7. - DEVELOPMENT PLAN OF PROPOSED DELAY ACTION DAMS

7.1 Outline of Performed Survey on Proposed DAD

The development plans pertain to 13 proposed delay action dam sites consisting of 14 dams
along with an integrated development plan having development core of delay action dam
.conslruction. During. Phase I survey of the Study, prc-dcirelopment planning along with cost
estimates and benefit for all proposed dams were made, and pre-project evaluation was done,
Base on cconoiic indicators, 10 dams were selected the top as priority delay action dams. '
These 10 priorily dams were proceeded to féasibility level in Phase Il survey. -

In this Chapter, dcvclopmcnt plans of all 14 proposed dams are presented. Ten priority dams .
are mentioned in development plans formulated through feasibility study, while remaining 4 .
dams are described in pre-development plan adopting latest information on the basis of .
completed pre-development plan during Phase I survey. Therefore, 10 priority dams are

supposed to have better feasibility and accuracy of study agamsl the other dams. Due to |
difference in the level of study, the 10 and 4 dams are scparately presented in each section.
* ' Salient feature of downstream plan for cach proposed dam is shown in Table 7.1.1. Features |
of proposed facilities of the priority dams and other proposed danis are shown in Table 7.2.1
and Table 7.3.1, respectively. o '

7.2 - Proposed Delay ‘Action Dams Conduéted F/S
7.2.1 Brewary Area
(1 Gi‘oilild\va_tél' recharging plan

Target aquifers recharged by the delay action dam is alluvial fan deposits extending on the
downstream side. The aquifer is highly permeable sands/gravels strata spread vertically and
horizontally as mentioned in Chapter 4. Specified beneficial areas are on and along the

- surroundings of the altuvial fan up to Sariab Lora on the downstream émd‘ to some extent
towards the end side of cross profile which consists of the alternative layers of sands/gravels
and silts/clay. The groundwater in the aquifers is flowing from fan-head arca to the
downstream supplementarily recharged {rom the ground sutface of mid-fan on the way.
lhough aquifers reduce in thickness rapidly while proceeding further to down- rcaches from-
fan-front. The groundwater not used in specnﬁcd beneficial areas may runoff towards Baleli-
Samungh Gap along Sariab Lora. This is considered sccond use in view of time scale, and itis
treated as the use for unspccnﬁed beneficial areas. Groundwater recharging plan from the dam
will be made to infiltrate into these aquifers quickly from the upstream arca.
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The method of recharge into the aquifers from this dam is by water to downstréam alluvial fan
through conduits, because the natural infiliration from reservoir foundation and its
surroundings may be very little. As only limited areas is available for reéhfirging due to
urbanization around the alluvial fan area, an infiltration pond is proposed to be constructed near
the proposed stilling basin downsiream of the dam site.

(2) Expected incremental groundwater recharge

The expected i_n_crc;héntal groundwater recharge by implementation of the proposed delay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
recharge volunes are 0.306 MCM and 0.204 MCM, respectively.

(3) Specified beneficial arca

Specified beneficial area js demarcated over the targeted aquifer as shown in the figures
attached in Chapter 4. Groundwater ekploitalion in the Project is assumed by existing wells
located within the demarcated specified beneficial area. No increase of wells is assumed in the
Project. ' '

- (4) Agricultural development plan

- The beneficial area is focated near the center of Quelta cily; and more than 80 % of the farm

‘land is orchard. The level of farm economy of the beneficial farmers is ConSiderably high.
However, rccemly farm land has been affected by the sprawl of urban arca, rcsulimg mlo
gradual shifting of nngal:on water usc to domestic water use.

Even so, the total demand of _wa_tér requirement in this area will not reduce in future. ‘And so
the necessity of this Project as considerable agricultural activities in the area will continue in

future. Based on this consideration, the pres'ent cropping pattern should not be changed in the
developmeat concept, To obtain maximum advantage from agriculluge, the efficient use of the
: irrigation waler, the béller arrangement of marketing conditions, and the strengthen of the

‘farmers' association should be promoted. Furthermore to prevent the disorderly urbanization
" in fanm area and the contamination of the soil by sewage water from the resideices; the
Provincial Goveminent should adopt suitable measures as carly as possible.

o (5) rDam and resecvoir

Dam site is situated in narrow gorge composed of limestone. Gravity dam is proposed
because of rock foundation up to 75 m depth from the river bed surface, and distance form
both abutments is 6 to 15 m. Fitl type dam is not suitable duc to excessive rock excavalion to
sccure spilway channel. Rccharge lhrough dam foundauon is not expcctcd because o[ rock
foundation, so that recharge dowastreamn of the dam sile is accelerated through intake facilities.
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Overflow depth is 3.2 m considering existing gorge width, and foundation replacement with
lean concrete materials to a depth of 15 m river deposits is required for the 19.5 m length where
cnergy dissipater is constructed.

“am Catchmert Crest bam Fmb:mkm-.m Total storage Effeciive stoage  Sediment. Frood dlscharge
ype  areatkm’) length(m) height () volume (m’) volume (m)  volume ) volume (m) (m*sec)

Cravity 1%79 730 313 10360 19,000 30000 359,000 183

(6) Related components

a) Recharge facilities -

Recharge pond is located downstream of the cnergy dissipater of the dam. Pond arca is
determined corresponding to the recharge reguirement, and its height has enough capacity for
flood flow. '

Recharge Recharge capauty Pondsurfaue ~Pond Fond depth™ Canal scction Canal length

facilities *000m ]yca() (m 1] WxL{m) {m) WaH{m . {m)
Brewary 1,150 1,500 13« 100 3.0 -
(7Y  Environment

The negative impacts caused by the conSlmction of the dam are deprivation of surface water -
users resulting from changes of surface water hydrology and’ disruption of traffic causmg' _ '
inconvenience social life and economic activities due to cutlmg of the route. In the context
compensatory works such as temporary and replaced roads should be provided in the
development plan in the'Sludy As the works have appropriale design to miligalé the negative
nnpact itis nol necessary to establish addmonai enwronmcnlal conservahon measurcs against
the impacts. '

In order to improve the cnvitonment situation through the dam 'projé.cl:‘, watershed managen_leiu
in the catchmient area controlied by the Balochistan Forest Depattment as State Forest should be
considered continuously and environmental management based on environmental conservation
plan for the delay action dam project is recommended. |

(8) - Others

Watershed conservation schemes have remarkable effects of water prescrvation and sediment
control. Itis, thcn,fom. recommended to uuplcmenl the schcmcs together with the delay action _
dam pro;ect As substantial watershed mapagement is being conductcd by the Forest .
l)cpadmcnl in the catchment area, no additional achwly on watcrshed conservalion is requlrcd
Flood mitigation effect of the dam is consplcuous due to urban area condition cxtending
downstream of the dam site. However, defensive preparations, such as river dike arc required
against emergency release of water into river from the dam.
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7.2.2 Dara Area
(n Groundwater recharging plan

Target aquifers recharged by the dam is alluvial fan deposits lying downstream from the dan
which are highly permeable sandsfgravels strata with reasonable vettical and horizontal
- extension reaching up to Chundak Rud and forms the part of northem piedmont plain of Quetta
Sub-Basin.. Specified beneficial areas are on and along the surroundings of the aftuviat fan up
to Chunddk Rud on the downstream side and to some extent towards the end side of cross
profile. The groundwater in the aquifers is flowing from fan-head area to thé downstream
- supplementarily recharged from the ground surface of mid-fan.

 Groundwater may flow towards main part of Quetta Valley out of this atluvial fau area. This is
 considered sccond use in view of time scale comparing to specified arcas and treated as the use
for unspecified beneficial areas. Groundwater recharge plan from the dam will be made to
' infiltzate the water into these aquifers quickly from the upsiream area as much as possible.

" The methog of promoting rcchérgc into the aquifers is by releasing water suitably to the
downstream alluvial fan through conduﬁs. because infiltration from reservoir basin and its

~surroundings may be reduced soon by siltation. 'The areas for recharging facilities may be
avallablc any where in mid-fan due to no Jand use in the arca. Recharging may be better along
the river bed of Dara nullah and its surroundings.

2) ‘Expc_ct'e'd' incrcmenial g’round\vatér recharge

The expccted 1ncrunenlal groundwalcr recharge by mrplementatmn of the proposcd delay action
dam are divided into water for specmed use and unspecified use. For this proposed dam, the
rccharg_e volumes 0.234 MCM and 0.156 MCM , Iespectwely.

(3)  Specified beneficial area

_ Spccificd bencficial arca is demarcated over the targeted aquifer as shown in the figures

“attached in Chapter 4. As the beneficial area of this dan is overlapped with the beneficial area

“of Kach Dam, the m"éﬂappéd porlion' is divided between both dains evenly. Furthermore, the
beneficiafies of the dam are indicated farmers who own and operate their wells in the beneficial
area of Sra Gurgl Irrigation Scheme. Groundwater cxplouatmn in the Project is assunied by
existing wells located within the demarcated specified beneficial area. No increase of wclls is
assumed in the Project,
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(4) Agricultural development plan

The area is producing fruits and végetables located at the suburb of Quetta city, and has
favorable production and marketing conditions for agriculture. However, it scems to be very
difficult to develop new irrigation water sources to meet the additional water requirement for the
increase of fruits trees or fresh vegetables. The cereals production should be kept at present
level for self sxifﬁciency. Therefore, the agricullural devetopment in this area should target the
increas¢ in unit yield and profitability of the curcently growiﬁg crops. This should be achieved
by gradual change of local varieties to high quality ones as well as (he improvement of
irrigation efficiency, farm mputs application and orchard management, etc. under the improved
extension services.

{5) Dam and reservoir

Dam site is located at the head of alluvial fan. Left side abutment is composed of outcrops of

limestone and right side of conglomerate which has sufficient bearing capacity for a dam

foundation. Dam axis is proposed at downstream of confluence of two major tributaries to

increase dam storage capacity. - Dam axis bends to upstream dircction at the right side abutment.

Dam foundation is composed of the permeable river deposits upto a depth of 20 m and

hydraulic conductivity of 1 49x107 c/sec. Homogencous type fill dam is svitable to reduce

~ hydraulic gradient along the dam foundauon agamsl p:pmg River deposits is available for the
semi pervious cmbankment matcrlals

- Downslream recharge through intake condmts is proposcd becausc of gradual reduction ol' _
seepage ﬂow through the dain foundahon due to siltation. Spillway channel is at the right
abutment comprlsmg of conglomerate. Cresl 1englh of 41 m (overflow depth is 1.8 m) is :
' 'rcqunrcd considering lopographtcal conditton. E lood ﬂows toward large alluvial fan and energy
drssrpaler is not required. ' '

Dam " Calchment  ~ Crest Dam  Embankment Total slomge Tlfective stofage  Seduncal  Flood discharge
ype  area{km’) length(m) height {m) volure (m') volume (m volume {m’) volume (i) {m*sec)
Fill type 166 403.0 113 297,000 559, OCO 240,000 349,000 196
- {86) ‘Related components
a) Recharge facilities

Recharge pond is tocated at the fan head around 1.0 ki downstream of the dam.

Recharge ﬁccha:gc gepacity Ford sud‘ace Fond Pond depth ™ Canal section Canad kength
facilities * (*000mfyeas) (') W L {m} {r) W x H (m) (m)
Dara ~3,600 11,350 105 x 110 14 aIx0d 1.1
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b} Sediment control facilities

Detention bunds are located at 2.5 km and 3.3 kin upstream of the dam,

Deleation bund Capacity () Bund fength (m) Bund height (m) Bund volume (07°) Location
TR 350 30 500 $ 3k upsircam of dain
No. 2 5,300 16 7.6 1,200 2.5 km upstecam of dam

(7) Environment

The negative impact caused by the construction of the dam is disruption of traffic causing
inconvenience for social life and cconomic activities due to culting of the route. Compensative
works such as temporary and replaced roads are designed based on development plan proposed
“in the Study. As the works have appropriate design to mitigate the négative impact, it is not
necessary to cstablish additional environmental conservation measures against the impacts.

>

~In order to improve the environment silvation in the area through the dam project
environmental managenient based on environmental conservation plan for the delay action dam
projects is recommended as mid or long-term conservation plan.’ ‘

(8) Othcrs

The beneficial area is overlapped with the command area of the Sta Ghurgi Irrigation Scheme.

‘However, there is no farmer using both water sources,'becmise dxisling privaic tubewells have
spread to the farmers ‘who have difficullies to ‘use the surface water. High necessity for
construction of lhls dam is recognized because it is located in thc northein area of the Quetta
Valley which f'iccs serious problem in groundwater use.

' 7.2.3 Murgi Kotal Area
(1}  Groundwater recharging plan

Target aquifcrs recharged by the delay action dam are alluvial fan deposits of Kuchlagh Sub-
Basin side lying downstream of the dam and Quetla Valley forming its apex al'upslream of the”
~ dam site and boundcd by the Beleli river. Both the aquifers arc highly permeablc sandsfgravels
strata with rcasonablc vertical and horizontal dimensions.

o Spc‘ciﬁed bencﬁcial a'reas are on and along the stlrroundings‘of the above nientioned 2 alluvial

fans in the downstream and to some extent towards the end side of cross profile. The
' groundWaler in the aquifers is flowing from fan-head arca to the downsiream fécharged' from
~ the ground surface of mid-fan. These aquifers teduce in thickness rapidly white proceeding
down from fan-front. The unused groundwater in specified beneficial areas may flow towards
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the downstream atca. This is considered second use in view of time scale compared to
specificd areas and treated as the use for unspcciﬁc’d beneficial areas,  Groundwater recharging
plan from the dam will be made to infiltrate the water quickly into these aquifers from the
upstream area.

The method of promoting recharge into the aquifers from reservoir is by releasing water
suitably to the downstream alluvial fan through conduits, becanse infiltvation from reservoir
basin and its surroundings may be reduced soon by siltalion. ‘The areas for recharging facilities
may be limited to the upsiream area, because trunk road between Pishin and Quetta is running
on the alluvial fan on the Kuchlagh side. While in the Quetta Valley side, the alluvial fan is
available for recharging in the middle. Because of these reasons and the scale of beneficial
areas, Quetta Valley side may be considered lo be an important beneficiary.

{2) - Expected incremental groundwater recharge

The expected increntental groundwater recharge by implementation of the proposed delay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
-recharge volumes are 0.189 MCM and 0.206 MCM, respectively. '

(3)  Specified beneficial area

Specified beneficial area is demarcated over the largeted aquifer as shown in the figures
-~ altached in Chapter 4. ‘Groundwater exploitation in the Project is asstmed by exqslmg wells
located within the demarcated specnﬁed bcneﬁcnal aréa. No increasc of wclls is assumcd in the
PmJect ‘

~(4) Agricultural development plan

“This area is located near the Quella city with better conditions for agriculfure. The areais
divided into two blocks, one of {vilich produces fruit crop and the other, is rainfed area, In
former block the in'creasc in unit yield and improved profitability of the present crops should
be targeted. This should be achieved by the gradual change of local varielies to high quality
ones as well as lhc improvement of irrigation efficiency, farm inputs appllcatlon orchard
management, ete. under the improved cxlensxon services. ln the later block, hveslock
condition should be improved through an adcquatc supply of water for animals and an incréase
of the vegetation in areas downsteeam of the proposed dam.

(5) Dam and reservoir

Dam site is located at lhe f'm head of alluvial fan in limestone gorge havmg a width of 80 m.
Gravity dam is not suntab!e owmg {o poor bcarmg capacity of 40 m river deposits. T hete are
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two alternatives of the dam axis, located upstream and upstrcam of the existing dam. Particular
features are specified as follows:

Upstream: Embankment volume is 280,000 m’. Removal of sediment of 110,000 m® in the reservoir is
considerably large. Spillway is located at the tight side of the reservoir.

Downstream: Embankment volume is 460,000 m®. Spillway construction located at the right limestone
abutment costs a great deal because of hard rock excavation

Comparing the two alternatives, upstream dam is economically preferable. Dam foundation is
composed of the permicable river deposits of with a depth of 40 m. Homogencous type fill dam
"~ js suitable to reduce hydraulic gradient along the dam foundation against piping. River deposils
is available for the semi pervious embankment materials.

' Downstrean rcchargé th'rough intake conduits is proposed because of gradual reduction of
scepage flow through the dam foundation due to siltation. Spillway channel is at the left side of
- the reservoir. Excavated materials of spillway channel are utilized for the dam embankment.

Dam Ca"chmem Crest ~ Dam Emhankmmt Total s!orage Effective storage Sedument Hood discharge
type  areatkm®) length (m) height (m)  volume (m) onume )  volume (m) volumeé {m%) (ra'/sec)
Flltype 19.7 130.0 35.6 278,000 1,147,000 - 200,000 257,000 131
(6) Related components
a) - Recharge facilities

- Recharge pond is located at the fan head 200 m downstream of the dam.

Ruhargc Recharge capacﬂy Pond Sllffaxe “Fornd, - Pord depth Canal section Canal Tength

faciliies © (*000m> Iyear) (mY,  WxL(m) {m). . WxH(m) . ()
Murgi Koiat 7500 S,000 o0 x 100 14 02x04 00

b) ' Sediment control facilities

Detention bunds are located at 2.0, 3.0, 5 0 and 7.0 kmi upstream of the dam, -

Tetention band (‘apmq, (m’)  Bund leagth (m) Bund height (m) Bund volume (m’) Location -
No.1 ~ 6,000 56 30 20 kmupstream of dam
No.2 . - 3,800 36 30 600 © 3.0 ko upstream of dam

‘No. 3 4.800 - 11 3.0 £0 5.0 km upsteeam of dam:
No. 4 6200 56 30 800 1.0 km y ps!zeam of dam
(7  Environment

The négative impact caused by the construction of the dam is disruption of traffic causing
inconvenience for social life and economic activities due to culling of traffic route. To
compensate this loss, temporary and replaced roads are provided in the development plan
proposéd in the Study. As the works have approﬁriaté'dcsign to mitigéte the negative fmpact, it
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‘is not necessary 1o establish additional envirenmental conservation measures against the
impacts.

In order to improve the enviromment situalion in the area through the dam project,
environmental management based on environmental conscrvation plan for the delay action dam
projects is recommended as mid or long-term conservation plan,

(8)  Others

There are some resttictions on site selection and dam designing, because this dam plan is to
rehabititate the existing damaged dam 'site. As spillway was designed to draw the excess flow
into another {ributary on right side, safely measures should be considered. T here are some
difficulties on flood routing and selection for recharging plan because areas downstream of the
~ damsite are considerably developed.

7.2.4 Kach Area
(1) - Groundwater rechargmg plan

Just downstream of the proposed dam is uarrow channel of Chundak Rud cxposmg shale in ltS
river bed cx(endmg over 2 to 3 km, Targel aquers recharged by the dam are alluvial fan _

. déposits spread m the predmont plain’ extent from west to cast along the downstream of -
- Chundak Rud. These are hlghly pcrmcablc sands/gravels sirata with reasonable vertical and _

- horizontal dimensions. - Specified beneficial areas are on and along the surround:ngs of the =
alluvial fan up to the Manda river on the downstream side and to some extent towards the end
“side of cross profile whose right bank is bordercd by Chundak Rud. The goundwater iri the -
aquifers is flowing from fan-head area to the downstream recharge:d from the ground surface of
mid-fan. Groundwater may also flow towards the downsteccam of Quetta Valley. 'This is
considered second use in view of time scale comparing to specified areas and treated as the use
for unspemf ied beneficial areas. Groundwater recharging plan from the dam will be made to

*infiltrate the water into thesc aguifers from thc upstream areas.

The method of promoling recharge into the aquifers fr_om feservoit is by releasing water.
suitably to the downstream alluvial fan by way of river channel, bécause infiltration through
reservoir and dam foundation is not expected, The areas for recharging facilities may be -
available any where in mid-fan due to no Jand use in the arca. Recharging may better be carried
out atong the river bed of Chundak Rud and its surroundings. B
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(2) Expected incremental groundwater recharge

The expected incremental groundwater recharge by implementation of the proposed delay action
dam are divided into water for specified use and unspecificd use. For this proposed dam, the
rechage volumes are 0.407 MCM and 0.740 MCM, respectively.

{3) Specified beneficial avea

Specified bencficial area is demarcated over the targeted aguifer as shown in the figures
attached in Chapter 4. Groundwater exploitation in the Project is assumed by existing wells
located within the demarcated specified beneficial arca. No increase of wells is assumed in the
Project.

(4) Agricultural development plan

The area is fruits and vegetables located in the suburb of Quetta city, and is favored with

production and marketing conditions for agﬁculture. However, it seems to be very difficult to

develop irrigation waler sources to meet the additional water requirement for the increase of
fruits trees or fresh vegetables. Thé_cereals production should be kept in present level for self
sufficiency. Therefore, the agricultural development in this area should targel to increase the_
unit yield and profitability of the currently growing crops. This should be achieved by the

gradual change of local varieties to high quality ones as well as the improvement in irrightion

efl ﬁmcncy, farm inputs apphcauon orchard management, ctc. undcr the improved extension

scrv:ces

(5) ° Dam and rescrvoir

Companng to two altcrnatwes of lhc dam axis, ralsmg ‘of exisling dam crest is cconomically
preferable. Parlicular features are specified as follows:

Raisirig crest:  Embankment volume’ of dam is 480,000 ms’. In addmon. 123,000 m’ is requnred for the
embankmeént of existing spiliway channcl.

Downstream:  Embankmént volume of 600,000 m® is almost as same volume as the total embankment of
' - the rising crest plan In addition to the dam construction, rehabilitation works of the exisling
dam is necessary to prevént outflow of sediment accumulated in the reservoir.

‘Dam suc is occuplcd by cxposed shale.” Reservoir has been completcly silted up 'ami
approxlmate!y 20 m deep cut has been created along the dam crest, Unconsohdated shale
surface is susceptible (o erosion and bearing capacity is also insufficient for the gravity dam
construction. Downslreain rcchargc through intake conduits is propos_ed because of
impermeable foundation. Dam axis is 50 m downsiream of the existing dam crest. 49.5 m
- high zone type fill dam is proposed. Impervious zone is provided at the upsteeam side and
semi-permeable zone at the downsteeam side of the cinbankment, Prainage is accelerated
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through vertical drain located at the downstream of the imipervious zone. Overflow depth of
2.5 m is required consideting topographical condition of the right side abutment. Spillway
channel is protected with concrete to prevent crosion by floods.

Dam™ Catchment  Crest Dam Embanlrnent Total storage &l fecli\'é storage  Sedimeat. Hood dascharge
type  arealkm’) lemgth{m) height(m) volume (m* volume (m))  volune {m')  volume (m')) (m'fsec)
iy %3 3300 I35 AS0000 2,387,000 1200000~ 1157000 355
(6) ‘Related components
a) Recharge facilities

‘Recharge pond is located 3.5 km downstream of the dam.

“Recharge Rex }mge capacily Fond surface P Fonddeopth  Canal secton Canal Tengin
facilities €000m’” fyear) (m?) Waxlim) (m) Wx H(m) (m}
ach 1,500 6,000 TIx 80 {4 02203 3450
b) Sediment control facilities

Detention bunds are conslructed at Inzar nullah and Spot nullah.

Detention bund  Capacity {m%) - BundTergih {m) Bund height (m) Bund voluroe {m’) Location
No. | 11,900 33 10 1300 2 8 km upstream of dam
No. 2 12,200 53 10 800 3.3 km upstream of dam

(7) . Environment

~The ncg’aﬁvc inipact caused b'y the construction of the dam is disruption of traffic causing .
~ inconvenience for social life and economic activities due to cutting of the traffic route. To
~ compensate this loss, temporary and replaced roads are prov:ded in dcvclopmem pl'm proposcd

inthe Sludy As the works have appropnatc design to mitigale the negatlvc 1mpact it is not

necessary (o establish additional environimental conservation incasures against the impacts.

In order to improve the environment situation in the arca through the dam project,
environmental management based on environniental conservation plan for the delay action dam
projects is rccommcndcd as mid or long -tefm conservation plan.

{8) Oihers

There are some rcslnctlons on qatc selection and dam desugmng, because this dam plan includes
rehabilitation of the exnsung dam, C0n51dermg magmludc of sediment yleld of the ¢atchment
area, large scale rehabilitation work is required. Though the beneficiary area is overlapped by
command arca of the Sta Ghurg1 Imgahon Schemc, no problem is recogmzcd in water use. If
no countermeasurc is taken for the rehabilitation of the damagcd dam, soine sediment ¢f l‘cc!s on
existing intake weir located downstream are feared in near future.
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7.2.5 Jigda Area
(1) Groundwaler recharging plan

Downstream of the proposed dam site is river channel of Jigda nullah extending over 6 to 7
- k. The aquifers of this scction are river deposits. ‘The purpose of the dam is to improve
water supply from karezes which take groundwater from the aquifers of river deposits. The
recharge into the aquifefs from reservoir is required to conduct water to karezes effectively,
which irrigate the specified beneficial areas located at the downstrcam of the dam. Release of
water to river bed on the downstream would be through conduits. Runoff water through river
bed is flowing into the piedmont plain downstream of Jigda nullah. The farmlands in this
atluvial fan are the specified beneficial areas. This alluvial fan in picdmont plain joins with the
other alluvial fan so that the groundwater recharged from the dam may flow into the aquifers in
these alluvial fans. This may be considered a second use in view of time scale comparing to
specified areas and treated as the use for unspecified beneficial arcas. Groundwater rcchargang
plan from the dam will be made to infiltrate the water into the aqu:fers from the upstream area
- as much as possible.

{2) - Expected incremental groundwater recharge

The expected incremental groundwater récharge by implementation of the proposed delay action -
“dam are divided into water for specified use and unspecified use. For this proposed dam, the
recharge volumes are 0.084 MCM and 0.444 MCM, respectively.

3) Specified beneficial area

Specified beneficial area is demarcated over the targeted aquifer as shown in the figutes
attached in Chapter 4. Groundwater use in the Pro;ccl is assumed by existing karezes located
within the demarcated specified beneficial area. No increase of wells is assumed in the Project.

4) . A_gricullural dev_elopment plan

The arca belongs to the typical small farm villages located relatively near the urban center of the
Pishin District. The soil fcmhly is good for fruits and vegetables mamly produced at present,

but the markclmg condition of the area is not favorable due to poor access roads. The sizes of
v1ilages are small and the farm houscholds in this area are closcly related to each other through
the karez irrigation system. Accordingly, agricultural dcvcropmcnt of tl_ns area should be
focused on establishing a sﬁ_}all but highly individual prod:ucing center of fruits and vegetables,
through the improvement of irrigalion condition by this proposed dam and the improvement of
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farm to market roads as well as the strengthening of extension services for improving the
agricultural techniques of the farmers.

(5) Dam and reservoir

- Pam site is a hilly terrains composed of exposed shales which are severely weathered and
cracked. River deposits are permeable (Hydraulic conductivity: 1.15 x 107 ci/sec) and are
around 10 m thick. Homogeneous type fill dam is suitable to reduce hydraulic gradient along
the dam foundation against piping. River deposits and excavated materials of the spillway are
available for the semi pervious embankment. Downstream recharge through intake condits is
preferred because of poor seepage capacity of the 10 m thick foundation and also gradual
reduction of seepage flow through dam foundation due to siltation. Spillway is constructed at
teft side of the dam embankment.” Spillway channel slope composed of shale is protected with
the stone masonry. Overflow depth of 1.5 m and crest length of 46 m is required considering
topographical condition of the abutment. Flood is diverted to the adjacent valley composed of
shale, so that energy dissipater is not required.

Bam Catchmenm  Crest Dasi Embankment Total storage Fileciive storage  Sediment Flood discharge
typc  arcatkm?’) length(m)  height (m) volome (m®) - volume {m)  volume (m’)  volume (m’)  © (in'/sec)

Fiype 308 3100 T8 TI000  S08.000 750,600 315,000 153
{6) Related compenents
a) - Recharge facilities

Infiltration ponds are constnicted to accelerate infiltration to existing karczes along the river and
* to the downstream of the alluvial fan. '

R;:.chafge Recharge capéciiy Pond surface Pond ) Ponddepth ™ Canal secton Candl fength

facilities (‘000 fyear) (m)  WxL{m} (m} WiH(m) () _
C Nigdad CRI0 600 T A0 Ts0 1.5 0¥x0d 1,200
Jigda 2 : 3,200 9,000 £0x 150 L5

02x04 - . 2150
b Sediment control facilities

- Detention bunds are construcied at Inzar nullah and Spol nutlah.

Delention bund” Capacity (m?) _Bund ength () Band Ecight M) Bund volume {m') Location
Na. 1 39,000 69 76 2140 E0kmupstreany of dam
No.2 37,900 140 16 - 3300 30k upstream of dam
No.3 35000 120 76 3,980 2.5 km upstream of dam

) Karez rehabititation

Existing karezes shall be rehabilitation for a total length of 2, 100 m.
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(1) Environment

The negative impact caused by the construction of the dam is distuption of traffic causing
inconvenicnce for social life and economic activities due to cutling of traffic route. To
compensate this loss temporary and replaced roads were provided in development plan
proposed in the Study. As the works have appropriate design to mitigate the negative impact, it
is. nol nccessary to establish additional environmental conservation measures against the
impacts,

In order to improve the environment situation in the arca through the dam' project,
environmental management based on environmental conservation plan for the delay action dam
projecis is recommended as mid or long-term conservation plan,

(8 Others

Strong social solidarily is recognized in thie beneficial villages. No difficully is found on
“operation and maintenance of the existing karezes and proposed dam either. This is a new
water sources keenly required because of no alternative water sources.

7.2.6 Sanzali Area
(1) - Gromldwatcr' re’chzirging plan

* Dowastream of the proposed dam sil¢ is river channel extending over 6 to 7 km, The aquifers’

of this section are river deposits and Colluvial sediments along the river. The purpose of lhc'
~ dam is to improve water supply from karezes which take groundwa{cr from the aquifers of
river deposits. The proper method of recharge into the aquifers from reservoir is required to
conduct water to karezes effectively, which irrigate the specified beneficial areas located at the
downstream cnd of the dam. 'Conduits would be a suitable prerélease facilily to recharge
dow:jslrcam river bed aquifer, ' :

~ Runoff water through river bed is flowing into the p.ie_dl_nohf plain and valley floor on the
~ downstream side. The farmlands in this alluvial fan may be considered partly as specified
. beneficial areas. However this may be considered a second usc in view of time scale
cémparing to specified areas lying along the upstream river channel and mainly treated as the
use for unspecified beneficial arcas.
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(2) Expected ineremental groundwater l'echargc :

The expected incremental groundwater recharge by implementation of the proposed delfay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
recharge volumes are 0.034 MCM and 0.179 MCM, respectively.

(3) Specilied I)ezleficial ‘area

Specificd beneficial arca is demarcated over the targeted aquifer as shown in the figures
attached in Chapter 4. Groundwater use in the Project is assumed by the existing karezes
‘located within the demarcated specified beneficial area. No increase of wells is assumed in the
Project.

(4) Agricultural development plan

Thie arca belongs to the typical small farm villages located relatively near the urban center of |
Pishin district and they grow mainly vcgelables wheat, and tobacco. The marketmg condition
of the area is not favorable due to poor access roads, and unsitable condition for fruits trees.

" However, as the sizes of villages are small and the farm households in this area are closely
" related to each other lhrough the karez irrigation systcm, it witl be comparatively easy to
eduCaté the farmers to do better farming. Accordingly, a_g_'ricullutal development of this érca_
" should be focused on establishing a small but highly individial producing center of vegetables
and other cash Crolps lhroilgh'lhc improvcn'ncnt of irrigation conditioﬁ by this proposed dam
and the improvement of farin to markct roads as well as the sm,nglhcmng of cxtenston SEIVICeS
- for :mprovmg the agncu]lural lcchmqucs of lhe farmcra ' '

(5)  Dam and reservoir

Dam site is situated in Bostan Formaltion compdsed of sand, clay and forms hilly terrains. Dam

will be constructed on the impermeable sand, clay layers having hydraulic conductivity of |
1.54:(_1'1)’4 cavsec at the dam cénter. Since the dam will be constructed on pervious foundation
at the left abutment, homogeancous l'ypc fill dam is suitable to redice hydraulic gradient along
the dam foundation against piping. River deposilts and a pa'rl"of the excavated materials of the
spillway are available for use as semi pervious embankmént materials. bbwﬁsl&ém recharge
‘through intake conduits is proposed because of poor seepage capacity of the dam foundation, _
Spillway is proposed in the gorge on the right of the dam site. -Spillway channel base and side
slopes will be protected with the stone masonry due 10 susceplibility to erosion of the
unconsolidated sand and clay foundation. Overflow depth of 1.5 m and crest Icngih of 26 mis
required considering topographical condition of the gorge., Spillway channel traverses existing
karezes, 40 m long encrgy dissipater is proposed to protect the karez.
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Bam  Catchment Crest Dam Embankment Total s!qra,%e_ Effective storage  Sediment.  Flood Jlschargc

type  aréalkm’y length n) beight (m)} volume (m)) valume {m’)  volume {m) . volume (m) (mfsec)
Fill ype 10.4 2100 140 114,000 503,000 260,000 15,000 142
(6) Related components

a) Recharge facilitics

Infiltration ponds will be constructed at 1.5 ki downstream of the dam to accelerate infiltration
to existing karczes along the river and to the downstream of the alluvial fan.

Recharge  Recharge capacity Pond surface Poed .Pond depth Candl section (‘anal.leﬁglh
facilitics  (*000m™year) (m’) W x L {m) S(m) W x H () (m).
Sanzali 950 3,000 80 x 50 14 . 02x03 1,300
b) Sediment control facilitics

Detention bunds will be constructed at 100 m upstream of Zebra and Aghbargai nullahs, and
also 2.5 km and 3.0 km upstream from the dam site. '

Dctestion bund “Capacity (m’)  Burd Tength (m)  Bund beight {m} Bund volume (') "Tocion -
Rl T” eI 30 30 700 Zehia nollah
No.2 : 000 o 27 10 : 650 Aghbargai nullah
. No.3 8.200 30 30 . 650 3.0 km upstream of dam
No. 4 13,200 - 42 20 1,050 2.5 kmupstream of dam
¢) - Karez rehabilitation

Existing karczes shall be rehabilitated for a total length of 2,700 m.
(n Environment

The negative impact caused by the construction of the dam is disruption of teaffic causing
“inconvenience for social life and cconomic activitics duc to cutting of teaffic route: To
compensate this loss, temporary and replaced roads are provided in the development plan
proposed in the Study. As the works have appropriate design to mitigate the negative impact, it
is not nccessary to eslablish additional environmeéntal conservation measures against the
impacts. . o ' '

“In order to improve the ‘environment sitwation in the area through the dam project,
environmental management based on environmental conservation plan for the delay action dam
. projects is recommended as mid or long-term conservation plan.

(8)  Others

It is necessary to improve the operation and maintenance of existing karezes because some of
them are in bad condition of maintenance. This is a new water sources keenly required because
of no alternative walter sources.
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7.2.7 Sakhol Areca
(D Groundwater recharging plan

Target aquifers to be recharged by the proposed dam are alluvial fan deposits spread along the
foot slope of mountains and Eolian deposits lying on the downstreani side. Folian deposits lie
on the aquitards so that the groundwater recharged from the dam may flow in this deposits as
sub-soil waler. Specified beneficial arcas are on and along these Eolian deposits exlending up
to the west side of trunk road running between Quetta and Mastung for 2 or 3 km along both
“banks of the stream channel running through the center of sand dune bounded by some concave
topographical condition. ‘The groundwater seemed to be supplementarily recharged from the
ground surface of sand dune. The aquifers reduce its thickness as proceeding further down-
reaches from sand dune. Ri:chargc into the aquifers from DAD is to introduce waler {o karezes
effectively, releasing water prompily through conduits, because infiltration from reservoir basin
- and its sutrroundings may be reduced scon by siltation.

- {(2) Expected ineremental groundwater recharge

The cx pected incremental groundwatér recharge by impiem.cnlalion of the proposcd delay action
‘dam are divided into water for specified use and unspecified use. For this propo&,d dam, the
recharged volumes are 0.098 MCM and 0. 108 MCM, respcctwcly

3) Speciﬂc’d b'eneﬁcial area

Speaﬁcd beneficial area is dcmarcated over the largelcd aquer as shown in the ﬁgurcs '
- attached in Chapter 4.° Groundwater use in the Prcuect is assumed by exisling karczes and -
wells located within the demarcated specified beneficial area. No increase of wells is assumed |
in the Project. ' '

{4) Agricultaral development plan.

“The arca is located along the highway, near the center of Mastung district. 'The'agr'iénltural .
condition for crop growing and marketing secms to be é01i1pa'ratively‘ favorable. However,
generally lhc farm size per houschold is small and average farm income is low. The onion
production is predominant, and fruils trees are not observed so much due to the soil
characteristics. Accordingly, on the basis of the gwcn situation, the future agrlcullura1-
development in this arca shoutd be focused on establishing more inicnsive cropping pattem of
vegetables including onion, with the improvement of the irrigation condition by this project,
resulting to increase farm income. '
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(%) Dam and reservoir

Dam site is situated in 1,000 m wide fan head where semi impermeable river deposits
comprising of gravel, sand, clay have been accumulated in 100 m thickness. The hydraulic
conductivity of the dam foundation is 3.06x10"? envsec. Homogeneous type fill dam is
suilable to reduce hydraulic gradient along the dam foundation against piping. River deposits
are available for the semi pervious embankment. Downstream recharge through intake conduits
~ is also accelerated because seepage ftow through the dam foundation is gradually reduced due
to siltation in the IEServOir. Spillwéy is constructed at center of the dém axis. Spillway channel
base and side slopes are protected with the stone masonry duie to susceptibility to erosion of the
" river de'pos.ils.’ Overflow dépth of 1.5 m and crest [cnglh of 42 m are required considering
~ topographical condition. Earthen channel up to a depth of 2.0 mis excavated downstream of
t|1p spillway channel to protect agricultural {ands from inundation.

Dam Carchment Crest Dam F,mb;\nkmeat Total storage Effective storage  Sediment,  Flood d:schargc
ype  arealkm’) leagth{m) height {(m) yolumé {m’} volume (m’)  volume () volume (m?) {m¥sec)
Hiltype 283 10500 143 187.000 $43.000 216,000 335,000
(6)  Related components
a) - Recharge facilities

Infiltration pond is constructed adjacent to the dam embankment for the reasons that the
- beneficial area is located at just downstream of the dam site.

Recharge Recharge capacuty Pond sml’ace “Pond Fond depth * Canal section Tl length
facilities ~ (000mfyear) (m} - Wal(wm) - {m) WaxH@m) . = (m}

Sakhal TR 1200 10240 4
b) .. Existing karczes shall be rehabilitated for a total length of 2,500 m.
(7) “Environment

The negative impacts caused by the construction of the dam are (i) difficulty of surface water
use in a part of the beneficial area for flood irrigation rcsultmg from changes of surface water
_hydrology and (ii) loss of traffic causing inconvenience for social life and economic activities
due to cutting of traffic route. As for flood irrigation; riot only both the lands for cultivation
-md the productivity are limited, but also lubewc]ls are utilized together, It implies that the
negalwc impact is mitigated by shift to tubewell or intake facilitics based on development plan.
‘While, as 1o loss of traffic approach, compensative works such as temporary and replaced
roads are provided in the plan proposed in the Study. As the works have appropriate design to

- miligate the negative impact, it is not necessary to establish additional environmental
conscrvation measures against the impacts,
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In the adjacent arca including the beneficial area of the dam, “Sand Dune Stabilization Project”,
which was completed by BF}, has been continued and handled by FAO as a part of
“Watershed Planning and Management Project, Balochistan”, Acclor:ding.to the Work Plan
{(December, 1996) of the Project, institutional arrangements to strengthen aclivities for
watershed and range management based on patticipatory approach wil be implemented. Itis
expected that the management project will not only act as environmental conservation measures
for the dam project but will also attain comprehensive environmental conservation in the arca
involving the dani project.

(8) Olhers

This is a pilot arca for range management. A good effect by the delay action dam on
environment can be expected in view of the improved situation of vegetation by the preventing
desertification. Some karczes have been abolished among existing karczes in this area. Some
difficultics on maintenance of the karezes are found which need to be removed.

. 7.2.8 Mangi Area
(1) Groundwater recharging plah

Target aquifefs feéhargéd by the proposed dam are atluvial fan de’posits'cxtending downstream
- from the dam which are highly permeable sandsfgravch strata with a thickness of rhore than 50

m. Spcc;ﬁcd beneficial arcas are on and along the surroundings of the alluvial fan up to Bhalla
‘Bhor on lhe downstream side and to some extent towards the end side of cross profile,
" Though other alluvial fans join with lhis atluvial fan, yet thc mﬂuenccd areas is in transverse
 direction recharged from the dam up to the topographlc concavity, with general distribution

pattern of unconfined groundwatcr. The groundwater in the aqucrs is flowing from fan-head

area to the dowastream recharging from the ground in mid-fan on the way. Though thickness
“of aquifers is reduced rapidly towards downstceam, the unused groundwater in specified
~ beneficial arcas may runoff atong the Bialla Dhiot river. This is considered second use in view
of time scale comparmg to specified arcas and treated as the use for unspccmcd beneficial
areas. Groundwater n,ch'srgmg plan from the dam will be madc 10 mﬁ!lmtc water mto (hcsc
aquifers qunckly from the upstream area as much as possible. '

The method of promoting recharge into the aquifers fron reservoir is by releasing water.
suitably to the dowastream altuvial fan through conduits, because infiltration from reservoir
basin and its surroundings may be reduced soon by'sil(alion. Recharging may be belter along
the river bed of the Mangi river at just downstream of the dam.
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{2) Expected incremental groundwater recharge
¥

‘The expected incremental groundwater réchargc by implementation of the proposed delay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
recharged volumes are 0.655 MCM and 0.437 MCM, respectively.

(3) Specified beneficial arca

| Specified beneficial area is demarcated over the targeted aquifer as shown in the figures
. attached in Chapter 4. Groundwater exploitation in the Project is assumed by existing karezes
and wells located within the demarcated specified beneficial area. No increase of wells is
assumed in the Project.

(4) Agricultural development plan

The tocation of this area is so far from urban settlements that it is not suitable for production of
perishable foods, and is also not suitable for orchards due to the soil characteristics. Therefore,
onign may be adopted as a main crop with high cropining intensity. However, some storable

-cash crops may be grown with suitable control on water cOnsumptioﬁ through an improvement
of '_ir'rigation method. If possible, some fruits trees may be inlroducm for raising farm income.
Because lo:ng distance from the markets including cities outside the Province, the preduction |
and marketing system should be strcngthcncd to get market inforimation quickly and scll
producls proﬁtably through the improvement of farmers' organizations.

(8). Dam and reserv_oir_ |

Dam site is srluated in ?00 m wide f'm head where a blanket of 27 m thick semi nnpcrmcablc
- river dcposuts compnsmg of gravel sand, clay have bccn accumulated, The hydraulic
conducuwly of the dam foundation is 1.06x10™* cav/sec. Homogeneous type fill dam is
suitable to reduce hydraulrc gradient along the dam foundation against piping. Rivet deposits
are available for the semi pervious embankment. Downstream recharge through intake conduits
is also n,qmred because scepage flow throu gh the dam foundation is graduaily reduced due to
SIIiauon in the reservoir,- szllway is constructed on the left abutment. Spillway channel
behind overflow section is protcctcd with concrete to prevent erosion because of its high -
_ susceplibility to erosion. " Overflow depth of 2.0 m and crest length of 85 m is required
considering tdpographi¢al condition. |

“Dam’ Calchanent Crest Bim Emban}mcnl- Total s!ora,%e, Effecme stocage  Sediment,  Hood discharge

S type | arca(km®) length(m)  height (m) volume (m’) voleme {m voleme (m*) velume {m%) {m'/sec)
N T X S0 1A 1000 '1'61"]%' 30,000 B0 6000
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(6) Related components
a) Recharge facilitics

Infiltration pond is constructed adjaceat to the dam embankment duc to availability of suitable
porous formation downstream of the dam site.

- Recharge Recharge capacily Pond §urface Pond Pond depth © Canal seciiqn Canal lénglh’
Facilities (‘OOOm’Iyeat) (m’) W x L (m) {m) W x H{m) {in)
Mangi 4,710 §5.000  H16x130 14 - -

b) Existing karezes shall be ;ehabililatéd for a total lengih of 6,000 m.
N Environment

The negative impact caused by the construction of the dam is disruption of traffic causing
inconvenience for social lifc and economic activities due to éuuing of traffic route. To
compensate this loss temporary and replaced roads are provided in the development plan
. proposed in the Study. As the works have appropriate design to mitigate the negative impact, it
is not necessary to establish additional environmental conservation measures against the
- impacts. | . | ' |

In order to improve the cavironment situation in the area further through the dam project,
environmental management based on environmental conservation plan for the delay action dam
projects is recommended as mid or long-term conscrvation plan.

(8) Others

" Sinee the karez users have shifted to tubewells, substantial karez improvenent is not required.
“The present water use from tﬁc' spring located in the catchment arca of the dam to Bizini village
‘is planited to be maintairied, no problem will be'faced by present water users. However, it is
recomiended that the canal may be rehabilitated applying On-Farm Water Management
Program. There is ékis{ing Sarbund dam in the catchment area of the proposed dam.

7.2.9 ' Kad Kocha Il Area
(1)  Groundwater vecharging plan

Target aquifers recharged by the proposed dam are the typically shaped atluvial fan deposits
extending downstream and are usually highly permeable sands/gravels strata with reasonable
and thickness as mentioned in Chapter 4. Specified beneficial areas arc on and along the
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surroundings of the alluvial fan up to western side of trunk road connecting between Mastung
and Kalat and to some extent towards the end of cross profite. The groundwater in the aquifers
is flowing from fan-hcad downwards recharging the groulnd surface of mid-fan. Silts/clay
strata is gradually increasing white proceeding further downstream from fan-front, and is
recharged from the upstream alluvial fan area. This is considered second use in view of time
scale comparing to specified areas and treated as the use for unspecified beneficial areas.
Groundwater recharging plan from the dam will be made to infiltrate water into these aquifers
. quickly from the upsteeam areas.

- The method of promoting recharge into the aquifers from reservoir is by relecasing water
suiiably to the downstrcam alluvial fan through conduits, because the natural ihfillra(-ion from
reservoir basin and its surroundings may be reduced soon by siltation. As only limited areas is
available for recharging due to agricultural development around the alluvial fan, recharging
pond is proposed near stilling basin on the Kad Kocha fiver dewnstream of dam site.

‘(2) Expected incremental groundwater recharge

“The expected incremental groundwater rechargc by implementation of the proposed delay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
-'rcchargcd volumes are 0 305 MCM and 0.204 MCM, respectively.

() Specified beneficial area

- Specified beneficial area is demarcated over the targeted aqu'ifcr as shown in the figures
~ attached in (,hapicr 4. -Groundwater c1ploxtat10n in the Project i is assumed by existing wells

: locatcd wnhm the demarcalcd spccnﬁed beucﬁmai arca. No increase of wells is assumed in the
" Project. o

(4) - Agricultural development plan

The farm houscholds in this area are relatively large and their income level is higher, More than
fifty percent of crops is fruit trees, and vcgctabics production and livestock ralsmg are also
‘prevailing.  Some of the agricultural support projects have béen ‘introduced in this arca.
Jacmers are eager o develop their agncul(urc.- On the basis of these situations the growth
= capébility of this arca seems 'to be considerable high. The compound type of agriculture,
- in¢luding fruits, vcgctablc': and livestock, vcgelablcs and forage producuon under the orchard
*trees may be increased. :

{5) - Dam and reservoir

Dam site is situated in 700 m wide fan head where a blanket of 40 m thick semi impermeable
“river deposits comprising of gravel, sand, clay have been accumulated. The hydraulic
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conductivity of the river surface is 3. 18x10°* c/sec. Homogcncous lype fill dam is suitable to
reduce hydrautic gradient along the dam foundation against piping. River deposils are available
for the semi pervious embankment, Downstream recharge through intake conduits is also
required because scepage flow through the dam foundation is gradually reduced due to siltation
in the reservoir. Spillway is constructed on the right side river bed. Stone masonry is

" constructed between the embankment and spillway channel. Spillway channel is connected to
scoured portion of the existing river. Minimum flow section with overflow depth of 2.5 m and
crest length of S0 mis planned to avaid excessive rock excavation. '

Dam Calchment Crest Dam memkmem Total slorage Effective storage  Sedimert. Flood dlscharge
type  arcalkm? length{m} height (M) volume (m’) volume (m°)  voluma (m)  volume (m') (m'/sec) ]
il ypo 152 5650 [EX] 152000 368,000 143,000 228,000 355
(6) Related components
a) Recharge facilities : _ : S

Infiltration pond is consirllctéd 500 m downstream of the dam site because the highly
‘permeable aguifer is not widely spread downstream of the dam site.

Rechérge Recharge Ford suilace  Pond Pond depth -~ Canal scction Canal leagth

facilitics capaclty (m?) W x L {m) {m) W x H {m) ()
(' (00m _)car) . : i
Kad Kocha If ] 4,730 15000 100x 150 ()] 02105 SO0
(7)  Environment

The negative impacts caused by the construction of the dam are dlf ﬁculty of surface water usc
~in a part of the beneﬁc:al area for flood 1mgatlon rcsultmg from changes of surface water
hydrology and loss of teaffic causing inconvenience for socml life and economic activities duc
to cutling of traffic route. The negat_n_'e impacts for flood irrigation by the: constriction of the
proposed dam could be negligible because the flood irrigated atea is limited, and alternative
waler sources such as lubewells are available. Tt implics that the negative impact is mitigated by

shift to tubewell or intake facilities based on development plan. To compensate the loss of road
cutiing, temporary and replaced roads are provided in the dovclopmcnt plan proposcd in thc
Study. As the works have appropriate design to mitigate the negative impact, it is not
necessary (o establish additional environnicntal conservation measures against the impacts. -

In the beneficial area of the dam, “Integratcd:Are-a Development Programine” handled by FAO

has been implemented. At pi'csenl social activities for watershed and range management based
on participatory approach has just been started. It is expected that the management project will
not only act as environmental conservation measures for the dam but wilt-also attain
comprehensive environmental conscevation in the area involving the dam project.
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(8) Others

Agriculiore of the beneficial area of the proposed dam brings in prosperity. Construction of the
proposed dam is desired in order to maintain préscnt agricultural productivity. This area scems
to be a model area for drip irrigation introduction because there is a model farm for drip
itrigation in the downstream of the proposed dam site. There is existing Kad Kocha I dam
upstream of the catchment area of the proposed dam.

7.2.10 Ghaziona Area
1) Groundwater recharging plan

Pam site is located at the midstream of Ghazlona nullah. The aquifers are river deposits lying
-in the river bed of Ghazlona nullah and of wide Arambi manda. Specified beneficial areas are
located along Ghazlona nullah and at downstream from the confluence of Ghazlona nullah and
Arambi manda. In the arcas along Ghazlona nullab, all the water is supplied from karezes or
dug-wells intaking sub-soil water flowing in the river deposits. While on Arambi manda,
walter is mainly pumped up by tubewells from the aquifers, of which thickness may be between
2010 30 m. Groundwater in Arambi manda may be recharged from surface or sub-soit watér
* flow from upstream of the dam. The purpose of the dam is to improve water supply from thesc
karezes and tubewells, Remaining unused gré-undwatcr in specified bencficial areas may

~ runoff towards the downstream of Arambi manda, and contribute to unspecified beneficial use.
* Groundwater n,chargmg plan ftom the dam w:ll be 1hade to infiltrate it into these’ aquifers rrom' ‘
- the upstream area as m\mh as poss:blc ' ‘

The methad of p’romoling rechargc' into the aquifers from reservoir is by releasing water
suitably 10 river bed in the downsireai through conduits. Recharging may better be carried out
along the river bed of Ghazlona nullah just downstream of the proposed dam.

(2)  Expected incremental groundwater recharge

The expected incréméntal gr(}'imdwéter recharge by implemeniation of the proposed delay action
dam ace divided into water for specified use and unspecified use. For this proposed dam, the
- recharged volumes are 0.041 MCM and 0.099 MCM, respectively.

(3 Spccifi’cd' beneficial area

~ Specified beneficial area is demarcated over the targeted aquifer as shown in the figures
“atlached in Chapter 4. Groundwater exploitation in the Project is assumed by existing wells
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located within the demarcated specified beneficial area. No increase of wells is assumed in the
Project.

(4) Agricultural development plan

The arca has abundant fruits trees, but is located far from urban center. The soil is suitable for
most crops, but marketing condition is unfavorable because of poor access roads.- Although
karezes and tubewells supply the irrigation water, it will be difficult to increase the amount of
irrigation water, in addition to restoration with the proposed delay action dam.- Bascd on sucha
situation, the future agriculture in this area should be focused on up gfading the fruits in quality
and unit yield, with the soil conscrvation as well as the lmprovemcnl of access roads and
marketing facilitics.

- (8) Dam and reservoir

‘Dam site is composed of shale and forms hilly terrains. Shale has been weathered and cracky -
and vcrticall'y dipping direction. Homogencous type fill dam is suitable to reduce hydraulic
~ gradient along the 5 to 6 m thick dam foundation against piping. River deposits composed of
shale are available for the semi pervious embankment. Compaclion'crileria for wcathcred shale
‘materials is carefully examined to prevent scttlement of embankment by -saturation.

‘Downstream techarge through inlake conduits is also required because secpage flow through 5
~ to 6 m dam foundation is not so high, and il is gradually reduced due to siltation in the
reseIvoir. Spillway is conslmctcd on the left abutment, Splllway channel slope composcd of
shale is protcclcd with stonc masonry. Overflow depth of 1.5 m and crest length of 35 m is
‘planned considering. topographical condition of the abutment. Flood is dwerled to lhc adjacent

valley composed of shalc, $0 lbat energy dlSSlpatcr is not required.

Dam Calchmcr.l Cn:st : Dam Ermbankrent ‘l‘ota‘l sto;a%e Effu(l‘-e- slorag.: Sedment Food discharge
. type area(km’) length (m)  height (M) volume () volume (i) volume (m’) _ volume {m’) {m¥fsec)
Fitl type 9.1 195.0 209 76,000 331,000 140,000 191,000 109
(6) Related components

~a)  Recharge facilities

Infiltration pond'is constructed at right side river bank, 1.3 km downstream of the dam site
because of poor seepage capacity of shallow river deposits, as welt as narrow river width
downstream of the dam site. ' - '

Recharge Recharge Pond sucface -~ Fond Foaddepth  Canal section Canaﬂcnglﬁ

facilities capacily (m" WL {m (m) W x H(m) {m)
(000m’ty ear)
Gharlona 240 800 26x30 14 01x02 1.300
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b)  Sediment controf facilitics

Detention bunds are constructed at 2.0 km and 3.5 km upstream of the dam site.

Deteation bund Capacity (m) Buad lcnglh (m) Bundbeignt {(m} Bund volume (G Location
TTTRe 7500 1 3.0 €00 I ¥ mupsieam of the dam
No. 2 7,300 58 30 1,200 2.6 ki upstream of the dam
(7) Environment

The negative impact caused by the construction of the dam is disruption of traffic causing
inconvenience for social life and economiic activities due to cufting of’ traffic route. To
compensate this loss, temporary and replaced roads are provided in the development plan
proposed in the Study. As the works have appropriate design to mitigate the negative impact, it
is not necessary to establish addilional environmental conservation measures against the
impacis. ‘

‘Recently, “Watershed Planning and Management Project, Balochistan™ handled by F'AO_ was
.completed in the beneficial area. Although the bonscrva{ion effectiveness derived from the
watershed pro;cct can not be applied to the dam project directly due to difference of the
‘catchment area, it is expected that range and watershed management as environmental
conscrvation measures for the dam project is taunched smoothly due to high awareness of
inhabitants regarding importance and neceéssily of rchabilitatiorj in the catchment area.

(8) " Others

As recharged water of this proposed dam once become underground stream of the Arambi
manda, it is not always assured to benefil downstream area. ‘While, good improvement in
- water use at the village located exactly downstream of the proposed dam site is expected.
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7.3 Proposed Delay Action Dams (Nen-EF/S)
7.3.1 Ghutai Shela Area
(1) Groundwater recharging plan

Target aquifers recharged by the proposed dam is alluvial fan deposits extending downsircam
where is located in the outlet of Quetta Valley. Though the aquifers are usually highly
permeable sands/gravels steata, their scale is relatively small enclosed by the aguitards around
the downstream of Sariab Lora. The method of promoting recharge into the aquifers from |
reservoir is considered releasing water suitably to the downstream afluvial fan through
conduits.

As only limited areas is available for groundwater recharge due to urbanization around the
allavial fan area, recharge may be expected within the area of residual basin just downstream of

the dam sie.
(2) ;Eﬁ(pectcd incremental groundwater recharge

- 'The expected incremental groundwater rcchargc by implementation of the proposed delay action
~dam are divided into water for specified use and unspeéiﬁed use. For this propésgd dam, the
'~ recharged volumes are 0.015 MCM and 0.016 MCM, respectively.

(3} Specified beneficial area

Specificd beneficial area is demarcated over the targeted aquifer as shown in the figurcs

" aftached ini Chapter 4. Groundwater exploilation in the Project is assumed by existing wells

located within the demarcated specificd beneficial area. No increase of \?.?eils is assumed in the

Project. ' '

(4) Agrlcul{ural development plan

The area is located in a suburb of the Quctla city. Most of the farmiers have side job and

~ gencrally their farm size is small. Recently fan land has been affected with the sprawl'of

urban area, resulted to the gradual shifting of irrigation water use to domestic water use.

Although the total demand of water requirement in this area will nd_l fessen in future, there will
not be a big room for agricultural development of this area in future. -

The agricultnral activities should be carried out more efficiently on the basis of the current
fatning with the advantageous marketing condition.
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(S) Dam and reservoir

Dam site is located at the fan head, and composed of Subrecent deposits forming hilly tereains.
Unconsolidated and permeable river deposits of its hydraulic conductivity of 9.50x 10” co/sec
has been accumulated 28 min thick. In this connection, homogencous type fill dam is suitable
~to reduce hydraulic gradient along the dam foundation against piping. River deposits arc
available for the semi pervious embankinent. Downstream recharge through intake conduits is
also accelerated because the seepage flow capacily is gradually reduced due to sillation in the
reservoir. Spillway is constructed on the right abutment. Overflow depth of 1.7 m'and crest
Jlength of 6.0 m is planncd considering topographical condition of the abutment. Energy
dissipater is not facititated.

Dam Cé!chmen( Crest Dam Emhan‘kmenl Total storage Effective slorage Sediment Flood 6;Sxﬁarge
type  arca(km’) length (m) height (m) volume (m? volome (v} volume (MY, volume (m*) (m*sec)
Blltype i 1550 130 3000 20,000 43,000 33,000 ~ 2%
(6) Related components
a) Recharge facilities

Tafilteation pond is constmcled 500 m downstream of the dam site becaus.e of impermeability of
the silt, sand foundation.

thhar.g: Recharge Pond surlace . Pond " Poad depth Canal section  Canal| fength™

facilitics capacny (m’) W x L) (m) W x H (m) {m)
: (*Q00m year) . :
: Ghuta Shela . 1,760 4,500 ET¥E) 15 DX %04 300
b):  Sediment contro} facilities

Dclelntion bunds afc constructed at 2.0 km and“3.0 ki upstream of the dam site.

Detertion bund Capacity (m ) Bund ]englh (m) Bundhe lghl (m} Bund volume (m'} Loéation

No. 1 30 30 700 30 km upstream of the dam

0. 2 . 5 400 50 30 1,200 20%kmupstream of the dam
7y E nvironment

' The negalwc unpacl causecl by the construction of the dam is disruption of traffic causing
~inconvenience for social life and economic activities due to cutting of traffic route. To
© - compensate this loss, tcmporary and replaced roads are provided in the development plan
proposed in lh'e'S{lidy. As the works have appropriate desiga to miligate the negative impact, it
s not nccessary to establish additional environmental conservation ineasures against the
inipacts. '
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In order to improve the envirohment situation in the arca through the dam project,
cnvironmental management based on environmental conservation plan for the detay action dam
projects is recommended as mid or long-term conservation plan.

(8) Others

As there are an airport and military installations downstream of the proposed dam, the
beneficial area of the dam scems to be not agricultural area but residential area. This dam
schcmc is effective for improving life standard of Afghan refugees living adjacent to the dm
site. '

7.3.2 Wali Dad Area
(1) Groundwater recharging plan

Target aquifers recharged by the proposed dam are alluvial fan deposits lying downstream and
arc Iiighly permeable sands/gravels strata with reasonable vertical and horizontal dimensions.
Because dam site is sitnated in narrow gorge composed of hard and massive limestone,
infiltration from reservoir and dam foundation may be not expected. The method of fecharge
into the aquifers from reservoir is by releasing waler at fan-head area. As only limited areas is -
available for groundwater recharge due to urbanization around the alluvial fan area, rcchargc
. may be expected with the area of residual just downstreain of the dam site. ' ' '

- {2) Expected incremcnlal groundwaler recharge

** The expected incremental groundwaler rucharge by lmplcmennuon of the proposed dclay acllon _
" dam arc divided into water for specified wse and unspecnﬁed use. For this proposcd dam the
recharged volumes are 0.083 MCM and 0.055 MCM, respectively.

{3) Specified beneficial area

Specificd beneficial arca is demarcated over the largeted aqucr as showi m the flgurcs -

- attached in Chapter 4. ‘Groundwater exploitation in the Pro;ecl is'assumed by exmtmg wells
located wilthin the demarcated specified beneficial area. No increase of wells i is assumed in the
Project, ' ' |

- (4) Agricultural devclopménl plan

The beneficial area is located near the center of Quetta city, and recently farn land has been
" affected with the sprawl of urban area. However, the total demand of waler requirement in this
area will not lessen, while, because of an advantageous situation, considerable agricultural
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aclivitics in the area will be remained in future. Based on this consideration, the present
cropping pattern should not be changed in the development concept. To maintain advantagcous
situations for agriculture, the efficient use of the jrrigation water, the better arrangenment of
marketing conditions, and the strengthen of the farmers' association should be promoted.
Furthermore to prevent the disorder urbanization in farm arca and the contamination of the soil
by sewage water from the residences, the Provincial Government should give some proper
assistance and measures as much as possible.

(5) Dam and reservoir

Proposed dam site is located at a narrow gorge of limestone, 400 m upstream of the existing
dam site. Rock foundation exists 5 m depth from the river surface, and both of dam abutments
are composed of outcrops of limestone with its distance of 1010 15 m. In this respect, gravily
~dam is selected. Fill type dam is not suitable due to excessive rock excavation to secure
spillway channel. - Recharge through dam foundation is not expected because of rock
foundation, so that recharge downstream of the dam site is accelerated through intake facilities.

~ Overflow depth is 2.0 m cons;dermg exnslmg gorgc width, and length of cnergy dlS‘ilpﬁtCl‘ is
- 160m

S Dam Calchrrent Crest Dam - I-mbar.kmem Total storage Effmnc slorage  Sedurenl . Flood ﬂlscharge ;
1ype - Carea{km®) length (m) height (m) \o!umc (") volume (m’)  volume (M) volume (mY) (m¥sec)
Gravily 5.4 20.0 - 230 - 3T 139,000 90,000 49,600
(6}.  Related components
a) - Recharge facilities:

lnﬁllrauon pond is constmcted at lhc fan head 3.0 km downstrean of the dam - site bccausc of

shallow dcplh of aquer Condul{ typc is selected for water conveyance canal due to outcrops
along the river.

Recharge Recharge Pond surface Food " Fond depth Canal section’ Canal length
factlitics capacny (mh) - WxL{m) {m} W x H {m) m
. {'000m a') ¢ar) . s
Wzl Dad . 2,600 3,500 23 x (00 14 300 3,250
b) ' Scdiment control facilities

Detention bunds are constructed 31_2.0,:'2.5 and 3.0 ki inpslrcani of the dam site.

Deteniion bun& Capacnly (m Y Bundlength (ln) Bund nghl (m) Bund voleme (m’) Lovafion
No. 1 2,200 7.0 900 3.0 ke upstream of the dam
No.2 2,200 ?0 10 900 2.5 ke upstreamn of the dam
No. 3 2,200 20 10 900 2.0 km upstream of the dam
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(h Environment

‘The negative impact causcd by the construction of the dam is disruption of traffic causing
inconvenicnce for social life and economic activities due to culting of traffic route. To
compensate this loss temporary and replaced roads are pravided in the development plan
proposed in the Study. As the works have appropriate design to mitigate the negative impact, it
is not necessary lo establish additional environmental conscrvélion measures against the
impacts.

In order to improve the environment situation in the arca through the dam project, -
environmental management based on environmental conservation plan for the delay action dam
projects is reconunended as mid or long-térm conservation plan.

(8) Others

This is a dam plan to rehabilitate destructed dam. As residential area is extending downstream
of the dam site, substantial cffect on flood mitigation is much expected as well as improving in
waler use. | ' ' o

7.3.3 Samaki Arca
(1)  Groundwater recﬁarging plan

The dam site is located in the branch of Arambi manda. Beneficial areas of the dam are mainly
: |mgalcd by tubewells nowadays pumped up from aguifers in this area dlstnbulmg along the -
“downstream of branch stream, Recharged water from the dam in the upslream area will be |
conducted by karezes and dug-wells, The thickness of aquifers in the downslrcam is
approximately 20 m. Groundwater in the aquifers existing as subsoil water in the upstream is
wtilized when it flows towards downstream. Remaining unused groundwater may runoff
towards the piedmont plain in the downstream arca. This is considered sccond use in view of
- time scale compared to speciﬁcd areas and treated as the use for unspeciﬁcd_bcncﬁcia‘l'a'reas.
Groundwater recharging ptan from the dam will be made to infiltzate the water quickly into the
ai]uifcrs from the upstream area. ' ' I

The method of promoting recharge into the aguifers from reservoir is by releasing water
suitably to the downstream river bed in through conduits. Rcuhargmg may better be camed out
along the river bed in the downstream of the dam.
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{2) Expected incremental groundwater recharge

The expected incremental groundwater recharge by implementation of the proposed delay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
recharged volumes are 0.017 MCM and 0.041 MCM, respeetively,

(3) Specified beneficial area

Specified beneficial arca is demarcated over the targeted aquifer as shown in the figures
~ attached in Chaplcr 4. Groundwater exploitation in the Project is assumed by existing wells

tocated within the demarcatcd specified heneficial area. No jncrease of wells is assumed in the
" “Project.

(4) Agricultural development plan

The area has abundant fruits trees, but is located far from urban center. The soil is svitable for
most craps, but marketing condition is unfavorable because of poor access roads. Although
karezes and tubewells supply the irrigation water, it will be difficult to increase the amount of
irrigation water, in addition to restoration with the proposed dclay action dam. Based on such a
situation, the foture agriculture in this area should be focused on up grading the fm:ts in quality
-~ and unit yleld with the soil conservation as well as ‘the lmprovcmenl of access roads and
markcnng facilities. '

(5) Dam'and rcservoir '

' D:un site is composed of sha]c and sandstonc and forms mountamous h:lly terrams Shale has
been weathered and cracky, vcmcaH) dipping direction.” Homogencous type fill dam is suitable
“to reduce hydraulic gradient along the 17 m semi pervious dam foundation’ ‘against piping,
River deposits ére available for the semi pervious embankment. Downsiream recharge through

_ intake conduits is also accelerated because seepage flow throngh dam foundation is not so high,
and these is gradually reduced due to siltation in thé reservoir. Spillway is consteucied on the
right abutment composed of hard shale.  Spillway channel slope is only protecied with stone
:masonry- Overflow depth of 2.0 m and crest length of 12 m is planned to prevent excessive
rock ¢xcavation. Energy dlSSlpatcr is conslmcled to control flow dischargc and to prevenl

- ‘scouring of the dam embankment.

- T Dham Cahbmem Crest Dam  Embankmenl Total siorage EITective storage  Sediment Hood.dxschargc

. lype  areatkm’) length (m) height (m) volume [m?) volume (mD  volume (m)  volome (m) (m'fsec)
:ﬁﬂm 25 0.0 155 35,000 133000 100000 33,000
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(6) Related components
a)  Recharge Facilitics

Infiltration pond is constructed at the fan head, 56 m downstrcam of the dam site.

Recharge Recharge Pond surface Ford Pood depth - Canalsection Canal lengih
facilities capacn(y (mY) WL (m) (m) Wx H (m) (m)
£*000m’ /year) . .
Samnaka 4300 - 1,600 40 x 40 T4 "0ix03 65
VAR Envirenment

The negative impact caused by the construction of the dam is disruption of traffic causing
inconvenience for social life and economic activities due to cutting of traffic route. To
compensate this loss, temporary and replaced roads are provided in the development plan
proposed in the Study. As the works have appropriate design to mitigate the negative impact, it
is not necessary to establish additional environmental conservation measures against the
impacts. '

_ Recently, “Watershed Planning an'd Managcmcni Project, Balochistan™ handled by FAO was
completed in the beneficial area. Social activities for watershed management bas'ed_ on
© participatory approach was implemented in the project. Itis expected that strengthening of the
© management project is considered due to importance for environmental conservation measures
* for the dam. | |

(8) Othcré

A recharged water of this dam once becone undcrground stream of the Arambi manda it is
not always assured to benefit downstrcam arca. Little effect of groundw*ucr recharge can bc

i

expected due to small catchment area.

7.3.4  Iskalkeo Area
(1) Groundwater recharging plan

Target aquifers recharged by the proposed dam is atluvial fan deposits lying downstream. The
dam site is located at the hill's breast. Limestone exposes in the fivcr bed so that natural
recharge from the river bed may be little. The plan of rcchargc into the aquifers from reservoir
is considered to release water promplly from reservoir info river bed in the downstream lhroi:gh
conduits. The foundation of reservoir and dam is comiposed of limestone which is underlain by
intpervious shale. This shale is usuvally lying directly under river deposits in the downstream
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area and alluvial fan deposits in the lowlands. Limestone in this area is generally porous and
cavernous, and has complicate coriduits of groundwater flow inside. Because of that, it is very
difficult to confirm whether released water from the dam recharges certainly into the aquifers in
the atluvial fan area.

(2) Expected incremental groundwater recharge

The expected incremental groundwater recharge by im plemenlalio‘ﬁ of the proposcd delay action
dam are divided into water for specified use and unspecified use. For this proposed dam, the
recharged volumes are 0.032 MCM and 0.077 MCM, respectively.

(3)  Specified beneflicial area

Specified benceficial area is demarcated over the targeled aquifer as shown in the figures
attached in Chapter 4. Groundwater exploitation in the Project is assumed by existing wells
located within the demarcated specified beneficial area. No increase of wells is assumed in the
Project. |

- (4) ‘Agricuitural dévelopment plan

The area is located near the center of Kalat district. The main crops are onion and wheat with
some of orchards. But soil condition is not so good that the drainage and fertilization of soil
" should b taken into cons1demt|0n for lcvclmg up of cropping intensity and unit ylcld

(5)  Dam and reservour :

" Damssite is composcd of shale and mudstonc and forms mountamous hrlly tcrrams Shalc has
been wealhercd and cracky, vertically dipping direction, Homogeneous type fill dam is suitable
to reduce hydraullc gradlcnt along the 5 m semni pervious dam foundation against piping. River
deposits are available for the seini pervious embankment. Downstream recharge through intake
conduits is also accelerated because seepage flow through dam foundation is not so high, and

~ thes¢ is gradually reduced due to siltation in the reservoir, Spillway is conslmclcd on the right

abutment, Inflow and chute sections of the spitiway channel, comprising of weathered shale
- and mudstone is protected. Overflow depth of 2.0 m and crest length of 28 m js planned
considering narrow abutment width of 40 m. Energy chssnpater is constructed to control flcw
discharge and to prcvcnt scourmg of the dam embankment,

Dam (‘alchment Credl Dam Embankmen[ Total storage E.fl'ccme slorage Sediment Flood gischarge
. bype  areakim®) length (m)  height{m) volume (m”) velume (m §) volume {(m’) © velome (m’) (m'fsee}
Flt dain 3% 100.8 160 46000 170,600 50,000 50,000 133
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(6) Related components
a) Recharge facilities

Infiltration pond is constructed on the fan head, 500 m downstream of the dam site because of
low seepage capacity of the river deposits downstream of the dam. Conduit type is selected for
water conveyance canal due to outcrops along the river.

Recharge Recharge " Foad sunlace Fond Fond depth ™ Canal section Canal length
facilities -:apauly mH W oz L () {m} W x H (m) (m)
{'000mYyear) .
Iskalkoo 950 3,000 50 x 60 14 p200 300
b) Sediment control facilities

Delention bunds are conslructed at 2.0, 2.5 km upstream of the dam site. Furthermore, two of
the bunds are constructed in the tributaries 500 m upstream of the dam site.

Detention bund ™ Capacity (m’) BundYength(m) Bund helghl (m) Bund volume (in) " Location
No.1- 2,200 30 30 570 23 km upsteezm of the dam
No. 2 2,200 30 30 $70 2.0 kmupstream of the dam
No. 3 2200 30 30 570 0.4 km upstream of confluence
_.No. 4 2,200 30 10 570 0.8 krn upstream of canfluence
(7) Environment

The negative impact causcd by the construction of the dam is disruption of traffic causing
inconvenicnce for social life and economic aclivities due to culting of traffic route. ' To
“compensate this loss, temporary and replaced roads are p_rovidcd in the development plan'
proposed in the Study. As the works have appropriate design to mitigate the negaiiﬁré impact, it :
is‘not necessary to establish additional cavironmental conservation measures against the
impacts. ' | ' o

In order to improve the environment situation in the area through th¢ dam project,
environmental management based on environmental conservation plan for the delay action dam
projects is recommended as mid or long-term conservation plan,

(8) Others

Well harvested agricultural lands arc cxlendcd in the downstream area where water source is an
existing karez. Substantial effect can be expecled if the water source is unproved in its waler
availability. However, it is difficult to identify the beneficial area of the dam because of |
complex geo-hydrolic characteristics. '
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7.4

7.4.1  Consiruction Plan

(1)

Construction Plan and Cost Estimates

Project components and work volume

Proposed facilitics of 14 delay action dams and related structures described in previous section

-are listed below.

Masonry type: Stone masonry with concrele grouting

(Upstream) : Dam axis is located at wpstream of the existing embankmcnl

(Downstream) : Darn axis is located % downsiream of the existing embankment.
Incline: Inctined conduit type
Hnergy dlssspalor length is hsted for gra\uy dam.

- 256 -

Major Construction Works
[ Dam Kame Dam Type Spillway Intake Structure Recharge facilities [Sediment Control| Karez Kepair
" |Brewary dam Gravity dam B =15 0m ¢130mm B3 0o (100 Om . - R
i=195m L=17.0m XH3.0m
Dara dam Homogeneous | B=41.0m Incline ¢400mm B0 0L 110.0m Concrete type -
type fill darm =2200m L=240m Hl4m ]
. . Gabion type (2)
Morgi Kotal dain - [Homogeneous | B=360m | Incline” ¢400mm BOO.0maL100.0m | Gabion type (4)
(Upstreani) type fitl dam L=300.0n - L=30.0m xHldm )
Murgi Kotal dam  [Homogencaus | B=300m | Incline ¢400mm B5 0 L 100 0m -ditta- -
(Dowwnstream)  Hype fill dam L=251.0m L=25.0m xH14m )
Kach dam Zone type B=420m Incline 9250min B75.0m 2D, 0m Galion type (2) -
{Rising of crest) hll dam L=276.0m L=12.0m aHL4m 5
Kach dam Zone {ype B=400m Tecline g250mm B73 OraxLECOm - ito ~ -
(Downstream)y |6l dam L=250.0m L=29.0m sH14m . :
Jigda dam tlomogeneous [ B=36.0m Incline pD0mm | B40maL150mxHY 3m [Masonry type (3) 2,100m
type fill dam | £=500m L=33.0m B&OmL1S0meH ) Sm
Sanzali dam Homogeneous | B=26.0m Incting 6200imm B30GmLA0.0m . { Cabion type (4} 2,700m
type fitl dani L=400.0m 1L=24.0m xHldm
Sakhol dam Homogencous § B=420m Tnlet ¢150mm 830 0rl 40.0m 2.500m
_ type filidam [ £.5200.0m L=190.0m xHl4m
[Margi dam lomogencous | B=450m [ Incline Py e BITo0ma L T300m s &.000m
N : wpeblidam | 1=1200m | 1L=160m . | xHldm
Kad Kocha IT dam |Homogencous | B=300m | Incline po00mm BIMOmL{50 0m - -
. tpefilldam | 1=1500m L=110m *Hl4m
Ghaziena dam Homogencous | B=1s0m | Inchine @200mm B8 0o 30 .0m Gabion type ()
- : type ildam | L=650m L=38.0m - sHILAm . )
Ghutai Shela'dany [Homogeneous | B8:-6.0m Tachine "g200mm B700maL70.:6m Gabiontype (B3 | -
: type fifl dam | L=100.0m " 1L=15.0m C alllSm - S
Wali Dad dam ©  [Gravily dam B=150m | . - 2300mm BES Omu 100 .0m Concrete lype -
o L.=14.0m ~L=10.0m . xHl4m -
Samaki dam Hamogeneous | B=120m | Inchne ¢2000nun BAQOrmxl 40.0m - N
: type iill dam =]50.0m C L=150m - xHLAm .
Iskatkeo dam Homogengous | B=20.0m Incline p200mm B30.0mxLe0.0m Gabioa type (4) -
. type [l dam’ L=90.0in C L=[00m xH1.4m ’
Notes: ) shows number of sediment control bund




Maior Work Volume

- Dam Nime Dam Body Spillway Recharge facilitics Bund |
Embankment]  Riprap Concrete | Masonry | Excavation | Pipe Length |Erabankment
: © | Canal Length
(m") {m®) o (w) {m%) ('’ {m) ()
Brewary dam {Gravity dam} 9600 - 1330 - 12,500} - .
(Encrgy
dissipated)
Dara dam 297,000 15,800 - - 5,000 . T, 100
110 1,900
Murgi Kotal dam 278,000, T - - 4,600 . .
(Upstream) ) 200 ~ 3,100
Mucgi Kotai dam 45%,000 10,200] 1,400 - 4,600 - -
{Downstream) . ) . : 200 3,1008
Kach dam 450,000 15,300 5.900 1,000 1,10 - -
{Rising of existing dam crest) : ) : s 3,450, 1,408
Kach dam 593,000 19,950 5900 1,000 1. 10X - -
{Downstream) ) : . 1,500 1,4003
ligdadam - 113,005 7400 - 1,100 19,500 430 -
. 3,350 10,400
Sanzali dam 106,000 7.400 N 6,500 1,100 N h
3 1,300 3,000
Sakhol dam 187000 19,600 . 2,000 80 - -
Mangi dam 171,000 14,200 4200 400 3,300 -
Kad Kocha 1l dam TS2006] 14700 300 PEIL B [T -
500
Ghazlona dam 76,000 5,300 - 2,100 2503 - T
) 300 1,800
Ghutai Shefa dam 33,000, 3,500 100 17300 LIFT¢ c- -
: : S00) 1,903
Wali Dad dam 3,700 - 1,200 - -~ §,3008 - 2,500
{Gravity dam} : (Entrgy o . : - T
: .- dissinater) : : s
Samaks dam : 36,600 T AN - ;200 704 6.-
. : . B 65
iskalkoo dam ) 47,000 3200 300 2,400 1,100 - 2 0
Note:  Spillway concrete is lota YoTorse of reinforcement Concrete, and plaia conciele.

Work volume of karez rehabilitation is shown in previous table,

(2) Constructimi:‘ planning. |

(@ - Construction method

Proposed facilities are composed of dam facilities, fcchafgc fgéilitie's; sediment control facilities
(detention bund), and road replacement, Dam 'type whether 'gravi'ly type or fill type is selected
according to topo-geological condition and from econoniic pbint of view of each site.
Regarding the inlet structure, an inclined conduit type is selected in the plan, and the inlet'is
. constructed preceding the cmbankmcm works. Recharge facilities are composed of the
infiltration ponds and waler conveyance canal conngcting the r»servmrs and the mﬁltrauon
ponds. A serics of detention bunds are constructed far upsircam of the rescrvmr area and their
structures are gabion or stone masonry,

- Major work process of the gravily dam is an excavation of found1t10n concrete placing for the
dam body and cnergy dissipater. It is important to cxalmne the strength of the foundation
during the foundation excavation. Dam concrete is mixed in the ‘batching plant and placed
using concrete bucket or cable crane. Concrete placing shatl not be made during periods of
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severe heat to avoid shrinkage of placed concrete caused by high temperatute of concrete itself.
In case cooling is not employed during concrete placing including curing period, it is essential
to limit the height for placihg. Contrary to this, heat-curing is recjllircd to avoid freezing of
concrete surface during winter, especially at night time. Equipment and facilitics for aggregate
shall be able to effectively extract and haul the designated quantity of aggregate materials,

- Process of the fill dam embankiment is an excavation of dam foundation and cut-off trench,
embankment, drain placing and slope prd{cc{ion works. Sufficicnt bearing capacity of the
- foundation to withstand load, shearing strength and porosity agaizlsl piping shall be examined
during the excavation. The embankment materials shall satisfy suitable moisture content and
- grain distribution to mitigate excessive settlement,” stope slide and piping, for this, criteria for
quality control of embankmient shall be determined through test banking and vasious soil tests.
Tube well and water tank shall be facilitated for moisture content of the materials. For fill dam
materials, river deposits available in the vicinity of the dam site are utilized in principle.
Excavated materials from appuitenant structures such as spillway is also diverted to the dam
- embankment aiming at reducing construction cost.  Bulldozer, wheel loader, backhoe for
; excavalion, dumptruck for hauling and vibratory roller, tamping roller for compaction are used
- for the embankment works. '

N Bulldozer is required for the recharge pond excavation and compaction of small dike around the |
pond. Water conveyance canal is structurally éaiegorired as conduit type and open canal type.

~ Excavation of the canal constmcuon is made by backhoe or mamnlly Concr{,te for the canal

'- lmmg is nnxcd by the poﬂablc concrete mixer. '

Stone materials for the gabion and masonr'y t)f the délcntio'n bunds are extracted and placed
manually In case the quarry site of the matenals is far from lhc site, dumptruck cargo truck
and tractor are uselul for transporlation. [t is recommended to mix the concrete for stone
masonry. -However, portable concrete mixer should also be available when the concrete
requirement is relatively small.

Road rcplaccmcnt works are composed of excavation and embankment of road sub girade,
gravcl pavcment and dramagc works River deposits ate suitable for pavement. Bulldozer and
: whcel_ loader are available for excavation and roller are used for compaction after spreading the
material by motor grader, |

- (b) ~ Construction facilities -

. Temporary works shall be planned to achicve the appi'opriale quality control, to minimize
. construction cost, (o secure the safely of Jabors, machinery and cquipment, to maintain
appropriate co;istrﬂction schedule, ete. The following are the temporary works required for the
construction of the gravity and fill dam.
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) Construction of batching plant (quatity control and minimization of construction
period) -

it} Establishment of stock yards for the construction materials and motor pool for
machinery (quality and safety control)

jii) Tnstallation of electric, water/air supply facilities (quality and minimization of
construction period)

iv) Maintenance of temporary roads (safety control of labors and machinery)

V) Installation of scaffold and staging (Safety for labors)
(c}  Quality control

In order to maintain the uniformity of the concrete quality, the following controls are carried
out;

i} Malerial quality: - Quality of cement and admixtures, size of aggregate, amount of
moisture in aggregate

“ii) Equipment: = ¢ Maintenance of mixers and measuring apparatus

iii) Concrete tests; - Mixing temperature for concrete, slump, aic volume and
compressive strength '

" In order to cnsure the strength and grain size of émbankment materials, the following control
are carried out: ' '

i) - Material quality:” * Physical, geophisical soit tests =
i) - Equipment: . : Planning and maintenance of construction machinery

" jii) Embankmenl: 'Dr'y‘ density, degree of saturation, criteria of embankment
compaction :

NS Construction work schedule

Construction works are composed of dam, spillway (éncrgy%dissipalctr_)', intake facility,
recharge facilities and sediment controt facilities including a preparatory work al the beginning
and a cleaning work after the completion of the construction. Accordingly, two types of
construction work schedules are to be planned as follows:

i) Work schedule from the initial preparatory work to the cleaning work after
completion of the construction.
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i)

Individupal work schedule for main constniction works such as concrete placing
work for the gravity dam and embankment work for the fill dam.

As for the planning method, the following two procedures are generally applied:

1

ii)

To fonnulate the most economical work schedule for all related works within
the limitation of the construction period for the major works which have been
deterimined in advance, or

To determinc the most econoriical construction period by examining the

- preferable schedule for individual works, without seiting up a time limitation in

advance.,

The following are basic concept to estimate the construction work schedule for the delfay action

“dam.

a)

b)

8§

Concrete placing period of the gravit dam is estimated based on daily placing
I S pe y yp

of concrete volume of 150 to 200 m”, maximum placing height of 1.5 m and
minimum coring pcnod of 4 days.

Constniction period of the dam embankment i lS calculated on the basis thaf the .

daily embankment volume is at Ieast 1,100 m’ performed by one compaction .
roller for the dam with dam height of less than 15 m. For the dam with height

~of mor¢ than 15 m, construction period of the dam embankment is catculated
~ based on a proper combination of the following carth machmery and their
working capacities. ‘

Barth works ~ -Machinery Workmg cipacily - Remarks
‘ ) (m ldaylsel) :

o Bxcavation Bulldozer (21 ton} ~ - . 330 ' (Moving length: 50m)
- Bxcavation Bulldozer (21 ton) 670 (Movmg length: 20m)
Loading - Wheel Loader (2.0m%) 540 (20m’ ftat loading)

Hauling Dumptruck (13 ton) 220 {Distance: 200m)

* Half river section is. utilized for the tcmporary diversion works durmg thc

construction of the fill dam. Because of high rainfall intensity during Kharif .
period, this diversion inethod is not applicd for the dams of which sufficient
diversion capacily is not attained in the river section.

Concrete of the grav;ly dam is not placed in the perlod of air temperature lower

~than 4°C and higher than 35°C in the case that cooling or hcat -curing is not

performed.

ch‘arding the fill dam construction, half month is required for the preparatory
work; temporary work and sit€ cleaning in cach. Besides, the construction
works including installation of the concrete baiching plant due to large

- requirement of concrete placement such as the gravity dam construction, two

and one month are estimated for the temporary works and site cleaning works,
respectively.

Constauction schedule of proposed dams is shown in Fig. 7.4.1.
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T.4.2 Cost Estimates

(1) “Assumptions

The project cost is estimated based on the following assumptions:

a)
b)

¢)

g)

h)

T

Unit prices are analyzed on the basis of average prices as of end of 1996.

~ The exchange rate used in the estimates is:
US$ 1.00 = Rs. 40.00 = }¥120.00

All construction works will be undertaken on the contract basis. Contractor(s)
will be selected by the intemational competitive tender, All construction
machinery, equipment and construction materials are to be provided by the
contraclos(s). C

Taxes on the conslruction materials, machinery and equipment imported from
abroad are to be cxempted and are not included in the cost estimate.

The construction cost based on unit cost is divided into foreign and focal

currency portions. Local currency portion is estimated on the basis of the

- current price in Balochistan Province and foreign currency based on CG3F prices

at Karachi.

' Cost for the road reptacement is included in the temporary work cost of the

construction works.

Construction period of the proposéd dams is ‘il_luslratéd_ in previous paragraph of

-construction work schedule.

Thic physical contingency of 10 % of the total costs of detailed design,
construction, engineering is included in the project cost.

Price contingency is also taken into account al an annual escalation rate of 4.5 %

for the foreign currency poriion and 14 % for local currenéy pottion.

(2)  Project cost

Financial project cost is cbmposed of the following items:

a)

b)

c)

Construction cost :

- Construction cost is composed of direct construction cost, cost for temporary
and preparatory works. The cost for the temporary and preparatory works are

assumed at about 10 % of the direct construction cost.

Administration cost - S
Construction works are underiaken by the government staff with assistance and
advice of the consultants. Administration cost is cstimated based on the . -

~ required number of the government staff for the detaited design, construction

supervisory works.

“Engincering service cost

Engineering service cost on the detailed deign and construction supervisory

‘works is composed of engineering fee for the engineer and field survey such as

geophisical investigation and soil tests during the detailed deign period to ulilize
for the dam design.
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d) Land acquisition
Land acquisition cost is not required assuming that all proposed facilities, dams
and recharge facililics are constructed in the public land.

) Contingency
As described in the previous Section, the physical contingency is fixed at 10 %
of the total of the above four items. Price contingency is also fixed at 4.5 % and
10 % for forcign and local currency portions.

Detailed project cost of each proposed dam is summarized in Table 7.4.1.

7.5 O &M and Monitoring Plan
7.5.1 O & M Plan

- Present irrigation systems in the Study Area are only implemented small irrigation schemes and
karezes, excluding private tubewells for icrigation water supply. The small irrigation schemes
are categorized as surface water irrigation schenie, flood irrigation scheme and delay action dam
- scheme. For the operation of the facilities, no regular handling such as gatcfoperalibn is
required. Uscrs organization has been made for the schemes of surface water irrigation scheme
and flood irrigation schemic only, in which the member is obligated to pay water charge, wInlc
low collecting rate is recorded. '

For the delay action dam scheme, there is no usec organization, and no waler chargc is
~ imposed. The reason is that the dclay action dam dosc not require regular opcrauon and has
©ne s;xc:ﬁcd bcncﬁcmnes ' '

~ The ifr_igatioh Deparlmcnt has carried out re-newing and repairing work for smalt irrigation
- schemes as required.: Though around two percent of project cost of the schemes are planncd
for annual O&M cost from Non- Dcvclopment Fund of the Provincial Govcmmcnl it has not
been poss;blc to allocate such funds due to shortage of budgct

. Taking these conditic'm's- into consideration, common plan for operation and maintenance of
- delay action dam scheme was devised cotresponding to its development slrategy and plan
mcmloncd before, Points of the plan are as follows:

- Regular and permanent operation is niot required in dclay acuon dam schemes.

- When repair work in dam slope and related stnuctures, shovchng of siltation in

- the reservoir and operation of flow valves are rcqurred beneficiarics should
" corporatly conduct it under the control of the Irrigation Dcpmmcnl
- Proposed recharge pond consiructed downstream of the dain may possibly be

silted within a few years. Itis réquired to shovel silt from the techarge pond by
bulldozer about once in one or two years. ' Alternatively new pond near the
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silted pond may be constructed. Diverling canal to the pond is also required to
be repaited.

Necessary activitics on watershed conservation and groundwater use control
should be done by formers through a farmers organization, Existing users
group for karez use is effective foundation for the farmers organization.

Existing irrigation canal being in bad condition should be rehabilitated with
lining, under the On-Farm Water Management Program if possible.

- No cost recovery, and no irrigation charges are considered for the delay action

dam, even for the specified beneficiaries. Necessary budget for repair and
maintenance for delay action dams shall be bone by the Irrigation Department.
While beneficiaties should participaté in repair work on lhc scheme and
watershed conservation without incentives.

In line with the operation and maintenance plan for the delay action dam, annual cost for

operation and maintenance was estimated in Table 7.5.1, and summarized as follows:

Items- - - Frequency, Unit Cost _
Dam slope protection - as required 3% of const. cost of dam siope
Repairing as required
' Shmelmg nchargc pond annually - show elmg ol' 50 em thick
_ : sedimentation
Karez cleanin g annually " borne by the béneficiarics |
© Watershed consérvation ~ ¢ontinuously - borne by Forestry Department
4 _ with participation of beneficiaries
__ Soveling silt in Reservoir  * asrequired B
o : . (Rs.'000/year)
Dam pame " Q& M cost o Dam pame 0 & M cost
Brewary | ' © Bl ' Ghutai Shela o 105
CoWaliDad ‘ : 138 "~ Dana : 313
Murgi Kolal s -238 Kach : : h 341
‘Figda ¢ . C 295 : ' “Sanzali : o198
Ghazlona : - 143 ‘Samaki L I19
‘Sakhol - 328 ‘Mangi ' 382
Kad Kochall 387 - Iskalkoo 131

7.5.2 Mon'itoringil’lan

Burcau of Water Rcsourccs (BWR) of the Imganon Dcpartmcm whwh has succecdcd
groundwater monitoring unit of WAPDA, is the responsible agency for momlormg and
amlysns Monitoring has been done by means of decp wells with automatic recorder and
piezometers through 107 number of cbservation points, located in Quctla northern sub-basin,

northern part of Pishin sub-basin, and Mastlung sub-basin,
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While groundwater situation in concerned basins by the monitoring data is being revealed, it is
recommended to increase monitoring station with a density of onc station per 20 km?, against
present density of one station per 100 km2. New stations in othér basins out of present
monitoring range, such as Kuchlagh, Shirinab and Mangocher sub-basins may also be set up.

A realistic development scenario should be formulated by means of simulation method in the
valleys under critical situation in groundwater use. For this purposes, making mathematical
model and preparing computer software shall be done in collaboration with collection of

monitoring data.

Further, installation of observation wells are recommended around existing facilitics for
groundwater recharging including delay action dams, for the purpose of continuous assessing
of recharging effects. ‘The monitoring management is done by the BWR, and its results should
be utilized not only be used tocally but aso for policy making on groundwater management to
be handled in future by the proposed new institutions.

- 264 -



‘N3N 0 0 swamed padeieat padidde e WD SLI-UOU t AIYM ‘Wionred Jumud tao 99 pakTdde A m..Eu..p& Buddosy vowono& lam ‘

" PG U T PRONPUOD 10U At Sif SIS0 SAPME 543008 JO NIASAL N UGN TITEG T SWAD v S 10 THMITA TUSWIOPASET e

. . ! i . ] . R N
%01 v 906 %96 m!oﬂ %91t el foo_. . 3011 sy o001 i1l or 001 - Areuwnydosy |
ﬁ i m ‘ ! i : ! ! :
; i ; ! ; . : 1 ' | : : [ !
x4 e 69 KR oL 025 [osre 1009 DT Ly ‘vopt 08I lrget [FEH vare paddosy
! : . .y o ; 1 L ! . ’ P .
00 %00 T %Y 00 WD 00 %00 mc.a @00 Moo %00 60 %00 ‘00 00 WE  WOR 100 w00 100 - w00 00 W00 00 - %00 wo.o OO o3aOL
i : . i i . P “ h : ! o0, i
L g0 %91 97T mET 160 BT wc.o B0 9 %IT  er @Rl {00 00 | 00 AdD l6s . w69 oo w00 vl wge 0 w00 BT w60 Tpod 4
! | : : : . . i ! . ; i i P [
Yo wNO 0% wHE ST XY T are 00 %00 9% el mo.o #01D ,_c.o w00 00 w00 _WE_, A0 W00 . %00 WO %00 00 W00 00 300 LN
Ot ¥l 0T BLY m.».u LA rA N %ETT T.u 0L ,Wﬁ: BEY ,E.o - WO 09 %00 L0 BHLL WL - RPET EPT BHE0L T...: TN ”x.v._ oL ._F..n" ey wQNedon N
i i ! i | ! : L : . = ! e ;
T$ owod  (TT wIT 90 ®¥0 £ @x0 v W04 LT %¥e 00 %00 0T e 100 %00 00 %00 oo 00 o W00 00 w00 00 w00 owog
: 1 . 1 . | | . : i . o [ B . .
Tooweel L% w0l lwR o w9 JOT 9C JT9 w06 [0TL- BT U051 BITr DED @R mx.n HERTT 60 HOG |00 WD v w80 me.c o loo %00 L)
. H L . | t . R r ke B ! h ! Y
00 OO0 00 OO 00 O 00 %00 (00 0D LT %0 (00 %O . 100 0D W00 %D 00 . %0 00 - %00 00 woo. ‘00 w00 loo w0 puouIy
H | : _ H , 1 X , : . H i 1 B
W0 @0 Wo.o w00 G0 %0 __o.o ®00 40 B0 00 w00 00 %00 mo.a #0000 W0 00 %00 160 WG {00 w00 j00. w00 | %W | AuagD
: o : G | ! s ¢ : H i . i
_2 BOS TS WOOT ITPC BOOT TR BOOT 169 %W00T 1002 e _o.o B0 WY mEY ITT w6y 00 w0 0T WIT ive aes W BT W w0y wdun
I ; H H : | P C e o o S ! ‘
07 %P 00 % T WYL 90 %1 Bl w06 [06T %0C (00 %00 00 %00 00 wmoD 90 &L KO R0 0l e0C 1T %! e BUE woudy
i i _ “ i ‘ ! i o ! . ! . i - .
fse ool s w00 iTer w00 _E w0 IIE BOBF |REO1 SV 1S9 T 00 w00 ..“3 00 1T wU0T 1909 werr (079 BOEE W BUS 010 BIu nddy
% ez e b logs LR L B - S I b S iors01 e w50 LITEL
; : ! ol ) . lay: [ T o , 0o
K9 @y 90 HIT T BT 9 w9l “o.e BOOFE BET T RKE 100 %00 - 00 mO0- 9T w00r 00 %00 T w8 007 w00 5T st i
: | i i ! | - ; : . | i ; : '
Yo SO €U BT KT WET lor a2 We o w00 [T BEI |61 %S0 K0 BOO 9T it 19T Yo l6T. w2 €0 PO 100 W00 v L1 memlAd |
B : H H . N ! | o - | ! ! i
£r LS 1T BTT 60 T 150 AT - .“,o.o O - 100 WO (L WSt ‘ﬂo.o OG0 w00 00 0. 00 w00 gW."S %o W0 %00 00 %00 uwny |
: ; 1 ! ; TR . i
wE o %ee  TT O RTT T WLl L0 %L1 joo W00 joT WO &1 SO |98 ®mie 100 %00 00 30T 00 00 05T BICL T.« ST A,_o.e TG Aareg A_
i : I i b R ; ! : I |
T._n BILY Wo.,: OV ISSE BT EW RETD 0T W T S0 61 WEET ST wIIr R0 4TH 9T w001 W BIRT vv ol ey arr (oL met (poredupiwam ,W
! ! : 1 : . L ; ' 3
oy T 1907 e f{iad 015 oLt S0 o' s iy v s W0t paex
i ! H I H | | i . 1
m i . k, _. - ; - i I | “ waWIES Tunddouy £ |
W Fuads | ! : . m STUEN § w svaeny | weaexy ;o (Rpmzn) ' (samog ! T Forkids | Fuudy ,ﬁ Ry \
Pooowmemg | seelt | saen § amms | e oMy | SIMMOT 1 TIMOT | wwamxg | sy SMOL | SEMOU D Mamgy | M9 b UL
| $% _ 00T 06 _ ote 754 o ! vt - ¢35 ! o ! 001 [ ” ose Ton : oz DIOVIENOY 30 “BON §
& W8Ty 00r'T 00 000y | ooTe | LS ooy | 00T | o0g . (1 SN 4 ,ﬁ ooy oo | o' uoremiog ¥
_ c0 e b w v | ow W e | e [ w i oes oy oer 4 ar | owx Ly om (v ware o] ¢
_ i | i Wiy | I L ST | Doy | P
i : b | | ooy | e 5wl ereavimn C esva) | ! BRI ) i e
i : ” [T ey | pEIS wroEy wadeyg | WPHRTYRW ¢ TPEAANRS wemys | e ,f [ O ey ! 0D
! i i L ! . L. L . . . B H i .
: COXIOET | ey umimrey | sEpES | pequony | oediempg | nngy | RN R m teeueg | epsir gy ey mws | Smypes | Ly
_ . | w | | oo Lo o ﬁ . o ” s 3
: : : " i : ; W :
v mEY Y e | mend mend | ueTEpaY end: | Sumssen Wy | Semsey unmd uyEd end) | manly | 0 ! 010 g |
_r.asnnn L oeopams o LpeQUR | GORGETONUG | wuOTAUY. | euodpey - Gwmy | joyxes 1 feewes 1 eodir o | moxdmpy | emg y Aaug )

Suwrec] wondy Ae(a() pasodolq Ha muuﬂnom.ﬁuﬁmoﬂ_?ua

L ITLegEL

- 265 -



USUD[UEQUES KN JO SPIS T0G 17 SU0Z STIOIAZSG WIS PATE *JNU20 JU1-UT QU0¥ SNotasodun B WEp GoEy WD TIL7 AL 002003010y sUeals urep e {1 WL, APMS VYOI - S0mos

T'6 00L - 000" 167 oo'eL loootge 0Tt . _0.81 Hosg 0'ss 502 o'sst | wmpmEz  jymmpay EIO ava esoraryn o]
st 00§ 000822 000251 000°89¢ vsz o losse 0os ses - clowr 0’568 wepuueg | SumseN | QIO T NOMS
v6e 008 000165 00Tl 00010 Ton ooor loex gz im0 |oos | wwqwry | wey - qva Swewly
ope oos 000's¢ 000281 000's25 63 josst ot o lewr oosol | wwpwweg | Swwey Qv o).
ot 005'1 00052 000901 000765 e L S Y A ooor “lzet oz wwpgwy | wwdg ava rezmEs|y
\ , ! ‘ .
fwoz oot 000812 000'¢11 000'508 w0 om0 loes T Tloow Tew 0 oo | weowee wnd avaepiis
sos 00L'T 000°L81°1 oob'ogr 0006 L & loese oy o Jess ™ oo . | wepwsem - ava ey
61 00°t o0oL8s  joooszz oot s 0TET o9 looe lese 008t aepipE | mweRd Qv e REWN|E
o1 00z 000'6bE ‘locossz 00065 oo lpeor o o e i lm Cleser T | wewen | oweed avaerglz
65z 008 000°05% 009'6 000'6VL. 9 oset ot I v oz Ay wmand)  avg Aemag(n
Ay Lreak /) (e « R ogpesiesy i @ w (@ B e M
ey sy | mananpos Ay oo MMOA | SSmpmq | Shwwg B | tomipds| wpgumg | adenymap | stiyemg | pwed surepy ey
. 1ds mowmpog - | Wwomnuequy | SfwoigTROL | poord oyieds | pootg vdiseq | ) AumITs i : S . R

(soug §/) sumeq uomdY Aejaq pasodorg IO SIS TTLIIGEL

- 266 -



‘rep Qi 3441 SHONHIOWOY Sreom TIPD e (1 . weay, Apug Vol | 0moS

- 267 -

{
&S 008 00006 0009y ool |vez gict - 0w Joos - - ost o oot wepweg | Wy QY oo
m |
§t oor 000°5C 000'55 000'¢5T g joes 0Tl 08T Sst oo | wepmueg gwmaay vnd - gva mEwesle
. _
»'¢ 00 0006t loor'e 000'651 1'91 oo o5t oL - €T 00T Ayarany wd) Qva P EM L
i
ra 004 000°8E o00'cE © lo00r0g Lst 08T 00 Jooor Theer - ot . wep ey Emend) AVC WS | T
(=0 vl ny/am) ) = = o) s @ @ @
HENOA | oumea JWNIOA, QWMIOA um.aﬁﬁ.a. s8reypaiy . qiusy Smﬁ o n.‘ . . odt . .
BTy FRRROID ﬂuw_suwﬂw | wowipes | wewoweqwy. | sfweis s | poold oyuods | pooid uiiaq | 1swD Aemmds TANTIES | e W | ST IAD Lurmq | e owey, wedt

(s311§ §/4-UON)) SuTe(] uORDY Kereq pasodoxd jo samyesg < I'E'LAGEL




Table 7.4.1 Project Cost

(Unit : '000Rs.}

e ORI - — ;
Direct Cost Admg::tmtzon Eng é:;etn 4 Sub Total Cq()[?iuiz;ig:ar;;'y Cg?ll)lrif:;-cy To!a(I::;?]ect
Brewary dam 36,489 1,824 3,649 41,962 4,196 3,530 49,688
Dara damt 63,904 3,195 6,390 73,489 7349 4,838 85,726
Mvréi Kotal dam*
{Upstream) 56,335 2317 5,634 64,786 6,478 4,210 75474
{Downstrzam) 77,812 3,391 7,731 £9,484 3,949 5,893 104,326
Kach dam**
Rising of crest) 112,834 5,642 11,283 129,759 12,976 9,170 151,905
_ {Dawnstream) 125,970 6.29% 12,597 144,865 14,487 THILI62 170,514
- Tigdadim 67,890 3,394 6,189 78013 7,807 5,859 91,739
Sanzalidam 42,296 2,115 4,220 48,640 4,864 3,705 52,209
Sakhot dam 51,518 2,576 5,152 59,246 5925 4354 69,522
Mangi dam 58,356 2918 3,835 61,109 6711 5,049 78,869
Kad Kocha 1l dam 47,636 2,381 4,764 54,781 5,478 4,022 " 64,281
Ghazlona dan 21,037 1,052 2,103 24,192 2,419 1,740 23,351
Ghutai Shela dam 10,562 548 1,006 i2,606 1,260 919 14,785
Wali Dad dam 34,471 1,723 3,448 19,642 3,965 3,000 46,697
© Samaki dam 12,344 617 1,234 14,195 1,420 1,073 16,688
Iskatkoo dam 17,684 §84 1,768 20,338 2013 1,586 21955
Source: Jica Study Team : :
Notes: *Upstreant plan is economivally vital rather than downstzeam plan.
e “Rising of crest plan is econormically vital rather than downstream plan.
Table 7.5.1 Annual O&M Cost :
_ L {Unit : '000Rs.)
Pérsonnel Cost - Transportation Q&M Cost for Steuctures Administration * Tota) Anaual
' ©Cost_ Damriprap: Transmission Infilration pood O&M Cost
Brewarydam™ - 14 30 = .= 13 - 81
Daradam 36 0w 149 1 95 -2 33
Murgi Kotal dam - 16 30 A 2 s 2. <238
Kach dam 15 30 198 25 .50 2 - 141
figda dam 36 30 6 34 St 2 295
Sanzali dam 16 30 96 9 2 o2 198
Sakhol dam 15 30 250 . - 10 2 828
Mangi dam % kY 183 - 124 2 182
Kad Kocha [l dam 1% a0 189 6 124 2 387
Ghazlona dam 36 44 50 s 6 2 143
Ghutai Sheladam Ww 10 n -~ 13 -2 108
Wali Dad dam - T T 30 - oo 70 2 138
Samakidam 36 C 4 24 - 13 2 ‘119
Iskalkoo dam 73 kY 31 = 28 2 Bkl

Notey: Personrel cost is estimaled based on monthly payment of Gaveiment staff, Eagagement of 6 days is responsible for,

Administralion cost is 3% of total cost of personnel, transportation and Q&M for structures.
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Fig. 74.1 __ Construction Schedule of Delay Action Dams (112)

Month 1 2 3 4 5 6 7 g 9 10 1 12

Brewary dam
Detailed design SR ] L S T S AT Ao Y

Mobilization £2ra ]
Temporary works CTERIIN R UED (Cooling is requiced during June 1o August, and best-curing during November 16 February)
Concrete placing ELE ;_a\—xxzua'su_%_hjm,_a,gw“x_&&ri-_ bt ks |

Enetgy dissipator : ﬂ:ﬂ;l* PRET T ERRE Y

Entake works : | Afssbie gt e sk be |
Demobilization _ - [ saii )
Dara dam’ A [ N R A R
Datailed design MT'&T&;L&&* =2

Mobiiization Fe
Temporary works | S5e=e | {(Embankent work) (R nprap ucrk)
Embankmert works L crtrs s e e S 2
Spillway works

" Intake works

_ Demobilization

Murgi Kotal dam (Upstream dam plan}

Dotailed design I‘_’::‘:ﬂ..‘;:_y IR A TN PR ETET

Mobitization -, pEEA '
Temporary works | =3 (thankrrw.nl work)

. Embankriznt works o Tt Lk
Spillway works ;
Intake works . :
_ Demobitization | R 252 TS S U SR

Kach dam {Rising of existmg ‘dam crest p!an)
Detailed design B T, s Sy S T T ST PO Y 3 Vot G Yorbit? ST T AT T o

- Mobilization B <37 _ ‘
Temporary works tive - (Embankowl work) : i ' (Rmprap“oﬁk)

© Embankment works ' Immmmsr T R M T L P e I S R E 5T
" Spiliway works - _‘{m"ﬁ IO WA (U — _ | :

 Inlake works pEsseEd ; fﬂm
: D;moblhzauon i

Jlgda daim . k
Dclatled design f= o eainit baten i gy B

Mobitization - jEEEa :
Temporary works [ cae ] (Finbankment work) {Riprap w c-dn)
Embankment works e ramhiesmedvramno st ssmEhrroTrola
Spillway works '
Intake works

Demobilization |

Sanzali dam
Detailed design” . m&ﬁmﬂ:&:{@%

Mobilization ) yic |

Temporary works - = (Embankment work)

Embankment works © T R .

* Spitlway works EEE:;L.:\_ S f

Intake works

_ Demobiization 1 ] - .
Sobbal dam - OIS SN S

Detailzd design BT IR R SR |

Mobikization oo |
Temporary works | =i | (Embankmaent work) {Riprap work)

ot e b S T s A
Embankme ol works : uuz‘u.r_‘ﬁmﬁ 0 R RRIORIERE LY & TN
Spillway works [ wesviag]
Iniake works = ]
Dernobilization
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Mangi dam
Betailed design

Mobilization
Temporaty works
Embankment works
“Spillway works
intake works
7[g§mo’hl!uat_mn
Kad Kocha Il dam
Detailed design

Mobilization
Temporary works
Enibankment works
Spillway works
Intake works
_ Demebitization
Ghazlona dam
Delailed design

Mobilization
Temporary works
Embarikment works
Spiltway works
Intake works
Beawobilizatica_

"{Ghutai Shela dam
Detaited design

- Mebilization

* Temporary works
Embankment wonks |

. Spiliway works
Intake works
ngobllqzahgr! N

Wwali Dad dam
Betailed design

Mobitization
Temporary works
Concretz placing
Enesgy dissipaior
1ntake works
Demabilization

Samakl dam
Detailed design

Mobitization
Temporary works
Erobankment works
Spillway works
. Intake works i
Demetilization
lska'koo dam
Detailed design

© Mobiization
Temporary works
Embarkment works

© Spillway works
Intake works
Demobilization

poay

{Embankment work)

xmmeans

TR T e T

FEERAIG

kT

(Emban‘uﬂem W ork)i

o —

% a.-‘x SR

(Riprap work

)

e )
et

.

EXE (Embankmem “ork)

{Cooling i

TRETRY

; (R-prap worky

(Riprap work)

(Riprap work)

B0

5 required during June to August and heat-curing duri

ng November to Februasy) -
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8. PROJECT EVALUATION AND IMPLEMENTATION PLAN

8.1 General

This chapter explains the evaluation of the 14 proposed delay action dams at 13 sites and then
describes formulation of the project implementation plan on DADs. The cconomic cvaluation,
in principle, synthesizes such engincering considerations of the schemes on the cost side and
benefit side on agricultural and social conditions.” Ten DADs prioritized at the end of Phasc I
study are examined at feasibility study levet and the rest 4 DADs ate at pre-feasibility study
level. This results together with social soundness and environmental considerations are uscd
for the prioritization of the all 14 DADs and for the formulation of the projccl implenicatation

plan.
8.2 Economic Evaluation
(1) Qutfline of cconomic evaluation

“The delay action dams have a main function of astificial recharge of groundwater aiming to
secure sustainable water use.- At present the waler balance falls into sighificant deficit of natural
“recharge to exploitation in all sub-basins of Pishin Lora basin. The DAD project accelerates
“waler recharge to groundwater basin and improvcs the water balance.. The benefits of the
groundwater recharge are considered to appear in ihe downstream areas of the DADs, as well
as the basin in which the DAD is located because. the water artificially techarged is not fully
consumed in the spccmed beneficial arcas but sonie portlon of the watcr is rescrvcd in
groundwaler resourccs in unspcmﬁcd areas of lhe basin. ' ' ‘

The aﬂi ficially infiltrated water s lifted up by tubewell or flows down for both irrigation and
domestic use in the specificd beneficial areas. Under without-project condition, groundwater
“onty naturally recharged is able (o be used in the beneficial arca, Excessive exploiting quantity
of water over the naturally recharging groundwater must be unavailable in near f‘ulurc if .
groundwater usc is continued in same manner, -Under with-project condition, the groundwater __
- potential becomes much targer owmg to artificial rech'lrgc by the DADs. The dif ference of |
water use under these two futuce conditions becomes the groundwater recharge benefit of the
DADs, counting demand values of domestic and irrigation water in ‘each speeificd beneficial -

arca.

On the procedure of ‘this project benefit estimation, the recharge volume of water for the
unspecified area of the basin is initially allocated from the total techarge volume of the DAD by
topographic and hydrogeological consideration of the site. When the rechargeable quantity of
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water allocated to the specified area is surpl.us_to water demand of the area, the surplus water is
counted as a part of the unspecified recharge for other arcas. The lowest cost among the costs
of possible scveral alternatives for groundwater recharge is used as a unit value of additionat
water resources for the unspecified area to be recharged by the DAD. The unspecified benefit
of the DAD is to create additional groundwaler availability for the unspecified area, which is
possibly quantified multiplying rechargeable volume of water for unspecificd arca by the unit

value,

Further, the DADs make additional positive impacts on flood control, because the Siudy Area is
Aused to suffer from flooding caused by occasional heavy rain in summer season even though it
is considered as arid areca. The proposed dams prevent flushing water from mountain range
from rnning down directly to agricultural and residential arcas. The dams also perform as
check dams which catch soils eroded in denuded mountains.

The concept of groundwater recharge and use under with- and without-project congition and
* the anticipated benefit of the DAD scheme is summatized as follows:

Without Project Condition . With ProJect Conditlon

: o RSNy T
o _ . ¢ DAntificial Rechargex] | ‘Domestic Use™: ¢
s R RSSO T T
v Tomeweuse | P e
: /,// [T /// i larigation Use .

. ;'P'a' Recharga’] |- lnigation Use :.': _ ?/Nallurm Rechargos] |7 - o )
o //// | Recharge |n Basin: - / _ _Rééh.é;g:;e in Bassn

Groundwaler Recharge Groundwaler Use Groundwaler Recharge Groundwaler Usa
[*—] Specified Beneficlal  Area

D Unspecifisd Aréa in the Basin
Concept of Groundwater Recharge and Its Use
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Concept _of Project Benefits

Function of DAD Effective arca ltem of Benefit Valuation of Benefit
Acceleration of Specificd beneficial | Increase of groundwater Filting deficit in water demand for
Groundwater arca potential for sustainable domestic use
Recharge domestic use

Increase of groundwater Filling deficit in water demand for
potential for sustainable irrigation use
irrigation use _
Unspecified areain | Conservation of groundwater | Unit water value equivatent to the
the basin resowrces for multiple use most economical astificial
_ recharge cost
Flood Control Downstreamn area of | Mitigation of Nood damage | avoidance of cxpected flood
the DAD ' damage
(2) Economic project cost

In the economic evaluation, the project cost basically consists of construction cost and
operation and maintenance cost for the delay action dam and other project facilities.” The delay
action dams can be considered to have double function to kecp flood water and sand, because
- the design capacity of dams is decided by flood discharge and sediment volume in the
reservoir. The erosion control facility is fundamentally necessary to be constructed in the area
for the sake of proper maintenance of rangetand as well as farm land downstream. Although
the assessment of the erosion control is ideally to be done, the evaluation method is riot
established concretely as yet. Therefore, all the costs as well as benefits for soil erasion control
are excluded from this assessment of lihe DAD schemes. The project (_:dsl is calculated by
sublracting the direct and indirect cost on detcntion bunds to be constructed, if any, and the
construction cost of check dam to frap the design sedimentation volume from the total pmjcct_
cosl. ' '

‘The construction cost is converted iato the economic cost using some conversion factors. This
process is; 1) 'reduc'ing of transfer costs, 2) multiplying unskilled labor costs by the shadow 3
wage rate of 0.75, 3) multip'lying other local costs by the standard conversion factor of 0.87,
and 4) multiplying all foreign costs b‘y 1.00. The computed economic cost of the project is
shown'in the following table.: The eéconomic cost for 0p’cfalion and mainlenanéé is 2‘1'1;50
calculated applying the same conversion method as the construction cost.

- 273 -



Project Cost in Economic Price

_ L L e (Unit: Rs. '000)

DAD ‘DAD Cost Project Cost Annual
: Conslruction Owing to for O&M
Cost*  Sedimentation®* Evaluation Cost

Brewary 40,249 20,974 19,275 69
Ghutai Shela 12,562 6,774 5,788 99
Wali Dad 39,077 9,535 29,542 123
Dara 69,585 35,852 33,733 266
Murgi Kotal 62,255 14,630 47,665 204
Kach 128,765 44,851 83,914 285
Jigda 38,38t 13,293 25,088 255
Sanzahi 43,740 18,698 25,042 157
Arambi {Ghazlona) 21,867 9,662 12,205 . H9
Arambi (Samaki) 14,044 3,149 . 10,293 -0
Sakhol 59,008 33,769 25239 264
Mangi 66,535 : 24,825 41,710 22
Kad Kochall - 54,573 - 30,618 : 23,955 321
Iskalkoo - 19,874 5,685 14,189 107

Note *;  Excluding direct and indirect cost for erosion conteol facilities l‘rom the construction
cost explained in Chapter 7.
"~ Note **:  Assuming necessary check dam to store design sedimenlation volume.
Source:  JICA Study Team

The projcci life limited by sedimentation is 40 years adding 10 years of cffectiveness of storagé j
to 30 years of lhc base design period against sedimentation in principle. Exceptionally, the
' topographlc condition allows only 35-year project life for Murgi Kotal md Jigda, 25- -year for
Sanzali and 20-ycar for Kach. Besndcs the project docs not require any rcplacemcnt costs nor
take salvage value into account.

(3) ‘ " Benefit on agl‘icullure in specificd b'enefiéiai area

'l here is no doubt that loday s rapid grow(h of agrlcultural production in the Study Arca stands
on an over exploitation of groundwater resources. Such excessive water use for irrigation may
exhaust the groundwater resources in near futuse. The agricultural production under without-
project condition is assumed to be lower than at present due to limitation of groundwater
potential. Under with-project condition, the additional groundwater potential derived from the
- DAD is cxpéct'ed to support the higher production in agriculture sector. This increnwntal value
~ ofthe fmn products is taken as the benefil of agriculture in the specnﬂed beneficial arca of the
" DAD.

The only en__largc'mcn( of the sustainable irrigation arca will bring such agricultural production
benefit. The irrigated area in the specified beneficial area of the DAD under without-project
“condition derived from the present irrigated area multiplicd by the percentage of waler shortage
in the basin, The additional water potentiat for rvigation use is the additional recharge volume
in water excluding the demand for domestic use. The irrigated area under with-project
condition is the present irrigated area or maximum irrigated area achieved by batanced water
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potential. The project docs not aim at extending the irrigation outside the prescnt irrigated area.

Assumiﬁg that the cropping palicrn does nol change under the project, the prescnt cropping
pattern at each beneficial area is used for unit water requirement and net agricultural production
value. The agricultural production value is expressed at economic value using the international
prices on wheat and chemical fedilizers and the conversion factors on other inputs and outputs.
In this cvaluation, wheat, tomatoes, apples, onion and fodder is taken up as the representative
crops of ceréals, vegetables, fruits, other crops and fodder crops, respectively.

"(4)  ‘Benefit on water supply in specified benelicial area

The comnion water sotirces for domestic use in the specified beneficial area is groundwater
lifting through tubewells, open wells and karezes, but natural groundwater is running short in
the area. The project benefit on domestic water supply is me-asuré_d as a increment of
sustainable water supply capacity to the residents in the specified beneficial arca. The
additional water demand is represented by the product of the total population, over-exploiting
ratio of groundwater and unit water requitement, The benefit is derived from multiplying it by

“the unil value of domestic water. In this calculation, the unit water requirement is 0.06

“cu.m/day/person as an average in the arca, and the unit value of domestic watcr is estimated at

‘Rs. 8.80 /cu.m based on average conslmcllon cost O&M cost and explo;tatlon volume of a
tubewell.

{5)  Benefit on'g’rdundwhtér_ réchargc in ullSpt:éil‘it:d area .

T hc gencral rcchargc to groundwater basin raust bring subslanual benefit bccause the arc'l' i
which faces to crisis of groundwater resources and has no other walcr rcsourccs to be
‘- devcloped need imniediate countermeasures of recharge accclerallon or waler savmg Asitis
“dilficult to mieasure siach benefit dlrectly, lhc cost effecliveness analysm mcthod is applled for
this purpose.

The volume of the additidn_al groundwater recharge in the unspecified arca by the DAD is
basically estimated by'hydrogéologic‘al and topographical information of the site, If there is
'surplus groundwater after ilSihg for domestic and itrigation purposés'ih'lhc specified beneficial B
area, the surplus vqume of water is added to the waier potential in the unspccaﬁcd area. Inthe -
cvaluation of the bcneﬁt on groundwatcr n,chargc in the unspecified area; the minimum unit

cost among the several alternative mcasurcs is used as unit water value in the basin. The -

benefit is cstimated from mul!iﬁiicéﬁon of the artificial recharge volume in the unspecified area
and the unit water value of Rs. 4.98 /fcum,
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(6) Benefit on flood control

The DAD construction brings mitigation of flood damage in the downstream area due to its
storage function of flood water. The expected annual flood damage is analyzed on the rainfall
data and the records of flood damages on crops, domestic animals, houscs, irrigation facilities,
roads and so on. The annual flood damage is estimated at Rs. 18,800 for every 1 sq.km of the
catchment arca. This cxpectcd damage is avoided under with-project condition. The benefit on
flood control for cach DAD is evaluated on the basis of the ca!chment area and the expected -
annual flood damage.

“(7) - Results of economic evaluation

The average annual benefit on the proposed DAD schemes was estimated on the assumptions
mentioned above. The total benefits is evolved by summing up the values of each benefit
©items.

Average Annual Benefit of the Pfoposed'DADs '
(Unit; Rs. '000}

DAD ' Specified Area Unspecified Flood Total’
: - Domestic Irrigation  Groundwater - .. Controt Annuat
: _ : Use Use Recharge - -Beneht
- Brewary _ 89 2,309 1Lo16 487 - 4,402
* (Ghutai Shela - . 132 0 - 82 .34 248
Wali Dad _ 112 - 524 2715 102 . L012
Daa - 63 - 1,883 C992 i . 3250
Murgi Kotal 153 S 1,430 1,027 - 370 T 2,982
Kach o 8 C-2,123 4,632 829 7,759
- Jigda " 40 484 2,283 235 3,042
' Sanzali o 13 SRtV 955, 17 1198
Arambi (Ghazlona) 86 274 ¢ ©o 495 - 103 - 957
Arambi (Samaki) T 64 -~ 64 203 - 38 369
Sakhol RS 111 B 386 536 419 1,532
Mangi . 292 3,099 0 20174 1,395 4,960 -
Kad Kochall 238 2,563 1,014 681 4,496
Iskalkoo ' 53 137 © 384 87 602,

Source: MCA Study Team

Thc Net Presént Value (NPV) and Beneﬁt Cost (BfC) Ratio and Econom:c Internal Ratc of
Rctum (BIRR) are calculated on the assumptions mentioned above, making cash flow of the
scheme at the social discount rate of 10 %. As a key ecanomic indicator, EIRR on each
proposcd DAD schcmc as well as the rank by EIRR is shown in the following table.
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Economic Internal Rate of Return and Its Rank of the Proposed DADs

DAD B/C Ratio . .. : Rank
Brewary 25% ;
Ghutai Shela 0.1% 14
Walt Dad 09 % 1
Dara 86% 5
Murgi Kotal 4.6 % g
Kach 63 % 6
Jigda 108 % 4
Sanzali 03 % 12
Arambi (Ghazlona) 6.3 % 7
Arambi (Samaki) . 02% 13
Sakhol 40 % 9
. Mangi 159 % 3
Kad Kocha Il 174 % 2
- Iskalkoo : 24 % 10

Sourcce: JICA Study Team

Brewary DAD shows the highest EIRR value at 22.5 %, followed by Kad Kocha 1l at 17.4 %,
" Mangi at 15.9 % and Jigda at 10.8 %. The EIRR values of the ather 10 DADs are lower than
" the social discount rate of 10 %. In other words,; the NPVs of them become minus at the
*discount rate. “The DADs of Iskalkoo, Wali Dad, Sanzali, Samaki ‘and Ghutai Shela are less
advantageous in terms of cconomic cfficiency. | |

" (8)  Sensitivity analy.sis

The sensmwly analysis is done in ordcr to cvaluate soundness of the pl‘O}CCt against possﬂ)lc |
 adverse change in the fulure. The 3 cases; 1) prcuccl cost overcun by 20 %, 2) benefit decrease .
" by 20 % and 3) delay in construction for 1 years, are analyzed as shown in the following lable. -

Sensitivity Aualysis of the Proposcd DADs (KIRR Value) -

DAD Cost overrun Benelit decrease Construction delay
by 20% = - by 20% for 1 years
Brewary 187% _ 119 % o - 20.4%
Ghutai Shela 0.7 %, -17% - 01 %
Wali Dad 0.0 % : 04% _ 09 %
© Dara 69% 64% B %
Murgi Kotal 33% 2.9% - AS%
" Kach 4.1 % 15 % : L 59%
i Jigda : 88 % : 8.1 % 102 %
Sanzali _ L1 % 4.7 % ‘ 03 %
Arambi (Ghazlona)® L A9% 4.3 % 6.0% -
Arambi (Samaki} 0.7 % 1% : 0.2 %
Sakhol 2.8 % 22% - 38 %
Mangi 132 % 12.5 % 14.8 %
Kad Kocha 1l 14.5 % 136 % 16.1 %

Iskatkoo 1.4 % 0.9 % 23 %
Source: JICA Study Team '
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8.3 Impact on Farm 'Plconomy

The financial analysis on the farm economy is made for the evaluation of the impact of the
project implementation to the farm income in the beneficial area. The typical farmers to be
analyze are; 1) small-scale fruit producer and 2) medium-scale cereal producer. As a result,
fruit producer, even sniall-scale farmer, is expected fo get greater profit than cereal producer,

Tn addition, the comparative study of the small-scale cereal producer is 1made in cases of; 3a) no
change in cropping pattern, 3b) introducing vegetables, and 3c¢) iritroducing fruit crops in
future. The following table shows that the incremental annual income under the project
increase from Rs. 7,100 in the case 3a to Rs. 53,200 in the case 3b, and eventually to Rs.
150,000 in the case 3c. Thus, when the recommended effort toward improvement of cropping
is madc together with the DAD construction, the additive effects by combining them is
significantly expected especially in less-developed farmers. -

Financial Impact on Farin Economy

Type of Farmer Cropping Patlern (Cereal:Fruil:Vegetable, %)  Incremental Farm
{Scale/Cropping System) ' With Project  Without Projéct - Income (Rs fycar)
> change in Cropping Pattern . _ ‘
1. - Small Fruits Producer (2ha) 1007020 CO1070:20 51,500
2 Medium Cereal Producer (5 ha) 80:10:10 - R0:10:10 - 33,300
Change in Cropping Pattern o ‘ o .
_ 3a  Smrall Cereal Producer (2hay - 80:00:20 - 80:00:20 o 7100
"3b  Smali Cereal Producer (2 ha) 30:00:70 ¢ - 80:00:20 : " 53,200
X Small Cereal Producer (2hay - 30:60:10 ©80:00:20 : 150,000

~ Source: JICA Study Team

8.4 Social. Soundness

The benefit from the groundwater recharge accelerated by DAD constniction can be given into
the beneficiaries without any additional expense to construction and O&M works on the DAD.
The Project itself does not make the people change their water use custom, farming practices
~ and social structure. Fusther, the négélivé impact in social aspects, such as inundation of house

or farm land, is expected to be negligible. Therefore, the Project might be acceptable to the atl
people who desire security of their water resources, - ’

The interview survey on the opinion to the DAD plan at the siles shows that almost all
beneficiaries wish the plan angd are willing to participate or cooperate in the planning,
construction and O&M of the schemes. Although a few people offered the opinions on the
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security and function of the IDAD itself, the explanation and discussion on the technical matiers
in planning and desiga will help muteal understanding.

In conclusion, the Project is judged to be socially sound due to its function of conservation of
the groundwater resources and social steuctlure. The necessity and anxiousncess of the water
conservation might push the plan toward immediate implementation even if the economic
feasibility of the project is relatively low. '

8.5 Environmental Censideration

The 1EE was executed in the propoesed DAD sites, in order to identify whether each DAD
pmject is likely to cause an adverse environmental lmpacts which ate not able to mmgatc by
means of any conservation measures, and to proceed the EIA. Prior to the IEE, environmenal
~ issues described in the Environmental Impact Assessment Guidelines published by
Government of Pakistan were consulted, and then environmental issues covered by the IEE
were éelccléd' through the discussion among the administrative institutions }CIatcd.td
environment issuies. In the scoping processes, the characteristics of physical environment
under very sel_‘ioﬁs climate of arid and semi-arid, of biotic énvironment of tost bio-diversity and
ecosystem, of human environment in complicated social community co'lhprised of many tribes,
and also of peculiarity of objective structure of DAD, was considered. ' |

~The selected envirdnhmnlai items are as follows:
1)- Physical anronmcm :
~ Land Use, Soil Erosion, Soil Salinity, Soil Contannnauon Surface ' Water _
Availability, Groundwater Availability, Groundwatcr Levet, Groundwater Quahly, : |
" Flooding, Siltation, River Morphology
2)  Biotic Environment
Fauna Commimit)}'/] Tabits, Vegetation
3) Human Environment
* Settlement, Resettlement, Social Eqully, Lifestyle, Health, Populauon Gmwih
Population Structure, Income, Employment, Water Right, Insutuuonal Aclwmcs,_
Historic Sites, Culuvatwn Lwestock Domestic Water Supply

Although the resulls of the IEE revealed that there were some potc’nllal ncgativé impacls,:ElA
was not required, because the negativé impacts were penmissible magnitude, extent and
frequency. ' |
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8.6 Project Implementation Plan

The economic evaluation of each scheme shows a wide range from highly feasible DADs with
above EIRR of 10 % to low priority DADs with below EIRR of 5 %. Within the tow-priority
DADs, however, there exists some DADs having considerable impottance in exhibition, social
impact or environmental conservation. In this Study, the 14 DADs is classified into 3 groups
in consideration of the economic indicator and balance of location, as follows:

Group1 - High })riorily DADs with high ¢conontic feasibility and high status as a
model. Iminediate implementation is recommended.

~ Group II Middle DAD class in economic viability, Implementation is recommended
- from a viewpoint of medium term development.

‘Group IIl Lower priority DADs with possible ¢ffect on groundwater basin.
Implementation is conditionally recommended from a viewpoint of long
term aspect on groundwater conservation.

* The Study recoinmends the stage-wide imnplementation of the DAD schemes due to capability of
implementation agency and additive effects obtained by some DADs. The 3 stages is sel for
each DAD group above. The project implementation plan is concluded as follows:

e tastaget ot oo b Stagell S _ Stagell

Brewary  Quella Being operational

Kad Kocha ll. Mastung - . @

Mangi Kalat

Jigda Pishin

Dara » Quetla : :
Kach © Quetla Being operational
Ghadona  Qila Abdullah &

Murgl Kota) Quetia
Sakhol Mastung

Iskalkoo Kalat
WaliDad - Quella
Sanzalt Pishin
Samaki Qita Abdulla
Ghutat Shela  Quelia

Project Timplementation Plan

Along with the implementation plan, the integrated scale, benefit and economic efficiency of the
~ DAD groups are analyzed, assuming group 1 is implemented in the first year, group If in the
second year and group Il in the third year. When the project achieves at the end of the stage I,
the 5 DADs accelerate groundwater recharge at 3.0 MCM/year benefiting Rs. 22.2 million per
year. The implenentation of group 1 js judged to be highly feasible due to the integrated BIRR
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of the stage I of 14.5 % as well as necessity and anxiousness. As progressing to stage 11, the
integrated EIRR decreases (o 10.2 %, which is still higher than opportunity cost of 10 %. The
implementation of group I and 1¥ is also feasible in public investment. Eventually, the
integrated IRR becomes 8.7 % at the end of the stage lll. However, the social and
cnvironmental importance of the DADs leaves room for consideration toward implementation.
If the construction of DADs of group Il and HI takes medium and long teérm, instead of
continuous implementation within 3 ycars as (his analysis, the economic indicator may become
lower.

" Accumulative Project Evaluation under Stage Wide Implementation

DAD - Stage 1 Stage 1 & 1i Stage L, T & 1T
Dant Site (Number) 5 9 14
Recharge Volume (1000 cu.m/year) 3,028 4,924 5,466
Total Beneficiaries {person) 12,900 24,200 37,100
Trrigation Aréa (ha) ‘ 1,029 - 1,368 - 1,667
" Financial Project Cost {Rs.'000) * 370,283 683,222 - 854,869
Annual Benefit {Rs."000) 22,150 : 35,045 38,868
_ EIRR (%) ** - 145 S 102 ' 8.7
_ NPV (Rs,000) ** e 74,569 4,696 -36,210

Note: *)  Based on Table 7.4.1.
- ™) Assuming implementation of group Tisinthe l'm year, group 1l and ]ll are in the
: - second year and thied year, respéctively. .
‘Source:  JICA Study Team
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Table 8.2.1 Fconomic Project Cost of Each DAD

Economie Project Cost

Financial Cost’ _ Econamic Fingocial Cest Economic
Componant Yotal Losal Gosy Forpign Cost Tetat hocarGest | o Foreign Cast
Cost  Transfer  Uns¥iled : Cost Cost  Tanstar  Unskifed Cost
Cont Labar Othar Cost Gost Labor O:hgr Cost
L _Comvasign Facly] 0.00 D% - 047 109 0.00 0.75 0.97 109
Nama of DAD Brawary Ghutal She's
I Constrction Cost of DAD” 46,457 2642 1 ATE 22302 19,740 40,249 13854 838 1,037 3,803 8475 12562
A Diect Cost 36490 2.03% 1278 17,519 15804 31.804| 10981 425 899 2928 &700 932t
1 fam 26,491 $.573 B85 53274 10668  22.831 6.609 FX1] $30 1836 4313 8047
2 Spiteay 3,261 190 198 4,583 4,453 2,938 1,851 100 213 835 653 1,429
3 Intake Facilty 180 5 3 4 126 168 1,048 34 2 231 72 973
-4 dislation Fagibty t. 788 43 193 325 .32 1,672 215 7 7 43 t48 153
6 Renablitation of Karez o o [ o o ¢ o ¢ o [ ¢
1 Temporay Works 4,760 212 167 2285 2035 4,143 28 55 07 332 814 1.294
8  Indirect Cost o 5.473 33 &8 2756  2.348 4708 1,643 €4 45 529 1,805 1.49%
"1 Agministation Gost 1,824 104 €4 876 780 1,590 548 ¢t 45 P46 135 496
‘2 Engneating Cost 3,649 299 2 1,880 1560 3,198 1,005 43 ¢ 382 670 1002
G Physical Contingancy 6,166 240 134 2,027 1,795 3,659 1,259 49 o4 348 0 1,142
i Cost on Sedimentation (less)’ C2405¢  1.377 769 11,622 10,286 20974  7.563 309 $96 2,188 4872 - 8178
‘I Economic Proiect Cosl on 0AD - 19275 5288
[T
Y Anawal QAM Cost 81 5 3 ] 26 69 e 5 ° 52 53 93
Mote*;, Exch Erosion Gonlol Faciity
Source. ACA Study Team
Econamic Project Cost -
. _ - Firatcial Cost Echramic : Fihantal Cost Economic
- Companant Total Lecal Cost Faraign Cost Totat - - _Local Cost Fargign Cost
- Cost Trangfer  Unskited Cost . Cost Transter  Unskfigd Cest
) : . Cast - Labar thuf Cost : CCost ' Laber .Olher Cost . :
| Conversion Faghy] 6.00 0.7% 0.87 L1 900 " - 0.75 ° ° Q4r 1.60
Hame of DAD . Wall Dad Dara
1 | Construction Cost of OAD" 43406 2,058 668 W72 23,108 30073 reatd 2002 eazz | 12593 Se43 E9.58%
A Oirect Cost JMATE 621 878 14,007 18.265  30.8%6] 5EBS0 1582 3828 10412 43030 54968
1 e 10,153 607 340 5.2 4085 B7es| 24890 1008 2438 5580 24608 32203
2 Spiway 1,928 1] s 437 13 1611 1272 2%3 122 1550 10,218 12441
3 - triska Facitity 16,882 311 49 6000  10.18% 15415 2883 " s ras 2043 2,122
4 Ifitration Faclity 1,018 e 53 122 815 564 183 20 §5 529 558 1Mz
6 PRehabilalicn of Karal L] ¢ L 0 Q ] -8 0 [} [¢] [} ¢
7 Temporay Works 1494 HT 75 e2r | 2382 eozs|  rent 208 i3 1358 5N 1179
B ingicact Cost 8N 243 292159 - 2740 esa| | s 237 191 1,845 8456 8,231
b Administation Cost V124 at 29 700 913 1.544] - 2,043 LT 1) s21 © 282 .74
2 Enginasing Cost dar 162 o . 1459 87 ao0ss]  sess 158 0 1424 . 8304 5543
G Prysical Cantingancy 2944 186 6t 1evy 2,101 assz|  g7es 182 407 1,236 | ag4s | BI%
® Ceston Sedimentation fiess) 10,778 507 185 4335 5T osas| a2 vce3 2,992 7384 29450 35882
U Ecosomic Figiect Costan DAQ 20642 Canzan
[UIEY BN i] )
N Auwdl Q3N Cont 128 ) 2 48 a1 123 a3 ) T 155 T 288

Note". Excl. Erosion Contai Facily

Sourcs. JCA Study Team
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Economic Prejock Cosl

. Finantial Cost Economic Firancial Cost L TEegnamic
Comporent Totat tocal Cost Foreiga Cost Total Logal Cost Fargign Cost
Cost Transter  Unski'ed Cast Cost Trans'er  Unskitsd Cost
Cost Lebor Other Cost Cost Labor Oihar Cost
Corvarsion Facky, 0.0% 9.75 a.87 1.9 000 @75 987 180
Nama of DAD Muegl Xetal Kach
) Gonstruction Gost o DAD* €6,472 5,729 3605 11,955 43131 §2.295 14029t 4519 7,935 35,332 91.206 123,768
A Direct Cost 52,553 1,367 3,121 9,179 38,886  €9.212; 110594 3,858 6670 23,123 72059 104,715
1 Oam 3 BT4 2.263 5.608 25534 32108 61.378 1,902 4,754 12,388 48354 E2.67%
2 Spitway 5,436 1S 30T 125 4,259 54207 28.882 1,801 1126 §5,494 0 42,849 23,686
3 Intake Facility 5,432 t8? 109 1574 3562 5012 1,761 - 54 37 - 452 1.218 1,632
4 Tokilliation Fachity 593 12 15 17 459 552 504 23 55 152 274 447
€& Pashadifitafion of Karer ¢ ) 4 ] [ ¢ . 9 ) 4] [ 0 .0
7 Tampocary Waorks §.855 178 407 1,487 $.072 5.413) 14,478 507 895 3.668 9,424 12388
B Indirec! Cost . 7.883 205 156 1,689 5833 1.420| 16,647 582 344 4905 10815 15340
L Administation Cost 2.628 63 158 159 1,844 2451 ' 8,849 194 344 1,406 2,605 5.085
2 Enginzaring Cost 5,255 137 ) 1,250 3,889 4558 11,098 388 [\ 3,445 7.210 10,254
C  Physical Conlingancy 6,044 157 328 1087 4472 S6E3] 12,183 tur 121 3.203 8291 31,7CE
1 Coyl on Sedimentation Pass) 16,332 424 885 2,935 12077 146300 st 1788 2,893 C12.263 . 33.308 - 44,851
Ul Ecenimic Prcies] Cost on DAD 47.565 £330
(il = - )
| Anmual OAM Cost 738 § 13 114 105 204 a4t 12 19 184 11§ 288
Hota®: Exdl, Erosion Conel Faclity
Sourie: JICA Study Team
Econamic Projact Cont
] Financial Cost Econonmis Franaa Cont Ecanomic
Comgonent Tofal Local o8t Foreign Cost Total Locat Cost Forggn Cast
C Cost Transfer  Unsiad Cast Casi Trarsler  Unskified : - Gest
: o Cost - usnor  OUerCest : . ©Cest . - Laver Othar Cost C
- - __Goryarsion Faclod - 9.02 415 ¢37 1,00 §.00 - 0.75 9.7 t.00
Nams of CAD i Jigds Sanaati
I Gonstruetian Gost of DAD® AL85E 1484 21210 14,233 . 27.010 3838 4veis - 2273 Tasae 15912 | 26487 | 4342
A Dirgct Gost 33,088 04,473 0,837 8.T:0 21,358 30322 38.906 4797 3.934 12237 0 20938 34,53
{ O#m 18,015 ird 1,143 3015 2 reeds] 12,19 §53 $,316 2661 11.789  15.56:
2 Spitway 8,263 275 333 2,142 2819 a3z 13088 aas 2.02% 5,699 4,909 11,302
3 iniske Facility 3,504 (AL 7 951 2,459 3,333 e 27 18 223 $05 it
4 Intittraten Faciity 2,273 1] 1 s27 1,669 2,140 273 e 25 58 170 213]
¢ Rohadilfalion of Kesez (K13 97 27 843 643 1,407 2094 125 kH 1,093 b38 1,883
7 Tempocary Woks 4318 153 49 1437 2,788 3,855 8975 23 $13 1,538 2,731 4585
B8 indirect Cest 4,553 176 22 1,452 7 3204 4570 5838 20 197 2223 3,141 §5.228):
1 Administrafion Cest 1,654 ‘59 $2 35 1088 158 1945 9 187 . 692 1047 1727
i 2 €ngineering Cost 3,309 17 o 1,058 2,138 34540 3891 132 T He1T T 2.03% . 3500
"G Prysicat Contingandy 3,808 135 193 v 2,456 3,483 [RES Czar BPTE V447 2,463 1,978
) : ; : C ' S .
1 Cost on Sadimantation (ass) 15,124 . 7 838 788 4,059 9,762 1329y 22818 1054 2,107 7.977 12283 18,898
Bl Eoorumis Prasct Costoa DAR 25,008 o | as.02
{In=b-n)
¥ Anousl QM Codt L H 10 15 115 155 255 198 ] 18? C 102 62 157

Kote": Extt Erosion Contol Facity

Ssurce: JICA Sudy Team
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Economic Project Cost

Financial Cost . Economic Financial Cost [
Componen] Yot Local Cost Foreign Cost Tolal Local Cost Fargign Cost
Cost Tragngfar  Unskifed - Caost Cost Tiansler ~ Unskifled Cost
J Cost Laboe Gtrer Cost Cost Lador Qther Cast
Croaversion Fact 0.00 015 oe’ .00 0.¢0 &5 047 1.40
Mame of DAD Acambl [Ghatlona) Acamdd {Samaki}
1 Consiryctipn Cost of DAD" 244978 917 1,492 6,439 4710 21,887 15,648 §73 933 5,920 8,834 14,044
A Dirget Cost 19,034 rag 1 5,373 11,823 17272 12,244 532 852 3,577 7023 11,093
i Dam 10,651 324 115 2133 7412 9,855 - 5,084 13¢ Are 1,014 3,545 4,706
2 Spilhwsy 4,913 285 s 2,252 2,06¢ 4,258 4913 245 Jte 2,282 2480 4,256
3 Mlake Facllity are 29 i 247 532 a3s 640 22 14 129 425 592
4 infilireSon Facilty 113 5 £3 35 69 100 97 2 & 13 8 92i
& Rehabiitation of Kasez 4 o [ [} 0 0 [ -} ° 0 0 L}
T Temporary Wods 2,483 27 $1€8 70t t.547 2.253 1.810 69 1C6 513 $id 1,447
2 Indwect Cost 2,855 IRREY £5 93s Tt 744 2,607 §.852 80 o 674 1.053 1874
1 Administrafion Gost g52 L7 €S 269 581 - 364 $17 27 41 99 4518 535
T Engingerng Cost 1,003 74 o 111 1,163 1,743 1234 53 4] 479 102 119
€ Poysice! Contingancy 2189 1) 136 631 1,337 . : 1,548 1.420 (3] a3 465 o8 1.217
1 Coston Sedmantation (ass) Co1t213 436 698 2N 6,851 9.6624 4 385 189 264 .43 2,431 3.749,
M Eronomic Prosct Cost oo DAR 12.20% 19.22%
(=t
I Aanual QAN Cost 141 B 9 T4 13 119 1% L3 ¥ 54 §3 100
Note™; Excl. Eresion Contal Facildy
Saurcé: JCA Sndy Teamn -
Econemls Peoject Cost
Financial Cost Ecoromic § .. Fnancial Cost Esonomic
Companent Total Locat Cost Foraign Cost Yolat Locaf Cost Faroign Cost
Cost ' Transfer  Unskilisd Cost Cost Transfer  Wngiifed . Cost
S " Gostc | Lapor CmnerGe ‘ ot Lapar | OerCest o
s : Convesion Faglod 9.0 0.15 087 1.00 .00 Q.75 [ X:}4 1.00
Nama of DAD - . . . Mangi
1 Coristacion Cost of DAD" 65970 2578 447 10453 39,292 s5.008| 73820 A 3937 2 adaz £5,535
A Oirect Cost S1.808 2038 4110 14230 3,40 46,604] - 58,356 2482 3,403 18931 21834 . 52.55
t Dam 385,443 1,245 935 2279 23933 32,387 - 20,489 967 2.245 T g8 13,801 26,192
2 Spileay sAu a 583 2,844 1623 4,545] 12,621 760 526 8,317 5088 104658
-3 lmaks Faciity 294 27 L 233 607 8z¢ £,82¢ 148 b2l 1,249 3.1¢4 1,233
4 Inlitraton Faslity 102 2 6 t2 B2 o 462 ] 23 48 a2 392
6 Pehabiiitatian of Karer 1,931 114 33 _ 5.009 [2x) 1676 - 4,632 278 79 24n 1,854 1,020
T - Tampocary Works §.720 286 535 +.856 4062 6,079 7,812 324 445 | 2.45% 4374 6,458
B lndirect Cost 2728 - 236 28 288 4sm LETT R 22 irz 170 7 3,183 . 5030 92
1 Administrabion Cost 2578 . 192 264 72 1,557 2,330 .2.918 124 170 94T b &2 1608
2 Eﬂ?ir‘,ea:‘.ng Cost 5,952 ¢ 204 [} 1,804 © 3114 4,710 5,836 248 0 224 3,353 $,297
+€ Prysical Cantingancy $.92% 23 432 7 8T8 3,588 5,384] 6.1t 285 358 2211 3As5 - 6.013
£ Co_s!'m Sadirnr_ylation {lass} . 39,631 1,572 2,538 11239 2299 32,783 . 9.022 :.ézs 1,537 9,456 18,563 24,835
(i} :Emﬁm&‘.ﬁ&nﬂ.w" ’ 2523 ) 45,710
il k-1y :
B Aacunl OAM Cost 328 13 24 207 84 za4] o o3e2 18 FIS 128 167 2

Note®;: Excl. Erosion Conlgl Facility

Source: JCA Shudy Team
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Economic Project Cost

fingacial Gost Eoonomic Firangial Gost Economi |
Componant Tota! Local Cosl Forslgn Caost Total Local Cest Forgign Cost
Cost Teanster  Unskifled y Cost Cosi Transtar  Unskiflad - Cost
Cost Labar Cihar Gost Cost L abar Qthar Gost
| ___Lovorsion Faclor] .00 015 0.87 1.00 9.00 .78 Q.87 1.02 N
MNars of DAD Ked Wocha [ELLL ]
I Consiroction $ost of DAD® 60,259 2;382 43114 11123 38,443 4,573 22310 1,552 1,768 7.703 11,849 19,874
A Diract Cost 47,835 1433 3,13 13,289 8809 £3.102] 11,624 g2 .50 5,951 9,340 15.62¢
T Dam 50719 $.034 2.397 6,929 20,447 28,243 6,432 196 47¢ 1.283 4414 5,350
2 Spitway S T X 515 169 3,863 2,626 E.5E4 8,038 102 833 3679 3.083 6.810
3 Intake Fadility 2,375 T 45 17 1,639 2210 ns 24 15 200 476 (18]
4 infitration Fagitity 495 13 1 13 389 463 132 3 ) 18 108 126
§ Perabilitation of Karez 0 [+] L] 1] o ¢ L ] -0 ¢ Q 0
1 Ternporasy Works 4,213 246 497 1,123 3788 - s.622 2,207 109 ol T 1,221 2,047
B lndirect Cost 7.14% 292 187 2,353 4321 0 8810 2,653 125 7 1047 1.404 C2.372
1 Adminisiration Cost 2.282 ‘94 rar N1l 440 o 2,155 B854 2 17 233 A6 7B%
2 Enginganng Cost 4,784 143 0 " 1,694 2,981 1.355 1.763 a3 0 749 16 1,588
" € Physicat Contingency . 54718 27 32 1,557 3,313 4',951 2,034 98 161 70t 1,076 1.807
t  Cost on Sedhmantation {655} 35,838 1,420 2.5M 10,212 24,724 30,5!! 6.855 323 542 2.353 38529 $.695
U Econoemic Profect Cost on RAD 22.8%5 14,182
(=1~
¢ Anrual QM Cool kL1 15 24 179 16% 321 131 ] 10 11 58 T 101

Nota*: Excl. Erotion Contal Facility

Source: JICA Study Team
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