q. DAM SITE AND CATCHMENT AREA OF DAM
4.1 Existing Dam

Dam and reservoir features and dam observations on damplanning, design, construction and
O&M activities for selected existing dams are summarized in Table 4.1.1 and 4.1.2. The
followings are detailed descriptions of the geo-hydrogeology, dam, its reservoir, conditions of
socio-cconomy, agriculture, irrigation and environmental aspects, for the selected 19 existing
dams. '

(1) Khora Manda dam

I'opography. geology and'hxdroggologx

The catchment area of Khora Manda dam is mostly composed of limestones of Jurassic age, of
alluvial sandslgravels in the mountain side, and of silt tracing dense sandsfgravels of Subrecent

deposits around and just upstream of dam site. In the downstream, picdmont slope is extent

Widcly. Just downstream side of the dam site is composed of considerable dense silt tracing

sands/gravels strata of Subrecent deposits. Permeability at the dam site is retatively high. Due

to good permeability and litte siltation on the reservoir bed, waler storaged in the reservoir

infiltcates into the ground in a short duration. Fan deposits in the downstream of dam are very
thick, and changes’ into valley floor mainly compbscd of silts/clay strata.

The radius of alluvial fan extent in the downstreami of dam is between 2 and 3 km,
“Topographic gradicnt is more than 1 in 20 in the upstream side, and approximately 1in25in
' the downstream side. Radlal angle of alluvial fan is approximately 120 degrees assummg that

“the pivot is at the dam site.

: Dep{h to bedrock has nOt been confirmed duc to lack of data, Bostan Formation may lie from
the depth around 150 min the valley floor. Coefficient of pcrmeabililly of alluvial fan is

-inferred 1o be the higher side in the order of 10° ¢enVsec, and gradually becomes lower as

‘proceeding o the downstream, ’i‘raﬁs’miésivily of the fan deposits is around 40 m*/day
‘estimating from the existing data. Speaﬁc yield is approximately 15 % around fan front, and a .
little more than 20 % at the uppennost-stream. Deplh to groundwater surface is approxunatcly
30 m as of 1988.

Dam and reservoir

The dam is located at fan head of the alluvial fan. The catchment area is situated in limestone -
area in the upstream of the catchment area, and Picdomont deposits in the middle and
downstream of the catchment area. Vegetation cover is scarcely observed.
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Proposed dam is situated in piecdmont deposits. Scdiment of 0.6 m thickness has been
accwmulated in the reservoir during 3 years after the dam completion. Recharge capacily
through dam and reservoir foundation is expected less due to poor permeability of the

foundation,
Dam Type Dam Crest Catchment  Embankment  Recharge Flow
Height Length Arca Volume
Fill dam 104m 238w 12.2 km? 45,700 m*® thiough dam foucdation

Socio-econoinicat condition

The estimated number of households of the beneficial area is about 25, and population is aboiit

1200 souls. Brahvi speaking Syeds, and Achakzai and Kakar tribes of Pashtun ethnic group are
the residents of thesc scitlements. Out of 25 households, only 3 can be classified as
agrlcnllura]lsts, while the other 22 families are partly dependent on agriculture and partly on
work as physicat labours. Domestic water source is tubewells. Energy source is electricity and
woods. There is one boys primary school. No health facilities exisls. According to the
residents they had suffered consmcrable flood damage on their agriculture lands due to the poor
design of lhe dam.

Agricvllure and irrigation

The land has very high potential for irrigated agriculture (ir1). The crop suitability classification
of the soil is well suited suggesting that all types of crops, vcgetables and orchards can be
'grown in the area. ‘The major source of irrigation water is tubewell, a]though vasl of land
remains unirrigated. - Wheat and other v pland crops are dominant.

. Envirom_ngn_t

The cffectiveness of groundwater recharge by means of the DAD is comparatively tow due to
scarce volume of water infiltrated tﬁrough the reservoir foundation, It impl'ies that the DAD has
not contributed to the sustainable use of natural resource. Therefore, the DAD creates no
positive impacts to both physical and human environiment. Flashing walter through the spillway
of the DAD caused flood damages (o the arable land of left bank at the downstream. Those
regarded as some negative impacts to the human environment related to agricultural and
- economi¢ activities. In order to witigate the concentration of flood to the lefl bank, a water
" course work has been implemented at the downstream of the spillway.
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(2) Marium dam

Topography, geology and hydrogeology

The catchment area of Marium dam is composed of Conglomerates of Miocene age forming
steep mountain slopes. The catchment area is too small to supply usable runoff. In the
downsteeam of the dam, relatively thin talus-like alluvial deposits are extent widely forming
relatively steep slopes. The thickness of alluviums may be 30 m at maximum in the valley
bottom. Topographic gradient is stecp showing approximately 1 iiv 10. Coefficient of
permeabitity of alluvium is inferred to be in the order of 16° to 102 cnv/sce.

Dam and reservoir

The dam is located at the small tributary of the Hanna river. Coucrops of conglomerate exists
in whole of the catchment arca. Vegetation is not observed over the catchment arca. Talus
deposits is observed at the dam site. These scheme is not viable because of small rccharge'
capacity from the narrow catchment area. Few sediment has been accumulated in the reservoir
during 2 years after the dam completiion Rcéharge capacity (hrough dam and rcservoi'r :
foundation is expected less due to poor pcrmeablllly of the foundalxon Impoundmg watcr is
utilized for the domestic use in the Vllely area,

Dam Type " Dam Crest Catchment © Embankment  Recharge Flow
Height Leagth Area Vaolume : :
Fill dam 45m  12m 0.5km? - 42300 m® ° through dam foundation

Socio-economic condition

‘The number of households of the beneficial area is about 60 and pépulatiqn is estimated about
800 souls. This area is located Urak valley riear Queita city. The resideits belong to Kakar

tribé of the Pashtun ethnic group. Although they livein the suburb of Quetta city, their social

values and customs are very traditional. Out of 60 households only 16 houscholds are

dependent on agriculture, while 35 houscholds are small tradérs or work as labours. Besides

them 15 houscholds are engaged in government service. Domestic water source is Wali Tangi. |
: 'Dam Energy source is electricily and woods. There are one primary school and o}ic middle
~ school. One dispensary is set up. According to the n,s1dents the dam is of no 50(:10 cconomlc
benefit to them. '

Agriculture and irrigation

The major soil in the area is man-made soil. The man-niade soil material in the valley is mostly
transported from out side. The land bas high to moderate poteatial for irrigated cultivation (i, .
irlls and intilw). ‘According to crop suitability classification, it is well to moderately well suited
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soil to all types of crops, vegetables, and orchards. It also has good to moderate irrigation
suitability. Major water source is spring. Orchard is dominant.

Environment

The eftectiveness of groundwater recharge by means of the DAD is comparatively low due to
small catchment. it implies that the DAD has not contributed to the sustainable use of natural
resource.  Therefore, the DAD has not created any positive and negative impacts to both
physical and human environment.

(3) Bosian dam

- Topography. geology and hydrogeology

The catchment area of Bostan dam is composed mainly of limestones interbedded with Matl,
Sandstone, and Shale of Permo-Triassic to Jurassic age, and partly of Paleocene limestone. In
“the downstream, piedmont slope is extent widely. The thickness of alluvial fan deposits
‘extending in the downstream of the dam is from 20 to 30 in, and reaches one hundred and tens
of meters at maximum. The surface Jayers along Bostan Lora are silly to clayey valley fioor
deposits. Abutmeat of the dam body is emplaced on Chiltan limestone of Jurassic age. In the
part of river bed, relatively thick river deposit or fan deposits distribute Bostan Formation
forms hills extending in relicf in the other bank side of Bostan Lora, and lies in the area of
" valley floor underlain by bedrock. Alluvial fan in the downstream forms typically with radius
_ | : about 3 km, and topographlc gradlent approxmlately 1 in 20. Rad1al anglc of alluvnal fan is
: apprommatcly 180 dcgmes aswmmg that the pivot is at the dam site.

_ Th'ough dcpth to bcdro_t:k has ‘nct been confirmed due to lack of data, it is inferred to be more
than 150 m in valley floor. Coefficient of permeability is 4 to 5x10? cmvsec in fan front atea,
and 7 0 § x10” co/sec in the upstream area. Transmissivity is more than 500 ny/day in the

_ _ccnter of altuvial fan, and between around 100 and 300 m’/day around fan front area. Specific -
yicld of fan deposits is approxlmatcly 20 % or more. Depth to groundwater surface as of 1978
was more than 40 m, however il showed approximately 60 m as of 1988.

Dam and reservoir

: :'l‘hc dam is locétcd at the fan head of the alluvial fan. The construction was achieved with
financial assistance of Kuwait (Small Irrigation Schemens in Balochistan) 6 years before. Most

of the catchment area is composed of ounfcrops of limestone and vegetation cover is scarcely
- observed.
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Dam site is situated in limestone at the right side abutment and piedment deposits at the left side
abutment, Recharging is effectively accelerated through well permicable foundation of the dam
and reservoir.

Dam Type Dam Crest Catchment  Embankment  Rechasge Flow
Height Length Area Volume -
Fill dam 160 m 272 m 234 xm' 164,000 m’  through dam foundation

Socio-economic condition

The estimated number of houscholds of the beneficial area is about 300, and pbpulalion is
about 4,000 souls. The area is included the urban area of the Bostan, All residents belong to
the Kakar tribe of Pashtun ethnic group: The socio-political structure is semi-tribal. Domestic
water source. dépcnds on the facilities prepared by Public Health and Engineeridg Pepartment
(PHED) and encrgy source is electricity. There are two primary schools and one middle
school, and three dispensaries in the area. According to the residents, the existing dam has
given a positive impact on their lives.

Agriculture and irrigation

The area is moderately well drained and has'modefatcly slow permeabilily.:Major part of the.
cullivated ‘area has very high potential (ir1) for irrigated crops, vegetables, and or'chards Itis
well suited to all types of crops and orchard according to crop s.ultablhly classmcatwn The
area is mamly 1rngatcd by luhc\vclls Orchard and wheat ate major Crops.

Environment

Although the effectiveness of groundwater recharge by means of the DAD is likely to high, itis
difficult to identify its own recharging gain due 1o other dams effects. The DAD has
contributed to the flood mitigation either, and some ncgaliv'c impa’éts to the human environient
were recognized. ' | '

(4) Khushab dam

Topography. geology and hydrogeology

The catchiment area of Khushab dam is composed of limestone and shale of Crelaceous age,
and conglomerate of Miocene age, and partly Ophiolitic lntmsi\’és.

In the downsiream of the dam site, wide siver bed extend. After passing the isthmus Jocaling
around 2 km downsiream from the dam, picdmont slope is extent widely. The basement of
isthmus part is Jurassic limestones. The dam body is emplaced on the foundation of
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Cretaceous limestone and shale in the section of dam abutment, and river deposits of
sands/gravels in the section of river bed. The thickness of river deposits is confirmed 12 mat
50 m downstrcam from dam axis-by the result of test drilling. Coefficient of permeability is
- 1.42x10° cm/sec. However, sillation in the reservoir blocks storage water from infiltration into
ground. Fan deposits in the downstrcam may be composed mainly of sands/gravels strata
intercalated with silts/clay lenses. The thickness of the layer is inferred to be between 100 and
150 m. The bedrock of this area miay be Ophiolitic Intrusives, The radius of alluvial fan extent
in the downstream of dam is approximately ! knr. Topographic gradient is approximately 1 in
25. Radial angle of alluvial fan is approximately 180 degrees assuming that the pivot is at the
dam site. ' '

Depth to bedrock has not been confirmed due to lack of data. It may lie from the depth around
150 m in the valley floor. Coefficient of permeabiity of alluvial fan is inferrcd to be the higher
side in the order of 10° cmi/sec, and graduatly becomes lower as proceeding to the downstream.
Depth to groundwater surface is inferred to be in the range of 20 and 30 n.

- Dam and reservoir

* The damn is located intributary in the mountainous terrains. The catchment area is composed of
limestone, shale and congl@mcrale. Vegétation cover is comparalivcly' in good condilion
because of adeqi!ate soil moisluré in the catchiment arca. Dam foundation comprising of shale
exists 12.5m depth from the river surface. Rccharge is acceleratcd through the dam foundation
accumuhtcd under the dam body, however rcch'trge capacnty is not so high due to fine
' matermls such as sand silt in the aquifer.

- DamType . .~ Dam © Crest - Catchment - Embankment  Rechargé Flow
: _ Height . Length Arca _Volume . _
o Fill dam C 1S54m0 164m - 152 km? 52,200 m' . throigh dam foundation *-

Socio-econoniic condition

The estimated namber of households of the beneficial arca is about 180, and population is
about 2,000 souls. This arca is a great the districe away to the direct center. Major residents is
KaKar tribe of the Pashtun ethnic group. All of thé houscholds are engaged in agriculture,
_Domesuc waler source is karez and tubewells; and energy source is electricity and wood/coal.
There are 2 primary schools and one middle school. No health facilities exist. The impact of
* the existing dam is not so remarkable.

Agiiculture and irrigation

The land has very high potential for itrigated agriculture (irl). The crop suilabilil_y classification
of the soif is well to moderately well suited to types of crops and orchard. Majbr source of

- 08 -



irrigation waler is karez. Another new karez has been under construction to expand the
cropped land in the area. Orchard is a major crop, followed by wheat.

“The effectiveness of groundwater recharge by means of the DAD is not high due to scarce
volume of water infiltrated through the reservoir foundation for the siltation in the reservoir. It
implics that the DAD has not contributed on the sustainable use of natural resource. Therefore,
the DAD creates no positive impacts to both field of physical and human environment. The
DAD has contributed to the flood control.

(%) Tirkha dam

Topography, geology and hydrogeology

The catchment arca of Tirkha dam is composed of clayey strata of Pleistocene Bostan
Formation forming aquitard,

Up to some extent of the dowastecam from the dam site, Bostan Formation is exposed.” Silt

tracing sands/gravels strata of alluviwms as aquifer is distributing along the stceam channel. -

G:_:oundwatc‘r flows as subsoil water in the river deposits. The thickness of river deposits was
“only 2 mat 50 m downstrean of the dam as a result of test dril]ing. _

After the way-out of hill.y.area, small alluvial fan followed by valley floor extends. Sandy
slrala forming relatively well aquifer lie over silly strala in the alluvial fan area. ‘Topographic
gradient along river bed is very gcntlc.:ahd that of alluvial fan is between 1 in 80 and 100.
Coefficient of permeability of tiver deposits and fan deposits is inferred to be in the order of -

10-3cm Jsec. | ' Lo

Dam and reservoir

Because dam foundation is composed of low permicability comprising of fine materials of
~ sandy clay, rechacge of the impounding water is achieved at the dowastream of the reservoir.
Impounding water is diverted through an intake conduit jnstalled in the dam foundation with
valve control. Impounding water is periodically diverted to the downstreant of the dam o as to
minimize the evaporation loss. Fine materials of silt and sand have been accuinulated in’ 15m
thick in the reservoir. Vegetation cover is scarcely observed in the catchment arca due to heavy
surface erosion. ' '
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Dam Type Dam  Crest Catchment - Embankment  Recharge Flow
Height Length Arga Volume

Fitl dam 10.5 m 41l m 13.7 k! 53,700 m’  through river bed
Note) Ouiftow of impounding water is atiained through conduit of S150mra diameter,

Socio-cconomic condition

The estimated rumber of households of the beneficial area is about 60, and population is 900
souls. The residents belong to the Kakar tribe of the Pashtun cthnic group. The socio-political
structure is semi-tribal. Of the total number of 60 households, 10 are involved in agriculture,
whereas the rest are employed in trading or government jobs. Domestic water source is
‘tubewells, and energy source is electricity. There are two primary schools. None of heaith
facilitics exist. According to the residents, the existing dam has beea snccessful in replenishing
the groundwater table.

Agriculture and irrigation

The land has very high to high potential (irl to irlls) under itrigation. It is well suited to all
types of crops, vegetables, and orchards. However, some of the area is occupied by the soil
which has poor to marginal potential under irrigated cultivation because of moderately coarse
tcxturé, moderately rapid permeability, and moderately low water holding capacity. - The major
source of irrigation is tubewell. Orchard and wheat are dominant crops in the arca.

© Environment

- Infiltration through the reservoir bed is low due to geological condition of confining bed. In
" the end of rainy season, the surplus water discharged through the c_s,'ca’pe may contributes to
- groundwater rechargé in the downstream.” It implies that the DAD has contributed to'the
sustainable use of natural resource. T herf:forc, the DAD creates positive impacts to both fields
of physsc al and human environment. In addition, the DAD has contributed to the flood comrol

{6) Amach dam

Io;_)ogr_aphy, geology and hyﬂgg_c:@lﬁggx

~ The Latchmcnt area of Atach dam is composed mainly of limestones of Jurassic age, and

partly of Miocene lintestone. Valleys enclosed by these mountains are extent relauvely in large
-scale buried by alluvial sandfgravels The thickness of alluvial sands/gravels in river bed of
" dam site is‘inferred to reach to around 150 m. In the downstream, piedmont slope is extent
~ widely. Sands/gravels strata found in the downstream of the dam get deeply under valley floor
deposits, and forms deep confined aquifers. Valley floor deposits consist almost of silts/clay
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strata in (he upstream side, however in the section between Mastung Town and the Gap
through Shirinab Sub-Basin, it consists mainly of sandy or sand-tracing silts overlain by about
10 to 15 m thickness of sands/gravels strata near ground surface. They may be supplicd from
mountains of westesn watershed of Mastung Sub-Basin. |

Radius of alluvial fan exposed in the downstream of the dam is in the range of 2 to 3 km.
Topographic gradient is in the range of 1 in 80 to 100. Radial angle of alluvial fan is
approximately 180 degrees assuming that the pivot is at the damsite. Depth to bedrock has not
been confirmed due to lack of data, however, it is inferred to be approximately 150 m around
dam site, and 200 to 250 m in the downstream side. Coefficient of permeabilily of fan deposils
is in the order of 10° emV/sec. Transmissivily may be around 150 m’/day in alluvial fan, and
less than 10 m*/day in valley floor. Specific yield is approximately 20 % in alluvial fan, and
less than 10 % in valley floor. Depth to water level during 1988 to 91 was in the range of 10 to
25 m.

Dam and reservoir

The catchment area is composed of outcrops of limestone. Piedmont deposits and talus

fdeposits have been accumulated at the foots of limestone mountains with their thickness of

- more than 150 m at the dam site.: de abutments of both river sides are composed of otitcrops
of limestone and alluvial deposits. Litlle sediment is observed in the reservoir duﬁing 8 yeﬁr_s

“after the dam complcli(m cht,lalion cover is well observed on the slope of piedniont and talus
depos:ts The total storage volume of 1,050,000 m’is comparatively Iargc rather than those of
other dams. ' '

DamType - Dam Crest - Catchment  Embankmient  Recharge Flow

Height Length . Area - Volume

CFilldam - 152m - 762m 257 km' 136,000 m’ - through dam foundation

- Socio-economic condition

The és'limaied'numbcr of households of the beneficial arca is about 250, and population i's
- about 2,000 souls. This arca is situated near Mastung town. The. majority of rcmdents are
Persian speakmg Dehwars tribe with a small aumber of the Bangulzai tribe of the Brahvi ethnic
group. The socno-pohhcal structure of the communily is semi-tribal. Out of a total 250
houscholds, only 50 are involved in agriculture while the rest depend on government jobs for
their livelihood. Domesiic water source is karez, and cnergy source was electricity and gas.
There are 3 primary schools and one middle school. One dispensary was cstablished.
According 1o the residents, the dam has helped in replenishing the groundwater table.
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Agriculture and inrigation

The land has very high to high potential under irrigated cultivation (irf to irtl). It is well suited
for all types of crops, végetables, and orchards. However, irrigation requirements will be
much rather than those of other crops. The higher terrace is presently being used for cultivation
‘of dry-farmed crops such as wheat and watermelon. Irrigation is difficult due to landscape
position. Part of the area is being used as grazing land which is subjcét to severe wind erosion.
The lower terrace is under irrigated cultivation, Major source of irrigatioh water is karez.
Orchard and wheat arc major crops.

" Enviromment

Groundwater recharge by means of the DAD has contributed to the sustainable use of natural
resource. In addition, discharge of karez has been increased by the effectiveness of
groundwater recharge, so that irrigation and domestic water supply tend {o be stable.
Furthermore the DAD has controlled the flush flood causing negative impacts to the human
environment. Therefore, the DAD creales positive impacts to both fields of physical and
~ human environmeint. |

(7)  Kad Kocha I dam

Topography, geology and hydrogeology

‘Kad Kocha I dam is located around 2.5 km upstream of pioposed Kad Kocha IT dam site.’ The
site is situated in the wide valley enclosed by Stcep mountains composed of Jurassic and
‘Miocene limestone, and emplaced on very thick alluviums ini the river bed which continues to
‘the downstream through the Kad Kocha Il dam site.

The thickness of alluviums may be approximately 100 m in the valley bottom. Topographic

gradient is approximately 1 in 30. Coefficient of permeability is inferred to be in the order of

10-3 civ/sec, and transmissivity is in the range of 50 to 100 m¥day in the alfuvium. Depth to
wafer level inay be around 50 m. ' |

Dam and reservoir

The catchment area is compbsed of outcrops of limestone. Piedmdnt deposits aﬁd_talus
' deposits have been accumulated at the foots of 'limcstonc mountains. Dz{n] abutment of right
side is composed of piedmont deposits, and left side is composed of outcrops of limestone.
" Because of high permeability of the dam foundation, recharge capacily of the dam is very high.
Pew sediment is observed in the teservoir during 12 years after the dam completion because
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tributarics extend radicatly, accordingly floods flow down through small creeks distributed in
the catchment area.  Vegetation cover is well observed on the slope of piedmont and talus

deposits.
Dam Type Dam Crest Catchment  Embankment  Recharge Flow
Height Length Arca Volume
Fill dam 152 m 616 m 210 ke’ 198,200 m* through dam foundation

Socio-cconomic condition

The estimated number of houscholds of the beneficial area is about 270, and population is
~ about 2,500 souls. This community belongs to Lango tribe of Baloch ethnic group. The social
* structure of the community is tribal. No marketing facilities exist in the area and the farmers
usually market their agricultural products in Quetta and Sukkur. The farm input materials are
usually bought from Quetta city. Domestic water source is open surface wells and tubewells,
Energy source is electricity, kerosene, wood and coal.’ Therc are two boys' primary schools.
No health facilities cxist. The average househiold income is estimated better than the average of
entire Balochistan Province. The technical capabilities of farmers are better than the average
* farmer in the province, but no agriculture training has been imp_atte(i to them. Therc is oné
agricultural cooperative in the village of Mall Khann. :

Agriculture and irrigation

The soil is highly suitable for irrigation and good for growing of various crops. The main
crops aré apples, onion, Karif vegetables, wheal, Rabi vegetables, and forage crops. ‘The main
livestock is sheep and goals, out of which considerable heads dre raising in herd size of 40 to
60, The farm size is relatively big resulted to high income level, As it is the best suitable
region for groundwater use in wewpomt of hydrogcology, many number of shai{ow well and
tubewell cxnsl in the cxpccted beneficial area of Kad Kocha H DAD. No karez is operated in
these area. Flood irrigation is only available behind area irrigated by the tube-wells where
extends far from 2 or 3 km downstream. Tubewells at 62 number are operational in the
specified behefit area Jocated upstream of the flood irrigation arca,

Environment

Groundwater recharge by means of the DAD has contributed to the sustainable use of natural
resource considerably. In addition, water level of existing tubewells located in adjacent areas
has been stabilized by the effecliveness of groundwater fccilarge’ so that irrigation and
domestic water supply has been ensured. Furthermore the DAD has controlled the flush flood
causing ncgahve lmpacts to the human environment. Therefore, the DAD creates positive
impacts to both ficlds of physical and human environment. However, those positive impacts

- 103 -



are fragile due to inappropriate installation of tubewells, it is necessary to execute appropriate
groundwater use control in order to ensure the sustainable use of groundwater resource.

(8) Gorpad dam

Topography. geology and hydrogeology

“The catchinent area of Gorpad dam is composed of marly limestone, shale, and sandstones of
Cretaccous age. The dam is sitnated on one of the branch stream of Kani Jhal locating around
the foot of hills. Alluvial fan having topographic gradient approximately 1 in 30 is extent
around there. The thickriess of alluvial fan deposits may be 30 m at maximum in the valley
bottom. The deposits in this area are in high saline. Though salinity of stored water in the
reservoir is barely allowable for irrigation purpose, in the river bed of the downstream of dam,
much salts have been remarkably solidified.

Dam and reservoir

Two dams of Gorpad T and I have been constructed in close distance. The catchment areas of
- both das are composed of limestone and alternatives of shale and sandstone, and alluvial
deposits have been accumutated in the river bed at the dam site. Groundwater recharge is

accelerated through the dam and reservoir foundalion, however, impounding ‘water in the
(xorpad I dam is contaminated with saline (EC=2,500 1S or more), so that the recharged waler -
is not suitable for irrigation and also domesuc use.

Dame Name - Dam - Dam Crest Catchment  Embankment  Recharge Flow
____Type  Height : Length Arca . Volume . .
. Goipii] - Fill dam 98 m 244 m 0.2 kin’ 38800 m® - through dam foundation
. Gorpad Il Fill dam 67m  160m  05km® 23200 m*  (hrough dam foundation

Socio-economic ¢ondition

The csliméled number of houscholds of the beneficial area is about 180, and pophlatiion is
ab’pin_l 1,500 souls. Brahui people live in the area. Near the dam site, nomadic people were
obscrvc’d ‘The arca is located along the highway to the Karachi, and is relatively near the Katat
town, Domestic water source is spring and cnergy source is electricity and wood/coal. There
is one primary school. No health facilitics exist. The benefit of the existing dam is not
* remarkable,

Agriculture and irrigation

The soil is well drained and has moderate permeability and moderate walter holding éapaciily.
The land has a high potential under irrigated cultivation (irl). It is well suited to all types of
crops, vegetables and orchards. Presently, it is under dry-farming for wheat only.
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Environment

Groundwater recharge by means of the DAD has contributed to the rehabilitation of natural
resource. However, high salinity of impounded water has caused deterioration of groundwater
quality and soil fertility in the downstream. Due to no human and cconomic activities in the
areg, no negative impacts to the human environment has been caused.

(9} Laghmgir dam

Topography, geology and hydrogeology

The catchment area of Lagmgir dam is composed mainly of limestones of Permo-Triassic (o
Jurassic age and partly of alluviums. The dam is located at a litlle upstream from the way out
of mountains so that the downstream section 700 to 800 m length from the dam is narrow river
bed followed by widély_exlending piedmont slope. The thickness of alluvial fan deposits may
be in the range of 100 to 150 m, and changes into valley floor deposits. Alluvial fan in the
downstream forms typically with radius about 3 to 4 km, and topographic gradient in the range
of 1 in 50 to 60 in average. Radial angle of alluvial fan is approxinmately 130 degrees.

Coefficienit of permeability of fan deposits is in the order of 10° ci/sec. Trans‘m'i'ss'ivity is in
the range of 50 to 100 m*/day in the center of alluvial fan, and specific yncid of fan deposnts is
approxxmalely 20 % or more. Depth to water lcvcl may be approxunalcly Som. .

" Dam 'ancl [eservoir

' Thc catchment area is composcd of alternatives of shale and saudslonc, and hmcstone Alluvial

deposnls have been 1htckiy accumulated in the river bed at the dam site. ‘Accordingly, rechaige

capacity through the dam and resecvoir foundation is hlgh River run-off was assumed to be

suitable to the reservoir capacity judging from the reservoir water level during floods.
Vegetation is well observed on the slope of piedmont and talus dcposils.

Dam Type - © Dam Crést Catchment  Bmbankment  Recharge Flow .
 -Height Length " Area Volume ; .
Fill dam 122 m 135 m 293 km® 77,400 m’  through dam foundation

Socio-economic condition

The estimated number of the households of the beneficial area is about 180, and poplllation of
the area is about 2000 souls. The setilements are scattered with small size. The rhajorily of the
residents is the Lango'lribe of the Baloch ethnic group. The socio-economic structure of the
communily is tribal, but the tribal ties have weakencd due to the cconomical improvement.
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Domeslic water source is spring, and encrgy source is clectricity. There are one primary school
and one dispensary. According to the residents, the existing dam has caused improvement in
agriculture. '

Agriculture and irrigation

The land has a very high potential under irrigatiori (irl). It is well suited to all types of crops,
vegetables and orchards. The area is mainly irrigatéd by tubewell and spring. Orchard, onion
and wheal are major crops.

Environment

Groundwater recharge by means of the DAD has contributed to the sustainable use of natural
resource considerably, In addition, water level of tubewells has been stabilized and discharge
of karez has been increased by the dam’s effect of groundwater recharge, so that irrigation and
~ domestic water supply has been ensured. Furthermore the DAD has controlled the flush flood
causing negative impacts to the human environment. Thercfore, the DAD creates positive
impacts to both fields of physical and human environment. However, as it is fear that these
iJosilive impacts are fragile due to inappropriate installation of tubewells, it is necessary to
cxecute appropriate groundwater use control in order to ensure the sustainable usc of
.. groundwater resource. Asa miﬁor'negative tmpact, changes in surface water hydrology by the
 DAD influences to water ulilizélio_n by flood irrigation in the downstream.

{(10) Sarbund dam
| Topography. geology and.hydroggglmggx

Sarbund dam is located around 4 km upstream of proposed Mangi dam site. The catchment is
composed of Bocene and Jurassic limestones. Relatively wide alluviums forms the valley
bottom occupying the large proportion of the catchment area. -'T_he dam is situated at the
dowastream end of this alluvium with their abutment founded on Cretaceous limestone. Just
downstream of Sarbund dan expose bedrock in the surface.

© Dam and reservoir

" The catchment is composed of limestone. Piedmont deposits have been accumulated in the

:‘._falicy. Rcéharge'capacily 'lhrodgh the dam and reservoir foundation is high due to thickly
~accumulated river deposits at the dam site. The sediment in the reservoir area is less
accumnlated during 3 years after the dam éomplelion because of the deposition of fine materials
Cinthe earth bunds constructed for the basin irvigation.
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Dam Type Dam Crest Catchment  Embankment:  Recharge Flow
Height Leagth Arca Volume

Filldam  128m  4l2m 348 km' 60,700 m’ _thiough dam foundation

Socio-economic condition

The estimated number of houscholds of the beneficial area is 440, and population is about
4,800 souls. The Sarparas tribes of Brahvi are (ruc natives of the area. The social structure is
tribal. The major pait of the land is possessed by the a few land owners, and almost all of the
lahd owners vse to share their land with other villagers. No marketing facilities exist in the
area. Farmers usually market their products and procure agricultiral inputs from Quetta city
located at a considerable distance.” Domestic water source is the facilities provided by PHED
and tubewells. Energy source is electricity, wood and coal. The area is located al 25 km away
from main road, which is available when it is in good weather, There are two primary schools

“and one middle school, and two dispensaries in the area, There are no sanitations and drainage
facilities in the arca. The soc_io—ecm]oniic condition of the residents is very poor,

Agriculture and imigation

The soit has no physical or chemical constraints :except for shallow depth which "may be a
problem for orchards. The land has high potential under irrig‘aléd agriculture. Most of the area
is irrigated by tubewells. Onion croppmg is dommam in the area. Wheat and cunun are also
cultivated.

Envnronmgj

'Groundwatcr recharge by means of the DAD has contnbutcd to the sustainable use of natural-
rccource “Tn addition, the DAD has comrolled the flush ﬂood causmg damagcs to the human -
environment, ‘Therefore, the DAD creates posmve 1mpacts to both ftetds of physmal and

human environment.

4.2 Proposed Dam

(1) Brewary dam

Topography, geology and hydrogeology:
('l‘opo-intc:pretétion)

The mountainous catchiment of Brewary dam is composed of hard and massive limestones and
highly watertight shale of Jurassic to Eocene age. To the northward of the mountain area, hilly
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area composed of dense but unconsolidated gravely Subrecent deposits extends. In the
downstream of proposed dam site, typically shaped alluvial fan is cxtends with radius
approximately 3 km and reaches up to Sariab Lora.

(Main aquifers influenced by dam)

Alluvial fan with radius of about 3 km is formed and supplied gravels, cobbles and boulders
from Karakhusa Nullah in the downstrcam of the proposed dam. Topographic gradient is
approximately 1/50. Dam site situated around the pivot of this fan ang the radiating angle of the
fan is approximately 100 degrees. The area of this fan is approximately 8 km’. At the damn
site, the .bcdro«:k_ is Brewary limestone overlain by 12 m thickness cobble and boulder stratum,
of which coefficient of permeability is 2.5x10? em/sec. Depth to groundwater level at this
point is less than 2 m. According to the data of existing wells identified as QA-ANK-1 and
Animal 'Hilsbandry-_l, the central part of alluvial fan is composed almost all of gravels, and the
depth to bedrock is more than 125 m. The depth to groundwater level is 26 m as of February
1987 and the coefficient of permeability is 1.22 to 1.95x10° c/sec at QA ANK-1, and 1.84
x10? ecm/sec at Animal Husbandry-1.

- Dam and reservoir

The catchment area of the propdsc dam is located at the Chiltan range, and situated in Brewary
limestone, Dungan Formation, and Ghazing Formation composed of mudstone, sandstone and

conglomerate. Thc catchment area forms mountainous hilly and undulated terrains.” Karaksha
nullah is located at the center ‘of the catchment area which forms 14 km from south-west to
north cast, and 3-km from north-west to south-east. Perennial flow has not been observed at

the middle and-upstream areas of the catchment area, however observed upstream of the

-proposed dam s;tc The flow discharge has been reduced by 10 to 30 lit./sec in October and -
‘November. -

Dam site is located at a very narrow gorge about 6.0 m width composed of limestone of
Brewary limcsloné Rock is exposed on the both abutments. Because the strike of the beds is
almost pcrpcndlcular, limestone beds continue on the both abutments bcmg correlated in the
depth of 8 to 10'm from the river bed.

* The right side ridge of the reservoir area is composed of Brewary limestone, and almost
* straight having dip slope face towards the reservoir. The left side ridge is composed of Ghazig
~ shale haviig an irregular gentle escarpment face towards reservoir. Piedmont deposits and

talus were lhickl:y' deposited at the mountain foot of the right side ridge. ' '
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Socio-cconomic condition

The estimated number of households the beneficial area is about 220, and population is about

2,400 souls. This area mainly belongs to the Baloch and Syed people. Being located in the

suburbs of Quetta cily, the farmers have access to the market and procuring facilities. The
" domestic water source is open well, and energy source is electricity, gas and wood/coal. Road

was melalled for 1 km and unmetalled for 1.5 km. There are 2 middle boys' schools, and 1

dispensary. The sanitation facilities are also not satisfactory. The economic condition of the
B fafmers is much better than the average household in rural area of entire Balochistan Province.
'There is one agricultural cooperative in Kirrani village. '

The beneficial area is located at a part of Quelta city. The soil of the area is highly suitable for
irrigation farming, and also suitable for growing of various kind of crops: The orchard
‘including grapes, apples and apricots occupy more than 80 % of the farm area, and wheat,
' vegetablcs etc. are planted in Rabj season. In some part of the orchard, forage crops are

f mtcrcroppcd under the fruits teees. Livestock is generally ralsed for sclt-suffi cient, but some
- farmers raiscs poullry in large scale for commercial purpose. The situation of the ar_ca is
‘favored for agricultural produc‘tio'n, and income level of the beneficial farmers is considerably

| ~high. However, recently the irrigation water from karezes has decreased extrerely duc to the

decline of groundwater, and instead of karezes, pnvate tubewells have increased. Because of
the Jocation, the area has been sprawled with rcﬂdcntlai area.

Irrigated tands which are specified bencﬁcial arca of the propo‘sed' Brewary DAD extend in right
“bank of the Brewary river. Présent walter sourcc is groundwaler utilizing through 26 number
-of open wells and 2 barely Operauonal karezes. '

Environmeént

Typical environmental situation in the area includes the following issues:

flood damages to the agricultuze fand, groundwater depletion, State Forest controlled by Forest
~ Department in the catchment area, rehabilitation of ecosystem, water right for karci, shift from
exhausted karcz to tubewells and substantiat expensc for shifting, insuf ﬁc;ent water supply for
irrigation and domestic in the dry season, surface water utilized as doniestic watcr, and nverbed
and/or riverside utilized as traffic route,

Environmental aspects changed by the construction of the dam include:
changes in surface water hydrology, changes in groundwal'er hydrology and apaﬁncss of traf ﬁc
routé by dam and retated facilities.
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Environmental impacts caused by the construction of the dam include:

Posilive; mitigation of flood damages, reduction of ground water level decline,
sustainable use of groundwater resource, and

Negalive; deprivation of surface water use, and loss of traffic approach for social life and
economic activilies.

The results of 1EE revealed that there wete no residual negative impacts because the potential
negalive impacts of ininor fevel could be mitigated by means of conservation and aliernative
measuies in the development plans cstablished in the Study. Therefore, EIA was not requited.

{2)  Ghutai Shela dam

Topography. geology and hydrogeology.
{Topo-interpretation)

‘The catchment area of Ghutai Shela dam is composed of Permo-Triassic to Jurassic limestone
and Subrecent deposits. Limestones form steep mountains. While Subrecent deposits are
semi-consolidated, dense gravcly' strata are usually dissected hilly area forming complicated ups
and downs in relief.- ln"lhe downsircam of the dam site, alluvial fan is extent with
: apprbxiiliafely 2 km wide. | ' |

- (Main aquifess influenced by dam)

Alluvial fan with approxiiately 2 km wide is extent in the downsiream of the dam site, and
changé into si‘l!s!clay strata in the dow@ reaches of-"val!cy floor. Topographic gradient is
- approximately 1 in 40.: At the dam site, river deposits exist up to the depth approximately 4 m
underlain by Subrecent deposits which consist of mainly sands in the upper layers and mainly
silts in the lower layers. River deposils are mainly composed of sands/gravels. Coefficient of
permeability of which is approximately 9x10” ¢m/sec. According to the existing data QA-
ANK-2, sands/gravels up to the depth 54 ni lies over Subrecent clay deposits. Depth to water
level was approximately 20 m as of October 1987. Coefficient of permeability was 6.7 x107
cnisec, and transmissivity and specific yield are 45 m*/day and 23 %, respectively.

Dam and réservoir

- The catchment area is sitvated in consolidated and unconsolidated Picdmont deposits
(Fanglomerate), Subrecent deposits, and linmestone. Gravel and cobble stone are deposited in
- the river bed. Picdmont deposits have been eroded by precipitation and form undulated
terrains. The upstream arca bounds with the catchment area of the proposed Brewary dam and

- 410 -



‘composed of Ghazig Shale. Vegetation is scarce in entire catchment area due to heavy erosion
and also over grazing.

Proposed dam site is located at consolidated Subrecent deposits. Gravel and sand deposils
with its thickness of 28 m haye been accumulated in the river bed. Base rock foundation
composcd of consolidated Subrecent deposits is observed under the river deposits. Both side
of dam abutments are also composed of consolidated Subrecent deposits comprising of gravel
and finc materials. Subrecent dcposi'ts are accumulated in the reservoir arca.

Socio-cconomic condition

The estimated number of houscholds of the beneficial area is about 410, and population is
about 4,000 souls. The area is located in the suburbs of Quetta city. This area was originally
Brahui speaking people, however, considerable Afghan refugees came to the arca during the
Afghan war. Majorily of the households are involved in small trading or work as labors.
Domestic water source is facilities provided by PHED. Energy source is electricity. There are
a primary school, but nio health facility exists.

Agriculture and irrigation

The beneficial area is located in the suburb of the Quetta city. The soil suilability is high for
urlgatlon and also for growing of various crops. Most of farmers in this area have only small
farm land, and gencrally they have sidejobs for getling supplemental income.. Main crops are
 fruits trees like apples and grapes, and wheat in Rabi scason. Irrigation sources are tubewells.
However, recently farm lands has been affected by the sprawl of urban area, resulting into the
grédual shifting of irrigation water use to domestic wateruse. ‘

Environment

Typical environmental situation in the area includes the following issues:

flood damages to the residential quarters and infrastructures, impermeable siratum in the
catchinent arca, immigralion_of Afghan refuges, and riverbed andfor rivetsidé utilized as traffic
route. h ' - '

Environmental aspects changed by the conslrucllon of the dam include:
changes in surface water hydrology, changes in groundwater hydrology and apartncss of 1raf fic
route by dar and related facilitics.

Environmental impacts caused by the construction of the dam include:
Posilive;  mitigation of flood damages, and while
Negative ; ~ loss of traffic approach for social tife and ecconomic activities.
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The results of IEE revealed that there were no residual negative impacts because the potential
negative impacls of minor level could be mitigated by means of conservation and alternative
measures in the development plans established in the Study. Thercfore, ETA was not required,

“(3) Wali Dad dam

‘Topography, geology and hydrogeology
' (Topo-interpretation)

The catchment area of Wali Dad dam ‘is composed of Jurassic limestone and Cretaceous
" limestone, sandstones, and shale. Dam is situated on Jutassic litestone. Alluvial fan is extent
in the downstream with 3 to 4 ki wide, though the isthmus was formed by small isolated hills
at appmximzitely t km downstream, reaching up to Sariab Lora.” Though the shape of alluvial
- fan is not typical, its radial angle is approximately 120 degrees, with topographlc grad:ent of 1

- in25in average.

(Main aquifers influenced by dam)

Geological section in the downstream of the dam is inferred as shown in attached figure. The
thickriess of alluvial fan deposits is in lhe range of fifty to one hundred and tens of meters at
maximum and changes into valley floor deposits from around Sariab Lora. A sandy' strata
eXists between sands/gravels of fan deposits and silts/clay of valley floor deposits. Depth to
bédrock is approximately 150 m around Sariab Lora which was confirmed by existing data.
Coefficient of permeability of fan deposits is 2 to 3x10” cm/sec.  Transmissivity is 50 to 60
m*/day in mid-fan, and 20 m¥day around the border of alluvial fan and valley floor. Specific
- yield is 20 % or more in alluvial fan, and 15 % in valley floor. Depth to water level is
approximately 20 m around Sariab Lora as of 1988, and becomes deeper gradually to the
upstream side,

Dam and reservoir

The catchment arca of the proposed dam is thlly situated at Brewary limestone, and partly
aItcmatwes of sandstone and sh"dc Mostly uniform river bed with 20 to 30 m width continues
from the proposed dam site to 2 km ups{team of the dam site. The river forms narrow gorge
with 3 to 4 i width composcd of limestone 2 km upstream from the dam site. Gravel and
cobble stone have been dcposrtcd in the river bed, however, fine material is not observed.

Proposed dam sile forms narrow gorge of around 12 m width cqmposed'of Chiltan limestone at
the both abutments. Limestone is exposed on the both abutments, and limesioie beds continue
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on the both abutments being correlated at the depth of 5 to 6 m from the river bed. Limestone
in abutments is moderately hard to hard, moderately fractured and jointed without infilling.
Gravel and cobble stone have been accumulated in the river bed at the dam site. Reservoir area
is also situated in limestone arca. Few vegetation cover is obscrved in the catchment area.
Relatively targe gravel and cobble stone are depositcd in the narrow gorge caused by a
mountainside collapsc. '

“The estimated number of households of the beneficial arca is about 230, and population is
about 3,000 sonls. The residents are Brahui tribe. Though social customs are tribal, urban life
style being in the vicinity of the Quetta city has considerably influenced the area. Domestic
waler source is the facilities provided by PHED. Energy source is electricity. There are one

- middle school and one primary school, and one dispensary. '

Agriculture and irrigation

-The beneficial area is located in the suburb of the Quetta city, The soil suitability is high for
- jrrigation ang also for growing of various crops. As the area is favored with both of the _
conditions, crop pfoduét'io.n and marketing, fruits, vegetables and wheat produc_tibn is
prevailing and producing relatively high income. However, recently farm lands has been '
affected by the sprawl of urban area, rc.sultecl to the gradual shifting of irrigation water use to
‘domestic water use.

Environinent

Typlcal environmental situation in the arca mcludes the fo!lowmg issues:
groundwater depletion, substantial expense- entailed by uhhzauon of lubcwctls and riverbed
- and/or riverside utilized as traffic route.

Bnvironmental aspects changed by the construction of the dam include:
changes in surface water hydrology, changes in groundwater hydrology and apartness of traflic
route by dam and related facilities. '

anmnmental 1mpﬁcts caused by the construction of the dam include:

' Posnwc; reduction of ground water level declme sustainable use of groundwater resourcc
and _

Negative ;  loss of traffic approach for social life and econOmic activitics.

The resulls of IEE rwealed that there were no residuval negative impacts because the potential
negalive impacis of minor level could be mitigated by means of conservation and alternative
measures in the development plans éstablished in the Study. Therefore, EIA was not required.
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(4) Dara dam

Topography, geology and hydrogeology.
{Topo-interpretation)

‘The central part of mountain area is composed mainly of hard and massive limestones of
Jurassic age, and the pcriphery is highly watertight shale of Focene age and partly
conglomerates of Miocene age.’ Thése are seemed to be ‘impervious bedrock. In the

“downstream of the proposed dant site, after passing through relatively narrow stream channel,
typically shaped alluvial fan is extending with radius approximately 2 to 3 km and reaches up to
Gnundak Rud - Loe Manda,

(Main aquifers influenced by dam)

In the dowastream of the proposed dam site, alluvial fan with approximately 2 to 3 km radius is
formed and supplied gravels, cobble and boulders from the catchment area. Topographic
gradient is apptdximatcly 1/20 in the upstream side and 1/30 to 1/40 in the downstreain side. -
The radiatin g angle of the fan is approximately 60 degrees. The area of this fan is
approximately 5 to 6 kin? and rcaches up to Loe Manda.. Area bcyond Loe Manda is a part of
valley floor mamly composcd of silts and clay.

. At damssite, relalively lhick s’il'ts'fc':lay' strata is lying from the depth around 20 m to 35 m. The
bedrock and grouridwater was not observed by drilling with 40 m depth conducted by the
Study Team, Cocfficient of permeability of the unsaturated gravels 1ayers is 1.5x107 cn/sec.
©The central part of alluvial fan is cons:dered to be composed of very thick sands/gravels strata.

Dam and reservoir

The catchment is broadly divided by the (ributaries of Kazha Shela nullah, Nauda Takai nullah,
The catchment area is m’osrﬂ'y"(':omposed of limestone, and mudstone and conglomerate layers
~‘exists at the vpstream of the dam site. Nullah being located upstream of the dam site is with
| 4around 100 m wulth in which sand, gravel and cobble stone are deposited. Water course has

been changes by floods. Nauda Takai nullah has its river w:dth of 50 to 100 m from the dam
_sne to 2.5 km upstream, aid upper streamn reduces its width to around 10 to 20 m, Steep

limestone walls of the both Sides_ produces narrowest valley of its width of 3 m and that is
- preferable to detention bund construction. Piedmont deposit is observed at foothills of the
limestone. Several narcow gorges with their width of 5 to 10 m were developed in the middle
and upstream in the catchment area. Some slumping of the weathered limestone were also
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occurred at the fold and fault portions, Ghazig shale is mostly observed along the Kazha Shela
nutlah located to the north of the dam site.

Proposed dam sile is Jocated at the fan head of the alluvial fan. Right side abutment is
composed of interbedded shate, and Hanna Urak conglomerate is exposcd. These forms hilly
undutation terrains. Left side abutment is composed of Chiltan limestone, which are
naudulated. River deposits or alluvial fan with thin silt layers were devetoped with their depih
of arcund 20 m from the river bed at the dam site. Silt and clay layers with depth of between
20 to 30 m exist below the river deposilts. The layer contains a few Jlimestorie concretions.

Upstream area of the Kazha Shela nullah is composed of outcrop of the timestone, and
sandstone, mudstone layers are observed in the middle stream. Sparse vegetation covers the
catchment area. Talus deposits of these laycrs are accumulated in the river bed, however the
outflow of soil scems not so high. Proposed dam site is located at the confluence of these
nullahs. Because of its steep river bed slope of 1 in 30 at the site, the thickly déposiled river
materials is susceptible to flowing down into the reservoir area by floods. In this connection,
river bed consolidation works, which is effective to scttle and storage sediment, are available to
prevent from movement of the river materials, o

" Socio-economic condition

; -The estimated number of households of the beneficial area is about 120, and population is
“about 1,700 souls. ‘The area is located at a distance of about 12 km north of Qucitd 'cil'y." The
majority of the residents are Kakar belonging to Pashtun cthnic gro'up.- Thé area is in the
. “vicinity of Quelta city and as such the product finds reédy market. Agricultural inputs are also
obtained from the market in the cily. Domestic water source of the arca is the fac:lmes :
‘constructed by the PHED, open wells and tubewells, ‘Energy sonrce is clectnc;ly, gas and
wood/coal. The road léngth in the area is about 2 km that is partly metalled and partly
- unmetalled, There are a boys' primary school and a girls' primary school. There are no health
facilitics. The economic condition of the area is much better than the average of the rural
~ houscholds in Balochistan. |

Agriculture and irrigation

The beneficial area is a productmn center in agriculture located at the plam ina suburb of the

Quetta city, with high suitability of soil for irrigation. The soil suitability is also good for -

various crops. The marketing situation is advantagcous. The main crops are applcs, grapes, -
Karif and Rabi vegetables and wheat. One of the irrigation water source is the canal water ”
from a spring near the proposed dam, and another is the groundwater pumped up with
tubewells. Both irrigation areas are mixed each other. There is considerable grhssland in
surrounding area, and the farmers raising sheep is often observed.
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Specified beneficial area of the proposed Dara DAD overlaps the irrigated area of the Sra Gurgi
Irrigation Scheme for which irrigation water has been released from the Kach river. Orchard is
majority extending in the beneficial arca where irrigated by one spring and 26 number of
tubewells. Over-irrigation was inspected in the area, of which some area irrigated at the rate of
more than 16 mnvday that is around 150 % of adequate irrigation rate,

Environment

- Typical environmental sitvation in the area is the fo]lowmg issues:
flood damages to the agriculture land, groundwater depletion, water right for karez shlft from
cxhausted karez to tubewells and substantial expense for shifting, insufficient water supply for
itrigation in the dry season and riverbed and/or riverside utitized as traffic route.

Environmental aspeets changed by the construction of the dam include:
changes in surface water hydrology, cha ngcs in groundwaler hydrology and apartness of traffic
route by dam and related facilities.

Environmental impacts caused by the constriction of the dam include:

Posntwc, mitigation of flood damages, reducuon of groundwater level decline, sustainable -
: use of groundwater resource and -

Negative ; loss of traffic approach for social life and economic activities,

The resul:ls of 1EE revealed that there were no residual negative impacts because the potential -
negative impacts fof minor level could be mitigated by means of conservation and alternative
measures in the development plans established in the Study. Therefore, EIA was not required.

(5)  Murgi Kotal dam

Topography, gealogy and hydrogeology |
('I‘opo-intér’prctalion)

The mountainous caichnwnt of the propoééd dam is composed of hard and massive limestones
of Jurassic age (partly of Paleocene age). This mountain extends straightway toward south
- from (he dam site, and dividing | the area into 2 parts in Kuchlagh Sub Basin and in Quetta Sub-
Basin.. Alluvial fans extend in both Sub-Basins.’ Picdmont slope distributes with 1 to 2 km
width mcludmg these alluvial fans along the foot of mountains, and the downward forms valley
floor. Along Baleli River - Khwa_na Lora, a lot of gully erosion develops remarkably shaping
$O nany crceks and forms badlands.
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(Main aquifers influenced by dam)

Murgi Kotal Nullah which forms the catchment area of the proposed dam supplies sands,
grévcls, cobble and boulder, etc. lo both altuvial fans. The fan in the side of Kuchlagh is with
radius of 1.5 to 2 km, and has the radiat angle of approximately 100 degrees assuming that
pivot is at the dam site. Quetta side of the fan is, however, with radius approximately 3 km of
about 60 degrees radial aiiglc as the pivot of 1 km upstream of proposed dam. Murgi Kotal
Nulfah flows toward the dam site scooping out the foot of the rivet of the lalter. Topographic
gradient and the former area are approximately 1/25 and approximately 2 km?, while the latter
area are approximately 1/25 and approximately 6 km’, respectively.

Test dfilling was carried out at the proposed dam site during Phase I Study. The bedrock and
groundwater was not be found by the drilling with 40 m depth. ‘Alluvial fans consist mainty of
gravels, cobble and boulder, and coefficient of permeability may be in the order of 107 cnv/sec.

Dam and reservoir

The upstream area bounds with the catchment areas of the dams of Bostan and Dara. Murgt
Kotal nultah flows down toward south-west with its length of around 9 km, and the catchment -
arca has ils width of 2 ki in average. ‘The catchment area is wholly siluated in Chiltan
limestone formation at the left side and limestone of Alozat Gr. at the right side, and pér(ly in
Ghazig shale, Thin bedded limestone which was thinly bedded and closely fractured wnth thin
- marly bands forms mountainous hilly and rollmg terrains.  River deposits compnsmg of
“mixture of gravel, cobble stone and sand with some silt occupied the river bed. ‘ |

Proposed dam site is located in a gorge with about 80 m width, and cmnposcc_l of Chiltan -
limestone. Limestone is ¢xposed on the both abutments. Limestone exposed at the right side
abutment is almost steaight having dip slope face towards river bed.” Limestone at the teft side
abutment was naudulated.. Limestone beds continue on both the abulments however, river
deposits accumulated in the river bed is with more than 40 m thick. River deposus compnsmg
of gravel and boulder were thickly deposited.

- River deposits comprising of fine materials of 10 m thick were accunulated in the reSQrvdir due -
to the dam construction. ' Piedmont deposit and talus deposits were dcveloped surrounding the

reservoir area. These materials are susceptible to erosion during floods, and some slumpmg of

the deposit is likely to occur by inundation of the reservoir area.

Socio-economic condition

The estimated number of the households of the beneficial area is about 330, and population is
about 4,600 souls. The residents are mainly tribe of Kanci and Kakar of Pashtun and the social
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“structure of the community can be classificd as semi tribal. Besides agriculture, many of
villagers are involved in government, business and labour, etc. Domestic waler sources are the
facilities provided by the PHED, open wells and tubewells. Energy source is electricity,
kerosene oil, gas cylinders, wood/coal, etc. The main Quetta-Chamman road passes through
the arca, Therc are 2 boys' primary schools and 2 girls' 'primary schools and one giris’
sccondary school. There is one cach agricultural cooperative in the village of Chasma Achozai,
Kateer and Samli.

Agriculture and irrigation

The beneficial area is a production center located at the plain in a suburb of the Quielta city. The
soif suitability is h.igh for irrigation and good for growing of various crops, except some stony
arcas. The marketing situation is advantageous. The area is divided into two blocks out of
which one is prevailing with fruits trees, and the other is including lots of rainfed area.  In
former area, the main crops arc apples and apricots, while in later tivestock husbandry is
popular among the farmers whose raising size is usually 5 to 10 heads. Many nomad people
immigrate in the surrounding areas in every sununer season,

;_ There is only a few hectares irrigated area in the downslream of the prOposed Murgi Kotat DAD
“besides rainfed agriCIIIiurél land. Otherwisc orchard area extends in alluvial fan located left side
of the dam reservoir belonging to the village of Chasme Achozai, in which e’ip'ples have been
prominently cultivated by 30 number of tube-wells. '

annronment

~Typical enwmnmennl situation in the arca is the following issues:
reduction of- grmmdwater level decline by the existing dam, insufficient water supply for
" ircigation and doméstic in the dry season and riverbed and/or riverside utilized as traffic route.

Environmental aspeets changed by the construction of the dam include:
changes in surface water hydrology, changes in groundwater hydro_logy and apartness of traffic
route by dam and related facilitics.

: Envuronment'al impacts caused by the construction of !hc dam include:

~ Positive;  reduction of ground water level decline, sustainable use of groundwatcr resource
| -and :

Negative ;  loss of traffic approéch' for social life and economic activities.

The results of 1EE revealed that there were no residual negative impacts because the potential
- negalive impacts of sninor level could be mitigated by means of conservation and aliernative
measures in the development plans established in the Study. Ther¢fore, EIA was not reguired,
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(6) Kach dam

Topography, geology and hydrogeology
(Topo-interprelation) .

The mountain area is composed of hard and massive limestones of Jurassic age, shale and
~ limestone of Eocene age and partly conglomerate of Miocene age. Jurassic limestone and
Eocene shale are impervious, though Eocene limestone and Miocene conglomerate are porous
and cavernous forming partly aquifer and may supply water to Grundak Rud. In the right
bank, hilly area composed of dense but unconsolidated gravely Subrecent deposits extend from
2 to 6 ki downstream of the existing dam. In the 4 km downstream of proposed dam site,
alluvial fan extends with radius apprbximately 3 km and radial angle approximately 30 degrees.
The southward of this alluvial fan, also the other adjacent alluvial fans exténd widely bemg
supplied gravels from the other catchment areas.

(Main aquifers influenced by dam)

Alluvial fan with approximately radius km is formed and supplied the gravels, cobble and
boulder from the Gnundak Rud from the 4 kin downstream of the existing dam. ‘Topographic
gradient is approximately 1740 to 1/50 in the upstream ' side, the radial angle of the fan is
- approximately 30 degrees The area of this fan is approximately 4 to 5 km®. The rwerbed of
* Gnundak Rud is composed of shale of Xiocene age covered by vety thin river deposits with'1 or -
2m thickness in the upstream of this alluvial fan. However, sands/gravels strata may be
‘_ rapidly thick from around the way out of hill to the alluvial fan, There'is an existing well
- identified as QA -22 drilled up to the depth 154 m around the southern edge of this alluvial fan,
" in which bedrock was not confirmed. The lithology at this point was alnost all sands/gravels.
In the area of another alluvial fan apart about 2 km from the above cxiéiing well, one existing
well identified as UN-QA-29 drilled up to 183 m, in which bedrock was also not confirmed.
" The lithology is mainly sands/gravels. Groundwater level as of 1969 - 1971 was
approximately 100 m. ' '

Dam and reservoir

Chundak Rud flows dowa at the center of the catchinent area, and catchment area is broadly
divided into the catchment areas of Kuchnai Mangala nullah, Mari Chak nullah, Tnzar, Shpol
nullah, The catchment arca is composed of shales and Himéstone, and the upstream of the arca
is in Urak formation comprised of sand and gravel. The reservoir area had been fully silted up
with in four years immediatety after the completion of the existing dam du¢ to excessively high
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soil production of shales around the reserveir. Specific sediment volume was estimated at
around 2,100 m’/km*ycar. Surface of shales have drying shrinkage of 50 cm depth or more
"~ and it incurs high crosion. Accordingly, vegetation cover is scarcely observed at and around
the reservoir arca due to frequent erosion and land slide of shales, River bed is with 30 to 40 m
width at the middle portion of the catchment area, and partly reduces its width. Slope failures
with 30 m height arc observed along the river, however the tulas composed Urak formation
have broadly gentle slope in the catchment area. Vegetation cover is relatively in good
condition. :

The catchment arca of Mari Chak nullah is located in limestone zone, and its tributary has stecp

~slope: The catchment area is composed of outcrop of the limestone, that little soil production is
expecled. The catchment area of Kuchnai Mangala nullah is composed of limestone wall of
more than 50 m height at the right side and steep slope of Urak formation comprising of gravel
and sand at the left side. Hundreds of small creek are developed on the gentte slope toward the
nullah, however, heavy erosion is not observed, thus soil productivity is small. Most upstream
of the catchment area is composed of denuded limestone at the right side and talus deposits at

: the left side. Rivers or crecks has nol been developed. Vegetation cover is in good condition
in the area.

" Dain and reservoir area is occupied by exposed shales of Ghazij formation.” The shale beds
from an anticlinal bend across the siream, and form semirounded hills of low relicf.

~ Most of the hill slopes over the shale deposits are talus, indicating hi‘gh erasive nature of the
~ shale in the right side abutment; Surface run-off from these slopes brings heavy silt load into
the réservoir in addition to the transported sediments brought by the flood from the catchment
© area, |

Socio-econamic condition

The estimated number of houscholds of the beneficial area is about 330, and population is
“about 3,000 persons. The community is composed of Bazai, Kakar tribe of Pashtun ethnic
- group. In addmon to the Pashtun tribal traditions, modern urban values have also penelrated

and mﬂucnccd the social structure of the community. Due to the proximily of the arca with
: Quclla_mty, the products can be marketed and the inputs procured from the city market quite

g casily. Domestic water source of the area is spring and the facilities provided by the provincial
- PHED. Encrg’y source is electricity and gas. Road is partly metalted and partly unmetalled.
‘There are 1 boys' primary school and 1 girls* primary school, and 1 dispensary. The small
farniers in this area are well off in cconomic condition, éomparcd to the average small farmers
in the entire province.
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- Agriculture and irrigation

The beneficial area is a production center located at the plain in a suburb of the Quetta cily. The
soil suitability is high for irrigation and good for growing of various crops, except some stony
areas. The marketing situalion is advantageous. The main crops are apples, grapes, Karif and
Rabi vegetables and wheal. One of the irrigation water source is the canal water from a spring
near the proposed dam, and another is the groundwater pumped up with tubewells. Both
irrigation areas are mixed each other. There is considerable grassland in surrounding area.
Main livestock is shecp and poultry.  The beneficial area is in Umer, Ghulgi and Sra Gurgi,
which overlaps with the beneficial area of Dara DAD more or less.

Environment

Typical environmental situation in the area is the following issues:
groundwater depletion, water right for spring and karez, shift froni exhausted karez to
" tubewells and riverbed and/or riverside wtilized as traffic route.

- Environmental aspects changed by the construction of the dam include:
- “changes in surface water hydrology, changes in groundwater hydrology, and silting in the
- reservoir and apartness of traffic route by dani and related facilities. , . |

~ Environmental impacts caused by the construction of the dam include:

Positive;  reduction of groundwéter level decliné, SLlslaiﬁab!e use of groUzla‘valgr' resource,
Cand B . ' B

- Negative ;  loss of traffic approach for social life and economic a'crliirit_ies. ‘

“The resulis of 1EE revealed that there were no résidual negative impacts because the potential -
negative impacts of minor level could be mitigated by means of conservation and altemative
" measures in the development plans established in the Study. Therefore, BIA was not required.

{7 Jigda dam
Topggraphy, geology and hydrdgggiggy
(Topo-interpretation)

The mountain area is composed of mainly shale of Oligocend age and forming impervious
bedrock. The proposed dam site is located in this mountain area where the relief of the
upstream side from the dam site is relatively ups and down, but of the downstream side show
very low relief. Jigda Nullah flows to westwatd in this mountain and flows rapidly and widely
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into the extending alluvial fans situating from around Killi Jigda. These alluvial fans afe mixed
cach other forming the width 5 to 6 km piedmont slope atong the western foot of the mountain
area. In the downward of this picdmont slope, very flat valley floor spreads.

{Main aquifers influenced by dam)

Along the western side of the mountain area, the picdmont slope which is derived from 3 hill

torrents with approxmlatcly 5 to 6 km width extends. Main aquifers cxists in this picdmont
forming some groundwater laycrs. Topographic gradlcnt of this alluvial fan is /45, and the
area of this fan is approximately 12 to 13 kn®.

River dcpdsité along Jigda Nullah in the niountain area are also relatively thick. According to
the test drilling carried out during Phase I Study (June 1996), the thickness of river deposits at
proposed dam site is observed at 9.5 m, depth to groundwater leve! is 6.2 m, and coefficient of
permeability is 1.5x10° em/sec. Two existing wells are located around this area. One is in the
piedmont slope about 2 ki away from the foot of mountain around the northward of Timrak
Nullah identified as PN-KMT-3 which was drilled at June 1987, another is about 3 km
southwest of the beneficiary area identified as Tore Shah which was drilled in May 1988. At
- the point of PN-KMT-3, depth up to 72 m gravels layer, between 72 and 110 m alternation of
clay and sands/gravels si_rata,'and deeper than 110 m grévels bearing thick clay strata up to at
least 131 m. Bedrock was nbl confirmed. According to the result of pumping fesl, the depth to
- groundwater level is 32.2 m, coef ficient of permeablhly, 6. 2to 6.6x10° cv/sec, transmissivity;
160 to 170 m’/d, spccnflc yield; 23 %, and specific storage 1 x10° 1/m. At the Tore Shah
' located in the valley floor, the uppcrmost stfata with thickness approxlmately 55 mis
sands/gravels, and dec pcr than this dcplh partly gravels intercatating clay strata. The pumping
tesl rcsult as of May 1988 shows depth ‘to groundwater level 46.3 m,’ coefficient of
- pcrmeablllly, 4.59 x10” cnv/sec, transmissivity; 51 m¥d, specific yicld; 22 %, and specific
storage; 2 x10° 1/m.

Dan and reservoir

| ]1gda nultah ﬂows in the cemer of the catchment area, Several tribwtaries are located 4 km
upstrcam of the proposed dam site. The catchmcnt area is composed of Murgha Faquirzai
‘Shale; and Subrecent deposits is accumulated in the river bed. The catchment area forms of

i lnlly and rolhng terrains. Sufface of shale is wealhcrcd and vcgelauon cover is scarce. River

'bcd stope is gemlc at the middle of the catchment arca and weathered shale of 5 to 50 mm grain
ate accumulated i in the river bed. Both sides of the river have gentle slope. Numerous fine
- shale materials are deposited in the two major steep teibutaries 1.5 to 2.0 km upstream of the
- dam site. These deposits arc susceptible to flowing down toward downstream by floods
because of steep slope of these tributaries. The middle and upstream catchment area also forms
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of hilly and rolling terrains. Vegetation cover is sparsc due to thin topsoil on the shates.
Weathered shales of their sieve size of 5 to 10 mm are deposiied in the river bed, Fine
materials such as silt, sand deposited in the river bed are gradually reduced at the upstream of
the catchment arca.

The damn site is sitvated in Murgha Faqirzai shale. Shaighalu sand is also thinly inbedded.
Since the shale was severely weathered or eroded by water, the surface was cracked, and
vertically dipping. Gravel, sand and boulder stone originated from the shale fully occupied the
river bed with their depth of around 10 m at the dam sitc. Weak foundation composed of silt
and clay river deposits exists § to 8 m below the river bed according to the drilling survey.
Reservoir is bounded by hills predominantly formed of thin Picdmont deposit at the left side,
and weathered shale at the right side.

. Socio-economic condition

The cstimated number of households of the beneficial area is about 100, and population is
about 1,500 souls. The communities belong to the Kakar and Syed Chishti. - The socio-
. political Orgamzatlon is semi-tribal. No marketing facilities exist in the arca. Domestic water
- source is karez and open surface wells. Energy source is electricily, kerosene, waod and coal.
" Road is all shingle. There are two primary schools and no health facilities. The agricultural
income of small farmers is so insufficient that considerable numbers of them are involved in
- olhcr addmonal mcome sources. ;

Agriculture anii_n_'igation _

“The bcneﬁc:al area is Pocated on the fan rclauvely near the center of lhc Pishin Disfrict. The
soil suﬂablllly is high for |rr1gallon and good for growing of various crops.  The Karif and -

"Rabi vegetables; wheat and apples are main crops of this arca. However, marketin g condition
is not so good because of the poor farm to market roads. The large rainfed area siretches ol
around this beneficial arca. Some sheep and goats are raised for self-sufficient.

- The beneficial area of the Jigda DAD exlends in both sides of the Jigdariver. Single karez in -
each river side is only water sources for il'rigation and drinkin'g purPoSc having cerlain weilér_
users organization being well operational. Pumping irngauon for orchard and vegclabh,
production has been done by 20 number of tube-wells in agricultural tands in Kamarzai vnllage- : ;
located around 10 kilometers downstream.
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Environment

Typical environmental situation in the area is the folloiving issucs:

groundwater depletion, decreasing disbharge of karez, water right for karez, insufficient water
supply for irrigation and domestic in the dry season and riverbed and/or riverside utilized as
traffic route.

Environmental aspects changed by the construction of the dam include:
" changes in surface water hydrology, changes in groundwater hydrology and apartness of traffic
route by dam and related facilitics.

‘Environmental impacts caused by the construction of the dam include:
~Posilive;  reduction of groundwater level decline, sustainable usclof groundwater resource,
and
Negative ; loss of traffic approach for social life and economic activities.

The results of TEE revealed that there were no residual negative impacts because the potential

" . negative impacts of minor level could be mitigated by nieans of conservation and alternative

measures in the development plans established in the Study. Therefpre, EIA was not required.
(8)  Sanzali dam .
M&aﬁmml&gmmmg@i@gx

(’l‘opo'iritcrprelatiqn)

The mountain area i$ composed of Bostan Formation of Pleistocenc age covered with relatively
thick Subrecent deposits, There may be geological tectonic line along the western edge’line of
" mountain, and the eastern part had probably been upheaved such new Subrecent deposits fofms
mountain and hill. Hillock area is mainly composed of Bostan Farmation covered with very
thin sutface gravely layers. Bostan Formation is usually composed of impervious clay, but in
this arca interccdcd partly with sandstone and conglomerate strata with thickness of few to ten
'md few melers, inclining gently to west-south-wesl ward. - These strata may have good
pcrmcab:hly, and may recharge into deep aquifers lying in the western area.

‘Bostan Fotmation holds low sharing strength in the wet situation, so that a lot of landslide
~ develops along the channel.

- (Main aquifers influenced by dam)

The colluvial deposits formed by landsliding is loose and mixed with a lot of sands and gravels
‘derived from upstream mountain area or washed out the fine material to the downstream
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resiﬂting good permeability. These deposits distribute along the channel relatively widely, and
forms the small scale of aquifers. According to the test drilling result carsied out during Phase [
Study (June 1996}, the thickness of the river deposits al proposed dam site is observed at 2.5
m. Groundwater flows down into this surface layer.

These groundwater flows into valley floor around Pishin Town. - In the central part of valley
~ floor, the maximum depth to Bostan Formation which forms the impervious bed is 140 to 150
m overlain by gravels bearing sandy silts having relatively good permeability. According to
information on the existing well PLV-19 located around 1 km north from the way out of
Sanzali Nullah to valley floor, the lithology is the fine alternation of gravels and clay layers
showing groundwater at the depth of 85 m. Deeper than this, Bostan Clay is undetlying.
Cocfficient of permeability may be around 1 x10” cni/sec.

Dam and reservoir

Upstream of the catchment area is coniposed of subrecent-recent deposition comprising of
- rounded gravel, sand and clay. Rest of the catchment area is composed of Bostan formation.
Subrecent-recent deposition forms mouhtaiuous hilly and rolling terrains, and was heavily
eroded by precipitation: Slope failures of the Bostan formalion are observed along the river,
“and it causes huge sedimentation in the reservoir associated with the dam consteuction.
‘Because of (he Sllsccptibilily to erosion of the Bostan formation, little vcgclétion cover was
observed especially in the upstecam of the catchment area. -

: ERi_ver deposits composed of gravel, sand, silt and clay were origi_nated_ from the Subrecent- |
| reccn't-dcposilion - Fine particles of Bostan clay caused by erosion was not accumulated in the
river bed, and transferred towards downstream as a suspendcd solid. Grave! and ¢lay river
deposits wcre accumutated in the river bed with their thickness of 210 3 m, Ttis ant:crpatcd that -
the fine materials originated from Bostan Formation is accumulated in lhe reservoir by flood.

*Proposed dam site is siluated in Bostan formation composed of silt, sand and radish clay.
~ Since Bostan clay is susceptible to erosion, the configuration around the dam site forms rolling
and hilly terrains. ‘Gravel and clay river deposils were accumulated i in the river bed with 2to 3

" m thickness. The base foundation of Bostan Formation has dep!h of more than 40 m at the
dam site, and thin sandstone layer with 2 m thickness is inbedded at the depthof 13to 15 m
from the river bed. Groundwater was observed on the clay foundation, 1.5 m below from the
river bed. Both abutments were dceply eroded, 0.5 to 1.0 m from the surface by prccnpitauon, '
however clayey foundation was well consolidated. Thus bearing capacuy of thc foundation is
enough to construct the dam embankment.
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Socio-cconomic condition

The estimated number of houseliolds of the beneficial area is about 30, and population is about
500 souls. The community belongs to the Kakar tribe of Pashtun ethnic group. No
marketing/procurement of inputs facilities exist in the area. The approach roads are sometimes
difficult to transport the products of the farm to the market due to bad weather. Domestic water
source is open surface wells and the facilitics constructed by PHED. Energy source is
electricity, wood and coal. There is a boys' primary school, No health facilities exist in the
arca. - Dae to uncontrolled grazing and cuiting of the trees, the area has been in devoid of
vegelative cover resulling in soil erosion.

“Agricullure and irrigation

The beneficial acea is located at the somewhat undulating and hilly area, relatively near the
center of the Pishin District. The coarse soil is predominant that is not 50 suitable for irrigation.
The main crops are vegelables and tobacco in Karif season and wheat in Rabi season. The
marketing condition is unfavorable due to poor farm to market roads. As conmderablc
grassland strctches around the beneficial area, sheep and goats, that are the main hvcstock are
- raised by most of farmers out of which some farmers keep a herd from 50 to 100 heads of
sheep and goats.

The speciﬁcd beneficial area of the Sanzali DAD being irrigated at present has been dependence
with'5 karezes. The karczes ate still operattonal in spité of necded adequale operation and
~maintenance such as timely cleaning. Pumping irrigation has been done by 12 number of tube-
wells, some of them are in-operational due to lowering grovindwater level, in agricultural lands
-in Killi Haj: Abdula vnllage located around 9 km downstream,

Hnwmnmcnt B

Typical environmental situation in the area is the following issues:

flood damages to the agriculture land, groundwater depletion, decreasing discharge of karez,
considcrab]c soil crosion and loss, water right for karcz, shift from exhausted karez to

: _ ubewel!s insufficient water supply for irrigation and domestic in the dry season and nverbcd

~andor r:vcrsadc utilized as traffic route.

" Environmental asp’ccls changcd by the construction of the dam include:
changes in surface water hydrology, changes in groundwater hydrology and apartness of traffic
route by dami and related facilities.
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Environmental impacts caused by the construction of the dam include:

Positive;  mitigation of flood damages, reduction of ground water level decline, sustainable
use of groundwater resource, and

Negative ;  loss of traffic approach for social life and economic activitics.

The results of IER revealed that there were no residual negative impacts because the potenfial
negative impacts of minor level could be mitigated by means of conservation and alternative
measures in the development plans established in the Study. Therefore, EIA was not required,

(9) Ghaztona and Samaki dam (Arambi)

Topography. geology and hydrogeology -
- Ghazlona
: (To_pb—intcrpret:ation)

The mountain area is composed mainly of shale of Eocene agé which forms impervious |
" bedrock. The downstream from around proposed dam is gcnefally tow relicf hilly area with
gradually the width of riverbed widening little by little ranging from some tens of meters to -
hundrt,d and sonie tens of meters. Ghaziona Nullah finally ] joins to Arambi Manda ' Arambi
_ Manda has gencrally wide riverbed. The left bank in the upstceam side of Arambi Manda from
| joining point is composed mainly of gul'ly'crod_ed talus. In the downstream of Arambi Manda
aﬂei' joining with Halkai Arainbi Nullah, very wide rivefbcd with width reaches 2 km extends.

(Mam aquifers influenced by dam) S

Aquifers to be recharged by the proposed dam is an alluvium of the riverbed. It is gcmrally
composed of cobble and gravels having high permeability. Groundwater flows within the
surface alluvial layers because bedrock is impervions shale. Thc topographic gradient of the
river bed is 1/50 to 1/60. The width of the river is 40 m at the narrowest and approxmmtely
200 m at the widest. The groundwater flowing surface layers of Ghaﬂona Nullah nver o
deposits flows into the targe scalc of alluvium of Arambi Manda. ‘

Samaki
(Topo-interpretation)

The catchment area of Samaki DAD is composed of Miocene Sandstone intercalated with Shale
which form hydrogeological bed in this area. North-western nountainside shows remarkable
lincation and continue to valley forming Arambi Manda.- Talus-like very gentle hills are situated
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lincaly with width few kilo-meter between Arambi Manda and mountains, Streams derived
from these mountains cut these hills and pour to river-bed of Arambi Manda.

{(Main aquifers influenced by DAD)

Aquifer to be recharged by the proposed dam is talus-like deposits, alluvial cone deposits
distributing along streams, and river deposits of Arambi Manda, Talus-like deposits include
relatively much silt at some places resulting low permeability.

- Dam and reservoir

Ghazlona

The whole catchment area is composed of Murgha Faquirzai Shale, and forms rolling terrains at
-the proposed dam site. Bostan formation overlain the shale is observed at the most upstream of
~ the catchment area. Some steep slumping were occurred on the shale, on contrary to this,

widely surface erosion were dcvclopcd on the Bostan formation. Upstream of the catchment

arca forms mountainous hilly and most upstream is located at Arambi Range at where severe
erosion has developed. Ghazlona nullah flows in the center of the catchment area.” Rolling
terrains composcd of shale is located at the downsteeam of the catchment area. Vegetation
cover is sparse. Gravel, sand deposits 7producecl from the surface erosion of the shales and
cobble stone of rectangular'platc or bar shapes originated by slope failures are accumulated in
the river bed. River bed has 60 to 70 m width.

“The river is dislribulcd in several {ribuléries at the middte of the catchment area. River reduces

‘jits width arouind 20 to 30 m at around the dam site. - Vegetation cover is scarce, however soil -

- ‘produclion i is not so hlgh because surface soil is thin 'on the slope. River dcposns has 1 to 2 m
‘depth and shale foundation is partly exposed on the river bed. RlVCl’ width is around 15 m at
the upstream of the catchment area. The gorge forms deep valley due to severe Jand failure and
erosion.

_Propo'séd dam site is situated in Ghazig shale formation, which dominantly consists of cracky
and vertically dipping dircciion" Surface of the shale was severely weathered or eroded by
water. Both of abutments form hlliy configuration, and deeply eroded gullies were developed,
especially at the r:ghl side slopes. Gravel, sand and boulder originated from the shale occupy
~ the river bcd with their dcplh of 310 4 m at the dam site.

.'Samaki

The catchment area of the proposed dam is broadly commposed of Shaigalu Formation composed
of shale and partly inbedded sandstone. Shale and sandstone strata have the prevalence of
folded structures. Talus deposits were accumulated on the mountain foots along the river.
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Dam site is located at the confluence of the two tributaries. River gradient is relatively steep at
1:10. River deposits have thickly accumulated in the river bed.

Proposcd dam site is also located at Shaigatu Formation composed of shale and sandstone. A
thin layer of shale is well jointed and severely weathered on their surface. Both site of dan
abutment has undulated terrains. River deposits comprising of gravel and stone of shale and
“sandstone have been accumulated at the depth of 17 m in the river bed.

Socio-cconomic condition

The estimated number of households of the beneficial area is about 460, and population- is
~ about 5,600 souls. The community belongs to the Kakozai tribe of the Pashitun.~ Socio-
political structure of the community is semi-tribal. The area is well known for the production
of good varietics of apples and vegetables. However due to no marketing facilities exist in the
area the farmers have to go to Pishin, located at more than 40 km far from the area, for
marketing products and procuring farm inputs. Domestic water source is karez and open
- surface wells, Energy sotirce is electricity, kerosene, wood and coal. All road concerned is all
shingle. There are one boys and one girls' primary schoel and one dispensary

- Agriculture and irrigatiog

The bcneﬁclal area is located at the somewhat undulating and hilly area, far from the center of
- the district. The soil is }nghly suitable for lrrlgalxon and for growing of various Crops. _
" However, the marketing condition is unfavorable due to poor farm-to-market roads The main
crops are apples, apricots, grapes, Karif vegetables, wheat, etc. The water source for irrigation
is karezes and tubewells. Main livestock is sheep dnd goats that are raiscd by almost afl
farmers only in small ralsmg size. |

The beneficial arca extends partly along the Ghazlona River in Mullayan villa’ge,‘and adjacent of -
“the confluence of the Ghazlona River and Major stream in Silad village. Beneficial area in
Mullayan viliage faces scarce of water, having an m Operat:onal karcz and 10 shallow wells
with very low availability of waler. Beneficial area in Sitad village is mamly orchard harveslmg
by 10 tubewelts. '

Environment

Typical environmental situation in the area is the following issues:
flood damages to the agriculture land, groundwater depletion, decreasing discharge of karez, |
water right for karez, insufficient water supply for irrigation and domestic in the dry season,
surface water utilized as domestic water and riverbed and/or riverside utilized as traffic route.
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Environmental aspects changed by the construction of the dam include:
* changes in surface water hydrology, changes in groundwater hydrology and apartness of traffic
route by dam and related facilities,

Environmental impacls caused by the construction of the dam include:

Positive;  mitigation of flood damages, reduction of ground water level decline, sustainable
use of groundwater resource, and

Negative;  loss of iraffic approach for social life and economic activities.

The results of IBE revealed that there were no residual negative impacts because the potential
negative impacts of minor level could be mitigated by means of conservation and alternative
measures in the developmenit plans established in the Study. Therefore, BIA was not required.

(10)  Sakhol dam

Topography. geology and hydrogeotogy
(Topo-interpretation)

The mountain area is composed mainly of hard and massive liniestones of Jurassic age forming
valley with steep slope. This valley is buried by thick talus and alluvial deposits, and forfn
relatively wide valley through the gap at the proposed dam site and continuing to the piedmont
slope to the dowastream. The downstream side of the proposed dam is gradually depressed
gcmly from both directions of north and south due to probably erosion surpassing
' sedimentation. This area has different features to some extcnt from the othec piedmont where
- usually formmg alluvial fan. Therefore, it is inferred that this area may be composed mainly of |
impervious fine grained soil such as silts/clay rather than the permeable material. Sand-dune '
deposits composed of fine sands whirled up and transported by strong western wind in winter
scason through the Gap between Mastung and Shirinab Sub-Basin covers the piedmont of this
area, though the foot of mountain with width few hundred melers consist mainly of sands and
gravels detived from the upstream atea. The downstream side of sand-dune is valley floor,
which is composed of very thick silts/clay strata reaching its thickness around 300 m and
“covered with thin eclian deposils.

“(Main aguifers influenced by damy)

Sandslgravcls strata atong the foot of moinilain with width few hundred meters may be, like as
UN-MST-4A, underlain by silis/clay steata. Then, the recharged groundwater into these
sands/gravels strata may be once stored in these aquifers. This is assured by the facts that
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relatively many karezes exist in this area, and the karez system is difficult to take groundwater
becaunse aquifers and groundwater table are so deep.

Sand dune deposit may be relatively permeable due to composed of loose sands and silts. As
this deposits may be underlain by impervious silts/clay, groundwater may flow to the
downstream within sand-dunc deposits. The influcnced area by the recharged groundwater
flowing from the proposed dam is Hmited due to topographic condition. Topographic geadient
is approximately average 1/100.

Dam and reservoir

The catchment area is composed of Chiltan limestone, Shitinab formation, Spin Tangi
limestone and Bostan formation. The catchment area forms moﬁntainous hilly and the materials
for sedimentation was derived from surrounding out-crops of older rocks. Piedmont deposits
were accumulated at the foot of limestone mountains, Talus deposit and river deposit are
observed in the wider valley. Sand dunc was developed at the lower pait of the proposed dam
site.’ '

- Two of large tributaries located at the left and right side of the catchment area have confluence

at the proposed dam site. Both tributaries are located at limestone area (Chiltan liméstone), and

have altuvium in the river beds. Talus deposits are accumulated on the alluvium. Vegelation
cover is observed on the talus deposits and alluvium,. Earth bunds have been constructed by

inhabitants for the basin irrigation at the proposed reservoir area and also upstream of the
catchment area. Series of earth bunds in smal creeks are cl'feé:tivc for silt trap during floods.

~* Proposed dam site is located at the fan head of the alfuvial fan and the depth of the river
deposits is more than 100 m. Proposed dam would be conslructed acrossing the wider valley
of its width of around 1,000 m. Both abutménts are composed of out-crops of the limestone.
Dam foundation is composed of semi-permeable materials due to fine material contents.

Socio-economic condition

" The estimated number of houscholds of the beneficial area is about 180, and pdimlation is
about 2,000 souls. Bangulazai tribc of thc Brahui is the main ethnic group. “The social
structure of the residents was relatively democratic. Domestic water source is open surface
well, karez and tubewell. Energy source is eleciricity, kerosene oil and wood. "All roads are
unpaved roads available only in good weather. There is a primary school for boys and gicls.
No health facilities exist. The discharges of karczes were very low due to improper
maintenance. The average houschold income is cstimated very low. One agricultural
cooperative is established in the village of Fizabad.
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Agriculture and jrrigation

The beneficial arca is in the flat area along the highway, near the center of the Mastang District.
The soil is highly suitable for irrigation and for growing of various crops, but it has a little high
penetration rate due to its sandy characteristics. The soil condition docs not so properly for
fruits trees that onion and wheat are mainly planted. Main livestock is sheep and goats, but
rearing size is small. Generally, the farm size is small and the household income is low.

In expected beneficial arca of the Sakhol DAD, potentiality for groundwater exploitatiﬂn is
limited due to hydrogeological conditions as described in the section of Hydrogeology. - The
agricultural areas extending downstream of the dam could clearly categorized areas in karez
use, tubewell use and flood irrigation, from the upstream. Half number of existing 6 karezes
are in-operatignal at all , and remaining half have decreased availability due to effect of
exploitation of groundwatér by tubewells. The proposed dam could give an cffect for
groundwater use by exisl'ing.20 fubewells. '

Environment

- Typical environmental situation in the area is the following issues:

grdundwatc'r depletion, decreasing discharge of karez, water level decline of tubewells in the
',dr'y season, surface water utilized as flood irrigation, water right for karez, insufficient water
supply for domestic in the dry season and riverbed and/or riverside utilized as traffic route.

: Env;ronmcnlal aspects changed by the construclion of the dam mclude _
changes in sitface water hydrology, changes in groundwater hydrology and apaﬂness of traffic
route by dam and related facilities.

Eﬁvirohnic'nt’al jmpacts caused by the construction of the dam include: . _
Positive; - reduction of ground water level decline, sustainable use of groundwater resource,
: and | _
Negative ; deprivation of surface waler use for flood irrigation and loss of traffic approach for
social life and economic activities.

" The _résﬁils of IEE revealed that there were no residual ncgaﬁve impacts because the potential
_negali've inipacts of minor level could be mitigated by means of conservation and alternative
- measures in the development plans established in the Study. Therefore, EIA was not requited.
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(11)  Mangi dam

'Topograph.){, geﬂggg and hydrogeology
(Topo-interpretation)

The mountain arca is composcd mainly of hard and massive Jurassic limestones and Eocene
limestone.  There are two types of Eocene limestone, onc is relatively hard and massivc,’
anothér is porous and cavernous so that partly aguifers may develop. Inside of this mountain
“area, relatively wide valley buried by talus and alluvial exists and forms a part of the catchment .
area of exisling Sarbund dam. Piedmont slope extends widelj with width few kilometers along
the western foot of mountain area. Further downstream side up to Shora Rud is valley floor
covered with silts/clay, but the riverbed of Shora Rud is comp‘oéed of sands/gravels.

{Main aquifers influenced by dain)

The piedmont slope with a few kilometers width extend widely in the western side of mountain
~area. Average topograp}iic gradient of the alluvial fan is approximately 1/100, and the area is
around 14 to 15 km®. According to the result of test drilling during Phase | Study, lh§:
thickness of the sands/gravels at proposed dam site is 27 m, and bedrock is shale of Oligocené |
age. Groundwater was not observed at that time. Upstream side may be sandslgtavels rich,

* and downstecam side silts/clay rich from existing 4 wells data of UN-PS-3 to3 and KB-BKB-

1 along Shora Rud. Bedrock is gcnerally shale and/or sandstone of Eocenc to Mxocenc age.

. Dam and reseivoir

The 'catchmén_t area is'compo'secl of Shiriri‘ab Formation at the left sidé and Nimargh limestone

‘atthe right sidc; and alluvium are dcp'orsiled_ih the river bed. Shirinab Formation is‘compciscd -
of limestone and intertogged shales. The catchment area of the Sarbund dam is composed of
‘Nimargh limestone and alluvium is thickly accumulated in the widely spread valley of the
¢atchment area, Vegetation cover is in goéd condition in the catchment area of the Sarbund
* dam, and several bunds constructed in the valley for the basin itrigation contribute to trap silt
and turbid water in them dunng floods. Siltation volume is sllghtly obscrvcd in lhc ruscrvmr of
the Satbund dam even after 3 years from complehon

Plain river bed wilh 500 to 700 m width is formed in the downstream arca of the Mangi dam
catchment area. Vegetation cover is sparse on the alluvinm and talus deposits. Several bunds
with their length of more than 200 m are constructed for the basin irrigation in the river and it
contribules for silt trap during floods. River forms gorge configuration in the middle of the
catchment area. Gorge width ranges from 15 to 20 m. Quterop of limestone is observed at the
both sides of the river. Vegetation cover is sparse. Perennial flow (groundwater) is observed _
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at the mountain foot located at the left side of the river. Upsiream of the calchment area forins
wide basin with sparse vegetation cover. Groundwater flow is observed at the shallow depth
throughout the year. Vegetation cover is in good condition on the alluvium located at the left
side of the arca. Basin irrigation is adopted along the river. Several rows of earth bunds
conlributes to capture fine silt, clay eroded by precipitation inside of the bunds.

Proposed dam is located at the fan head of the altuvial fan with-around 700 m width. Right
side abutment is composed of out-crops of naudulated limestone. Left side abutment is
composed of Piedmont deposit originated from Shirinab formation. River deposits composed
of bouldér, gravel, sand and clay is thickly accumulated at the dam site. Base rock of shale
(Shirinab fori_nation) is observed at the depth of 17 m from the river bed.

Socip-economic condition

The estimated number of hiouseholds of the beneficial area is about 440, and population is
- about 4,800 souls. The Sarparas tribes of Brahvi are true natives of the area. The social
structure is tribal. The major parl of the land is posscssed by the a few land owners, and there
are considerable share croplﬁcrs in the area. No marketing facilities exist in the area.: Farmers
~ usually rarket their products and procure agricultural inputs from Quetta city located at a
considerable distance. Doinestic water source is the facilities provided by PHED and
tubewells. Energy soumc is electricity, wood and coal. The area is located at 25 km from main
road, and available when it is in good weather. There are two primary schools and one middle
' school and iwo dispensaries in the area. There are no sanitation and drainage facilitics in the
area, The socio-economic condition of the residents is very poor. One agricultural cooperalive
was established in the v:llage of Sh'apchl

Agncullurc and irrigation

The beneficial area is in the flat area located at the boundary of Mastung and Kalat Districts.
The physical and chemical characteristics of soil textures are moderate and soil suitability for
irrigation is high, but the area is not suitable for orchard due to the shallow subsoil layer. Main
crops are onion, wheat, and cumin, especially onion is growi by most of all farmers. Main
li_véslock is sheep, goats and poultry, and most of farmers are raising sheep and goats. There
-are considerablé sharecroppers whose income tevel is low. Karez use has been rapidly shifted
o bewell operation in the beneficial arca of the Mangi DAD. Only 2 karezes are scarcely
-operational at present among existing 12 karezes.
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Typical cavironmental situation in the arca is the following issucs:
groundwater depletion, decreasing discharge of karez, water level decline of tubewells in the
dry season, water right for karez, shift from exhausted karez to tubewells, seasonal migration
of transhunmant pastoralist and riverbed and/or riverside utilized as traffic route.

Environniental aspects changed by the construction of the dam include:
changes in surface water hydrology, changes in groundwater hydrology and apartness of traffic
roule by dam and related facilities.

Environmental impacts caused by the construction of the dam include:

Positive;  reduction of ground water level decline, sustainable use of groundwater rcsburcc,
_ and |

Negative ; loss of traffic approach for social life and economic activities.

The results of IEE revealed that there were no residual negative impacts because the potential
negative impacts of minor level could be mitigated by means of conservation and alternative
measures in the development plans established in the Study. :’l”her:e_for_:}, ETA was not required. .

(12) Kad Kocha H dam

- Topography, g colog.x and hydrogeology - o
- (Topo-interpretation) |

“ The mountain area is composed mainly of hard and massive J 1ii‘a55ic'linlicstoncs and porous
and cavernous Eocene limestone. Jurassic limestone forms steep slopes. In the catchment area
of the proposed dam, relatively wide valiey buried by talus and alluviums are formed and
supplied sands and gravels from the mountain slope. Likewise, the middle scale of alluvial fan
extends through the Gap of near downstream of proposed dam. The other atluvial fans from
the other catchment areas contact to this atluvial fan. The downward of this alluvial fan is
valley floor reaching up to Rud Sariab, ' '

(Main aquifers influcnced by dam)

Based on the topography, the influenced area by the recharged ground\vatcr from the ptdpoécd
dam may be limited in the aquifers of the atluvial fan and of the valley floor continuing from
this alluvial fan. Topographic gradient of the atluvial fan is 1/30 to 1/40, the areais 3 to 4 ki’
Sands/gravels strata of the allavial fan continues to the silts/clay strata of the valley floor
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resulting semi-confined or confined aquifers in the part of valley floor. According to the
existing well data of MST-11 drilled in 1974 located in the valley floor, these seimi-confined or
confined aquifers have their hydrogeologic characteristics as follows:

Depth to groundwater level was approximately 30 m as of the date drilled, coefficient of
permeability approximately; 1x10° ensec, transmissivity approximately; 90 m'/d, specific
'yield; 15 %, and specific storage; 8x10* 1/m. Unconfined aquifers in the alluvial fan seem to
be higher permeability than the abave, Some number of tubewells exist in this atluvial fan. AMl
of them are located along the southern end of the alluvial fan where is convenient to pump up
groundwater.

- Dam and reservoir

The catchment area is composed of Chiltan limestone, Shirinab formation, Spin Tangi
~ limestone and Bostan formation, and alluvial déposits comprised of gravel, sand and cobble
stone have been thickly accumulaled on the mountainfool. Vegetation cover is observed on the
- alluvium deposits and talus deposits. River deposits are thickly accumulated, however
accuinulation of siltation in the reservoir area is less expected because tributaries extend
radically, accordingly floods flow down through small creeks distributed in the catchment area.
Less inflow of sediment is expected by the existing delay action dam of the Kad Kocha I,

“ Proposed dam si.te' is located at the fan head of the alluvial fan and the depth of the river

dcpbs_ils is more than 100 m, ‘Proposed dam is constricted acrossing the wider valley of its
- width of around 400 m. Both abutments are composed of out-crops of the limestone. River

| “deposits ate composed of boulder stone, gravel, sand and silt. Boulder size is relatwely large,
: 20 to 40 ¢m. : The watcr 1mpounded in_the dam reservoir will sccp mto reservoir bed and
‘ultimately drain into the area downs{ream of the dam site.

- Socie-economic condilion

The estintated number of households of the beneficial arca is about 270, and population 'is
about 2,500 souls. This communily belongs to Lango tribe of Baloch ethnic group. The social
structure of the community is tribal.- No marketing facilities exist in the area and the farmers
usvally markel their agricultural products in Quetta and Sukkur. The farm input materials are
usually bought from Quetta city. Domestic water source is open surface wells and tubewells,
Energy sourcc is eleciricity, kero’senc and wood and coal. There are two boys primary
schools. No health facilities exist. The ; average household income is estimated belter than the
~ average of entire Balochistan Province. The technicat capablht:es of farmers are better than the
~ average farmer in the province, but no agr:cul_turc, training has been imparted to them. ‘There is
one agricultural cooperalive in the village of Mall Kharm.
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- Agriculture and irrigation

The beneficial area is located at a flal arca along the highway. The soil is highly suitable for
irrigation and good for growing of various crops. The main crops ate apples, onion, Karif
vegetables, wheat, Rabi vegetables, and forage crops. The main livestock is sheep and goats,
out of which considerable heads are raising in herd size of 40 to 60, The farm size is relatively
big resulting into high income level.

As it is the best suitable region for groundwater use in viewpoint of hydrogeology, many
number of shallow well and tube-well exist in the expected beneficial area of the Kad Kocha I
" DAD. No karez is operated in this area. Flood irrigation is available in a area behind irrigated
arca by the tubewells, where extends 2 or 3 km downstream from the dam site. 62 tubewells
ate operational in the specificd benefit area located upstream of the flood irrigation area. -

" Eavironment

Typical environmental situation in the area is the followmg issues:

flood damages to the facilities for flood irrigation and substantial expense for its rch'th)hlatton
groundwater dcplellon water level decline of tubewells in the dry season, surface watcr uulwed
~as flood irrigation and riverbed and/or riverside utlhzed as traffic route.”

_ Enwronmenlal aspects changed by the construction of ihe dam mcludc o
changes in surface water hydrology, changes in groundwater hydrology and apartness of trafl ﬁc
.routc by dam and rclatcd facilities.

" Environmental impacts causcd by the conslmcuon of the d’i]’ﬂ mf‘ludc
: P_osxlwc, nnhgallon of flood damagcs. reduction of: ground water Ievcl dcclme sustamable

:  useof groundwatcr resource, and L -
‘ Ncgahve . difficulty of surface water use for flood irrigation ata part of the area and Ioss of
traf(ic approach for social life and economic activilies.

The results of 1EE revealed that there were fio cesidual negative impacts because thc potential
negatwe impacts of minor level could be mitigated by means of conservation and. allemalwc _
© measures in the devclopmcnl plans established in the Study. T herefore, BIA was not n,qulrcd
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(1} Iskalkoo dam

Topography, geotogy and hydrogeelogy
(Topo-interpretation)

The catchment arca of Iskalkoo dam is composed of Miocene limestone. This limestone is
porous and cavernous in many localities and easily eroded by water forming hilly topography.
“The dam site is located at the mid-area in the hills in which western side is dissected, and
‘covered by relatively thin alluviums.

(Main aquifers influenced by dam)

The proposed dam site consists of white to pinkish limestone in general, though very thin river

deposits lies along river bed. From about 1 km downstream of the dam site, alluvial fan

composed generally of sands/gravels develops. According to the information of the test

dnllmg, the thickness of alluviums at the way-out from hills is 6.5 m, and depth to water level

15 2.6 m. Itis inferred that the thickness of alluvium may be around 30 m at maximum. They
are undcrlam by shalc in general. Miocene limestone in the arca lies over the shale.

" Dam and reservoir

- Proposed dam site is situated in Kirthar Formation compose of limestone and Nari Formation
composed of shale and mudstone. Several layer of shale and sandstone are well jointed, and
talus deposnls were thickly accumulated on the hillfoot along the river. Vegetation is in good
condition on the Ihickly depos:ted talus depos:ls

Proposed dam site is localed at Nari Formation composed of shale and sandstone. Shale is
well jointed and its surface has loosened solid rocks. - Dam abutments form mountainous hil}
and tercains. Consolidated claycy laycr is observed on the ri ight side and lower part of the river
bed.. River deposits composed of gmvcl and cobble stone of shale and sandstone were
accumulated with their thickness of 6.5 to 30 i from thc river bed surface. Knrthar limestone
is observcd under the river deposits.

. Socio-cconomic condition

 The éstimated number of households of the beneficial area is about 85, and population is about
1,500 souls. All the residents of the area belong to Brahui ethnic group. The area is located 3
ke far from Kalat urban center. Domestic water source is spring. Energy source is clectricity
and oil. There are one high school and one primary school, and one dispensary in the area.
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