 35 years 
s ince the Survey of Pakistan maps of the area were last updated . It has 
moved closer to Ta l l i  and has reduced the a rea of cu ltivatable land on 
the left bank.  The proposed road bridge to Tal l i  and  its associated bank 
protection works wi l l  fix the position of  the river i n  th is  area, thus 
minimising future movements of the river i n  the Chandia area . 

Existing Irrigation 

Between Ta l l i  Tangi  and the s ite of the Chandia Wah head works, a 
d istance of 8 . 5  miles ( 1 3 . 6  km),  there a re five other  identifiable 
offtakes . These irr igation offtakes are detai led in  Table 6 .  The canal 
capacities have been estimated from local survey information .  
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TABLE 6 

4.3. 6 

IRRIGATIO N  OFFTAKES FROM TH E CHAKAR RIVER 

OFFTAKE DISTANCE TYPE OF CANAL 
FROM OFFTAKE CAPACITY 
TALL! [cusec(cumec)] 
TANGI  

miles (km) 

Bala 0.6 ( 1 .0) chab n/a 

Shewarhi 0.7 ( 1 . 2 )  chab n/a 

Saafi 0 .9  ( 1 .5 )  chab n/a 

Sultan Kat 3 .7  (6 .0) gandha 530 ( 1 5) 

Kaisar . '  6.0 (9 .7)  gandha 3880 ( 1 1 0) 

Chandia 8 .5  ( 13 . 6) gandha 880 (25) 

The capacities of the three gand ha off takes detai led above are not 
proportional to the land holdings of associated vi l lages . Thus, although 
the Kaisar scheme would appear to dominate the Chakar irr igation 
system, the flows taken off here are l imited by the modest size of the 
Ka isar area . The influence of the upstream offtakes on the water 
avai labi l ity at Chandia is d iscussed in Section 4. 6.  

Local Flood Flow Characteristics 

limited information concerning the characteristics of floods at the s ite 
of the Chandia head works has been obtained by local survey. Local 
estimates of flood levels, have been used to cal ibrate the flood p la in 
routing model .  

Estimates of areas i rr igated by the Chandia Wah,  provided by local 
farmers and by transect survey of the command area, have been used 
to cal ibrate the volume del ivery predicted by the model . The farmers'  
estimates a re l ikely to be biased by experience of recent exceptional ly 
good years. However, in  detai led interviews information was obtained 
concerning  the occurrence of good, bad and indifferent years . This 
information has been accounted for in  the cal ibration of the flood p la in  
model .  

The gandha located at the head of the Chandia Wah has not been 
requ i red for the d ivers ion of flows in  the last two years due to the 
advantageous position of the low flow channel  of the Chakar River at 
this point. S ince it has not been possible to observe the fai lure 
mechanism, the behaviou r  of the existin g  head works has had to be 
assumed . Nevertheless, this element of the model has been careful ly 
considered s ince it is a key factor i n  determining the volume of water 
avai lable in the Chandia Wah .  This is d iscussed further in Section 4. 6. 
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4.4 

4.4. 1 

4.4.2 

Preliminary Studies 

The fo l lowing prel iminary studies were carried out in order to improve 
understand ing of the behaviour of the Chakar catchment and to check 
the val id ity of the rainfa l l  and runoff data : 

(a)  rainfa l l-runoff correlation ,  using contemporary data ; 

(b)  flood estimation using the BMIADP Flood Estimation Manual ;  

(c)  un it hydrograph analysis; and 

(d) a review of hydrological studies involv ing the Chakar River by 
other consultants (nota bly Lahmeyer4) . 

Rainfall-Runoff Correlation 

Rainfa l l- runoff correlation proved to be inconclus ive using the l imited 
period of contemporary data for rainfa l l  stations local to the Chakar  
catchment.  Annex B . 2  describes the  ana lysis . 

Of those ra infa l l  stations identified in Table 4, the volume d istribution 
and del ivery recorded at Ghatti Bridge between 1 962 and 1 967 gave the 
best correlation with the contemporary runoff at Ta l l i  Tang i .  However, 
the corre lation coefficient in  both summer and winter was only 0.44. 

Thus,  it has not been possible to estimate real-t ime runoff for the Chakar 
River catch ment from local rainfa l l  records, nor to use this technique to 
val idate estimates of runoff prod uced by other means . 

The poor correlation between rainfa l l  a nd runoff can be explained by: 

• 

• 

• 

the complexity of ra infa l l  patterns in the mountainous areas 
bordering the Kachh i  P la in;  

the spatial separation of gauges;  and 

the dubious qual ity of some of the data . 

Flood Estimation 

Peak flow data for the Chakar River at Ta l l i  Tan g i  a re o nly avai lable as 
annual  maxima for the period 1 96 1  to 1 968 . I ndependent estimates of 
flood magn itude were obtained in order to val idate th is data for use in  
cal ibrat ing the  catchment runoff model . 

4Lahmeyer International Consulting Engineers: Talli Flood 
Resources Appendix B 1 989.  

I rrigation Project, Water 
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4.5 

4. 5. 1 

The BMIADP Flood Estimation Manual  was used to provide an  estimate 
of the magnitudes of floods of h igh return period .  These estimates have 
been used in the cal ibration of the flood generation model (see Section 
4. 5 . 2 ) .  

Several other organ izations have stud ied the hydrology o f  the Chakar 
catchment. Lahmeyer Consultants estimated the flood flows in  the 
Chakar River as part of their study for the proposed Tal l i  d iversion weir, 
since abandoned . Their estimate has a lso been used in the cal ibration 
of the flood generation model (see Section 4. 5 . 2 ) .  

Chakar River Flood Simulation 

A software su ite has been developed by the Techn ical Assistance (T A) 
Team for the estimation of ephemeral flows in gauged and u ngauged 
catchments . The design of this faci l ity wil l  be described in  detai l  i n  the 
BMIADP Flood I rrigation Manual ,  but is summarized in  Annex B . 1 . 
F igure 7 i l lustrates the proced ure used to model the behaviour of spate 
catchments . 

The software has been used to extend the period of d ata for the Chakar 
River from 7 to 30 years.  The Chakar  River flood generation mode l  uses 
original runoff and rainfa l l  data from a number of rivers i n  the region to 
define a formal statistical  representation of the phase and ampl itude of 
the runoff process .  By using the extended data base provided by these 
similar rivers, it is possible to overcome the problems caused by the 
short period of runoff data for the Chakar River itself. The Chakar River 
l ies in  Region 1 of the flood generation regional ization scheme, described 
in Annex B . 1  . 

Calibration of the Catch ment Runoff Model 

In using the flood generation software to define a statistical model of the 
Chakar River runoff, some facets of the model are assumed whilst 
others a re adjusted as part of the cal ibration process . The assumptions 
made in the catchment model wi l l  be described in detai l  in the BMIAD P  
Flood I rrigation Manua l ,  but are summarized in  Annex B . 1 .  The 
assumptions which have been made in  the definit ion of the flood 
generation software have been tested very careful ly to ensure that they 
do not restrict the use of the software unduly whilst enabl ing robust 
analyses of flood flows to be undertaken .  

The 30  year synthetic t ime series of  flood hydrographs has  been 
cal ibrated against: 

(a) the flow del ivery d istribution suggested by h istorical runoff 
and catchment rainfa l l  records; 

26 

-

I 
I 
I 
I 
I 
I 

t 
II f 

, 
, 
, 



ld 
lC1 

I 

bl 
t1 

1 

tl 
tl 
cl 
l=l 
tJ 
tJ 
tJ 
b 
t1 
tJ 
t1 
tl 
l-1 
(T 
� 
-

(b)  the seasonal  d istribution of flood volumes derived from 
historical runoff data; and 

(c)  the d istr ibution of flood magnitudes derived from h istorical 
runoff data and other stud ies of the Chakar  River basin .  

Table 7 summarizes the principal assumptions and cal ibrated parameters 
of the catchment runoff model .  

TABLE 7 CALIBRATED CATCH MENT RUNOFF MODEL PARAMETERS 

ASSUM ED FACET 

Hydrograph shape 

Hydrograph peak 
truncation at 260000 

cusec (7500 cumec) 

Regional phase 
definition 

Local amplitude 
definition 

CALIBRATED CALIBRATED 
PARAM ETER VALUE 

Time to peak 1 hour 

Time to recede 4 hours 

Base flow 
recession time 4 hours 

Base flow zero 

Coeff of variation 
of peaks 2.00 

Region 1 C assumed 

Values in Table 3 assumed 
Variation in rainfall within Region 1 

accounted for 

In generatin g  runoff data for the Chakar River at Ta l l i  Tangi ,  regional 
data for Region 1 of the flood generation scheme were used to define 
the phase of  flood events, whi lst data for the Chaka r River catchme nt 
were used to scale the magnitude of events . The Chakar-specific data 
included rainfa l l  at Kohlu and Ghatti Brid ge .  These data were compared 
with those for reference ra infal l  stations related to other gauged rivers 
in Region 1 and used along with ratios of catch me nt area to establ ish 
scal ing factors for flood magnitudes.  

The approximate shape of the flood hyd rog raphs in  the Chakar River 
was calculated using u nit hydrograph theory. A small proportional 
adjustment to the estimated time to peak, time to recede and base flow 
recession constants was a l lowed d ur ing the cal ibration process .  The 
resulting  hydrograph shape is i l lustrated in Figure 8 .  

The model scales generated flood peaks to p reserve the correct 
d istribution of volumes, defined by the Chakar  River data. Excessively 
large flood peaks a re truncated to ensure that these very rare maxima 
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4. 5 . 2  

d o  not distort the pred ictions of  the runoff model .  The level of 
truncation is arbitrary. 

The flood generation software ensures that the volumes of generated 
hydrographs equate with those of the original  data . Thus, cal ibration of 
the model is a process of matching the d istribution of event magnitudes 
to the original data, whi lst confi rming that the generated volumes and 
del ivery are accurate . 

Table 8 presents detai ls of the qual ity of the cal ibration of the 
catchment runoff mode l .  

Figures 9 (a)  and  9 (b )  d isplay the observed and mode l led d istributions 
of flow volume and mag nitude at Ta l l i  Tangi respectively. 

Comments on the Catch ment Runoff Model 

The qual ity of the cal ibration of the catchment runoff model, 
summarized in the above statistics, is good . Spec ific points are raised 
as follows: 

(a )  Figure 9 (a )  demonstrates that the bimoda l  d istr ibution of flow 
del ivery, reflecting kharif and rabi season rainfal l  and runoff, 
is model led accurately. 

(b)  The means and medians of seasonal and annual flow volumes 
are a lso accurate ly model led, as shown by Figure 9(a ) .  
However, the maximum pred icted flood volumes considerably 
exceed the recorded values at Ta l l i  Tang i .  This is a resu lt of 
the greater length of time series generated by the model (30 
years) and used to produce the cal ibration statistics .  The 
maxima for the observed data are approximately 1 in  7 year 
events , whi lst those for the generated series a re 
approximately 1 in  30 year events . 

(c )  The d istribution of flood magnitudes is reasonably closely 
model led, as d isplayed by Figure 9 (b ) .  The cal ibration,  of 
model led flood peaks against observed and estimated data, 
appears to become less accurate for floods of high return 
period . This can be explained by: 

• 

• 

the approximate nature of calcu lation of 
magnitudes of the historical floods,  local 
observations and estimated data; and 

approximations and d istortions i ntroduced by the 
flood generation process, such as the a rb itrary 
truncation of extremely large flood peaks . 
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FIGURE 8 
SAMPLE OF GENERATED RUNOFF TIME SERIES 
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FIGURE 9 (b)  
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TABLE 8 CALIBRATION OF CHAKAR FLOOD G ENERATION MODEL 

STATISTIC VALU E  AT TALLI TANG I  

OBSERVED MODELLED 

DELIVERY 

month with max JULIAUG JULIAUG 
delivery 

month with min NOV /DEC/JAN OCT/NOV/DEC 
delivery 

FLOOD VOLUMES Met (Mem) Met (Mem) 

KHARIF: 
minimum .. 3 5 . 3  ( 1 ) 3 5 . 3  ( 1 ) 

median 1 1 64 (33) 1 200 (34) 

mean 1 870 (53) 2082 (59) 

maximum 4658 ( 1 32) 1 5668 (444) 

RABI : 
minimum 0 (0) 0 (0) 

median 282 (8) 2 1 2 (6) 

mean 565 ( 1 6) 282 (8) 

maximum 2 1 88 (62) 1 83 5  (52) 

ANNUAL: 
minimum 1 4 1 (4) 3 5 . 3  ( 1 ) 

median 1 659 (47) 1 37 6  (39) 

mean 2 1 88 (62) 2364 (67) 

maximum 4764 ( 1 35)  1 7503 (496) 

FLOO D  efs (ems) efs (ems) 
MAGNITUDES 

1 :  1 year 1 5000 (425) 1 1 000 (3 1 2) 

1 :2 year 25000 (708) 2 5000 (708) 

1 : 5 year 38000 ( 1 077) 42000 ( 1 1 90) 

1 : 1 0  year 50000 ( 1 4 1 7) 55000 ( 1 559) 

1 :20 year 5 9000 ( 1 672) 69000 ( 1 955) 

1 :50 year - -

1 : 1 00 year - -
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4.5 .3  

I n  th is  study, we are concerned with floods of  magn itude less than say 
50 years. By tend ing to overestimate flood peaks ,  the model led flood 
bunds wi l l  breach s l ightly prematurely, thus ensur ing that estimates of 
offtake volumes a re conservative . Consequently, the influence of any 
inaccuracy in  pred ictin g  flood mag nitudes is red uced . 

Flood Hydrograph Generation 

The cal ibrated flood generation model has been used to generate a 30 
year synthetic time series of flood hyd rographs for the Chakar River at 
Tal l i  Tangi ,  thus extending the short runoff data record for the site . A 
sample of the generated time series is g iven previous ly in  Figure 8. 

4 .6 Chakar River Flood Plain Simulation 

4.6 . 1  

A water balance simulation model of the Chakar  River Flood Plain has 
been developed . It uses as its input d ata the 30 year synthetic time 
series of flood flows generated by the catchment mode l .  

The functions defin ing the model ,  i l l ustrated in F igure 1 0, account for :  

• the operation of the various existin g  irr igation offtake 
structures in the flood plain (water r ights, intake capacities, 
river flood rating curves) ;  

• infi ltration of flood flows into g round water (flood plain soi ls 
series) ; 

• river recharge from over-bank  storage;  

• routing of flood flows along the Chakar River; and 

• the behaviour of the Chandia headworks bund and the 
eng ineered headworks structures. 

The information required to define the system functions has been 
obtained from local s ite surveys and interviews carried out by the TA 
Team (see Section 4.2) . 

Calibration of the Flood Plain Model 

I n  creating and cal ibrating the flood p la in mode l  of the Chakar  River, as 
with the catchment model described in Section 4.5,  it has been 
necessary to make certa in  assumptions regard ing  the behaviour of the 
real system whi lst other  parameters have been a l lowed to vary to 
faci l itate cal ibration .  
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TABLE 9 

The flood plain model has been cal ibrated against:  

(a) the probability d istribution of offtake volumes at Chandia,  
estimated from the areas irrigated by local farmers in  recent 
years; and 

(b)  the probabi l ity d istribution of flood mag nitudes derived from 
flood ma rks adjacent to the Chandia headworks s ite . 

Table 9 summarizes the principal detai ls of the cal ibrated flood pla in 
model,  including assumptions made and cal ibrated parameters . 

ASSUMED AND CALIBRATED FLOOD PLAIN 
MODEL PARAMETERS 

ASSUMED FACET 

Chakar River in regime 

Influence of upstream 
chab structures 

insignificant 

Offtake efficiency 
simplified (defined by 

Figure 1 1 ) 

Gandha repairs by oxen 
or by tractor 

Efficiency of 
transmission and 

distribution is 48% 

Depth of application of 
water on fields is 2ft 

(0.6 m) 

CALI BRATED PARA METER 

River bed infiltration 

Surface evaporation 

Over-bank spillage flow from 
river 

Recharge of river from local 
runoff and over-bank 

storage 

Offtake capacity of 
upstream gandhas: 

Sultan Kot 

Kaisar 

Chandia 

Time taken to repair 
breached gandhas 

3 5  

CALI BRATED VALUE 

Balance between 
infiltration, evaporation, 

spil lage and recharge 

530 cusec ( 1  5 cumec) 

3880 cusec ( 1 1 0 

cumec) 

880 cusec (25 cumec) 

1 0  days 



FIGURE 1 0  
FLOOD PLAIN MODELLING 
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The Chakar River is in reg ime. This has been confirmed by comparison 
of surveyed river cross sections with theoretical channel  shapes in  sand 
presented by Simons a nd Albertson5•  

The apparent balance which has resulted d uring the cal ibration process, 
on average, between river bed infi ltration, surface evaporation, losses 
to over-bank storage and recharge from local runoff and over-bank 
storage could not have been pred icted due to a the complex nature of 
the mechanisms of the local  water balance.  The precise nature of these 
interactions, however, is not required to be specified in a water balance 
model which is final ly cal ibrated uti l is ing local information at the Chandia 
in let s ite. 

Offtakes control le,d by chab headworks a re excluded from the model .  
Such headworks are washed away by relatively modest floods in the 
Chakar River, and are reinstated on ly when flood levels have receded . 
Conseq uently, they have very l ittle i nfluence on the performance of the 
three existing gandha structures .  

Capacities of upstream gandha off takes are substantia l i n  comparison 
with that of the Chandia offtake . The influence of these offtakes on the 
avai labi l ity of water to the Chandia scheme is assessed indirectly in 
Section 4 .8 ,  where volu metric yields a re pred icted for both of the 
proposed options for improvement of the Chandia scheme. 

Figures 1 1  (a) ,  (b)  and (c) show the assumed relationships between river 
flow, offtake flow and offtake vol u me for the cases where, respectively: 

(a) the gandha remains intact; 

(b) the gandha fai ls during a flood ; and 

(c) the gandha has not been rebui lt following a previous flood . 

These functions have had to hypothesized, since it has not been 
possible to undertake detailed field studies by which to evaluate them. 
However, it  is known that a gandha is breached rapid ly when the river 
flow exceeds the capacity of the in let cana l .  Fol lowing breaching of the 
gandha, flow d iversion into the canal is  control led by the stage of the 
river. This is related to the flow in the river by a simple ratin g  curve . 
The top level of a gandha is typ ical ly set at or above the ful l  supply level 
of the in let cana l .  

5Simons D . B .  and Albertson M . L. 1 960 Uniform Water Conveyance Channels in Alluvial 
Material .  
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The time taken to reb uild a gandha across the ful l  width of the river is 
estimated to be 1 0  days on average using bu l lock teams with d rag 
scoops, a figure supported by interviews with loca l  farmers . This period 
includes an a l lowance of severa l days for the river to d ry out s ufficiently 
to permit access to the s ite . When the damage to the b reach is 
substantial or  when the river does not d ry out between floods,  a tractor 
is used . There is often a considerable delay before it is made avai lable,  
so that the average time to rebui ld the gandha sufficiently high to d ivert 
water is sti l l  approximately ten days. 

It has been observed that field bunds in  the Chand ia command area a re 
approximately 2ft (0 .6  metres )  h igh on average .  Accord ing to local 
farmers, on ly a single irrigation is a pp l ied to the fields in a season.  The 
combined efficiency of transmissio n ,  d istribution and application has 
been estimated at 48 % using the method set out in  FAG publication 
246 • This information has been used to convert pred icted del ivery 
volumes into irrigated a reas in the cal ibration process . 

Table 1 0  i l l ustrates the accuracy of the cal ibration of the flood p la in 
mode l  in terms of the criteria set out at the start of th is section .  

6Guidelines for Predicting Crop Water Requirements, FAO Irrigation and Drainage Paper 24 

38 

I 
I I I 
� 
� 
� 
� 
I 
I 
I 
I 

II 

I 
r 
III 



1" 
I f  
IL! 
Ie:! 
Ii 
II 
II 
Ii 
I( 
(1 -, 

1'( 
If • 

I . 
I 

FIGURE 1 1  

MODELLING OF BREACH ING BEHAVIOUR OF GANDHA 

Fl ow 

BREACHING 
CAPACITY OF 
GANDHA 

Flow In river 
equals 

Flow in cano l 

(0 ) Gandha remains intact  during food time 
Fl ow 

( b )  Gandha IS breached during flood 

Flow 

(c ) Gondha not In place before f lood 
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TABLE 1 0  CALIBRATION O F  THE CHAKAR FLOOD PLAIN M ODEL 

STATISTI C 

FLOOD VOLUMES 

KHARIF: 
minimum 

median 

mean 

maximum 

RABI:  
. .  

minimum 

median 

mean 

maximum 

ANN UAL: 
minimum 

median 

mean 

maximum 

FLOOD 
MAGN ITUDES 

1 : 1 year 

1 :2 year 

1 : 5 year 

1 : 1 0  year 

1 :20 year 

1 :50 year 

1 : 1 00 year 

VALUE AT CHAN DIA 
H EADWORKS 

OBSERVED 

Mef (Mem) 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

8 1 . 2  (2.3) 

367 ( 1 0 .4) 

efs (ems) 

3800 ( 1 08) 

7000 ( 1 98) 

13000 (368) 

20000 (567) 

28000 (793) 

40000 ( 1 134) 

50000 ( 1 41 7) 

MODELLED 

Mef (Mem) 

0 (0) 

3 1 . 8  (0. 9) 

63 . 5  ( 1 . 8) 

498 ( 1 4. 1 )  

0 (0) 

3 . 5  (0. 1 )  

7 . 1  (0.2)  

56.5 ( 1 . 6) 

o (0) 

3 8 . 8 ( 1 . 1 ) 

70. 6 (2 .0) 

558 ( 1 5 . 8) 

efs (ems) 

2500 ( 7 1 ) 

5800 ( 1 64) 

1 5000 (425) 

22500 (638) 

35000 (992) 

-

-

Figure 1 2  shows the observed and model led d istrib utions of flood 
magnitude at the Chandia headworks site .  
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FIGURE 1 2  

ESTIMATED vs MODELLED DISTRIBUTION 
OF FLOOD MAGNITUDES AT CHANDIA HEADWORKS 
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4 . 6 . 2  Comments o n  the Flood Plain Model 

The qual ity of the cal ibration of the flood plain model is satisfactory, and 
is d iscussed as fol lows : 

(a)  The mode l  p rod uces real istic estimates of offtake volumes at 
the Chand ia headworks . Since the mean pred icted offtake 
volumes appear to be s l ightly less than observed real ity, it is 
reasonable to conclude that over the long term true 
volumetric yields will exceed the pred icted values.  

(b)  As was noted with the cal ibration of flood magnitudes at Tal l i  
Tangi ,  the mode l  tends to overestimate the magnitude of rare 
floods , ,, but to pred ict more common floods with greater 
accuracy. This explains why predicted maximum offtake 
volumes a re la rger than expected and why pred icted average 
offtake volumes are s l ightly low. 

The overal l  effect of the above is a s l ightly conservative estimate of the 
volumetric yield of the existing scheme and other options examined 
using the model .  The cal ibration exercise has emphasised the influence 
of the two gandha intakes upstream on the water availabi l ity at the 
Chandia headworks . Although it is l ikely that a ny significant 
improvement in the rel iabi l ity of these intakes would have a serious 
effect on the viabi l ity of the Chandia scheme, in  their present cond ition 
they wil l  never cause the economic fa i lure of the scheme (see section 
4 . 8 . 2 ) .  

4 . 7  Design of Chandia H eadworks 

An important element of the engineering design of any scheme is the 
screening of potential solutions,  such that: 

• a l l  viable a lternative designs are considered; and 

• only the most efficient design of any type is put forward for 
detai led design and economic analysis .  

An outl ine arrangement of the Chandia headworks was put forward in 
the Flood I rrigation Miss ion Repore.  The p roposal was for an  
engineered canal head regu lator to  be  bui lt together with a sand  s luice 
and a short weir, incorporating a trad itional gandha between the weir  
and the far  river bank. Ful l  d iversion of river flows would be ach ieved 
for flows up to the capacity of the canal ,  weir  and s lu ice prior to the 
progressive fai lure of the gandha .  

7Camacho R . F. 1 992 BM IADP Phase I I  Flood Irrigation Mission Report. 
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TABLE 1 1  

The consideration of a lternative designs for the Chandia headworks 
involved : 

(a)  optimizing the total capacity of canal ,  weir and s lu ice (the 
flow above which the gandha would fai l ) ;  

(b)  optimizing the relative capacities of canal ,  wei r  and s lu ice; 
and 

(c)  establ ishing the relative rel iab i l ity of the preferred eng ineered 
scheme and the existing gand ha-on ly farmers' scheme. 

The cal ibrated flood pla in model has been used to eva luate the d iversion 
performance of a number of alternative designs for the headworks of the 
Chandia scheme, and to compare this with the estimated performance 
of the existing farmers' scheme. By us ing the mode l  to evaluate a range 
of esseritia l ly simi lar options, considerable analytical t ime has been 
saved and the ful l  range of possibi l ities has been considered . 

The most favoured eng ineering solution for the headworks for Chandia 
consists of a weir, s luice and canal  with a combined capacity of 6, 700 
cusec ( 1 90 cumec) . The ful l  supply level of the Chandia canal would be 
as existing,  estimated to be 880 cusec (25 cumec ) .  

Table 1 1  summarizes the relative rel iabi l ity o f  the preferred eng ineered 
and the existing system, in terms of pred icted bund breach ing 
frequencies . The pred ictio ns are conservative, as they cons ider only 
breaches where the gand ha was ful ly intact before the breaching flood . 
I n  practice, over the long term a n umber of floods would occur dur ing 
the rebui ld ing period (see Section 4.8 for a d iscussion of this point ) .  

PREDICTED ANNUAL FREQUENCY OF HEADWORKS 
FAILURE AT CHANDIA OFFTAKE 

BREACHES TRA DITIONAL ENGIN EERED 
PER YEAR GANDHA HEADWORKS 

minimum 0 0 

median 3 1 

mean 2 . 8  0 . 8  

maximum 7 3 

Thus, the threshold of river flow at which the gandha breaches would 
be g reatly i ncreased if an  engineered headworks arrangement were to 
be adopted . 
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4.8 . 1  

TABLE 1 2  

I n  addition to a full eng ineering solution to the improvement of the 
Chandia headworks, a further techn�cal solution was proposed . This 
consisted of a canal head regu lator with a capacity of 880 cusec (25  
cumec) as per the ful l  eng ineered scheme, but omitting the wei r  and 
sand s luice . The rel iabi l ity of this scheme would not increase from that 
of the existing arrangement, s ince no i ncrease in the capacity of the 
head works would be involved . 

Both of the proposed schemes for the improvement of the Chandia 
headworks require the use of a bu l ldozer to reinstate the gandha as 
qu ickly as possible d ur ing the recession of a flood caus ing a breach.  
This does not affect the intrinsic rel iabi l ity of the proposed schemes in 
terms of the expected number of floods per year which would cause 
fai lure of the gandha, but greatly improves access to low flows and to 
floods which follow qu ickly on from previous bund breaching flows . 

Chandia Yield Flow Analysis 

Yield Flow by Scheme Option 

The cal ibrated flood plain model has been used to pred ict a 30 year t ime 
series of volumetric yields associated with two options for the improved 
headworks of Chandia and the existin g  without project s ituation . These 
options, described in detail in Section 9 . 3, are outl ined in Table 1 2 . 

SUMMARY OF SCHEME OPTIONS 

FEATURE Without OPTION 1 OPTION 2 
Project 

Traditional Gandha yes yes yes 

Weir and Sluice no no yes 

Dedicated Plant for 
Gandha Repair no yes yes 

The principal features of the flood p la in  model  which a re varied to 
represent each option are : 

• the time taken to repair  the gandha fol lowing fa i lure (see 
Section 4 .6. 1 ) ; and 

• the breaching capacity of the headworks (see Section 4. 7 ) .  
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Ta ble 1 3  summarizes the flood plain model parameters relating  to the 
hydraul ic behaviour  of the headworks for each option . 

TABLE 1 3  CHANDIA H EADWORKS MODEL PARAMETERS 

PARAM ETER Without OPTION 1 
Project 

gandha repair time [days) 1 0  3 

canal capacity [cfs{cmsl1  880 (25) 880 (25) 

breaching capacity of 880 (25) 880 (25) 

headworks [cfs(cms)) 

OPTION 2 

3 

880 (25) 

6700 

( 1 90) 

These factors in turn ar'e the--p-rffnaryd-eterminants ·of volumetric yie ld 
derived using the flood p la in mode l .  

4.8.2 Distribution of Volu metric Yield 

The monthly, seasonal  and annual  d istributions of volumetric yields 
pred icted by the model for without p roject and with p roject Options 1 
and 2 are shown in g raphical form in  Figure 1 3 (a ) ,  (b )  and (c) 
respective ly. The kharif season is defined as June to September 
inclusive; the rabi season covers October to May. 

Table 1 4  presents the summary statistics of volumetric yield for each 
option .  
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FIGURE 1 3  (b) 
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FIG URE 1 3  (e) 
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TABLE 14 SUMMARY OF PREDICTED VOLUMETRIC YIELD 
AT CHANDIA HEADWORKS SITE 

PREDICTED VOLUME STATISTIC IMcflMcm)) 

SEASON MIN 75% EP MEDIAN MEAN 25% EP MAX 

Without Project 

KHARIF 010) 9.110.3) 30.1(0.9) 62.411.7) 89.612.5) 498(14) 

RABI 0(0) 0(0) 3.610.1) 7.210.2) 10.310.3) 57.911.6) 

ANNUAL 0(0) 13.910.4) 37.311. 1 1  69.512.0) 92.312.6) 556(16) 

OPTION 1 

KHARIF 0(0) 9.1(0.3) 53·.1(1.5) 75.312.1) 97.1(2.B) 526(15) 

RABI 010) 010) 3.610.1) 7.610.2) 10.310.3) 57.9{1.6) 

ANNUAL o{O) 13.610.4) 66.311.9) 82.812.4) 10012.9) 584(1 7) 

OPTION 2 

KHARIF O{o) 57.2{1.6) 13913.9) 15314.3) 24116.8) 625(18) 

RABI 0(0) 0(0) 5.410.2) 31.510.9) 57.211.6) 1 8715.3) 

ANNUAL 0(0) 71.912.0) 16014.6) 18515.2) 25217.2) 682(19) 

4.8.3 Comments on Predicted Volumetric Yields 

Table 1 4  illustrates the following points: 

(a) Only a small proportion of the flow volumes available at Talli 
Tangi are utilised by the existing Chandia scheme. This is 
due to: 

• the dominance of the two upstream gandha 
offtakes, which effectively block a large proportion 
of the potential flow; and 

• the poor reliability of the existing Chandia 
headworks. 

(b) Significant improvements in volumetric yield. based on 
median yield volumes, over the without project situation at 
Chandia are available through Option 1 (80% improvements) 
and Option 2 (330% improvement). 
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4.8.4 

TABLE 1 5  

I 

I 

Over-Year Extreme Value Analysis of Predicted Volumetric Yield 

Table 1 5  shows calculated multi-year  extremes of volume avai labi l ity for 
the without project case and the two with project options.  These 
figures represent the best and worst N-year sequences of volume 
ava i labi l ity. For example, the 1 -year min imum annual  average volume 
is the worst figure which could be expected to occur i n  any g iven year, 
whi lst the 1 O-year min imum is the worst annual  average which could be 
expected over any g iven period of 1 0  consecutive years . 

EXTREME VALUE ANALYSIS OF VOLUMES 

PERIO D  2 3 4 5 1 0  
(years) 

M IN I M U M  ANNUAL AVERAG E VOLUME 
[Mcf(Mcm)]:  

Without 0(0) 3 .4(0. 1 ) 1 6(0.5)  1 6(0.5)  26(0.7)  33(0.9)  

OPTION 1 0(0) 3 . 4(0. 1 ) 1 6(0.5)  1 6(0.5)  3 5 ( 1 .0)  45( 1 .3 )  

OPTION 2 0(0) 2 9(0.8) 48(1 .4) 50( 1 . 5) 97(2.7)  1 2 1 (3 .4) 

MAXI MUM ANNUAL AVERAG E VOLUME [Mcf(Mcm)] :  

Without 556( 1 6) 299(8 .5 )  209(5 .9 )  1 75(5 .0)  1 48(4 .2)  1 28(3 .6)  

OPTION 1 584( 1 7) 325(9.2 )  230(6.5)  1 92(5 .4)  1 62(4.6)  1 33(3 .8) 

OPTION 2 682( 1 9) 463 ( 1 3) 365 ( 1 0) 3 1 2(8 .8) 283(8.0) 261  (7 .4)  

50 



,-3. 
Iii. "  ·rJi 
.� 

lJ1 
.k] 
'=JI 
kJI 
l=1 
lJJ 
IcII 
10 
IrJ 
lIJ 
tcJ 
II1 
lU 
tJ 
13-
ra-
L:r 
(IT 
tI 
• 

5 

5. 1 

5.2 

EXISTING IRRIGATI O N  I NFRAST R U C T U R E  

Overview 

Flood irrigation (sai laba) based on the gandha system is a flex ible 
traditional method of flood d iversion and consists of earth d ivers ion and 
impounding bund constructed across rivers . The bunds a re communal ly 
made, but have short comings, such as the low level of technology used 
in the design and construction of the bund, the lack of control of the 
flood, the time taken to rebui ld the main bund and consequent red uction 
in the amount of available water taken from the river .  The lack of any 
structure l imiting the flow can also result in large floods causing erosion 
with in the command area .  In extreme cases, the river has changed 
course to flood the d iversion channel with major erosion consequences 
for the command area.  

Existing I rrigation Infrastructure 

The existing irrigation infrastructure comprises:  

• d ivers ion works on the left bank of the Chakar River, 
approximately one mile downstream of the Tal li-Sibi  Road 
crossing ;  

• a flood channel ,  1 6,400ft long from the river to the start of 
the command area; 

• 1 3  flow d ivision structures and;  

• a 2, 1 00 acre command area, most of which has been 
developed with level, bunded basins and d istribution 
channels. 

The layout of the d iversion works varies from year to year depending on 
the position of the low flow channel within the overal l  width of the river. 
During 1 992, the channel fol lowed the left bank of the river and 
consequently flood water flowed into the flood channel  without the need 
for any additional works . This idea l s ituation reported ly occurs on ly on 
average once every five years, and in other years, when the low flow 
channel is in  the middle of the river, the Chand ia farmers construct an  
earth bund  d iagona lly across the river to  d ivert a l l  the flow into their 
flood channel .  No attempt is made to restrict the d ivers ion f low a nd as 
a resuh the d ischarge into the flood channel  frequently exceeds the bank 
capac ity causing damage and flood ing .  O nce the bund across the river 
fa ils , flow into the flood channel only continues d ur ing the period of h igh  
flow or  if  the  low flow channel is o n  the left bank of  the  river. In any 
other position ,  the bed level at the entrance to the flood channel is 
above the water level .  
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The vol ume of water d iverted dur ing a season depends to a large extent  
o n  when  the  bund  fa i ls,  if for example ,  it is breached du ring the  first 
flood a nd the residual position of the low flow cha n nel  is not on the left 
bank,  then there is l ittle chance of a ny further water being d iverted unti l  
the bund can be reinstated . The government norma l ly provides a 
bu lldozer to rebu ild the bund once a year, but any subsequent rebui ld ing 
or  remed ia l  works to the flood channe l  a re undertaken by the farmers 
using oxen and by h i ring  tractors . The river bed mater ia l  consists main ly 
of s i lt and fine sand a nd is very d ifficult to work when saturated . 

The existing flood channel  has a capacity of approximately 880 cusecs 
and the d istance from the offtake to the first flow d istribution point is 
1 6, 400ft. There are reportedly 1 3  secondary canal off takes from the 
main flood channel, these are nominal ly flow d ivision structures, b ut 
there is no hard s i l l  across the channel  and as a resu lt the d ivision 
depends on  the relative bed leve ls of the main flood channel  a nd the 
secondary canal .  

5.3 Water Distribution and Water Management 

The Chandia bund and flood channel forms an integral part of a fa r larger 
f lood i rrigation system on  the Chakar River. There a re nominally 1 2  
off takes in  the system and Chandia is the sixth (see Figure 1 4) .  The 
first three a re free inta kes, constructed from brushwood and stones and 
d ivert the base flow. They are not  i ntended to d ivert flood flow, and are 
usual ly washed away d uring quite smal l  floods .  The remain ing off takes , 
i nc lud ing Chand ia, i nvo lve the construction of a bund,  known loca l ly as 
a gandha,  across the river channel which d iverts a l l  the flow down the 
flood channel unt i l  the bund breaches.  This releases al l  the flow down 
to the next gandha. Traditionany, the gandhas were constructed using 
bul locks and d rag scoops which effectively l imits their he ight, therefore 
down stream users could be reasonably confident that they would 
breach . However ,  with the increas ing use of mechan ical pla nt, there is 
a possibi l ity that bunds are likely to be bui lt  increasingly higher.  As a 
result they are less l ikely to breach thus depriving  downstream users of 
their  share of the flood water .  However, this tendency to raise the 
he ight  of the bund is  expected to be curtai led by the possible serious 
erosion which will occur  when a large flood is d iverted into the d ivers ion 
channel .  

The customary rules governing the use of the gandhas a re not weI/­
defined . The Chandia water users have the r ight to d ivert as much 
water from the present location of their bund near Kaisar Vil lage .  The 
on ly restriction  is  that they are expected to break the bund,  once their 
land is irr igated, this app l ies to al l  bunds on the Chakar  River .  However ,  
it is not  always fol lowed and much controversy is  generated by the 
Chacar Sund,  located downstream from the Chandia i ntake. The C hacar 
Sund was not broken for a number of years , the result being that its 
excess water is d iverted to an area to the west, d ra in ing i nto the Nari 
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River. This latter area i s  not supposed to be irr igated from the Chakar 
River. 

The main area commanded from the Chandia Wah d iversion channel  is 
located in  the downstream section of the channe l .  This downstream 
area has prior rights to the flood water .  The fa rmers whose land is 
situated along the upper reaches of  the flood channel ,  are not a l lowed 
to construct smal l  bunds in the Chandia Wah.  Consequently, where the 
invert of the branch channel is h igher than the bed level in the main 
channel, water is on ly d iverted d ur ing high flow. After the flood and 
water users have irrigated al l  their  land, the upstream users a re 
permitted to construct b u nds to d ivert the flow into the ir channels .  

The main downstream command area is  served by three main b ranch 
channels, Kach Wal lah,  Shaher Wa l lah and Kand Wa l lah . These b ranct; 
channels are further subd ivided into a total of 1 2  branch channels a nd 
when a flood comes, it is a llowed to flow into a l l  1 2 channel �  
simultaneously. Hoyvever, if the water level  is very low, it  wil l  on ly flo\l\l 
in the lowest channels which a re p resently located at the tai l  of the 
Shaher Wallah. The water d istrib ution,  a utomatical ly adjusts to the 
flood d ischarge in  the Chandia Wah ,  the distrib ution of water is a 
variable of the capacity and depth of the respective branch channels .  
These parameters a re flexible, and landowners on any of the branch 
channel are allowed to deepen their  channel ,  thus increas ing  the 
probabi l ity of a larger supply by their own effort. This option is n01 
always as attractive as it seems, as it i nvolves a substantial amount 01  
work and the erection of h igher, and hence more vu lnerab le b unds in the 
channels to d ivert the water to the fie lds .  Similarly, widen ing of the 
head reach of the channel is usually not preferred , since it would attrac1 
a flow larger than the fragi le channels can hand le . . ; . 
Within each branch channel the water is uti l ized field by fie ld ,  i n  c 
relatively control led fashion .  Smal l  bunds of soi l ,  erected in  the channe 
network, d ivert a l l  the water to one field at a time. Once the fie ld is  

. fu l ly flooded to the req u i red depth, the smal l  bund is b roken and the 
next fie ld is served .  The amount of water a pp l ied to a plot depends or 
the height and stren gth of the bunds (laths) , surrounding the p lot . There 
are no restrictions on the height of these field laths, but aga in makinf 
them higher might i ncrease the chance of b reaking before a l l  impoundec 
water is infi ltrated and therefore they a re normal ly 2ft h igh.  When a l  
fields on a branch channel  are irr igated , the  branch channel  is c losed off 

In  flood i rrigation, second waterings by u pstream land owners a re ofter 
a source of frict ion .  In Chand ia ,  however, clear rules have beer 
formulated . In the monsoon,  which is  the main flood season in Chandia 
u pstream land owners are not a l lowed to use water for a second t ime.  
if there is sti l l  downstream land that is yet to receive its first irr igation 
Only upstream plots ,  of which the laths were broken in the firs' 
irrigation ,  and hence were not inundated properly, are entitled to d iver 
water for a second time; before all the downstream land is served . 
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For the floods in  the spring season s l ightly d ifferent rules apply.  At this 
time, the s mal l  area of wheat sown on the resid ual  moisture from the 
late monsoon floods is a l ready on the land . Prefere nce is sometimes 
g iven to irrigating the a rea  under wheat for a second time, before other 
land is irrigated . 

Excess water from Chandia is passed on to two other a reas, to Raza 
Machi lying immediately south of Chandia vi l lage and to the Washin 
creek, that runs in an east-west direction, further south of Chandia . A I number of bunds are sometimes constructed on the Washin creek.  After f 
these bunds,  the Washin creek joins the Chakar River, the combined 
flow irr igating the vi l lages of Gishkoori, Goramzai ,  Mal l  and Gorkeech .  I 
The acceptabi l ity, of the proposed improvements at Chandia were 
tentatively d iscussed with some of the downstream landowners . The 
landowners at the tail of the Chakar River, in particu larly at Bekhan and 
Gishkoori were unconcerned, since, i f  from Chandia the flood water is  
d iverted and would not reach them through the Chakar River, i t  would 
sti l l  do  so from the Wash in  creek.  The landowners on the four  bunds,  

.,. 

immediately downstream of Chandia (Chacar, Hambi,  Raza Machi and � Mekhan Bela ) ,  however, in itia lly expressed doubts about the proposed 
project, as they were u nder  the impression that the whole of the Chakar 
River wou ld  be b lock�d off. When exp la ined that the weir  and s lu ice 

, gate wou ld  a l low floods to pass downstream d ur ing and after the 
Chandia command area had been irrigated,  a major source of concern .,. 
was removed . It is proposed to prepare a model  of the headworks for 
d iscussion with Chandia landowners as wel l  as landowners served by 
the downstream bunds.  
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FIGURE 14  
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5.4 Existing Operation and Maintenance 

Mirroring the clear ru les of the water d istribution system with in the 
command a rea, there is a wel l:..defined system for the maintenance of 
the Chand ia flood irr igation system .  The main recurrent tasks are the 
construction of the bund,  the repair  of the main flood channels and their  
survei l lance at the t ime of floods .  

The basis by which the landowners of Chandia are organized to 
undertake these tasks is an intricate system of 24 shares, local ly cal led 
jora . The 24 shares are d ivided into four  g roups of s ix sha res, each 
group orig inal ly related to one of the four constituting c lans in Chandia .  

With in each c lan,  the maintenance obl igation was d istributed 
proportional ly to the land owned by each member of the c lan 
(Annex C . 1 ) .  The land commanded from each flood channel ,  however, 
d iffers and hence there is a d iscrepancy between land owned and the 
maintenance obl igation .  This d iscrepancy was further compounded by 
the practice of sel l ing land without the correspond ing obl igation to 
provide labour and cash for the maintenance of the system .  As a resu lt, 
d ifferent p lots of land carry d ifferent obl igations .  

Whereas the 24 shares relate to  the  ma in  command area, and  cover the 
recurrent maintenance costs throughout the year, there are six more jora 
shares that are expected to make a contribution to the upkeep of the 
system once a year .  The persons responsible for these add itional  six 
joras, are the same people responsib le for the 24 main joras, but the 
proportional distribution u nder the two regimes is d ifferent. Reported ly, 
the people responsible for the six joras have to contribute one-sixth of 
the maintenance costs at the, end . of the year,  but in  p ractice the 
col lection of this share has been d ifficult .  

The actual maintenance of the system is undertaken by a combination 
of self-help and government assistance. The government assistance 
consists of the subsid ized provision of a bu l ldozer. The present 
a l location of bu l ldozers is made exc lusively from the pol it ical funds of 
the Members of the Provincia l Assembly .  The Members of the Provincial  
Assembly are expected to deposit Rs300 per hour for each a llocated 
hour  of usage from their d iscretionary fund into the bank account of the 
Agricultural Engineering Department. O ut of this sum, Rs30 per hour  
has to be recovered from the receivin g farmers8• The a l locations are 
usual ly g iven to one of the vi l lage leaders, who was instru mental i n  
col lecting votes for the  particular politic ian .  I f  farmers obta in  bu l ldozers 
d i rectly from the Agricu ltural  Eng ineering Department, they have to 
deposit Rs250 per hour  of usage with the department. These payments 
cover only part of the running costs, these are estimated at Rs800 per 
hour without depreciation .  With depreciation the hour ly rate wou ld be 

e There is a limited trade in bulldozer al locations, with people who were given bul ldozer 
allocations in excess of their requirements offering them for sale for Rs80 per hour. 
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Rs 1 1 00 .  Most bu l ldozers used by the Agricu ltural Engineering 
Department were provided through grants fro m  the American and 
Japanese Governments . 

Last year the bul ldozer a l location for Chandia from the loca l Member of 
the Provincial Assembly was 1 50 hours,  which accord ing to informants 
is an average figure. I n  addition ,  some 1 00 hours more were obtained 
directly from the Agricultura l  Eng ineering Department. For 1 99 1 , the 
Chandia land owners obtained 200 hours of bu l ldozer usage d i rectly. A 
tota l of Rs 1 9, 200 and Rs38,400 was col lected in  these years. I n  
practice, one bu l ldozer i s  permanently stationed in  mouza Raza Chandia 
which consists of two other flood irr igated areas a part from Chandia .  
The bul ldozer is  at  present broken down . 

There are a number of additional costs borne by the farmers when the 
government bul ldozer is used : 

• an obl igatory g ratuity to the bul ldozer operator of Rs20 per 
hour and the provision of a meal for h im; 

• the transport charges of the bul ldozer at Rs 1 0 per ki lometre; 

• the provision of four he lpers to assist the bu l ldozer operator; 

• occasiona l  minor repa irs, if not undertaken by the 
government. 

The government bu l ldozer is main ly employed on the reconstruction of 
the bund in the Chakar River and the repairs to the Chandia Wa h flood 
channels . The amount of work depends on pr ior flood damage . I n  
normal years, however, the bund will b e  erected twice; once before the 
monsoon and again before the spring flood season .  I f  the a l location of 
bul ldozer hours is insufficient, farmers wil l  use tractors and bu l locks, 
provided in accordance with the jora system .  

Surve i l lance o f  the system and organ ization o f  the annua l  repa irs i s  the 
responsibi l ity of the water bai l iff (mir-i-aab) . H is function is hered itary 
and he is  compensated for his services in  kind . His main role d uring 
floods is to  watch for any breaches in  the channel  and to mobi l ise a 
repair gang if necessary. He is assisted by four  tohas, these people also 
work with the bu l ldozer operator when necessary and are p rovided 
under the 24 jora system .  

57 



6 S O CI OLOGY 

6.  1 Overview 

The land owners, served by the Chandia flood i rr igation system, l ive 
mostly in the modest-s ized settlement of Chandia .  Though the 
d istribution of land and water is reasonably ega l itarian ,  varying access 
to non-agricultura l sources of income has resulted in a marked economic 
d ifferentiation within the community . There are a number of landowners 
who are very poor and have d ifficu lty in afford ing the basic expend itures 
of h i ri ng  d raft an imals or tractors or even the purchase of seed . 

A consequence of this economic d ifferentiation is  that leadership in  
Chand ia  is  not based on trad itional tr ibal roles, it is based more on 
economic position .  The community operates in  a democratic manner 
and pride is taken in the absence of pronounced tribal leadersh ip .  

The returns of flood irrigation vary greatly between years . A number of 
mechanisms have evolved to offset these fluctuations . The most 
important of these is the access to government jobs, which act as a 
buffer i n  the economic base. 

6.2 Population and Community Structure 

The people of Chandia are Baloch, belonging with a few exceptions to 
the Chandia tribe.  They settled in the area in the remote past, and then 
outmigrated to later come back again . 

Within the Chandia tribe in Chand ia. vi l lage four  l ineages, cal led tha la, 
exist: 

• Turka lizai 
• Dosta l izai  
• Bahad urzai 
• Chakran i  

There have been no d isputes of any importance between these l ineages 
in  l ivin g  memory. Each of the l ineages has a nominal  leader, who 
represents the interests of his group in vi l lage pol itics . The head of the 
senior lineage (Turka l izai )  carries the title of mal ik, v i l lage headman.  

Real  leadership, however, differs from the ascribed leadersh ip in  
Chandia .  The two key men in  the vi l lage a re Mir  M u ha mmad , whose 
hospital ity is proverbia l ,  and Haji Sula iman, who has attained this 
stand ing by virtue of being employed in the Department of I rrigation and 
is wel l  versed in  deal ing with government departments . The people of 
Chandia do not recogn ize the power of a sardar .  

5 8  



J 
l!J 
bJ 
11 1  
i ,  i "  
1J 
fl-I 
, f) 
1 1  I 

I 

)J 
'�I 
� I  
rJ 

In total ,  67 households,  consistin g  of 897  perso ns, own land , 
commanded from the Chandia flood channel .  A s ign ificant  portio n of 
them, 1 9  households ( 2 8 . 3 % ) ,  l ive outside Chandia v i l lage;  most of 
them in nearby Sib i ,  where they have fo und permanent employment. 
They ask one of their fami ly members to look after the landed property 
in Chandia vi l lage . 

In  addition to the 48 land-owning fami l ies res id ing i n  Chandia ,  there a re 
10 land less fami l ies, cons ist ing of 74 persons, l iv ing permanently i n  the 
vil lage. Some of these hold government posts , such as teachers, a nd 
others work as tenants and agricu ltural  labour .  A special  category is the 
vil lage artisans, supposed ly from lower social status ,  who a re paid 
annual ly in k ind,  thei r  remuneration is donated from designated persons, 
fol lowing  the l ines of the 24 jora system, described in section 5 .4. 

An overview of the households res ident in Chandia is g iven in 
Annex C . 1 . 

6.3 Socio Economic Status 

A substantial number  of the land owning  fami l ies in Chandia a re 
economica l ly dependent on  non-agr icultural sources of income,  the most 
important one being employment in one of the g overnment departments 
in S ib i .  A total of 8 9 %  of the fami l ies have one o r  more fa mily members 
i n  the c iv i l  service, this figu re is based on  an i nventory undertaken 
dur ing the social survey a nd is summarised in Table 1 6 . In the major ity 
of cases, this concerns low-rank ing jobs, such as messengers and 
workmen .  This access to a secure source of income for some of the 
families has g iven rise to a marked economic d i fferentiation i n  the 
vi l lage . 

. 1'  • 

TABLE 1 6  N O N  AGRICULTURAL SOURCES O F  INCOME 
O F  LAND-OWNING FAMILIES 

Activity Total Percentage 

Government/pension 60 89 

Trade 2 3 

Others 4 6 

An effort was made to assess the comparative socio-economic status 
of the Chandia community. Wealth ind icators were col lected , a 
summary of which is  g iven below: 
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Hous ing :  Houses in Chandia are smal l ,  particu larly when the 
relative ly large average household size of 1 2 . 9  is considered .  
This i s  larger than any other  scheme for which a Phase I I  
study has  been undertaken .  O n  average,  houses in Chandia 
have 2 .3  rooms . Most houses are bu i lt of adobe . 

Domestic appl iances : Consider ing the avai labi l ity of 
electricity, ownership of e lectric app l ia nces is not widespread . 
Radio's are owned by 23 % of the households.  I n  8 %  of the 
households there is a televis ion .  The most common e lectric 
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device is a fan, reflecting the h igh  summer temperatures of I the area , 54% of the households own an  electric fan .  None 
of the households in  the sample owned a refrigerator or  

• 

• 

cooker . .  

Transport :  Private means of transport are unusua l .  Only 8 %  
o f  the sampled households owned a motorbike and 23% 
owned a bike . None of  the  sampled households owned a 
tractor or a truck, though some of the household , not 
included in the samp le, posses a tractor .  

Livestock: Livestock ownersh ip  is moderate in Chandia, 
a lthough the d raft an imals represent a s izeable investment 
and are s ignificant in terms of agricu ltura l  prod uction in the 
area .  The average number of ch icken ,  sheep, goats and 
cattle is 1 . 2; 4 . 7; 5 . 5  and 1 . 8 respective ly.  The category of 
cattle includes the ownersh ip  of d raft bu l locks, however, only 
3 1  % of the sampled households owned bu l locks . 

Based o n  these ind icators, the community of Chandia would be 
c lass ified as poor with in the context of rura l  Balochista n .  However, 
Chandia is s l ightly better off in terms of economic indicators tha n that 
of some areas that have access to perennial  water .  A comparison with 
the poorest perennia l  i rr igation schemes, for which Screening Reports 
have been prepared recently, show that the people of Chandia have a 
h igher  level of income than those of Lakharo or  Kunara .  This is 
explained by the access to government employment. 

This general  picture of poverty, however, hides the s ign ificant economic 
d ifferentiation that exists in Chand ia . Some fami l ies were encountered 
that were financial ly unable to cultivate their  own land . They d id not 
possess their own bu l locks, and could not afford the expenses of h i r ing 
a tractor either to repair  their fie ld bunds or p repare the land . I nstead , 
they rented out their land to a tenant, who owned his own d raft 
an imals,  under l in ing the importance of this asset vis-a-vis the ownership 
of land . I n  cases, where poor landowners d id not manage to secure the 
he lp of tenants , they would just cast seed in the i nundated part of their 
fie lds .  
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6 .4 Wealth Redistribution and Risk Coping Strategies 

A number of tradit ional sol ida rity mechanisms are i n  place i n  Chand ia . 
These a p pear more to help people in  need or  people struck by cal'a mity, 
than to he lp persons whose crop fa i led . When asked for a defin ition of 
'poor' ,  the vi l lagers would point to either  land less people or  old-aged 
persons, without adu lt sons to take care of them .  People fac ing a crop 
fa i lure, a common phenomena in  f lood irr igation,  were not inc luded in 
this category, probably because its occurrence is so freq uent a n d  
systematical ly affects some l a n d  owners more than others . 

The sol idarity mechanism most preva lent was the is lamic d uty to g ive 
part of the crop as a lms to the needy (za kat) . The p rescribed a mo u nt 
is one-tenth of the, ha rvest; or one-fortieth of the l ivestock.  When g iven ,  
it i s  given to poor fel low vi l lagers a n d  the mu l lah  of t h e  vi l lage mosque.  

With the establ ishment of the Zakat and Ushr  Ord i n ance i n  1 980, the 
Govern ment of Pakistan a lso estab l ished a formal  welfare red istr ibution 
mechanism, with ushr being levied on the c ro p ,  rep lac ing the land 
revenue p reviously col lected . The performance of this mech a n ism has 
been abysmal ,  the ma in problems being the underestimation of crop 
yield and the poor co l lection of ushr by reven u e  officia l s .  In the years 
since the Ord inance came into force in  1 983,  the max imum assessment 
for the whole of Chandia was j ust Rs4, 8 24 (rabi  1 984- 1 9 8 5 ) .  The poor 
performance of revenue officials fo l lows that of the country as a whole, 
where col lection of ushr is estimated to be only 7 %  of potentia l .  

Another type of assista nce to the poor is to a l low them to cut mustard 
leaves as vegetab les a n d  provide them with l im ited s u ppl ies of fodder .  

Assistance to the poor is noi 1imited to the consumptive sector .  A 
common practice is for a bul lock-owner to lend h is d raft a n imals to a 
person who does not own any.  There is a l imitation to this practice a n d  
bul locks a re usua l ly on ly lent for one o r  two d ays . Another practice, 
which is far less widespread, is to g ive some land in  usufruct to a poor 
relative. 

In  add ition to this red istribution of wea lth,  there a re other trad itiona l  
support mechan isms, that ass ist people  at  cr itica l sta ges i n  the l ife 
cyc le. As each person will at one time face these cris is ,  these 
mechan is ms are reciprocal and do not entail  a one-sided tra nsfer of 
surplus assets or possessions from rich to poor,  therefore they have 
more the form of m utual insurance.  One of the main  systems is the bijar 
or mookh,  consistin g  of a small contr ibution to a fe l low vi l lager's cost 
in  arra n g i n g  a wed d i n g ,  a lthough this system is  not u n iformly appl ied . 
Another system is the he lp,  provided if a family faces a death case . I n  
these circu mstances fel low vi l lagers arra n ge food for t h e  first three days 
of the condolence perio d .  
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6.6 

Risk Sharing Strategies 

As mentioned , the r isk of a fai led crop is not covered by any ins u ra nce 
or  sol idarity mechanism at vi l lage leve l .  I nstead , the variation in  returns 
from flood i rr igation a re absorbed at fami ly leve l .  There a re several 
strateg ies adopted s imultaneous ly.  One that is part icularly important i n  
Chandia i s  t o  settle a family member  i n  a secure government job,  thus 
guarantee ing a basic inco me for the family.  

These opportunities a re not ava i lab le  for al l  farm households, for those 
less fortu nate, another strategy is to cover the deficits of a bad year 
with the surpluses of a good year .  This entai ls  saving seeds for several 
years if necessary,  consequently the traditional  c lay grain storage b ins 
a re q u ite large, some being over 8ft h i g h .  How viab le these seeds are is 
d ifficult  to determine as storage cond itions a re not idea l .  I ncons istency 
in the harvest a lso poses a p rob lem for another  critical input, d raft 
power.  I n  bad years, farmers a re sometimes forced to sel l  their  
b ul locks, provid ing necessary cash;  they then b uy the bu l locks back at 
the start of a good season .  I f  a farmer does not have the cash,  he wil l  
buy the b u l locks on loa n ,  pay ing  the sum after the h a rvest, at 25 % 
higher  p rices . S imi larly other farmers take loans for seeds with H indu 
shopkeepers in S ib i ,  paying  5- 1 0% i nterest month ly. 

Labour  mobi l ity is anothe r  response to a d ry year .  Farmers wil l  go to 
S i b i  or to S indh in p u rs u it of an  income to bridge a d ry year.  

A f inal  method of sprea d i n g  risk occu rs at family level .  I t  cons ists of a 
fami ly not d ivid ing the landed p roperty on a permanent basis, but to 
review after the floods which lands were watered . Those lands are then 
d istributed a mong the various .tamily members to c u ltiv?te ind ivid ua l ly 
i n  that part icular year .  

Land Rights 

In s imi la rity with other schemes, the land r ights in Chand ia  d iffer from 
the land r ights officia l ly  recorded in  the cadaster .  Despite its 
imperfections, the existence of a cadastral record does p rovide a 
measure of security to land r ights . 

The land r ights from Chand ia predate the land settlement,  fi rst record ed 
in 1 902 d ur ing the colonial  period . According  to an  official  document 
of th is  period , the Chandia people were g iven land r ights by the Barozai 
ru le rs of Sibi as  a reward for the i r  services . With the passing of a 
n u m be r  of  generations,  three-qua rters of the land was sold to another 
party. This transaction apparently invited the wrath of  the Marri 
tr ibesmen,  l iv ing in nearby h i l ls a nd their constant harassing forced the 
Chandia  people to leave their  land . The land was then occupied by 
Gohramzai  Brahu i ,  who in  d ue course a lso vacated the land,  after be ing 
attacked by the Marr i 's . 
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At the time of pax Britan n ica the Chandia  people moved back to the 
area , but they found their  land t it le d isputed by the Gohramza i .  In it ia l ly 
a l l  land was a l located to the Gohramzai ,  but in  a n  a p peal to the Political 
Agent at the time, a port ion of the landhold ing of the Gohramzai  was 
al located to the Chandia people and entered accord ing ly in the first 
settlement. 

A second settlement was made in 1 9 5 8 .  The Record of Rig hts9, is  
based o n  this occasion and is admin istered i n  the S ib i  Tesh i l  Office 
under the name of Mouza Raza . This Mouza consists of two more 
vil lages, apart from Chand ia  vi l lage,  Raza and Jag i r .  In the Record of 
Rights, a separate entry is made for each combination of land owner  a n d  
tenant, i t  mentions t h e  parcels o f  land owned and c u ltivated ,  their  s ize 
and source of weiter .  Copies of th is  record a re kept with the District 
Commissioner S ib i  a nd the Naib  Tesh i ldar  Tha l l i .  Though the record is 
open for consultation ,  its formulat ion is rather  esoteric, with parcel 
sizes, for instance, noted down in  a s pecial version of the Hindi scr ipt.  

The Record of R ights of 1 95 8  mentions the Chandia people as be ing 
both the land lords and the hered itary tenants ( lathban d )  1 0  to the land . 
For several p lots, d iffe rent persons  a re being mentioned as landlord a n d  
a s  hered itary tenant.  

However, i n  the fie ld  no evidence was fou n d  of hered itary tenancy 
arrangeme nts . When q uestioned,  the vi l lagers were aware of this 
d iscrepancy betwee n  cadastral record and field s ituation ,  but they had 
never taken the considerable effort to correct the record of land r ights . 

Another source of confusion regard i n g  the land r ig hts, concerns the 
position of the Gohramzai .  Some people say that officia l ly they were 
obl iged to pay a tax (topa ) ,  being equa l  to one-twentieth of the crop,  to 
the Gohramza i .  The background of this payment is p robably the period 
before 1 958, when some Gohra mzai were in charge of col lect ing land 
tax from the area a n d  i n  return could keep o ne-twentieth of  the c ro p .  
The M a rtia l  Law Ordinance 64 of 1 95 8  a bol ished t h i s  system, but it 
seems to have contin ued to some extent u nti l  the seventies, when the 
then President Zu lfikar Al i  Bhutto a n no unced the termination of a l l such  

. .  

payments. 

A thi rd point of controversy is that the Chandia people claim that some 
of the land , which is c urrently registered as government property, 
actua l ly belon�m . _�Jhis particularly concerns a tract of land i n  
the d o�a m part oT the flood c hannels .  This  occurred in  1 95 8  L· 

____ �Revenue Act 1 967 Section 39 
1 0  Hereditary tenancy is very common in flood-irrigated and rain-fed areas in Balochistan .  I n  the 

past owners of large tracts of land gave the land to other persons to develop, i . e .  to level and to 
prepare field bunds (laths).  I n  return the tenants acquired a partial ownership in the land and a 
permanent occupancy right. These rights of the hereditary tenant were, however, contingent on 
his constant care of the land. 
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TABLE 1 7  

when vi l lage leaders, afraid of being taxed o n  this land,  d id not enter it 
i n  the Record of R ights. At the moment there is no land,  with ind ividual 
t it le,  which has not been developed . Any large scale expansion of the 
command area would require a transfer · of land title from the 
government. The scheme concept, however, envisages a more intensive 
uti l ization of the existing command area ,  instead of the develop ment of 
add itional  land . 

DISTRIBUTION O F  LAN D RIG HTS 

Ownersh ip  Total fie lds Tota l  fields . -
owned irr igated in 

1 99 2/ 1 993 

Fi rst Quarti le 7 . 3 %  6 . 6 %  

Second Qua rt i le 1 4. 8 %  1 3 . 2 %  

Third Quart i le 23 . 1 % 2 5 . 2 %  

Fou rth Quarti le 54. 7 %  5 5 . 0 %  

Ta ble  1 7  a bove g ives a n  overview o f  t h e  d istribution o f  land r ights . It 
is based on recal l  of key-informants i n  Chandia,  as given i n  Annex C . 1 .  
Farmers i n  Chandia tend to measure a persons p roperty i n  terms of the 
n umber  of 'fie lds' owned . The tab le  above does account for the 
diffe rent f ie ld s izes,  but there is no ind ication to assume that these vary 
systematica l ly between smal l  and large landowners . An ana lysis of the 
land r ights, as recorded in  the Record of Rights, was not possib le at th is  
stage,  s ince - in  add ition to the a m bigu ities mentioned a bove - the 
Record of Rights does not d istinguish between land with in  a nd o utside 
the command are a  of the Chandia flood channel .  To estab l ish th is  
d ifference would requ i re consultation with topographic a nd cadastral 
maps,  this would be  a time cons u ming exercise with l ittle immed iate 
benefit.  An analysis of the Record of Rights for Chandia,  however, is 
p roposed at a later stage.  

The d istribution of land,  as  appa rent from the tab le,  is fair ly ega l itaria n .  
r:he 25 %  largest landlords own 54. 7 %  o f  t h e  total n u mber o f  fie lds.  
Moreover, between large and smal l  land lords, there was no d iffe rence 
i n  the l ikel ihood of receiving irrigation water ,  at least not  in  the past 
flood season .  This egalitarian p icture is  confi rmed by the distr ibution of 
maintenance obl igations, which as expla ined i n  section 5 . 4, Is--u�Jated, 
though not exactly s imi lar  to, land hold ings.  
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6 . 8  Water Rights 

Table  1 7  gave an overview of land resou rces . This gives only a partial  
i n d ication of the d istr ibution of productive resources , s ince without 
i rr igation water, the land has l ittle va lue .  An assessment of the fa i rness 
a nd robustness of the r ights to the flood water needs to be made to 
complement an analysis of land titles . 

The d istribution of flood water i n  Chandia fol lows a well-esta bl ished 
pattern .  Part of the existing practices a re confi rmed in  the mis l-e­
h a kyat, which is part of the Record of Rights a nd registrars : 

• 

• 

the right to operate two flood channels in  th is  mouza, the 
upstream one being the Chandia Wah (a lso ca l led N u l la 
Tumni ) ,  the lower one being Raza Machi  Wah ;  

the d istrib ution o f  flood water over th ree branch channels i n  
Chandia with no permanent d ivis ion between t h e  branch 
channels;  a nd 

• A rule that in  the monsoon ,  a l l  land has to be irr igated once, 
before a second i rr igation can be app l ied from the flood 
water .  

Eve n  with th is reference i n  t h e  Record o f  Rights , r ights t o  t h e  flood 
water a re general ly understood to be subject to customary law, and the 
m is l-e-hakyat has l ittle p ractical legal  value .  This is i l l ustrated by the 
c o u rt case between the l andowners of the downstream Gishkoori and 
the  u pstrea m  Chacar .  The Chacar land owners constructed a very 
strong bund with the a id o f  a bulldoz�r; for three years t h is b u n d  d id not 
fai l  nor was it broken,  deprivin g  the downstream landowners of flood 
water .  The Chacar l a nd owners a l legedly managed to acquire more 
water for their  area , in  contravention of c ustomary law and the Record 
of R i ghts and were uti l iz ing it on  land previously not under  c ultivation .  
I n  t h e  court case, however,  the Gishkoori land owners d i d  not manage 
to e nforce the demolit ion of the Chacar b u nd1 2• 

Whereas flood water r ights at the level of the Chakar  R iver a re p rone to 
d ifferent i nterpretations, the water d istrib ution with in  the Chandia 
command a rea is  relatively robust, i ts  rob ustness guaranteed by the 
frag i l ity of the channels, as exp lained i n  5 . 3 .  

1 2  The detai ls of the case were as follows: the Gishkoori landowners protested to the District 
Commissioner against flood water being wasted from the Chacar bund. The background was the 
damage to the Chacar flood channel, causing part of the diverted water to spill away. The District 
Commissioner ordered the Chacar landowners to destroy the present bund and b uild it at a location 
slightly downstream, digging a new l ink to the flood channel (beyond the damaged reach) .  The 
Chacar landlords protested against this order in court and were reinstated in their right to build the 
gandha at any location they desired. 
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Moreover, a number of practices a re i n  p lace,  that ensure that the 
distr ibution of flood water is fa irly equa l ly d istr ibuted a nd that it is not 
monopol ized by upstrea m  land owners : 

• the practice of i rr igating  the whole co mmand area,  before 
al lowing a second i rr igation i n  the monsoon season; 

• the l iberty of a l l  land owners to further excavate their  
channels to attract more water,  however, they a re 
constrained by the p hysical d ifficu lty of doing so and the level 
of their land;  

• the practice of fami l ies to keep land i n  joint ownersh i p  and 
d istr ibution of lands for c ultivation to ind ivid ual  family 
members,  o n ly after it has been irr igated;  

• the fact that most land owners have plots in  d ifferent p a rts of 
the command a rea,  thus p reventing a segregation of 
downstream a nd upstream landowners; and 

• the ban on making  channel  bunds in  the u pstream section of 
the flood channel . 

6 . 9  Village Amenities 

Chandia vi l lage is wel l  p rovided with socia! a menities . The v i llage,  
despite its modest population size,  is endowed with a n umber of 
educational  faci l it ies: a boys ,I)i g h  �chool, as wel l  as  boys and gir ls  
primary schools.  The total number of students is just above 1 00.  There 
are 1 2  teachers in  tota l g iving a favou ra ble student teacher  ratio .  The 
schools in Chandia apparently have a part icularly good rep utation in  the 
area . 

There is also a government a ppointed p a ra medic i n  Chandia ,  operating  
a small d ispensary, however, for m ajor health problems, the Chandia 
vi l lagers visit doctors i n  S ib i . Telecom m unications are wel l  arranged , 
with the presence of a p ubl ic ca l l  office  and a smal l  post office . 

The vi l lage is a lso provided with e lectricity, there a re 40 houses with 
electric ity connections . Repairs to the wires from the transformer 
onwards are undertaken by the commu n ity. 
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Water s upply is  not a lways re l iab le .  The water comes from a 
government tubewell i n  Ta l l i  v i l lage .  The h istory of this dr inking  water 
s u pp ly system is i nterest i n g :  it was developed by the a rmy d ur ing the 
mi l itary operations in Marri territo ry in 1 9 73.  Afte rwa rds it was 
converted for c ivi l ian use.  In the flood season,  however, the water 
s up p ly system tends to get d isrupted .  During  th is  period v i l l agers d ig  
fifteen feet deep wel ls in  the bed of the Chaka r  river for domestic 
purposes . 

The main  shortcoming,  i n  terms of v i l lage amenities is the access to the 
v i l lage.  There are two d i rt tracks to the vi l lage,  the first from the S ibi­
Tal l i  road and the other from the S ib i-Mal l  roa d .  Some work has been 
done by the government on  the last connection,  b ut work was never 
fin ished . In the . f lood season both tracks become very d ifficult to 
traverse and the a rea sometimes isolated for one to fou r  weeks.  I n  
normal times, however, one da i ly b u s  operates o n  the route to S ib i . 

. ..  
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7 AGRI CULTURE 

7.1 Overview 

7 .2 

;J J  J . 

The exist ing agricu lture i n  this area of the Kachh i  P la in  is based ::m 
fodder sorghum and livestock.  The system that has developed is flex ; ;; ie  
and has evolved over t ime to account for the uncerta inties of  the flood 
water from the river .  At Chandia,  in add ition to the fodder  sorghum , 
mung, wheat and o i lseed form important cro ps ;  sorghum has a h i g h  
va lue when grown for fodder .  Cropp ing  intens ity is very m uc h  a factor 
of the extent, size and n umber of floods and these vary from year to 
year.  

Farm System 

The basic farm system of the area is fodder sorgh u m  and l ivestock.  At 
Chandia this is combined with, p u lses, o i !seeds a n d  wheat. The 
sorg h u m  has high value when grown for fodd e r  and is often i nter­
planted with pulses,  main ly m u n g .  Minor  crops that are g rown include 
coriander,  radish and melons.  Most fami l ies have a mod erate n u mber 
of l ivestock and in genera l ,  l iv€stock are of considerable importance in 
the whole of the Kachhi  Plain with sorg h u m  bein g  the majo r  source of 
fodder in the summer.  

The farmers follow a very basic rotation of the c rops,  for  exa mple;  
sorgh u m ,  fal low, o i lseed a nd then frequently the first crop a g a i n .  Al l  
crops a re g rown by deficit i r r igatio n .  The rotatio n  wi l l  vary and i n  
certa i n  instan ces n o  rotation i s  observed . Tab le  1 8  s umma rises the 
ma i n  crops and areas and refleCts a favourable year under the exist ing 
system .  

The farmers o f  Chand ia have developed a n u mber  of  a g ricu ltura l  a nd 
household p ractices to red uce risk associated with s ubsistence farming 
i n  what is a relatively h a rs h  environment.  The s i mp lest strategy is the 
d iversification of crops,  most landowners and tenants g row a mixture of  
cerea l ,  p ulses, cash a n d  fodder crops throughout the year .  Addit ional  
cropp ing  strateg ies inc lude the se lection of fodd e r  a s  the main crop, 
which  has good market ing  p rospects and attracts less r isk than 
p rod uc ing  a gra in ;  i ntercropp ing  the fodder crop with  p ulses a lso spreads 
r isk. Land and water management strategies to manage r isk, inc lude 
fragmentation of land hold ings,  this is a n  important consideration in  
obtainin g  access to water and different so i l  types;  soi l  texture is used 
to d etermine c ro p  type.  C ultivation strategies inc lude farmer preference 
to i rr igate increased a reas, the use of hand d ri l ls  to fac i l itate deep 
sowin g  of seed s .  Poor l a nd lords without d raft a nima ls  a nd adequate 
access to credit wi l l  prefer to use tenants with access to a nimal  tractio n .  
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TABLE 1 8  MAIN CROPS I N  THE EXISTI NG SCH E M E  

CROP AR EA· 
(acres) 

Sorg hum 2 3 1  
Sorghum a n d  Mung 1 3 1 

Oilseed 94 
Wheat 7 1  
Fallow 299 

S ub-total I rrigated Land 826 
Bunds or Irrigation Structures 70 

. Total Area 896 

• These areas represent a favourable year, estimated to b e  a 1 in 1 0  year event 

Sorghum is g rown pr imari ly as a fodder c ro p  and is ratooned , the first 
cut g reen,  with the second crop grown for the grain with the sta lks cut 
as d ry fodder .  A th i rd crop is sometimes possib le which is a l lowed to 
grow again  for g reen fodder, this last crop being d e pendent on the 
avai lab i l ity of spr ing rains which a re very variab le .  As the sorg h u m  is  
ratooned the crop g ives a h igh rate of  return o n  investment . Some 
sorg h u m  grain is reta ined for home consum ption ,  i n  p a rt icu lar  to make 
b read . 

Sorgh u m  and Mung The sorgh u m  is freq uently i nterp lanted with a 
p u lse crop which is normal ly mung or  moth , the h a u l m  of which is used 
for, and sold as fodder .  Th is combination of crop is attractive in  terms 
of return on  investment, r isk s p reading a nd use of ava i lab le water .  
Second i rr igations are  rare as the farmers perceive there  is a r isk of  
d a mag ing  the c ro p .  Farmers view the m u n g  crop favoura b ly .  

I 
Oilseed The main rab i  cash crop is  o i lseed, whi c h  is  ma in ly  m ustard 
with some rapeseed . The mustard leaves are used as a vegetab le  and 
if c ro p  d eve lopment is very poor the c ro p  may be turned into fodder.  

Wheat Farmers trad itional ly p lant the wheat o n  the f iner textured land 
and this is  often reserved specifical ly for the crop;  farmers wi l l  often 
p la nt in the same p lace for many years . Farmers are aware of i mproved 
varieties, but as these a re d ifficult  to obta in ,  tend to use tradit ional 
var ieties.  M uch of the wheat is sold and in the case of r icher fa rmers 
and v i l lagers, a s u per ior  tasting wheat is p u rc hased as a replacement. 
Most farmers take the view that wheat was the i r  r iskiest cro p .  

M i n o r  crops grown in  the area include coriander, melons,  and 
vegetab les . 
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livestock form a n  importa n t  e nte rp rise i n  the area alth o u g h  the l ivestock 
hold i n g  is moderate at Chand ia  with an imals kept for home consumption 
and draft. There is  a large demand for fodder  in the s u rround ing  area 
and most crops a re grown to satisfy this d emand o r  have a dua l  
purpose. Livestock form an important source of i ncome and food, but 
a lso rep resent a n  area of r isk, pa rt icularly assoc iated with draft an imals 
which  re present a s i g nif icant investment and are at r i sk  in t ime of 
drought.  I n  d ry years, b ul locks are moved to other a reas where fodder  
is ava i lab le .  The r isks assoc iated with keep ing these a n ima ls is also 
managed by rentin g  and through other exchange mec han isms. Most 
farmers wil l  keep goats, and sheep for home consumption and for a n  
occasional  sa le .  T h e  mai n  draft a n i mals are b u l locks and fo l lowing the 
normal  course of events they are bred . The i m po rtance of th is  activity 
is d ifficu lt to estab l i sh  in d etai l  as often b u l locks a re bred for use i n  the 

I fami ly farm enterpr ise.  In  addit ion,  this activity is  main ly ma naged by 
the women of the v i l lage .  Some donkeys are kept for ca rt ing and mi l l i ng  
wheat gra in  for flour .  O n e  or two mi lk  cows a re often kept for b utter  
and mi lk .  Livestock a lso  p rovide  a n  important source of  fuel as the  dung 
is  dried and burnt, a nd a s  a consequence,  very l ittle farm yard manure 
(FY M )  is app l ied to the land . 

7 . 3  Agricultural Inputs 'vI"lv) � \ if/ l nputs a re l imited to s u p p l ies of trad itional  seed , a ltho u g h  some certified 

yo ,r l" rape seed is used . No fert i l iser i s  used as the farmers a re convinced that 

y � .  the soi l  does not req uire ferti liser, l ittle FYM is used,  be ing main ly burnt 
� 'I or used on the vegetable c rops. The wheat var iety has been developed 

\, '  local ly and the farmers are  happy with the performance of the cro p .  
When rape is  grown t h e  seed i s  nearly a lways certified  a n d  is brou ght 
from S i bi .  The crop ca lender

'"'
is shown in Fig u re 1 5  (a ) . The crop 

calender follows the kharif  and rab i  p lant ings, the d ates of the p lant ings 
wi l l  vary s l ight ly a n d  a re dependent, to an extent, o n  farmer perce ptions  
on the  arrival and the a mount of  flood water.  

The control of pests and d isease is l imited  to intervention at min imal  
cost by the Department of Agr icu lture ( DoA) when there is a problem. 

Farm mechan isation is l imited to a smal l  n umber of tractors with l imited 
tackle;  the bu lk  of the land  is prepared us ing  b u l locks . Normal ly , one 
p lough i n g  is performed , th is  is occasional ly fo l lowed by a p la n king to 
leve l the land . Most d r i l l i ng is undertake n with the use of a ha nd dr i l l  0 1  
sown beh ind the  p lough to  ensure dee p  sowing which is  a n  importan1 
feature of farming in the a rea . 

Post harvest thresh ing  m a inly fol lows the trad itional  methods of us in�  
draft power to assist the remova l of  the g ra i n  o r  pu lse from the head 0 1  
pod and hand winnowin g  is performed for the removal of the c haff, 
Chandia vi l lage does have one mech anical ,  tractor d r iven thresher .  
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Labour  

The fami ly provides the ma in  source for farm labour  a n d  there a re no 
sho rtages of labour, the d emand d ur ing harvest a n d  other  peaks be ing  
met through the h i r ing  of labours .  There a re n o  changes i n  the rate of 
remuneration .  The marked seasonal labour peaks at Chan d i a  a re shown 
i n  Fig u re 1 5  (b )  and correspond to the plant ing and harvesting t imes . 

C red it 

Cred it is a feature of the economic system of Chandia  a n d  s urro u n d i n g  
a rea . Cred it is o bta ined from H i n d u  traders, alth o u g h  t h e  existence o f  
th is p ractice i s  freq u e ntly den ied,  b ut its importance t o  the local  
economy and in  particu lar ,  the poorer part of the commu n ity, shou ld  not 
be u nderestimated . The credit is often advanced in  the for m  of seed 
provided to the farmers . The i nterest charged is  often very h igh  (see 
section 6 . 5 ) .  One explanation for th is wou ld be that the lenders a re a lso 
the risk taker a n d  depend very much on the season for the retu r n  o n  
their  i nvestment.  T h e  traders wi l l  a lso exercise considerab le  caut ion i n  
l e n d i n g  when assess-in g  t h e  ab i l ity o f  t h e  farmers t o  grow a satisfactory 
crop and therefore a return  on their  investment.  U nfortu nately,  with the 
vagaries of the c l imate a n d  the flood i r rigation practised , i t  is  not  
u nknown for  the very poor  farmers to be refused credit which d i rectly 
i mpacts on their  abi l ity to feed themse lves.  
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FIG URE 1 5  (a) 

FIG URE 1 5  (b )  
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7 .4 Farmer Priorities 

The farmers were interviewed to asses the i r  p r ior ities a n d  these were 
fou nd to d iffer with the i r  income status.  The richer  farmer's pr iorities 
were for a dam to store water and the poorer farmers for easier a ccess 
to a bu l ldozer to repa i r  t h e  exist ing bund more qu ickly. Both types of 
farmers perceived the need for a second i rr igatio n and improved water 
ava i lab i l ity to ach ieve this . Conversely, most farmers a lso stated they 
wou ld  prefer to i rr igate a larger a re a  rather  than p ut on a second 
i rr igatio n .  This, i n  gene ra l  terms, would be assoc iated with their  
apparent r isk red uction a pproach to farming a nd would  b e  u nl ike ly to 
change i n  the foreseeab le  future.  A l l  farmers perceived the need for 
land saving technology and most stated they wou l d  use imp roved 
varieties of seed if they became more freely avai lab le  and would use 
fert i l iser if they could see the benefits of its use . 

7 . 5  �arkets 

The main market for p rod uce from the scheme is Sib i  which hand les a l l  
fodder  a n d  gra ins,  with t h e  other  market for t h e  area being Quetta . 
Access to the markets is restricted in  t imes of poor weather, although 
l ittle marketin g  activity would  occur  d ur ing th is  period as land 
preparation would be the farm pr ior ity . 

The S ib i  junction is a n  important ra i lway station for the transport of 
g ra ins  from the Kachhi a re a  to the markets of Punjab .  

There i s  a sUbstantial  market for fodder  in  S i b i  where the majority of 
p u bl ic  transport is horse d rawn and from urban d a i ry cows .  In addit ion,  

. .  -

the surrounding vi l lages have considerable n u mbers of l ivestock a nd the 
town l ies on the tradit ional  route of the nomads which pass from the 
winter grazing in  the Kachhi  P la ins to the su mmer g raz ing  i n  the 
mountains.  They frequently buy fodder to supp lement the range 
g raz ing .  

C urrently, there a re ten Commission Agents deal in g in  fodder,  and  
a pproximately 200 tonnes of  green wheat and barley fodder  a re sold 
every day during the ear ly part of the year when these crops a re c ut. 
This vol u me of trade is said to b e  repeated d u ring  the sorgh u m  fodder  
season .  The price of  fodder is  c urrently regu lated by the D istrict 
Commissioner, as a resu lt of p ressure  from loca l farmers .  When th is 
occurs,  which is said to be most years, a standard pr ice is app l ied to a l l  
types of fodder and is  the same whether it  is be ing boug ht or  sold . The 
Commission Agents then take the i r  percentag e  from the se l ler  i n  the 
form of fodder, for example  1 0kg i n  50kg . Farmers norma l ly transport 
the fodder to S i bi themselves. Some fodder  is g rown on a contract 
basis,  th is fodder (wheat, barley or oats) i s  then normal ly take n  to 
Quetta . 
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Much of the grain g rown in Chandia  is hand led by Hindu traders who 
purchase the gra ins from the farmers .  I n  addit ion ,  some gra in  traders 
also cart the gra in  from the vi l lage back to Sib i  and s u p ply the necessary 
labour, reducing the i n p uts from the farmers .  The grains and pu lses 
grown at Chandia a re sometimes stored for a period before the traders 
arr ive to purchase the gra in . This can often be 1 to 2 months and the 
grain is stored in  large (6-8 feet h ig h )  c lay b ins.  The g ra i ns may a lso be 
stored by commission agents, but  for a shorter period , often o n ly 1 0- 1 5 
days. This is done to try to catch a ny rise in pr ice, as  there can be fai rly 
wide fluctuations in the market p rice, in  particu lar  the p rice of sorgh u m  
gra in.  Market information i s  obta ined on a dai ly basis by telephone from 
contacts in the mai n  markets the traders sel l  to . 

7 . 6  Existing Constraints 

1. 6 . '  

The continuous practise of us ing  self prod uced seed does lead to 
problems of d isease and viabil ity.  In add ition,  the use of one area 
continual ly for one cro p ,  accord i n g  to farmers, has led to a n  inc rease in 
the incidence of d isease a nd pest attack. Demonstration p lots could be  
used to  improve knowled ge on p lant ing density and cou ld a lso  be used 
to good effect to demonstrate the impact of improved va rieties, 
importance of good seed a nd the effect of ferti l isers . 

Soil Management 

There are a number of management improvements which would be 
expected to have a s ign ificant i m pact on  the c ro p  prod uction in  the 
project area, these includ e :  

. -,  

• Land leve l l ing  is curre ntly poor which leads to patc hes o f  
uneven local  rel ief and unequal  d istribution of water;  

• The soi ls a re h igh ly susceptible to e rosion d u e  to their  
textures and weak structures . Structures could be improved 
by an  increase in the organic matter by manur ing;  

• Worka bi l ity of the heavier Kachh i  a nd part icu larly Shag soi ls  
is reduced by the presence of swel l ing c lays, which crack and 
become very hard when d ry and p lastic a nd sticky when wet. 
Ploughing shou ld be performed at an  appropriate soil moisture 
content. I n  Shag soi ls ,  c racking can become serious with 
crops suffer ing some root d a mage;  a nd 
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• Al l  soi ls are h igh ly calcareous, which may contr ibute to 
surface c rustin g .  This can be overcome by using acidic 
n itrogen and phosphorous ferti l izers a nd a ppro priate 
p loug h ing .  

7 . 7  Data Collection Methodology 

Data on farmer p ractices ,  yields a n d  estimates of cropped a rea were 
col lected by farmer interview and by tra nsect s u rvey to establ ish the 
area of existing crops . The transect data was col lected fol lowing 
existing  methodologies d eveloped for the Phase I Monitor ing and 
Eva l uation exercise1 3  

Yield data was based o n  farmer reca l l  and cross q uestion ing with fo l low 
up visits, however, y ie lds d irectly related to area were d i fficult  to 
esta b l ish and pub l ished data was a lso taken into account.  Th is method 
has been used successfu l ly elsewhere in Pakistan 1 4 . 

13 Field Manual for Transect Survey of Crop Area Estimation, Impact Evaluation Study 
Number 1 5, BMIADP, Government of Balochistan, 1 9 9 1 . 

14 Crop Yield Estimation Methodology Study Rabi 1 986-87, Planning and Investigation 
Publ ication No.  3 1 5, Watercourse Monitoring and Evaluation Directorate, Planning and Investigation 
Organisation, Planning Division, Water and Power Development Authority, Pakistan, August 1 987.  
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8 O BJ E CTIVES 

. 8 . 1  Scheme Goal 

The goal of the deve lopment is to contrib ute to the economic growth of 
the vi l lage ,  through the development of s usta inab le  i rr igated agricu lture 
by reducing the uncertainty of the source of f lood i rr igation water and 
contributing to susta inab le  se lf suffic iency by , e ncourag ing fa rmer 
participation and enabl ing land users. to improve crop prod uc ion .  

8 :2 S cheme O bjectives 

The objectives of the scheme are to improve the ava i lab i l ity and control 
of flood water for irr igation,  improve the de l ivery of ag ricultural  i n p uts 
and services, encourage fa rmers to part ic ipate in the development of 
the i r  land, improve the maintenance of the i r r igation  infrastructure,  and 
stimu late the entrepreneu rial  and communal  activities at  the v i l lage level 
through a Water Users Association  (WUA) and exte nsion activities .  The 
scheme wi l l  have a h igh d egree of financia l  a nd institutional  a utonomy.  

8 . 3  . S cheme O utputs and Indicators 

The proposed development improves the re l iab i l ity and ava i lab i l ity of 
water .  The median water avai lab i l ity s hould improve from 8 5 5  acre ft 
( 1 . 1  Mcm) to 3683 acre ft (4 . 6' Mtm) and wi l l  res u lt in  a n  i ncrease i n  
the median cropped a re a  from ' 2 0 5  aeres, i n  the without p roject 
situation,  to 883 acres in the with project s ituation .  The WUA is 
expected to faci l itate a nd improve the d istrib ution and mana gement of 
water and agr icultural in p uts . Recurrent maintena nce will fo l low the 
existing organisation but wi l l  be based on the W U A  which wi l l  have 
improved access to capita l via their  maintenance fund to faci l itate 
satisfactory operation a n d  ma intenance.  
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9 PROJ ECT I M PLEMENTATIO N  

9 .  1 Overview 

The deve lopment will resu lt in the estab l ishment of an improved water 
supply to an existing tra d itiona l ly developed scheme.  Land users wi l l  be 
encouraged and enabled to expand and d iversify crop p roduction a n d  
wi l l  fu l ly participate in  the development. T h e  developme nt in itiative aims 
to augment the i ncomes of the farmers to assist them to d evelop the 
proposed inJ;reased command a rea . I mpleme ntation wil l  focus o n  
improving the ava i la b i l ity o f  water a nd p rovid ing extension and 
institutional  support to faci l itate improved crop p rod uction techniques 
and wi l l  stimulate e ntrepreneurial  activities at the v i l lage level .  

A s u mmary logical  framework of the pro posed p roject and its 
impleme ntation is shown in Figure 1 6 . 

9 . 2  Links to the Ma in Project 

The implementation of the scheme wi l l  be managed th rough the Project 
Management U nit and implementatio n  wi l l  be coo rd inated through the 
Farmer Support U n it (FSU) which wi l l  be  ab le  to d raw o n  p roject a n d  
Government o f  Balochistan (GoBAL) resou rces.  

Funds to cover the capita l  cost for implementation  of the scheme will be 
made ava i lable thro u g h  the Flood I rr igation sub component of the 
Infrastructure Development Component. The resources required for the 
agricultural  deve lopment of the scheme wi l l  be chan nel led thro u g h  the 
Farmer Suppo rt U n it from the" Agricultura l  and Socia.  Develop ment 
Component.  The compo nent wi l l  p rovide the fou n dation for s usta inab le  
development thro u g h  the provision of scheme extensio n  i n puts,  tra i n i n g ,  
o p porwnities for business developme nt,  encouragement of farmer 
participation and improved water management and agricultural  practices.  
The pr inciple unit  d i rectin g  resources at scheme level  wi l l  be  the Field 
Services of the FSU (Fi g u re 1 7) .  

Ass istance for the development of the WUA wil l  be de l ivered through 
the F ie ld Deve lopment O rganis�r of the F ie ld Services section of the 
Farmer S u pport U n it .  This wi l l  a id  the deve lopment of the WUA 
committee and improve the maintenance of the scheme. 
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CHANDIA FLOOD IRRIGA nON SCHEME LOGICAL FRAMEWORK SUMMARY 

Narrative Summ.8ry Indicators 

Goal 

To contribute to economic growth Uncertainties assoc.iated with water 

throu gh increased economic productivity availability are reduced, incidence of poor 

from irrigated land (by reducing years reduces 

uncertainties of weter availability and 

improving sustainabilityl and by farmer 

p artici pation. Increased area o f crop production 

Objoctivo 

a) I mprove existing traditional flood Median water availability increases from 

irrigation syslem to improve water 8SS acre It to 3683 acre ft. Median crop 

availability to the scheme and allow more production area increases from 205 acres 

controlled use of tha floods. to 883 acres. 

b) Encourage land users to actively WUA and other interest groups formed ar. 

participate in the development of their effective; maintenance is effective aoo 

own land and contribute to the contributions to maintenanca funds are 

sustainability of the scheme. kept up.  

c) Improve the delivery of agricultural and Use of inputs such as. fertilisars, pesticides 

irrigation inputs and services to farmers improvad varieties, improved farm 

and land users, imp rove ferm practises practises, improved production, an 

and economic efficiency of the scheme. additional acres of land are brought into 

production. 

d) Encou rage business development Commercial activiti es of the farmers 

opportunities that sustain the increase and benelit from the scheme. 

development initiative. 

el Conduct a pilot study to establish a Introduction and use of bed 'nets, 

strategy to reduce the incidence of reduction in the incidence of malaria. 

malari •• 
- ----" --- ----- -- ---------- -

Assumptions Proc@:ss Inputs 

Proposed scheme is  socially acceptabl e Landowners are encouraged and enabled Project assistance to 

to improve flood irrigation systems. develop the scheme. 

Farmers are willing and able to participate Landowners and water rights holders Assistance from Field 

form Water Users Associations to gain Developmant Organise rs of 
Farmer uptake of improvements in access to the project. Farmer Support Unit. 

technology 

Land Users receive ,advice to improve Field Services and Field 

irrigation and agricultur�1 practices. Services Support from 

project. 

Water is avail.abl,e. scheme is socially Identify soil and water resources, conduct Planning. design and 

acceptable and economically viable social and economic su rveys . co"nstruction. ass,stance in 

..,xt�nsjon end 8fter care j progremfne . 

\ I I 
Land and water use" 81e involved in all WUA formed "nd "soisted. contiibutions Training and 8ssi,lence 

• fevels and .re part of the decision making to design and construction, development through Farmer Support 
process. and the WUA is representative of of command aree. Unit. i 
the community. 

Women are willing and able to take part in Women's Self Help Group formed . to Assistance from W&D team I 
the decision making proc ass . f.8cilitate their input 8S w8ter use rs in to I 

the WUA and scheme development. 

Awareness of benefits of improved inpu ts are Identify constraints. sourc e inputs, Input a nd Mark "ting support 

available Ilnd the requirad quantity, farmers involvement of WUA, awareness to facilitate as neces sary 

have the finances and ability to use the programme. improved d olivery of inputs. 

inputs. the WUA and extension services are 

elfective. 

Market for produce continues, effectiva Extension work and possible follow on Business development 
extension process. project to develop improved marketing or .ssistance .nd market 

supply of improved inputs . i nformation . 

ViII9g,er. willing to use bed nets. Blood lilm Women & Development team to introduce Impregnated bed net •• 
slide facilities available. study. 
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It is antic ipated that the WUA wil l  in itia l ly be  i nvolved in organis ing 
extension advice,  marketing of prod uce and b u l k  p u rchase of s u ppl ies 
and that, with ass istance from the Field Services and Field Services 
S u pport sections ,  this role will eventual ly be taken over by a fa rmers 
organisatio n .  The i n it ia l  p rovis ion for tech nical  advice on extension wi l l  
be p rovided by the Field Services Suppo rt section  thro u g h  the  Field 
Services of the p roject and the Agricu ltural and Socia l  Development 
Com ponent, which wi l l  provide advice and tra in ing  via a Field Extension 
Organiser .  The main point of contact at scheme wou ld be  the Vil lage 
Deve lopment Agent a p pointed by the WUA. 

FIGURE 1 7  

MAIN PROJECT COMPON ENTS 

I nfrastruct Agr i cu lture Proj ect 
Development and Social Management 
Component Deve lopment & Coord 

Component Component 

I F l ood Irr igat ion S cheme I I I 

The presence of a n  identifiable WUA that represents the vi l lage wi l l  
improve p roject l inks and project accountab i l ity to · the scheme. The 
WUA should a lso enable the vi llage community to d i rectly participate in  
the des ign and fac i l itate contributions to the i mplementation of the 
scheme. 
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9.3 Proposed Irrigation Improvements 

The objectives of the proposed rehab i l itatio n of the Chandia Flood 
I rrigation Scheme a re summarized be low: 

• to enable the farmers to uti l ize the s mal l  and med i u m  floods 
in  the Chakar River more efficiently, whi lst the h igh  floods are 
a l lowed to pass virtual ly u nc hecked; 

• provide sed iment control measu res; 

• regu late flows into the flood channel  to prevent flood damage 
in the command area and;  

• ensure existing  downstream users continue to rece ive their  
share of the flood waters . 

These objectives wil l  be achieved by the construction of a permanent 
headworks structure a nd the provision of equ ipment for re-bu i ld ing the 
breachable bund. There a re no plans at this stage to modify the main  
flood channel or  the  infie ld d istrib ution system, thoug h  by l imiting  the 
diversion flows, the incidence of flood damage to channels and other 
infrastructure wi l l  be  red uced a nd a lso the amount of sed iment enter ing 
the system wi l l  be less; thus making i t  easier for  the farmers to 
distribute the flood water.  

The proposed offtake structure is on  the left bank of the Chakar River  
on the same site as the existing free intake to the Chandia flood 
channel . The position of the offta ke on the outs ide of a gentle bend is 
ideal for sed iment contro l .  The nominal  design capacity of the reg u l ator 
at the head of the flood channe l  is' 500 c usecs, when the u pstream 
water level i s  at wei r  crest level .  

Two alternative levels of  intervention have been considered;  t h e  fi rst 
involves the construction of a reg u lator at the head of the flood c h a n ne l  
to  prevent h igh flood flows entering  the  system, river tra in ing works to 
red uce the incidence of widespread flooding,  the construction of a 
breachable bund across the r iver and the provis ion of a b u l ldozer to 
faci l itate the timely re-bu i ld ing of the bund . This option represents the  
minimum level of development that  is  l ikely to offer any improvement 
over the existing system .  

The second,  preferred , option provides g reater control over the  flood 
flows and reduces the annua l  ma intenance requ i rements . In add it ion to 
the components l isted i n  O ption 1 ,  it  a lso includes the construction of 
a 1 50ft long concrete weir  and a gated sand s lu ice.  

Prel iminary designs have been prepared a nd costed for both options i n  
order t o  compare t h e  rates o f  return . 
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9 .4 M inimum Intervention Option 1 

This min imum intervention option would comprise the fol lowi n g  
components :  

• a regulator at the head of the flood c hannel  to restrict the 
d iversion flows ; 

• a breachable b und extending across the river; 

• river tra in ing  works and flood protection b unds and ; 

• the provision of a bu l ldozer to faci l itate the re-bu i ld ing of the 
b reachable bund . 

The general  a rrangement of the d iversion works is shown in Drawi n g  
N u mber  CHA/FS/1  0 1 / 1 . 

The flood channel  head reg u lator is designed to l i m it offtake flows us ing  
a double orifice arrangement,  which  increases the  head loss across the  
structure once the flow exceeds the des ign  d ischarge of  500 cusecs .  
The s i l l  level on the  reg ulator is 492. 1 ft, which is 2ft above t h e  nominal  
river bed level and the maxim u m  flood level  is 500.  1 ft . The 
stage/d isc ha rge relationshi p  for the structure compared with an  open 
flu me arrangement with no head wal l  is  g iven in  Table 1 9 . Sections 
thro u g h  the p roposed structure are s hown in  Drawing N u m bers 
CHA/FS/1 02/1 and 1 03/ 1 . 

The breachable b u nd extends from the a b utment wall  on  the head 
regu lator across the r iver to th�jlood. p rotection b u nd on the r ight bank.  
The length is approximately 900ft and the nominal  top level is  500ft. 
The bund would be formed from the i n  s itu bed mater ia l ,  which is  
p ushed u p  using a b u l ldozer with nominal  compaction,  thus ensur ing 
that  i t  fai ls before the flood p rotection bunds d own either s ide of the 
r iver.  

The existin g  flood p rotection bunds wou ld  be raised and strengthened . 
U pstream of the headworks the top level would be 503ft a n d  
downstream i t  would  be reduced t o  497ft. Add itional  p rotection wou ld 
be provided at vu lnerable points by the construction  of s p u rs to d eflect 
flood flows away from the toe of the b unds a nd the strateg ic p lanting 
of ind igenous vegetation such a s  tamarix aphyl la . The use of tamarix  
for flood p rotection i s  wel l  documented and h a s  been used i n  s imi lar  
s ituations as is p roposed for the Chand ia  Flood I rr igation Scheme, 
notably i n  the Rep u bl ic  of Yemen and it is  proposed the concept be 
adapted and developed further at the  detai led des ign level .  An extract 
from The World Bank Staff Appra isa l  Report for the Second Land a nd 
Water Conservation Project d eta i l ing  the use of tamarix for flood 
protection  is  included as Annex 0 . 1 .  
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TABLE 1 9  COM PARATIVE STAGE/DISCHARG E 
FOR DIFFERENT HEAD REG ULATO RS 

BM I ADP - PHASE I I P REPARAT I ON S TUD I ES 
CHAND I A  FLOOD I RR I GA I ON SCHEME 
COMPAR I T I VE STAGE/D I SCHARGE CHARACTE R I ST I CS FOR D I F F E RENT HEAD REGULATORS 
( F i l e  ref : CHANOFF )  

1 .  Doub l e  or i f i ce (he i ghts 3 and 2 f t )  cana l head r eg u l ator 
2. S i ng l e  or i f i ce ( h e i ght 2ft ) cana l head r e g u l ator 
3.  Cana l  head regu l ator w i t h  no head  w a l l 

Character i st i cs 
Tota l  w i dt h  
S i  1 1  l ev e l  
F l ume coe f f  
Or i f i ce 1 - Coe f f  

H e i ght 
Or i f i ce 2 - Coe f f  

H e ight 

33 ft  
49 2 . 1 ft  

3 
. 8  
3 ft 

. 1  
2 ft 

-- - - -- -- - - - - - - -- - - - - ---- - - ----- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -

U/S Depth Doub l e  Or i f i c e  I S i ng l e  Or i f i ce I No Head Wa l l  I 
I I I 

st age ( ft )  D i scharge  D i scharge D i scharge I 
I 

I ( cusecs ) ( cus ecs ) ( cusees)  I 
I I I I I I : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - --- - - - - -- --- - - - - - - - - -- - - - - - - - - - - - 1 
I 492 . 1 0 0 I 0 0 I 
I I I 
I 492 . 6  . 5  35 I 35 35 I 
I I I 
I 493 . 1 1 99  I 9 9  9 9  I . ;1 
I 493 . 6  1 . 5 1 8 2 1 8 2  1 8 2  I 

494 . 1 2 280 280 280 
494 . 6  2 . 5  3 9 1  39 1 39 1 
495 . 1 3 5 1 4  5 14 5 1 4  
495 . 6  3 . 5  5 0 6  5 8 6  648 
496 . 1 4 5 5 5  642 1 9 2  
496 . 6  4 . 5  5 9 9  6 9 4  9 4 5  
491 . 1 5 64 1 142  1 1 07 
497 . 6  5 . 5  6 1 9  1 8 6  1 211 
498 . 1 G 7 1 6  8 2 9  1 455  
498 . 6  6 . 5  7 5 1 8 6 9  1 64 1  
499 . 1 I 7 7 8 5  908 1 8 34 I 
499 . 6  : 1 . 5  8 1 7  945 2033 
500 . 1 I 8 847 9 8 1  2240 I 

--- ----- -------- - - - -- - - - - - - - -- --- - -- - - - -- -- --- - ---- - - - - - - - - - - -- - --- -- - - - - --
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The bed material  in  the Chakar  River at the proposed headworks s ite is  
comprised a lmost e ntirely of  fine sand and si lt .  In  wet condit ions,  i t  i s  
imposs ib le to  use wheeled p lant in  the river and s ince the  t imely 
reinstatement of the b und is essentia l ,  a small low ground p ressure 
(LGP) b u l ldozer would be p rovided as  part of the p roject to ensure that 
the bund can be re-bui l t  after each flood . 

The performance of the d iversion works described in  O ption 1 does not 
d iffer s ign ificantly from the exist ing  system, except that the offta ke 
flows a re contro l led and equ ipment is made avai lab le for re- b ui ld ing the 
b reachab le bund qu ic kly.  During smal l  floods, u p  to a flow rate of 500 
cusecs, the entire d ischarge i n  the river would be d iverted d own the 
flood channel .  As the f low in  the r iver  increases further, the water level 
upstream of the h.eadworks wou ld  rise u nti l  it  overtops the b reachab le  
bund . At  this point the flow down the flood channe l  would be 847 
cusecs. Once the bund overtops,  it would breach and the water level 
in  the river wou ld  d rop rap id ly, though so long as the level remained 
a bove 49 2 . 1  ft some water wou l d  st i l l  flow into the f lood channe l .  
However, once the r iver  level fa l l s  below the reg ulator s i l l  level ,  it is 
essentia l that the b reachable b u n d  is re-bu i lt as q uickly as poss ib le .  
In it ially it  would not have to be to its fu l l  des ign height, but  just enough 
to d ivert a l l  the flow back into the flood channel .  O n  average the b u n d  
i s  l ikely t o  be breached 2 . 8  t imes d uring the year and i f  t h e  potentia l  
benefits a re t o  be  rea l ized,  i t  is  essential  that t h e  bund is repa i red as  
quic kly as possib le .  

Although Option 1 represents a relatively inexpensive solution ,  there are 
a number of shortcomings with t h e  d esign a nd operation  of the 
headworks which are summarized below: 

• there is  no p rovision Tor sed iment control ;  

• the breaching of the b u n d  occ u rs so frequently that the 
incremental flows into the  flood channel  a re on ly marg ina l ly  
better than the without p roject s ituation;  

• there is  no  faci l ity for re leas ing  water to d ownstrea m  users 
without destroying the b u nd and;  

• there is a h igh maintenance requirement involving not o n ly the  
re-bu i ld ing of the  bund , b ut a lso  the  removal of accumulated 
si lt  from the flood c h a n ne l  and the approach to the head 
regu lator .  

The river channel  and d ifferent designs o f  offtake have b e e n  model led 
in order to p redict the l ike ly d iversion  flows. In  the case o f  O pt ion 1 ,  
the increase in  the vol u me of water is on ly suffic ient for i rr igati n g  a n  
add it ional  73 acres o f  land a n n u a l ly and a s  such the incremental c rop 
p roduction benefits cannot justify the h igh  cap ital investment. For th is  
reason O ption 1 is not recommended . 

84 



111 ] f11 1 - i  i 

� J  
� I  -t 

, 

� I  
I 
I 

• 
• 

9 . 5  Preferred Option 2 

The civi l  works for th is  o ption comprise the fol lowi n g :  

• a 1 50ft long weir  with a design d ischarge e q u ivalent to a 1 in  
2 year flood ;  

• a gated s lu ice channel to red uce the ingress of s i lt into the 
flood channel  and prevent the accumulation of sed i ment in  
front of the flood channe l  intake; 

• a breachable  bund extending across the remainder  of the 
r iver; 

• a double  o rifice head regu lator to restrict the flow into the 
flood channel  d u ring h i g h  floods;  

• sett l ing basin at the head of the flood channel ;  

• river tra in ing  works and flood p rotection b unds and ; 

• the provision of a bu l ldozer to fac i l itate the re-b ui ld ing of the 
breachable b u n d .  

A layout p l a n  of t h e  r iver a n d  headworks area for O pt ion 2 is  g iven in  
Drawing Number  CHA/FS/1 0 1 /2  and a more detai led general  
arrangement of the weir  and d iversion structure is shown i n  Drawing 
Number CHA/FS/1 02/2. The main d ifference between O ptions 1 and 2 
is the provision of the wei r  a n d  s lu ice channel which s ign ificantly 
improves the performance of the headworks . 

- �  . 

The proposed Concrete weir is 1 50ft long and extends about a th ird of 
the way across the nominal width of the r iver .  The h igh  flood level is 
5ft over crest level  and the correspond i n g  d ischarge is 5, 200 c usecs . 
The flow characteristics over the wei r  provide good energy d iss ipation 
and a short USBR Type I I I  sti l l i ng  basin is p roposed . The r ight bank 
abutment of the wei r  is s ituated i n  the main r iver channel  and as such 
is  vulnerable to  sco u r  when the b reachable b u nd fa i ls .  The foundations 
of the a butment have been set 2 1  ft below the nominal bed level .  

A s lu ice channel  between the weir  a n d  the canal  head reg u lator i s  
provided for sediment contro l .  T h e  configuration of the  converg ing 
approach channel ,  sk imming wei r  intake into the  head reg u lator and 
s lu ice - channel  are based on model tests undertaken p reviously for 
another project. The skimming weir  is set 2ft a bove the invert of the 
approach channel ,  so that d ur ing floods the bed load mater ia l  is  carried 
past the intake and through the s lu ice channel .  The converg ing 
approach channel  a lso ind uces a hel icoidal  c u rrent i n  the flow through 
the s lu ice, which tends to carry sed iment away from the intake . After 
floods which have not caused the b reachable b u nd to fa i l ,  the s lu ice 
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channel  would f lush o ut a ny sediment that has accumulated i n  front of 
the intake and ens u re that the low flow channel  is mainta ined on the left 
bank of the river.  The s l u ice channel  is 9ft wide and the invert level is 
5ft below the wei r  crest leve l .  The flow is control led by a manua l ly 
o perated steel gate, tho u g h  as part of the deta i led des ign ,  conside ration 
would be given to the use of a utomatic or  semi-automatic gates which 
open a utomatical ly when the water upstream reaches a p redetermined 
level, but they wou ld have to be re-set manual ly.  An a n g led head wal l  
i s  p rovided immediately u pstream of  the gate to l im it the flow thro u g h  
the s lu ice d u ring h igh  floods;  protect t h e  gate l ift ing mechan is m  and a lso 
deflect floating vegetat ion thro u g h  a 20ft wide sp i ll way in the g u i d e  
p i e r .  The side sp i l lway w i l l  adversely effect t h e  perfo rmance o f  the 
slu ice channel  as a means of sed i ment control and the relative benefits 
of p rovid ing this fpci l ity wi l l  be investigated d u ring the detai led des ign 
stage.  The top level of the g u ide p ier i s  497 . 1 ft, a nd d u ri n g  h igh  floods 
water wil l  pass over the top of the p ier .  

Even with the p roposed sediment control meas ures, a certa in  a mo u nt of 
sed iment is sti l l  expected to entre the flood channel  and in  order to trap 
the coarser materia l ,  a settl ing basin wou ld be provided .  at the head of 
the cana l .  The p rovisional  d imensions of the bas in a re :  length 492ft, 
width 62ft and dept h  8 . 5ft .  

The design of the head regu lator is identical  to O ption 1 ,  though 
because of  the wei r  a nd s lu ice fac i l ity the operation a n d  performance 
wi l l  be improved . 

The design and specifications of the flood protection b u nds,  spurs a nd 
other river tra in ing works a re identical to those proposed i n  Option 1 .  
Simi larly the breacha ble b u nd wi l l  have the same top level a nd cross 
section,  though it wil l  be s l ightly sho-rter beca use of the concrete weir. 

Pre l iminary design d etai ls  for the headworks O ption 2 are g iven in 
Drawing N umbers CHA/FS/1 03/2, 1 04/2, 1 05/2 and 1 06/2 . The 
stage/d ischarge relationsh ip  for the various components of the d ivers ion 
works are given in  Table 20.  The system capacity at the h igh flood level 
of 500 . 1 ft is 7600 cusecs, which is s l ightly g reater than a 1 i n  2 year 
flood, thus the b reachab le  bund is  expected to fa i l  once i n  two years . 
The performance of the d iversion d u ri n g  a flood event is s um ma rized in  
Table 21  for d ifferent flow rates in the river.  

86 

I .. 
I 
J 
, 

, 



co -...,J 

- i! • •  i • = . !:  t: !!-�e- � �  :fIP � 
BI1I ADP - PHASE I I  PREPARAT ION STUO I ES 
CHAND I A  FLOOD I R R I GATION SCHEI1E 
STAGE/D I SCHARGE RELATIONSH IP  fOR HEADWORKS 
( F i l e  ref : CHANHWK) 

Weir Character istics 
Weir  l ength 
Weir coeff 
Crest l ev e l  

1 50ft 
3 . 1  

495 . 1 ft 

S l uice Channe l  w i th Head Wa l l  
S l u ice w i dth 9ft 

3 
. 7  

490. 1ft  
495 . 1 ft 

F l ume coeff 
Orifice eoeff 
I nvert l evel  
Head wa 1 1  soff it  

S ide Sp i l lway 
Sp i 1 1  way \Of idth 
Sp i 1 1  way coeff 
Crest l evel  

20ft 
2 . 8  

495 . 1 ft 

Doub l e  Or i f ice Canal Head Regu l ator 
Of ftake w i dth 33ft 
F l ume coeff 3 
Or i f ice 1 coeff , 9  
Or i f  ice 2 coeff , 7  
I nvert l evel  492 . 1 f t  
Or i f i ce 1 sof f i t  495 , 1 f t  
Or i f i ce 2 sof f i t  494 . 1 ft 

F l ow over Gu i de P i er 
length 
F low eoeff 
Top level  

36 , 5  ft 
2 , 2  

498 , lft 

- - - - - - - - - - _  .. _ - - - - - - - - - - --............ ... - -- ... _----- - - - - - - - - - - - - - - - - - - - - - - - _  ... .;. ... _ .. .. .. ..  - - _  ... .. - - - - - - - - - - - - - - - ... ... .. .. .. ..  - - - .. - - - - - - - - - -_ ... .. ..  -- --------
Stage : S l u ice D i scharge : We i r  D i scharge : Channel Offtake : S ide Sp i l lway : Gu ide P ier : Tot a l  O i scharge : 

I ( ft ) : (cusec )  : ( eusee) , :  (cusee) : ( eusee) : ( eusee) : ( cusee) : 
: ---------------------------------------------�------------------------------------------------------------------------------ : 

490 . 1  : 0 0 0 0 0 0 
490 . 6  : 0 0 0 0 0 0 
49 1 .  1 : 0 0 0 0 0 0 
49 1 .  6 : 0 0 0 0 0 0 
492 . 1  : 0 0 0 0 a 0 

. 492 . 6  : 0 0 35 0 0 35 
493 . 1  : 0 0 9.9 0 0 99 
493 . 6  : 0 0 182 0 0 182 
494. 1 : 0 0 280 0 0 280 
494 . 6  : 0 0 39 1 0 0 39 1 
495. 1 : 0 0 5 1 4  0 0 5 1 4  
495 . 6  : 348 1 6 4  506 2 0 1021  
496 . 1 : 397  465 555 1 1  0 1 428 
496 . 6  : 447 954 599 31 0 1 932 
497 . 1  : 500 1 3 1 5  6 4 1  63 0 2 5 1 9  
497 . 6  : 555 1 838 m 1 1 1  0 3183  
498 . 1  593  24 1 6  7 16  29 1  0 40 1 6  
498 . 6  6 1 9  3045 75 1 36 .1 2 8  48 10  
499 . 1  644 3120 785  448 80  5677 
499 . 6  669 4439 817 535 148 6606 
500 . 1  692 5 1 99 847 626 227 7592 

-- - - - - - --. .. ..  - - .. ..  - ----_ .. --_ .. - - - - - - - - - ---_ .. -----_.-_ .. .. - - _  ... ------ .. .. .. .. .. .. .. .. .. .. .. .. ..... .. ..  -.. .. ..  ------ -.. _ .. -.. -- ---_ .. .. .. .. .. .. .. .. .. .. .. - - .. ..  --- .. ... - _  ... .. .. ..  .. 

Note: S l u i ce gate remains c losed unt i l  upstream water l evel  reaches weir crest l evel (495 . 1 f t ) ,  it  is then fu l ly opened. 
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TABLE 2 1  PERFORMANCE OF OPTION 2 DIVERSION 
FOR VARIOUS RIVER FLOW RATES 

River 
Discharge 
(cusecs) 

0 - 500 

500 - 802 

802 - 7600 

7600 

> 7600 

U/S River Stage 
(ft) 

490 - 495. 1 

495 . 1  

495 . 1  - 500 . 1  

.' 500. 1 

variable 

All flow diverted into flood channel 

Stage maintained constant by progressively 
opening gate on sluice channel 

Flow over weir and side spillway, also 
increasing flow through sluice channel and 
canal head regulator 

Breachable bund overtops and fails 

Water level drops as bund fails, but if flood 
continues to rise the river level will also 
increase 

Once the breachab le b U rid has fa i led,  the water level in the river would 
d ro p  rap id ly and as the f lood recedes the level wou ld  fa l l  below the s i l l  
on the head regu lator .  Conseq uently it is essenti a l  that the b reachab le 
bund is repaired as q uickly as possi b le .  Since the bed material  is 
unsu itab le for wheeled equipment when satu rated , the intention is to 
p rovide the farmers with a smal l  LGP b u l ldozer which can operate i n  
muddy conditions.  I n  order t o  prevent t h e  l o w  flows h i ndering t h e  re­
bu i ld ing of the breachable  bund,  the flow would  be fu n ne l led through  
the  s lu ice channel ,  u nti l  the bund was sufficiently h igh  to d ivert a l l  the 
flow into the flood channel ,  then the s lu ice gate would be closed . I t  is 
essential  that the b reachable bund is then re instated to its design height . 

. , . . 

The design p hi losophy for Option 2 is given in  Annex D . 2 .  

The O ption. 2 d iversion has a number o f  advantages over O ption 1 and 
these a re s u mmarized below: 

• o n  average,  the breachable  b u nd wi l l  o n ly fai l  o nce i n  two 
years; 

• there is provision for re leas ing water to downstream users; 

• the by-pass faci l ity provided by the s lu ice  channel  wi l l  make 
it easier to reinstate the b reachab le  b u n d ;  

• the system wi l l  continue to perform at optim u m  level u nti l  
such time as  the bund fai ls ;  

• the volume of water d iverted a nd thus the potential  i r r igable 
a rea is considerably g reater than o ption 1 ;  and 

88 



111 
j 

lJ 

11 

U 

1(1 

9.6 

• the measures to prevent sediment deposition in  front of the 
intake and in the flood channel  wi l l  s ign ificantly red uce annual 
maintenance. 

In view of these advantages, and the fact that O ption 2 offers a 
substantia l ly higher rate of return it is recommended that the d iversion 
Option 2 be adopted . 

Crop Water Requirements 

The conventional  method of estimating the project i rr igation water 
requirement is not appl icable to flood schemes where in most years, 
irrigation water is appl ied ohly once. The avai labi l ity of i r rigation water 
is normal ly less than optimum and the main factors affecti ng the amount 
of water ava ilab le for plant growth are the depth of  water a p pl ied d ur ing 
the in itia l  i rr igation and the depth and moisture hold ing cha racteristics 
of the soi l .  I n  order  to give a n  ind ication o f  the d eficit a n d  hence the 
l ikely crop yields, the optimum crop water requ i rements have been 
compared with the actua l  soi l  moisture avai lable . 

The mean da i ly reference crop ETo, has been calcu lated using the mean 
monthly c l imatic data for Sibi ,  which is 1 3  mi les west and at a s imi lar  
altitude to the scheme . The mean annua l  ETo is 91.26 inches 
(2318mm) ,  with peak da i ly val ues rang ing from 0.11 inches (2.8mm) in  
December to 0.46 inches (11. 7mm) i n  June . The mean monthly c l imatic 
data for Sib i ,  together with the mean monthly ETo and for comparison 
peak dai ly reference crop evapotranspiration ,  d efined as the maximum 
value that is  l ikely to occur  in  3 years out of 4 a re g iven i n  Tab le  22 . 

-.. . 
For the purposes of assessing the crop water requ i rement, the 
contribution from rainfal l  is so low and erratic that it has been ignore d .  
The crop water requirements, for the various crops included i n  the 
proposed cropping p rogra mme, have been derived by applying the crop 
factor Kc for the different growth stages, to the mean da i ly refe rence 
crop evapotranspiration ETo. The crop factors a re based on the values 
given in FAa Publ ication 2415 for optimum plant populations,  but with 
modifications to take account of mid-month p lanting .  However, i n  
practice, the p lanting density i s  l ikely to b e  less than the optimum and 
since the g round is  kept reasonably weed free,  the moisture ava i lable to 
individ ual p lants wi l l  be greater than pred icte d .  The net crop water 
requirements in terms of depth of appl ication and vo lume per acre (acre 
tt) are given i n  Table 23. 

15Guidelines for Predicating Crop Water Requirements; FAO Irrigation and Drainage Paper 
24 1 984. 
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BMIADP - PHASE II PREPARATION STUDIES 
CHANDIA FLOOD IRRIGATION SCHEME 
MEAN MONTHLY CLIMATE DATA AND MONTHLY REFERENCE CROP EVAPOTRANSPIRATION (ETa) FOR SIBI 
(File Ref: CLIMCHA) 

Latitude: 29.55 deg North 
Altitude: (36ft 

I Mean Daily Temperatures I 
I Maximum Minimum I 
I (deg C) (deg C) I 

Mean Relative 
Humidity 

(%) 

Mean Os i Iy Mean Wind Meart 
Sunshine Speed Monthly ETa 

(hrs) (m/s) (rrrn) 

Peak 
Monthly ETo 

(rrm) I I 
\------------------------------------------------------------------------------------------------------------\ 
I Note I 2 3 I I 
: ----------- ------------------------------------------------------------------------------------------------
: January 21.5 6.1 \ 46 7.4 .77 80 88 
I February 24.7 9.6 40.5 7.9 1.03 105 116 

March 30.6 15.( 43.5 8.4 1. 2( 163 119 
Apr; 1 37.5 21.6 27 9.1 1. 37 223 245 
May 43.3 27.4 25 9.6 1.11 295 325 
June 45.3 30.8 31 11.8 2.01 319 351 
July 42.3 30.8 45.5 10.1 2.18 295 325 
August 40.8 29.6 50 10.2 1.88 263 289 
September 40.1 26.5 42 10.9 1.33 221 243 
October I 36.8 18.8 30.5 10.3 .94 169 186 
November I 30.5 12. 1 35 8.9 .68 106 117 I 
December I 24.3 7.2 4,1.5 7.7 .6 79 87 I 

-----------------------�-------------------------------------------------------------------------------------. 

Notes: 
1. 
2. 
3. 

Mean monthly climatic normals (Ref: Meteorological Department - Karachi) 
Mean monthly ETo determined using CROPWAT 5.2 program based on Penman Method (Ref: FAO 24) 
Corrected peak daily ETo defined as the maximum ETo that is likely to occur in 3 years out of 4 
(Ref: FAO 24, fig 10) 
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TABLE 23 CROP WATER REQUIREMENTS 

aMllOP • PIIASE II PR(rAR4f10K STUOICS 
OllNOIA fLOOD IRRIGATION $01[11£ 
OPfirtIH CPOI' UTep REi:'JIRemNT 
(f II •• ,1: IrROIAII) 

J,," , �b H,r Jopr "',y ,J\Jn Jul Au, $.p Ott Mo1' Dtt I 
: �---------.. ------.. - ----------_ .. ... - -_ ...... --_ ........ --..... .. .. .  - .... .. . ..  -._ .. ---- ... ---_ ... -------_ ... - .. - ... - ....... _--- . -... .,.- ----_ ...... - - : 
: EVArOTrANSPIRATION (b".d on : 
: dati ror Sibi) : 
: Mron Dlily ETo (""') 1�! l.l\ 1.25 1.0 !.S IO.n 1.51 1.17 1.31 UI 1.52 1.51: 
: M"n tIonthly (Te ( ... ) 10 105 In 121 In )1' liS Hl III 111 10' II 
: ,,,I O.lly [10 ( .... ) 1.8\ I.ll I." 1. 1 1 10.11 .II.U 10.41 !.ll 1.11 S.!! 3.11 1.11 
, , 
: RlIHflll (Sibi) 
: IIonthly 10' ",,,d.nco ( ... ) 
: Monthly 10' uc,,".dancp (InfI) , , 
: SOR(lrJM INTER-CRorrro (SrRING 
: Pll�T!O) 
: (10' "",in.1 �I.nt popul.t ion) 
: Crop Co.11 • plant erop 
: first nloon 
: N.t M"n O,ily liP ( ... ) 

N.t M"n o.lIy Vol"".lrlc IIR 
p.r Aer. (cu It) 
tt.1�G I�HR-c.orrro (S'RING 
PlAKIEO) 

: (SO\ ntJllin&l phnt tloruht ion) 
� Croo C-oe((ieitnt 
: Not M •• n 01 i Iy IIR (m) 
: H!t tiP,n Oaily VollJll�lric IliR 
: ptr �cr. (cu Il) 
, , : SORGHUM A �O I1\IHG (S rR I UO 

PLARI(O) 
Crop Coef, lc jent 
Net HOI" 01 i Iy IrR (rmo) 
H,t MOl" Daily vol"".tric IrR 
per lcr. (cu It) 

SORGHUM IHTER'CROPPED (.SUt?1ER 
P[AHIED) 
(50' nominal pl,nt populltion) 
Crop Co.ff • plant crop 

: first ratoon 
: Net MOl" Dilly I_R (Imt) 
: Net Heln D. ily Voh",.trlc IrR 
: per lere (eu rt) 
: 
: I1\JNO IN1Ep.-CPorrtO (SU�tR 
: PL�HIEO) 
: (SOl nomitll' p1,nt popul.tion) 
: Crop Cotff ic itnt 
: N,t H"n Olily IrR ( ... ) 
: H.t H"n Olily Vol"",.trlc IrR 
: fjer Acre tcu ft) 
, , 
: SOROIUH 4110 IUHG (SUt1HtR 
: PLAN lEO) 
: Crop Coeff icient 
: Het M .. " Dlily IrR ( ... ) 
: Net Peok Dlily vol""etrlc tWR 
: p.r �c .. (cu (t) 
, 
i SOPGlTUM (S\Jl1I\ER PllNHO) 
: Crop Cooll • pllnt crop 
: f irtt rat�ft 
: Net M.,n O,lly IU ( ... ) 
: H.t H"n Dilly Vol"",.trlc IWR 
: per Acr. (cu It) 
, 
: OILSEED (SUHHER Pl�H1EO) 
: Crop Co.fllci.nt 
: Net H .. n 01 liy IrR ( ... ) 
: H.t Hun O.lIy Vol .... trlo I.R 
: per Acr. (cu It) 
, 
: rllHl (SUIt1EA PL.ANTEO) 
: Crop Coefllci.nt 
: H.t lI .. n Dilly IIA (om) 
: H.t M"n o.l1y vol ...... trlc I.A 
: per Acre (cu It) 

.00 
o 

.00 
o 

o 
.00 

o 

.01 
.23 

II 

.00 
o 

.09 

.23 
II 

.11 
.11 

61 

.00 
o 

1.05 
1.12 
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.00 
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.00 
o 

o 
.00 

o 

. II 

.68 
96 

.00 
o 
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.68 
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.35 
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.00 
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20 

.00 
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.35 
1.81 
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.1 
1.61 
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.00 
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.1' .0 

1.93 1.09 
III 114 

.35 .5l 
2.10 1.01 

111 no 

.11 .IS 
Ul '.12 
!41 !lOl 

.5 
3.11 .00 

III 0 

.00 .00 
o 0 

.5 0 
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TABLE 24 

. . ... , '� . " � " . ' .  r. ' � 

.-" 

MEAN SEASONAL CROP WATER REQUIREMENT PER ACRE 

BMIADP - PHASE I I PREPARATION STUDIES 
CHANDIA FLOOD IRRIGATION SCHEHE 
MEAN SEASONAL CROP WATER REQUIREMEHT PER ACRE 
(File Ref' IWRCHAN) 

Depth"of .... ater im;!ounded per irri9ation: 
Field irrigation efficiency: 
Net depth of application per season: 

2 rt 

70 � 
Uft 

OPTIMUM IRRIGATION : Proportion of : 
CROP 

:-----------------------------
Sorghum/Hung Inter-Cropped: 
(Spring Planted) 

- plant crop 
first ratoon 

Sorghum/Hung Inter-Cropped: 
(S\JI!TTler Plant ed) 

- plant crop 
- first ratoon 

Sorghum (Summer Planted) 
- plant crop 
- first ratoon 

Oilseed (Summer Planted) 

Wheal (Summer Planted) 

Notes: 

Volume Depth: Optimum Applied : 
(eu ft) (ft): (�) : 

______________________ -----------______ 1 

., 

90260 
487)6 

82666 

27818 

79688 

55485 

77948 

61285 

2.07 
I. 12 

I. 90 

.64 

I. 83 

I. 27 

1.79 

I. 41 

68 

125 

H 
219 

77 

110 

78 

100 

1. Where sorghum and mung are inter-cropped, the plant 
population for both is half the optimum, ie the crop 
coefficients are 5o, of the recommended. 
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The gross crop water requirement assumes a field irrigation efficiency 
of 0.7. This takes account of losses such as evaporation from the 
ponded irrigation water and the soil surface, deep percolation and the 
uptake of water by weeds. Assuming an initial irrigation depth of 2ft 
(600mml and an efficiency of 0.7, the depth of water available for plant 
growth is l.4ft. The moisture holding capacity, ie the difference 
between field capacity and permanent wilting poin,t, of the soils at 
Chandia is about 19%. Hence the wetted soil profile would be over 7ft 
deep, which is greater than the rooting depth of all the crops, however, 
this would be compensated to some extent by the capillary rise of 
moisture into the root zone from below. The optimum depth of 
application and volume of water required per acre are given in Table 24, 
together, with the proportion of the crop water requirement which is 
actually applied for each crop. For intercropped sorghum and mung, the 
deficit for the plant crop is about 30%, but after harvesting the mung 
and cutting the sorghum fodder, if flood water is available for a second 
irrigation, then the nominal 2ft depth of application is more than 
sufficient to obtain a ratoon sorghum crop. There is a deficit of about 
20% for the oilseed crop, which is likely to result in a yield reduction of 
about 15%. In a mean year, the optimum net depth of application for 
wheat is 1.4ft which is the same as the estimated depth applied after 
taking account of field losses. 

Proposed Cropping Pattern 

The existing crops formed the basis of the proposed cropping 
programme, it is thought unlikely that there will be any significant 
change in the type or proportional area of crops grown. The biggest 
impact the project will have is through reducing the uncertainty of 
production, by making more water available more· often .. A summary of 
the expected benefits, in terms of inGreased cropped area, is shown in 
Table 25. A twenty year model average crop programme has been 
drawn up based on the average volume of expected water (Table 26). 
For the economic analysis, a series of thirty 20 year crop programmes 
was drawn up using the hydrographic time series to assess different 
yield flow outcomes. The area of each crop will obviously vary from 
year to year and is related to water availability. In addition to this 
relationship, the crop programme truncates the volume of available 
water. This procedure has been adopted as the proposed irrigation 
improvements greatly increase the amount of water in the with project 
situation and it was thought unlikely that the farmers would have the 
capacity to immediately use all of this available water. Therefore, in 
view of the need to adopt a conservative approach on the area of 
irrigated land, the truncation on the upper level of total irrigated area 
was set at 1,200 acres. It is likely, particularly in view of the availability 
of the bulldozer, that the irrigated area will increase. However, the rate 
of expansion is difficult to estimate. 
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TABLE 25 

The importance of ratooned sorg h u m  and the economic importance of 
the winter rains has been taken into account in d rawing u p  the cropping 
programme through the use of some basic parameters . Fou r  basic ru les 
were used to take account of the u ncerta inty associated with the ra bi 
rains: 

i )  Rabi season i s  completely independent o f  the kharif season 

i i )  Rab i  sorghum is  relatively insensitive to the arrival of  the 
winter floods (ie get ratooned crop any way regard less of the 
time of arrival of the winter floods as monsoon summer ra ins 
are more important. ) 

i i i )  Season.s are independent and do not  get  a second ratoon 
from Rabi season (the economic va lue is  low and probabi l ity 
of rains is low) . 

iv) Probabi l ity of a rea data stream is the same as the probabi lity 
of volume data used . 

Conservative yields have been taken with no s ign ificant early increases, 
the yields do increase through the l ife of the project as it is expected 
that wide r  use of better varieties wil l  occur, as they become avai lable 
and project i ntervention increases . Increases a re a lso likely to occur 
through improved water availabi l ity and improved farm practises, such 
as through the app l ication of ferti l isers and the wider introduction of 
mechan isation.  I nitia l ly, these improvements are thought more likely to 
occur  at Chandia than the introduction of a second i rrigation,  as farmers 
have stated their preference to i rrigate larger areas .  

EXPECTED VOLUMES A N D  AREAS FOR 
WITHOUT AND WITH PROJECT SITUATIO NS 

Annual Without Project With Project 
Probability of Option 1 

Outcome being 

Exceeded (%) Annual Area Volume Area 

Volume (acres) (acre ft) (acres) 
(acre ft) 

90 8 2 8 2 

50 855 205 1,521 365 

10 3,864 927 3,864 927 

94 

With Project 
Option 2 

Annual Area 

Volume (acres) 

(acre tt) 

8 2 

3,683 883 

8,168 1,960 
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8AlOCHISTAlI NIHOR IRRIGATION AND AGRICULTURE DEVELOPMENT PROJECT 

AVERAGE COOPPED AREA BUIlD UP nTH PftJJECT 

ClWlOIA FlOOO IRRIGATION SCHElIE 

OPTlOtI-2 

YE A R AF TE R DEV ELO PMENT 

CROPS 

EXIST1KG 2 10 

�ARIF 

Sorghul 168 334 334 3H 3H 334 334 334 334 m 334 
SorghultJlung 84 161 161 161 161 161 161 161 161 161 161 

<.0 
(.11 flAB I \ 

VlIut 45 90 90 90 90 90 90 90 90 90 90 
Oi 1 seed S9 11& 118 118 118 118 118 118 118 118 118 
Sorghul+l!Ung 40 117 117 111 111 111 117 117 177 177 177 

11 12 13 14 ·.IS 1& 

3J( 334 m 334 334 334 
161 161 161 \61 161 161 

90 90 90 90 90 90 
118 118 118 118 118 118 
117 177 177 117 177 177 

(Acres) 

17 18 19 20 

334 334 334 334 
1&1 161 167 161 

90 90 90 90 
118 118 118 HI 
177 171 117 117 
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9.8 Social Amenities 

There is an  exist ing Publ ic Health and Engineering Department potable 
water supply in  Chandia v i l lage.  

The main access to Chandia is from the south a long a track which is  
frequently impassable for several weeks after rain .  A s  part o f  the 
proposed development the intention is to u p-grade this t rack into a semi­
all weather road from Chandia to Mal l ,  a d istance of 44, 600ft 
( 1 3 , 600m) .  The d iscretionary fund of the Members of Provincial  
Assembly (MPA) f inanced the construction of a road to Chandia several  
years ago, however, the work was poorly designed a nd executed and 
the road fai led d u ring the first ra ins . The pre l iminary design for the new 
road fol lows the .. a l ig n ment of the MPA road, except for the first 
1 0AOOft (3, 1 70m)'  where it crosses the Tal l i  Nul lah and is prone to 
flood ing .  Here a new l ine is proposed which fo llows the present access 
track into the area . The way leave for the MPA road was final ised and 
settled by the government many years ago,  so there wi l l  be no prob lems 
of resettlement or  land purchase . The proposed a l ignment of the first 
section would have to be negotiated,  but since the l ine coi nc ides with 
the current main access track it may be possible to resolve the matter 
at a local level .  

The pre l iminary a l ignment o f  the new road i s  shown on portions o f  the 
1 :50,000 scale maps 34 0/1 5 and 39 C/3 in Drawing Number 
CHA/FS/40 1 . However, this wil l  a lmost certai n ly be mod ified at the 
deta i led design stage when the detailed str ip survey is completed . The 
land on  either side of  the proposed road a l ignment is prone to flooding 
and in order to ensure that the base is free d ra in ing,  the road would be 
constructed o n  a 3ft emba n kment formed from approved local ly 
avai lable fil l .  The provision of "a" g rav'el road base has not bee n  included 
because the cost of importing suitable materia l can not be justified 
economica l ly at this stage of the development. However, it is 
recommended that consideration be g iven to provid ing a 1 ft thick gravel 
base in  the future. The nominal  cross section  of the road is shown in  
Drawing Number C HA/FS/402. 

I n  o rder to simplify the construction,  standard s ing le, double and tr ip le 
bore box cu lverts have been adopted . The nominal  bore is 3ft high by 
5ft wide and the design for a three bore version is g iven in  Drawin g  
Number CHA/FS/403. For the Ta l l i  Nu l lah c rossing a t  R D  5,500ft a 
mU lti-span low level br idge is proposed with concrete approaches.  
Dur ing h igh floods it is accepted that water wi l l  pass over the structure 
making it impassable,  for short period s .  The pre l iminary design for the 
crossing is given in Drawing Number C HA/FS/404. 
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The road a l ignment has not been surveyed as part of the topographic 
survey, however, a prel iminary wal k-over survey of the proposed 
al ignment identified the fo l lowi n g  features: 

Chainage (ft) 

o 
5500 

5630 - 6040 

7650 

7750 

9840 
1 0 1 00 
1 0400 
1 0500 
1 21 40 

1 7390 
22640 

23300 

23950 

21 500 

25600 
26250 
31 720-3 1 920 
33460 

36090 

40030 
41 340 
44620 

Structure or Feature 

Turning from metalled Mali/Sibi Road 
Double bore culvert 
Talli Nuilah causeway and low level bridge 
Triple bore culvert for flood channel 

ditto 
Single bore box culvert 

ditto 
Alignment joins existing MPA road line 
Single bore box culvert 
Double bore box culvert 

ditto 
Single bore box culvert 

ditto 
ditto 
ditto 
ditto 
ditto 

Washin Dhori Nullah crossing, currently under construction 
Single bore box culvert 

ditto 
ditto 
ditto 

Road ends near veterinary hospital in Chandia 

The provisional capital cost of the road is based on re-bu i ld ing  a l l  the 
existing  embankme nt, to ensure satisfactory compaction of the sub­
base. A l l  the structures have 

'been included, except the Wash in  Ohori 
Nul lah crossing which is p resently u nder construction with MPAfu nd in g .  

Capital Cost 

A semi-detai led b i l l  of quantities for O ption 2, the preferred developme nt 
option for the Chandia Flood Irrigation Scheme, is presented i n  Tab le  27. 
For completeness the costs and other associated tables for O ption 1 are 
included i n  Annex 0.3. The construction costs are based o n  c u rrent 
(January 1 993)  contract rates for s imi lar  works being undertaken e lse 
where in the province. The rates used for works which will be 
undertaken by the farmers are based on contractor's rates less the 
estimated 40% mark up to cover overheads and profit . 
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The tota l capital cost used i n  the analysis includes p rovision for physical 
contingencies and engin eering and administration .  A figure of 10% of 
the basic construction cost has been adopted to cover the engineer ing 
and adminstration .  The overal l  physical contingency has been d erived 
by app lying d ifferent percentages to the constructio n  cost of the scheme 
components, reflect ing the degree of uncertainty associated with the 
estimated cost. The resulting aggregated provis ion for physical 
contingencies is 1 9.92 % of the construction cost. The resid ua l  value 
of the main civi l  works components at the end of the project l ife are 
based o n  the expected l ife values g iven in  Jenson16• The derivatio n  of  
the physical  contingencies and res id ual values for Optio n  2 are g iven in  
Ta ble 28 and are i ncluded in Annex 0.3 for O ption 1 .  

The economic cost of the civil works have been derived by b reaking  
down the financial  cost of the main  components i nto the following 
constituent parts; steel ,  cement, unski lled a nd ski l led labour,  plant  and 
others. Standard Conversion Factors have then been applied to these 
to bu ild up the economic cost. The d erivation of the economic costs for 
O ption 2 is g iven i n  Table 29 and the corresponding table for Option 1 
is included i n  Annex D . 3 .  

The build-up o f  the f inancial and economic capita l costs for the d iversion 
Option 2 at Chandia are summarised in  the Table 30. 

16 Design and Operation of Farm Irrigation Systems (1 980) 
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TABLE 27 PRELIMINARY Bill OF QUANTITIES FOR OPTION 2 

BMIADP - PHASE II PREPARATION STUDIES 
CHANDIA FLOOD IRRIGATION SCHEME 
OPTION 2 
PRELIHINARY BILL OF QUANTITIES FOR IRRIGATION INFRASTRUCTURE 
(File Ref: CapCHAN2) 

------ -------------------------------- ------- ---------------------------- --------------.. 

: ITEM 1 DESCRIPTION 1 UNIT : QUANTI TY 1 RATE TOTAL 1 1 1 
' ______ - -------------------------------------------------------- ---------------------_. 1 
1 1. BILL 1 - GENERAL & PRELIMINARY Sum 1439270 1 
I (Based on lOt of other bills) 1 

2. BILL 2 - RIGNT BANK ABUTHENT 
2.1 Excavation in river-bed cu ft 56806 2.00 113612 

2 . 2  Concrete - Class B cu ft 3104 1 45.00 139680 
1 2.3 Class C cu ft 388 40.00 15520 1 
: 2.4 Hasonry cu ft 9190 40.00 367600 

2.5 Tipped rock - Class A cu ft 7670 15.0 0  115050 
2 . 6  Class C cu ft 2557 15.00 38355 
2.1 Filter cu ft 1 1278 15.00 19170 1 
2.8 Backfi 1 1  and compact cu ft 1 35211 1. 50 52817 1 

1 - -----.-. 1 
Sub-tota 1 1 861804 1 

1 
1 

1 3. BILL 3 - WEIR 1 
1 I 
: 3.1 Excavation in river bed cu ft 1 98326 2. 00  196652 1 
: 3.2 1 Concrete - Class A cu ft 1 5730 60.00 343800  1 
I 3.3 Class B cu ft I 31327 45.00 1409715 I 

3.4 Class C cu ft , 1515 40.00 60600 I 
3.5 Reinforcement Ton 1 9 25000.00  222750 
3.6 Chute blocks No 62 96.00 5·952 
3.7 Baffle blocks No 60  156.00 9360 
3.8 Joints - Expansion : ... SQ ft 988 20 . 00 19760 
3.9 Contraction I sq ft 1482 5.00 J H10 1 
3.10 Tipped rock - Class A 1 cu ft 13088 15.00 196320 1 

3.11 Class C 1 cu ft 4363 15. 00  65445 1 
3.12 F i 1 ter 1 cu ft I 2182 15.00 32730 I 
3.13 Backfill and compact 1 cu ft 9140 I 1. 50 13710 1 

I --------. I 
Sub-total 1 2584204 I 

I 
, 

4. Bill 4 - SLUICE CHANNEL 1 
I 

4.1 Excavation in river bed 1 cu ft 83674 2.00  167348 1 

4.2 Concrete - Class A I cu ft 1003 60.00 60180 1 
4.3 Class B , cu ft 13099 45.00 589455 1 
4.4 Class C 1 cu ft , 1112 40.00 44480 I 
4. 5 Re inforcement , Ton 1 25000.00  32000 1 
4. 6 Masonry 1 cu ft 28760 40. 00  1 1 50400 I 
4.7 Chute blocks 1 No 2 630.00 1260 I 
4.8 Joints - Expansion 1 sq ft 601 20.00 12020 1 
4.9 Contraction 1 SQ ft 240 5 . 0 0  1200 I 
4.10 Tipped rock - Class A * 1 cu ft 3600 10.71 1 38556 1 
4.11 Class B * 1 cu ft 3008 10.7t : 32216 1 I 

4.12 Class C * I cu ft 2112 10.71 I 29046 I I 
----------------------------------- --- -- ------------------------------- ---------------- - --

Note: 1 (*) indicates work to be undertaken by farmers 
2 minor discrepancies due to rounding errors 
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TABLE 27 (Continued) 

--- - ----------- ------------ - ------------ ---------- ------- - ---------------�-- --------------

: ITEM : DESCRIPTION : UNIT : QUANTITY : RATE : TOTAL : 
: ---------------------------- -------------- ---- --- -- --- --------- - ---------------- -------- : 
: : BILL 4 - Continued : : : :  

4.13 Filter * cu ft 1504 10.71 16108 
-4.14 Backfill and compact cu ft 11806 1.50 17709 

4. IS Supply and install 9ft x 5ft Sum 300000 
steel gate 

4.16 Supply and install steel stoplog Sum 10000 
grooves 

5. 
5. I 
5.2 
5.3 
5.4 

, 5.5 
5.6 
5.7 
5.8 
5.9 
5.10 
5. I I 
5.12 
5.13 
5.14 

6. 
6. 1 

6.2 
6.3 

6.4 

6.5 

6.6 

7. 
7. I 
7.2 

Sub-total 

BILL 5 -CANAL HEAD REGULATOR 
Excavation in river bed 
Concrete - Class A 

Class B 
Class C 

Reinforcement 
Masonry 
Chute blocks 
Joints - Expansion 

Contraction 
Tipped rock - Class B * 

Class C * 
Filter * 
Backfill and compact 
Supply and install steel stoplog 
grooves 

Sub-total 

BILL 6 - EARTHWORKS 
Import, place and compact 
approved fill around headworks 
Remodel flood channel 
Raise height and strengthen 
right bank bunds 
Paise height and strengthen 
left bank bunds 
Construct breacnable bund across 
river * 
Allow for spurs etc * 

sub-total 

BILL 7 - COMMAND AREA 
Farmers store 
Suppl y LGP 04 bulldozer 

sub-total 

I 
' . .­I 
I 

cu ft 
cu ft 
cu ft 
cu ft 

Ton 
cu ft 

No 
SQ ft 
sq ft 
cu ft 
cu ft 
cu ft 
cu ft 

Sum 

: cu ft 

cu ft 
cu ft 

cu ft 

cu ft 

Sum 

sQ ft 
Sum 

34677 
2475 

12155 
1166 

o 
16782 

9 
484 
484 

1640 
1094 

547 
5712 

13683 

325000 
526000 

160000 

240000 

1140 

2.00 
60.00 
45.00 
40.00 

25000.00 
40.00 

468.00 
20.00 

5.00 
10.71 
10.71 
10.71 

1. 50 

3.00 

2.00 
2.00 

2.00 

. 7 1 

200.00 

2501977 

69354 
148500 
546915 

46640 
10500 

671280 
4212 
9680 
2420 

17564-
11717 

5858 
8568 

30000 

1583269 

41049 

650000 
1052000 

320000 

110400 

500000 

2733449 

228000 
3900000 

4128000 
------------------------------------------------------ -------------------------- ----------

Note: (*) indicates work to be undertaken by farmers 
2 minor discrepancies due to rounding errors 
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8/tIAOP - PHASE 1/ PREPARATION STUDIES 
CHANOIA FLOOD IRRIGATION SCHEME 
OPT ION 2 
MAINTENANCE COSTS, LIFE EXPECTANCY, RESIDUAL VALUE AND CONTINGENCY FaA IRRIGATION COMPONENTS 
(F 11 e Ref: Cap2Cha) 

---....... ---.... _-------------------------------- .. -.... ----_ .. -- -----------....... -- ��-.. .. ..  --- ..... ---... ---.. --.. - .. --.. --_ .. -- ... ---.. .. --.... --- -.... ---_ .. -.. ..... _ .. ........ -_ .... -_ .... 

ITEM OESCR I PTION 
Construction Annual Maintenance L ire Residual Physical Contingencies 

Cost !l Construction: Expectancy Value II Construction: 
(Rs) Cost (Rs) (yrs) Cost (Rs) , : --------... _-----.. --... ---------------------- --------....... ----_ .. ------------.. --... -........ ------------- ..... ----.. -_ .... - .. --...... --.... ---.. -_ .. ---- -.... --- --_ .. -_ .. ..  -_ .. : I. : Sill I - GENERAL & PREll/UNARY 1'39270 286114 

: (Based on 1011 of other bills) 

2. 
: 2.1 
: 2.2 

2.3 
2.4 
2.5 
2.6 
2.1 
2.8 

3. 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.1 
3.8 
3.9 
3.10 
3.11 

I 3.12 
: 3.13 

4. 
4.1 
4.2 
4.3 
4.4 
U 
4.6 
4.7 

I 4.8 
:409 
: 4.10 
: 4.11 
: 4.12 

: BilL 2 - R I GNT BANK A8UTMENT 
: Excsvst ion in river bed 

Concrete - Class B 
Class C 

Masonry 
Tipped rock - Class A 

Class C 
Fi Iter 
Back r; 11 and compact 

Sub-tot a I 

BilL 3 - .EIR 
EKcavltion in river bed 
Concrete - Class A 

Class B 
Class C 

Reinforcement 
Chute b locka 
Baffle blocks 
Joints - Expansion 

Contract ion 
Tipped rock - Class A 

CllSs C 
Filter 
Backf i 11 and COIIIPaet 

Sub-total 

BILL 4 - SLUICE QiAIiNEl 
: EKClvat ion in river bed 
: Concrete - Chss A 

Class 8 
I Chss C 
: Reinforcement 
: Hasonry 
: Chute b locka 
: Joints - Expans Ion 
: Contract ion 
: Tipped rock - Class A (1) 
: Class B (1) 
: Class C (1) 

113612 
139680 

15520 
361600 
115050 
38355 
19170 
52817 

861804 

196652 
343800 

\ 1409115 : 
60600 : 

222150 
5952 
9360 

19160 
ala, 

196320 : 
65m: 
32730 : 
13110 : 

-----.. _---

2584204 

167348 
60180 

sum 
44(aO 
32000 : 

1150400 : 
1260 : 

12020 : 
1200 

38556 
32216 
29046 

.50 
• SO 
.50 
.50 
• SO (2) 
.50 (2) 
.50 (2) 
.50 

.50 

.50 
.50 
.50 
.50 
.5.0 
.50 
.50 
.50 
.50 (2) 
.50 (2) 
.50 (2) 
.50 

.� 

.� 

.� 

.� 

.� 

.� 

.� 

.� 

.� 

.50 (2) 

.50 (2) 

.50 (2) 

568 
698 
18 

1838 
575 
192 
96 

264 

4309 

983 
1119 
7049 
303 
1114 

30 
47 
99 
37 

982 
327 
164 

69 

12921 

831 
301 
2947 
222 
160 
5752 
6 
60 
6 

193 
161 
145 

40 
40 
40 
LO 
20 
20 
20 
40 

40 
40 
40 
40 
40 
40 
40 
40 
40 
20 
20 
20 
40 

40 
40 
40 
40 
40 
40 
40 
40 
40 
20 
20 
20 

56806 
69840 
7160 

183800 
a 
o 
a 

26408 

344614 

98326 
171900 
104858 
30300 

111315 
2976 
4680 
9880 
3705 

o 
o 
o 

6855 

1144855 

8l6a 
30090 

mm 
22240 
16000 

575200 
630 

60Hl 
600 
o 
o 
o 

20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

22122 
27936 

3104 
73520 
23010 
1611 
3834 

10563 

112361 

39330 
68160 
281943 
12120 
44550 

1190 
1812 
3952 
1482 

39264 
13089 

6546 
2142 

516841 

33410 
1203.6 
117891 
8896 
6400 

230080 
252 
2404 
240 
7111 
6 .. 3 
5809 

------_ ... _---.. _-------------_ .. _--------------------------------------------.. -----------------------------_ .. _---------------_ .. _------.. ---------... -

Notes: (1) Indicates construction work to be undertaken by fanners 
(2) denotes maintenance work that could be undertaken by famers at half the nonaal percentage 
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811IADP- PHASE II PREPARATION STUDI ES 
CHAND1A FLOOD IRRIGATION SCHEME 
OPTION 2 -t 
HAINTEHAHCE COSTS, LIFE EXPECTANCY, RESI DUAL VALUE AND CONTI NGENCY FOR IRRIGATION COMPONENTS CONTI NUED l> 
(File Ref: Cap2Cha) OJ 

r-
--_ ........ -_ .. _ .......... _--... -_ .... _ ... _-------........ _---_ .. _ .... _ .. _--_ .. -_ ... _---_ .. _------------.... _-- ... - -....... -.. _-_ .. _-_ .... _--.. __ .. _----.... .. _- ....... .... ----_ ... -.. -----_ .. ..... -... -..... - m 
, , : Construct ion : Annul I MI i ntenance , Life , Residull , Phys ica 1 Cont ingencies N , , , , , 
: ITEI1 , DESCR 1 PTI ON Cost : \ Construct ion : : Expectancy : Va lue : * Construct ion : CO , , , (Rs) Cost (Rs) (yrs) , Cost (Rs) -, , , 
: ---------_ .. _--------_ ....... _---_ .. -------_ .. _--_ .. -..... _-.. _-... -----------_ .... ---- .. ..  _ .. -.. --....... _---... -.. _ .. _-.. --.. _-----... -----_ ... _--------- .......... ------_ ....... ------ : (") , : 81LL 4 - Continued , , 0 , , , :::::I : 4.11 : Filter (1) 16108 : .50 (2) 81 zo 0 20 lzn 
: 4.14 : 8acH ill and compact 17709 : .50 89 40 8855 ZO 3542 d. 

:::::I 4.15 : Supply and install 9ft x 5ft 100000 : 2.00 SOOO zo a 20 60000 C : stee 1 gata (1) 
4.16 : Supply and install steel stop log 10000 1.00 100 40 5000 20 2000 0. 

: grooves 
, , ... --------- ----------
, Sub-tota I 2501911 11060 1043026 500395 , , , 
: 5. BilL 5 -CANAL HEAO REGULATOR " 

, 
: 5 , 1 Excavat ion, In r ;ver bed 69354 .50 347 40 34m 20 138 71 
: 5.2 Concrete - C lass A 148500 .50 743 40 14250 20 29100 
: 5.3 Class 8 546975 .50 2135 40 273488 20 109395 
:s.. Class C 46G,40 .50 233 40 23320 20 9328 
: 5.5 Reinforcement 10500 .50 53 (0 5250 20 2100 
: 5.S Huonry 611280 : .50 3356 40 , 335640 20 134256 f 

0 : 5.1 : Chute blocks 4212 : .50 21 40 , 2106 20 842 , N : 5.8 : Joints' Expansion 9680 .50 48 40 , (8(0 ZO 1936 , :U " 
Contr act ion \ 2420 .50 , 12 40 , IZ10 20 484 , , , 

: 5.10 : Tipped rock· class 8 (1) I75U .50 (2) , 88 f 20 I 0 20 3513 , , 
: 5.11 , class C (I) , 11717 .50 (2) , 59 ' I 20 , a 20 23U , , , , 
: 5.12 : Filter (I) . , 5858 .50 (2) , 29 , 20 I 0 70 1172 , , , , : S.1l : 8acH ill and compact I 8568 , .50 , 43 , 40 I 4284 20 1714 , , , , 
: 5 .14 : Supply and Install steel stop log : 30000 : 1.00 , 100 , 40 , 15000 20 6000 , I , , : groove. 

, , , , , , , , , I f , I I , I --_ .. ------ ; ) ------.. -- 1 ; -_ ....... -- ...... : -.. 
_--

.. 

_
-

.. , , , , , Sub-total , lS83269 ' I 8066 , I 714065 , 316654 , , , , , , , , , , , , , , , , , , , , , : 6. : 81 Ll 6 • EARTHWORKS , , , , , , : 6.1 : IlI1Iort" p lece and compact I 41049 1.00 (2) 410 I 20 I 0 20 8210 , , , 
: approved fill around headworks , , I , , , 6.2 : Remodel flood c:hannel , 650000 1.00 (2) 6500 , 20 , 0 20 130000 , , , 6.3 : Rlise height and strengthen , 1052000 1.00 (2) 10520 , 20 , 0 20 210400 , , , 
: right bank bund! , , 6.4 : Raise height and strengthen 320000 1.00 (2) 3200 , 20 2Q 64000 , 
: left bank bunds I , I , 

6.S : Construct breachab I e bund across : \10400 : 1.00 (2) 1704 , 20 20 34080 , , , 
: river (1) , , , : , I , 

6.6 : Allow for spurs etc (I) , 500000 : 1.00 (2) 5000 , 20 20 100000 , , I I I I --_ ..... _--_ ... ; -... ----
--- : 

• , , , I Sub-total , 2131449 : 21134 , 0 546690 , • I I , I • , , , I , , , , 1. i 81 Ll 7 • COtIIIANO AREA I , I , , , , , 
1.1 : Farmers store , 228.000 : 2.50 5100 , 20 15 3(200 I I , , 1.2 : Supply LGP 04 bulldozer , 3900000 i (1) I (3) 20 180000 , , , I I ---_ .. -.... - ... : ......... _---- : -....... _-- .... 

: 
, 

Sub-total 4128000 : 5700 , 814200 I , , --------------... _-----... _---_ .............. _--_ ... -.. _--_ ..... _--.. --...... _---_ .. _ .. __ .. _ .. _----------------...... --.. ---------.. -......... --....... _-_ ... _-....... _------........... _ .. .... .... _--.. 

Notes: (1) Indicates construction work to be undertaken by fanners 
(2) denotes IIIlntenance work that could be undertaken by farmers at half the nonnal percentage 
(3) IIIlntenant. and residual yalue of bulldozer built Into the hourly rate 

"- " '"-
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BHIADP - PHASE I I  PREPARATION STUD I ES 
CHAND I A  FLOOD I RR I GAT ION SCHEHE 
OPT ION 2 
DER I VA TlON OF ECONOHIC COSTS COHT I NUED 
(F i I e Ref: Cap2Cha) 

....... _---------------- .. __ ........ _----............... _ .. ..  _- .... .. .. .. .. ... -- -- ... .. -_ .. ... - .. ... -.. .. .. .. --_ .. ... -- -..... -_ .. --_ .. -.. -- ... -- -- .... .. .. ..  -- -_ .. .. ... ---- -- - - - - - - -_ ... - .. .. .. .. ..  - - - -_ .. ... _ ..... ....... .. ..  -_ .. -- .. .. .. .. .. .. ......  - .. -- -- .. ... .. .. 

I TEH : DESCR I PTION 

: CONSTRUCT ION 
: AND CONT I HGENCY 

COSTS 
(Rs) 

Steel 
SCF . 86 

PROPORT I ONS OF TOTAL COSTS 
Labour 

Cement Unsk I I I  ed Sk I I I  ed 

ECOHOH IC 
Transport 
& P hnt 

CONSTRUCT ION AND 
CON T I  NGENCY COSTS 

(Rs )  SCF . 6 2  SCF . 7 5  SCF 1 SCF .48 
Other 

SCF . 9  I .. _ ........... _ ..... ...... _ _ _  ... _ .... __ .. ..... __________________ .. ... __ ... _ .. _ ......... _ .. ______ .. ... .. ... ________________ .. ... .... _______________ .. __ ...... _ _ _ _ _  ..... ..... ..  _______ .... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .. _ .. .... _____ .. .. _ .. __ .. .. .. .. ..  : 
: B I LL 4 - Cont inued 

4 . 1 3 : F i l ter ( 1 ) 
4. " : Backfi l l  and compact 

, , 
1 9 329 . 60 . 1 0 . 30 1.34 1 5  : 
21251  . 45 .05 . 1 0 . 4 0  16905 

4 . 1 5 : Supp ly and Insta l l  9ft x 5ft 
: steel gate 

360000 . 30 .05 . 20 .05  . 40 3 1 6620 

4 . 1 6 : Supply and 
: grooves 
, , 
, , 
, , 

instal l stee I stop 109 

Sub-tots I 

5 .  : B I LL 5 -CANAL HEAD REGULA TOR 
, 5 . 1  : Excavation In r iver bed 

5 . 2  : Concrete - C lass A 

, , 
, , 

5 . 3  class B 
5 . (  : class C 
5 . 5  : Relnfortement 
5 . 6  : Masonry 
5 . 1  : Chute b locks 
5 . B  : Joints - Expansion 
5.9 : Contract ion 
5 . 10 : T ipped rock - Class B ( I )  
5.11 : Class C ( 1 )  
5.12 : F i l ter ( 1 )  
5 .  1 3  : BacH i I I and CCIIIIJlct 
5.14 : Supply  and inst,1 I steel atop log 

: grooY�s 
: 
, , 
, 

sub-total 
, 

6 .  : B ILL 6 - EAATHWORKS 
6.1 : Iq,ort, p l ate and compact 

: approved f i l l  around headworks 
6.2 : AlIIIOdel f lood channel 
6.3 : Raise height and strengthen 

: r ight bank bunds 
6.4  : Aatse height and strengthen 

: I eft bank bunds 
6.5  : Construct breathab le  bund across 

: r iver ( 1 ) 
6.6  : A l low for apurs etc (1) 

, , 
: 
, , 

Sub-total ' 

1 • : B I LL 7 - cortlAND AREA 
: 7 . 1  
: 7 . 2  

: Farmers store 
. 

: Supp ly LGP 04 bul ldozer 
, , 
, , Sub-total 

12000 

-... -.. ..... ...... _ _  .. 

3002372 

, , 
83225 : 

1 78200 : 
656310 : 

55968 : 
1 2600 : 

805536 : 
5054 • 

\ 11616 
290( 

2 1071 
14060 
7030 

10282 
36000 

1899922 

49259 

780000 
1 262400 

384000 

204480 

600000 ' 

3280139 

262200 
4680000 

4942200 

. 20 

. 05 

. 35 

.05 

. 20 

. 10 

.05 

. 1 5  

. 1 5 

. 1 5  

. 1 0 

.05  

.05  

. 1 5  

. 10 

. 5 5  

. 0  

. 0  

. 0  

. 10 

. 1 5 

. 1 5 

. 0  

. 0  

. ro 

. ro 

. ro 

.45 

. 10 

.05 

. 05 

. 05 

.05  

. 1 0 

.40 

. 10 

. 1 5 

.M 

.M 

. M 

.M  

.� 

. 1 5 

.0 

.0 

.0 

. 1 0 

. 10 

. 1 0 

.� 

. 1 5 

. 1 5 

. 1 5 
. 1 5 

. 15 

. 20 

. 10 

. 15 

.05 

. 10 

. 10 

. 10 

. 1.0 

. 20 

. 10 

. 30 

. 30 

. 30 

. 10 

.05 

.40 

. 40 

. 40 

. 40 

. 60 

. 40 

. 10 

. 45 

.40 

. 4 5  

. 50 

. 50 

. 4 0  

. •  0 

.45 

. 60 

.60 

.40 

.45 

.40 

. 40 

. 40 

.40 

. 1 0 

. 10 

. (0 
1 .00  (2)  

102U 

2389 1 12 

68452 
1 40600 
5 1 9 1 89 

4421 1 
10508 

628 1 2 1  
m3 

10338 
25.8 5 

lm8 
975.8 
4879 
am 

30852 

1491202 

36421 

576810 
933545 

28396B 

133525 

409200 

2313415 

2 1 2906 
3088800 

330 11� 
-------.. _-----------------------------------------------�--.. ---.. -----... ----------------.. - .. --.. -..... -------�--... - ........ _----_ .. ---------------_ .. _--- .. _------_ .. _-------_ ... _-_ .. 

Note.: ( 1 )  indicates construct ion work. b.y f IrllMlr. 
( 2) SCI' for the luppl y  of bul ldozer .66 
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r� 

rr. TABLE 30 SUMMARY OF FINANCIAL AND ECO N O M IC CAPITAL 
COSTS OF I RRI GATIO N  WORKS - O PTIO N  2 

Financial Economic 
Bill Description Construction & Construction & 

Contingency Costs Contingency Costs 
(Rs) (Rs) 

1 Preliminary & G eneral 1 ,725,984 1 , 562,0 1 6 

2 Right Bank Abutment 1 ,034, 1 64 827, 7 9 8  

3 Weir 3, 1 0 1 ,045 2,472,04 1 

4 Sluice Channel 3,002,372 2,389, 1 1 2 

5 Canal Head Regulator 1 , 899,922 1 ,497,202 

6 Earthworks 3, 280, 1 39 2,373,475 

7 Command Area 4,942, 200 3,30 1 , 706 

Sub-Total 1 8, 985,826 1 4, 423, 350 

Engineering & Administration 1 , 5 83, 1 97 1 ,424,878 

TOTAL 20, 569,024 1 5, 848,227 

Note: SCF for Engineering & Administration is 0 . 9  

The total financial  a n d  economic capital costs o f  the proposed irrigation 
development at Chandia are Rs20 . 5 7  mi l l ion and Rs 1 5 . 8 5  mi l l ion 
respectively.  This corresponds to a fina ncial  cost per beneficiary of 
Rs22, 931 . 

The proposed development at
' Chand ia a lso includes the up-grading of 

the road from Mal l  to C handia to provide al l  weathe r  access . The 
financial  and economic analysis of this road has been considered 
separate ly from the i r rigation works . The capita l  cost, calculation of 
annual  maintenance, residual  value and contingency and derivation of 
the economic cost are presented in  Tab les 3 1 ,  32 and 33 respectively.  
The financial  and economic costs are summarized in  Tab le  34. 

1 05 



TABLE 3 1  PRELIM INARY BILL O F  QUANTITIE S  
FO R MAll-CHANDIA ROAD 

- BH I ADP - PHASE I I P REPARAT I ON S TUD I ES 
CHAND I A  FLOOD I RR I GAT I ON SCHEME 
PREL I M I NARY B I LL OF QUANT I T I ES FOR MALL-CHAND I A  ROAD 
( F i l e  Ref : CapCHAN3)  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

: I TEM I DESCR I PT I ON 1 U N I T  : QUANTITY 1 RATE 1 TOTAL 1 
1 1 1 1 1 

' _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _  ' " 1 
1 .  B I LL 1 - GENERAL & PREL I M I NARY Sum 995326 1 

1 
( Based on 1 0% of other b i l l s ) 1 

1 
1 
1 

2. B I LL 2 - ROAD EMBANKMENT 1 
1 

2 . 1 C l ear road a l i gnment sq f t  1 840000 .50 920000 1 
1 

2 . 2  I mport , p l ace and compact cu ft 3700700 1 .  75 647 6225 1 
I 

embankment f i l l  1 
I 

2 . 3  I mpor t ,  p l ace and comp act road cu ft  0 1 0.00 0 1 
I 

I b ase mater i a l  ( rate on l y )  1 
I ·  1 
1 

- - - - - - - - - 1 
, 1 

Sub-tota l 7396225 

3 .  B I LL 3 - ROAD CULVERTS 
3 .  1 S i ng l e  span road cu l vert No 1 3  60790 . 00 790270 

3.2 Doub l e  s p an road c u l v ert No 3 89098.00 267294 

3.3 Tr i p l e  span road cu l v ert No 2 1 1 5427 . 00 230854 
- - - - - - - - -

Sub-tota l  1 12884 1 8  1 
1 

.I ... 
4. B I LL 4 - TALL !  R I VER CROSS I NG I 

I 
4. 1 Excavat ion  i n  wet I cu ft  54038 2 . 00 1 08076 

4.2 Concrete C l ass  A cu ft 1 1 40 60 . 00 68400 

4 . 3  C l ass  B cu ft  1 0653 45.00 479385 

4 . 4  C l  ass C cu ft  945 40.00 37800 

4 . 5  Re i nforcement Ton 3 25000 . 00 75500 
4.6 Masonry cu ft 4692 4 0 . 00 187680 

4.7 Backf i l l  and compact ion cu ft 1 8848 1 .50 2827 2  

4.8 T i pped rock C l as s  B cu ft 9450 1 5.00 14 1 150 

4.9 C l as s  C cu ft 6300 1 5.00 94500 

4 . 1 0  F i 1 ter cu ft 3 150 1 5.00 47250 
- - - - - - - - -

Sub-tota l  12686 1 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Not e :  ( * )  i nd i cates work to b e  undertaken by f armers 
2 m i nor d i s crepanc i es due to roun d i ng error s 

� 
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BM I ADP - PHASE I I  PREPARAT I ON STUD I ES 
CHAND I A  FLOOD I RR IGAT I ON SCHEME 
MA I NTENANCE COSTS ,  L I FE  EXPECTANCY , RES I DUAL VALUE AND CONT I NGENCY FOR ROAD COMPONENTS 
(F i l e  Ref : Cap3Cha) 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -- --- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - -- - - .  
, , : Construct ion : Annua l Ma intenance , L ife , Res i dua l  I Phys i ca l  Con t i ngenc ies , , , , I 
: I TEI1 , DESCR I PT I ON Cost : % Construct ion : : Expectancy : Va l ue : % Construct ion : , 

, (Rs) Cost (Rs) , ( yrs) Cost (Rs)  , , 
, - -------------- - - - -- - - - - --- --- ---- -- - - - - - - - - - - - - - - - - - - - -- -- - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 , 
: 1 . B I LL 1 - GENERAL & PREL I M I NARY 995326 2700 15 
, (Based on 10% of other b i l l s )  , 
, 
, 
I 2. . B I LL 2 - ROAD EMBANKMENT 

2 . 1 C l ear road a l i gnment 920000 . 50 4600 40 460000 1 5  1 38000 
2 . 2  I mport , p l ace and compact 6476225 . 50 323B l 40 3238 1 1 3 I S  97 1 434 

embankment f i l l  
2 . 3  Import ,  p l ace and compact road 0 . 50 0 20 0 1 5  0 

base mater ial  
- - - - - - - - - --- -.... - -- - - - - - - - - _  .. - - - - - - - - -

Sub-total 739622.5 \. 3698 1 3698 1 13 1 1 09434 

3. B I LL 3 - ROAD CULVERTS 
3 . 1  : Sing l e  span road cul vert 790210 1 . 00 7903 20 a 25  1 91568 
3 . 2  : Doub l e  span road cul vert 2672.94 1 . 00 2613 20 0 25  6682.4 
3 .3  Tr i p l e  span road culvert 230854 1 . 00 2309 20 0 25  577 1 4  

-- ------ - - _  .. -.. - - - - - -- - - - - --.. - - - - _  ... .. - -

Sub·total 1 2884 1 8  1 2884 0 3221 05 

, 4-. B I LL 4 - TAlL I R I VER CROSS I NG , 
4. 1 , Excavation in wet 1 08016 1 . 0 0  108 1 20 0 1 20 2 16 1 5 , 
4 . 2  : COncrete C l ass A 68400 1 . 00 684 20 a , 20 13680 , 
4 . 3  Cl ass 8 479385 1 . 00 4794 20 0 20 95817 
4 . 4  I Class C 31800 1 . 00 378 20 0 20 7560 , 
4 . 5  I Reinforcement 1 5500 1 . 00 755 20 0 20 1 5 100 
4.6 : Masonry 1 87.680 1 . 00 1871 20 0 20 37536 
4 . 7  : Backf i l l  and compaction 2.827 2 1 . 00 2B3 20 0 20 5654 
4 . 8  : T ipped rock C l ass B 141750 . 50 (2 ) 109 20 0 20 28350 
4 . 9  , C l ass C 94500 . 50 ( 2 ) 413 20 0 20 1 8900 , 
4 . 10 : F i l ter 41250 .50 (2.)  236 20 0 20 9450 I. - --.. --.. -- - -- -- -- - - - - - - - - - - - - --- - -- - - -, 

I 
Sub-tota l  12686 13  1 1 2.69 0 253123 , 

----------- ----- - - -- --- - ---------------------- --- -- - ----- ------ -- - - -------- - --- - - -- - - - - - - - - - - -- - - - -- - -- --- - -- - - - - - - - - --- - -- - - - - - - - - - - - - - - - - - - - -
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SMI ADP - PHASE I I  PREPARAT I ON STUD I ES 
CHAND I A  FLOOD I R R I GAT ION SCHEME 
DER I VAT ION OF ECONON I C  COSTS FOR THE ACCESS ROAD 
( F i l e  Ref : Cap3Cha) 

- - - - - - -- - - - - - - - --- - ------ - - - - - - - ------- - - - - - - - - - - - - - - - - --- - - --- - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - --- - - --- - - - --- - - - - - - - - - - - - - - --- - - --- - -- - - - - - - - - - - - -

CONSTRUCT ! ON PROPORT I ONS OF TOTAL COSTS I ECONOM I C  I 
I TEM : DESCR I PT I  ON AND CONT I NGENCY Labour Transport : CONSTRUCT ION  AND 

COSTS Steel Cement Unsk i I I  ed sk i l I ed & P l ant Other : CONT I NGENCY COSTS 
(Rs)  SCF . 86 SCF . 62 SCF . 75 SCF 1 . SCF . 48 SCF . 9  ( R s )  

t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I I I 
: 1 . : S I LL 1 - GENERAL & PREL I M I NARY 1 265341 . 1 0 . 20 . 7 0  1 1 45 1 33 

: (Based on lOX of other b i l l s )  
I I 

2 .  : B I LL 2 - ROAD EMBANKMENT 
2 . 1 : Cl ear road a l ignment 1058000 . 0 5  . 1 5 . 40 . 40 78239 1 
2 . 2  I mport, p l ace and compact 7447659 . OS . 1 5 . 40 . 40 5507544 

embankment f i l l 
2 . 3  Import , p l ace and compact 0 . os . 1 5 . 40 .40  a 

road base mater i a l  
- --- -.--- - - - ... - - - - --- .. -

Sub-tota l  8505659 6289935 
, 

3.  B I LL 3 - ROAD CULVERTS 
3 . 1 S ing l e  span road culvert 987838 .Q3 . 1 5 . 20 . 1 0  . 1 2 . 4 0  776835 
3 . 2  Doub l e  span road culvert 334 1 18 . 0 3  . 1 5 . 20 . 10 . 1 2 . 40 262750 
3 . 3  Tr i p l e  span road culvert 288568 .03 . 1 5 . 20 • 10  . 1 2 .40 226929 

----------- - - ------- -

Sub-total 16 10523 1 2665 1 5  

4 .  : B I LL 4 - TALL I R I VER CROSS I NG I I 
4 . 1  : Excavation in .et 1 29691  : . 55 . 0 5  . 40 106611 
4 . 2  : Concrete C l ass A 82080 : . 05 . 1 5 . 20 . 0 5  . 1 0 . 45 6416 1 
4 . 3  C l ass B 575262 I . 1 5 . 20 .05  • .  10  .50  455032 
4 . 4  C l ass C 45360 . 1 5 . 20 . 05 . 1 0 . 50 mBO 
4 . 5  Reinforcement 90600 . 35 . 1 0  . 05 . 1 0  . 40 75560 
4 . 6  Masonry 2252 1 6  . 1 0 . 1 5 . 1 5 . 20 . 40 175781  
4 . 7  Backf i l l  and compaction 33926 .45  . 05 . 1 0 . 40 26988 
4 . 8  Tipped rock C l ass B 1 70 100 . 40 .05  . 15 . 40 1330 1 8  
4 . 9  Cl ass C 1 1 3400 . 40 . 05 . 1 5 . 40 88679 
4 . 1 0  F i  I ter 56700 . 40 .05  . 1 5 . 4 0  44339 

----------- ----- - - - - -

Sub-total 1522336 1 2067 10 
--- ---------------�--------------------------------------------------------------------------------------------------------------------------------------------------

� 
to 
,... m 
eN eN 

0 
m 
::JJ 'T1 -0 <  

::JJ l> 

:5: ::j  
l>

0 
,... Z 
r;- O  
0 'T1  
::t: m  
l> 0  
Z O  
O Z 

- 0 
l> :5:  ::JJ -
0 0  
l> 0 
0 0 en 

-i 



TABLE 34 SUMMARY OF FINANCIAL AN D ECO N O M I C  CAPITAL 
COSTS OF MALI. TO CHANDIA ROAD 

Financial Economic 
Bill Description Construction & Construction & 

Contingency Costs Contingency Costs 
(Rs) (Rs) 

1 Preliminary & General 1 ,265,34 1 1 , 1 45, 1 33 

2 Road Embankment 8, 505,659 6,289, 935 

3 Road Culverts 1 , 6 1 0,523 1 , 266, 5 1 5  

4 Talli Road Crossing 1 , 522,335 1 , 206, 7 1 0 

Sub-Total 1 2, 903, 858 9 , 908, 293 

Engineering & Administration 1 ,094, 858 9 8 5, 372 

. TOTAL 1 3, 9 9 8, 7 1 6 1 0, 8 93, 666 

Note: SCF for Engineering & Administration is 0 . 9  

The total financial  and economic costs of the M a ll /Chandia road are 
Rs 1 3.99 mil l ion and Rs 10. 89 mil l ion respective ly. The tota l population 
that is l ikely to benefit from the road is 3 , 49 7, which g ives a cost per 
head of Rs4, 003 .  

9. 1 0  Recurrent Costs 

The main operationa l  cost wi l l  00 the- running cost of the b u l ldozer.  This 
includes fuel and lubricants, d rivers wages,  maintenance a nd 
depreciation.  Assuming straight l ine depreciation over 1 2,0001 7  hou rs 
and 1 , 200 operatin g  hours per year, which is a bout ha lf  the n umber that 
could be expected from a commercia l ly operated machine,  the f inancial  
operating cost is Rs8 5 2  per hour .  A breakdown of the hour ly operatin g  
cost i s  given in  Annex F . 1 .  

The provision of a bu l ldozer is  essential for the reinstatement of the 
breachable bund, though it  does represent the wea k  l ink i n  the p roposed 
development. The bund is expected to fa i l  o n  average once every two 
years and assuming it is completely washed away, it wi l l  take a n  
estimated 240 hours for the bu l ldozer t o  reb u i l d .  The average a nnua l  
machine input is therefore estimated to  be 1 20 hours o r  1 0 % of the  
assumed a nnual  o pe ratin g  hours . It is a lso anticipated that the  b u l ldozer 
wil l  be used for re pairs and improvements to the flood c h a nnel  and for 
costing purposes a n  a n n ua l  input of 1 20 mach ine  hours has been 
adopted for this work. Consequently a n  estimated 20% of the a nn ua l  

17 Caterpillar Performance Handbook. 
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machine hours will be attributed to scheme maintenance and the annua l  
cost based on the  financial  operatin g  cost, is Rs204,480. The balance 
of the annual  machine hours would  be accumulated from hir ing the 
bul ldozer to farmers , either ind ivid ua l ly or  in groups.  It  is essentia l that 
the hire charge appl ied covers the financial  operating tost of . the 
machine and it  is  recommended that a n  hourly rate of Rs 1 ,000 be used 
as the basic hire charge, this al lows for a l imited n u mber of non-reven u e  
hours per year. 

The procedure for operating the bu l ldozer sti l l  has to be fina l ized with 
the Chandia WUA, but at this stage it is recommended that they open 
a separate account for the operation of  the b u l ldozer.  Given an 
economic machine l ife of 1 2, 000 hours and a n  estimated annua l  
operation of  1 , 200 hours,  the bul ldozer is  expected to need replacement 
in  year 1 1 .  Consequently it is essential that sufficient funds be put 
aside to cover the rep lacement cost. I f, however,  the a nnual  operation 
hou rs a re less than the assumed hours ,  the replacement of the machine 
wou l d  be delayed . In  the event of the fa rmers choosing to use the 
machine exclusively for scheme maintenance then it  is  un l ike ly that the 
bul ldozer would require replacement d uring the life of  the project . A n  
ind ication o f  the bui ld up o f  the replacement fund for t h e  bu lldozer is 
g iven in the Annex F .4. 

The annua l  maintenance cost of the i rrigation infrastructu re has been 
estimated as a percentage of the construction costs of the main 
components. The percentage factors are based on va lues quoted in  
Jenson 1 8  and the derivation is shown in Table 2 8 .  The estimated 
annua l  financial  operation and maintenance cost for the scheme is 
derived in  Table 3 5 .  

1 8Jenson M E:  Design and Operation of Farm Irrigation Systems. 
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TABLE 35 ESTIMATED ANNUAL OPERATIO N  AND 
MAINTENANCE COST FOR CHAN DIA 

Item Annua l  Maintenance 
(Rs)  

Diversion Works 7 5 , 3 9 1  

Rebui ld ing Breachable Bund 1 02 , 240 

Repairs to Flood Channel  1 02 , 240 

Tota l 279, 8 7 1  

The estimated annual  maintena nce cost for the development is  
Rs27 9 , 8 7 1  which represents a cost per beneficiary of Rs3 1 2 . 

The intention is to hand over the proposed M a l l/Chandia Road to the 
relevant Government Department on  completion so that maintenance 
wi l l  not be the responsib i l ity of the com m u n ity. The estimated annua l  
maintenance of  the road is  Rs6 1 , 1 34. 

9. 1 1 Command Area Development 

An integrated approach to the d evelopment of the command area would  
be adopted,  in an attempt to draw together the d ifferent activities and 
changing priorities requi red for successful imp lementatio n .  The design 
and construction work would· have to be socia l ly accepted,  and 
add itional  inputs would need to be targeted at a ll eviating any constra ints 
the farmers face . The d evelopment would be based on the existin g  
system a n d  would  not involve a major change i n  t h e  p rod uctio n .  

The in itial contact for extension work would be o rganised a t  t h e  v i l lage 
level through the WUA, which wou l d  act as the cata lyst for further  
farmer or iented development .  A c ritica l aspect in  the implementation of 
the project would be the a bi l ity of the WUA to d igest and respond to the 
project inputs .  Consequently the early establ ishment and formalisation 
of a representative WUA is  essential . 

The proposed improvements i n  irr igation infrastructure and the 
envisaged agricultural development require a strengthened and 
formal ized farmers' organization . The institutional  and field element of 
the development of the command are a  wou l d  be integrated with inputs 
from the Field Services, the Field Services S upport a n d  the Agriculture 
and Social Developme nt Component .  Concurrent deve lopment 
processes wi l l  occur in itia l ly thro u g h  the lead of  the WUA and,  as farmer 
participation increases, the extension e le ment is  expected to increase in  
importance . 

1 1 1  



9. 1 1 . 1 

The initia l starting point would be:  

• farmer awareness progra mme : presentation with video and 
then feed back and fol low-up;  and 

• WUA fo l low- u p :  registration , bank account and in itial 
organisation .  

Role o f  the Water Users Association 

The water users of Chandia have establ ished, with the aid of  the 
project, a WUA committee in December 1 99 2 .  The e ight committee 
members represent the d ifferent cla ns in the vi l lage, the current status 
of  the WUA is included in Annex C . 2 .  They include the persons who 
have taken the lead in mainta in ing the scheme. The Chairman is the 
Mal ik  Shah Mohammed . The WUA is currently being reg istered under 
the Balochistan Water Users' Association O rdinance 1 98 1 , Annex C .3 , 

g iving it a legal  status a n d  a bank account has been opened with a n  
init ial  deposit o f  Rs 1 0,000. 

The main WUA activities required for the successfu l implementation of 
the scheme would include : 

• the estab l ishment or  improvement of a body responsible for 
the operation and maintenance of the upgraded irrigation 
facilities; 

• training in  maintenance, financial,  organisation and 
management; 

• training in the management, appropriate use and maintenance 
of the b u l ld ozer; 

• dispute settlement ass istance; 

• g rievance hearing,  assistance in communal  decision ma king  
eg o  siting  of new main channels and scheme design;  and 

• the organisation of maintenance contr ibution s .  

9. 1 1 . 2 Role of the Farmer Support Unit 

The main a g ricultural  extension activities would be implemented through 
the  Farmer Support Unit with the  Vi l lage Development Agent be ing  the  
p rimary l ink  between the  scheme and various inputs req u i red from the  
p roject. The role of the  FSU would  be supportive in  the p lann ing  a n d  
implementation o f  t h e  scheme extension programme. 

1 1 2 
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The extension input at Chandia wi l l  particularly have to involve women 
in the implementation of the project, g iven the importa nce of the i r  
contribution to  agricultural productio n .  The FSU's  role wi l l  encompass 
the fol lowing : 

• identification of  scheme p riorities and constraints; 

• l iaison between contractor and WUA for fie ld d es ign  to 
mainta in  continu ity; 

• channel services to the scheme eg extensio n, research ,  
commercial out- lets , pest a n d  d isease prob lems; 

• establ is.h c rop demonstration plots; 

• recommend crop practises,  varieties ,  c rop patterns and inputs 
etc; 

• post harvest technology; 

• identify progressive farmers; 

• encourage the formation of farmer g roups for crop husban d ry 
improvement, improvement of i rrigation sched ul ing,  inputs; 
and 

• a women's  programme would , in  add ition to involvement in  
many of  the above, necessari ly included items on fami ly l ife 
improvement, transfer of technology and labou r  saving,  t ime 
al location and gender d ivis ion of labour.  

Farmer Participation and Contributions 

The sustainabi l ity of the projects is very much dependent on the farmers 
being involved in  the development process and recogniz ing that it is thei r  
scheme a n d  that they have a major interest i n  the d evelopment and 
maintenance of  the scheme. In  most cases, the schemes that are 
considered for inclusion i n  the project have been developed by the 
farmers with l ittl e  o r  no help from the Provincial  Government .  This 
independence from l imited gover n me nt resou rces has often l e d  to a 
stron g  market led agricu ltural  base which has encouraged an  
entrepreneurial  a pproach to  farming.  I t  is u nl ikely i n  the foreseeable 
future· t hat the GoBAL wi l l  have the resou rces, or  wish ,  to become 
involved in  provid ing a much increased level of service to the agricultural 
sector .  I ndeed, it is questionable whether the government should be 
encouraged to become more invo lved in the existing dynamic farming 
system.  

1 1 3 



9 . 1 2. 1  

Consequently, farmer participation and maintenance are seen as h ighly 
desirable e lements in  the overa l l  p roject strategy. However, these two 
aspects should not be seen as the panacea for the successful 
development of a l l  schemes. There are a number of  issues that wil l  
affect the outcome of the schemes.  

The extension service is  extremely under- resourced and many schemes 
wil l  req u ire a s ignifica nt input to raise the agricu ltural output above 
subs istence leve l .  It is envisaged that the requ i red extension advice 
would be forthcomin g  from the project and will emphasize farmer self 
he lp . The performance of contractors has, in  the past, been less than 
desired and increased supervision,  particu la rly through the involvement 
of the scheme recip ients, needs to be improved . Cost recovery is not 
feasible due to .the remoteness of some areas, the weakness of 
govern ment infrastructure and the local  customs of the people;  this adds 
to the externa l ities effecting the sector. It is expected that the major 
form of cost recovery for the scheme wi l l  be through ind i rect means . 

Overall Strategy 

It is a ntic ipated that there will be a major e lement of farmer participation 
and contribution attached to the development of the scheme a nd in 
particu lar  in  the maintenance and replacement of the bul ldozer.  The 
participation is expected to be in  the form of involvement in  the design 
of  the scheme, contributions of cash to capital and rec u rrent costs, and 
labour to construction .  The contr ibutions wi l l  be re lated to the ab i l ity of 
the farmers to pay. The rational  for farmer involvement a nd pass ing part 
of these costs on  is to : 

• encourage farmer a l1�giance to their  scheme; . 

• encourage long term commitment to the scheme; 

• 

• 

• 

• 

• 

improve project accountabi l ity to the farmers; 

improve contractor accountabi l ity to the farmers; 

improve scheme sustainabi l ity by imparting construction 
knowledge to farmers and through the establ ishment of a 
maintenance fund;  

remove recurrent costs from the Government; 

increase farmer awareness of the economic cost of water; 
and 

• in  a l imited fash ion,  red uce externa lities . 
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It is genera l ly acknowledged that areas where a flood i r rigation scheme 
is conside red , are l ikely to be relatively poorer than a reas of perennia l  
cropping . The socioeconomic ind icators . of Chandia suggest that the 
residents are comparatively wea lthy and with their  involvement in the 
construction of the project the peop le  are expected to be able to meet 
the desired level of f inancial com m itment and i n  particular the fu nds 
required for the project to begin . It is thought l ike ly that the inha bita nts 
wil l be ab le to respond to the expected contrib utions in a s imi lar  manner 
to the Phase \ I  perennia l  schemes. However, this is very un l ike ly to the 
case at any other flood i rrigation scheme. It  is therefore anticipated that 
the expected contributions should in itia l ly be based on the perennia l  
contributions with a substantial amount of leeway appl ied to the exact 
contributions expected from the ind ividual  flood i rr igation scheme. The 
rational for this is that the ind iv idua l  flood -schemes a re l ikely to vary 
considerably in the technical  design and amount and type of 
ma intenance . 

The farmers access to cash,  dur ing construction wi l l  be enhanced by the 
project pay ing for the works undertaken by the farmers themse lves . I n  
add ition ,  by adopting this approach i t  wi l l  assist in  t h e  d istribution o f  
scheme benefits particular ly to the poorer  section o f  t h e  community, it 
is also hoped that if the floods fai l  d ur ing the construction period, work 
wi l l  be provided for those who would normal ly expect to seek 
employment away from Chand ia .  

The minimum contribution expected from the farmers is 5 % and it  is  
anticipated that this wi l l  be adequate to form the basis of the 
maintenance of the scheme. The farmers contribution towards the 
development costs would involve the construction of the breachable 
bund . 

9. 1 2.2 Maintenance Strategy 

It is envisaged that the current farmer orientated maintenance wi l l  be 
adequate to undertake minor repairs to the scheme and wi l l  be financed 
through a loca l ly based Maintenance Fund . This wi l l  in it ia l ly be 
established with a 2 % (of the capital  cost) contrib ution from the 

, farmers . Contributions to this fund a re expected to be made every year .  
:I 

More extensive repairs, in part icu lar, to the headworks or  damage 
resulting from large floods is l ikely  to be beyond the scope of the 
farmers both technica l ly and physica l ly .  I t  is  thought very unl ike ly that 
the Government of Balochistan wi l l  h ave funds or the ab i l ity to intervene 
effectively if major damage occu rred . 

To address this shortcoming, it is proposed that a Development Fund is 
establ ished . The fund will provide finance to cover ma intenance 
problems otherwise outside the technical  competence of the local 
farmers . In itial ly, the fund wil l  be jointly admin istered by the WUA and 
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the main p roject. It is envisaged , however, that the WUA wil l  eventual ly 
become solely responsible.  The in it ia l  source of funds wil l  be the capital 
cost contributions which a re expected to be 3 %  of the scheme cost. It  
is anticipated that the fund wi l l  grow substantia l ly over time and 
provided this occurs,  funds i n  excess to the · expected scheme 
maintenance requirements could be released to i n itiate smal l  
development projects . Table 3 6  summarizes the administration of  the 
funds.  

Releases from the Development Fun d ,  i n  the first three years, wi l l  on ly 
be possible with the approval of a project representative , who wi l l  be a 
cosignatory to the account . It is a nticipated that the releases would be 
made for two purposes: 

• emergency repa i rs, surpassing the resou rces availa ble i n  the 
Maintenance Fund;  or 

• development activities, the scope of these wil l  depend o n  the 
WUA, but may include vi l lage credit, commercial extension 
advice or  d evelopment of vi llage infrastructure .  

After three years - when the  after care  programme is completed - the 
project wil l withdraw its control from the Development Fund bank 
accou nt, provided the WUA has provided adequate maintenance and 
have kept the level of ma intenance contributions to the 2 % leve l .  

A critical a rea in  t h e  development and maintenance of the project i s  the 
farmers use of  the bu l ldozer.  I n itia l d iscussions with the farmers 
ind icate that they wou ld be wi l l ing  to undertake the responsibi l ity of 
maintain ing the bu l ldozer and control l ing  its use . Although the precise 
nature of the management of trie b u1 ldozer has yet to fu l ly worked out 
with the WUA it is thought l ikely that the machine wil l  be h i red o ut to 
other farmer g roups and that th is should be seen as a revenue earning 
exercise to fund the rep lacement of  the bul ldozer.  Accord ingly it  is 
expected that a separate account be set u p  within the Local  
Development Fund . The excess i n  money col lected for  the Local 
Development Fund could be used to make up any short fal ls in the fund 
for the replacement of the bul ldozer. 
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TABLE 36 ADMINISTRATIO N  OF PROPOSED MAINTENANCE FUNDS 

Title Locetion Administration Purpose Source of Funds 

Maintenance Local WUA Routine Maintenance Maintenance 

Fund Contribution 

Local Local WUA{Project Damage where repair Capital cost 

Development requires external contribution 

Fund Contributions technical or physical 

collected during assistance. Other 

construction will development activities 
form the basis of where approved by the 

the fund. project 

9. 1 2.3 Capital Cost Contributions 

TABLE 37 

The expected schedu le of  contributions to the capital  cost are deta i led 
below, Table 37, and are t ied to specific phases i n  the development of  
the scheme. A di rect relationship between fees paid and the service 
provided is apparent a nd the funds collected will be d irected to the 
Develo pment Fund . This should encourage accou nta b i l ity of  both the 
farmers and the project and th is close l iaison should h i g h l ight  any 
problems in  the development process . The target contribution is 3% of 
the capital cost. 

Part of the labour contribution involves the in itia l  construction o f  the 
breachable bund, this is intended mainly as a tra i n i n g  exercise to 
fami l iarize the farmers with the operation of the bu l ldozer and the 
method of construction .  

. 41'  

PROPOSED FARME R  CONTRIBUTIONS TO CAPITAL COST 

Scheme Stage % for each Contributions to Local 
stage Development Fund (Rs) 

Scheme identification 1 0, 000 

Prior to commencing detailed design 
. 

0 . 5  92, 84 5  

Prior t o  advertisement o f  tender 0 . 5  1 02 , 845 

Balance during construction in the 2 . 0  4 1 1 ,380 

form of  labour 

Total Farmer Contribution 3 .0 6 1 7,070 

• Less identification payment 
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9. 1 2.4 M aintenance Contributions 

TABLE 38 

9 . 1 2 . 5  

The s ing le  most important a n d  problematic area for maintenance o f  the 
scheme is the maintenance of the bu l ldozer.  Contr ib utions wil l  be 
req ui red to mainta in  and o perate the machinery.  The main contr ibutions 
to the maintenance of the scheme (Ta b le 38) a re expected to fo l low the 
existing system and wi l l  be in the form of farmer labour contributions 
organ ised by the WUA and the water bai l iff. 

It  is expected that the WUA wil l  a lso col lect monies from farmers. The 
cash col lections wil l be based on the water share and wil l be p laced i n  
the local Maintenance Fund.  This wi l l  be administered by t h e  WUA with 
techn ical  assistance from the Farmer Support U n it of the main project. 
Contributions wi l l  . .  be in it iated by work payments d ur ing the fir·st project 
year to ful ly establ ish the fund for the second yea r .  Col lections should 
then conti nue on an a n n ua l  basis . 

PROPOSED FARMER CONTRIBUTI O N S  
T O  MAINTENANCE FUN D 

Type of Contribution and % for each Contributions to the 
Stage of Development stage Maintenance Fund (Rs) 

Cash , .0  205,690 

Work Payment 1 .0 205,690 

Total Farmer 
Contribution 2 . 0  4 1 1 ,380 

Summary of Contributions 

The in itial construction of the breachable bund by the farmers wil l  ass ist 
them to generate the finances to establ ish the Maintenance and 
Development Funds . The contributions are summarised i n  Table 3 9 .  
The col lection of t h e  funds wil l  be timed t o  coincide with construction  
work.  Cosignatory accounts wi l l  be establ is hed for the  Development 
Fund.  The estimated capital cost of  the p roject is Rs20, 5 69,024 and 
adopting farmer cash and labour  contributions o f  2% and 3 %  
respectively,  the corresponding amounts are Rs41 1 , 380 and Rs6 1 7 ,07 1 
The total value of the construction work identified as being suitable for 
the farmers to unde rtake is Rs8 2 1 , 465, which exceeds the project 
require me nt and the balance would be ava i lab le  to the farmers to 
d ispose of how they saw fit, though it is hoped that it would be 
i nvested in  agricultura l  development. 

Part of the labour contribution involves the in itial  construction of the 
breachable bund, this is intended mai n ly as a tra in ing  exercise to 
fami l ia rize the farmers with the operation of the b u l ld ozer a nd the 
method of constructio n .  
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TABLE 39 SUMMARY OF ENVISAGED FAR M E R  CONTRIBUTIO N S  
CHANDIA FLOOD IRRI GATIO N  SCH E M E  

Development Stage of the % of Development Fund Maintenance Fund 
Scheme Capital (Rs) (Rs) 

Cost 

Capital Cost M aintenance -

Contribution Contribution 

Cash Work Cash Work 
Payment Payment 

Scheme Identification 1 0, 000 

Prior to Commencing Detailed 0.5  92,845 
Design 

. , -

Prior to Advertisement of 0 . 5  1 02, 845 
Tender 

Payment for Labour During 3 . 0  4 1 1 ,380 205,690 
Construction 

Cash Contribution During 1 .0 205,690 
Construction 

Sub Total Cash Contribution 2 . 0  205, 690 205, 690 

Sub Total Work Contribution 3.0 4 1 1 , 3 80 205, 690 

Total Contributions to Funds 5.0 
(cash plus work payments) 6 1 7,070 4 1 1 ,380 

* Less any payment made at scheme identification 
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9. 1 3  G ender Issues 

Chandia is located on the edge of the Mid- level U p lands of Balochistan 
( its inhabitants say they are Ba loc h ,  b ut their language is S ind h i )  and 
women's socio-economic situations reflect this particu lar  ecological  and 
cu ltural  mix. Except for the very wealthiest fami l ies, women are 
invo lved in  agricu lture and even women from the e l ite group carry food 
for their menfo lk  in the fie lds.  

Women participate to some extent i n  most a g ricu ltura l  activities . 
However, men are primari ly involved in  areas where property ownersh ip  
may be a n  issue, for example in mainta in ing fie ld  bou ndaries . 

U n l ike the Pathan. areas of Baloch istan,  women participate i n  sowing,  
manur ing,  fert i l is ing and watering field crops . Their contri bution is 
pronou nced in weed ing and harvestin g .  The marked deg ree of the i r  
involvement emphasises that efforts to improve agricu ltural  efficiency 
must make every effort not to exclude women and,  idea l ly, should be 
ta rgeted at them d i rectly. 

This observation would also apply to l ivestock, where a n imal husbandry 
is predominantly women's work, again,  in contrast to the Pathan areas. 
In  practice this means going out to the fie lds to cut fodder  and carrying 
it  home,  mi lk ing the goats and cows, making a variety of dairy prod ucts 
and d rying animal dung for fue l ,  which is greatly prized for cooking,  as 
it burns without smoke and at a moderate and constant heat. Bul locks 
milk is used to make yoghurt and b utter .  

Taking care of  the  bul locks is  a particu larly noteworthy area of  female 
responsibi l ity, as p loughing is  largely done by an imal  traction.  Women 
groom the bu l locks and are expected to be ab le  to n urse them with 
home remedies when they are sick or tired . 

Fami l ies request their female relatives to come and he lp  at key labour 
i ntensive periods i n  the c rop cyc le .  They work without payment, as 
assistance is expected to be rec iprocated . However, women from 
land less fami l ies are a lso employed on da ily wages; five women from a 
sample of 1 5  households randomly selected for deta i led socio-economic 
i nvestigations, worked as casual agricu ltural labo u rers . Their economic 
contribution is conceptual ised as help as it is shameful for women to be 
forced to work through economic c i rcumstances. 

O ne result  is that they are paid i n  kind,  by the women or  men of the 
employing household,  as convenient.  Payment is  made accord ing to 
customary rewards for the nature of the work; sometimes simply a hot 
meal  o r  some unwanted c loth ing,  at other times c leaned or  uncleaned 
g ra in .  
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9. 1 4  

9 . 15 

These indigenous relationships could be advantageously uti l ised by 
project, in that these womens informal support networks could be 
enhanced . These could be used for channe l l ing  a g ric u ltural  extension 
and other development-related- activities to women s pecifical ly .  A 
number of women expressed the wish that i ncome-generat ing activities 
might be introd uced . 

Mostly, drinking water is carried home in  pitchers, o n  donkey back, but 
some women fetch water in buckets balanced on their heads. O n ly the 
very wea lthiest women can avoid fetching water .  Used water is run to 
waste in  the compounds; it is not used for kitchen gardens,  though it 
could be . - The standing pools  of water are 

-
a breed ing  g round for 

mosquitoes, otherwise women's health status is  not u nusually 
problematic.  

Environm ental Considerations 

The environmental impact of the proposed scheme is l i kely to be minimal  
as  the  a rea has  been cu ltivated for many years and the project does not 
include the development of new areas ;  see Enviro n menta l Considerations 
- Annex E.  

Health Issues 

The state of hea lth of communities l iving and workin g  in i rrigated 
agricu lture is a complex issue which needs to take account of specific 
disease situations which may be introduced and p ro moted by irr igation -
as a result of increased avai iabilitY Qf water .  

Amongst the farmers at Chandia, malaria was identified as their  most 
important health problem a nd is l ikely to act as an impediment to their 
abi l ity to harvest. The main malaria transmission season is late August 
or early September and a further period of  transmiss ion occurs in late 
Apri l  and May, with a h i g h  incidence of P. fa lc ipa r u m .  The endemicity 
and seasonal ity of the malaria occurring i n  flood schemes is not wel l  
documented, but i t  i s  possible that the spring transmission period may 
be important, being  sudden and more severe than the main  seaso n .  

During  t h e  time of data col lection ( May) t h e  v i l lagers reported an 
epidemic of malaria with two to fou r  patients per  household . The issue 
was discussed with the malaria control programme (MCP)  who a re now 
to incorporate the v i l lage into their  survey treatment campa i g n .  

To assist in  t h e  development o f  appropriate malaria control strateg ies i n  
the poorer sectors of  t h e  agricultural community, t h e  scheme is 
proposed for a pi lot trial in the use of impregnated bed nets to identify 
the optimum strategy for use in  flood schemes . 
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Cutaneous Leishmaniasis does occur at Chandia a n d  may be a potential 
problem d ur ing construction if workers from non endemic a reas, and 
therefore with no immunity, predominate . 

. ... 
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1 0  ECONOMIC ANALYSIS 

1 0 . 1  Overview 

An economic analysis has been provided for the two with project 
options.  Due to the variable nature of flood irrigation and the range of 
possible outcomes associated with the hydrology, a range of poss ib le  
project outcomes have been assessed . A sensitivity a na lysis has been 
provided to asses the i mpact of poor and favourable years throug hout 
the projected l ife of the scheme, together with a n  assessment of the 
viabi l ity of the scheme if the p rojects starts in  a series of poor years, i n  
terms of water avai lab i l ity, o r  a series o f  good years . I n  add it ion,  a 
sensitivity analysis has been provided to assess robustness of the 
proposed scheme to d e lays and changes in p rices. 

1 0 .2 General Assum ptions 

Farmgate prices for the scheme were based on i nformation gathered in 
Sibi market. The exist ing market for fodder  is large and wi l l  continue 
due to the comparative ly large holding of l ivestock in  the area and 
nomads who pass thro u g h  the Kachhi  p la ins around S i b i .  The price of 
internationa l ly traded goods are based on World Bank commod ity price 
forecasts . I mport parity p rices were calculated for wheat, oi lseed , and  
ferti l isers . Family labour costs were incl uded for crop p rod uction as  was 
the average cost of maintain ing the i n-field i rrigation structures . 

Standard Conversion Factors (SCF)  were used to calculate the impact 
of the project in  economic terms and were calculated for important 
inputs and detai ls can be fOU l.19 i n  the Annex F. 1 .  In calculatin g  the 
SCFs, government g uidel in es for foreign exchange percentage,  inflation 
rate and pricing of labour were used . 

The areas used for the farm budgets were based on p ubl is hed data of  
the Sib i  area and by farmer interview. Land holdings a re comparatively 
large both for the landowners and tenant farmers . 

Project l ife is taken as twenty years after construction;  a d iscount rate 
of 1 2 % was used . 

Conservative assumptions  have been made for yield increases over the 
project l ife. 
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Results 

Financial  Analysis 

The financial  rate of retu rn for the p roject, using the preferred o ption 2, 
was estimated to be 1 1 . 8 % .  Deta i ls  of a sample of the f inancial  
ana lysis for the average a rea can be found in Annex F.4. The model  
bud gets ind icated that good rates of returns would be avai lab le  to both 
tenants and landowners, the bud gets can be fou nd in Annex F . 5 .  

1 0 . 3 . 2  Economic Analysis 

In obtain ing a result for the economic ana lysis the averag e  i rrigated a rea 
over the life of the p roject was used to establ ish a benchma rk, if this 
ind icated that the option being considered was feas ib le .  To make an 
assessment of the impact of the variable nature of f lood irr igation and 
to take account of the hyd rogra phic time series the economic ana lysis 
is given as probabi l istic outcome.  A more detai led ana lysis and 
sensitivity analysis was undertaken to take account of the complexities 
of various hydrological outcomes of the project. 

Irrigation Scheme 

The- med ian economic rate of return for O ption 1 was 1 . 6 % .  The 
economic rate of return for O ption 2 ,  taking the median  result  was 
1 1 . 5 5 % .  Detai ls of a sample o f  the economic ana lysis for the average 
area can be found in Annex F . 6 .  

Road 

The road has been treated separately in the economic analysis . The 
economic analysis of the road was based on the impact of  the change 
in prices for carrying produce out and the frequency of the bus serving 
the vi l lages on the route to Chandia and reduction in  the bus fare . The 
benefits from the road inc lude a n  assumption i n  the i ncrease in  the 
number of buses from two to e ight, with the p rojected popu lation 
expansion in  the area . In add ition ,  the benefits from the savings i n  
transport cost have been estimated . 

Although there are constraints o n  access to Chandia,  the cost of 
bu i ld ing an  al l  weather  road, due to the lack of suitab le  raw material  in 
the area, is high.  The analysis is based on an improved d irt road which 
could be u p-graded late r .  Even with the red uced specification the 
economic return from the road is estimated at only 7 . 7 % .  
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The economic benefits from serving a small community offer 
comparatively small savings, particularly as the prices of transport are 
already very low. There is little prospect of expansion into a new 
agricultural area as the limiting constraint is the availability of water. 
Consequently the road is only marginally economically viable. 

Obviously, an improved road link to Chandia and the villages on the 
route to Chandia will have social benefits, however, the social benefits 
to be derived from a road serving a small community of total population 
of around 3,497 people are likely to be small. Details of the economic 
analysis for the road can be found in Annex F.7. 

10.3.3 Sensitivity Analnis 

As only the second option produced a viable return, this option was 
considered for the sensitivity analysis. 

The sensitivity analysis undertaken is in two forms. Due to the variable 
nature of the floods, the first sensitivity analysis seeks to determine the 
influence of relatively favourable and poor floods. In addition, and more 
importantly. the impact of the proposed project starting point needs to 
be taken into account in the hydrologieal time series. The second part 
of sensitivity analysis establishes the impact of changes in prices and 
benefits. 

As there is considerable variation in the flows in the Chakar River, it is 
impossible to establish with any degree of certainty what the expected 
yield flow outcome is for a start point within the hydrographic time 
series. The viability of the project would obviously be adversely 
affected if the project impleme�tation start date falls within a series of 
years with poor yield flows. Similarly, if project year one falls within a 
good series of years, this will inflate the returns to the project. To 
incorporate this into the sensitivity analysis and assess the impact of a 
good, median or a poor series of yield flow outcomes, thirty EIRR 
outcomes with different start points within the hydrologic time series 
were calculated. This established the sensitivity of the proposed 
scheme to low yield flows, and unfavourable commencement dates. In 
addition a general assessment of favourable, poor and median outcomes 
was also possible. From the thirty outcomes, the expected EIRRs were 
ranked to calculate the exceedence probability of good, poor and median 
returns to the investment. 

The ranked probabilistic outcomes for Option 2 are shown in Table 40 
and as the outcomes are not discrete, a graph of exceedence probability 
and EIRR is shown in Figure 1 8. 
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A favourable outcome for expected E IRR was taken as 1 4% and has a n  
exceedence probabi l ity of 0 . 1 6 .  The median E IRR o utcome was taken 
as 1 1 . 5 5 %  and a poor E I RR o utcome was taken as 1 0 % which is 
approximately equal to the opportunity cost of cap ita l .  This outcome 
has an exceedence probabi l ity of . 8 2  and would ind icate that there is a 
8 2 %  chance of the project E IRR outcome being equa l  or  better than 
1 0% .  G iven the variable nature of flood i rr igation,  this is a 
comparatively good level of exceedence probabi l ity.  

Favourable outcome 
Expected E IRRl  = 1 4% 

Exceedence Pr  = 0. 1 6  

Average outcome 
Expected E I RR2 � 1 1 . 5 5 %  

Exceedence P r  = 0 . 5  

Poor outcome 
Expected EI RR3 - 1 0 % 

Exceedence Pr  = 0 . 8 2  

The sens itivity o f  the recommended O ption 2, taking the median 
va lue 1 9  of 1 1 . 5 5 %  as the standard case, to changes in costs and 
delays g ave the fol lowing resu lts for E IRR:  

• Benefits reduced by- 1 0 % - 1 0 . 0 %  

• Capita l and recurrent costs 
increased by 1 0% 1 0. 2% 

• Benefits reduced by 1 0% 
Costs increased by 1 0 % 8 . 6 %  

• Benefits lagged by 3 years20 1 0 . 5 %  

• P roject l ife reduced 
to 1 5  years 1 0. 1  % 

19 This would not normally be given to two decimals, but is done in this case to differentiate 
the outcome from the ERR outcomes with exceedence probabilities of 0.48 and 0 . 5 2 .  

20 This is indicative only, for if the implementation date or benefits are lagged for some 
reason the expected outcome would alter as  the hydrographic outcomes alters . Similarly, the rate 
of return for a reduction in the project life would alter with outcomes from the hydrographic time 
series. This could adversely or conversely, have a positive effect on the rate of return. 
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TABLE 40 EXPECTED ERR WITH EXCEEDENCE 

PROBABILITY FOR THE WITH PROJECT OPTION 2 

,..,. El(pected E){ce,d,nce 
EIRR Outcome Probability 

1 16.4 0.03 

2 , 5.2 0.06 

3 14.5 0.10 

• , 4.1 0.13 

• 14.0 0.16 

14.0 0.18 

7 .. 13.2 0.23 

13.2 0.23 

• 12.8 0.29 

10 12.7 0.32 

" 1 2.1 0.35 

1 2  12.0 0.39 

1 3  1 1 .9 0.42 

" 1 1 .7 0.45 

" 1 1 .6 0.48 

, . , 1 . 5  0.52 

1 7  , 1 . 1  0.55 

1 8  1 1 .0 0.58 

1 9  10.9 . , 0.61 

10.9 0.81 

21 10.B 0.68 

22 10.7 0.71 

23 10.8 0.74 

2. 10.3 0.77 

2' 10.1 0.81 

28 ••• 0.84 

27 '.0 0.87 

2. 8.S 0.90 

29 8.' 0.'4 

30 7.2 0.97 
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1 0.4 Risks 

Farming using the sai laba method in the Kachh i  a rea of Balochistan wi l l  
always be associated with a degree of uncertainty and r isk as a 
consequence of the variation in  ra infal l  and consequential  flood water .  
The proposed scheme attempts to  improve the  re l iab i l ity of water a n d  
thus reduce the uncerta inties in  t h e  farming system .  

The uncertainties, in  part icular the n atura l  hazards associated with flood 
irrigatio n are reduced fo l lowing the recommended Option 2 .  The r isks 
associated with the outcome, risks being subjective, a re not measu red 
and are not accounted for in  the hyd rographic and economic model  other 
than by using conservative yields a nd conservative yield increases a nd 
prices over the l ife of the project. 

As the project does not e nvisage the introd uctio n  of new crops, the 
risks associated with the implementation of the project relate to the 
construction of the headworks a nd the maintenance of the b reachable 
and flood protection bunds .  The risks associated with the construction 
of the head works, a re that the head works wil l  be washed away before 
they are completed.  The risks associated with the mainte n a nce of the 
breachable and flood protection bunds a re related to the use and 
maintenance of the bul ldozer. The project wil l  red uce this r isk by 
encouraging the WUA to act in  a responsible manner  in  the use and 
management of the machine and in  the provision of adeq uate 
maintenance funds .  

. i  
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1 1  CONCLUSI O N S  A N D  RECOMM ENDAT I O N S  

1 1  . 1 Scheme Synopsis 

1 1 . 2 

1 1 . 3 

The proposed design adopts the traditional  gandha approach reta in ing 
the breachable bund,  but with improved headworks and weir  which wi l l  
a l low a more control led use of the avai lable f lood water .  

By improving the control of the flood waters throu g h  a n  improved 
offtake, yet reta in ing the traditiona l  breachable bund of the gandha 
system, the scheme a ims to reduce the uncertainties associated with the 
avai labi l ity and period icity of  sai laba irrigated agriculture ,  and reta in the 
flexib i l ity of the o ld  system at  an appropriate level of technology . The 
improved supply · ·of  water wil l  lead to improved r isk management 
strateg ies being adopted by the farmers in  what is a relatively harsh  
environment. 

Approach to Development 

The objectives of the proposed rehabi l itation of the Chandia Flood 
I rrigation Scheme are to enable the farmers to uti l ize the smal l  and 
med ium floods i n  the Chakar R iver more efficiently, whi lst the h igh 
floods are a l lowed to pass virtua l ly unchecked . In  addit ion, it is  
envisaged that the improved head works wi l l  reg u late flows into the 
flood channel ,  red ucing flood damage in  the command area . Moveover 
it is important to ensure existing downstream users continue to receive 
their  share of the flood waters . 

Irrigation Improvements 

The improvements to the existing i r rigation system take the form of a 
concrete headworks structure incorporating intake regu lator and flow 
l imiter, sed iment exclusion skimming wei r  and s luice and short weir with 
a breachable earth bund,  which is  essentia l ly a d evelopment and 
improvement of the existing situation .  In  the with project situation the 
fol lowing outcomes, expressed as  annua l  total  vo lume of water, would  
range from 8 acre ft, for a very poor outcome, which is expected to be 
bettered 90% of the t ime to 8 , 1 68 acre ft i n  a favou ra bl e  year, 
expected to be. exceeded only 1 0 % of the time . The median being 
3 , 68 3  acre ft. The improvements i n  vol u me and area a re summa rised 
in  Table 41 . 
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TABLE 4 1  

1 1 .4 

1 1 . 5 

1 1 . 6 

SUMMARY OF I RRIGATIO N  I MPROVEMENTS 
IN TERM S  OF ANN UAL VOLUME AND AREA 

IN WITHOUT AN D WITH PROJECT SITUATIO N S  

Annual Without Project With Project Option 2 

Probability of 
O utcome 

being Annual Area Annual Area 

Exceeded (%) Volume (acres) Volume (acres) 
(acre ttl (acre ttl 

90 8 2 8 2 

50 855 205 3683 8 83 
.. 

1 0  3864 927 8 1 68 1 960 

Ancillary Works 

The anci l lary works involve the pro posed construction and up grading of 
the road l inking Sibi  and Chand ia .  The road passes though Mal l ,  
Goramzai, Tora Gol la  and Gishkoori feed ing a total population 3,49 7 .  

Benefits 

The primary benefit from the scheme wi l l  be the more rel iable supp ly of 
avai lable water which wi l l  reduce in a major part the u ncertainty in  the 
crop production in Chand ia .  The i ntrod uction of a WUA is expected to 
assist in  the economic and S'Ocia l - development of  the v i l lage. I n  
addition, the social benefits from increased a n d  more consistent supp ly 
of water and increased cropped area wi l l  be significa nt to farmers in  
their abi l ity to grow food more consistently and gain a more rel iable 
source of income. 

Distribution of Benefits 

The egal itar ian nature of the d istr ibution of water at Chandia is expected 
to encourage an equal  d istribution of benefits . I n  add ition,  the present 
distribution of land hold ings is comparative ly  equa l  with most people 
holding land in the upper and lower parts of  the command area . The 
scheme is l ikely to reduce the level of  uncertainty which wi l l  be 
beneficia l  to the poor of the community and wi l l  a d d  to the l ivel ihood 
security of the vi l lage.  The introduction and encouragement of a WUA 
is expected to be beneficia l  and wil l be encouraged to particu lar ly assist 
the poor .  The red uction of uncertainty associated with the water 
supplies wil l  a lso encourage the men to remain in the vi llage which 
would have a positive impact on the gender d iv is ion of labour.  
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S ocial Amenities 

It is d ifficult to justify the inclusion of the road d u e  to the high cost of 
construction and the l imited socia l benefits . It is un l ike ly to lead to any 
increase in  the agricu ltural development of the a rea as this is constrained 
by the ava i labi l ity of water .  

Participation 

It is e nvisaged that the farmers wil l  be encouraged to ful ly participate i n  
the implementation o f  the scheme . Part o f  the construction work wil l  
be undertaken b y  the farmers a n d  i t  i s  expected that they wil l  b e  total ly 
responsible for the maintenance of the scheme. Farmer partic ipation is 
seen as a necessity to e ncourage a ful ly susta inable  scheme, the total  
n umber of beneficiaries at Chandia is 8 9 7 .  

Involvement of Women 

As the p roject l ies with i n  the Baloch s peakin g  part of the province,  
women participate qu ite widely in  the agricu ltural production cycle .  The 
pro posed project wil l  take this into account d ur ing the implementation 
p hase of the project . It is expected that the Women and Deve lopment 
p rogra mme of the mai n  project wi l l  focus o n  provid ing appropriate 
tra in ing  and advice as these needs are identified . 

1 1  . 1 0 Costs and Rates of Return 

The cost of the scheme fol lowing the preferred Option 2 is  
Rs20, 5 69,024 which is a cost per benefici a ry of  Rs22, 93 1 .  The cost 
of the road is Rs 1 3,998, 7 1 6  and is estimated to resu lt in a cost per 
beneficiary of Rs4,003 .  

A s  t h e  economic rate's of return are based o n  t h e  c ropped area a n d  
therefore on the hydrological mode l  and t h e  startin g  point i n  terms of 
that data is unknown, a range of possib le outcomes for the project have 
been calculated based on the exceedence p robabi l ity of  a certai n  
o utcome occurring .  These a re summa rised i n  Table 42. From the 
expected outcomes it can be seen that a poor o utcome with a n  EIRR of 
1 0% is  l ikely to have an exceedence probabi l ity of  8 2 % ,  simi larly a 
median o utcome could be expected to have a n  E/ RR of 1 1 . 5 5 % .  These 
rates of return  are genera lly thought to be favourable for a flood 
i rr igation scheme, and are ind icative of the h igh  pr ices that are avai lab le 
from fodder  sorghum . It is  un l ikely that such a h igh rate of return would  
be repeated in other flood i rrigation schemes which d o  not  have a ready 
fodder  market in  the  near  vicinity . 
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TABLE 42 SUMMARY O F  ECO N O MIC RATES O F  RETURN 
FOR DIFFERENT PROJECT O UTCOM ES 

. Type of Outcome Exceedence Probabil ity Expected 
for the Scheme for the given outcome Economic Rate of 

(%)  Return ( % )  
Poor Outcome 82 1 0  

Median Outcome 50 1 1 . 5 5  

Favourable 1 6  1 4  

Outcome 

The financial rate -of return for O ption 2 was found to be 1 1 . 8 % .  

The road improvement works are on ly marginal ly economica l ly viable 
with an economic rate of return of 7 . 7  % . 

. 1 1 . 1 1  Environment 

It is not expected that the scheme would have any appreciable impact 
on the local enviro n me nt as there is a l ready an existing scheme and no 
new area is to be d eveloped . The re is a potential  for an increase in  the 
incidence of malaria, however, the project wil l  be introd ucing bed nets 
and the scheme has been brought into the malaria contro l programme . 

1 1 . 1 2  Recommendations 

I nvestment in  traditional  sailaba i rr igation systems, which are a 
predomina nt form of subsistence agricu lture i n  many parts of 
Balochistan has, in the past, been inappro p riate . This is despite the 
importance of this type of farming for the prod uction of cerea ls, oi lseed 
and fodder.  The uncertainties involved in  flood irrigation and the 
d ifficulties in col lectin g  data on the hydrology and pred icting the flood 
volumes and benefits from the schemes have a l l  proved to be 
problematic in  the past when desig ning f lood i rrigation schemes. 

However, as can be seen, where appro priate s ites are found and with 
the aid of computer based model l ing of the hydrology, favourable rates 
of return from flood i r rigation are achievable.  The proposed project, 
fol lowing the recommended O ption 2, offers the possib i l ity of significant 
improvements to the existing gandha system, whi lst retain ing the 
desirable safety aspects of the system which have been evolved by the 
farmers over hundreds of years . 

1 33 



It is thought, however, that the Chandia flood irr igation scheme wi l l  be 
exceptional with respect to the return on investment when compared to 
other flood schemes. This is a result of the benefits from a red uction i n  
the uncertainties associated with water ava i lab i l ity, but  more 
importantly, the favou ra b le returns from ratooned fodder  sorg h u m .  

I t  i s  therefore recommended that t h e  proposed O ption 2 p roceed to 
detailed design and subsequent imp lementatio n .  

The low rate o f  return on  investment a n d  the l imited social  benefits that 
can be expected from the proposed road improvement works suggest 
that it is unadvisa ble for the improvement to the road to proceed . 
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