4.7. Irrigation and Drainage Plan
-4.?Q1.'-Béhéfidial'Areé and Pfdpbsed Cropping Intensity

-As méntioned in’the paragréph on Land Use Plan, 6,600 ha
(16,300 acres) of the beneficial area will be divided into four
major areas_with reépective stress Ou'growing items as vegetables,
tree crops, cereal érbps, and animal husbandry. And three
alternative cr0pping plans are prepared for those four areas in
taking into consideration the results of the farm survey on the
optimum cultivation acreage with the three cropping patterns and
_seleéﬁioﬁ of hrops'to'be 1ncfoduceﬁ. In détails, the Case 1 has 166
perceﬂt of cropping'intensity which is at maximum to reach, while
the'Case 3 has 142 percent of cropping intensity which is at minimum
toishOW'possiﬁility of achievement is view of present agriculture
aﬁd farmers' intention. The Case 2 has 154.bercént of cropping

. intensity which is between the Case | and Case 3.

The irrigation water ‘requirements: were calculated for the
aforesaid three alternative cases, respectively, and the results
have revealed that the Case 3 with 142 percent of cropping intensity
is best suited for the Project. For referemnces, the Case 3 will

have 168 percent of cropping ratio when including rainfed cropping.
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Alternative Cropping Avea

Priority Area

Percent of Area by Cropping Type

in the Agricultural Percent Case 1 _ - Case 2
Promotion Area of Area A B C A B C
a. Percent of Area by Priority Area
- Vegetable 100 85 5 10 60 2. 38
~ QOrchard 100 40 . 55 5 20 40 - 40
- Grain and 100 50 5 45 25 2 73
Livestock '
b. Percent of Area in the Cultivable Commanded Area (6,600 = 100)
- Vegetable 50. 42 3 5 30 1. 19
~ Orchard 10 4 5 1 2 4 4
~- Grain and 40 20 2 18 10 1 29
Livestock : : .
Total 100 6 10 26 4 6 52
¢. Cropping Intensity (%)
- by Cropping Type 200 100 100 200 100 - 100
- 1in the Project Area 132 10 24 84 6 52
- Total of Intensity 1667 142%

4,7,2. Irrigation Water Requirement

1)  Crop Water Requirement

a) Evapotranspiration

Potential evapotranspiration (ETo) was estimated as presented

below by applying the Penman method using climatological data

observed at Chaklala station.
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Bstimated Evapotranspiration (ETo)

{unit: mm)
:Honéh _' ._ETo _ Month  ETo
" Jan. 1.8 Jul, 6.7 -

‘Feb., 245 © Aug. 5.7
Mar. “3.7 Sep. 3.0
Apr. 5.5 -Oct, 3.8
May 7.4 Nov. 2.4
Jun. - 8.4 Dec. 1.6

~ Ave, 4.5

b}  Crop Water Requirement

Crép water requirement (consumptive use of watér, ET) is
calCuia;éd by multiplying the ETo value by the crop coefficient (Ke)
correquhding to growth stages of crops and monthly crop water

requirement is tabulated as sﬁown in the following table.

- Monthly Cfoﬁ.water Hequirement

{unit: mm)

Rabi Crop Perénnial. : Rharif Crop

Month Wheat Fodder Vegetahle Orchard Vegetable(l) Vegetable(1I)
Jan, . 42, 47 . 48 .48 - ~
Feh, 70 77 37 68 pa -
Mar. 98 100 12 96 31 -
Apr. 61 60 - 141 111 . . -
May 5 0 - 189 i41 -
Jun. C - - - 213 61 44
Jul. - - - - 171 - 108
Aug. - - 3 144 - 110
Sep. - 5 25 129 - 69
Oct. . .. 3 .3 . = 48 96 , - : 19
Nov. 17 36 53 60 - -
Dec. 26 33 - L4 42 : - -
Total 3227 . 394 - 270 1,397 - 345 © 350

-Note:  In cases of wheat and fodder crops, irrigation water is not
: applied for 10 days at the harvesting stage,
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The crop coefficients are determined using basically the same
igures as proposed in "Irrigation Réquirément of Crop“ bf Trrigation
and Power Depaltment, Province of Punjab, although partial reviaion
of the figures was made based on "FAO Technical Paper No. 24" The
following table shows the crop coefficients;applied in the

calculation of thé crop water requirements.

Crop Coefficient (Kc)

Crop Grow- Rabi Crop - - Perennial Kharif Crop

ing Stage Wheat Fodder Vegetable _Orchard Vegetable
(%) : L
i0 0.43 0.40 0.39 0.85 . 0.39
20 0.54 0.48 0.50 0.85 0,50
30 0.66 0.57 0.63 0.85 - 0.63
4G 0.83 0.70 0.78 0.85 0,78
50 0.90 06.82 0.92 0.85 0.92
60 0.97 0.99 1.00 0.85 -1.,00
70 1.03 1.05 1.05 0.85 1,05
80 0,97 0.98 0.95 0.90 - 0.95
90 0.49 0.75 0,85 0.90 0.85
100 0.25 0.55 0.75 0.85 0.75

Data Soutrce:! ' :
I. On-farm Water Management Field Manual prepared by

Ministry of Food, Agriculture and Coaperatives,
Government of Pakistan.

2. Trrigation Requirement of Crop in the Punjab,
prepared by Irrigation and Power Department, Province

of Punjab

3. FAO Technical Paper No.24.

2) Diversion Water Requirement

The diversion water requirements are calculated in taking into
account the effective rainfall and the irrigation efficiency in
addition to the crop water requirements. The criteria for the
calculation of the effective rainfall and the irrigation efficiency'

in the study are presented hereunder.
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a) - Effective Rainfall

On the basis of fhe'daily waﬁer balance analysis between
rainfall and crop water requirements, effective rainfall for
individual crops is calculated In the calcuiation TRAM (total
readily’ available moisture) value of 35 mm is adopted as the depth
of maximum effective:rainfall, The estimated effective rainfalls

are shown in the following table

Effective Rainfalls for Individual Crops

C{undt:  mm)

' _ ?robability
Crops - . B 1/2 1/5 1/10¢
Rabi Crop - - - Wheat - 231 . 189 149
' ' - Fodders 278 192 137

~ Vegetable 185 © 167 145

Perennial Crop -~ Orchard : 750 623 507
Kharif Crop ~ Vegetable (I) 200 174 133
: - Vegetable (1I) 347 303 287

b)Y Irrigatiqn Efficiency

The.irrigatidn efficiency was determined on the basis of the

prevailing topography and proposed irrigation method as- follows:

- Conveyance efficiency (Ee) ...ieus.. 0,90
- Operation efficiency  {Eb) .cvcevusn 0.90
- Application efficiency (Ea) ...... oo 0.75

Irrigation Efficiency (E) = 0.9 x 0.9 x 0,75 = 0.60
¢) . Diversion Water Requirement

Following the aforementioned procedures, l0-day divexrsion water
requirements for individual crops for 35 year (1952 - 1986) are

estimated as presented in Table 4=11. And the Table 4-11 shows the

probable annual diversion water requirements per 1,000 ha by
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respective return periods of 2, 5 and 10 years for the proposed
cropping pattern and with cropping intensity of 142 percent for

irrigation period,

Annual Diversion Water Reqpiremehts,(DWR), ,
{unit: MCM)

. Probability :
Item 1/2 1/5 1710
DWR ‘for 1,000 ha 3.68 4,57 5.38
DWR for 6,600 ha 22.30 30,16 35,47

Monthly diversion water requireménts in the return peridds of 2

and 10 years are presented in Figure 4-8.

4.7.3. Irrigatibn Water Supply Plan
1)  Proposed Irrigation Systems

The total irrigation area of 6,600 ha (16,300 acreé).caﬁ.he 7
divided into two irrigation systems; the Upstream Area. (3,790 ha)
and the Downstream Area (2,810 ha) by irrigation water sources and
topographic conditions. The Upstream Area extends in,the:hilly
area and the Downstream Area is primarily in the flat_laﬁd”area;
Furthermore, the both areas are subdivided into several portion by
lateral irrigation systems. The proposed irrigation systems are

shown in Figure 4-9.
2) Design Irrigation Requirement

The design irrigation requirements for 1,000 ha-aré{0f600'

cu.m/gec (*13, 14 cusec/1,000 acres) equivalent to:thé.néximum watér;

Note: *13 ... As is observed in Table E~12 the maximum 1rrigation
requlrement is 0.616 cu.m/see/l 000 ha, which will
occur at the beginning of April for 10-days, but this
maximum requirement will be coped with canal cross
section with freeboard because of shorg period of
time,
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requireméﬁfsf= Accdrdingly,'fhe~design irrigation requirements for
'the commanded area of 6, 600 ha (16 300 cusec) are 3.96 cu. m/sec (233
cusec) '
3) Proposéd Irrigation Method
a) Measuremént of Intake Rate

 The intake rafeé'were'measured'by uging cylinder infiltrometers
at five sites in the Progect Area in order to employ an adequate

irrigation method..

The following_téble.gives the basic intake rates at each szite,

which Were'caléula;ed on the basis of the results of measurements.

Basié Ihfaké Rate

Locations - Basic Intake Rate Remarks
L : {mm/hr)
i, Dhok Hayat (No. 1) 5.8 Dry conditions
2. Khanna Dak (No. 4) 23.7 - do -
'3, Banigala  (No. 5) 7.0 Wet conditions
4, ' Balagh (No. 7) ' 62.1 - do -
5. . Shahpur (No.iQ) 39.6 Dry Conditions

The locations and results of intake rate measurement are shown

in Figure E-2 to Figure E-7.
b) Proposed Irrigation Method

In considering that the basic intake rates obtained through
meaSurement are found in a range from 5.8 mm/hr to 62,1 mo/hr (0.23
in/hr to 2, 44 in/hr), and the Project Area is situated in Punjab
Barani area, the furrow irrigation method is selected for the

Project.
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c) Water Depth and Interval of Irrigation

Such physical properties of soils as real and apparené'Speéific
gravity, porosity, field capacity, and wilting point were measured
with samples collected at the sites where measurement-ofrghe intake
rate were conducted. The results of the measurement ére’shdwn in -
Table E--21. On the basis of the results, available moiSturgﬁin the
soil layer within the effective root zones and the Total Readily
Availlable Moisture (TRAM)_in the effective root zones are calculated
as shown in Table E-22 to Table E-26. TRAH'values thus obtained,are

summarized as shown below,

TRAM Value of Each Location

Location _ TRAM (mm) -
No.l Dhok Hayat 18.4
No.4 Khanna Dak _ 39.6
No.> Banigala ' _ 42.4
No.7 Balagh _ 24.8
No.10 Shahpur "33.0

Average : . 35.0.

Since the average valﬁe of TRAM is 35 mm.as showﬁ in:dbove
table and the soil tybe observed at .the location of‘No.lo (Shahpur)
is distributed in about 80 percent of the total commanded area, the
TRAM value’ of 35 mm is adopted for the study on the depth and

interval of irrigation application im the Project.

The interval of irrigation application is obtained by"dividihg

the TRAM by the maximum crop evapotranspiration as follows:

Interval of Irrigafion Appliéation_ -

Max..ﬁvépo— _irrigationg
Crops TRAM Transpiration -~ Interval
(mm) —  (mm/day) (days)

Rabi Crop ~ Wheat 35 3.6 9
-~ Fodders 35 , 4.1 ' .- 8
. -~ Vegetable 35 2.9 12
Perennial Crop -~ Orchard 35 7.1 ' &
Kharif Crop —~ Vegetable 35 7.8 4
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As 1t is seen jn the above table, the 1rrigaticn interval is
different by crops. However, the proposed irrigation interval is
: planned by séven days considering the convenience of the farmers

' water management works in the fields.

4.7;4..'ﬁfainagé‘?1an
1) . Purpose Qf.braiuage Plan

- As theré dfe ﬁo'éxiéting drainége.ﬁanais in ‘the Project Axea,
runoff of the surface soils is observed in the on—farm area during
_‘heavy.rainfall. Accordingly, the ‘basic objective of the drainage

'plén is't6 control soil erosiqn. In the plan, the on-farm drainage
 canals.are to be cbnstrucfed'iﬁ the lower portion of the on-farm
3aféa. The ﬁypical_léyont of these dfainagé canals.is presented in
Drawing No.0-1001 énd'No.OfIOOZ.

2) Drainage Modulus
a)  Design Rainfall

" For thé'analysis of design rdinfall, the rainfall records at
Chaklala statlon were used and the maximum daily rainfall with

:retufn'pefiod of 5 and 10'yéérs is calculated as follows;

Probability 1/5-
Probability 1/10

128.0 n
C150.3 m

T T

- In the Project, the maximum daily rainfall of 128. 0 mm (5.0
in) with- return period of 5 years 1is adopted as the design rainfall

©to ensure the balance with other related facilities.
' b) Design Drainage Modulus
- The design drainage mndulus was decided at 14, 8 lit/sec/ha
(0 211 cusec/acre) by applying the above mentioned probable rainfall

with a return period of 5 years.
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| FIGURE - 4-8. THE RELATION OF CONSUMPTIVE USE OF WATER
AND DIVERSION WATER REQUIREMENT
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Fo I ~ FIGURE 4-§. DIAGRAM OF PROPOSED IRRIGATION SYSTEM
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4.8, Small-Scale Hydro-power Generation Plan

In the plan of ‘K-2 Dam, two outlet &orks_of an irrigation
outlef and é‘river-outlet'arerto be provided, and a small-scale
hydro~poﬁef generation will be possible by using those facilities.
_Hnwever,'the power generation plan by using the river outlet works
is excluded ffom the study because it is astumed economically

unfeasible by the-fqllowing reasons;

-~ In ordinary years, releases of water through the river
outlet works is avallable only for two months of July and
August. And the rate of operation of the power plant will
be very low, : '

'~ The annUaI released discharges fluctuate sharply in
amount. It is assumed, therefore, that the turbine will
be operated at low efficiency for a long term.

1} Powér Generation Plan using Irrigatibn Qutlet Works
a) 'Design Year

H?.A§qording to the results of the water balance study for 35
years, 1952—1986,_the annual released dischafge from the irrigation
outlet works is 25.1 MCM (20 ® 1_03 acre ft) on an average. These
discharges in the following four years are almost the same as the

average annual released discharge (see Figure H-1).

_ Annual
Year Released Discharge
S (MCM)
1963 25.9
1966 24.3
1978 .. 24.3
1985 ' 25.9

As the flowﬁduratioﬁ'cﬁrve of 1966 has the most similarity to
the flow~duration curve of the mean values, the year of 1966 is

selected as the design year for this generation plan.
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b) Maximum Discharge

The maximum discharge is determined by 1.4 cu.m/gec (49.4
cusec) which corresponds to the 80-day stream flow on the.

flow-duration curve of 1966,
¢) Intake Water Level

The average reservolr water level for 35 years is EL.645.7. m

(2,128 £ft) and is adopted as the intake water level.

d) Tailwater Level

The tailwater level is determined by EL.637.0 m (2,089 foot)
which is the water level at the beginning point of the main

irrigation canal.
e) Selection of Water Turbine
The $-~Type tubular turbine, which is generélly employed for

small-scale hydro-power generation with low head, is selected as

suitable water turbine for the plan (see Figure H-2),
f) Combined Efficlency

The combined efficiency (efficiency of turbine x efficiency of
generator) of 75 percent will be used for estimation of the

generated output.
2) Generated Qutput

The power output, P (KW) can be obtained by the following

formula;

P=9.8xQmax x He xn = 9,8 x 1,4 x 8.7 x 0.75
89.5 ¥ 90 KW ' '

]
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Where, : .
- Qmx: Maximum Discharge = 1.4 cu.m/sec

He Effective Head = EL.645.7 - EL, 637 0=28.7m
' Combined Efficiency = 75%

The layout of thé necessary facilities for hydro-power

generation is shown in Figure 4-10.
2) Aﬁnual Powér”Gener&tioh

The annuai genération potehtial, which means the energy to be
generéted'when'ﬁhe plant is continuously operated for 365 days, is
computed to be 345,000 KWH for the year of 1966. The annual power
generation is estimated at 330,000 KWH corresponding to 95 percent
of the annual possible power generation by considering the
interruption in the operation for maintenance of the plant (Refer to
Table H-1),. o

Unit Cost of Power Generation

1) Construction Cost

Liem Quantity Amount
, - {"000 Rs)
- Water Turbine, Lump Sum 7,000
Generator ete, '
~ Civil Works " 400
~ Building Works "o 200
Total . 7,600

© '41) - Annual Cost

Annual Cost = C x CRF + O/M
' Cx i (14 )&% / ({1 + 1)#%n-1) 4+ O/M
650,000 Es.

#

" Where,
¢ : Constructlon Cost
CRF : Capital Recovery Factor
1.3 Interest = 7%
“n v. Life Span = 30 years
O/M i O/M Cost = C x 0,5%
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i11) Unit Cost of Power Generation

H]

Annual Cost / Annual Power
Generation
650,000/330,000 = 1.97 Rs/KWH

Unit Cost of Power Generation

It

Propriety of the Power Generation Plan

According to the obtained data, prevailing electric rates

on the monthly basis are as follows;

Present Electric Rates.

Consumption Rates

(KWH) (Rs/KWH)
1 ~-.50 0.39
51 - 150 . 0.46
151 - 300 0.58
301 - 600 0.64
above 600 0.89

As it is observed in the above study, the unit_cost of the"
power generated is higher than the present electfic rates, 50
that the said small-scale hydro-power generation plan can not

to be involved in the Project Plan due- to being unfeasible,

4~59



irvigation Quilet Works

Requiating Gate
{Jet Flow GatE_)

T S e A
i o it |

N R NN
\ Steel éipe i

1.5 m Dia. B
o vl

1.2 m Dia. Steel Pipe 7

' /

]

- § Type Tubular Turbine / Tail

PLAN

S Type Tubuiar Turbine

'l = - ‘
T e
- P S
] e !
l \\‘____/ 1
I ot
1 R
L e e e e -

SECTION A-A SECTION B-B

FIGURE 4-10. GENERAL PLAN OF SMALL-SCALE HYDRO-POWER
GENERATION

460"




4.9, "Agricultural Production Plan
4.9.1. Crop Production Plan
1) Proposed Crop Cultivation

As mentioned in the paragraph of "Land Use Plan", the three
types of farming will be developed in the area as farming centering.
around vegetable cropping, around treévfruits cropping, and around

ceregals and fodder cropping.

The proposed crops have been selected taking the  following

factors into consideration;

i) Crops better suited to 1rr1gated agriculture together with='
large demand and high pzofitability,

ii) Vegetables easily cultivable in farming techniques for the
early development stage and crops to be changed into those
requiring higher techniques.with develcpment advancing,

iid) Fruits for consumers close to the farms with thin skin and
soft pericarp not to stand for 1ong—distance '
transportation and grown easily in farming techniques, and

iv) Fodders not only for feeding wmilk cow but for retalning .
soil fertility,

In view of the above factors, the following crops will be

introduced to the Project Area.

Cereals and Fodders

~ Rabi Season : wheat, italian ryefg:asslnoaﬁs, weepiﬁg' _
lovegrass, perslan clover, egyptian clover,
rape and mustard and turnip

~ Xharif Season: maize, sorghum, soybean, mungbeans,
groundnut, alfalfa, cow-pea, sun-flower
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Garden Crops - Vegetable (*14)

R Rabi Season -t Rbbt' o jaﬁanese.rédish, turnip,
. . : .rVegetable radish, carrot, garden beet
Leaf - cabbage, chinese cabbage,
Vegetable. spinach, parsley, (lettuce,
: celery)
1Flower. cauliflower, broccoly
~ Vegetable ' '
" Pulse Crops  peas
'~ Kharif Season: Root carrot, japanese radish,
R ) Vegetable turnip, radish
Leaf '.'” cabbage, spinach,
Vegetable  parsley '
 Flower cauliflower
_ Vegetable - ‘
Fruit (tomato, egg-plant,
- Vegetable sweet pepper, cucumber,

water melon, melon,
strawberry) bottle gourd,
pumpkin, quinine sponge
gourd, okra

* Pulse Crop kidney beans, snap beans,
common gram

Garden Crop — Fruit Trees -

Peach, loquat, plum, apricot, nectarine,
: ' persimmon, cherry, lemon

For vegetable cropping, selection of the crops and the cropping
pattern should be carefully made In consideration of suitability to
the local conditions and market trend relative to other production

areas, .

Note: *14 .., Crops in parenthesis require high skilled technique
' ' for cultivaticn,
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2) Proposed Cropping Pattern

The proposed cropping pattern was classified into four types,

Type A, B and € in the cultivable commanded area ‘and Type D in the

waste land based on the land classification (see Figure 4-11).

Irrigated Area (6,600 ha)

Type A :
(2,800 ha, 42%)

Type B :
(400 ha, 6%)

Type € :
(3,400 ha, 52%)

Un-irrigated Area {3

Land classification belongs to lst class, -

and in 50 percent of the fields, vegetable is to
be cropped for both seasons of Rabi and Kharif.
And in the remaining fields, wheat for Rabi
seagson is to be cropped following green fodder .
or fallow for the Kharif season. Pasturing
during the Kharif season aims at soill fertility
and then vegetable will be cropped for the next
Rabi season.

In order to increase the farmers' income and.to
make the best use of the Project Areas'
advantage lying near the huge consumption area,
vegepable harvesting at off-season should be
emphasized in Kharif season. '

‘Land classification belongs to 2nd class.

Perennial orchard is to be creopped mulching with
grass farming. Variety of orchard should be
selected based on the eriteria of difficulty in
storage and transportation. :

Land classification belongs to 3rd class. In.
the Rabi season, wheat and fodder are to.be
cropped in the proportion of 80 and 20 percent
respectively with irrigation water supply. Im
the Kharif season, maize and pulses are to be
cropped in the areas of 25 percent respectively
without irrigation water supply.

, 900 ha)

Type D :

Land classification belongs to 4th class. In
order to prevent soil erosion, grass farming
in both seasons, Rabi and Kharif will be
proposed, The grass would be harveste
throughout the year. -
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3)  Water Management for Crop Husbandry”

_Fﬁndémentally;.ifrigaticn:ean be practised with information
‘available only for the number of interval days and unit water
requirements. For upland cropping with vegetables, however,

irrigation shall be carried out very carefully in the following

manner,
:_4 'Sowing-Period : : Irrigation is practised very
: : : . frequently but with a relatively
small amount of water till full’
germination (about 5.0 mm per day).
- Pléﬁfihg Period v For a ﬁlanting period of vegetables,’

timely irrigation with a considerable
amount of water 1s carried out to
meet the field capacity (¥C).

~ Early Growing Perlod: After rooting, irrigation water
should be reduced in its amount per
day (vegetation period) so that the
_field soils can be maintained in- less
moistened condition for developing
root zones and vegetation control
(for curbing too thick vegetation).

~ Middle Vegetation Period:

{Flower Budding) Careful irrigation practice should be
made to give sufficient water to the
level of the field capacity and
maintain the field moisture
appropriately.

Any withering will cause some.
physiologiecal troubles with plants.
{Blossomend~rot of tomato and green
pepper; black rot of celery, etc.)

- Late Vegetation Perioed:.

. (Ripening and Harvesting} : : . :
Irrigation water supply should be
reduced in its amount or stopped in
supply so as to harden the cell
tissues of the crops or increase the
‘sweetness for upgrading of the crop
qualigy,
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As learnt from the above;. the water:
management for successful vegetable
growing requires to be highly flexible
under delicate control:of irrigation
vatel amount, 1ntervals, ate, SO as to
meet, requirements of crops by their
kinds and types.and growing stages.
And farm ponds should-be provided.in
the related fields to be successful in
such sophisticated water managemént,
In future, when nursery pots, green
houses and other:farming facilities
will:be introduced for raising the
irrigation. efficiency with sprinklers,
drippers, ete., the sufficient water -
sources should be provided as closely
as possible to the. -fields,

4) Farming Practices and Farm Inputs

The Irrigated agriculture development for upland :cropping in
the Project Area will enable the small land holding farmers to have
farm income increase together with increase in productivity.
Successful realization of the Project, however, has several
constraints to overcome as discussed in the previous paragraphs on: -

the present agriculture.

The cropping methods and necessary amounts of input materials
for the propospd crops are summarized as follows to show improvement
points and countermeasures to be taken. The related details are

given in Annex G.
Vheat

New high yielding varieties should be. introduced together with-
deep plowing for expansion of plant root zones. The adeqﬁafe
planting density should he ensured by keeping stripe: seeding with 15
cm intervals. Fertllization should be practised with. nitrogen by
1/2, potash by 1/2 and phosphate by all respectively for the-
pecessary amount, as basal fertilizer, while with nitrogen by 1/2

and potash by 1/2 as ear manure for the production increase,
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Vegetables |

New high yielding varieties should be 1ntroduced and cultivated
'with high ridgea keeping the sojl nolature contents in the most
suitable range. The direct SQeding applied currently should be
changed at proper time to st1ipe seeding or hill seeding to keep the
' suitable planting density by thinning

Successful upland crop raising requires to grow healthy

' seedlings in nursery beds and to transpl&nt them in fields by proper
planting density. The plants should be grown by such proper farming
'works as inteztiliage, Weeding, disbudding, training, trimming, etc,
As basal fertilizers, barnyard manure should be given at the rate of
101; 25 fonS/ha {4.0 -'lO.l'tonéfacfe); ana the amount of each
element of chemical fertilizers to be applied is estimated by
deducting the natural supplies of the elements from the necessary
amount of the elements, and then dividing the results obtained by

the'reSPective absorption rates.

As the study resulfs; phnsphate should be applied totally as
basal fertilizer and the remaining 1/2 as top dressing.

Agri—chemicals_partinularly hérbicides, should be minimized in
qnantity of dosing, and contrarily, such ecological control should
be positively nrannised an'rotational cfopping, application of
organic matters, and other fleld management of manuring, appropriate
field practices, introduction of resistant crop varietiles, adopting

'stocks of superior varieties, etc.
Tree Crops

Superior scions shquld be put on disease resistant stocks and
planted with about 330 trees per hectare, and then, thinning works
should be practised in accordance with their growth stages tc become

a suitable in planting density,
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Ofganic matters.and.chemical fértilizers should be applied';ﬁ
deep plowing at different places once a yéar, and'such feftiliﬁéﬁion
should be practised at different pldces every year. As an example,f
about 100 kg/ha (40.5 kg/acxes) of nitrogen, 60 kg/ha (24 3
kg/acres) of phosphate, and 40 - 50 kg/ha (16.2 - 20,2 kg/acres) of

potash are recommended as proper amount of dosing for peach trees

with 15 years of age.

Insect/pest control should be carried out mainiy_by baggiﬁg and
paper trapping, and chemical apﬁlication should be ﬁiniﬁiﬁed'both in
dosing frequency and amount., Timely and carefuirfielaiworks'are‘
required for pruning, pollination, cluster thinning, fruit thinning,
bagging, etc. In 1ll-drained areas, dxainage facilltles are

essential with underground drainage.

Fodder Crops

There are two kinds of fodder crops, one for silage and the
other for pasture grass, and either of the two are grbwﬁ in supefior

varieties.

Silage crops should be grown inzstripe seeding andrbe'kept.ih
suitable planting density by thinning.

Pasture grass should be sown by even spraying to have'plants

growing evenly.

Fertilization of these crops should be'made before seeding for
the whole objective flelds with nitrogen of 100 - ka/ha (40. 5 kg/acre)
and phosphate of 100 kg/ha.

For ratooning, nitrogen and phosphate should be dosed By about
50 kg/ha (20.2 kg/acre) each as top dressing immédigtely'after the

harvest.

When the harvest of these croﬁs decreased below 70 to 60
percent of the best harvest in the ordinary cultivation;“ﬁlowing_j

should be practised to effectively turn the field soils,
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Mechanization of Field Works

- The field works of plowing. sodl erushing, land levelling,
ridging, chemicals spraying, etc. should be practised by
~farming machines such as tractors, speed sprayers, etc.

- The field works of seeding, planting, fertilization,
I intertillage, weeding, harvesting, transporting, etc.
. should be carried out by man power and draft animals for
the time being; however, power—tiller type tractors should
be introduced in future for labour saving.

- Mﬁéhahization will be difficult in other works such as
- thinning, disbudding, training, trimming, pruning, etc.

The farm mechanization for the Project should be introduced

:only'pattially to supplement the draft animals,
5) Estiméted Agricultural Production

_ The_data_an&.information on the irrigation effects are not
available BnyARC.' Unavoidably, therefore, the production increase
by ifrigétibn,dnly is assumed to be in a range from 120 percent to
130 pér¢en£. The other favorable factors like introduction of new
variéties,'fertili?ation;'deep plowing, uplevelling of farming
techﬁiques, etc. shall be taken into consideration in the stating
manner to estimate the agricultural production expected 10-15 years
after the project completion. And the results of the estimation can
be shown as increase by 3.5 - 5.0 ton/ha for wheat, 65 ~ 85 ton/ha
 £0£ fodder crops, 12 - 25 tons/ha for vegetables in Rabi, and 20
ton/ha for vegetables, 16 - 20 ton/ha for tree~crops in Xharif,

Even when mailze énd fodder crops are cultivated in rainfed land, the
-production cf the former will become 20 - 25 tons/ha and that of the
latter 50 - 60 ton/ha by improved s0il fertility and advanced

farming techniques.

The following tabie éhows the crop production with the Project.
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FIGURE 4-11.

PROPOSED CROPPING PATTERN
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4,9,2, Animal Husbandry Program

Implementation of the Project will eﬁable productionlof s&lage
fodder to be raised to 60, ,000 tons in Rabi and 51, 000 tons in
Kharif. Forthermore, straw of 15, 000 tons " and vegetables remainders
of 20,000 tons will be utilized as feeds. - Such better use of these |
materials is ewpected to produce about 23,000 tons of Total
Digestive Mutrients (TDN) and about 3, 000 tous of DigesLive Crude
Protein (DCP)}. And on the basis of the TDN value converted, ‘the
number of head of mi]k cow to be bred can be estimated at. ]3 700
head, which is 1.8 times as large as the adult cattle bred at
present, The proposed number of the domestic anlmalq, which ate
estimated by the ratio of each kind of aninals bglng bred at prasent_
will be 5,200 head of milk cow, and 4,500 head of watéer buffalo.
The fodder crop production increase and stable_sﬁbply of feeds
throughout the year will enable milk productioﬁ‘to be increased by
4.0 kg per head for milk cow and 6.0 kg for buffalo, When taking
the birth rate of milking animals by 74 percent for cattle and 80
percent for buffalo, milking cattle will be 3,900 head and buffalo
3,600 head, respectively. The total annual milk-pré&uétibn will be
about 11,300 tons, which will be able to meet the increasing milk
demand in Islamabad and Rawalpindi. '

Planned Production of Fodder Crops

{unit: 1,000 ton)

Production _ ' Nutrients

Cropping Season Fresh Dry Matter TDN DCP
- Rabi Crop . 59,5 13.2 8.5 1.3
- Kharif Crop 51.0 1.0 7.3 1.0
Sub-total 110.5 24.2 15.8 2.3
Wheat Strow 15.01/ 13.4 5.9 0.5
Vegetable 20.0 2.0 1.3 0.3
Total 145.0 39.6 23.0 3.1

Note: 1/ Adrdry matter
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Production of Milk

RS Planned S o Annual Milk
Livestock Feedlng Number Milking Cow Milk Yield Production
o (head) (head) {kg) {ton)
Cattle 25,200 3,900 4 4,758
Buffalo - 4,500 3,600 6 6,588
Goat S 6,000 - - -
Sheep - 4,800 = - -

" Note: Nnmberwéf'miik'prddﬁction days per year: 305 days,
“tyo times of milking per day.

"4.9.3. Proposed Farming

Successful irrigated upland farming will ensure i) increase and
stabilization of agricultural productivity, i1) labour saving of
farming practices, iii) upgrading of quality of farm products, etec.
In bther respéété, such. rational férming will allow intensive farm
management realized, land use ratiqnalized, marketing system
esﬁéblishediépd ﬁili come to require comprehensive measure to form

'produbtion afeas or blocks for specific crops.

Such modernized irrigated farming must enable local farmers to
replay the main role and as many farmers as possible to participate
in the irrigated upland farming. . For success in the Project,
therefore, it is quite essential that the local farmers have their
own action programs to appropriately respond to the irrigated upland

farming to be realized in the very near future,

Consequently, thé follﬁwing three types of farming pattern are
worked out for selecting best-suited crops to the farm land im

cénsidgring.thpse conditions of soils, topography, meteorology, etc.
1) .Vegefébles'+ Cereals + Fodders + Dairy

41) Three- ~crops + Cereals + Fodders + Dairy
111) - Cereals + Fodders + Vegetables + Dairy
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Selection of the farming pattern-out of the above thfee types
shall be made on the village basis through consultative discussion

on the following matters.
i)  The farming pattern with vegetable

- The farming patt21n with vegetable as: a core will be
suitable to the areas which are flat gently sloped,
well-permeable, highly retentionable with water, and
convenlent in farming/water management. The land to
meet the above requirements can be found in the
Downstream Area of the Rawal Dam, where many farmers
experience the irrigated vegetable growing with well
water,

- Since, however, irrigated upland.farming commonly
compels the land to remarkably reduce its fertility,
complex farming with dairy farming is quite
inevitable to. fertilize the soils by barnyard/green
manure produced by domestic animals or by animal
waste by liberation of animals 1n the fallow land.

- On the other hand, single item mass cropping will
often result in trouble from consecutive cropping,
and therefore, it is gquite essential to introduce a
following rotational cropping pattern as proposed for
avoiding the trouble.

Vegetable - Vegetable - Wheat — Fallow -~ Vegetable

11} The farming pattern with tree-crops

- This pattern as a core is suitable to the areas
gently sloped to the south with forest land extending
their northern baeckside to prevent cold wind in the
winter season.

- The tree-crops husbandry will be avai]able even in
the areas not blessed with the aforesaid natural
conditions, only 1f the wind brokers can be provided
for the crops. A collective farming, however, is
necessary for bringing up the production areas. or
blocks for specific crops. And crop selection shall
be made in taking advantage of the suburban farming
areas. As an example, such fruits Crops. are
preferable as loquat, figs, peach, plum which have
soft skins and pericarp only to stand for short
distance transportation,
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- .- It is recommended, furthermore, that some vegetables
- or fodder erops should be cultivated under
fruitwtrees so that the former plays a vital role as
cash.-¢rops and the latter will encourage: dairy
'ifarming, since’ tree—crops husbandry takes a
considerably 1ong—time to bare fruits for marketing,

S ﬁIn other respect, thick plantation will be required
- for raising the yield in the early stage of tree~-crop
~ farming and trimming should be made as the trees grow
up 8o as to keep failr space for fruits growing.

ii) The farming pattern of dairy farming with cereals and
- fodder - '

- The pattern as core, is best suited to the hilly areas
where many cattle havé been fed at present. The.
irrigated farming shall be carried out for production

~increase of cereals and fodders. On the other hand,
the waste 1and with gally erosion is found around the
hilly land, and such waste’ land shall be utilized as
fodder harvesting areas with cropping Rabi and Kharif
fodders in mixture. This will enable to increase in
: number of breeding cattle. Although cattle breeding
has been made in liberation or in tight with trees in
the field at present, the confinement In the houses
 or rope-tight to the ratch shall be carried out so as
to collect animal wastes which can be used for
vegetable cultivation as barnyard manure in close
contact with vegetable growers. In other words, the
dairy farmers give animal wastes to the vegetable
growers and the vegetable growers give small pieces
or residues of vegetables to the dalry farmers as
‘feeds for animals.

- The farming plan is worked out as above aiming at
development of the local agriculture through fair
distribution of limited water resources in effective

“'and efficient manner.

- Under the conditions, the successful achievement of
the Project will require plotting/arrangement of
-upland fields, construction of farm roads,

 enlargement of farm plots for collective works,
providing village roads, etc. for comprehensive
development, or construction of new villages or new
rural communities, Therefore, the aforesald farming

- plan plays.a vitally important role as part of the
total .development plan of the new villages.
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And in every palt the production and ‘the marketing
shall be organized for smooth activities.  In:
particular, development from rainfed agriculture to
irrigated agricultute must be made step by step, And
in the early dévelopment stage, the extension
organization and the experimental statiom will .
function as important organlzation for extension of
irrigation techniques, selection of crops/cropping
patterns and farming management technology. The
demonstration farms will alse play an important role
for successful extension.

Future farming pattern with the introduction of vegetable-

farming in the

Subj

project will be forecasted in the following progress,

1st Step
{lgt~ 5th year)

ect of Farm Ménagement by Development- Step

- to introduce teéhnology‘of'irrigatiqn (1st
- to diversify open fileld vegetable varieties
- to raise land productivity :

2nd Step - to improve cropping techniques

(6th - 10th year) - to lessen open field vegetable varieties
- to raise labor productivity

3rd Step - to firmly establish farming techniques

(11th - 15th year)

to grow less crops in number in rotation
- to raise capital proeductivity
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4,10, Agricultural Supporting Services
4,10,1. Agricultural Extension Services
1} General

The agricultiiral extension séfvices in the Islamabad Capital
Territory have been curréntly rendered by Technical Transfer Unit
_(TTU)'of'NARC.' In thé'Cépitél Territory, rainfed_farming has been
practised .in most of the farm land, and accomplishment of the
proposed target in the:agricultural production depénds'only upon a

successful improvement of the extension service organization.

Further to this, the study of application of irrigation farming
technology to the Project Area and the extension of the aforesaid
study vesult to the local farmers will have a clue to success in

reaching the target agricultural production.

2) Study on Application of Irrigation Farming Tgchnologies and

Training of Farmers

The Extension Center for Irrigated Agriculture should be firmly
established in TTU for successful extension of the {rrigation
farming tethnology in the Project Area and uplevelling of the

extension service program is quite essential for the purpose,

'.The st@dy, applicatidn, and training of the irrigation farming
téchnoiogy-shali be carried out in the systeﬁ with a core of the

Extension Center as showﬁ below (see Figure 4-2).

a) Training of Agricultutal Technology from the Fundamental
Matters

About 1,600 sq.m will be unecessary for the building spaces.

The training shall be given to the local farmers and their

successors with the exlsting facilities of the training center.
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b) Application Study of Irrigation Farming Tecﬁﬁoldgy'

The application study shall be made by eight experﬁé belonging

to the Extension Center.
The fields covered by the above experts arej

Vegetables Staff
Tree-crops ' ' _
Cereals

Fodder Crops & Live Stock Breeding

Seils & Fertilizers

Irrigation and Drainage Engineering

Farm Management

Total

Major subjects to be studied.

- Selection of crops weil—suitéd to irrigation farming
- Irrigation standards ' ' -

- Fertilization standards by crops

- Cultivation guide lines by crops

- Rotational cropping Pattern

- Farm management
c) Systematization of Application Studies by Extension Center

The cooperative studies by the experts of the Extension Center
and the respective staffs of TTU shall permit the résﬁlts_to be
readily applicable to farming in the farmers® own fields. '

d) Training of Applicable Technology to Farmers' ¥ields
The experts of the Extension Center, with thelr study results,
shall give lectures and training to extension workers, farmers and

their successors both at the lecture rooms and on the experimental

farms of the’ Extension Center.
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e)f Demonstration of the Results of Apﬁlication Studies

The experts and extension workers shall givé guidances and
training to the farmers on the model farms for uplevelling the
farming techniques of the local farmers so’ that the traditional
Barani irrigated agriculture (rainfed/extensive agriculture) can be
suecessfully changed into the irrigated agriculture

(mdderhized/iﬂtensive ag:iculture),

? _The_ﬁedeilfarms ehall'be-proviaed'near five Division Offices
and it is desirable to select the location of the model farms with
the irrigatien water sources available and several farmers having
enthusiasm for imprdvement of their farming and playing an Important

role as local leaders.
-3) Extensidn_Aetiﬁities

zﬁor-feisiﬁg‘agrieuitufaifpreductivity and realizing the
_preposed terget-fields through irrigation, various applied
feehniques'firmly established by the Extension Center for Irrigated
Agricﬁiture:shall-be diffused to the local farmers.

‘Such being the case, the extension services should be rendered

in plaeing emphasis on the following matters.

- 'fEach one of the staff specialiaing in such fields at least
" ghould be deployed in the extension office, as vegetables,
treée-crops, othér c¢rops, livestock breeding, soils,

" fertilizer, farm managément, and pest control, so that the
‘appropriate and organic guidance can be given to develop
the local farmers.,

‘- Adequate guidances should be given on

i) fleld irrigation techniques (irrigation and
drainage),
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i1) irrigation standards by crops (water management,
' .water amount pel one 1rrigation, interval periods),

iii) specific features of; superior varietles by crops
-(varieties highly suitable to irrigated farming),

iv) irrigated farming;methods by crops (planting pattern,
' seeding method,  seedling method, training method,
crop protection method and cropping pattern)},

v) fertllization method (soils analysis and timing and
amount of fertildizer dosing),

Cwi) livestock breeding and protection methods (feeding
*amount, artificial insemination, diagnosis and cure
of dlseases), :

vii) farm management {(farm management checking, booking
' for farm management, statistical study on the market,
marketing, and organization of marketing activities),

- The local farmers should be developed through practices
with knowledge and techmiques obtained by lectures and
seminars held in the respective beneficial villages, and
recommendations and advices avallable by training and

. guidance given by Extension Center.

4.10.2. EStablishment of Water Uéers"AssociatiQn

1j”

Purpose and Business of Water Users' Association (WUA)

Purpose : Securing fair distribution of irrigation water to
- the member farmers fields.

Business: Total and adjustment for the request of

irrigation area
~  Plan of water distributdion

~ ‘Qperation. and maintenance of irrigation
facilities

- Colleéting irrigation fee

Organization: Management director .......... 1
: : Secretary general .....evee0na 1
Permanent staffs ....evveevees 3
(staffs for general affairs, operation and
maintenance, farm management, water distribution
and etc.)
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2) Establishment Order of Water Users' Assoeiation

1) Obtaiulng of beneficlaries consent about implementation of
the irrigation project. :

i1) Preparation of members' list
ii1) Establishment of water users' association

iv) Election of managing director and employment of permanent
staffs . '

v) Lay down association rules

vi)  Section of Water Management Group (WHG) and Farmers Group
(FG) and draw up a irrigation register. .

With reference to the exlsting Water Users' Association in
Pakistan, it is necessary to investigate and arrange the details

about the rules and the operation method of the WUA.

3 Supporting for the Establishment of Water Users' Association

Successful execution of irrigation projects essentially
requires to establish a Water Users' Association with beneficiary
farmers for securing fair distrlbution of irrigation wétér.to theit
fields. 1In principle, Farmers' Group will be a fundamental unit for
organization, and Water Management Group will be organized'on the '
water diﬁersionAbasiS so that the farmers can be organized by

Divisions as a whole,

The association unified on the Division basis should be
organized into the Federatibh of the Water_UsérSf Associations,_:
which shall carry out the operation and maintenance (0 & B) of the
major facilities. Associlations should trj.td make better éﬁd_
effective use of irrigation water in the Aréa together with the-
Operation and Maintenance Qffice, ICTA,:with_LGRD,asﬁcore,_gha11 
prepare the following matter priocr to implémentatiaﬁ of the Project

s0 as ta encourage the assoclations to be activated in their works.
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. to confirm the numbers of bemeficial villages, total
households and farmers,

to study and prepare the program for organizing the
assqciations, :

‘to prepare the acts, regulations and rules for the
‘association activities under the administration of ICTA,

-.to=étudy{the.exteht of 0 & M charges to be borne by
beneflciary farmers,

ffo,héﬁésthorough public relations with beneficiary farmers
- on the works realized by Project, impacts and necessity of
the Project,

to_bring db_the.educational staff of ICTA for giving
training and guidance in organizing the associations, and

to sfudy possibility to organize the associations with
" function of agricultural cocoperatives.
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4.11. Processing/Marketing of Farm Products and Agricultural

Cooperative

1) Meanings for Individual Farmers to Intend for Establishment of

Apri-Cooperatives

Commonly, a lot many of producers grdw many:#ariety of'cfbps,
while a limited number of middlemen or retailors deal the farm '
products with the farmers. In such dealing of farm.producté and
input materials, the farmers are apt to take'mﬁgh'diSadvanpage in
various matters to the merchants. Fundamentally, a trade Is '
practised by one seller to,dné'buyer; The farm prdducts, however,
have been dealt with many farmers fo a few-merchaﬁﬁs -
(middlemen/retailors), and the imbalance iﬁ'numbérs of buyers and

sellers has resulted in uneven distribution of their income,

On the other hand, when the sales of the products. and
procurement of input materials are not made byjindiviﬂual,farmers
but by collective farmers like cooperative organizatiomn, the
products are traded at reasonable prices with the balanced-power of

the sellers and the buyers. Therefore, individual farmers should be

organized into cooperative organizations in this point.

2)  Water Users' Association with Function of Agricultural

Cooperative

From the viewpoint of marketing of farm products’ procufement
of input materials and early/solid organization of fatmers'
association, the Agri-Cooperative functions should play an important

role in the establishment of the water Users' Association in the.

project.

It will be quite impossible, however, to eétablish'and-operété

successfully the Agri-Cooperatives unless the local farmers have
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-full“recégnitiph on demerits'of saie/ptocurement without such
_Organizatiou and cén raiéérfhrﬁers'-conscious for full cooperative
works, 'Tbé local iainfed éropﬁing farmers WOuld‘feﬁuire ample time
“to thoroughly uﬁderstand indiﬁiduhliy the {mpact of the Project,
_whicﬁ_méans that it will take cdnsiderably.iong time for the said
Vfafmers'to recognize a variety of their sale/ﬁrocuremeht problems as

theilr common and serious problems.

' Copsequénply, it is deemed appropriate that, with irrigation
water supply; the collective works shall be promoted with marketing
of ﬁegetéblés aﬁd fruits fafming-by coo?érative use of
mﬁchinéélfaeilities such as trucks, collectiﬁg yards, éﬁc. as well
as ?rbcurementrof,input matgfi&ls {see Figure 4-13)., The successful
cooperatiﬁes'sﬁall be.developed by collecting yards of farm
productS/miik.pfovided for smooth marketing of the local farm

products in the future.
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FIGURE 4-13. THE STAGE DEVELOPMENT OF WATER USERS' ASSOCIATION

Dperation Title

Operation during
Construction Stage

Operation during Water-

Suppty Stage

Additional Operation
in the Future

1, Organization

—[Oblaining Beneliciaries Consent
about Implementation of the
Irrigation Project (by ICTA)

—Preparation of Members' List

—Bstablishnent Kater Users’
Association

—glection of Managing Director

- and Employment of Permanent
Staffs

—Lay Down Association Rules

—Employment of Permanent Staffs

2. Operation of Joint
Use Equipment and
Hachinery

—Section of WMG(1/) and FG{2/) -

and Praw up lrrigation Register.

—Kitness the On-farm Develop-
ment Works

—Dperation Trial for irrigation

—Joint Use of Traciors, [fand
Tractors and Pickup
{tractors, lland Tractors and
Rickup are included in the
Project Cost as Agricultural
Supporting Facilities)

—Qperation and Mainte-
nance of Irrigation
Facilities

—Joint Use of Tractoers,
Hand Tractors and
" Pickup !

—CLollection & Shlpping-

liouse for. Yegetahles
and Furuits by Vll]age
{temporary)

‘—Hilk Processing Planis

~Hheat Rill )

—Lentract Barming - - -

—Nursing Seedling Plants

~Collecting & Shipping Wouse for
Vegetables and Ruriis{permanent) 3/

—Sorting Plants for Creps -

mStorage for Crops

—Cold Storage for Crops

—(Collecting & Shipping hnuse for.
Livestock Products ¥

—Collectmg & Shipping hose for Hilk

—Cold Storage for Livestsck Products

--Seryice Station for Farm Hachinery
—BGas Statien ’

4. fducation/Bxtension
fpgration

—Foster for Cooperative Groups of
Agricuitural Production

{in cooperation with Batensicn Center

% Bxtension Offices)

—Training Successors

—Survey and Analysis about Agri-
culyral Productien Cost

—{DEficial Report {information about
Crop Prices and etc,)

4. Sales Operation

--Mediation for Joint
Shippingof Vegetables
& Furuits

{by Using WUAS® Pikup).

~—Joint Sales for Bairy Products

31
—Joint Sales for Vegetables- & Fruits

_Joint Sales fot Livestock Producis

5. Procurement
Operation

—MWediation for Procure-
ment Fertiiizers

—Mediation for Procure-
_ment Pesticides

—Hediation for Procure-
ment Seeds

—Mediation for Procure~
ment Farm Machineries

—Joint Procuremcat’ for Fara Hachmcn—

—Joint. Procurement for Fertilizers
—Joint Procurement for Pesticides
— Joint Procurement for Seeds
—Joint Precurement for Feeds

ies
—Joint Procurement for Pesonal Neces—
saries

§. Credit Qperalion

—Pbtain Loans for Procurement of
Joint Use Bquipment & Machinery

~Loans for Farm Hanagement

—Saving :

Nete: [/
3 e

Water Yanagement Group
Faraers Groep
Priority operation in the Future
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4.12, On-Farm Deoelopmént Plan
4;12.1.  Concept. 6f On-Farm Doveiopment

The terminal farm size commanded by cne outlet is determined
through ‘the careful study on the field inVQstigation on topography,
present iand use conditions, depending upon an available topographic
map of 13 21 100 in scale, Basic concept for the study is as

followt=, '
- _Average size of-thé:térmioél'filéd-to be covered by the
outlet is 40 to 50 ha (99 to 124 acres) on average.

~ = . Boundary of thé terminél_farm area will be fundamentally
based on division of village and administration.

Total number of on-farm areas is counted to be 136 areas, 81

areas in Upstream Area and 55 areas in Downstream Area as shown

below;
Average Area of Terminal Oh—Farm_Area
Upstream - Rownsiream
. JTtem Unit Area Area Total
ﬁo. of On-Farm Area A Nos. 81 55 - 136
Total Irrigation Area “ha 3,790 2,810 6,600
Average Size of On-Farm Area ha 46.8 51,1 48.5

4.12,2, Irrigation, Drainage and Farm Road Plan in On-Farm Area
13- Irrigation and Drainage Facilities

“Water coufSes, whith are the on-farm irrigation canals, will be
provided in order to supply water through Nucca to each farm plot.
The:designed.gnit water réguirements {qi) of the water courses 1s

1'08 1it/sec/ha(*15), and accordingly design discharge of water

courses can be calculated by the following equation,
.Noté:' *15 v qi = 0,6 lit/sec/ha x 0.9 x 24/12 = 1.08 lit/sec/ha
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Q=4q1 x A

where ; qi: Desigﬁéd unit water requirement, 1,08
lit/seq/ha :

A: Irrigation area {(ha)

On the other hand, tﬁe farm drains as terﬁinal drainagé éanals
will be provided at the lower side of fhé.onffafm érea to dfain
surplus surface water as well as to protéét:the‘farﬁlland from Sdil
erosion by heavy rainfall. The desigﬁed unit.dréiﬁééé modulué (Qd)
ig determined to be 14.8 lit/sec/ha{*16), which correspondsufé.ﬁhe

amount of rainfall with return period of 5-years.
2 Farm Roads

Farm roads with the total width of 4.05 m (13.3 ft) (effective
width of 3.05 m) will be provided in the on-farm areas,'fo-meet the. -
requirements for transportation of inputs materials and agricultural
products and also to carry out operation and maintenance of the

irrigation and drainage facilities.

Kote: %16 ... gqd = 128 mm % IOBB % 1.0ha x,104/86,400 ?'14;8_'.
" lit/sec/ha S L
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4.13.  Village Development Plan

Ihl;ﬁéfsiudﬁla:ea, the disparity in income and life environment
1eve1ubetﬁeen,ﬁfben”ereae and rural ares has become one of the
serious soclal problems. This is caused by the difference in
geographical conditions betweei the two and also among villages and
“even” among households in a village. For the well balanced
developmeot of_;he_areai it is necessary to improve the base of

agricultural productioﬁ and villagers‘ life environment.

.Figure 4—13 shows a model of the water;baSed village
develooment plan. 'Within the scope'of the Project, it is intended
that as-ﬁaﬂy farmere as possible can have an opportunity for leading
more pleasant.life secured by irrigated agriculture by {mplementing
or improving.the related facilities and marketing roads which are

the most fundamental agricultural production bases.

The prodociion level of crops in the farmland is expected to
rise sharply as a result of construction of irrigation facilities,
'-organizatioﬁ of fafmers as to water management, and technical
support’ to farmers on irrigated agriculture and on agricultural
management. Improvement of the marketing road networks will enable
the farm products to_he delivered in fresh and favorable condition
Eo the oon9umef area as well as the increase of cash income of the
farmers. The new lmproved marketing road network will function also
as a connecting'road network. It wiil benefit not only the farmers
but also the whole residents of the Preject Area, improving the

-social and economical environment.

4-88



FIGURE 4-14. MODEL OF THE WATER BASED VILLAGE DEVELOPMENT_PLAH

indeciducus Trees

& point of gate)

[ {infront of village

Inspeetion Road

On—fartm Road
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I |
&‘Q‘( ] tin and around
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Drainage Canat

FARM POND : :

- Keepmq water with night storage for
“timely ifrigation to crops especially
vagatables.

— Growing and harvestmg flsh

SHALLOW-WE.’.’LS-‘ & WASHI_NG SPAC’E'
— Supplying drinking and domestic water
for all villagers. : :
. Sugplying washing water for vegetable.

SEEDLING PLOT .
.~ Supplying vegetable seedlings for on
time transplanting

ANIMAL WALLO

— Bathing space for buffalos and other
large animals.

MULTIPURPOSE  OPEN SPACE

— Collestion and shipment farm products

in’ cooperatian.
© — Assembly and communication space.
+ — Sportend game sbace.
TRUCKS (Owned by WMG)

— Transportation of farm inputs and products
“and c_onstruction matarials for improvernent
of on-farm works, and communication
between town and village.

TRACTORS OR POWER TILLERS (Owned by WMG)
— Cultivation of farm land in keeping

proposed cropping pattern on time
and effactive water use.

OFFIGE OF WATER MANAGEMENT GROUP

- Oparatlon and maintenance of the.

irrigation and drainage canals covering
by the territory of water management
group.

— Requesting the fund for procurement -
and operation of agricultural service
equipment to banks through the
Federation of Water Usars! Association.

— Negotiation with dealers to lower the -
price of farrrimg équnﬁmem and input
rnaterials as well as to keep the reasonabfp
price of products
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CHAPTER V. PROJECT FACILITIES

5,1, Dam and Reservoir Plan
5.1.1. General

:The bfﬁgésed X-2 damsite is located at the northeast corner of
Islamabﬁd Cgfital‘Territofyrand about 15 km (9.3 wil) upstream of
the existing Rawal dam é10ng the RKurang River. The village nearest
to the damsite is Dohala. The K-2 Dam, which has a live storage of .

18.5 MCﬁ”(iS,OOO'acge fe), ﬁill be classified into a category of
éfpfage-daﬁ, and tﬁe'purpose of the storége is to irrigate the
culturable cOmmanded area of 6,600 ha (16,300 acres). When shortage
of water occurs in Rawal.Dam in a drought year and K-2 reservoir has
enotigh storage, the water stored in the X-2 reservoir will be
‘released into the Kurang River at the rates dictated by water needs

for domestic water supply.

Rawal Damrhas a 11ve_$toxage of 53 MCOM (43,000 acre ft) and its

water usge plan is as follows:

Water Use Plan of Rawal Dam

. Ammual - Maximum Monthly
Ttem Water Demand Water Demand (June)
- Domestic Water 51.0 MCMlél 5.3 MCM 2/
Irrigation Water { 5.2 " ¥ (0.5 ")
Total 51.0 MCM 5.3 MCM

= 176,700 cu.m/day
= 2,04 cu.m/s (72 cusec)

Note: .ﬁl ... Including the volume of water diverted from
' Kurang River with diversion works located
upstream from Rawal Dam,

2/ .;.‘In.case fhat K-2 Dam is constructed for

- irrigation, the irrigation water will be supplied
. from ¥-2 reservolr.
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The general description of the Ku and Rawal daméites are given-
hereunder on the catchment area, average annual rainfall and runoff

discharge, respectively.

Catchment Area, Average Annual- Rainfall
and Average Annual Runoff of Kurang River-

Item K-2 Damsite Rawal Damsite
Catchment Area 0 137.07°sq.km - 275.1 sq.km
(52.0 sq.mi) (106.2 sq.mi)
Average Annual Rainfall - 1,556 mo Kl,ﬁll-mm_
- (61,3 in) (55.6 in)
Average Annmual Runoff 62,1 MCM 103.0 MCM

(50,340 acre-ft) (83,500 acre-ft)

5.1.2, Design Data
1) Basic bata for Design of Dam

The basic data required for planning of the dam.and reservolr
were collected in the Feasibility Study stage and are shown as

follows;

Topographic Maps

1/

- Topographical Map, - : Scale 1:150,000 .

- S i » 1/ 2/ .3 inches a mile
- " » Resexvo 7 Area> " 1:5,000

- " .- DamgiteX /- "o 1:1,000

- Profile on Axis of Main Damr~" " 1:500

1/ Obtained from Survey of Pakistan’
2/ Surveyed during the period of Phase I Field Work

Aerial Photograph

Aerial photographs of a scale of 1/40 000 and 1/10, 000 around
the damsite and reservoir area were obtained from. Survey of

Pakistan.
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Geological Maps

The following geological maps are obtained from Geological
Survey of Pakistan. '

e Geological Map of Pakistan, . Scale 1

: 2,000,000
«~ - Geological map of Islamabad, Scale 1 : 50,000
: 1,000,000

- Seismic Risk Map of Northern Pakistan, Scale 1

Foundation Exploration

'Corefdrillings'at.thé damsite were comméﬁced early October
1987; by usiﬁg a driliing rig provided by JICA. The investigated

quéntiéies'of the core drilling ané rock testé were made as follows;

27 Core Drilling _ '
Left Abutment +......:.s Depth 40 m {131 ft)

River Bed ..ivevcrscsncss Y 51,3 m (168 ft)
Right Abutment ......... " 40 m (131 ft)
':Right Abutment Saddle o oM 30m (98 ft)
- Fleld" Permeability Test : - . 30 Nos.
- Rock Tests.
Specific Gravity/Absorption Test 12 Nos.

Unconfined Compression Test 12 Nos.

Construction Materials Investigation

For the embankment materials inﬁestigation for £ill dams, five
teét‘pits were excavated at the pléceslas shown in Figure.S—S.
Three samples for impervious matetrial and two samples for random
materials-wére obtained from the;test pits and the following

laboratory tests were made acéording to ASTM.

Physical Tests:

= “Specific Gravity .......... ASTM D854

5 Nos.
- ‘Moisture Content ....v..... ASTM D2216 3 Nos.
- Gradation ....eeevossease.. ASTM D422 5 Nos.
- Liquid Limit .veeseeevsee.. ASTM D423 5 Nos.
5 Nos.

- PlaStiC Limit 2 s e a8 e eb ey ASTH D424



Mechanical Tests:
- Compaction Test .....cseev. ASTM DO98 . 5 NQs.'

- Compaction Test ........... ASTM D1557 2 Nos.
- Permeability Test ......... ASTM D2434 - 5 Nos. - -

Salient Features of Existing Dams

Salient features of Rawal Dam and Simly Dam'eiistiﬁg'in the
Islamabad Capital Territory are shown in Table 5-1.

Compensation of Reservoir Area

The reservoir area of K-2 Dam at the_maximﬁm wétex level of
EL.649.8 (2,131.9 ft) is about 300 ha (740 acres), and the resefvoir
site costs for the following ftems will be required (see Figure

H-5).

- Land Acquisition

130*ha_(320_acres)
170 ha (420 acres)

Cultivated Area
Uncultivated Areas

e

- Relocations. of Existing Facilities

125 Nos.

Resldence :
Satra Mile -~ Angori Road P 4.2 ko l/
Power Transmission Line (135 Kv): '1 2 km~ !
" (1w 7.0 ket Y
- Population -2 aboﬁt 780

1/ ... Length to be newly ccnstructed
2/ ... Based on rough estimation of WAPDA (Islamabad}

3) Sedimentation in the Reservoir
Sedimentation in the K-2 reservolr was estimated on the basis

of the sediment in Rawal Dam which was measured by Irrigation

Research Institute of Punjab Government.
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Observed Sediment in Rawal Dam

Passed Years after Accuﬁulated Average Specific

"Year  Completion of Dam- . Sediment Annual Sediment’
(Years) (MCM) {cuim/sq.km/year)
1962 0 0 0
1966 4 7.7 7,010
1972 . 10 _ 8.57 3,120
1984 . 22 . 11.04 - 1,820

The above table shows that an average specific annual sediment
in the Rawal Dam has a decreasing tendency every year. The
sedimentation in the K-2 reservoir will be estimated by the

following equation.

'Design Sédiment (cuanﬁ
= Specific Annual Sediment (cu.m/sq.km/year)
x Catchment Area (sq.km) x Design Period of Sediment (50 vears)

The average specific annual sediment in 1984, the latest year
of 6bservatién,_wés.l,820 cu.mfsq.km/year (3.82 acre £t) and the
valué of Spécific annual sediment in case of the design period of 50
years will be less than this value. Relation between the past year
(Y) after completion of the ‘dam and the average specific annual
sediment (qs) will be expressed in the form of exponential function
as. shnwn in the following figure, and thus, the specific anmual
sediment-in case of the ﬁesign_period for 50 years 1s estimated to
bé_930,cu.m/éq,km/ygar_(1,95 acre ft/sq.mile/year). However, this
vélﬁe shoﬁld be.undérstood as the loﬁést value becausé of
insufficienéy of:thé bbservéd_dataf Accordingly, the specific
annual sedimeht'pf-i,SOO cu.m/sq.km/yehr {(3.15 acre ft/sq.mile/year)
is adopted.. | '

Design Sediment:

Qs = 1,500 cu, m/sq km/year x 137 sq.km x 50 years
é 10.3 MCM.(8,350 acre ft)
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The lawest invert of the irriga;ionjoutlet is decided at EL.637
n (2,083.9 ft), so that K~2 Dam has the dead storage of 10.9 MCM
(8,840 acre~ft). ' a '

SERIMENTATIGN IN__RAWAL LAKE
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4} Reservoir Size and Funectional Purpese of the Dam

Regervoir Sdize Limitation

The facilities of Ministry of Defence and Chattar Garden face
the Murree road in the Chattar village lqcé;ed north of the K-ZrDam,
and the relocation of the Murree road'in'ihat area seems difficult.
In such conditions, it was decided thatlthe'water 1ével.should Be
less than EL.650 m (2,132.5 ft) because the exisfihg facilities
should remain unremoved at maximum, The spillway dééigﬁ hea&rwas'
expected to be about three meters, and then the pbésiblé:highest"'
retention water level was decided at EL.647 m (2,122.7 ftj.

Reservoir Size

In considering the practical'and‘physicéi limit of the K-2
reservoir, the reservoir size was decided by the'paragraph of 4.2

entitled "Optimum Scale of Project" is as follows;
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Functional Pugpbse of K~2 Dam

As shown in Figure 5-2, K=~2 reservoir 1s formed by a maln dam
to be constructed acress the Rurang River and a saddle dam on saddle
of left bank. In this dam plan, the following two outlet works,

irrigation outlet works and river outlet works, are necessary.

- Irrigation Qutlet Works

" The irrigation outlet works will be provided under the
saddle dam and stored water will be released to the
irrigation main canal by gravity flow. The maximum
irrigation outlet capacity is 3.96 cu.m/sec (140 cusec).

- Rivex Outlét Works

When shortage of water is occurred in the Rawal Dam in a
drought year, water stored in the K~2 reservoir will be
released at such rates as dictated by downstream needs.
Maximum monthly water demand of the Rawal Dam, which will
be occurred in June, is 5.8 MCM corresponding to 176,700
cu.m/day and 2.04 cu.m/sec, so that the maximum river
outlet capacity is decided to be 2.04 cu.m/sec (72 cusec).

In addition, it is”necessary to provide those facilities of the
spiilway_with'design_éapaciiy of 1,840 cu.m/sec (66,100 cusec) and
the diversion tummel with the désign capacity of 690 cu.m/sec
(24;800-cﬁsec) for diverting floods during the construction period.



5.1.3. Topography and Damsite Geology
1}  Topography

The left and right abutments of the méin_damsiﬁé{preéent;quite
a different topography each other. Thé lgft abutmentﬁis'composed ol
alternated sandstone and mudstone,,and_SHOWS tﬁe,ridge and trough
topography because of'the-differéntiated erosion and the high angle

inclination of strata.

The right abutment shows table-shaped hill hav1ng one or two
terrace halfway up the hill. The width of the. river bed is 40 to 50

m (131 to 164 fr).

The reservoilr area is located at and around the conflvence of’

right and left tributaries of the Kurang River.

The narrow terrace lies on the both banks of the river fldwing
into the reservoir area. In. the reservoir area, the broad flat land
is sat on the left bank, so that it will be possible to obtain
economical storage capacity although the saddle dam is: required
However, this broad flat land is used as farmland at present and the
farmland of about 130 ha (320 acres) will be submerged by

construction of the dam,

2}  Damsite Geology
The base rock of damsite and reservoir'area_ié hard . sandstone
and relatively soft mudstone of Murree formation with minor part of

intercalated pseudo-conglomerate and laminated sandstone.

As the results of unconfined compression tests of rock cores,

the compression strengths of sandstone and mudstone are as followsy
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Sandstone : 50 - 1,190 kgf/emz
Mudstone i 20 - = 80 kgf/cm2

Lugeon ‘values of the mudstone zone except the portion near the
_gxound surface are generally 1ess than three and indicate that those
zones have.a relatively high watertightness, but the sandstone zone,
eepecially the boundary with the mudstone, has a relatively high
._permeability, As shown in Figure 5-4, the overburden is composed of

terrace depoéits,'residuals and river deposits.

Left ébﬁtment consists of the alternated sandstone and mudstone
which inclu&e'the muddy sandstone, and both of them have the
thickness of 5 to 12 m (16 to 39 ft).

The value of schmidt hammer backlash of the hard sandstone
demonstrates to:beVSO to 55. On the other hand, the mudstone
indicates the value of 20 - 30 at the point of fresh exposure, but

the weathered part and cracky part'have the value under 10,

In the right abutment, top of the hill is overburdened by upper
terrace deposit:and-middle or lower terrace deposit .covers the bed
rock at the place where i 5 - 35 m (16 ~ 115 ft) high from river
bed, .The élope surfaces are overburdened by relatively thick talues
deposit. The upper terrace deposit of about 5 m (16 ft) thick is
'Cnmpdsed.6f_relatiVe1y we1l~s0rted pebble and cemented partially by
Limy matrix._ On the other hand, the middle-lower terrace deposit of
BLE:IO w (26 - 33 ft) thick in maximum Is composed of silty soil as

matrix and gravelé ranging from granule to boulder.

. The difeétion of bed rock at the left bank side and the
.&ownst:eam atea,from dam axis is almost uniform having the N40° -
GD?E;quStrike;andﬂ7O°.r-QOQHW of dip, although they have many
_}geﬁﬁly;fglqu,gurvg. But .at .the upstream part of right bank side
frcﬁfdam_gxis,Ithgﬁdireepiqn_qf bedrock chgngqs-to-ﬂ60°ﬁ -~ NW of
strikékand_§ﬁ° —.1093 of dip. Moreover .the upper direction of
“fdrmétion'jﬁﬁgedkfrpm the cross-lamination, is NE at the downstream

-area from the dam axis and is S-8W at the upstream area.
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Two sheared zones of 40'“-50 cm,(l}B'— 1;63ft) wide run in the
direction of NE-SW at the right side qf rivef bed on the dam axis.
Furthermore, relatlvely large scale of sheared zone runs behind the
table-shaped hill of right abutment. Furthermore, the faults are

assumed to exist along ravine om the right bank and the river bed of

the Kurang River.

5.1.4. Construction Material

Embankment Materiais

The rocks and soils arcund the damsi;e are’ composed of”
Residuals, Loess, Terrace deposit, sandstone, and muds;one 6f Murree
formation., There are no materials suitable for filter zome of
embankment dams and concrete aggregate arcund the damsité, so that
those materials are planned to be provided by the Contractor. .
Suitable materials as rock material are_sandstoﬁe strata and boulder
contained in the terrace deposits, but it will be . difficult to |
obtain the sandstone economically because the base rock of the
damsite and its surrounding area is composed of the alternated.

sandstone and mudstone.

Residuals and/or Loess are planned as impervious material of
embankment dams, and terrace deposit as random material. . Then the
test pit and auger boring were excavated at the borrow area shown in
Figure 5-5. And soil test was carried out using the sample obtained

from the test pits.

Impervious Materials

Residuals and Loess exist sufficiently around villages of
Sakrila, Dohara and Malatha. These are the fine soil of a silty
nature as shown in grading curve as shown in Figure 5-6, and

classified into CL on unified soil cléssifi@atiou.



""They haﬁé_soffioieoé imperviousness and relatively high maximum
dry densityifi 77 - 1,86 t/curm) but they are materials being
easily developed by cracks,'when they are dried, because they are of
silty nature. and of low plasticity.-

As the height of the dam iB relatively high (50 - 60 m), they
are recommended to mix with terrace deposit with high gravel

percentage for the following improvement of their properties.
- To make the p0331bility of development of cracka low by
improving their gradation.
- To. increase the shear strength and to improve the

deformation characteristics by, 1ncreasing their gravel
’ percentage.

Random Mateiials

_ __Ierrace_dgposi; which is in 1imits of adequate gradation as
sémipervious ﬁotéfial'is suitable fo: random material. This
material being classified into GM has gravel of 64 percent and fine
- material of 11 percent, and its maximum dry density is 2.05 t/cu.m.

Although terrace deposit is distributed widely along the Kurang
River, necessaryrquantity for dam embankment will be obtained from
excavations for spillway and dam.

5.1.5,_ Selection of'Damsite and Type
1) Selection of Damsite
The left and fight_tributaties:of the Kurahg River, which have

_almost the same catchment areas in the acreage, join at the place of

about 700 m (2,300 ft) upstream of the proposed K-2 damsite,

5-11



In the case that the K-2 reservoir with 1ive etorége of about
20 MCM (16,210 acre ft) is planned, the K-2 damsite should be
selected at the site downstream of the confluence to ensure

sufficient runoff for the successful reservolr plan.

The suitable site of the K~2 Dam having the gross storage
capacity of 29.4 MCM (23,830 acre ft) can be found only in the area
shown in Figure 5-2 judging from topographic conditlons of the area.
downstream of the confluence. The saddle dam of about 750 m. (2 460
ft) length in the village of Sakrila located on the left bank of the

Kurang River will be required.
2) Selection of Dam Type

The valley at the K~2 damsite is wide with the width-to-height
ratio by 9 at EL.650 m (2,132.5 ft). Based on the ciosélégctioﬁ of
embankment dam and concrete gravity dam as shown iﬁ Figure H-7, the
volume of the both embankment dam and gravity dam and- construction

costs are tentatively estimated as shown'below;_

I

360 million Rs.
360 million Rs.

Embankment Dam: 1,900,000 cu.m x 190 Rs/cu.m

#

Gravity Dam : 300,000 cu.m x 1,200 Rs/cu.m

Tn the case that the dam foundatlon is composed Qf3SOUhd rock,

there is little .difference for the construction costs between the

embankment and concrete gravity dams.

The foundation of the dam 1s composed of altérn&ted'séndétone
and mudstone, and the both have the thickness of 5«12 m (16 - 39
ft). Sandstone is hard and mudstone is comparatively soft.
Although the bearing capacity and shear strength of the foundation  _
will be enough for embankment dams of 50 - 60 m (164 - 197 ft) high,
the foundation will not be suitable for the construction of conerete

gravity dams with the same height in the following reasons?
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“ -7 Adsuming that shear strength of a rock corresponds to 1/6
. of thefcompre&sive strength, that of the mudstone will be
3 ~ 13 kgf/em™.,  On the other hand, concrete gravity dam
of 50 ~ 60 m (164 - 197 ft) high will require th
. foundation with shear strength of 10 -~ 15 kgf/em”™ to
obtain the shear~friction factor of safety of 4, so that
it may be impossible for the mudstone to ensure the
. required sliding stability.

=~ " “.The dam {g to be constructed on the foundation comprised
.of ‘alternated sandstone and mudstone, Mudstone has high
~ deformation characteristics, so that large tensile
“stresses will be developed in the dambody due to excessive
--deformation of the dam and foundation in case of the
construction of conecrete gravity dam.

" As mgﬁtidnéd-ébove, the Congreﬁe gfavity dam does not take
economical advautagé to the embankment dam, and the foundation of
the dam will not be suitable for the construction of concrete

gravity dam. And the embankment dam is adopted for the Project.

5.1.6. Preliminary Design
1) Dam

" The K-2 Dam is planned as a zone type earth dam in taking into
consideration the properties of materials available from the borrow
areas around the damsité_aﬁd splliway. Because the foundation of
thé.daﬁ conéistsfdf'éltérnate& sandstone and mudstone with much
différent defo;métion éhafacteristics, moderately sloping impervious
qére;'which'givé$ an eﬁen bottom pressure &istributidn below the
:fillgdqﬁnstreém of the éore, 1s adopted. Stability of the upstream
:-section éf'tﬁe:dam will be influenced directiy b& the fluctuation of
Ehe’réSetVoir-watef'lével, so that the portion of the upstream
sectidn,being_higher than the minimum water level of the reservolr

is designed as pervious zone to ninimize such influence.
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The upstream slope is protected against wave action by riprap

and also the downstream slope against erosion Erom wind and rainfall

runoff by riprap.

The base rock of the K-2 Dam haé'iﬁ:generélna reiatively ﬁigh
watertightnhess, but the sandstone zome, especially the,bouodary with
the mudstone, has a relatiﬁely high'porﬁeability. :To.prevent
storage water from leakage through the portions with high
permeability and piping, curtain grouting works are planned under
the core zmone, and blanket grouting works is planned:additionally

for the river bed to receive high water pressure.

Preliminary design of the dam is shown in attached Drawing No.

D-1003.
2) Spillyay

Splliwvay Capacity

The spillway capacity is 1,840 cu.m/sec (66;100 cuseo) as
decided in paragraph 3.2.3 on "Hydrology".

Spiliway Type

The left abutment of the ridge and trough topography are oot
suitable for the construction of the spillway, but there is.no_
topographic limitation on the rigﬁt.bank of the Kuranngivéf. _
Accordingly, the spillway route is selected on the right bank._‘AS
the K~-2 Dam is a storage dam for 1rr1gation, the ungated Spillway is

selected in the following reasons with advantageo.,

- Operation is done automatically and without trouble.

- Less maintenance cost is required because of its ability.
to function without gate operations.

- VConstruction'is less complioated.
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The maximun water level of K~2 reservoir should be lower than
EL. 650 m (2, 132 5 ft) due to the topographic conditions, As the
retention water 1evel'f" decided to be EL.647 m (2,122,7 ft), the
design head of the Spilluay should be less than three meters.
Judging from the- topographic conditions on the right bank for the
5pillway construction, a chute spillway with longer crest than a

side channel spillway 1is adopted.’

Spillway Crest Length

- The spiliway erest length required to release séfely the design
flood of 1,840 cu.m/sec_is givén by the following formula:
B = Qd/fCd x Hd3/2

= 1,840/2.1 x 2.8°12

= 187 m < 189,4 m (Design Length)

wheres
' & = Spillway Capacity (cu.m/sec)
Cd = Coefficient of Discharge

ﬁdi= Desigﬁ Head {(m)

EnEfgy Diésipétot

f Thé hydraulic jump Basin of USEBER type'II, which is 72 m (236

ft) long, is adopted as an energy dissipator.

-The preliminary design of the spillway is shown in Drawing No.
D-1004.

3) = Outlet Works

In the dam plan,- two outlet works, irrigation outlet works and

river outlet works, are:nécessary.
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- Irrigation Qutlet Works

The irrigation outlet works serve to release water stored
in the K~2 reservolr at such rate which will be dlctated.
by needs of the culturable commanded area. into the
irrvigation main canal, and the maximum drrigation outlet
capacity is decided at 3.96 cu.m/sec. (140 cusec). . This
outlet works will be provided under the saddle dam by open
excavation and 1ts structure will. be concrete encased 1.5
m (4.9 ft) diameter steel pipe. conduit. :

An emergency gate will be prov1ded with Lhe upstream
portion of the condult for inspection and.to. repairs. = At
the downstream end of the conduit, a jet flow gate will be
provided to regulate the discharge. A stilling basin will
be provided at the downstream end of the outlet. works for
absorbing the energy of the flow. '

The preliminary design of the irrigation outlet works is
shovn in Drawing No. D-100Q5.

- River Outlet Works

The river outlet works serve to release water stored in
the X-2 reservoir at such rates which will be dictated by
the downstream needs into the Kurang River,. and-the: .
maximum river outlet capacity is 2,04 cu.m/sec {72 cusee).
The outlet works is planned to be. provided in-the right
abutment of the main dam, so that safety oi the river.
outlet ensures directly safety of the dam. The outlet:
works are planned to be as a tunnel conduit with steel
liner pipe of 1.0 m (3.3 £ft) diameter for higher safety
than cut-and-cover condult. By the same reason as the
case of the irrigation outlet works, an emergency gate and
a flow gate will be provided; the former at.the upstream
end and the latter at the downstream end of the conduit,
respectively. The flow through the regulating gate is to
be discharged into a hydraulic jump-type basin to ‘absorb
the energy of the flow and then it will be. released into
the stilling basin of the spillway through pipe in. two
TOWS.

The preliminary design of the river outlet works 1s shown
in Drawing No. D-1006.

4)  Diversion during Construction

The diversion flood during construction period is esﬁimated'af

690 cu.m/sec (24,800 cusec). The width of the river at the damsite



is only 40 ﬁé’Sﬁ_ﬁ:(iSi to 164 ft), and a provision of temporary
divérsibﬁ-channél through the embankment is not possible,
Accordingly, a'cirCular diversion tunnel with 9.0 m diameter (29.5
ff)'is_planﬁed to Be pr0vidgd in the right abutment of the main dam,

?reiiﬁiﬂary'design of the diversion tunmel {s shown in Drawing

No. D~1007.
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TABLE 6-1.  SALIENT FEATURES OF EXISTING DAMS

Ttems ' ' Rawal Dam Simly Dam'

River _ Kurang . Soan
Catchment Area (sq.km) 275.1 152.8
- {sq.miles) 106 59
Reservoir _ . _
Maximum Water Level (£t) - 1,761 2,320
Retention Water Level (ft) ' 1,752 : 2,295
Minimum Water Level (ft) 1,708 2,233
Gross Storage Capacity (MCM) 58.6 ' 35,5
s {acre-£ft) 47,500 28,750
Live Storage {MCM). 53.0 24,7
" {acre-ft) 43,000 20,000
Dead Storage (MCM) 5.6 18.5
" : {Acre-ft} 4,500 15,000
Main Dam o
Type of Dam Gravityl/. Rockfill
Top of Dam {ft) 1,763.5 . 2,330
Dam Height (ft) 133.5 . 263
Length of Dam (ft) 700 1,010
Top Width . (ft) 14 30
U/3S Slope of Dam _ 1:0.04 1 3 00-2.25
D/5 Slope of Dam 1:0.675 1:1.75-1.5
Design Acceleration Force ' 0.1 _0.19:
Freeboad above Maximum WL (ft) 2.5 _ 10
, 2/
Spillway—
Type 3 ' Gate~Controlled Uncontrolled
Capacity (m”/s) "2,320 1,280
n {(cusec) 82,000 45,000
Crest Elevation (ft) 1,742 2,300
Design Head (ft) 19 : .20
Length of Crest (ft) 3 240 110
Max. Probable ¥lood {(m™/8) : 3,400 o 2,570
(cusec) 120,000 90,689
Construction o .
Commenced 1,959. ' 1;972
Completed 1,962 - - 1,982

1/: Rawal Dam has a saddle dam of rolled earth ewbankment.
2/: Simly Dam has a fuse plug spiliway of 400 feet long and 12
feet high.
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© TABLE 5-2.  SALIENT FEATURES OF K-2 DAM

Location S North-Bast Corper of 1CT
River : ' f Kurang River
Cafchment Area _ N " 137.0 sq;km i 52,9 sq.mi
Reservoir ' _ _

_ Mégimum Watér Level 649.8m : 2,131.9 ft
Rgtgntipn_Water Level 647.0m 2.122,7 f¢t
Minimum Water Level 637.0 m : 2,089,9 ft
Gross Storage Capacity _ 29,4 MCM : 23,830 acre-ft
Live Storage Capacity 18,5 MCHM 15,000 acre-ft
Dead Storage Capacity 10.9 MCH 8,840 acre-ft

Dam ST f  Main Pam Saddle Dam
Type of Earth Dam : Zoned Modified
e R o . . 7 Homogeneous
Top of Dam {m) - b52.8 652.8
Dam Hedight - (m) 53.0 12.0

“Length of Dam (m) 490.0 750.0
Top-Width =~ - (m) 9.0 9,0
U/$ Slope of Dam - _ 1:3.0 1:3.0
D/S Slope of Dam3 : . 1:2.5 1:2.5
Volume of Dam (m") 1,870,000 190,000

Sgiilwaz'-_

Type = . _ _ Uncontrglled (Ungated)
Capacity 7 , 1,840 m™ /s : 66,100 cusec
Crest Elevation ' 647.0 m y 2,122.7 £t
Design Head ' 2,8 m : 9.2 ft
Length of Crest 18%9.4 m : 621.4 ft

Diversion Tunnel
Diversion Flood 690 m3/s : 24,800 cusec
Diameter ' 9.0 m : 29.5 ft
Length _ 435.0 m + 1,430.0 ft

Outiet works : _ ._ir;iggtion:0qtlgt Rivgr Qutlet
Functional;Purposé 7 ' Irrigation Supplemental

‘water supply to
Rawal Lake

Design Capacity (msls) 3.96 2,04
Type of Structure - ' Goncrete Encased Tunnel with Steel
: Pressure Pipe Linexr Pipe
_ R .. Condult
Diameter (m) 1.50 - 1.20 1.00 -~ 0.80
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FIGURE 5-2. - K-2 DAM GENERAL PLAN




FIGURE 5-3.  SURFACE GEOLOGY OF DAMSITE

EXPLANATION
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FIGURE 5-5.  LOCATION OF EXPLORATIONS FOR DAMSITE
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5.2. TIrrigation System Plan
5.2.1. Irrigation Canal Networks
1) General

The main water resource for irrigatidﬁ'iﬁ therPrbjéctgiS“the
water flow of the Kurang River runﬁing'thrdngh'the afea‘uﬁstream of
the existing Rawal Dam and the river water will be utilized .as
irrigation water for the culturable commanded area of 6,600 ha
(6,300 acres) by providing K~2 Dam and the irrigation.canal-ngtwofks

as shown in Figure 5-7.

On the other hand, the sﬁpplemental_watét resources are the
base and return flow discharges of,the-Kuraﬁg;Rivérsaﬁd.Gumreh Ras -
River which fiow through the area at the downStrééﬁ of the Rawal
Dam. The discharge 1s estimatéd_ét‘about.l;O;chmlgec (35 cusec) in
total and can irrigate abbut SOOIha (1,977 aéres) of the upland
area, prov1ded that 50 percent of the discharge 1s available for
1rr1gat10n. In this case, howeVer, the diversion dams and  pump
stations proposed in the Master Plan will be requlred due to the

constrailnt of topographic conditions.

The. irrigation water required for_the'upland:areé élong the
Kurang River and the Gumreh Kas River could be supplied-sufficiently
from stored water in the K-2 reservoir without.nsing'the base.and
return flow discharges of those rivers, and the irrigatian plan with N
the diversion dams and pump stations is_eiiminated due to costly

maintenance, accordingly.
2)  Topography and Geology

The Project Area is divided into two areas, the Upstream Area

and Downstream Area of the Rawal Dam by. the tqppgraphic conditions.
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~The Upstream Area is composed of hill ranges running from NE to
SW and relatively undulated land. The topography along the rive is
characteri?ed by the dendritic drainage pattern and many abrupt
cliffs, which are’ created due to erosion by surface runoff from
heavy rainfall in short time flowing on the ground of low
inflltration capacity with geologically vertical structure of Loess
soil Hard sandstone bed with nearly vertical inclination makes
many small bu* 1ong and narrOW'residual rock hills called

. "horseback" in the area.

_ On the other hand, the Downstream Area consists of alluvial
flat lands as a wﬁole.f_The_aroa has also gully topbgraphy in some

parts, but its relief is small.

The geology alohg fhe proposed canal alignment is
semi—consolidated deposit of Loess, Residuals‘or Riﬁer deposit., At
the repfeseﬁtativo area on the proposed canal alignment, seven test
pifs ﬁero oxcovated‘ The 1ogs of the test_drilling are shown in

Annex C.
3) Proposed Alignment of Main and Branch Canals

The proposed alignment of-pho irrigation canal is decided on
the results of ‘the study by using topographic maps with a scale of
1/21,100 and the field survey. The total length of the proposed
irrigation canals is about 130 ka (81 mi1). The route survey was
carried out for the main, lst branch; and a part of 6th branch
-irrigation.oanals for their total extension of about 35 km (22 mi).
“The original-ground surface of the remaining portions shown in the
| attacheﬁ'Drawings:pan-bo;ootimated from the topographic maps of

1/21,100.

;Ip;the;HpStroamoﬁrea,:phe Kurang River, -the main course of the
-Gumreh Kas ‘River and its right side tributary run roughly in
gpérallolrin‘the dis;ance of 10 to 15 km (6 to 9 mi) in .the direction
of NE-SH,  Couseguently,,the,area can be divided into five sub-areas
:as_prqoented below, and the {rrigation canals are planned at the
elevated location of each sub-area:
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Canals in the Upétféam'ﬂre&

Sub-Area . o Name of Canal

Right Bank Area  Branch Canal No 1

-  Kurang River
Left Bank Area Branch Canal No 2

- ~do- _
-~ Gumreh Kas Right Tributary: Right Bank Area HMain Canal
: Left Bank Afea"'_Branch'Cénal No.4

s

- ~do-

..

~ Gumreh Kas

Left Bank Area  Branch Canal No.3
On the other hand, Downstream Area of the Rawal Dam can be
divided into the following three areas by topography and proposed

irrigation canal networks for the Upstream Area,

Canals in the Downstream Ares -

Sub-Area ' ' Name of Canal

- Right Bank Area of Kuréng'Riﬁer Branch CaﬁallNo.S

- Left Bank Area of Kurang River & Main Canal and
Right Bank Area of Gumreh Kas Branch Canal No.5

- Left Bank Area of Gumreh Kas  Branch Canal No.3

In addition to the above listed main and branch canals,
distributaries and minor canéls will be provided to convey
irrigation water to the turnouts commanding the unit irrigation
areas of approximately 50 ha each. The pro?osed canal alignment is

shown in Figure 5-7 and the attached Drawing No. C-1001.

The irrigation water for the upland'afea_at the foot Gf'ﬁhe
Margalla hill in Bharakao will be supplied through a plaﬁned pump

station at the downstream end of lst branch canal.

In order to introduce the irrigated agricuiture in the upland.
area with crops of vegetables, tree fruits, cereals, and fodders,
the water conveyance system should be designéd:to meet the following

design criteria;
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- to supply the {rrigation water within 12 houts in the
daytitie, '

‘= to providé the farm ponds for easy water management,

In determining the best available water conveyance system to
fulfill the requests mentioned above, the two plans as shown in
Figure 5 8 are studied.

Diétribution Plan 1:
The farm ppnd'is planned with a storage capacity to meet 50
;  ﬁe:ceut oi'm¢réfthan 50 percent of the maximum daily irrigation

| wﬁter'requited_fof the upland irrigation of its commanded area.
~And thé irrigatioﬁ canals of the main and branches provided 1in
the upstream area of the farm pond can convey the required
daily_irrigation_water throughout the day. The unit design
didcharge of these canals will be 0.6 lit/sec/ha.

‘pistribution Plan II:

The farm pond is planned with a storage capacity to meet the
maximum daily irrigation water requirements of about 3/24 for
the upland irrigation of its area commanded. This storage
capacity will be the minimum for the farming in the upland
areas, .Therefore, the irrigétion canals should convey the
required daily irrigation water within 12 hours in the daytime.
The unit design discharge of the drrigation canals will be 2 x
0.6 lit/sec/ha._ A regulating reservoir is planned with the
capacity of about'150,000 cu:m to meet 50 percenﬁ of the
maximum daily irrigation water for the upland areas in the
downstream of the régulating reservolr. And 1t will be

- provided on the'rbﬁte of.main canal in the village of Athal. The
‘main canal runnigg{through the upstream area of the regulating

' fe#érvoif can coﬁvey the water fhroughout the day and the unit

déSign dischérgg will be 0f6_lit/sec/ha accordingly.
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Rough cost estimation of those two pians vas made and the

results are as follows;

Rough Cost Estimation of Canal Works'

funit: 1000 Rs.)

Plan: ' Canal Farm Pond Reservoir ":Tofélia .
Distribution Plan I 143,100 5,800 =~ 149,000 -
Distribution Plan II 165,700 3,300 2,200 171,200

In the project, the Distributiqn Plan T 1is adopteﬁ'beéausé it
is less in construction cost and easier in management of the water

distribution than those of the Distritution Plan II.

5.2.2. Preliminary Design of Canals and'RelatEd'StrQCturés
i) Water Conveyance System

In general, canal types can be claSsified into two by'dpén flow
type and closed flow type. The open flow type'ié adopted in the
Project because of economic advantages and wide adaptatidn-in

Pakistan.

Accordingly, the proposed canal system of the projécfxis
composed of canale including open canals, siphons, culverts,
aqueduct and drops and related structures such as turnouts,

wasteways and farm ponds,

Open Canal

An average topographic gradieﬁt*of the Upstream Area is as
steep as in a range from 1/100 tb 1/300;'whileﬂthe_DowﬂétréamfArea
is relatively gentle in a range from 1/500 to 1/1,000. - In thé3Steép
slope areas, the canal gradient should be designéd with the-drop

works to maintain an adequate flow veleocity in open .canals.
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Unlined canals, although 1ower in construction tost than lined
*canala, will cause auch seepage loss than the lined canals, and
suffer from erosion with the canal surface. Furthermore, the
operation and_maintenance cost of the unlined canals 1s higher than
:lined canals due to additions of the weed control in the canal. 1In
the projecr, the minor canals are planned to be the unlined canals
_ because of their small scale, while the major canals of the main,

branch and distributary canals are planned with lined canals,

In selecring the 1ining'type of the canals, the precast
reinforced concrete flumes are not taken into consideration, because
Pakistan has not produced those flumes yet nor provided the
industrial standards in the line. However, it 1s supposed that the
conc;at factories in ond around Islamabad Capital Territory have an
.ability_to product them 1f the detailed drawings and specifications
~ are proﬁidéd. Sinoe fhe precast reinforced concrete flumes have the
édvantages in enabling the quality control easy and oonstructioo
less complicated, the possibility of their use should be studied
céféfﬁll&Iio the detailed design stagé.

'Comparison of four types of canal lining was made as shown in

Table 5-3 and the foilowing type of canal lining were adopted.

Type of Canal Lining

Canal : ' Type of Canal Lining
Main Canai'."'_.  Reinforced concrete flume
Branch Canal Conorete'flume is. adopted principally, but

reinforced concrete flume will be adopted for

the sections where gentle longitudinal gradient

is designed due to the constraint of topographic

conditions and then relatively large cross
gectlon is required.

Bisiriborory Canol Concrota flume
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Along the canals except' the portions adjoining to the existing _
roads, the roads with effective width of 3. 05 m (10 ft) are planned
to be constructed for water managemgnt and the operation and

maintenance of the canal facilities, and for the transportation of _

farm products and farm machinery.

The preliminary design of the open canal is shown in the

attached Drawing No. C- 1001 to C-1005..

Siphen

At the portions where the canals éross rivefé,:é sipﬁoﬁs will
be provided., The reinforced concrete: pipes made in Pakistan are to
be used in principle. The preliminary design of the Kurang River
siphon is shown in the attached Drawing No. C-1006.

Culvert

In prineciple, culverts are provided at portions where the side
flow from hill into canals is to be observed and where collapse of

canal embankment is foreseen, and at the sections crossing over main

roads.

The culverts are designed as box shaped reinforced concrete

structures and their width is the same as'that of adjoining canals.

The preliminary désign of culvert is shown in the attached

Drawing No. C-1005.

Aqueduct

An aqueduct i1s provided at:the séétion whére 6th branch canal
crosses over the existing irrigation canal branching off from the
Rawal Dam. Structure of the aqueduct is reinforced’ concrete flume,
and its canal width and longitudinal gradient are planned to be the

same as these of the adjoining canal.
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The preliminary’design of aqueduct 13 shown in the attached -
Drawing No. C-1005,
DfoE'-

~In the'portidhs:with steep topbgraphic gradient, drops are
provided to méintainﬂan adequate flow velocity in the open canals.

Two typeS'af'the'drops are designed to meet the height of the drop.

Type of Drops -

Type - Height of Drop
A o L.0m

- B 2.0 m

Preliminsgry design of drop is shown In attached Drawing No.
¢-1007. | '

2)  Related Structure
Turnout

 Wétér'éupply from minor canals to unit irrigation areas of
approximately 50 ha each is planned with concrete pipes through
canal.banks;' At the diversion points of the canals except minor

canal, double orifice turnbuts will be installed for regulating

irrigation water.

The preliminary design of turnout is shown in the-attached
Drawing No. ¢-1008 and C-1009.

Wasteway

- The wasteways are provided to dispose excess water in the

canalg and to empty the canals for inspecting and repairing the
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canal. Four wasteways, one in the main canal, two . in Brd branch
canal and one in 6th branch canal, are designed for the water

conveyance systems,

The preliminary'design.of wasteway is shown in the attached

Drawing No. C-1010.
Farm Pond

The farm ponds are planned to be provided at therbeginﬁing
points of distributaries and minor canals to ensure effective water
use and to enable water management easy. Two types of farm ponds
are designed to fit for. scale of the irrlgation area in the

downstream of the farm pond

Type of Farm Pond

Type Irrigation Area Storage‘Capacity No. of Farm Pond

(ha) : (cu.m)
A 200 - 300 5,600 . ' 24
B 300 - 400 . 8,400 4_'

The preliminary design of the farm ponds is shown in the
attached Drawing No. Cc~1009. '
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TABLE 5-4. SALIENT FEATURES OF CANALS AND REFATED‘STBUGTURES-

LENGTH OF CANAL

Canal Des}gn‘Discharge Length
: (cu.m) ' (m)
- HMain Canal 4.0 - 1.5 17,710
=~ Branch C_a'nal_ S - g .
lst Branch Canal 0.3 . - 3,590 .
2nd Branch Canal 0.5 - 6.3 4,900
3rd Branch Canal 1.5 = 0.5 17,900
4th Branch Canal 0.3 - 0.5 " 1,900
5th Branch Canal 1.6 - 0.3 - 6,000
6th Branch Canal 0.5 - 0.15 7,900
Sub-Total 1.5 ~ 0.15 42,190
-~ Distributary Canal _ 4,830
- Minor €anal . 65,320
Total : 130,050
NUMBER OF CANAL STRUCTURES
Canal Structure Main Caﬁal Branch Canal Total
Siphon . 10 : 13 23
Cut & cover Conduit 2 15 17
_Aqueduct - . 1 R
Drop ' 43 - 63 106
Off Take ) 5 1 6
Turnout 4 24 o 28
Wasteway 1 3 _ A
Farm Pond - 28 : 28
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FIGURE 5 -7 IRRIGATION CANAL SYSTEM -— GENERAL PLAN
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FIGURE 5-8 SCHEMATIC ILLUSTRATION OF IRRIGATION CANAL SYSTEM -

K-2 RESERVOIR
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-
=11
RAWAL LAKE e
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__REGULAT ING RESERVOIR

V= 150,000 <u-m
PLAN II ONLY

= 1]

. GMURAH KAS RIVER

3rd BC.

KURANG RIVER

ey —r——  i—

6th B.C.

OUTLINE OF CANALS

1l

MAXIMUM DESICN DISCHARGE

DISTRIBUTION PLAN:

LENGTH 1 R
MAIN CANAL 17.7 km 4.0 Cu.m/s 4.2 Cu.i/s
1€ BRANCH CANAL 3.6 oz v 0.5 "
2nd BRANCH CANAL 9 0.5 " 0.8 v
3rd BRANCH GANAL 17.9 " 1.5 " 3.0 "
4th BRANCH CANAL 1.9 " 0.3 " 0.5 v
Sth BRANCH CANAL 6.0 " 1.0 " 2.0 "
6th BRANCH CANAL 9" 0.5 " 0.8 n
DISTRIBUTARY CANAL - 4.8 " 0.5 " 0.5 "
MINOR CANAL 65,3 " 0.5 . 0.5 "

TOTAL 130.0 |
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5.3, .On*Farm:Development=Plan
5.3.1.  Conceﬁt_fon Designing Typical On~Farm Facilities

Since the cultivable commanded area in the project Area can be
divided into two ~areas, Upstream and Downstream Areas by topographic
conditions, one sample area has been selected for designing typical

on~farm facilities in each area.

QIn:therprojeét,'the following two sample areas were selected
from the résult of -study by the topographic map of 3 inches a mile
and the field survey (see Figure I-1).

Sample Area — 1 About 40 ha,
{(Upstream Area) Adjacent area to Simly road in the village
E . .of Pind Begwal of UC Tumair situated at
north-eastern part of the Project Area.

. Sample Area - 2 ; About 45 ha,
" (Downstream Area) Area near the cross point of National Park
' ) road and Gumwreh Kas River in the village of
Chata Bakhtawar of UC Tarlai situated at
southern part of the Project Area.

Basic'pfinCiple for designing on-farm facilities is as follows;

- to Pr6vidé water.course on the higher place in the farm

© land.

- r'to_ﬁrovide drainage canal along the lower side of farm
land to prevent erosion to be caused by rainfall and

runoff,

- to proﬁide'farm yoad at a distance of less than 100 m (328
ft} from a longest farm. :

- not to carried out land consolidation and leveling works.
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5.3.2. Design of Typicél Ou~-Farn Facilities

The design of the typical on-farm facilities is made at the
selected two sample areas by using topographic map with 1/1,000 in
scale, which has been prepared by Study Team, and following on-farm

facilities were planned;

Major On-Farm Faclilities

- Water Course (Katcha): = Términal irrigation canal to
' convey water from turnout to each
farm,

- Drainage Canal :  Terminal drainage canal to.drain
surplus rainfall water to prevent
soll erosion in the farm,

Farm roads to serve for farm
management and operation and
maintenance of on-farm

- Farm Road

facilities.
Appurtenant Structure
- Water Course
? Drop structure : Drop structure to alleviate the

: slope of ditches;,

Cross culvert : Road crossing structure of

ditches,

° Nucca : Terminal water distribution
facilities to supply water to
farm lots, Ny

° On—farm tutrnout : Intake facilities in rotation
area

- Drainage Canal

° Cross culvert : Road crossing structure of
ditches -
° Water way works : Drainage facllities to waste

water from the drainage canal
to present valley or river,

The design of the typical on-farm facilities in two sample

areas is shown in Drawing No, 0-1001 to No, 0~1003, and Table 5-5

shows the quantities of designed on-farm facilities.
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TABLE 5-5,  ON-FAHM FACILITIES IN TWO SAMPLE AREAS

Item - Unit Sample Area-l Sample Area-2
1. Location = S N Pind Begwal = Chata Bakhtawar
2. Area _ .
Gross Area o ha 40.3£j 45,2
Cultivable Commanded Area ha: 25.&1/ 37.5

3. Major On-Farm Facilities, . : —

ater Course (Ratcha) - m 5,200 (2032 5,000 (136)%
Drainage Caﬁal ' . | m 2,610 {102) 1,910 { 51)
Farm Road . ' m 2,230 ( 87) 2,850 { 76)
4, Appurtenant Structure
Water Course.
Droﬁ Structure Nos. 42 10
Cross Culvert - Nos. 12 _ 8
Nuceca (TYPE I) : Nos, 203 138
Nucca {TYPE II) Nos. 29 12
On~¥Farm Turnout(TYPE I)g/ Nos. 29 17
On-Farm Turnout(TYPE 11)%’ Nos. 2 0
Drainage Canal
Cross. Culvert Nos. 3 3

Water Wdy Wbrks Nos.,

Note: 1/ : Detalls are given in Table I-1.
2/ 1 Density of on-farm facilities (m/ha),
/ + Turnout is of earth structure and a part of water
course, - '

Type' I ...ss. T= shaped turnout
Type II ..... Cross shaped turnout



5.4. Road Plan . S PR

In addition to the inspection roads along the irrigation -
canals, 18.6 km (11.6 ﬁi).long.marketing_roads:will be éonsﬁfudted_
including 13.8 km (8.0 mi) for new construction and 4.8 km (3;0 mi)
for improvement. These marketing roads will serve for transporting

farming inputs and products as well as successful communication

among villages.

The marketing roads shall be of gravel paveﬁént'with.total
width of 6.10 m (effective width of 3.05 m). And the related route
map 1s illustrated in Figure 5-9, and the’ preliminary de31gn 1s™
shown in the attached.Drawing No. R=1001. o T
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FIGURE 5-8. PLAN DF MARKETING ROAD NETWORK
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5.5, .Cost Estimation

5.5.1.

Condition of Cost Estimation

The project cost is estimated under the following conditions,

i)

ii)

iidi)

iv)

v)

The civil works are to be implemented on the contract

‘basis., The construction machinery, equipment and

materials required for construction will be provided by .

the Contractors. -Therefore, only depreclation costs of

“machinery and equipment are included in the estimated

construction cost.

The project cost consists of construction'COst;
associated cost, contingency and cost for price

escalation.

The exchénge rate between Pakistani Rupee and U.S., Dollar
is fixed as follows.’

US$1.00 = Rp.17.3

The Physical contingency related to the construction and

associated costs 1s set at 10 pexcemt.

The price escalation rate is predicted at 2.0 percent for

foreign currency and 8.0 percent for local currency.

5.5.2. Construction Cost and Associated Cost

1) Construction Cost

The basic rate of labor, materlal and cgnstrﬁc;ion gquipﬁent'is

estimated in consldering the prevailing rates in Pakistan. The

detailed basic rates are shown In Table J-1 to Table J-6 of Annex J.
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7 The construetion cost 1& éstiﬁéted.ﬁaaed on the unit cost for
iﬁdividual working items. The summary is shown in Table 5-6 and the
'hreakdown is showm in Table J-7 to Table J-11 of Annex J.

) .Associ&ted CqSt.

' The.aSSOQiétéd cost .is composed df 8lx 1tems such as on-farm
dévelopmeﬁt'éoSt; coétffor agricultufal supporting facilities, land
'acquiSitionf¢6mpéﬂ$afion cost, OIM equipmént cost, project
administiration and consulting sexvice cost. The breakdown of each

item is shown in Table J-12 to Table J-17.

-~ 5.5.3. Projéct Cost
1 .'Pfojecﬁ Cost

' Thé projebt cost 15 estimated at about 1,330 million Rupees as
shown in Table 5-6, and 667 million Rupees 1s foreign currency while

663 miliion'Rﬁpées is local curfency.
2) © Annual Disbursement Schedule

_ '.The annﬁal disbufSement schedule of the project cost is based
on the pfoject dmplementation schedule, and the summary is presented
as féllows: -

| Annqaliﬁisbursgment Schedule

- (unit: million Re.)

Foreign Local
Year ~ Currency “Currency Total
1989 6.1 0 6.1
1990 2.7 0 2.7
1991 12.9 146.4 159.3
1992 - 179.0 1184 297.4
1993 _175;8 145.3 323.1
1994 ~201.1 161.5 362.6
1995 90.9 . 88.3 179.2
Total 667.5 $62.9 ' 1,330.4

Note: Details are given in Table J-18.
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TABLE 5-6.  PROJECT COST

Item

{vnit: '000 ﬁupee)

L/c

Total

¥/C
1. Civil Works L _ L
1.1. Pre~Engineering Works 7,300 0.0 7,300
1.2, Dam Works 277,200 . 128,700 . 405,900 .
1.3. Canal Works 82,700 66,300 149,000
1.4. Road Works 5,400 2,500 . 7,900
1.5. Project Facilities 1,400 4,300 5,700 .
Sub-Total 374,000 201,800 575,800
(65%) (35%)
2. On-Farm Development 27,100 25,100 52,200.
3. Agricultural Supporting Facilities 16,700 3,300 20,000
4. Land Acquisition and Compensation 3,400 110,500 113,900
5. 0 & M Equipment 12,300 500 12,800
6. Project Administration - 4,200 5,300 9,500
7. Consulting Services 60,000 23,800 83,800
8. Total (1 - 7) 497,700 370,300 868,000
9. Contingency (10%) 49,800 37,000 . 86,800
10. Total ( 8 + 9) 547,500 407,300 954,800
11. Price Escalation 120,000 255,600 375,600
Grand Total (10 + 11) 667,500 662,900 1,330;400
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