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PREFACE

In response to a request from the Government of the Islamic Republic of Pakistan the
Government of Japan decided to conduct a basic design study on Mithawan Hill Torrent Pilot
Project in the Islamic Republic of Pakistan and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Pakistan a study team from 13 October to 29 October, 1997.

The team held discussions with the officials concerned of the Government of Pakistan,
and conducted a field study at the study area. After the team returned to Japan, further studies

were made, as this resull, the present report was finalized.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government

of the Islamic Republic of Pakistan for their close cooperation extended to the teams.

December 1997
Kimio Fujita
President

Japan International Cooperation Agency



December, 1997

Letter of Transmitial

We are pleased to submit to you the basic design study report on Mithawan Hill Torrent
Pilot Project in the Islamic Republic of Pakistan.

The study was conducted by Nippon Giken Inc. and CTI Engineering Co., Ltd., under
a contract to JICA, during the period from Octaber, 1997 to December, 1997. In conducting
the study, we have examined the feasibility and rationale of the project with due consideration
to the present situation of Pakistan and formulated the most appropriate basic design for the

project under Japan's grant aid scheme.

Finally, we hope that this report will contribute to further promotion of the project.

Very truly yours,

Yoichi Kishi

Project manager,

Basic design study team on
Mithawan Hill Torrent Pilot Project
Nippon Giken Inc.

CT! Engineesing Co., Ltd.,
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- Terms

Hill Torrent

Ephemeral stream

Haqooq

Non-haqoogq

Saropa Paina

[ath

Bund
Gandah

Wakra

Shakh/ Wah
Wahi
Darrah

Pachad
Pachad Area

Kala pani
Rhod kohi
Kamara System

— A ephemeral stream in semi-arid and arid area.

— A streamn or portion of a stream which flows only in direct
response to precipilation and whose channel is completely dry at
certain times. )

~ The area or channel having water rights on flood flows of hill
torrents |

-- The area or channe! having no water rights on flood flows of
hill torrents.

— The upper fields on a hill torrent are called Saropa and have
prior rights while the lower fields arc called Paina and have
secondary right over flood flows. This is a relative term and is
used for all the fields on a hill torrent with respect to their
location to each other. ' '

_ Earthen embankment constructed around the fields to flood
water for basin irrigation '

— Ficld surround by earthen embankments (Lath)

- Any obstruction constructed across the bed of torrent or its
branch for diverting flood flows.

- Any obstruction constructed in wah or wahi for basin
irrigation of fields. |

~ A natural channel off-taking from main hill torrent.

— A natural channel off-taking from wah. '

— The site or the place at which a torrent or a nallah comes out of
hills. Below darrah the torrent fans out into different branches.
— Tt means west side of any reference line. o

- The area lying on the western side of the reference tine. Tn
D.G.Khan and Rajanpur districts, the area lying on the western
side of canal system upto the toe of hills is called Pachad Area.
- Perennial flow of a hill torrent. S

— Hill Torrent '

- A system prevalent in D. G. khan areas where work for
diversion of flood flows is carried out on self he]p basis in
accordance with the share fixed under Minor Canal Act of 1905.




- Abbreviations

GOJ
GOP

JICA

PID
FFC
RKD
SCD
ABAD

CE.-
S.E.
XEN
SPO

O&M

* Government of Japan
“ Government of Pakistan

Intemational Development Agency

Irrigation and power Depatinient
Federal Flood Commission

Rod Kohi Department

Soil Conservation Department
Authority for Barani Area Deve]bpment

Deputy Commissiner
Chief Engineer
Superintended Engeener

* Exexculive Engeener

Sub-Divisional Officer

- - Operation and Maintenance




__Conversion Tables

]

To.change to - Multiply by
Millimeter (mim) inches 0.03937
Centimeter (cm) inches 0.3937
Meter (in) feet 3.2808

yards(yd) 1.0936
Kilometer (km) miles 0.62137
Inches (in.) nmm 25.4

cm " 5.54
foot (ft.) - m 0.3048
Miles (mnil} km 1.60934
Reduced distance (RD) feet 1600

m 304.8
Square meters (m?) sq. ft 10.7639
Square kilometers (km?2 sq. miles 0.3861
Hectares (ha} acre 2.471
Square fect {sq. ft) square meters 0.092903
Square miles (sq. mil.) kin? 2.58999
Acre (A) ha 0.404685
Cubic meters (cum, m¥ cu, ft 353147
Liters (lit.) cu. fi 0.0353
Million cubic meters (MCM) acre feet 810.71
Cubic feet (cu. 1) m3 0.028317

lit, 28.317
Acre feet (AF) m3 1233.48

MCM 0.001233
Kilograms (kg) b 2.20462
Pounds {Ib) kg 0.45359
Cumec {(cuns, m3/s) cusec {cfs, cu fi/sec ) 35310
Cusec (cfs, cu ft/sec) camec (cuny/s, m3/s) 0.028317



CHAPTER I BACKGROUND OF THE PROJECT

Ecohorﬁy of Pakis_iauris based on agrioullure sector, that contributes 25
% of gross domestic product (GDP) and absorbs about 50 % of total labor force
of the country. About 60 % of the territory, however, including main crop
production area of Sind and Punjab belongs to a dry region where annual
rainfall is less than 250 mm. Since irrigation is, as a result, inevitable for the
crop production, Pakistan is a distinguished irrigated country in the world
having 16 million hectares of irrigated land that is cquwalcm 1o 20 % of the
territory of 800,000 square km or 76 % of the cultivated land. However, since
water resources are limited in the ooumi'y because of its scarce rainfall, a major
target of governnient of Pakistan (GOP) is to maximize effective use of water

for irrigation.

GOP places major goal of policy in water resources developmeat to be
that of uplif(iog agro-based economy of the country by maximizing crop
production in Eighth Five Year Plan (EFYP) for 1993 to 1998. Strategy is
utilizing flood water for augmenting water availabilily for irrigation in backward
regions through flood lmgallon schemes, efficient use of flood water, etc.,
along with improvement of the nngalmn systems, improvement of O&M by
farmer’s participation, exploitation of good quality ground water, and protection

from water-logging and salinity.

‘The area called D. G. Khan hill torrent belt including Mithawaa hill

" torrent is located in the west-most part of Punjab. There are 13 major and more
than 200 minor hill torrents coming from Suleiman range to Indus plains. An
.alluvial fan, called Pachad, has been created along eastem hill foot of Suleiman
by hilt torrents, and local people have cultivated usmg hil! torrent floods for
lrngatlon On the other hand, D. G. Khan canal which constructed in 1960°s
along the edge of the alluvial fan has been suf fered from flood damage by hill
torrent floods and its :mgated area occasionally has been inundated by the

Federai Flood Comnmss;on (FFC) and Imgatlon ‘and Power Department

" of Punjab (PID) performed a study of flood management for D. G. Khan hill
" torrent in 1984 aiming at minimizing flood damage in the irrigated areas and
cnhancing crop production in alluvial fans, in which Mithawan arca was
 selecied for the pitot project. While GOP réqucs{ed government of Japan (GO)J)




to conduct a feasibility study on irrigation development over the D. G. Khan hill
torrent belt excluding Mithawan and Kaha, then the study conducted in 1991
and 1992 by the Japan International Cooperation Agency (ICA).

On the basis of their study in 1984 by FFC and PID, GOP requested
Japan’s grant aid assistance for implementation of Mithawan Pilot Project on
Seplember in 1992, Requested components were followings:

(a) Main Dispersion Slmcturc_in Mithawan Hili Torrent, -‘
{b) Improvement of Bhattiwala Bund,
_ {c) Dispersion Structure in Choti Nallah,
{d) Improvement of Distributor in Nangar Naltah,
() Watershed management in Dholi, angd
() Improvement of existing road.

HCA sent a pi‘climinary study team on May in 1993 by the request, then
a basic design study team on Aﬁguét in 1993. As aresult, abdy'c components of
{c), (e) and (f) were constructed by Japan’s grant aid assistance ca“ed “The
Project for Watershed Management and Irrigation Development in Mithawan
(WAMID)" in the period from September in 1994 to March in 1996.

'GOP hopes to achieve all the components in their request since the
project has regarded as a pilot projeét for developﬁien't of wide-spread hill
torrent area over the territory along with promotion on crop production in
rainfed arcas that is one of the important target in EFYP. Completed struclures
in the above WAMID project, however, were regarded being -unablg to remove
the flood damage immediately in D.G. Khan canal irrigated area and in Pachad,
GOP consequently requested strongly consiruction of the main dispersion
structure in Mithawan hill torrent which could expand_- flood irrigation area and
reduce flood damage directly.

Despite planned and carried out several pfojéclé fdi‘-ﬂ{iod control by
means of flood irrigation in Pakistan, they have been technical and economical
problems. GOJ reviewed carefully requested construction project of the main
disl-ributor_ accordingly. Co,nsequémly GOJ sent a preliminary study team to
collect additional information and {_ielails of theétruqlprq,-_ and to confirm
- topographical and geographical cio_ndilioﬁs. |

© Succeeding the preliminary study, a basic design study for the Mithawan
pilot project aiming at construction of the Mithawan main dispersion slaucture



commenced on October in 1995. The study continued until March in 1997,
including 3 times of field studies and 2 times of hydraulic mode! tests. The
study concluded that the Mithawan distributor would be not only costly for its
construction but also necessary expensive regular maintenance because ils life
must be very short without proper maintenance and repair works after every
high flood. Finally, the study team concluded that construction of the main
dispersion structure in Mithawan hill torsent is not practicable by the Japan’s

grant aid assistance.

On June in 1997, a mission was scnt to Pakistan to convey the
conclusion of the basic design study on the Mithawan Pilot Project. The
mission explained that implementation of the project was not feasible, and that
promotion of a watershed management was basic nccessity for the area
development for an alternative instead. Pakistan side understood it, however,
insisted to construct flexible structures in Mithawan hill torrent using a fund of
GOP. Then, GOP requested GOJ assistance on a watershed management and

construction of flexible structures.

GOP planned to construct flexible structures at the apex of the Mithawan
alluvial fan and requested GOJ assistance for its construction. Contents of the
request are heavy equipment mainly that is used in construction work such as
bulldozer and back hoe, gabion manufacturing machine, and further, materials
such as wires. GOJ decided to conduct a basic design study and JICA
dispatched a mission team to the site from 13 to 29 October in 1997,

The study team discussed with Pakistan side on technical issues. In the
course of the discussions, both sides recognized that the proposed distributor at
the fan-head must be collapsed by severe scouring below it, which induced by
riverbed degradation downstream. They recognized also that measures to stop
these events are construction of contour bunds and riverbed fixing structures fo
control morphological variation of a fan, such as channel riverbed degradation
and horizontal shifting of channels. Accordingly Pakistan side proposed
construction of contour bunds. GOP requested, as a result, Japan’s grant aid
assistance to procure equipment which needs to construct the proposed contour
bunds .






CHAPTER 2 CONTENTS OF THE PROJFCT a

2.1 Objectives

Stabilization in crop yields on the Mithawan fan and mitigation of {lood
damage in a canal irrigated arca arc accomplished by expansion of flood
irrigation over the Mithawan alluvial fan. There have been several plans that
constritct a distributor at the fan-head to enhance effective use of flood tlows. In
the early p}ans, dikes were proposed to constnict near fan-head of the Mithawan
fan. However, the plans were not worked into practice, because it was
predicted that the reservoir would not be ablc to bear the large amount of

- siltation.

Feasibility study conducted by GOP in 1984 suggested a plan that
construction of a distributor at the fan-head and carrying out flood ircigation
widely in the fan area. Based on this suggestion, GOJ dispatched a basic design
study team on the Mithawan hill torrent pilot project in 1995 and conducted
hydraulic model tests. According to the results, though the distributor is
constructed, the possibility that massive scouring during high floods would
break the dispersion is high as long as there is riverbed lowering. It is also
confirmed in the basic design study that because the fan is on active forming
process, it is necessary (o control morphologlcal changc of the fan protecting
from rwcrbed dcgradatron for continuous utilization of the fan.

Construction of the contour bunds accomplishes sustainable use of the

~ fan and it must protect the proposed distributor from breach by controtling
- morphological changes of the fan. The contour bunds store flood water of high
. sediment concentration, then solid material in the water deposits in the reservoir,
which makes the ground surface of the fan fiat. Accordingly, flood flows wilt
not concentrate in a specific channel, riverbed lowering would, as a result, be
able to prevent. Construction of the contour bunds starting from the lowest part
of the fan toward fan-head controls morphological change on it, that must bring

sustainable use of the fan.

Ob_]ecuves of the Mithawan pilot project are to reduce fiood damage and
_rio promote crop produce by constructing contour bunds using procured
equipment and mater;als by Japan’s grant aid.




2.2 Basic Concept of the Projeet

2.2.1

2.2.2

Previous Studies

Four times of feasibility study have been conducted on construction of
detention dams or bunds in the Mithawan hill torrent since 1945. All the
proposals, however, were abandoned because immense amount of

sedimentation was estimated.

In 1984 ariothef feasibility study conducted by PID proposed several
alternatives on flood control. As a result, alternatwe of managing flood flows
using for irrigation in the sub-mountainous and Pachad area was selected In the
feasibility study, GOP conducted hydraulic model test to decide width and
elevation of outlets of the distributor to assure required shares of flood flows
before designing of the distributor. The hydraulic model test showed
development of sand bars upstream of the structure, which suggested possibility
of unequal shares of flood distribution. '

After this study, GOJ dispétched a basic design study team on Mithawan
hill torrent p'ilol- project as Jepan’s grant aid. In this study, _the_result of the
hydrauiic model test done by the Pakistan side was revicwed, and it is pointed
out that proposed narrow outlets of the distributor would create troubles for

sustainablc use of the fan. Because increased flow velocnty through narrow
outlets would cause severe scouring resultmg collapse of the distributor. Then,
prioritized shares of flood distribution result the area having water right higher
than the area of without water right and hinder appropriate fan formation for
sustainable use. Furthernore, it is concluded that this project is not practicable
to apply the Japan’s grant aid, because additton to its high construction cost, the
structure is worried to be collapsed without extremely careful maintenance

- works which must overburden PI1D and local irrigator’s organization.

Previous YWorks in the Area

Most of struclures in the Milhawan hlll torrem are localed at the fan—head

" and four major bunds have constructed in the fan-head. The structures are

pitched with durable stones that do not need frequent restoration works. At a



" beginning of 1980’s, Hadwari bund which had been for keeping channels from
horizontal shifting and Chitri bund which had been for protecting flood water
flowing into the lowered riverbed were built in Mithawan alluvial fan.
However, it was resulted that Hadwari bund brought concentration of flood
flows into North Branch and its riverbed degradation. Besides, Chitri bund left

Shartt wah being severely scoured and malfunctioning as an irrigation channel.

2.2.3 Basic Concept of the -Mi(haﬁ'an Hill Torrent Dei'eloping
Project

In the Mithawan alluvial fan which is on an active process of fan

formation, necessary measures on its sustainable use are to keep channels for

* regular irrigation and to mitigate sccondary fan formation which would bury

farmlands. For achieving them, hill torrent floods have to be dispersed over the

- fan at the fan-head, which prevents concentration of floods into a particolar
channel and hinders riverbed lowering and formation of secondary fan.

‘Result of hydraulic model tests in the *‘Mithawan Pilot Project’ on 1996
showed that riverbed degradation in the middle and the lower reaches of
channels would cause local scouring below the structure endangering its safety.
Riverbed raising is necessary for protection of the distributor to the levet of
existing fan surface along channels, that assures regular jrrigation from

channels.

To accomplish this, contour bunds which have storage capacity for

flood flows, are recommended to construct. Solid material in the flood water

© deposits in the reservoir area by storing, then the reservoir area will be flatiened

from depressions, such as ereded riverbed. Spillway is placed to the contour

bunds at major channels, then the channels will be fixed the route and will not

shift in future. Construction of the contour bunds from the lowest part in the fan

makes it easy to spread water for wider areas, besides ground surface in the fan

become flat and finally it will stop riverbed dcgradation resulting the distributor
at the fan head to be safe.

The distributor can be constructed after completion of the contour
bunds, that will stabilize channels by flattening the fan and keeping the channels
from horizontal shifting in the course of development of the Mithawan alluvial



2.2.4

(H

fan of which present surface condition is shown in photo-1 in the following

page.

Design Conditions

GOP has already constructed distributors and bunds for fan management
in several hill torrents in the vicinily of the Mithawan hill torrent. In this section,
we show GOP's design on the facilities in Mithawan fan.

Degradation of channels on the fan

Mithawan alluvial fan is on forming process with immense supply of
eroded materials from the upper reaches. To maintain sustainable flood
irrigation on an alluvial fan, construction of a distributor is proposed at the fan-
head to keep equal distribution of flood flows and even deposition of sediment
over the alluvial fan. However, severe local scouring might occur below the
distributor if riverbed lowered in the middle and the lower reaches of channels.
Fig. 2.1 shows relation between riverbed level and depth of local scouring
below the distributor shown in the hydraulic model test performed in the
Mithawan hill torrent pilot project. The test result suggests that only one flood
might breach the distributor if bed degradation developed down the channel

from it.

Riverbed degradation in the Mithawan alluvial fan in 1994's flood was;
in the North branch of Talha wah (Fig. 2-2) near Chitri bund was about 3.5m,
near the bifurcation of Talha wah and Behu wah was about 1.5, and near the
bifurcation of Talha wah and Moldi wah was about 2.5m. Eroded wahs are
shown in photo-2 in following page. Since such vast riverbed degradation must
damage structures in chananels, measures mitigating harmful events are
necessary to provide,
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Table-2.1 Eroded Sediment at Tatha Wah in 1994 Flood

Section Distance  Widthof riverbed  Riverbed lowering  Eroded Sediment
-  km) ) @  (mY)
Chitori bund - Bif* of Talha 25 200-226  3.5-15 1,330,000
* and Behu | .
Bif. of Talha and Behu - i 226 - 110 1.5-25 336,000
Halowani
Halowani - Bif. of Talha and 0.7 110 - 70 25-35 157,600
Moldi

*#: Bif. bifurcation,

" (2) Distributor

Proposed location for the distributor is in the Hadwari bund site, which
is near proposed structure site in the Mithawan hill torrent pilot project. The
distributor branches the flood water in three channels as shown in Fig. 2.2, 2.3.
Dimensions of the structure are as following; ovetflow sections for North and
South Branches are 108 m long each, that for Escape is 244 m, guide dike on a
left bank is 335 m long each for above and below the distributor, that on a right
bank is using existing Hadwari bund as its part and 800 m long extension of
embankment upstream and 200 m downstream, separating walls are 600 m long
for the one between North and South Branches and 1,500 m long for another
between South Branch and Escape.

The structure will be mainly built of gabions and protected with concrete
on its surface. At downstream end of the dissipator, 5 m deep cutoff is provided
in the foundation against local scouring. For assuring the structure durable,
geotextile filter is placed on a riverbed protecting riverbed material under

. gabions from sucking out by flood flows. Since the contour bunds and the
riverbed fixing struciures will be constructed for mitigation of riverbed
lowering, the distributor will be without deep foundation against riverbed

degradation.

11



(3) Contour Bunds

Construclion of contour bunds across the altuvial fan is planned to
disperse flood water and sediments widely over the fan as shown in Fig. 2.4
and 2.5. Sites of contour bunds were selected considering present land use,

irrigation and road network.

The area of 1.5 km wide along the D.G. Khan canal at the edge of the
Mithawan alluvial fan is irrigated by pumps from the canal. Tube-well itrigation
is extending in the area of 3 to 5 km from the canal, which is located in higher
part of the pump irrigated area. Though, in the area of tube-well irrigation,
farmers want to use flood water too. By this reason, the lowest line of the
contour bund is determined along the upper boundary of tube-well irrigation
arca. Moteover, there are major villages in the mid-fan. Proposed site for the
most downstream contour bund is, as a result, sitvated 5 km apart from the
D.G. Khan canal. The plan includes construction of three lines of contour
bunds across the fan shown in Fig. 2.4.

Intervals of contour bunds were determined considering land slope and
storage capacily. Height of the contour bunds is 4 m in average, in which
maxinmum water depth is 3 m and free board is 1 m. Since average slope of the
fan is 17250, longitudinal length of the water surface will be 750m when water
depth is 3 m at the bunds, then water storage per one meter of bund will be
1,125 m?® with average water depth of 1.5 m. The total (juantily of runoff of the
design flood is estimated at 60 million m2. Total requited length of bunds is
computed 53 km, but it is determined 50 km. This 50 km length is divided into
3 sections on the fan. Each length is 6 km, 13 km and 22 kim réspec!ively when
contour bunds are located at 7 km, [0 km and 16 ke from the fan-head.

~ Addition to this, auxiliary dikes are constructed from both ends of each bund
toward upper fan to store water, and other minor dikes that are one meter lower
than contour bund, are provided at 2.5 km interval on the main bund toward
upstream for minimizing damage by a breached main bund, =~ *
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Eroded bund in Sharti wah, Height of the bund : 18 feet
Bed degradation : 5 feet by washing away of the bund

Degradation in Talha wah, the bed lowered 12 feet in one flood
Width of the wah : 360 feet
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(4)

Since contour bunds have storage capacity, farmlands below the bunds
can be itrigated by its stored water. Further, instead of present hasty intake of
water, farmers can take their time to draw water, irrigation will be effective and
done in wider area accordingly. At present, water depth in existing farmlands is
0.75m in average varying between 0.6 to 0.9 m, while that in the reservoir of
contour bunds is 1.5 m. Then, water volume in the reservoir is able to feed
twice of the area. Morcovet, the area of the reserveir can be used for cultivation
when it is empty since soil contains sufficient moisture by ponding. -

Embankment work must start from the lowest sections of the lowest
contour bund for raising the lowered riverbeds. Side borrow provides material
for embankment, but sprinkling is necessary one night before the earth work
since top soil layer is dried up. Regards to spillway, the downsircam-most
contour bund has one, on the other hand, the middle and upstream-most bunds
have three each. The spillway is designed as a causeway used for traffic too,
using gabions. Under the gabions, geotextile filter is placed protecting sand
grains sucking out from the riverbed, Gabions are covered with thick concrete,
for the sections for causeway with-50 cm thick and for the floor of the dissipator
with 30 cm thick. At the downstream end of the dissipator, 5 m deep cutoff is

provided.

Rirxr'erbed fixing

Bed fixing works are planned to be constructed in the Sharli wah, the

Talha wah of the North Branch and the Escape. In upstream-most sections of

ihl_c Talha wah and the Escape, their role is for stopping lowering riverbed

B fnainly, and in the riddle and the lower reaches of Sharii wah and Talha wah, it
.. is forraising the m erbed by acceleralmg sedimentation. Both banks are easily
'emdcd in channels above and below the structure must be protected However,

)

lhe local ions are not be delenmncd yet.

Evaluation of Structures Plan

GOP has a plan to construct the distributor, the contour bunds and the

- riverbed fixing structures. However, according to GOJ's evaluation, as



suggested by the hydraulic model test during basic design study of the
Mithawan hill torrent pifot project, flow dusing high floods would damage the

_ distributor heavily and breach it unless it is protected from riverbed lowering.
Contour bunds must be constructed first to stabilize the fan, then the distributor
is constructed in the following phase.

2.3 Basic Concept of the Equipment and Materials
2.3.1 Design Concept

- The area called D. G. Khan hill torrent belt including Mithawan area is
consisted of alluvial fans formed by hill torrents coming from the Suleiman
range. Local people have cultivated using hill torreat floods for crop cultivation
as the flood irrigation. On the other hand, D. G. Khan canal that consteucted in
1960’s along the edge of alluvial fan has suffered from flood damage by hill
torrent floods and its irrigated arca occasionally has been inundated by the
floods.

In the Mithawan fan, gushing hill torrent floods have flown into a
specific channel causing degradation of the riverbed, moreover they have
breached D.G. Khan canal dikes resulting inundated the canal irrigated area.
Accordingly GOP intends to develop the Mithawan fan to promote farming and
mitigating flood damage by constructing contour bunds, distributor and riverbed
fixing works.

The Project procures equipment and materials which is used for
construction of the contour bunds in the Mithawan fan. In the study for this
procurement plan, we examine the types and number of cquipihcﬁt based on the
request for construction of the proposed distributor from the view point of
PID’s capacity and capability on (')i:cfatiosl ‘and' lnainte'l{ance'including
personnel, budget, etc. It is also taken future use of the eijuipihent for
watershed management and for development of other hill torrent into account.

The equipment and materials manufactured in Pakistan are
recommended, in principle. They may be pfocukd from Japan and ahy other
third countries, if necessary. Regards to a unit price of materials to be procured,
the lowest unit price is adapted, in general, examining the unit price collected in
market in Pakistan and any survey after that.

18
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2,3.2 Basic Design
_ (l) rConstmction Work;a

Construction works that GOP is planning are the distributor at the fan-
head and three lines of contour bunds over the alluvial fan. However, as the
result of GO¥'s evaluation of this plan, for the stability of the distributor,
contour bunds should be constructed first. Items of the construction work and

materials are as follows.

Table-22 ~ Ttems of work and materials
Itemns of Work - Contour Bund  Contour Bund  Contour Bund Total
No. 1 No. 2 No. 3 _

L=9 km L=13km L=22km L= 50 km
Earth Filling (m?) 432,000 720,000 1,248,000 2,400,000
Excavating (m?) 73,000 93,000 123,000 ~ 292,000
Concrete (m*) 7 6,194 6,194 2,043 14,431
Gabions (m*) o 29,400 29,400 9,200 68,600
Stone Pitching (m?) 7,509 7,509 2,503 17,521
Geotextile for Filter (m?) 10,080 10,08¢ 3,360 23,520

{2) Construction methods and necessary equipment

GOP plans to complete the construction work within two years. Judging
from the earthwork quantity, contour bund No. 3 downstrecam-most will be
constructed in the first year (Phase I), and bunds No. 1 and No. 2 will be
constructed in the second year (Phase H).

For constraction of the contour bunds, material will be collected by
bulldozer from side borrow pits and compacted. Stones used for pitching and
gabion filling will be collected by bulldozer with ripper in Nangar nullah fan

~which is located 20 km far from the site. Stones material will be loaded by
- .. wheel loader and carried by trolley tractors to the site. Gabion works and stone
. pitching are done by manual workers at the site.

Works in spillway involve concrete work, such as cutoff wall, concrete
lining on the gabions, retaining walls, etc. Considering sites condition and
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future use in mountainous arca, portable concrete mixer is preferred. In concrete

works of the spillway, belt conveyors carry concrete. Water tank lorries carry

water for mixing concrete from D.G. Khan canal, because there is no water

© source at the construction sites,

Following table 2.3 shows neces>ary machmes and equipment to be

procured for the construction work.

Table-2.3 List of equipment to be procured

Eguipment

Purpose

Bulldozer

Bulldozer with ripper

Wheel loader

Truck trailer

4WD tuck

Trolley with tractor

Water tank lorry with tractor

Portable concrete mixers

Vibratory concrete compactor with generator
Belt conveyor

cxcavating, earth moving, compacting
collecting stone o

loading stone

carrying heavy machines

carrying spare parts and tools
carrying stone '

concrete works, carth work

concrete works

concrele works

concrete works

(3) Equipment

{A) Bulldozer

Bulldozer will be used for construction of contour bunds and collecting stone.

1) Construction of bunds

(a) S election of type

Works of bund construction are mainly carth works, such as excavation,

moving soit, placing, coxhpacling, etc. Bulldozer of 24-ton class is suitable for

~ the works. Since each excavatirig capability of bulldozer of 24-ton class and 21-
ton class is 144.839 m¥hr and 110.11 m¥hr respectively, 21-ton bulldozer has

the capability below requircment and the construction work will not be

completed in the scheduled period.
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{b) Number of machines
In the first year, the contour bund No. 3 will be constructed.

Table-2.4 Quantity of carth-work in the first year

ftem of work ~ Contour bund No. 3
Excavaiion 126,000 m?
Embankment 1,248,000 m?

~ Total working days required are, , .
. ' (1,248,000+126,000)m? +(144.89 m/hr x 8 hr/day) x 30/26
= 1,367.75 dayfunit ’

Number of bulldozers is; o o
1,367.75 day/unit + 4 unit =342 days < I year

" As a result, four (4) bulldozers will be necessary to complete the work
- of No. 3 contour bund in a year. S ’

In the s_ecdnd 'yé'ar, the ch'tc-)ur bund No. 1 (the most upstrcam) and No.
2 will be constructed. '

Table-2.5 Quantity of earth-work in the second year

Itern of work Contour bund No. | Contour bund No. 2
Excavation - 7 ~ 13,000 m3 7 . 93,000 m3
Embankment 432,000 m3 720,000 m3

Tétéi \;orkin-g days rcquiréd are,
.- (432,000473,000+720,000+93,000) m?
+ {144.89nv/hr x 8 hi/day) x 30/26 = 1,312 day/unit
Number of bulldozers is; .
1,312 day/unit + 4 unit = 328 days < 1 year -
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As a result, four (4) bulldozers will be necessary to complete the work
of second year's contour bund in a year.

From the above, four (4) bulldozers are necessary for the construction

of the contour bund.

2) Collection of Stone
(a) Selection of type

7 27-ton class of bulldozer is suitable. Excéva!ing bépébilily of 27-ton
class of bulldozer with npper is47.58 m’lhr, while lhat of 21-ton class is 38.41
m¥/hr and its capability is short to the reqmrcment

At present, manual workers collect boulders and stone on the ground
surface, load them on trolley and carry to the construction site. However,
considering necessary quantity of stone for the structure, manual work must be
difficult to collect required quantity of stone within a limited period. Bulldozer
with ripper can excavate boulders and stone in the ground easily in a shoit time,
accordingly, it is necessary to collect stone in a limited period. Further, for the
future plan of cons{mchon of the structures for watershed management, road
will be constructed in rocky or stony areas, then bulldozer with ripper is

preferred.
(b) Number of machines

Assuming the pcrcentage of boulders in excavated materlal 50 %,
capability of galhcnng stones by nppcr excavation is; o

48.39 m3/ha x0.5= 24.20 m3/hr
In the first year, the contour bund No. 3 will be consiructed.

Table-2.6 Quantity of stone in the first year

Itein of work Contour bund No. 3
Stone for gabions e -7 9800 m3
Stone for pitching - R T - 2,503 m?
Total 12,303 m3
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In the second year, the contour bund No. | (the most upstream) and No.
2 will be constructed.

" Table-2.7 Quantity of stone in the second year
Itenm of work Contour bund No. | Contour bund Ne. 2
Stone for gabions 29,400 m3 29,400 m>
Stone for pitching _ _ 7,509 m? . 7,509 m3
Total 36,909 m3 16,909 m3 Grand total 73,818 m3

Required working days in Phase-I are;
12,303 m* = (24.20 m¥hr x 8 hr/day) x 30/26 =73.3
say 74 days

Required working days in Phase-11 are;
73,818 m? + (24.20 m3/hr x 8 hr/day) x 30/26 = 440 days

Required days for collecting stones is 514 days through Phase-I and -11.

Since stones for the Phase-T and -1I works can be collected before and during
the periods for gabion works and stone pitching, collection of stones for Phase-
II works can start immediately after completion of stone collection for Phase-1.
On the other hand, 139 working days are required including 104 days for
concrete work, 10 days for embankment, 15 days for stone pitching and 10
days for miscellaneous works after stone collection, then 591 days throughout
the period of phase -I and -1I will be available for stone collection. As a result,

one bulldozer with ripper is sufficient,

To sum up, four 24-ton bulldozers and one 27-ton bulldozer with ripper
- are necessary for the works.

" (B) Wheel Loader (capacity 12m%)
~ Stones collected at the quarry by ripper bulldozer will be loaded on

" trolleys. Five buckets can fill one trolley of 4.7 m?. Loading capability of wheel
toader is 35.1 m¥/hr. - D

Carrying capability is 21.1 m¥hr (2.11 m%hr x 10 tzactor trolleys) by
ten tractor lrolleys, then one wheel loader will be sufficient for loading.
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)

(D)

(B

Truck Tratler

The work site of the Mithawan is 60 km aparl'frmﬁ D. G. Khan where
heavy machinery is kept. Additionally, the workshop in Multan is 90 km far
from D.G. Khan. Since heavy machines can’t drive themselves from the
construction site to the workshop, truck trailer is necessary to carry them. The
truck trailer is expected not to work frequently, however D.G.Khan Irrigation
has to be equipped the trailer for carrying heavy machines since there are no
leasing trailers in D.G.Khan and Multan region.

Further, the D.G. Khan hill torrent belt which is managed by D. G.
Khan Irrigation is extending 300 km from north to south centering D. G. Khan.
Trailers will be necessary for future development of this area.

4WD nuck

The 4\WD truck will be used to carry mechanics, spare parts and tools
for repairing when heavy machinery breaks down at the site. It is 150 km far

_ from site to Multan where mechanics station. Accordingly at least two (2) 4WD

trucks, one for the site and the other for carrying spare parts, are necessary
considering local traffic situatton.

Trolley with tractor {capacity of 4.7 m?}

Stones will be carried about 20 km in one way from quarry to
construction site by tractor trolleys. Average speed of tractor trolleys measured
at 10 kovhr at the site. Carrying capability of the tractor trolley is 2.11 m3/hr
considering carrying distance.

Stones in Phase -1 and -1l works can be carried before and during the
gabion work, on the condition that gabion works should Eﬁmplele before
concrete works, Carrying stones will be able to continue throughout Phase -1
and -13, then workable days for cérrying stones are estimated 591 days as same
as stone collection work.
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(F)

@

Total quantity of required stone is 86,121 m?® as shown in table 2.6 and
2.7. Required number of tractor is;

*'86,121 m® < 591 x 26/30 days = 168.14 m¥ day
© 168.14 m¥ day + (2.11 m*hr x 8 hr/day) = 9.96 unit

By above calculation, 10 tractors are necessary.

Water tank lorry with tractor

Water for concrete mixing will be carried by water tank lorry from D.G.
Khan canal which is average 15 km far from the site , because there is no waler
sources at the construction sites. To carry Watér, tractors will tow 5,000-liter
water tank which is gencrally used in the area. Calculated by placing volume of
concrete, water of 2.5 m¥hr is needed to mix concrete. As the capability of
water tank is 3.86 m¥/hr, one tank lorry is sufficient.

Addition to the requirement for the concrete works, earth works also
need water sprinkling when much dried surface soil is used to construct contour
bunds. Daily excavation volume for embankment is 4,632 m® by 1 m deep
stripping 24 m wide and 96.5 m long each on both sides of dike, since top layer
of 0.15 m thick is increased 10 % of moislure contents by sprinkling from

_ natural moisture conteats of 5 % with 1.1 ¢/m? in situ dry density, then total

required volume of water is 60 m® per day. Accordingly two (2) water tanks are

necessary for the work.

To sum up, three (3} water tanks arc HEcessary.

Poﬂable Concrete Mixer

Concrete volume for the Phase-I construction work is as below.

Contourbund No.3 spillvay . 80mx40mx03m= 960wy
(spﬂlﬁfay) ' cutoffwall 80mxSmx1.5m= 600 m?
retaining wall 483 m?
total 2,043 m?
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Concrete volume for the Phase-H construction work is as shown below.

Contour bund No. 1 spillway 80 mx40 _n_)‘_xV 0.3 ;1\= 960 m?

(spiilway) _ cut of f wall _ 80mx5 mx Lsm= 600 m?
 retaining wall o 483 m?

sub-total - 2,043 m}

total 2,043 m’x 3 = 6,129 m}

Contour bund No. 2 spillway S0mx40mx03m= = 960m’
(spitlway) ) cut off wall 80mxSmxiSm= 600 m?
| Eet‘z;ir}ing wall , _ - 483 m?

St}b-_lotal _ 2,043 m?

total 2043 mx3= 6,129

Capacity of portable conctete mixer is 3 m*hr. Number of portable

concrete mixer necessary for the work is as below.

Cut off wali of spiliway (80 m long)

total concrete volume ' : 600 m?

lengih of concrete placing per day 10m

daily volume of placing concrete  10mx5Smx1.5m= 75 m¥day

working days (placing every 3 day) - :
600 m? + 75 m*x 30/26x 3 = 30 days

nuraber of mixer necessary 75 m? + (3 m¥hrx 7 hr) = 4 units

Dissipator;
total concrete volume %60 m?

volume placing per one block e
Mmx10mx03m= 30 m*/block

number of times of placing ¢ 960 m*+30m*= . . - 32limes
working days (placing every 2 day) 32x30/26x2= 74 days

number of mixer necessary 30 m?® + (3 m¥hrx 7 hr)= 2 units
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- (H)

Retaining wall of spillway (4 m high, 78 m long)

total concrete volume 483 m?
N _ llClght of placmg per one block . ' 2m
 length of placing per one block 10m
- volume of placing of lower half per one block 47.5 m?
volume of placing ofupper half per one block | 22.5 n?
number of times placing 78m =+ 10mx 2 = 16 times
working days (placing every 3 day) 16x30/26x3= 56 days
number of mixer necessary 48 m? + 3 m¥hrx 7 hr) = 2.2 units

By above calculation, four (4) concrete mixers will be necessary to mix
concrete for cutoff walls of spillway, and two (2) mixets each for dissipaters
and retaining walls of spillway. Workable days of concrete works per each
spillway will be 104 days (74 days + 30 days).

No. 1 and No. 2 contour bunds in phase-1[ work have three spilways
each. Placing concrete for cutoff is executed every three day at one site. Because
of limited pcnod concrete placing shall be done every day changing the
workmg site, then it takes 30 days for 3 cutoff walls. Placing concrete for
dissipator is execuled every 2 day, then days required for placmg concrete
altering the site is 74 days. After this work remained one dissipator will be
completed, then days required for construction for onc contour bund is 178
days (30 + 74 + 74). In the period, two contour bunds are constructed

- simultaneously and total days required are 356 days that is within one year.
~ Concrete work is execuled before and after gabion works.

, Accordingly, four (4) portable concrete mixer is required.

Vibratory Concrete Compactor

To make concrete good qualily, compacling work for concrete is
necessary. Suitable compacting of concrete will improve its quality, such as
strength, durability and water-tightness. For compacting concrete, vibratory
compacting is the most effective way. Capability of vibratory compactor is
around 4 to 8 mVhr for general small type. Since volume of concrete placing is
estimated 11 m? per hour for cut off walls, three (3) vibratory compactors are
necessary considering width and length of concrete placing at the site. Further,
generators for those compactors will be necessary.
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1)

o)

(K)

Belt Conveyor

Because it is difficult to carry raw conc:éte by a wheelbarrow to go
through on gabions during concrete plécing W()-_rk, belt conveyor will be used.
Two concrete mixers use one belt c_onvéyor. Another beit coiwcyér is provided
for carrying material, such as cement, sand and 'grével. Each belt ;:(_)nveynr is
equipped with engine. ' '

Gabion crates

Gabion crates are major material for the spillways. Necessary number of
gabion crates is,

Phase-1 9800 m® + 2.Imx1.05mx08m)= 5560

Phase-1I : 58800 m? + 2.Imx 1.0Smx 0.8 m} = 33,340

Totat -~ 38,900

Gabion crates are made with galvanized wire and its diameter is 4 mm.

Size of openings of the crate is at least 10 cm not to drop stone out. 7
Geotextile filter

Geotextile filter is used for preventing sand particles under gabions
sucking out in the dissipator of the spillway. Since ground water level is 60 m
low fror ground surface and there are no water flows in the channels and
riverbed materials are dried most of time. Moreover, period of flooding is less
than 24 hours, then riverbed uader gabions never be saturated. Tn such
circumslances, both pervious and impervious material can be nsed for protecting
sand under the gabion from suction. Since 3,360 m? of filter is necessary for
one (1) spillway, 23,520 m? of geotexlile filter is necessary for seven (7)
spiliways.
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- (4) Number of equipment

- ‘N-umbc_r of eqilipmeni co_nclud'ed is as follows.

Table-2.8 Number of Eéuiplﬁeﬁt

Machinery/Equipment - Specifications Number
Bulldozer : . 24 tons _ 4 units
Bulldozer with ripper 27 tons . 1 unit
Whecl foader . 1.2 m3 ) 1 unit
Truck wrailer .. - : 30 tons 1 unit
4WD pickup o carry for spare parts, tools 2 unit
Trolley with tractor 78HP, 4.7 m3 10 units
Water tank lorry with tractor 45HP 5,000 lit 3 units

‘ , _I-;énaﬁle cbncrel:e m:xer:, - ' | 0.45 m3 : 4 units
\f'ib;'aiory cohc-:rete:compac[or'\rvim éenerator D=60mm - 3 units

_ Belt conveyor with éngim: 7 ' 1Smx 0-.457m 3 uaits

(Material )

Gabion crates galvanized wire, openings 10 cm 38,500 Pieces
Geotextile filter semi-pervious 23,520 m?

2.4 Preject Implementation Plan
241 Ex_eéutive '('irganizé!iolil

Executing body of major flood irrigation structures in Mithawan area is
under management of Chief Engineer (CE) Irrigation, D.G. Khan of PID,
which is covering not only Mithawan hill torrent but also operation and
management (0&M) of irrigation systems of both Muzaffargah and D.G. Khan
whose area extents 0.8 million ha, SCARP and river training of the Indus river.
Organization of D.G. Khan Irrigation zone is in Fig. 2.6 and that of PID is in
Fig. 2.7.

For O&M of hill torrent management, the arca is divided in two, the
Jampur construction division is in charge of southern part of the area from
Kaha, while the D.G. Khan canal division is in charge of northern part from
Mithawan. New construction works will be managed by the Project Circle of
D.G. Khan Irrigation. This division consists of one superintending engineer,
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2.4.2

one execulive engineer and three SDOs, and is in charge of drainage project,
flood management of the Indus river and hill torrents also. D.G.Khan Irrigation
has performed many construction and rehabilitation works of structures other
than distributors in Kaha hill torrent and Vidore hill torrent.

O&M of heavy machinery such as regular maintenance and repairing
work is conducted at the workshop belonged to NTWD of SCARP Circle. This
workshop is located in Multan 90 km far from D.G. Khan and was established
to conduct repairing work of tube-wells. Function of maintenance and repair of
heavy machinery was added to this workshop by USAID assistance in 1987.

Budget

GOP is requested to disburse direct operation cost of the procured
equipment by Japan’s grant aid for construction of the contour bunds, which
include machine operation cost, machine maintenance cost, concrele
construction cost, labor cost, etc. 'l‘otal_ direct cost is estimated about Rs. 63
million. Also regular maintenance cost has to be disbursed, which is estimated
Rs. 510,000 as shown in Sec. 3.2.3.

D.G. Khan Irrigation has conducted a large variely of O&M works such
as O&M of canals and intake facitities of irrigation systems, flood managing of
the Indus river, etc. Budget for D.G. Khan Irrigation including personnel costs
aud office managing costs was Rs. 357 million in 1995-96. Personnel costs of
NTWD workshop which is expected to perform O&M of heavy machinery are
included in the above budget. The costs for maintaining and repairing of heavy
machinery at the NTWD workshop during the construction period will be
provided by the project cost.
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24.3 Personnel and Technical Level

In the D.G. Khan hill torcent belt, there are many hill torcents other than
Mithawan. D.G. Khan Irrigation has constructed and maintained the structures
in the arca, such as the distributors in Kaha hill torcent and Vidore hill torrent,
accordingly it has enough personnel who have worked for hill torrent. In ternis
of technical level, there were some problems in the design of structures and
construction supervision of the Kaha project, white in the Vidore project,
facilities were completed in six months and construciton supervision was
finished satisfactory though it had a large quantity of concrete works.

O&M of heavy machines belonging to PID is performed by the
Mechanical Circle stationed at Lahore as a rule. In this case, however, there are
problems on O&M because the procured equipment are képt and maintained far
from the site. Heavy machines procured in the Project will consequently be
controlied by C.E. Irrigation, D.G. Khan, to avoid procedural difficulties and to
have them all to the hill torrent project.

O&M of heavy machinery, such as regular maintenance and repair is
conducted at the NTWD workshop of the SCARP Ciccle. This workshop was
established to repair tube-wells including electric motors, pumps, etc. Function
of maintenance and repair for earth machines was attached to this workshop by
USAID assistance in 1987. The workshop has the personnel of 20 persons as
shown in table 2.9, and enough capacity as a workshop. Further, in D.G.
Khan, there are parking garages for heavy machinery established during
construction of D. G. Khan canal in 1960's, which can be used anytime for

parking and inspection.

In the area of D.G. Khan, D.G. Khan Unit of Agriculture has an office
and a workshop which manage farm lands in the area, and have eighteen (18)
bulldozers and two (2) truck trailers for carrying bulldozers to the site. Most
repair works can be done in this workshop and mechanics will come to the site
for minor repairs. this workshop consists of seventeen (I7) mechanics, nine
(9) mecharical engineers and six (6) guards. Emergency repair can be done

here.
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Table-2.9 Personnel in Multan Workshop

Item No. Tide Allowable number Actual number
1. Sub engineer - 1 B | 1
2. Foreman 7 1 l-

3. * Rebuild up machine operator 1 P
a.  Auto electrician i 1
5. Milling man i 1
6. Engine mechanic 1 1
1. Dino meter 1 |
8. Hydraulic operator 1 1
9. Calibration operator 1 1
10. Mechanic 1 i
1. Molder _ I 1
12 Milting machine operator I 1
13. Welder ! 1
14 Crane operator I 1
15. Tool issuer 1 1
16. Helper 4 4
17. Auto electrician | 1

‘Total 20 20
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|CHAPTER 3 PROJECT IMPLEMENTATION PLAN

3.1 Implementation Plan for Procurement of Equipment and Materials

3L

3.1.2

Concept of Implemeﬁtation Plan for Procurement

In implementation of the Project, cquipment and materials, including
their type and number, arc examined, then necessary equipment and materials
are procured for construction of the contour bunds. Necessary spare parts for
the equipment during operation and maintenance are also examined.

Equipment and material manufactured in Pakistan are recommended in
principle. They may be procured from Japan and any other third countries, if

ficcessary.

Regards 10 a vnit price of materials to be procured, the lowest unit price
is adopted in general, examining unit price cellected in the markets in Pakisten

and any survey after that.

Considerations in Implementalion Plan

Equipment and materials manufactured in Pakistan are recommended in

principle.

Régardirig machines to be considered, bulldozers manufactured by
Japanese firms prevail in Pakistan, for the reason that two (2) firms are able to
render services of their operation and maintenance in Pakistan. Wheel loaders
manufactured in Japan also prevall in Paklstan Procurement of earth machines
from Japan is considered to be appropnalc for smooth 1mplementatlon of

services for operation and maintenance.

Spare parts for heavy machines would cost amount equivalent to 36% of

* a body price of earth machines, to 90% in maximum, in their economic life

span, that varies with their type and working condition. Spare parts are

* procured for the first two years out of the entire economic life, because

construction period of the contour bunds is planned two years.

About equipment and material manufactured in Pakistan, those made in
Pakistan is recommended to be procured even if only manufacturer is available.
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3.1.3 Conditions of Implementation Plan

3.1.4

Concerning the bulldozers to be procured, which are onc of the major
machine for the Project, only two Japanese manufacturers’ bulldozers prevail in
Pakistan, accordingly agents able to render services for operation and
maintenance in Pakistan are limited to the two firms. Regarding wheel loader,

- that ma-nufact_ured in Japan also prevail with a large share in Pakistan.

Procurement of earth machines from Japan would be appropriate for smooth
nnplementatlon of services by skilled workmen for operation and maintenance

as well as for the above reason. Earth machines manufactured in Japan ate

- recommended to be procured consequently.

About a truck trailer, that of approximate capacity of 27-tons
manufactured in Japan is recommended, for the reason that truck trailers with its
capacily of less than 27-tons class are hard to carry a bulldozer of 27-tons class.

In reference to a four-wheel driven truck with single cabin, that
manufactured in Japan is recommended, because though there are rnanufacturers
in Pakistan, the truck made in Japan is cheaper than that of made in Pakistan

even including the cost for transportation.

Trolleys, water tanks, tractors with attachment and gabion crates are

procurable in Pakistan, then they are recommended to be prbéured.

The origin of country of the eqmpm\,nt and material to be procured is
shown in table 3-1,

Supervision of 1|llplemén_talion Pléﬂ

In the detailed design, estimate of the eciuipmeht' and materials to be

- procured is reviewed for preparation of the tender documents. Approximately

four (4) months would be necessary for detailed dcsngn period including site
survey, study in Japan and conflrmatlon with thc authonues for preparation of
tendering and the contract documenrls. as shown in the schedule for

implementation .
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For the equipment to be procured from Japan, expert for machine
arrangement plan in the study team conducts inspection and tests in the factory
of the manufacturers before shipment of the cquipment.

For the equipment to be procured in Pakistan, chief consultant of the

study team conducts inspection and tests at the interim of manufacturing period.

Upon delivery of the equipment to the designated place, both of the chief
consultant and the expert for machine arrangement plan assist the client in

' executing inépeclion and tests.

Implementation Plan

The bulldozers and whee! loaders, major machinery for the Project,
manufactured in Japan prevail with a large share in Pakistan. Procurement of
major construction machinery from Japan is considered to be appropriate, for
smooth implementation of services by skilled workmen for operation and
maintenance. The construction machinery manufactured in Japan is

recommended consequently.

Trolleys, water tanks, tractors with attachment and gabion crales
manufactured in local prevail in Pakistan. They are procurable in Pakistan

consequently.

Spare paits for heavy machines would cost amount equivalent (o 36% to
90% in maximum of a body price of heavy machine varying with their {ype and
working condition during their economic life span. It is estimated that the
amount equivalent to 7% of the body price is considered to be procured for the
cost of the spare pétris iil the first two (2) years out of the enﬁre life.

Equipment with driving parts are procured spare parts, such as
bulldozer, wheel loader, tractor, trolley, truck trailer, 4 wheel drive truck,
concrete mixer, vibrator and generator. Others are not provided spare parts,

Types and quantities of the equipment and material in table 3-1 are
recormmended to be procured in the Project. S
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Table-3.1 Procured Equipment and their Number

Origin of Cou ntry

lEquipmem - Number
Bulldozer (24 tons) Japan 4 units
Bulldozer with ripper (27 tons) ' o -~ Japan t wnit
Wheel loader (1.2 m3) ' Japan 1 unit
Truck trailer (30 tons) Japan | unil
--:iWD truck _(2,700 cc) _ _ - Pékiélan 2 units
'Tro-lley with 78HP traétor with l’mhl blade _ Pakistan 10 units
Water tank lorry with 48HP tractor . Pakis!an 3 units
Portable concrete mixers (0.48m3) Pakistan 4 units
Vibratory concrele compactor with generator (D=60mm) Japan 3 units
Belt conveyor {15m) 7 © Pakistan 3 units
Gabion crate _ Pakistan 38,900 PCs
Ge-c.nze.xlile filter Japan 23,520 m?2

Specification of the major imachinery to be recommended is as follows:

(1) Bulldozer (24 tons)
1)  Operation weight : T 245 10 kg N
Engine : 225 HP ~230 BP
Blade type : straight tilt
Attachment - ol with ROPS and without ripper

- Use for excavation, embankment and compacting

2)  Operation weight 27,360 kg
" Engine . 225HP ~230 HP
Blade lype o straight:lilt o
Altachment St without ROPS and with ripper

Use for colleclion of stone materials

(2) Wheel loader

Operation weight | @ 7,640 kg
Engine : . 85HP
Bucket : i.2md
Attachment ' with RCPS

Use for collection of stone materials

40



(3) Truck trailer
Load capacity : 30 tons
Engine :' : 320 HP (Diesel engme)
Use for (ranspoﬂanon of construction machinery

() 4 WD truck
Load capacity . 350 kg
Eugine : Diesel engine (2 700 cc)
Attachment : single cabin

Use for transportation of mechanics, tools and spare parts

(5) Tractor for trolley .
Engine ' : 78 HP (Diesel engine)
Altachment : trolley of 4m3 capacity, t'ront blades
Use for transportation of stone materials

(6) Tractor for water tank lorry
Engine : 48 HP (Diesel engine)
Afttachment : water tank lorry of capacity Sm3
Use for transportation of water

Specification of the materials to be recommended is as follows:

{1) Gabion crate
- Size 1 21mx 1.05m x 0.8m
Material : Galvanized wire
Openmg ) - : - 10cm '
(2) Geotcxule filter

Material procurable in local is impermeable plastic plate imported from
the United States. Iis size is roughly 4m? for one plate, then it needs
considerable work for joining plates by gluc As compared with it, material
manufactured in Japan is permeable geotextllc filter with its size of about 80m?
and it is necessary (o sew them together, howcvcr the work is reduced to 1/20

of the work for another one.

Geotextile filter manufactured in Japan is recommended, due to the

lower cost and reduced joining works.
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3.1.6 Implementation Schedule

Implementation schedule is shown in table 3-2, Regard to piécing geotextile
filter, technician is dispatched for guidance of stitching.

(1) Implementation schedule of the Consultant
1) Before contract with a Contractor

Exchange of Notes (E/N)---> Contract with Consultant ---> Detailed design --->
Cost estimate ---> Preparation for tender documents--->Tendering --->
Evaluation of tendering ---> Contract with a contractor

In the period of detailed design, the consultants will perform review of
estimate, confirmation in authority’s preparation on acceptance and use of the
equipment and detailed study on specification for the equipment and materials.

2) After contract with a Contractor

Order for equipment and materials---> Approval of the drawings ---> Inspection
and fest in the factory ---> Final inspection on the delivery

For the equipment to be procured from Japan, expert for machine
arrangement plan in the study team inspects them in a factory before shipment,
For the equipment to be procured in Pakistan, chief consultant of the study team
inspects at interim of manufacturing period. Upon delivery of the equipment to
the designated place, both the chief consuliant and expért for machine
arrangement plan assist the client in executing inspection and tests.

(2) Iinplementation schedule of the Contractor
i) For equipment procbreﬁ in'Japan

Ordered ---> Manufacturing (about 4 months) ---> Shipping ---> Custom
clearance (about I week) ---> Inland transportation (1 week) ---> Fixing --->

Delivcry
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2) For ¢quipment procured in Pakistan
. Ordered ---> Manufacturing ---> Inland transportation ---> Delivery

In this case, it takes about £2 months from E/N to Deliver.

3.1.7 (_)bligationrof the Government of Pakistan

Obligation of GOP is;

+ to design appropriate structure for stabilizing alluvial fan,

+ to construct the structure using the machines procured by Japan,

+ to operate and maintain machines and structures propetly with

suitable personnel and budget.

- Resbon_sible government aﬁthority is PID of Punjab. GOP must exempt

the Japanesé who works for the Project and products made in Japan which need
or are included in the Project from custom duties. GOP must prepare funds for
construction of the contour bunds including machine operation cost,
maintenance cost for the machines, etc., which estimated roughly Rs. 63
million. Tts detail is shown in table 3,2. GOP also shalt disburse cost for O&M

‘estimated Rs. 0.5 million annually.

Table-3.2 Cost for Cohsimclion éf Contour Bunds

ltems : Unitcost - - Quantity Price
(Rs./m3) (m3) (Rs. "000)
Machine operation L.S. 7,080
" Q&M for machines = LS. 2,525
" Concrete works T 3,000 0 14431 43,293
" Laborcost - ' - ' '
~ earthwork - - : -0.086 v 2.5 mil. 216
gabion work - 953 68,600 6,517
stone pitching - ) 56 - 17,521 981
geotex. filter placing - 076 o 23,520 - 18
sub total 71,132
Qverhead 2,551
Grand total 63,182

Overhead is estimated at 5 % costof concréte and labor works.

L
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3.2 Operation and Maintenance Plan -

3.21

3.2.2

. The equipment to be procured will be used for construction of the
structures m snmllar pro_;ecls m other hill torrents, as well as for construction of
the contour bunds in the Mithawan fan. '

In PID of Punjab, operation and maintenance of heavy equipment is
usually task of the mechanical circle stationed in Lahore. The equipment to be
procured, however, are used only in the D.G. Khan hill torrents belt , then C. E.
Irrigation in B.G. Khan zone shall control them.

Operation and Maintenance Organization .

D.G. Khan Irrigation zone has a workshop in Muftan which belongs to
Northern Tube-well Division (NTWD) of SCARP circle. Regular inspection
and maintenance by dlsasscmbly will be done at this workshop which is
eqmppcd with facilities for maintenance and repair of earth machines. Parking

and daily inspections are possible in a garage in D.G. Khan.

Personnel for Operétion and Maintenance

The NTWD workshop in Multan was attached section of maintenance
and repair for earth machines by USAID assistance in 1987, addition to existed
section to repair eleciric n_lbtors, pumps, etc., for tﬁBf::-\vcllsf The workshop has
the personnel of 20 persons as shown in table 2.9, and enough capacity as a
workshop.

Further, in D.G. Khan, D.G. Khan Unit of Agric_ul;u're has an office

~ and a workshop which manage farm lands in the area, and have eighteen (18)

bulldozers and two (2) truck trailers for carrying bulldozers to the site. Most
repair works can be done in this workshop and mechanics will come (o the site
for minor répairs This workshop consists of seventeen (17) mechanics, nine
(9) mechanical engineers and six {6) guards. Emergency repalr can be done
here.
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Fig. 3-1 Piocurement Schedule

3 4 5 6 7 8 | Required period
(month)
B | Site survey _
Detailed - Study in Japan 50
Design Confirmation with authorities

Tendering and Contract

Procurement

Manufacturing]

Transporting

8 Inspections and tests

Installing and setting vp

80
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3.2.3 Cost Estimate for Qperation and Maintenance

Estimate for construction of the contour bunds and annual maintenance

cost of the equipment are as following.

1) In construction period (two years)
operation cost Rs. 7,079,893

maintenance cost Rs. 2,525,498

2} Annual maintenance cost after completion
‘operation cost Rs. 405,336
maintenance cost Rs. 105,229

(1) In construction period
1) Machine operation cost

Unit operation cost for the major machines to be procured is estimated as

shown in table 3-3.

Table-3.3 Operation cost of equipment

Item Cost per Cost per Cost per
hour (Rs.} day (Rs.) month {Rs.)
Bulldozer (24 tons) 226.08 1,808.64 47,024.64
Bulldozer with ripper (27 tons) 226.08 t,808.64 47,024.64
Wheel Loader (1.2m3) 138.38 1,107.04 28,783.04
Tractor (78HP) with trolley 54.66 - 437.28 11,369.28
Tractor (48HP) with water tank 44.45 355.60 9,245.60

The cosls in table 3.3 are estimated on the condition that each equipment

operates 8 hours per day and 26 days per month.
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- Table-3.4 Cost for Machinery Operation -

Item - - Quantity Work hours - Total operation
- machine (Hrs.) cost {Rs.)
Bulldozer (24 tons) 4 17,480 3,951,878
Bulldozer with ripper (27 tons} 1 2,363 534,227
Wheel Loader (1.2m3) | 1,203 , 166,471
Tractor (78HP) with trolley 10 35,729 1,952,947
Tractor (48HP) with water tank 4 10,672 474,370
Total 7,079,893

- Total cost for machine operation in the proposed construction works is
estimated to Rs 7,079,893 as shown in table 3-4.

2) Maintenance cost

Following items consist maintenance cost.

Maintenance cost - ~-ICPAIL COSt ----mnmmmenm servicing
T ' o ------ TEpAIr
------- other expenses -----------  safekeeping
------ fax

----- - insurance

Repair cosl is the cost of supporting machinery efficient excluding cost

- of spare parts. Servicing cost is the cost of regular maintenance works for

_ reducmg accidents during works and for recovering lowered efficiency. Repair
~ cost is the cost of repalrmg troubled machines by accidents durmg workmg

Repalr and mspectlon for the equlpmem are pcrformed in Multan
workshop. Accoramgly servicing cost includes teansportation of the equipment
by the truck trailer from the sites to Multan which is estimated Rs. 18,235 and
operation cost of Multan workshop that is estimated Rs. ] ,098,235. Repair cost
is estimated Rs. 74,514 for travels between Multan and the sites. Safe keeping
is Rs. 90,000 as salaiy for 3 guards As a result, total mam{enancc cost in the

o constmcnon penod is eshmaled Rs 2 525 498 as shown in table 3-5.
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Table-3.5 Maintenance cost in 2-year construction period

Repai_r cost Co Cost (Rs.)
servicing : 2,196,470
repair 149,028

Other expenses :
safekeeping 180,000

Total ; ' 2,525,498 ¢

(2) Annual maintenance cost after completion

Costs of O&M after completion consist of machine operation and its
maintenance costs for regular inspection and repair cost of the structure. It is
estimated Rs. 510,565 of which break down is shown below.

Duration for regular maintenance work of the structures is expected one
month in which every procured equipment are used. In other time except regular
maintenance period, all machines are used in other construction works, then
required expenses are paid by them. Operation and maintenance cost of the
machines in regular maintenance of the structures after compiclion the work is
estimated as in table 3-6.

Table-3.6 Cost for operation and maintenance of machinery after completion

ftem . Quantity Monthly operation . Maintenance
' ' cost(Rs.) ' cost {Rs.)
Bulldozer 4 47,024 188 099
- Bulldozer with ripper 1 42,024 S 4,024
Wheel Loader 1 28,783 28,733
Trolley with Tractor 10 11,369 . 113,693
© Water tank with tractor 4 9246 27,737

Total ' B ' Coc T T 4ps 336

_ Machmc operallon cost in lhe mamtenance perlod lS eslunated Rs.
405,336 whllc maintenance cost of the machmcs in this pcrtod is estlmaled Rs.
105,229. Addition to this, cement, gablon crates, elc., are necessary if
structures are damaged.
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CHAPTER 4 PROJECT EVALUATION AND RECOMMENDATION

4.1 Project Effect
4.1.1 Project Effect

GOP will construct structures for stabilizing alluvial fan including
contour bunds and distributor, which aims at reduction of ftood damage in the
canal irrigated arcas by énhahcing flood irrigation in the Mithawan fan. The
contour bunds that is constructed using carth machines procured by Japan’s
grant aid can store flood flows and stabilize alluvial fan. They shall contribute to
support crop production and mitigate flood damage. However channels cannot

" evade from: horizontal shifting without construction of the proposed distributor,
contour bunds consequently cannot control more than 10-year flood.

Contour bunds are expected to produce benefits shown below by
increase of crop production and decrease of flood damages.

"~ (1) Benefit by increase of crop production  Rs. 2.13 million
* (2) Benefit in reduced flood damage Rs. 16.99 million
Total Benefit Rs. 19.12 million

- (1) Increase of crop production

Jowar and bajra are cultivated as kharif crops, while wheat, gram and
 oilseeds are as 1abi crops in the fan. Area of flood irrigation varies with floods
- discharge and construction of the contour bunds and the distributor must cxpand

arca of flood irrigation. Possible irrigated area by probable floods is shown in
: table 4.1 after completion of the distributor.

i ‘Table-4.1 Trrigated area by probable flood after completion of the project

Return period Iigated Arca (ha)
Kharif Rabi Total
Jowar Bajra Tolal Wheat Gram Oilseed  Total
S-year . 4056 2,055 46111 718 223 851 1,792 7,903
10-year. - 5,196 2,633 7,828 . 1259 . 390 1,493 3,143 10,971
15-year 6,085 3,083 9,168 1,655 516 1,973 4,154 13,322
- 20-year 7.698 3901 11,599 - 2238 693 2,654 5586 - - 17,185
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- Table 4.2 shows crop produce on the basis of expected yield of cach
crop, 736 kgfa for jowar, 645 kg/ha for bajra, 554 kg/ha for wl_wal, 415 kghha
for gram and 370 kg/ha for oilseed. ' ' '

Table-4.2 Crop production after completion of zhe'prﬂojéct |

LI

Retumn period Production (nﬁ]lion rupees)
‘ Jowar Bajra Wheat Gram  Oilseed Total
5-year 188 938 149 040 245 25.61
10-year 1522 1202 262 070 429 34.85
I5-year 1783 1408 346 092 567 41.96
20-year 2255 1781 465 124 1.62 53.88

Using' data shown in table 4.1 and 4.2, avéragc annual amount of crop
produce is calculated. Co;ﬁpletion of both the contour bunds and the distributor
would result crop produce Rs. 13.81 million as shown in table 4.3, while with
only contour bunds which would control floods lower than 10-year flood,

annual crop produce is expected at Rs. 11.25 million.

Table-4.3 Average annual crop produce

Frequency Produce Average Frequency Amount of
Produce Interval Produce
{Mil. Rs.) {Mil. Rs.) {Mil. Rs.}
0.9 3.60

0.8 5.30 - 4.45 0.1 0.445
0.7 1.20 6.25 0.1 0.625
0.6 9.4 8.30 0.1 0.83
0.5 12.00 16.70 0.1 - 1.07
0.4 15.10 13.55 0.1 1.36
03 19.20 17.15 - 0.1 1.72
0.2 25.00 22,10 0.1 221
0.1 3490 2895 o0 - 3.00
0.067 41.96 38.43 0.03 1.27
0.04 53.88 41.92 0.027 1.29
TOTAL - 13.81

Table 4.4 shows _r,slimate'or{ crop produce in 3 years from 1992 to 1994
based on actual harvested area by crop. Since the Mithawan fan received
unusually much walter in 1994 by three times of flood, harvest of the year was

50



extremely good. Average of remained two years are to be regarded annual
produce amount at present. Then produce of Rs. 9.12 million is supposed to be
average annual amount in the Mithawan fan and increases of produce by
' cénsimcting contour bunds is estimated Rs. 2.13 million, since expected annual

produce is Rs. 11.25 million.

Table-4.4 Crop produce at present

Yee;r Produce {million rupees)
Jowar Bajra YWheat Gram Qilseed Total
1992 354 419 - 164 0.30 0.18 9.85
1593 338 3.65 0.77 0.32 0.27 8.38
1994 10.02 11.67 .93 0.85 0.39 23.85

(2) Reduced Flood Losses

Canal irrigated area by the DD. G. Khan canal extends both D. G. Khan
district and Rajangpur district. Damage by the flood was estimated by the final
report for the ‘feasibility study on flood protection in Taunsa-Gudu Reach,

. Indus river’ as shown in table 4.5. In this basic design study, average loss in

 the two districts used for the basis of estimating flood losses.

Table-4.5 Flood losses in D.G. Khan and Rajanpur districts (Rs./ha)

" Area - - - Direct g Indirect Total
Crop Houses Roads Others
Railways
' D.G.Khan 5998 2440 190 2,59 2242 13.460
~ Rajanpur - 4,650 2010 - 250 207} - 1,797 10,780

Feasibilily study for the Mithawan Pilot Project in 1984 estimated about
32,000 ha of inundated area by floods came from hill torrents. A part of fleod
loss by the Mithawan hill torrent is estimated 35 % of total flood loss, since a
percentage of the Mithawan drainage area to the total drainage area of hill
torrents affecting the D.G. Khan canal shown in table 4.6, since heavy rains
generating flood losses pour simullaneously over the D. G. Khan hill torrent
belt.
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Table-4.6 Area and peak flood of the hill torrents

Name . Drainage Share .- Peak flood discharge

aca of area ~ at25-year
{square km} IR ) I {cumecs)
Sori Lund 520 L2 ; 1,500
Vidore 770 35 1,796
Sakhi Sarwar 1606 7 139
Mithawan 792 35 2,500
Total 2342 100

Table 4.7 shows flood losses by probable flood of Mithawan hill

torrent.

Table-4.7 Flood {osses by probable flood

Return Peak Arca - By Mithawan Hill Torrent
Period Flood affected
. ) Arca affected Losses
~ (cumecs) ' (thay {ha) (mil. Rs)
2 917 1,695 593 7.19
2.5 . 1,100 5,060 1,771 21,46
133 1,257 8,770 3,070 3120
5 - 1,658 13,865 - 4,863 58.94
10 1,952 22,260 7,791 94.43
25 2,500 32,380 11,333 13736

Reduced losses are estimated Rs. 23.94 million annually as shown in
table 4.8 and total reduced loss in 25 years will reach Rs. 598.5 million when
both the distributor and the contqur'bunds are completed. White only with the
~ contour bunds c011tr6!ling lofvc: than 1Q-year flood, then 'r(g-d'uced loss is
éxpected Rs. 16,99 million.'
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Table-4.8 Reduced annual flood loss

PR—

Frequency fosses Average Frequency Annual
Losses Interval Losses
{Mil. Rs.} (Mil. Rs) {(Mil. Rs))
0.54 0
0.5 7.19 36 0.04 0.14
0.4 21.46 14.33 0.1 1.43
0.3 37.20 2033 0.1 2.93
0.2 58.94 48.07 G.1 4.81
0.1 94.43 - 76.69 A 1.67
0.04 132.36 115.90 0.06 695
TOTAL 23.94
(3) Project effect

The project is evaluated by benefit versus cost as below.

a. Benefit (annual)

Increase crop production

Reduced flood loss

Total benefit

b. Conslruction cost of contour bunds

GOP expense

*

- Equipment ¥*

Material

Total construction cost

- % Detail of GOP expense shown in Sec. 3.1.7,

Rs. 2.13 million
Rs. 16.99 mitlicn
Rs. 19.12 million

Rs. 63.18 million
Rs. 53.36 million
Rs. 24.23 million
Rs. 141.77 million

*¥: Equipmenl cost is allocated here only for construction penod of 2 years

while its life is 6 years.

c. Operation and Maintenance (annual)

O & M cost

Rs. 0.51 million

L Tolal bencﬁt by constructlon of (he contour bund is esnmated Rs. 478
mllhon in 25-year project life. While operallon and maintenance cost and total
construction cost including price of the equipment and materials procured by

++ Japan's grant aid is Rs. 154 million. When the cost is counted only expenses by
i - Pakistan side, it is estimated Rs. 76 million that is expenditure for construction



and expense for maintenance. It is consequently concluded the project is feasible
concerning cost versus benefit.

(3) Benefited population

4.1.2

Population in the Mithawan fan is estimated about 14,600 and all of
them will be benefited directly by development of flood irrigation. Number of
beneficiaries by reduced flood loss is estimated about 40,000 in canal irsigated
area, since affected area is assumed 113 square km at a 25-yeaf flood and 23
houses per square ki with average family number of 15.

Feasibility of the Project

The Project area belongs to the arca where an alluvial fan is on its
process of formation. Frequent shifting of water courses and occurrence of
riverbed degradation on the fan have resulted in flood irrigation harmed often,
which has left harvest of the flood irrigation farming poorer and the farmers
have been suffering from extreme poverty. Flood irrigation farming on the fan
that has been maintained by tremendous effort of the locat farmers is facing to
be ruined by excessive degradation of riverbed, that resuits destroying
environment of life and basis of livelihood of local population, if no measure
will be taken. Construction of the contour bunds aiming to stabilize the fan is

- expected the first step to turn from present deterioraling status into its revival. A

long term effort, however, would be required for its betterment since
construction of the contour bunds cannot be cxpected immediate stccess.

The Project is feasible in terms of cost versus benefit. Besides, local
population is able to perform operation and maintenance with their own finance
and technique after its completion.

The practices for stabilizing fan and water harvesting in the Project must

contribute to enhance carrying capacity in a similar dry region not only in

Pakistan but also in Westerm China, Central Asian and Middle East countries.

By such circumstance, it is worth to support the construction of the
structures for stabilizing the fan and achieving sure flood irrigation and it is
regarded that the Project will be feasible.
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4.2 Technical Cooperation with Other Donors

: Financial_limilétion in Pakistan has curbed to allocate funds for projects
which generate minor benefit such as development of hill torrent or conservation
projects like disaster prevention. As a result, personnel conceming these kinds
of projects are limited, and engineeﬁng for these projects has not been paid
attention, then engineers have had Jittle interest in this engincesing. Though
interest in developing depressed rainfed region including hill torrent area has
been increasing because national agricultural produclivity is decreasing recently,
actual activities have not been put into practice yet.

. Five-year participatory watershed management project has been
7implcme_ntred in the upper reaches of the Project arearaé a joint project of JICA
and FAQ since April in 1995. Local people have established organizations in
_each village and are working actively to introduce vegetable and fevit growing,
to improve irrigation facilities, to establish saving cooperatives, etc.
Furthermore, limited grazing on a trial basis and water and soil conservation
works on hill slope have been implemented since 1996. The Project in the
Mithawan fan is requested to enlighten farmers through such activitics done in
watershed management project. However, most government organizations in
Pakistan have not been enthusiastic about such projects in which local

population participates.

~ Engineering in steep rivers and alluvial fans has not been established in
Pakistan, and there are litlle experience of watershed management with farmers’
participation. Cooperation with experienced organizations is essential to enhance

the ability in such projects.

4.3 Recommendation

Enormous supply of sediment from its drainage area is forming the
Mithawan alluvial fan actively. For stable farming on it, the fan must be kept its
variation harmless. Dispersion of flood flows over the fan is the most importaat
by c]iminéting flow concentration into a specific channel.
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GOP will construct the contour bunds on mid-fan in the first phaseand
the distributor at the fan-head in the succeeding phase using procured equipment
~and materials. Further, developmcnt'wbrks in the watershed of the Mithawan
hill torrent and other hill torrents will be executed. Since construction of the
proposed structures will stabilize alluviat fan, flood irmrigation farming on the fan
will be enhanced and flood damage of the D.G. Khan ¢anal and in the canal
irrigated area will be reduced. Output of the Project conscduenlly'maleria]izcs
~ enhancement of a living standard of locat residents and'improves a basis of crop
produce. The Project generating these benefits is feasible in above boints to
apply Japan's grant aid. ' . -

PID would be able to maintain and operate the struclures properly
techaically and financially in future. For better operation and maintenance, local
irrigator’s association, Kamaras, must be involved to it. Since Kémafas have
performed operation and maintenance of the flood irrigation facilities by their
own funds and efforts for a long time, théy have active practical experience in
the fan. Transferring responsibility on regular operation and maintenance to
Kamara including daily ihspection and minor repairs is the best wajr to maintain
the structures in operational status. Involving Kamaras from the planning stage
is recommended, and PID must have responsibility to stimulate Kamaras’
participation in operation and maintenance and to show the steps splitting the
roles between PID and Kamaras. '

- Improving flood irrigation practiée on the fan of the hill torzents helps
advancement of water harvesting technique in a dry region. Imple:ﬁeﬁtation of
the Project is accordingly significant contributing to strengthen a population
carrying capacity not only in Pakistan but also in other arid areas on the earth,
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1. Members of the Survey Team

Masayuki WATANABE | Leader Development Speciatist, Institute for
International Cooperation, JICA

Yoichi KISHI Chief Consultant Nippon Giken lac.

Hiroei ISHIHARA

Equipment Plan and Cost Estimate

Nippon Giken Ine¢,

2. Proposed Itir;erai'y of tfze Survey Team

Date Ne. | Aclivities Movement
Oct. 13 (Mon) i | Watanabe, Kishi, Ishihara: Arrival at
Narita (12:55)-Istamabad (20.:15) Istamabad
Oct. 14 (Tue) 2 Courtesy Call to JICA office Islamabad
Courtesy Call to Embassy of Japan
Courtesy Call and Explanation to Ministry of Water
and Power, Federal Flood Commission Arrival at Lahore
Islamabad to Lahore
Oct. 15(Wed) 3 Explanation to Irrigation and Power Department, Lahore
Punjab Arrival at
[ Lahore to Islamabad Islamabad -
Oct. 16 (Thu) 4 Joint Meeting at irrigation and Power Department Istamabad
Oct. 17 (Fri) 5 S-igning of Minules of Meeting Istarabad
Report to JICA Office, Embassy of Japan
Oct. 18 (Sat) 6 Removal: Islamabad to D. G Khan
Oct. 19 (Sun) 7 | Survey .
Watanabe: . G Khan - Lahore - D. G Khan
Oct. 20 {(Mon) 8 | Watanabe: Bangkok - Bangkok - Manila
Kishi, Ishihara: Survey D.GKhan
Oct. 20 (Mon) to Survey D. G Khan
Oct. 26 (Sun)
Oct. 27 (Sun) Survey D. G Khan
) D. G Khan to Islamabad i
Okt. 28 (Tue) 16 | Kishi, Ishihara: Report to JICA Office Arrival at Lahore
Islamabad - Lahore -
| Oct. 28 (Wed) 17 | -Bangkok - Narita Atrival at Narita
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3. List of Concerned Officers

Federal Flood Commission (FFC)
Dr. S. M. Bhutta

Mr. 1.B.Sheikh

Chief Engineering Adviser/ Chairman,
Federal Flood Commission,

Ministory of Water and Power

Chief Engineer (Floods)/ Secretary,
Federal Flood Conunission

Economic Affairs Division, Ministry of Finance and Economic Affairs (EAD)

Mr. Rashid Mahmood Ansari

Joint Secretary

Irrigation and Pewer Department, Government of Punjab (I&P)

Mr. Shafqat Mascod
Mer. Sheikh Abdul Ali
M. Iftikhar Bhutta

Additional Secretary,

Deputy Secretary,
Superintending Engineer,
Project Circle, Irrigation Zone,
.G.Khan,

Planning and Development Department, Government of Punjab (P&D)

Mr. Tariq Sultan
Mr. Abdul Hafeez

Irvigation, D.G.Khan, I&P, Punjab
Chief Engineer, D.G Khan:
Superintending Engineer, Project Circle:
Executive Engineer, Construction Division
Sub Divisional Officer, Construction Division
Sub Divisional Officer, Mechanical Sub-Division,
Rajanpur Div.

Chairman
Chief (Water and Power)

Mr. Muzaflfar Hussain
Mr. Iftikhar Ahmad Butta
Mr. Rai Muhammad Amin
Mr. Jahanzeb Khan

Mr. Saifullah Sheikh
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MINUTES OF DISCUSSIONS

BASIC DESIGN STUDY ON MITHAWAN HILL TORRENT PILOT PROJECT
_ IN -
THE ISLAMIC REPUBLIC OF PAKISTAN

In response to the request from dic Governmeat of Pakictan, the Government of Japan
decided to conduct a Basic Design Study for Mithawan Hill Torzent Pilot Project  (hereinafter
teferred to as “the Project”) in the Islamic Republic of Pakistan and entrusted the study to the
Japan Intemational Cooperation Agency (hercinafter referred to as JICA).

JICA seat to the Istamic Republic of Pakistan a study tcam (hereinafter referred to as
"the Team"), which was headed by Mr. Masayuki Watanabe, Development Specialist, JICA,
from 13 Octoberto. 28 October,1997.

The Team held discussions with the officials concermed of the [slamic Republic of
Pakistan and conducted a field survey at the proposed prOJect sites.

In the course of the discussions and Geld survey, the aulhontxes concerned of the
Islamic Republic of Pakistan and the Team confirmed the main items described in the attached
sheets. The Team will proceed to further studies and prepare the Basic Design Study report.

Islamabad October, 17, 1997

e ™

Al

Mr. Masayuki WAW Mr. Suleman GHANI
Leader,, : - , 2 . Secretary,
Basic Design Study Team Irrigation and Power Depanment
JICA Government of Punjab

™
Dr.S. M. BHUTTA S Mr. Rashid Mahmood ANSARI
Chief Engineering Adv:sor, Joint Secretary,
Ministry of Water and Power Economic Affairs Division
Chairman,

Federal Flood Commission ..



- ATTACHMENT .-

I. Objective

The objective of the Pchcl is (o assist the Govcmmcnl of Pu njab to construct the flond
urigation system mcludmo watershed manavc,mem bv providing machinery 2ad

cogstruction materials.

2. Project site

The project area is shown in ANNEX L,

3. Executing Organization

{1)Responsible organization
Ministry of Waler é_md Power, 7 _
Government of the Istamic Repubtic of Pakistan

(2)Implementing organization
Irrigation and Power Department,

Government of Punjab.

4. Items requested by the Islamic Republic of Pakistan

After a series of discusston with lhe Team, the items requcsted by the Pakistan side are
shown in Annex II. '

Howcycr, the componenls of the Project will be finalized after the completion of the
Basic Design Study. -

S. Japan's Grant Ajd Svstcm

(l) Thc Pakistan Sldc has understood Japan's Grant Aid systcm m ANNEX III as
explained by the Team.

(2) The Pakistan side will take necessary measures described in ANNEX IV foal' the snmih
unplementation of the Peoject, in the event the grant aid assistance by the Japandse

government is extended to the Project.
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6. Schedule of the Study

(1) The Team will proceed 1o further studies in the Islamic Republic of Pakistan uatid 28
October, 1997.

(2) JICA will complete the final report and sead it to the Islamic Republic of Pakistan by
the end of February, 1998.

7. Other relevant issucs

(1) Pakistan side explained the utilization of gabion for the sake of following ideas;

'-l) In order to ensure Sﬁslainability of a flood irrigation system, engineering structures
must be located and designed taking full into account morphologic changes in the
channels.

2) In order to attain the above requirement, the above system is comprised of e
following componeants;

a) Consolidation

Cross structures in the reaches from mid fan to fan end will be included in the
estimate in order to disperse flood water evenly.

b) Stabilization

At present degradation has been taking place in the upper reaches of certain wahs.
For stabilization of above wahs, cross bunds should be included in the estimate
to avoid degradation and to help aggradation.

c) Dispersion

Dispersion structure will be constructed at the fan head prevénting scoucing at the
foundation and associated degradation.

3) The watershed management is important to reduce the peak flood and sedimeat for
developing Mithawan hill tortent basin.

_ /‘L,Lu"‘ -
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(2) Pakistan side further explained the method of excuunon as followings;

1)Plan and design of the stuciures shall be completed by the lmgauon and Power
Department, Govemment of Punjab. '

2)Construction of structures shall be completed by the Irrigation and Power Departnent,
Governmient of Punjab. '

3)Maintenance of the structures shall be done by the Irrigation and Power Department,
Government of Pugjab.

4)Pakistan side shall make necessary measures to prepare the covered parking area for

equipment as well as storage facility for the material to be procured by the Project.

[reers -
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ANNEX 11 List o:frEquipmcnt‘and Malerials requested by Pakistan side

Machinery / E;quipmcnt No of units -Spééiﬁ'cfali;)ns
(A) Machinery o
(1) Bulldozers 3 27 tonsiiu;m ribpérs
(2) Back hoes ‘ | 3 0.7'ng3f‘cap-$cit§l,
' with hydraulic breakes
(3) Tiactors with tolley -, 12 o
(4) Fiontend boaders - . 3 1.2 to 1.5 m3 capacity
V(5) Concrete Batching Plant : I 40 to 60 m3/hr
J(6) Conveyor Belts With Engine" 3
(1) Vibrating Concrete Compactors 6 10 Kg
(8) Water Trolley with Tractor 6 1,000 Gallons
(9) Trailer truck : - , I | 3G tons capacity
J(10) Gabion Manufacturing Machine K |
(11) Pickups — | 2 Light 4 by 4 vehicle
(B) Materials
{1) Mild steel wires ' L} .OQO tons. |
{2) Geo-membrane ' 1?,60(_) sq m

(3) Reinforcenient bars

450 fons. B

Notes; Kinds and numbers of machinery a;id m:ifpri:_a!s- ;h;’.ll-_bc déciijcd in the Ba.uc Design
Study. B
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Annex III .~ Japan's Grant Aid Scheme

1
Y

2)

)

Grant Aid Procedures '
Japan's Grant Aid program is executed through the following procedures.

Application {Request tnade by a recipicnt country)

Study : (Basic Design Study conducted by JICA)

Appraisal & Approval {Appraisal by the Government of Japan and
L o _ Appraval by Cabinet)

Detenmination of (The Notes exchanged between the Governments

Implemeatation of Japan and the reciptent country)

Firstly, the application or request for a Grant Aid project submitted by a recipieat
country is examined by the Government of Japan ( the Ministry of Forcign Affairs) to

detenmnc whether or not it is ehglblc for Grant Aid. If the request is decred

appropnalc, the government of Japan assigns JICA (Japan [nternational Cooperation
Agency Y to conduct a s!udy on the request.

Secondly, JICA conducts the study (Basic -Dxsign Study), using (a) Japanese
consulting firm {s). '

'I‘hi:diy;, the government of Japan appraises' the project to see whether or aot & is
suitable for Japan's Grant Aid progcam, based on the Basic Design Study repoit
prepared by JICA, _émd the results arc then submitted to the Cabinet for approval.

Fourthly, the project, once approved by the Cabinet, becomes official with the

. Exchange of Notes signed by the Govemments of Japan and the recipient country.

Finally, for the impleméntation of the project, JICA assists the recipicat country in such
matters as prepanng tenders, contracts and so on.

Bastc Design Study
Contents of the Study

The aim of the Basic Design Study (heceafter refered to as “the Study”), conduded by
JICA on a requested project (hereafter referved to 3s “the Project”) is to provide a basic

JAter -
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Pakistan

ANNEX 1V Necessary Measures to be taken by the lslamlc Repubhc ol‘

Necessary measures (o be taken by the Islamic Republic of Pakistan oa condition that Japan's
Grant Aid is executed; '

l.

2.

To secuze land necessary for sites of the project, prior to the construction of the facilities.

To ensure all expanses and prompt execution for unloading, customs clearance at the
port/airport of disembarkation and international uansponauon of the products purchased
under the Grant Ald :

. To exempt Japanese nationals from customs duties, intermmational taxes and other fiscal

levies which will be imposed in the recipient country with respect to the producis and

. services under the verfied contract.

. To accord Japanese nationals, whose services may be required in connection with the |

supply of products and the services under the verified contracts, such facilities as may be
necessary for their entry into the Islamic Republic of Paklstan and stay therein for the
execution of the Project.

. The Islamic Republic of Pakistan is required to maintain and use the facilities constructed

under the Geant Aid propedly and etfectively and to assign ‘staff necessary for this
operation and maintenance as well as to bear all the expenses other than those covered by

~ the Grant Aid.

. The products purchased under the Grant Aid shroud not bé'rce-xportéd_ from the Islamic

Republic of Pakistan,

. 'i‘o bear advising commission of Authorization to Pay (A/P) and bg‘yhﬂ:m commission to

a Japanese foreign bank for the banking services based on the banking arrangement.

"//\Igul/ -
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Aunex V

List of Participants

Federal Flood Conunission
n

Muv. L.B.Sheikh

Economic Affairs Pivision
Mr. Rashid Mahmood Ansari

Irvigation and Power Department
Government of Punjab
Mr, Shafqat Masood

Mr. Sheikh Abdul Ali
Mr, Iftikhar Bhutta °

Planning and Development Departrhent
Government of Punjab

Mr. Tarig Sultan
Mr. Abdul Hafeez

Basic Design Study Team
Mr. Masayuki Watanabe

Mr. Yoichi Kishi
Mr. Horoeil Ishihara

JICA Pakistan O_fﬁce

Me. Noriaki Nagatomo

fpr

Chicf Engincering Adviser/
Chainnan, Federal Flood Commissisn
Ministry of Water and Power

Chief Engineer (Floods)/
Secretary, Federal Flood Commission

Joint Secretary

Additional Secretary
Deputy Secretary
Superintending Engineer
Project Circle,Trrig: Zone,
D.G.Khan

Chairman
Chief (Water & Power)

Leadesr, JICA
Chief Consultant ¥Flood
Equipment plan and cost

~ estimate,

Deputy Resident Representative
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GOVERMNMENT OF THE PUNJARB
IRRIGATION & POWER DEPARTMENT

ESTIMATE
OF

Constructing Mithawan Distributor Near
Choti Bala

Pro cct Circle 13.G.Khan
D.G.Khaa Irrigation Zone D.G.Khan
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CONSTRUCTING MITHAWAN DISTRIBUTOR

BACKGROUND 7
Mithawan Hill Toirent is one out of thirtcen major Hill Torrents emerging

oul from Kal Suleman range located towards west of DGKhan and Rajanpur
Districts. The total water shed of Mithawan Hill Torrent is about 741 square
kilometre. Most of the part of this watershed consists of denuded mountains with
a little or no vegetation cover. The slope of the off shoots of all water carvying
channels are very steep. There is lot of ercsion and sediment movement during the
rain fall season. Rain fall is erratic and mostly concentrated in monsoon season.
When the hill torrent emerges or:1 of Koh Suleman range; it enters into the fan area
called PACHAD. The livelihcod of residents of PACHAD is dcpcndénl on the
effective utilization of flood water from the watershed of Mithawan lull torrent.
They have their own Kamara system (Water User Association) responsible for
control and usage of water. The water rights are established ou the theory of first
come first serve basis. The upper riparians wse the first freshet and after full fillmg

their demand: the water s allowed to the next user and so on.

I‘ECHNICAL ASPE(‘TS

As the flood water enters in PACHAD, it is fanned out m different dueclmm
The fan area is still under {fornmation stage and no defined water routs are avatlable.
Due to sediment movement and dcposilidn m the (an area; the water routs are
changed. The local inhabitants can use the water for irrigation 1Fit1s passing near
by them. If the lood water has ch’mged it‘;'courqc they hsmlly rematn dry and can
nol Lrow lhelr cnops For lwe! hood Al the pao;)osed site of conslruction of
dlstnbullon shuctuxe the Met pEwan hlll lom,nl 15 sub divided into three branches.
One on left side, second on righi side and third i the middle. Left sided and middle

one have water rights; whereas the right side branch works as escape channel in
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case of excessive flood. Becaus: ihe flood water changes its routes due to sediment
movement and deposition; therefsr: all the above branches can not draw water z_u_:qprgjliug
to their share. In one year if the “wvater is flowmg in left brauch; next yeor maj flow cither
in middle one or escape. To avoid this phenomenon a diswibution structure has becn
proposed to divert water according to the requirement of local inhabitants. Long divide
walls down stream of the weir have been piopo:,ed to avoid auy chance of intermixing of
branches further down stream (Flgme - 1). Crest Ievel of weir for feft side and middle
have been kept 2.8 fi. lower than the crest level of escape (figure - 2). By this arrangeiment
the high flood will be distributed equally in three branches; but upto 10,000 Cusec it will
only flow into left branch and middle one. The weir has been proposed to be placed and
constructed one the alluvial strata. Te avoid any damage to weir structure on down strcim
side due to scounng a *.ulhng basin has been provided upto 60 fi. length. Dawn stream of
stilling basm 1s placed on R.C.C. 100 ft. deep piles placed 60 ft apart. A 10 It :h.q) and 2
ft. wide self supported R.C.C. beam have been placed on the top of miles lln'ough out the
whale length of the weir. This beam has been tied and connected at 120 fi. interval with
the help of R.C.C. beams { 2 l. dien, 2 i, wide and 64 It long ) to R.C.C. beam 12.5 fi.
deep and 2 fl. thick placed on the top of piles (50 fl. decp and 2 . diameter) at 60 1L
interval just sown stream of flexit le gabion weir. The top of gabion weir has been grouted
with concrete to avoid steeling ¢f wire and misplacement of stones. In between these two
rows of R.C.C. piles the bed of stilling basin consisting of 2 rows af gabion aud covered
with grouted concrete has been provided to avoid any movememro-l‘ stone durirug .passing
of floads. It has been experienced that stanes refix their position ﬁt||i|;g floods and usually
the gabion become loose and need refilling. Hence concrete grouting has been provided to
avoid this phenomenon and geo-membrane beneath the gabions to avoid movement of
sand particles have also been provided. Down stream of stilling basin. gabiions in a length
of 60 ft. have beam placed over a geo-membrane. The geo-membrane will help against
scouring beneath the gabions due to flood water passing over and in the gabionn Upto a
certain length divide walls have been provided totally with gabmns to avozd any danng_

duc to concentration of How of flood. After that when lh:r'_ od water is e.\pnnch.d ma
wider sheet, a simple earthen embankment with pitching is propased. The embankmeni of

the weir have been pitched gabion to prolect against side erosion.
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ESTIMATED COST OF WORK

With above said technica’ provisions, the details have been worked out and are

based on the enclosed drawings. Th: rates are prevailing market rates and subject to

escalation in future. The details of quantitics, rates and costs are as under.

Sr. Item of Worl o Quantity Unit Rate (Rs.) | Amount (IRs.)
No
I. | Eaith Work 221262 cum 210 4646502.00
2. | Stone Work 67276 cum 441 2966871600
3. | Gabion 29024 1o. 1625 ' 4716-1000.00
4, [ R.C.C 2303 cum 3200 7369600.00
5. pC.C 7329 ciim 2500 18322500.00
6. Piles 1280 m 6562 8$399360.00
7. | Geo-membrane 16723 sq.m 1200 2006760000 |
8. Reinforcement bars 450 Ton 35000 15750000.00

- Total: 151388275.00

In the above woks, materials such as gabion crates. geo-membrane, cement, reinforcement

bars and stone share more than 90% of total cost. We would like to request procuring

wires for gabion crates, geo-membrane, cement, reinforcement bars.

"
>
<

Mild steel wares
2  Geo-membrane
Cement
Reinforcement

3.22 1
2 mnyimpenneable
50 Kg.

4.000
17.000
60.000
450

Tous
sq.m
Sacks
Tons

The above works must complate within 6 months, Present manual stone collection works

cannot supply the required qaantity, so that machine woks, using back-hoes. front-end

loadeis and dump trucks, shall be intiaduced. And also for concrete works, we wounld like

to request concrete batching plant and equipment for concreting. Below is the list of

required machinery and cquipment.
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MACIHINERY AND EQUIPMENT_REQUIREMENT

Sr. | NAME OF No. OF | SPECIFICATIONS
No | MACHINERY/EQUIPMENT UNITS
REQUIRED
I. | Bulldozers 4 18- 20 Tons
2. | Back hoes 4 M cﬁ;mcily B
3. ‘ Rear Dumps Trucks 6 30 Tons
4, | Front end Loaders 2 > MY capacity
5. | Vibrating Sheep Foot Roller 2 | 20 Tons
(Compactor)
6. | Concrete Batching Plant 3 3 M c;ipacity |
7. I Transit Concrete Mixers Mounted 3 4 M* capacity
on Trucks
r 3. | Conveyor Belts With Engines 3
9. | Vibrating Concrete Compactors | 6 10 Ke.
With Generators
10. | Water Trucks With Pressure 10 1000 Gallons,
L Sprinkling System .
1. | Truck Mounted Drilling Machines 2 2L -5
With Bits & Casings
12. | Gabion Manufacturing Machine 1 A, 6" and 8" mesh
gabbions
L;A{' Toyota Pickups 4 4 x4, double cab




The machinery and equipment will be operated and mainained by a
mechanical division of irrigation department which is already equipped with repair
aangements. The cost of repair and operation will be charged to works on which
the machinery will be deployed. It is pertinent (o mention here that this
machineryfequipment will be deployed on several other project beside Mithawan
project. The other projects to be exccuted for development of imigation are

proposed on the followmg hill torrents.

I - Sori Lund hill torrent,

2 - Sakhi Sarwar hill torrent.

3 - Sanghar Inlf torrent.

4 - Chachar lull torrent. - , :

5-  For maintenance of already constructed projects on Kaha and Vidore
hill torrents.

6 -  On the works of Water Shed Management in Mithawan hill torvent
Watershed

OPERATION AND MAINTENENCE

The repair and mamtenance of gabbions placed along the embankments,
divide walls and down stream ol stilling basin will be needed. Similarly repair to
earthen embankment and pitching along them will be required annually or when
needed. The whole cost involves for repair of the stiucture has been estimated on
the bases ol 2% of original cost and it comes oul to be Rs. two millions. The project
circle of irrigation and power depatrtment is responsible {or repair and mantenance
of structures on receipt of funds from wrigation department.

The staff of the project circle will form a body in collaboration with existing
Kamaras (Water User Associations) for better utilization of flood water. The
existing Kamaras arc responsible to control and irrigate thewr lands from the floods

in hitll torrents.

' / -
!-'-“"/tf‘:-;;—"—"x:::?cr Z’uw /I/ V@

RRARAER Superintending Enginéer,

CGirsery

A--18 Project Circte, DGKhan.
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CONSTRUCTING MITHAWAN DISTRIBUTOR

DETAIL_OF QUANTITIES
A- MAIN_WEIR Length = 1500 Ft.

1. Earth Work
2078 + 43.74 x

2
Contents 370.3 x
2. Bajjri

1500 x 1477 x

3. Gabbions
First Step 13.78 x
First Step 10.34 x
First Step 6.88 x

Contents of one Gabbion
Number of Gabbions _

4. Concrete 1:2: 4 Plaln

1500 X -
1. Earth Work

2. Concrete 1:2:4 Reinforced

Beam U/S =
Beam D/S =
End Beams = 2 X
X-Beams = 13 x

3. Concrete 1:2: 4 Plain
1474 x 60 x

4. Gabbions

1500 x
Contents of one Gabbion

Number of Gabbions

1500 x 60

1500 x 60 X

11.6 =  370.34 Sft.

1500 = 555517 Cit.

1= 22155 Clt.

2.62 x 1500

524 x 1600

262 x 1500
Total

= 62.29

noniu

= 2608

1

6.89 x . 262

10.5= 943200 Cfl,

1500 x 131 x
1500 x 1049 x
120 x i7.7 x
60 x 262 x

262= 231713 Cit

5.24 x 60 =
o= 62.29

= 7571

= 90000

54155 Cft.
81272 Cft.
...27038 Cft.
162466 Cit.
No.
27078 CH.
2.00 = 39300 Cft
2.00 = 31470 Cit
200 = 849 Cft
200 = 4087 CN
Tolal = 83353 Cft
471600 CfL.
"~ No.
Sft.



- G- EQUNDATION

4. Piles 28 X
28 X
RCC =
D- /S PROTECTION

1. Earth Work
1500 x 60 x

2. Gabbions
1500 x

Contents of one Gabbion
_ Number of Gabbions

3. Geomembrane

1500 x - 80
E- LEFT AND RIGHT DIKES
Left Dike = 2200
Right Dike = 1650
Total = 3850
4 Earth Work
i) 872 + A7.44 x
2
i) 1088 + 1416 X
2
- 3219 x
2. Gabbions
3850
T 344
1119.186 x 5
3. Bajjr
3850 % 30.46

£- RIGHT DIKE _UJ/S HADWALI

1. Earth Work - -
165 + . -

j 73 X
2
i 444 + 11 x °
2
. 5357 X

50= 1400 Lft.
100 = 2800 Lft.
Total : = 4200 Lit.
13188 Cft
262 235800 Cfl.
262 X 60 =

= 62.29

= 3786

= 90000
0= 280.80 Sft.
3.28 = 41.07 Sit.
Total = 321.866 Sit.
3850 = 1239183 Cft
= 1119.19 No.
= 5595.93 No.
0.5= 586355 Cit.
116=  510.40 Sft.
3.28 = 25.32 Sft.
Total = 535722 St
2600 = 1392876 Cfl

A—24
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2. Gabblons

2800 = 755814 No.

3.44
3. Stone Work '
2600 X 14.67 X 2= 76284 Cft

G- REPARAYING DIKE {GABRION STRUCTURE)

1. Earth Work

2378 + 30.34 x 33= £88.76 St
2

8876 x 2000= 177514 Cit
2. Gabbions _ :
First Step 13.78 X 524 x 2000 = 144414 Cfu
Firsl Step 10.34 x 524 x 2000 = 108363 Cft,
First Slep 688 x 262x 2000 = - 36051 Cit.
Total = 288829 Cit.

Contentsrof one Gabbion = 62,29 CIL

Number of Gabbions = 4637 No.

1. Earth Work

15 + 5964 x 11.2= 416.49 SfL.
2
1) 4.44 + 11 x 3.28= 25.32 St
2
2532 x 2= 506432 sFT
_ Total = 467.13 St
4671 x 7000 = 3269941 Cft
2. Gabbions : :
14000 = 4069.77 No.

T 3.44

3. Stone Work
14000 x 14.67 x 2= 410760 Cft

Taunsa Constiuction Sub Division
Dera Ghazi Khan
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