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ANNEX A  GEOLOGY / HYDROGEOLOGY
A.1  GEOLOGY OF PISHIN LORA BASIN

Pishin Lora: Basin is divided into eleven sub-basins, which are called Pishin, Kuchlagh,
Quetta, Kolpur, Sardar Khel, Mangocher, Maslung, Shirinab, Patki Shah Nawaz, Kalat, and
Kapot',

Geoanticlinal Axial Belt ruris in the ranges beiween the south-easter parts of Kuchlagh Sub-
Basin and middle to sonthern Sub-Basins. This axial belt consists of Alozai Group of Perm-
Carboniferous to Triassic {mainly interbedded limestone and shale) Shirinab Formation (mainly
limestone and marl with subordinate shale), Chiltan Limestone of Jurassic age, and Parh Group
or Parh Series of Cretaceous age (Belmnite Shale, Pab Sandstone, Parh Limestone). Older bed
lies usually in the western side, and the younger the more eastern side. The ultrabasic ophiolite
rocks (Hindubagh Intrusives) expose in the north-eastern part of Kuchlagh Sub- Basin. They
are overlain partly by Dunghan Group of Paleocene age, Gazij Shale and Spintangi Limestone
(or Nlmargh Limestone / Wakabi Limestone) of Eocene age. Dunghan Group is renamcd
Brewary Limestone around Quetta District. '

" Spintangi Limestone and its equivalents lic widely around east Kalat Sub- Basin, and some of
which are found as lenses in the central mountain ridges. The lowland of the axial belt (south-
castern Kuchlagh, Quetta, ‘Kolpur, Sardar Khe}, Mastung, Shirinab, Mangocher, and Kalat)
may be undcrlam by Gazij Shale which is gcnera]ly erosive and casnly dissected.

: Wcstem part of the Baﬂm (north -western Kuchlagh Pishin, and Patki Shah Nawaz) consists
gencrally of Murgha Faqlrzal Shale of Ollgocenc age, and Shargalu Sandslone of Miocene age.
The area of the shale has low relief of hitly range {Khwaja Amran Range) in the_wcslcm patt,
and dissected lowland in the eastern part. Thick clayey / Silty strata (Bostan Formation)
accumulated on this dissected lowland. While, in cast Kuchlagh and the north cast Quetta Sub-
Basin subsided deep geosynclinorium, and thick'molasse {Urak _Conglémcrate) accumulated in
this area. ' - '

Pliocene deposit can not be found out in this Basin,

" Terrace deposn or older fan deposit (Subrecent deposit) transported by oldcr stream

accumulated and were dissected forming hillock areas along the foot slope of stcep mountain -

rangcs. Recent streams form atluvial fan deposits, river deposits, floodplain déposits, ete.



A2 HYDROGEOLOGICAL STRUCTURE OF PISHIN LORA BASIN

Sub-basins and surface / subsurface drainage systems of Pishin Lora Basin are shown in Fig.1
and aquifers and aquitards in the Basin are shown in Fig.A. L.

Most water stored in the fine-grained rocks usually is not read;ly available. Paleozoic and
Mesozoic erathem (represenlatwes are Alozai Group, Shirinab Formation, Chiltan Limestone,
‘and Parh Group) in the Basin is composed mainly of massive and watertight limestone
“generally so that they are classified into aquilards.

“The rocks 'aﬁdfor deposits composed of fine grains of Cenozoic era such as _Gaiij Shale,
‘Murgha Faqirzai Shale, Bostan Formation, and Alluvial silt and clay are generally aguitards or
aquicludes. ' '

Some occur in fractured and nodular limestone such as Paleogene system except shale
composed of mainly loose and cavernous limestone (representatives are Spintangi Limestone),
~and forms partly useful aquifers providing locally important springs. However, groundwater
availability depcnds on its area and depth. Spintangi Limestone extent in the castern of Kalat

Sub-Basin supplies considerable volume of water as Chashma Iskatkoo, etc.

Neogene congtomé,rate' (U'rak Conglomerate) and sandstonc (Shaigalu Sandstone) form partly
- aquifer Urak Conglomcrate is composed are cavernous matrix of limestone, and dcvciop alot
of pervious fissures between matnxes and hard pebbles / boulders so that it may form useful
aquifers in many parts. The UrakConglomerate in east Quetta and Kuchtagh subbasins
 occupics about 350 sq.km of highlands. Because of the good outflow from the Urak River, the
great extent of the Urak éoilglomeratc ‘may be of significance. [anna-Urak River flowing from
orthi- éaster’:i side to Quetta valley dissecting this formation with abundant quantity runoff of
water may be supplled from springs out of this formation. However, the perviousness of this
formation depends on area and depth.

The Dada Conglomerate occupies about ten and few sq.km in the extreme south-west of the
basin and can be ignored.

: While,'alluvia‘i fan deposils distributing WEdely:alohg the piedmonts is composed mainly of silt
traced sand, gravel and boulder so that llhéy may compose excellent permeability and
groundwater Slofage capacily :fon'ning:very high potentiality as good a’q’uifer in the Basin. The
groundwater exploited in the Basin is almost from these deposits. Allavial fan depesits are
considered as imporiant groundwaler rechar_'ging media because they locate at the effective area
for gathering water from the mountain.

Alluvia! aquifer dimensions are shown in the Table 1.



The proposed and existing sites of defay action dam on the study are located in the 6 of 11 sub-
basins of Pishin Lora Basin mentioned as under.

* Pishin sub-basin
Proposed DAD sites; nos. 3 (Arambi, Sanzali, Jigda)
Existing DAD sites; nos. 2 (Tirkha, Khushab)

+ Kuchlagh sub-basin
Proposed DAD sites; nos. 1 (Murgi Kotal)
Existing DAD sites; nos. 2 (Bostan, Khor Manda)

* Quetta sub-basin
Proposed DAD sites; nos. 5 (Kach, Dara, Ghtai Shela, Brcwary, Wali Dad) -

Existing DAD sites; nos. 1 (Marium)

» Mastung sub-basin .
Proposed DAD sites; nos. 2 (Sakhol, Kud Kocha 11)
Existing DAD sites; nos. 2 {Amach, Kud Kocha I}

-« Kalat sub-basin
Proposed DAD sites; nos. 1 (Iskalkoo) -
Existing DAD sites; nos. 2 {Laghmgir, Gorpad)

"+ Patki Shab Nawaz sub-basin : '
© " Proposed DAD sites; nos. 1 (Mangi)
- Bxisting DAD sites; nos. | {(Sarbuad)

The land forms of thesé six sub- basins are divided largely into three, namely the mountain
' hlghtands the piedmont slopes, and the vallcy floors. The fealurc of these land- forms is as

~under.

i, l‘hc mountain highland;
- Those are usually composed of the ranges charactcnsed by steep or relatively
- steep slopes, the principal aréas of erosion and incised drainage. It consists of
sharp ridges, round summits and narrow valleys. Most of mountain slopes have
- the tendéncy of dip-slopes of the folded hard rocks such as limestone.

‘ 2 The picdmont plain;
It is the inlermediate zone between the mountain highland and valley floor, T hc
topography in this zone is irregutar due to interconnected coalescing alluviat
fans, cones and branching off streams descending from the mountain highlands.
The sediments cornisist of nainly gravel and sand with subordinate silt and clay.
Hydrologica]ly this zone is the principal area of recharge to groundwater

_ reservoir and constitutes the most promising zone for groundwatcr -

development. :

3, The valley floor; -
It includes usually the central part of the respective valley cnclosed by the lower
limits of the piedmont plain. It has comparatively more gentle slopes duc to the
sheet flooding from the flanking piedmont plain. Hydrologically the valley
floors constitute the principal areas of natural discharge through effluent streains

“and evapotranspiration. The depth to water is comparatively shallow in the
valley floor area.



Groundwater occur inain!y in the unconsolidaied deposits under the water table condition in the
most part of the arca of piedmont plain and semi-astesian or artesian conditions in some part of
the area covered by impermeable clayey layers in the valley floor. Some lesser quantity of
groundwater develops in the consolidated rocks as observed by the presence of a number of
_ springs originating from liniestone and conglomerates.

Groundwater quality of the area has a feature of which generally groundwater in piedmont,
- alluvial fan arcas are fresh and deteriorate in down reaches of valley.

The presence of saline is in Bostan Formation, Gazij Shale, and Belemnite Shale which are
eroded to form saline alluvial material. Wherever these rocks occur the groundwater in the
Alluvium are brackish 1o highly saline.

A HYDROGEOLOGY OF THE RESPECTIVE SUB-BASIN
a  Pishin Sub-Basin
i) General _Dcséripl.ion

" 'The area forms the northern part of Pishin Lora Basin, which is the lower most valley of the
Basin. Mountain ranges and drainage of Pishin sub-basin are as under;

Mountain Range

" Location ' | Nameé of Range * : ' | Range of Crest Altitude
- Western border ~F Khawaja Arzan range _ '
* Eastern border * | Sher Ghundi & Ajrain Ghar range 1500 - 3000 m
Northern border * | Arambi range - : N
: Drainage
" Principal Stream Barshor Lora Pishin Lora
from Right Flank Machka
Surkhab Lora (Kuchlagh)

- Main Tributaries from Left Flank Bostan Lora (Kuchlagh) ------> Rokhi Lora

: ~ Shora Rud (Patki Shah Nawaz)
from South Shirinab Lofa (Shirinab)

————

The rocks mainly exposed within .the'd'rainage basin range in age from Oligocenc to Recent,
The base rocks of thie area are represented by Murgha Fagirzai Shale of Oligocene age and

' Shaigalu Sandstone of Miocene age. The Bostan Formation of Pleistocenc age overlies them
unconformably.

- » Murgha Faqirzai Shale:

greenish grey, green or khaki shale with subordinate sand- stone and shaly
limestone.



s Shaigalu Sandstone:
interbedded thinly calcarcous shale, limestone and calcarcous conglomerate, and
correlated with Urak Group in Quetta Valley.

+ Bostan Formation:
soft, crumble clay & silt of bright red, maroon, green, cream colours with
subordinate sandstone. Conglomerate are also present at some places.

* Subrecent deposils: _
fluviatile sediments deposited by a drainage system older than the present
system; generally composed of semi-consolidated gravel, sand, silt & clay;
coarse materials dominate the lithology in their outcrops exposed along the base
of the mountains; their permeability is rather lower than the Recent.

- *» Récent deposits: ' :
" fluviatile sediments deposiled by the present drainage systeny; constitute the
" main groundwaler reservoir of the area; the size of the constituent particles
decreases away from the mountain ranges.

Hydrogeological Map of Pishin Sub-Basin is shown in Fig.A.2.

Murgha‘ Fagirzai Shale and Bostan Formation form impermeable bed of groundwater basin.
Shaigalu Sandston= partly develops pervious fissures. 3 '

Fan deposits form excellent groundiater recharging area. Subrecent deposit forms also aquifer
in the eastern hillock area. ' ' ' '

' The équifers in the ‘va!ley‘ﬂoor are usnally confined by aquitards compd'sed of silt and clay.
While, in the area of fan deposit of the piedmont, groundwater-is usually unconfined.

Inthe Fig.A.2, the lower Jimit of atluvium is shown to a presumable extent. -

" The specific yiclds of alluvium are also shown in the figure according to existing well data.
‘They are more than 20% around the upper part of north-castern to northern picdmont fan
deposit area, and castern Subrecent deposit area, showing some special area around 25%.

Transmissivity and permeability in the sub-basin are; Lo :
- = Transmissivity -Permeability
~ in the small scale of fan deposit area 10-20mZ/d © 7E-4 ~ 2E-3 csec
in the large scale of fan deposit area around . : o
Qila Abdullah of northem part :
in the centrat area of fan deposit area of
upstream area of Pishin Lora ~ Barshora

- 100~1500 mzld‘ © 3B3 ~ 2B-2 cinv/sec :

Lora of northern to notth-castera part . - 100-300m2/d 2~ 8B-3 cinfsec
{eastern piedmont of K.K Bund 50~150 m2/d 2 ~ 5E-3 cnvsec)
in the periphery of upstream fan deposit 500 m2/d 1 ~2E-2 cm/sec
Subrecent deposit around 100 m2/d 3~ 7B-3 cm/sec

“In the central area of valley floor : around 20m2/d- around 1E-3 cnv/sec
Bostan Formation around 5 m2/d around SE-5 cm/sce



ii) Geological Profiles
Main geological sections are shown in Fig. A.2 and A.3.

Profile along lines A, C, D, E, and F are described to check the vertical extent of the strata of
sands/gravels in the picdmont slope as main aquifers in the Sub-Basin, Line B is to check the
aguiters along the parallel direction to the mountain range.

Alluvial fan deposits in the picdmont usually consist of dominant sands/gravels. However as
proceeding to valley floor, they inter-finger with the strata of silisfelay gradually increasing
their ratio, and finally in the down-reaches of valley floor ahnost all strata become composed of
silis/elay.

Line B is the cross section of the inter-fingering part showing that the strata of sands/gravels
and silts/clay altemate each other.

iii).  Location and Distribution of Aquifers

The strata of sandsigravéls donnnanlly composing piedmont slope act as useful aguifers and
' rechargmg media of surfacc ranoff water from the calchment in the mountain. They are usnally
_ 'unconfmed

The strata of sanddgravels mter-ﬂngered wilth silts/clay are usually connected with those in the
plcdmont consulu{mg conﬁned or scrm conﬁned aquifers.

The slrata of s;ltslclay in the down-reaches of valley floor act as aqmtards contribunng as
nnpervmus barrlcr against groundwatcr flow from the upsm,am

e Charactegistic's as Groundwater Basin

The piedmonts act as recharging media and groundwater reservoir, while the down-reaches of
vallcy floor as the barrier against groundwater flow. In consequence, the structure of the
: groundwalter basin is like underground dam so that the runoff from the basin through
i undcrground may be very little.

--- Aquitards as Barriers or Impervious Beds to Groundwater Flow

In the e’aste:rn'sidc of the Sub-Basin, concealed mountain range lay under the Atluvium around
Killi Mirza Mulagizai, and the underground valley between the eastern mountain range and the
concealed one is buried by the Bostan Formation which emerges to the surface as proceeding to
South forming hillock with so many gully erosions and land-sliding. According to Profile C
- and D, though basement rocks form impervious bed declining gradually from North to the



South in the mountain side, deeper portion than the altitude 1400 nate covered by very thick
uniform clay inferred to be the Subrecent or Bostan Formation.

While in the western side, these clay slrata are dcﬁcieni, and Murgha Faquirzai Shale and/or
Shaigule Sandstone are directly overlain by Alluviums.

b Kuchlagh Sub-Basin
1) General Description

" The boundaries of the aréa have been fixed on the basis of surface water drainage and possible
underground inflow from Khanozai arca.

Mountain Range

Location Name of Range Range of Crest Altitude
Takatu, Chiltan, Sur Nar, 3310 m in the Chilian range
Toward south Urghrgai ranges 3452 m in the Takatu range
Singwash, Meshelak
Toward north Sher Ghund ranges
e Drainage .
Northern Toghi Nultah --- Surkhab L.ora
. .. - BostanLora )
Principal Stream Cfnlral : * (Baleli River (Quetta)] --- Karakh Lora
-~ Southem Karinga Lota ------1 " ;
Tributaries .. fromeast : Khwaja Lora, Tirkha Lora

= " The rocks cx.po'scd'ixi Kuchtagh area are of Sedirtaentéry origin and range in age from Triassic to
Reécent. These rocks are folded and faulted and axes are oriented in NE-SW directions. '

e Alozai Group, Shirinab Formation: Jimestone with subordinate shale exposed in
the south of Koh Mehtarzai. - : o A
. Chiltan Limestone, Parh Group: exposéd in ndnh‘-eas&;rn ranges of Takatu -
ranges. - _ .
. - Intrusive rocks: exposed in the atea near Khanozai.
¢ Brewary Limestone, Nisai Group, Gazij Shale, Nimargh Limestone, Murgha 5
Fagirzai Shale, Shaigalu Sandstone: exposed in Khan Mehtarzai area.
. Urak Conglomerate: partly exposed in the area of noith-castem part.
. Boslan Formation: exposed in the north and north-western part of the area,

forming low hills; semi-consolidated; mainly composed of clay and silt with
subordinate gravel beds; barrier to groundwater flow in general and will limit
the vertical extent of the aquifers as it underlies the alluvium in the vailey floor.

. Mainly gravelly deposit develops in the alluvial fans and fine méterial, mostly
silts and clays but at places gravel layers in the valley floor.



The picdmont plains are prominently developed in Takatu range east of Kuchlagh town,
whereas these alluvial fans are non-existent towards north and nosth-west because of soft
material forming the rocks in this part of the area. Area between Samungli and Baleli and
Bostan represent typical one of the valley floor,

Fig.A.S shows Hydrogeological Map of Kuchlagh Sub-Basin.

“The lowland along river channel of middle to southern part is composed of valley floor deposit,
however, in the northern part Subrecent deposit and Alluvial fan deposit reach up to the river
channel.

* Paleozoic ~ Mesozoic erathem, Murgha Faqirzai Shale and Bostan Formation are impermeable
bed of groundwaler basin. Spintangi Limestone and Urak Conglomerate are partly aquifer.

Main aquifer in this sub-basin is Subrecent deposit and Altuvial fan deposit. In the case of -
valley floor deposit, it is uswally aquitard because it is composed mainly of silt and clay. The.
depth to water is the shallowest around Baleli area and area between Kuchlagh town and
Bostan railway station. Around Baleli mound camp, artesian aquifers have been encountered.
Depth to water increases towards Gowal area. At Khanozai, it shows medium depth and
decreases towards Nigandi area,

Groundwater is generally unconfined in the middle to northern part and along the piedmont in
* the southern part, but confined in the valiey floor in the southern part.

" Inthe Fig.A.S, the lower limit'of altuvium i$ shown to a presumable extent,

The specific yields of alluvium are also shown in the figure according to existing well data, -
" They are more than 20% along the piedmont of south-eastern side, and the top of southern fan
deposit around 25%. Along valley floor, it is around 15% in the northern part, and less than
10% in the southera part.

Transmissivity and permeability in the sub-basin are; '_ .
~ Transmissivily Permeability

~ in the south-castern piedmont 100200 m?2/d 1.5 ~ 3E-3 cnv/sec
*jn the mid-scale of fan deposit area _ _

- around Bostan _ 300~700 m2/d  5E:-3 ~ 1B-2 emfsec
alonig upstream area of valley floor 20~30m2/d - 6E-4 -~ 1B-3 cmfsec
along upstream area of valley floor ' 20~30m2/d - 6E-4 ~ IB-3 cnvsec
along downsteeam area of valley floor less than 10 m2/d  less than 1E-4 cn/sec

ii) * Geological Profile

Fig. A.6 shows main geological sections of the Sub-Basin. In the Sub-Basins, Alluviums
deposit in narcow inter-mountain valley from North-Bast to South-West. Profile line A is from
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the eastern piedmont to valley floor in the south-western area, which expresses typically the
situation of alluvial fan deposits, changing rapidly from sands/gravels into silts/clay in the
valley floor through very nacrow inter-fingered area.

Profile B shows the mid-part of Sub-Basin where, sand/gravel deposits of alluvial fan forming
lens get into thick strata of silts/clay in valley floor. |

As proceeding to north-eastern area, Profile C shows the dominant disteibution of
sands/gravels strata along the Bostan Nala. '

i) Location and Distribution of Aquifers

In the Sub-Basin, competent aguifers are existing in the north-eastern and in both the eastern
and western piedmonts of the south-westem aréa.

e © Quetta Northern Sub-Basin

i) General Description

* The area is bordered by asymmelrical mountain ranges: There are two drainage basihs' within
' the area; (1) the northern basin and (2) the southern basin. The surface water divided between -
* the two basins is located near Landi-hill area. The study site is existing in the ‘northern basin.

Mountain ranges and drainage of Quetla valley are as under;

R _ Mountain Range _ ‘ .
Location: Name of Range . - - | Range of Crest Altitude

- Northern border .| Takatu range - |

' Northeastern border Zarghoon range © 12500 - 3000 m
Inthe east | Murdar range - © " { The highest point is -
Southeastemn border  * ] Degarirange in Zarghoon range with
Westem border | Chiltaa range an altitude of 3579 m.
Southwestern border Kumbelan range : '

 Drainage
. Sariab Lora _ .
Principal Stream Hanna River ---—--> © Baleli River
to Baleli River . Spin Tangi ---> Kuchnai Manda

Main Tributaries To Hanna River Sta Khula Manda

from Left Flank of SariabLora  Karakhusa Nala

- The rocks exposed in the arca arc sedimfcntary in origin and range in age from Triassic to
Recent. The consolidated rocks in general are considered to be impervious and barrier _lo-t_he :
movement of gr’oﬁndwatet. The Gazij Shale and Spintangi Limestone overlie Triassic to Lower
Tertiary rocks.

. ' Gazij Shale: impervions and a barrier to the movement of groundwater in
general,



e Spintangi Limestone: fractured and jointed; developed second permeability
generaling of a few springs; not capable of holding and transmilting large
quantities of water.

» Urak Group: conglomerates and sandstones; well jointed and fractured; in
general have developed secondary permeability of considerable order; a source
of effluent discharge of the drainage.

’ Bostan formation: semiconsolidated; impervious then a barrier to the movement
of groundwater is general.

. Picdmont deposits: exposed at the foot of Takatu, Murdar and Chiltan Ranges.

. Quetta Loess: fine grained deposits; comparatively soft and friable; can hold and
transmit groundwater in moderate quantities; distributing in the central part of
the area.

The groundwater in the area generally occurs under water table conditions, however artesian
conditions were also observed in certain parts of the area. These arlesian conditions were
' génera}ly found in a belt of vallcy floor almost following the course of Sariab Lora,

; Hydrogeologlcal Map of Quetta Northern Sub Basin is shown in Fig.A.7. Quetta Northern
- Sub-Basin is drained by Sariab J.ora and Hanna-Urak River system which flows out of the area
.- through Baleli - Samungli Gap. Hanna - Urak River drains mainly the area composed of
. Miocene Urak Conglomerate in the upsiream, and Subrecent deposit extents widely in the
midsticam. Around those areas, Spintangi Limestone and Gazij Shale of Eocenc age, Dunghan
Limestone of Paleocene age, and basement rocks such as Parh Group, Chiltan Limestone and
Shirinab Formation of Paleozoic and Mesozoic age arc cx;sung While, in the Sariab Lora
drammg area, mainly Chiltan Limestone with subordinate Gazij _S_halc, Brewary L;mcstone,: '
" and Parh Group (Fort Munro Formation) is existing.

Wel:l-dév‘cloped alluvial fan deposit in this sub-basin is along Hanna-Urak River system, and
that next to this is south-western upstream piedmont of Sariab Lora drainage system. Easteia
picdmont is also composed of the belt of fan deposits, width of which is 2 to 3 kilo-meters.

Palcozoic to Mesozoic erathem, Duhghan Limestone (Brewary Limestone) and Gazij Shale is
- massive and watértight and forms the impermeable bed of groundwater basin,

" ‘Spintangi Limestone and Urak:COnglbmcrﬁle are crack developed and cavernous, and partly
- form the fractured type aquifer supplying the water to Hanna-Urak River.

Subrecent deposit and Altuvial fan deposit form the well groundwater recharging area,

Valiey floor déposil is composed of the alternating layers or lens of coarse and fine material. It
s generally impermeable silt- or clay-rich and has low recharging abilily. Aquifer in the valicy
~ floor is generally confined by impermeable silt and/or clay layers. While silt and/or clay layers



in the Alluvial fan deposit are usually rare existing and poor continuily, then aquifer in this arca
is generally unconfined.

In the Fig.A.7, the tower limit of alluvium is shown to a presumable extent.

The specific yields of alluvium are also shown in the figure according to existing well data.
They are more than 20% in the top of Alluvial fan deposit and Subrecent deposit locating in the
eastern piedmont. '

Transmissivity and pcrmeability in the sub-basin are; _
Transmissivity - Permcability

in the Alluvial fan deposit arca - in the range of 20~80 m2/d1.SE-4 ~ 2E-2 cnvfsec -
' _ paitly 100~600 m2/d  7E-3 ~ 3B-2 cnfsec
in the valley floor 4 ~ 5 m/d 2 ~ 3E-4 cr/sec

i) Geological Profile
Fig. A.8 shows geological sections of the Sub-Basin.

: "P:oﬁlc lines are mainly along the channel flow from mountain up to valley floor, and "!I'Ollild_
central va]ley floor to realize in wide acrial extent.

Profile A is from just downstream of Kach Dam {hrough cantonment area to Blaléli Samungli :
~ Gap reaching {o the entrance of Kuchlagh Sub-Basin showmg lyplca]ly lithological situation
from piedmnont to vatley floor. Plcdmont depos:ts are usually composcd of sandslgravels'

" interbedded with subordinate thin lenses of silts/clay. As proceeding to vailey floor, silts/clay

become gradua]ly_ richer and inter-finger each other, Tn the area after Baleli-Samungli Gap,

- almost all of silts/clay. Thc parts fower than the altitude around 1500m are composed of {rcry

~ thick clay strata, which seem to be Subrecent; of which upper !umts are mclmcd very gently
ffom mountain to valicy floor. ' ‘

Profile's B and D are from east to south-east piedmont and valley floor. Both cases show the
- rapidly change of thick strata of sandsfgravels in the piedmiont into thick sil'tsfc'la'y lhro'ugh_
" narrow inter-fingering area. Compann g to Profile A, it is said that the smaller the catchment
area, the more rapidly the sand of sandsfgravels change inlo sﬂtslclay

Profile C is crossing through the central part of Quella city from Nonh to South.‘Thc northern
end is around piedmont front composed of the transported material by Hanna-Urak River,
thickness of which reaches 16 170 to 180 meters. The southern end lies in the valley floor,
which several tens of meter thickness of sands/gravels extending from piedmont are overlain by
the confining impervious strata, and further teaches in the cenltral part of valley floor,
Alluviums are dominantly composed of silts/clay. |



jii)  Location and Disteibution of Aquifers

Competent aquifers develop in the alluvial fan deposits distribuling along the picdmont slope in
the northern to north-eastern, the south-castern, the south-western and the downstream of
Brewary area. Among them, the northern to north-castern is the biggest having their width
approximately 10 km. The aquifers of south-eastern have 2~3 km to 5~6 km width. The scale
of the Brewary area is small.

“In the northern part of Quetta valley floor as shown in Profite C, the strata of sands/gravels are
inlercalated by silts/clay forming confined aquifers whose piezometric levels are in between the
dcplh' of 20 1o 30 melters in the centeal part of Quetta cily. However, the piezometric levels are
rapidly going down to the northern Hanna-Urak River side.

--- Characteristics as Groundwater Basin

The piedmonts act as recharging media and groundwater reservoir, while the down-reaches of
Qallcy floor as the barrier against g'roundivater flow. In consequence, the structure of the
groundwater basin is like underground dam so that the runoff from the basin through
underground may b very little.

--- Aquitards as Barricrs and Basements of Groundwater Basins

Basement rocks are composed of Urak Conglomerate, Spihlaﬁgi Limestone, Gazij Shale and
“Chiltan Limestone. Gaz'ij' Shale and Chilian Limestone fom_i impcrviolis beds. However the
‘other two are usually porous and cavernous forming partly good aquifers. as Véry thick strata
of clayl_silts underlying in the ;zarea are also impervious beds as shown in Profiles.

d Mastung Sub-Basin -
i) General Description

The arca is an ¢longated valley runaing between (wo mountains ranges oriented north-south. It
narcows at the northern and southern cnds and widens in the Mastung - Pringabad arca,
attaining a width of about 10 km. Mountain ranges and dra-inage of Mastung valley are as

under; _
S Mountain Range

- Location Name of Range Range of Crest Allitude
Norihern and castern -+ | Chiltan range
border _ [ Kumbelan range ‘
From Kunak areain the | Kamar range " | The highest point is 2740 m
southeast v in the Kumbelan range
From Mangochet plain in | Bidrang High
the south




Drainage

' Sariab
Principal Stream BR;Xo(ini g:,a
_ From South Pir Ka Khad
Main Tributaries From East Kamar, Gaddi, Jal Baghicha Jami, Jal Pash Karm
Prom West _Chammai, Kmbi, Siah Band

The rocks exposed in the arca is range from Permo-Triassic to Recent.

. The Shirinab Formation: predominantly geey to black limestone complex
characterised by many shale intercalations.

. The Chiltan Limestone: equally compact dark limestone grading into cream-
coloured limestone towards the top of the formation.

*  The Gazij Shale: several thousand feet thick; predominantly shaly formation
with several sandstones and conglomeratic intercalations; exposed west of
Mastung; récognized to be the impervious base.

. Fluvial fan deposits: found along the whole length of the Kumbelan range in a
strip not more than 3 km wide, and in the southern Khad Kucha area,

. Alluvial and aeolian deposits: covering large parts of the area around Mastung
and Pringabad. - _ : ‘

* Hydrogeological Map of Mastung Sub-Basin is shown in Fig.A.9. Mastung Sub-Basin is long
- basin from north to south composing westeri mountain of Shirinab Formation, and eastern ..
' stecp mountain of Chiltan Limestone (partly Spintangi Limestone), Bostan Forniation exists in

one part. ' ' e |

' Main drainage system is Rod Sariab fxfom sc')u__th to nosth, and Mobi from noith to south. Both
rivers are relatively small. Allavial fan depasits are well dcvelopéd aldng eastern picdmont and
sduthern area. Strong winds blowing from the western gap of sl'llb-b'asin accumulate colian
~ deposit and forms sand dunc. Valley floor except sand dune arca is dominantly composed of
fine material. | ' '

Shirinab Formation, Chiftan Limestone, and Bostan Formation form the imp'e_rviou's bed of
groundwater basin. Spintangi Limestone forms partly fractured and/or cavernous aquifer.

- Valley floor deposit is composed of the alternating layc_rs' or lenses of coarse and fine material.
Aquifer in the valley floor is gencrally confined. '

In the Fig.A.9, the lower limit of alluvium is shown to a prc'smhﬁble extent. .

The specific yields of alluvium are also shown in the figure according to cxisting well data,
They are more than 20% in the top of Alluvial fan deposit of the northern, eastem and southern
piedmont. I is around 10% in the western piedmont, and less than 10% in the central part of
valley floor.
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Transmissivity and permeability in the sub-basin are;

Transmissivity Permeability
in the northern, eastern and sovthern
Alluvial fan deposit arca 100~250 m2/d 5 ~ 6E-3 cnv'sec
valley floor developing aquifer well 40~600 m2/d 3E-3 cnvisec
in the other valley floor area 2~ 3 m2/d 2 ~ 3E-4 cnv/sec

it} Geological Profile
Main geological sections are shown in Figs. A.10 and A.11.

Alluvial fan deposits distribute in soulh, along eastern piedmont, and in north. Profile's A, B,
and C show vertical sitvations typically. As shown in Profile A, sands/gravels in south get into
 thick siltsfclay decply and intercalated with them as proceeding to North. Two confined
aquifers can be seen, the depth to which is approximately 200 meters and 250 to 300 meters
respectively. These agnifers may be also conneclmg to the castern alluvial fan as shown in the
Profiles B and C.

While the northern sandslgravcls strata extend from thc ground sutface up (o the deplh about

100 to 150 meters as unconfined type of aquifers.

"The eastern area of Mastung and Pringabad Town'is dcpressmg geatly, which may collect
surface funoff casily. This area is covered with 10 to 15 melcrs thlckncss of sand dune
- deposils mainly composcd of finc. sorted sands

iii) - Locauon and D:smbuuon of Aqunfcrs |

- Aluvial fan dcposns extcndmg in soulh along castern pledmont and inthe northcm comnbutc' -
as cxccllcn{ aquifers; whxch are usually unconfined types. .

lwo deep confined aqucrs le around the depth appréximale'ly 100 and 250 to 300 mcters in
the valley floor from the central to the southern area. Recharge into these aquifers is by lateral
inflow from unconfined aquifers.

Sand-dune deposits are mainly composed of loose fine sands so that their permeabitity may
rather well forming like seasonal aquifers in the flood season.

These sand-dune areas and the northern sands/gravels strata overlying sifts/clay sirata form
: :shallow or medium deep unconfined aquifers so called karez aquifers. While, the above
* mentioned decper aquifers form the medium are called the dug-well Aaquifers and tubewell
aquifers.

--- Characteristics as Groundwater Basin
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The thickness of the northern aquifers_ is from 100 to 150 meters, and the eastern to the
southern aquifers are some handreds of metcr.

The area around the Gap opening from Mastung to Shirinab Sub-Basin is formed very thick
(mote than 350 meters) silts/clay sirata from top to bottom according to lithological datum of
existing well US-MST-2 covered with thin dune sands. In consequence the structure of
groundwater basin is like underground dam so that the groundwaler runoff from the basin te
the other basin through underground inay be very little.

“Types of aquifers in this Sub-Basin hlay be classified as under:

i - Karez aquifers (the northern alluvial fan deposits, sand dune deposits)
2 Unconfined aquifers in the castern and the southern piedmont
3 Dug-well aquifers in the valley floor
4 Tubewell aq_lllife'rs in the valley floor
5 Seasonal aquifer in the dune sands

--- Aquitards as Barriers and Basements of Groundwater Basins -

The bascment rocks are coxnposcd of Chiltan Limestone, and partly Spintangi leeslone
.Though it is not exposed in the ground surface, Gazij Shale is existing in the bottom of buried
vallcy floor. Gazu Shale and Chiltan leeslone are the impervious beds. In Vallcy floor, thc _
‘very thick clay/silts slrata are fonmng conﬁnmg slrata and i 1mp.urv10us bcds to the aquifers.

e Kalal Sub-Bésin '
i) General Descﬁplion
The area is oval shaped with isolated valteys, enclosed on all side by nountains, cxéept where

it drains into Shirinab valley. Mountains ranges and drainage of Kalat sub-basin are as under;
Mountain Range : ‘

Location .- Name of Range : ' Range of Crest Altitude

Western extremity Khallili, Isteab, Lora, Geri, Man ‘The highest point is in
| Morin Koh ranges Istrab range (2790 m)

Eastern extremity * ' | Harobi, Lashkari Khushta S!ah The highest point is a peak
-1 Kohranges Harobi (2997 m)

Toward north .1 Khidh, Zibra ranges _ .

In the middle area Chandram, Siah Koh, Chapper, ] The highest point is 2488

’ Zawa (islated mountains) “Am
Toward southern extremity | Pango range (small hiifocks)




Drainage

- Mushmunki Jhal --+--- > Rud Kalan
Principal Stream Khanni Jhal

Main Tributaries TFrom West Istrab Jhal, Kharna Chil
From East Rangi Kalan Jhal

A piedmont plain represents a major portion of Kalat-Kohing and Dasht-e-Baddu, Dasht-e-
Goran and Chappar Plain. The valley floor is poorly developed in Kalat-Kohing, Dasht-e-
“Goran, Chapper and the Karchhap arca near Mangocher. The area in Chapper and Dasht-¢-
‘Baddu is interrapted by a few exposures of limestones. Gully crosion creates deep ravines
particularly in Chapper area. The lowest point is 1745m.

Consolidated Rocks exposed in the area range in age from Triassic to Pleistocene.
. 'The Shirinab Forination: dark grey limestone weathered to brown with abundant
interbedded shales; resistant, massive; exposed at Marin Koh, Nali arca west of

the Chapper plain, Chapper ridge and Siah Koh.

»  The Chiltan Liniestone: thickly bedded; massive; form a portion of Chandrany,
Siah Koh and Zibra range.

s The Parh Group: thinly bedded finc grained whitish, pinkish limestone with
abundant interbedded shale; exposed in Dasht-¢-Baddu, toward southem side of
Rodinjo, Mali and Gaddazai.

¢ The Gidar Dhor Sandstone, Shale: cxposmg only a portlon along Kalat-Surab

Road.
. The Spilmtangi Limestone: having very nodular texture occurring widely in the
. castern pan of the area in Harobi hills, Kapoto and Isk'ﬂkoo area,
+ i The Wakabl Lnnestonc, Shatc makes the westem fank of Chappar and Dasht-
- e-Goran area, :
e The Dada Conglomerate: expdse,s' south-west of Dasht-c—(}oran.
' Unconsolidated Rocks deposil: occurs under fluviatile enviranment,

In the area two types of groundwater reservoir are present, first the limestone reservoir, which
- yield a major quantity of groundwater through springs. These limestones have developed
- secondary porosily by their originally nodular texture. The nodular Spintangi Limestone which
~is'exposed in a vast atea, cast of Kalat and in Harobi ranges has developed some channels by
' fréc(lir'mg and yields a number of productive springs, that is Dudran, Chashma Kalat, Kalan
Iskalkoo. The second reservoir is represented by the gravel of the atluvial channels.

Hydrogeological Maps of Kalat Sub-Basin is shown in Fig.A.12. Spintangi Limestone of
Eocene age distributes felatively wide acrial extent in the castern part of the sub-basin. Alozai
Group, Shirinab Formation, Chiltan Limestone and Parh Group of Paleozoic to Mesozoic age
lic mainly in the central to western part with Wakabi Limestone of Eocene age along the fauit



running north to south in the western mountain foot. At the southern end of this range, Dada
Conglomerate of Pleistocene cxposes in the very small area. The highly erosive Parh Group
shale (Belemnite Shale) may underlie in the 1owland area. Alluvial fan deposit is widely extent
around the outlet area of channel from mountain area, and valley floor deposit in the center of
valley,

Paleozoic to Mesozoic erathem, and Wakabi Limestone forms impermeable bed of groundwater
basin. Spintangi Limestone is crack developed and cavernous limestone, and forms the most
useful aquifcr in this sub-basin supplying water from some spring. Alluvial fan deposit also
form aquifer, however their thickness in this sub-basin is relatively thin,

Valley floor deposit is composed mainly of fine material, and impernieable.
In the Fig.A.12, the lower limit of alfuvium is shown to a presumable extent.

“The specific yields of atluvium are also shown in the figure according to éxisting well data.
They arc more than 20% in the top of Alluvial fan deposit of the nosth-eastern and northern
piedmont, “and Subrecent of eastern parl It shows partly more than 25% cspecnally in the
northern part '

"l‘ransmis‘.‘sivily and permeability in the sub-basin are; . :
: : “Transmissivity Permeabitity

.~ in the area of piedmont and valley floor 15 ~ 50 m&/d 2E-4 ~ 4E-3 cmfsec

in the limited area of Spintangi Limestone - around 1000 m/d around 2E-2 env/sec

i) Geolagical Profile

" In the case of Kalat Sub-Basin, the dnllmg data are ver y few SO lhat only Proﬁlc shown in -
" Fig.A.13 may be possible to be drawn

It is quite clear from Profile that the elevation of bedrock of eastémn side and western side is

remarkably different from each other. The elevation of the weslern bedrock is two hundred and

some tens of meter lower than the eastern. The thickness of the alluvium is 70 to 80 melers in

the castern side, and around 200 meters in the wester side. Alluviuims are c'ompciscd mainly of

- sands/geavels strata. The valley floor distributes oniy atong the mam slream in the castera part
with width several kilometers. ' '

iii}  Location and Distribution of Aquifers

~ In the Sub-Basin, Alluviums in the eastern part are composed almost all of sands/gravels as
shown in Figs. A.12 and A.13. Even in the western part, those distributing along picdniont are
also composed mainly of sands/gravels paitly interbedded with approximately 10 meter’s
thickness of silts/clay. These strata form aquifers.
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Spintangi Limestone extending widely in the castern patt is usually very porons and cavernous
forming pattly abundant springs. This formation may supply groundwater to Alluviums,

--- Characteristics as Groundwaler Basin

Kalat Sub-Basin is largely divided into the eastern and the western patts, out of which the
groundwater in the eastern is fractured aquifers in Spintangi Limestone. Alluvial aquifers which
* may be supplied digectly from Spintangi Limestone are usually small scale both in horizontally
and vertically. While, in the western, those are usually unconfined granule aquifers in alluvial
~ fan de’bosits having relatively large scale. Groundwater in the area of Shale of Parh Group tend
- to be saline.

--- Aquitards as Barciers and Basements of Groundwater Basins

In the eastern part of Kalat Sub-Basin, Gazij Shale which forms impervious bed may lie under
Spintangi Limestone and Alluviums. In the western part, Shirinab Formation, Alozai Group,
Wakabi Limestone and Parh Group form isupervious beds,

o f Patki Shah Nawaz Sub-Basin -

i) General Description

- The area shows a rectangular shape mnning between two mountains ranges oriented north-

south. Mountain ranges and drainage of the Patki Shah Nawaz sub-basin are as under;

. . .. Mountain Range
Localion ) Name of Range .

Range of Crest Aftituda

. Bastern border -+ | Duna, Morin Koh, Zikki, Tanta: | The highest point is’
_ In the North. © | BelaSpara -1 2520 m of the Rastari
Western border - § Rastari Taing, Mundak . | Taing peak
. _ Drainage
Principal Stream - DhocJhal -~ Bhalla Dhor --- Shora Rud ---
--- Abg-i-Khas or Gurgina Nala
Main Tributaries FromEast  Kan Jhal, Palki hal, Sarband, Shani Basham,

o ~ Chhori, Hilti Nala -
“From West . Zaingigeti, Gorjandi Jhal, Khush Toda,
- - Yusuf Duni Chur, Talapi Nala

The piedmont plain develops mostly along the foot slopeéf eastern mountain ranges but along
- the western range it is very rare. The arca of valley floor is in between Shora Rud and the foot
of western mountain.

~ Consolidated Rocks exposed in the area range in age from Triassic to Pleistocenc.
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. The Shirinab Formation: dark grey limestone weathered to brown with abundant
interbedding shales; resistant, massive and exposed in the eastern mountain

range.

. The Nimargh Limestone of Eocene: exposed in the eastern mountain range; the
secondary permeability of the arca and yields somc springs.

. The Wakabi Limestone, Shale: makes the resistant to groundwater.

. Shaigalu Sandstone: distributing the weslern mountain ranges of the arca

. - Murgha Faqiczai Shale: underlie the alluvial of the valley floor.

All these rocks are far all practical purposes impervious to groundwater except the Shaigalu
Sandstone and Nimargh Limestone yielding productive springs which partly aquifer.

 Unconsolidated Rocks deposit under fluviatile environment. Main aquifers found in this area is
laying the central part as gravelly layers.

Hydrogeological Map of Patki Shah Nawaz Sub-Basin is shown in Fig.A.14. Patki Shah
‘Nawaz. Sub-Basin is composed of Jurassic Shirinab Formation and Eocene Nimargh Limestone
in the eastern mountain range, and of Miocene Shaigalu Sandstonc in the western mountain
range. [‘I‘OSIVO Murgha Faqirzai Shale of Oligocene age may consist of the bedrock of the
_ lowland. Alluvial fan deposit is \wdcly cxlcnt along eastern piedmont. The area of valley floor _
is rt,lalwcly small in this sub- basm ' '

Shirinab Formation and Murgha Faqirzai Shate form the rmpcrmeablc bed of groundwatcr
basin. Shalgalu Sandstone is partly dcveiops aqunfer in the crack developcd zone. Alluwa} fan
deposil is usually aguifer.

~In the Fig.A. 14, the lower limit of allavium is shown to a presumable extent.
The specific yields of alluvium are also shown in the figure according to existing well data.
They are more than 20% in the atca of castern piedmont. .

'TransmissiVity and permeabitity in the sub-basin are; R e
L - Transmissivity - Permicability

in the area of piedmont S 50 ~500m2d ¢ 1E-3 ~1E-2 cnvfsec

In the area of valley ftoor ~ around 3 m#/d TE-3 ~1E-2cmvsec
ii) Geological Profile

Fig. A.15 shows main geological sections of the Sub-Basin. In the Sub-Basin, the drilling data
are also few so that only Profite along the center of the Sub-Basin from North to South and the
line from the Mangi area to dowastream is possible to be drawn.
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Bedrock along the center line of the Sub-Basin is inferred to be basin-like structure as shown in
the Profife. Altuvial fan deposils dre extending with width scveral kilometers in the castern
piedmont. The upper stream side of the alluvivm is alinost composed of sands/gravels,
however their thickness is at most a little over than 100 meters.

¢ Location and Distribution of Aquifers

In the Sub-Basin, aquifers develop in the Alluviums of the southern and the eastern picdmont.

Nimargh Limestone existing in the castern mountain, like Spintangi Limestone, is porous and

- cavernous and partly develops springs. Shaigule Sandstone majority distributing in the western
mountain also develops aquifers at places. ‘

--- Characteristics as Groundwater Basin

In the Sub-Basin, aquifers in Alluviums are underlain by the basin-like shaped bedrock, and
- forms good aquifers, however, the depths to the bedrock tend to be shallow in general,
maximum thickness of which may be around 100 meters in the central part. The strata of
sands/gravels develop usually in the southern and the eastern piedmont, however, those ra’rcl'y
develop along the westein piedmont,

--- Aquitards as Barriers and Basements of Groundwaler Basins

_Mur.gha Faqirzai Shale usually lies undefr’AlluVium, and formns impe'rvious beds. The depth to
 the bedrock tends to be generally shallow in this Sub-Basin. '

A.d ~Interpretation as to l{ydrogeélogy and Topogréphy around Each DAD

Hydrogeological distribution of respective DAD sites and catchment areas are shown in Figs
A.16 to 31, Besides, the Topo-Interpretation Maps around the Priority DAD sites and
_Geological Sections of the Downstream Area of respective Priority DAD which afe_ inferred
. from the data of In Situ investigation (Drilling shown as Fig.:A.SO and Table A.3 and
Resistivity Exploration) and of the existing tubewell are shown in.Figs. 32 to 49. Respective
descriptions are as under.

"A.4.1 Existing DAD

A. Khora Manda



The catchment area of Khora Manda DAD is mostly composed of limestones of Jurassic age, of
Alluvial sands/gravels in the mountain side, and of silt tracing dense sands/gravels of Subrecent
deposits around and just upstream of dam site. In the downstream, piedmont siope is extent
widely.

Geological section in the downstream of the DAD is inferred as shown in Figure. Just
downstream side of dam site is composed of considerable dense silt tracing sands/gravels sirata
of Subrecent deposits, Permeability at the dam site is reiatively high. Due to good permeability
and litife siltation on the reservoir bed, water stored in the reservoir infiltrates into the ground in
a short duration. Deposits of Alluvial Fan in the downstreaim of the DAD are vely thick, and
changes into valley floor mainly composed of silts/clay strata.

'The radius of alluvial fan extent in the downstream of the DAD is between 2 aﬁd 3 kilo-meters.
Topographic gradient is more than 1 in 20 in the upstream side, and approximately I in 25 in
the downstream side. Radial angle of alluvial fan is approximately 120 degrees assumming that
the pivot is at the dam site, S

Depth to bedrock has not been confirmed due to lack of data. Bostan Formation may le from
the depth around 150 meters in the valley floor.

Coefficient of Permeability of A_]luﬁai Fan is inferred to be the higher side in the order of 5-3
cm/sec, and gradually becomes lower as proceeding to the downstream, Transmissivily of the
Fan deOSité is around 40 m2/day e'stimaling from the existing. data. Specific yield is

: :approxmmtely 15% around fan front, and a litlle more than 20% at the uppermost- s!ream -

‘Depth to groundwater tables is approxmlalely 30 meters as of 1988

B. Manum

The catchment area of Marium DAD is composed of Conglomerates of Miccene age, forming
stecp mountain slopes. The caichment area is too small. In the downstream of the DAD,
refatively thin talus-like Alluvial deposits are extent widely formiag relatively steep slopes.

Geological section in the downstream of the DAD is inferred as shown'in Figure. “The thickness :
of Alluvmms may be 30 meters at maximum in the valley bottom, ‘Topographic gradient i is stcep
showing approximately t in 10.

Coefficient of Perméability of Alluvium is inferred to be in the order of E-3 to E-2 csec.

C.  Bostan



The Catchiment area of Bostan DAD is composed mainly of Limestones interbedded with Marl,
Sandstone, and Shale of Permo-Triassic to Jurassic age, and partly of Paleocenie Limestone. In
the downstream, picdmont slope is extent widely.

| Geological section in the downstream of the DAD is inferred as shown in Figure. The thickness
of Alluvial Fan deposits extending in the downstream of the DAD is from 20 to 30 meters, and
reaches one hundred and tens of meters at maximum. The surface layers along Bostai Lora are
- silty to clayey valley floor deposits. Abutment of the dam body is emplaced on Chiltan
i.imestone of Jurassic aée‘. In the padt of river bed, relatively thick river deposit or fan deposits
is distributing. Bostan Formation forms hills extending in relief in the other bank side of
Bostan Lora, and underlies in the arca of valley floor underlain by bedrock.

Alluvial fan in the downstream forms typically with radius about 3 km, and topographic
gradient :approximatcly 1 in 20. Radial angle of Alluvial fan is approximately 180 degrees
assuming that the pivol is at the dam site. ‘Though depth to bedrock has not been confirmed
due to lack of data. It is inferred to be more than 150 meters in valley floor.

Coefﬁcicnt of permeabiti'l'y isdto 5!3-3 cnsec around fan front area, and 7 to 8E-3 cmisec in
- the upstream area, TranSmissiviljr is moré than 500 mzfday in the center of Alluvial fan, and in
between around 100 and 300 m2/day around fan front area, Specific yield of fan deposits is
: apprbximalelj 20% or more. Depth to water level as of 1978 was a little more than 40 meters,
however as of 1988 il showed approx:matcly 60 metcrs, that is, approxnmatcly 20 mcter's
drawdown wnlhm lhls duration. '

D. . Khushab

&The catchment qrea of Khushab DAD is composcd of limestone and shale of Cretaceous age,
and cong!omeratc of Miocene age, and partly Ophlohhc Intrusives.

In the downstream of the dam site, wide river bed extend. After passing the isthmus locating
around 2 kifometers downstream from the DAD, picdmont slope is extent widely, The
basement of isthmus part is Jurassic limestones.

Geological section in the dowastream of the DAD is inferred as shown in Figure. Dam body is
j_i emplaced on the foundation of Cretaceous limestone and shale, and river deposits of
~ sands/gravels. The thickness of river deposits is confirmed 12 meters at 50 meters downstream
from dam axisas a result of test drilling. Coefficient of permeabitity is 1.42E-3 cmisec.
- However, siltation in the reservoir blocks storage water from infiltration into ground. Fan
deposits in the downstream may be composed mainly of sands/gravels strata inlercalated with
silts/clay lenses. The thickness at the layers is inferred to be between 100 and 150 meters. The
- bedrock of this area may be Ophiolitic Intrusives.



The radius of alluvial fan extent in the downstream of the DAD is approximately 1 kilo-meter.
Topographic gradient is approximately 1 in 25. Radial angle of alluvial fan is approximately
180 degrees as the DAY site being the pivot.

Depth to bedrock has not been confirmed by exisling data, It may lie from the depth around 150
meters in the valley floor.

Coefficient of Permeability of Alluvial Fan is inferred to be the higher side in the order of -3
cmysec., and gradually bec@amcs' lower as proceeding to the downstream, Depth to water level is
inferred to be in the range of 2¢ and 30 meters.

E. Tirkha

The catchment arca of the Tirkha DAD is composed of clayey strata of Pleistocenc Bostan
- Formation forming aquitard.

Geoiogical section in the downstream of the DAD is inferred as showa in Figure,

"To some extent of the downstream from the DAD site, Bostan Formation is exposed. Silt
" tracing sands/gravels strata of Alluviems as aquifer is distributing along the stream channel,;
' Groundwater flows as subsoil water in the river deposits. The thickness of river deposits was
only 2 meters at 50 meters downstream of the DAD as a résult of test drilling. After the way-out
of hilly area, small Alluvial fan followed by valley floor is dislribuling Sandy strata forming .
relatively well aquifer lie over stlty strata in the Alluwal Fan area. l‘opographlc gradient along
rlvcr bed is very gcntlc and that of Alluvial Fan is betwccn lin 80 and 100.

Coefl ﬁcient Qf Permeability ‘of river dcposits and Fan depo'sils' is infcrrcd_ (o be in the order of E-
"3 cm/sce. ‘ ' o | ' ' '

" E, Amach

- The catchment area of the Amach DAD is composed mainly of Limestones of Jurassic age, and
partly of Miocene Limestone. Valleys enclosed by these mountains arc extent refatively in large
. scale buried by ‘Alluvial S'mdlgravels The thickness of Alluv:al sands/gravels in river bed of
dam site is infetred to reach to around 150 meters. In the dowmtn,am piedniont slope is extent

widely. ' 4

Geological section in the dowansireami of the DAD is inferced as shown in'l?:igllre.
Sands/gravels strata found in the downstream of the DAD get deeply under valley floor
deposits, and forms deep confined aquifers. Valley floor deposits consist almost of silts/clay
strata in the upstream side, however in the section between Mastung Town and the Gap
through Shirirnab Sub-Basin, it consists mainly of sandy or sand-tracing deposit overlain by



about 10 to 15 meter's thickness of sands/gravels strata near ground surface as shown in cross
section. They may be supplied from mountains of western watershed of Mastung Sub-Basin.

Radius of Altuvial fan exposed in the downsiream of the DAD is in the range of 2 to 3 kilo-
meters. 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 dam site. Depth to bedrock has not
been confirmed due to lack of data, however as mentioned before it is inferred to be
approximatcly 150 meters around dam site, and 200 to 250 meters in the downstream side. °

Coefficient of permeability of fan deposits is in the order of E-3 cn/sec. Transmissivity may be

around 150 m2/day in Alluvial fan, and less than 10 m2/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 meters.

G. KadKochal

Kad Kocha I DAD is located around 2.5 kilo-meters upstream of proposed 'Kad Kocha II DAD.

The site is situated in the wide valley enclosed by steep mountains composed of Jurassic and

Miocene limestone, and emplaced on very thick Alluviums in the river bed which continues to
" the downstream through Kad Kocha H site.

Geological section in the downstream of tlie DAD up to Kad Kocha Il site is inferred as shown
in Figure. The thickness of Alluviums may be approxnmatcly 100 meters in the valley bottom.
' Topographlc gradlent is approxlmately 1in30.

Cocf ficient of Permeability i is inferced to be in lhe order of E-3 cni/sec, and fransmissivity is in
the range of S0 to 100 m#/day in the Alluvium, Depth to water level may be around 50 ineters.

H. Gorpad

The catchment area of Gorpad DAD is composed of marly limestone, shate, and sandstones of
Cretaceous age. ‘The DAD is situated on one of the branch stream of Kani Jhal locating around
the foot of hills. Alluwal fan havmg topographic gradlent approxinately b in 30 is extent |
' around lhere '

Geological section in the downstream of the DAD is inferred as shown in Figure, The thickness-
~ of Altuvial fan deposits may be 30 meters at maximum in the valley bottom. The deposits in
" this area are saline rconsiderably. Though salinity of stored water in the resczvoir is in the limit
of the allowable for irrigation, in the river bed of the downstream of the the DAD, much salt is
remarkably solidified by evaporation in the surface.

1. Lagmgir



The catchment area of Lagmgir DAD is composed mainly of limestones of Permo-Triassic to
Jurassic age and partly of Allaviams. The DAD is located at a little upstseam from the way out
of mountains so that the downstream section 700 to 800 meter's length from the DAD is
narrow river bed followed by widely extending piedmont slope.

Geological scction in the downstream of the DAD is inferred as shown in Figure. The thickness
of Alluvial fan deposits may be in the xange of 100 to 150 meters, and changes into valley floor
deposus ‘Alluvial fan in the downstream forms typically with radius about 3 to 4 kilo-meters,
and topographic gradient in the range of 1 in 50 to 60 in av cragc Radial angle of Alluvial fan is
approximately 130 degrees.

Coefficient of permeability of fan deposits is in the order of E-3 em/sec. Transmissivity is in -
the range of S0 to 100 mZ/day in the center of Alluvial fan, and specific yield of fan deposits is
approximately 20% or more. Depth to water level may be approximately 50 meters.

J. Sarbund

Sarbund DAD is located around 4 kilo- meters upstream of proposed Mang1 DAD site. The
catchment is composed of Bocene and Jurassic timestones. Rclatwely wide Alluviums forms
the valley bottom occupying the targe proportion of the catchment arca, The DAD is situated at
the downstream end of this Alluvium with their abutment founded on Cret'acebus limestone. -

" Geological section in the downstream of (he DAD up to-Mangi sile is inferred as shown in
Figure. ' ' ' '

Just downstream of Sarbund DAD_exposc'b'e'droék‘ inthe surface,

A.4.2 Priority Proposed DAD
A. Brewary
a 'I‘opo interpretation

Fig. A.32 shows the Topo-interpretation Map of Bn,wary arca. Thc mountammus catchmcnt of
Brewary DAD is composed of hard and massive limestones and highly watertight shale of
Jurassic to Bocene age. To the northward of the mountain acea, hilly area composed of densc
but unconsotidated gravelly Subsecent deposits extends. In the downstream of proposed DAD
‘site, typically shaped alluvial fan extends with radius approximately 3 kitometers and reaches
up to Sariab Lora. Along the eastern foot of mountain including this alluvial fan, piedmont
Eslope:cmm)c\set;l of talus and fan deposits extend frorm North to South. Ameng them, that of



Wali Dad has relatively a large scale. In the castward, flat Jand compose one part of valley floor
of Queita Valley.

b Geological Section of the Downstream of the DAD

Inferred geological section of the Alluvial Fan arca spreading in the downstream of Brewary

‘Site is shown in Fig.A.32. Though the depth to the basement rock of Brewary Limestone is
shatlow at the drilling point in Phase 1, it becomes very deep to the direction of downstream
resulting not impossible to be confirmed at the location of resistivity exploration identified No.
2 to 4 within the exploration depth of 100 meters.

~Sands/gravels sltata with a hundred and several tens of meters thickness in the Alluvial Fan
area change rapidly into thick sills/clay strala after passing Sariab Lora. Topographic geadient
of the Alluvial Fan is approximately 1 in 50.

The depthi to water level, which is a liltle less than 2 meters at the drilling point, is rapidly going
~ down to the downstream side sh_owing approximately 50 meters around Sariab Lora. Hydraulic
gradient is approximately 1 in 35.

- Hydrogeologic parameters are: Coefficient of Permeability; 2.5 I:-3 em/sec at the drilling point

and 1.210 1.9 E-3 cm/fsec in the central area of Alluvial Fan. Transmissivity; 25 m?:’day at dam

site, around 120 h]?!day around the central Alluvial Fan, 60 to 90 mzlday at a little further

~ dowistream area, and becoming rapidly low values around 5 m2/day after passing Sariab Lora.
| Specific Yield; 25% at the uppermost-streany afea, 18 10 20% around the central Alluvial Fan,
- and less than 10% after Sariab Lora. '

~In the inter-fingering area of silis/clay and sahdsfg'ravels straia, Coefficient of Permeability is
~ approximately 1 E-3 cnsec, Transmissivity 70 m2/d, and Specific Yield around 15%.

c Main Aquifers Influenced by DAD

As mentioned the ab_er, alluvial fan with radius of about 3 kilometers is formed and supplied
geavels, cobbles and boulders from Karakhusa Nala in the downstream of the proposed DAD.
~ Topogtaphic gradient is approximately 1/50, the DAD site situated around the rivet of this fan
“and the radialing 'angl'e of the fan is approximately 100 degrees, The area of this fan is
approximately 8§ km2,

At the DAD site, the bedrock is Brcwéry Limestone overlain by 12 meter's thickness cobble
and boulder stratum, of which cocfficient of permeability is 2.5E-3 cim/sec. Depth to
- groundwater level at this point is less than 2 meters. According to the data of existing wells
identified as QA-ANK-1 and Animal Husbandry-1, the central part of alluvial fan is composed
almost all of gravels, and the depth to bedrock is more than 125 meters. The depth to
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groundwater level is 26 meter as of February 1987 and the coefficient of permeability is 1.22 to
'1.95B-3 cnw/sec at QA-ANK-1, and 1.84E-3 cnv/sec at Animal Husbandry-1.

d Relation with Beneficiary Area [Specified Area and Unspecified Areal

As beneficiary arecas of the proposed DAD, the specified farmland is extending in the
southward of the alluvial fan as shown in A.32. This area belongs to the periphery of valley
floor where the surface layer is composed of fine grained soil such as silts and/or clay.
However, according to the existing well data identified as QA/PGA(PR) locating 1 kilometer
upstream from the end of beneficiary arcas, gravelly stratum which forms semi-confined or
confined aquifer's fies wnder the surface layer and reaches niore than 120 meter's depth
intercalated with thin clay layers. Depih to groundwater level was 13.2 meters as of December -
1985. From the pumping test of this well, the drawdown was approximately 21 meters whea
1360 m3/d pumped up resulting the coefficient of permeability 1.07E-3 c/sec, transmissivity
72 m2/d, specific yxelcl 15%, and specific storage 7E-5 1/m. In cansequence, the unconfined
aquifers of alluvial fan may be well connecting to the semi-confined or confined aquifers lying
under the bencficiary area so that the recharged water flowing to southward may recharge into
- the aquifers lymg under the beneficiary area. Assuming that groundwater flows equally in the -
alluvial fan, their volume influencing to the aquifers of the beneficiary area may be concluded -
that about 40% of fotally recharged groundwater can be consumed in that area, because the
~radiating angle of the fan shape of the alluvial fan ré!aiing to the beneficiary area is |
-~ approximately 40 degrees. - ' '

Remaining 60% may be treated as for uhs’.peciﬁcd beneficiary areas.
‘B, DPana
a Topo-lmerpmtation

Fig. A.34 shows lhe Topo-interpretation Map of Dara area. The central part of mountain area is
composed mainly of hard and massive limestones of Jurassic age, and the pcnphcry is highty
waltertight shale of Eocene age and partly conglomerates of MIOCCIIC agc These are seemed to

be impervious bedrack, In the downstream of proposed DAD site,: after passing lhrough .

relatively narsow siream channel, typically shaped altuvial fan is extending with radius
approximately 2 to 3 kilometers and reaches up to Gnundak Rud - Loe Manda. . -

Including the above mentioned alluvial fan, piedmont slope composed of talus and fan deposits
extents with width approximately 2 kilometers along the foot of mountain. '

b ~ Geological Section of the Downstréam of the DAD



Inferred geological section of the Alluvial Fan arca spreading in the downsteeam of Dara Site is
shown in Fig.A.32. The basement rock was not be found out by the 40 meter's depth of
drilling carried out in Phase I. However, relatively thick clay strata are existing in some deep
range, and limiting the overlying aquifer. From the central Alluvial Fan to the downstream area
where consist of the Alluvial Fan from Kach area, is composed of sands/gravels strata with a
hundred and several tens of meters thickness, though it changes once into silts/clay strata
around Loec Manda. Topographic gradient is approximately 1 in 20 in the upstream area, and
approximately 1 in 40 in the central Altuvial Fan.

Groundwater was not found out by the 40 meters drilling. T he depth to water level in a range
from the center to downstream of Alluvial Fan may be very decp showing approximately 100
melers. Hydraulic gradient is in range of 1 in 35 to 40 same as the topographic gradient.

Hydrogeologic parameters are: Cocfficient of Permeability; 1.5E-3 cm/sec at the drilling point
and seems to be around 1.0 E-3 cm/sec in the central area of Alluvial Fan, Transmissivity; 25
‘m2/d at dam site, 40 to 80 m2/d around the central arca of Altuvial Fan, and seems to be bigger
~ the further downstream side is because aquifer becomes very thick, though the coefficient of
- permeability becomes a little lower value. Specific Yield; 20% at the uppermost-stream area,
and gradually going down to the downstream area. ' '

c Mairi Aquifers Influenced by DAD -

As i11ci1ti0:tcd the above, in the downstream of the proposed DAD, alluv'ia.l fan with
- approxiniately radius 2 to 3 kilometers is formed and supplicd gravels, cobble and boulders
from the catchment area, Tépographic gradient is approximately 1/20 in the upstrceam side and

1430 1o 1440 in the downs'lrcam side. The {adiéling angle ‘of the fan is approximately 60
degrecs. The arca of this fan is approximately 5 to 6 km? and reaches up to Loe Manda. The
arca beyond Loc Manda is a part of valley floor mainly composed of silts and clay.

Al the DAD site relatively thick silis/clay strata lies from the depth around 20 meters to 35
" meters. The bedrock and groundwater was not observed by drilling with 40 m depth
conducted by Study Team.” Coefficient of permeabitity of the unsaturated gravels layers is

' 1.5B-3 enfsee. '

- The ceniral part of alluvia! fan is considered to be composed of very thick sands/gravels strata.
d “Relation with Beneficiary Area [Specified Area and Unspecified Area]

As beneficiary arcas of the proposed DAD, the specified farmtand is extending in the down-
reaches of the alluvial fan and a part of valley floor locating downward of alluviat fan as shown
in A.34,



Specified beneficiary area locales covering almost all down-reaches of the alluvial fan.
Piedmont slope composed of sands/gravels including this allavial fan are extending so that
some of the recharged water from proposed DAD may flow inio these arcas. Because the
piezometric level surface is gencra!!}' conformed with topographic surface, it is considered that
groundwater doesn't flow beyond the topographic depression. If considered as this, the
radiating angle of groundwater flow recharged is approximately 90 degrees. As a result, 2/3 of
recharged groundwater can be consumed for the specified beneficiary area where is covering all
down-reaches of alluvial fan having the radiating angle 60 degrecs.

Remaining 1/3 may be treated as for unspc’ciﬁed beneficiary areas.
- C, Muigi Kotal
a Topo-Interpretation

Fig. A.36 shows the Topo-interpretation Map of Murgi Kotal area. The mountainious
catchment of the proposed DAD is composed of hard and massive limestones of Jurassic age
(panly of Paleocene age). This mountain is extending straightway toward south from the DAD
site, and dividing the area into Kuchlagh Sub-Basin and Quelta Sub-Basin. Alluvial fans extend
in both Sub-Basins. Piedmont slope disteibutes with width 1 to 2 kilometers including these
alluvial fans along the fool of mountains, and the downward forms valley floor. Along Baleli
‘River - Khwaja Lora, a fot of gully erosion develops remarkably shaping so many crecks, and
forms badlands. ' ' | '

b Geological Section of the Downstream of the DAD

Inferred geological section of the Alluvial Fan area spreading in the downstream of Muirgi Kotal -
" Site is shown in Fig.A.35. Drilling in Phase I was carried out at the storage area of existing
dam through siltation material. Seven meters-thickness of sillation was confirmed, however,
the baseinent rock was not be found out within 40 meters-depth. The Alluvial Fans from Murgi
Kotal Nala develop to the Kuchlagh Sub-Basin side and Quetta Sub-Basin side. Quetta side is
larger than the former, ' I o

The Alluvial Fan of Quetta side may bé composed of sands/gravels sleata with thickness 4
approximately 150 meters probably underlain by Subrecent clay strata. Siits?ciay strata become
gradually rich toward the downstream side, and dominant around Baleli River. Topog(abhic '
gradient is approximately 1 in 25. | ' '

‘The depth to water level seems o be in a range 70 to 80 meters at apex of Fan, and a littie more
than 20 meters at Fan front. Hydraulic gradient may be approximately 1 in 50.



Hydrogeologic parameters are that Cocfficient of Permeability may be order of E-3 cn/sec, and
Transmissivily may be in a range of 90 to 100 m2/d.

‘The Alluvial Fan of Kuchlagh side may be composed of remarkably thick sands/geavels strata
with thickness at least 150 meters according the basement rock dissects rapidly. However
downstrcam side from Fan front, it changes into Silts/clay strata, and sands/gravels strata are
very rare. Topographic gradient is approximately 1 in 25.

The depth to water level seems to be around 50 mieters at apex of Fan, and around 20 meters at
‘Fan front. Hydraulic gradient miay be approximately 1 in 50.

‘Hydrogeologic parameters are that Coefficient of Permeability and Transmissivity may be
almost same as the Quetta side.

¢ Main Aquifers Influenced by DAD

As shown in the Fig.A.36, Murgi Kotal Nala which forms the catchment area of the proposed
DAD supplics sands, gravels, cobble and boulder, etc. to both alluvial fans. The fan in the side
- of Kuchlagh is with radius of 1.5 to 2 km, and has the radial angle of approximately 100
degrees assuming that the pivot is at the dam site. - Quetta side of the fan is, however with
radius approximately 3 km of about 60 degrees radial angle as the rivet of 1 km upstream of the
proposed DAD. Murgi Kotal Nala flows toward the DAD site scooping out the foot of the rivet
of the latter. Topographic gradient and the arca of the former are approximately 1/25 and

approximately 2 km?2, while’ the hllcr approxlmalely 1725 and approximately 6 kinZ:
respcctwe!y

Tcst drilling was carried out at the proposed dam site in this phase I leid‘.y.‘ The bedrock and
groundwater was not found by the drilling with 40m depth.

Alluvial fans consist mainly of gravels, cobble and boulder, and coefficient of permeabilily may
be in the order of B-3 cm/sec.

d 'Relation whh Bencﬁcia‘ry Area [Specified Area and Unspecified Area)

- As bcnef‘ iciary areas of the proposcd DAD, the specified farmland is shown as A.36. In the

downsiream of the proposed DAD, beneﬁcrary areas cover almost att down-reaches of alluvial
fan. In the side of Quetta Sub-Basin, as bencficiary area, the farmland of Killi Chashma
occupies ong patt of the down-reaches of alluvia} fan. Both arcas are mainly bé!onging to the
~ periphery of valley floor where the surface layer is composed of fine grained soil such as silis
- and/or clay. According to the existing well data identificd as UN-KLG-10 and UN-KLG-12
~drilled in 1978 locating in the downstream of proposed DAD, where the former is situating
around the southern part of beneficiary area and the latier at the northwacd of that along Pishin -
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Quetta road. Both are existing in the valley floor. The former was drilled up to the depth 210
meters, but not find out the bedrock and composed mainly of silts/clay interbedded very fow
with sandy clay lenses from the depth 50 to 90 meters and very thin gravel layer around the
depth 210 meters. Depth to groundwater level was 12.2 meters as of date drilting, but pumping
test was not cartied out, then the permeabilily may be not good. The latter was drilled up to the
depth about 150 meters, and is also composed mainly of silts/clay. Though the gravelly parts
are intercalated at some depths because of nearer location to the piedmont, permeability is not
good, Bedrock was not confirmed.

In the side of Quetta Sub-Basin, along Baleli River which is running in the southward of
beneficiary area, there are some existing wells (UN-QA-27+31 to 34 (around 1 km south-
westward froni beneficiary area), BL-7 (around 2 km south-eastward of the beneficiary area))
- which were drilled between 1969 - 71 up to the depth around 100 meters. According to these
data, some gravelly strata having their thickness few meters with silty/clayey strata and
confined are interbedded. Depth to groundwater level as of date drilled was in between 11 and
13 meters. From the pumping test of these wells, the drawdown was approximately 4 meters

when 660 m3/d pumped up resulting the coefficient of pcrmcab:hty 38483 cmfscc L

transmissivily 186 m2/d, specific yleId 21%, and specific storagc 2E-5 1/m.

In the downstream of proposed DAD, specnﬁed beneficiary area covers almost all down-
- reaches of alluvial fan, then the 100% of recharged water from the DAD can contribute to the
irrigation in this area. However, as described lhe above, permeability in the beneficiary area is
: vcry bad, then it is’ conc}uded that irrigation by lubcwclls is not smtable for IhlS arca but
: ncce.ssary to be supplied from the alluvial fan area,

' The beneficiary acéa in the side of Quella Sub Basin occu pics arouud lf3 of the down-reaches -
of alluvial fan. Then the 1/3 of recharged water can be supplied to the spec:ﬁcd beneficiary
arca, and the remaining 2/3 may be treated as for unspecified benieficiary areas. However, the
reservoir of the DAD will Jocate at lower elevation than the rivet of the alluviat fan. The bedrock

- in this point seems to be very deep, then the beneficiary arca hlay be recharged in the case the
infiltration from the reservoir may go well, but actually it may be hopeless due to siltation. In’
consequence, for irrigaling to this beneficiary area, it is necessary to be feeder from the -

reservoir.
D "Kach
a Topo-Intespretation

Fig. A.34 shows the Topo-interprétation Map of Kach area. The mountain area is composed of
hard and massive limestones of Jurassic age, shale and limestone of Eocene age and pastly
conglomerate of Miocene age. Jurassic limestone and Eocenc shale are impervious, though
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Eocene limestone and Miocene conglomerate are porous and cavernous forming partly aquifer
and may supply water to Gnundak Rud. In the right bank, hilly area composed of dense but
unconsolidated gravelly Subrecent deposits extend from 2 to 6 km downstream of the existing
dam. In the 4 km dowastream of the proposed DAD site, alluvial fan extends with radius
approxinrately § kilometers and radial angle approximately 30 degrees. The southward of this
alluvial fan, also the other afluvial fans extend widely being supplied gravels from the other
catchment area, however the foot of mountain is gravelly hills.

b Geological Section of the Downstrcam of the DAD

Inferred geological section of the Alluvial Fan arca spreading in the downstream of Kach Site is
shown in Fig.A.37. Because the drilling in Phasc I was carried out al relatively upstream side,
only about one meter thickness of river deposil confinmed. However, the basement rock may
dissect rapidly in the downslream side resulting very thick fan deposits which is approximatcly
200 meters thickness of sands/gravels strata underlain by Subrecent silty gravel in the upstream
side and Subrecent clay in the downsiream side.

_ Topographic gradient is looser than | in 50 in the npstream area.

The depth to water level may be gradually deeper and decper as proceeding to the downsiream '
side resulting very deep around 100 meters around the resistivity exploration point . 18.
Hydrautic gradient may be approximately 1 in 40. -

Hydrogeologic parameters are:
Coefliciént of Permeability may be the order of E-3 cm/sce.

Tranémissivily may be in the rahgc of 40 to 80 m2/3 around the upstréam side, and 150 m2/d
around the downstream side because of thick aquifer, though the coefficient of permeability
becomes a little lower.

Specific Yield is around 20% at the uppermost-siream area, and graduhlly going down as
- proceeding to the dowastream area.

¢ Main Aquifers Influericed by DAD

- As mentioned the above, alluvial fan with approximaiely radius 5 kilomieters is formed aid
~ supplied the gravels, cobble and boulder from the Gnuadak Rud from the 4 km downstream of
the existing dam. Topographic gradient is approximately 1/40 10 1/50 in the upstream side, the

radial angle of the fan is approximately 30 degrees. The atea of this fan is approximately 4 to 5
km2,



The riverbed of Guundak Rud is composed of shale of Eocene age covered by very thin river
deposits with thickness 1 or 2 meters 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 meters around the
southern edge of this alluvial fan, in which bedrock was not confirmed. The lithology at this
point was almost all sands/gravels. Besides, in the area of the other alluvial fan apart about 2
- km from the above existing well, another existing well identified as UN-QA-29 drilled up fo
183 meters, in which bedrock was also not confirmed. The lithology is mainly sands!gravcls
Groundwater level as of 1969 - 1971 was approxunatcly 100 meters,

d Relation with Beneficiary Arca [Specificd Area and Unspecificd Atea]

As beneficiary areas of the proposed DAD, the specified farmlands ‘arc.locating at 1_h'c left bank
of Gnundak Rud around the way out from hill and around the down-reaches of the alluvial fan
and its extension to the downward, as Shown in A.34.

The radial angle of the alluvial fan from Gnundak Rud is relatively small, and can be

considered all recharged water from the DAD as irrigable water for specified area. However,

because this alluvial fan contact with another alluvial fan to the sohlhward, the recharged water
into this alluvial fan may flow out 1o another alluvial fan, Permeability of both alluvial fans may

be almost same and the distinct boundaries between them are not remarkable. The radial arigle
“of both alluvial fans is approximately 60 ta 70 degrees. As a'result, 40 to 50% of recharged
- groundwater can be consunied for the specified béneficiary area. :

'Remaining c'nay be treated as for unspecified beneficiary areas. |
‘E.  lJigda
a Topo-Interpretation

Fig. A.38 shows the Topo-interpretation Map of Jigda area. The mountain arca is composed of
mainly shale of Oligocene age and forming impervious bedrock. The prépos'ed DAD site
located in this mountain arca where the elief of the upstream side from tthe dam site is
relatively ups and down, but of the downstream side show very 10:w relief. Jigda Nala flows to
weslward in this mountain, and flows into extending alluvial fans sitvating from around Killi -
Jigda rapidly and widely. These alluvial fans are mixed each other forming the width 510 6
kilometers picdmont slope along the western foot of the mountain atea. In the downward of
this piedmont stope, very flat valley floor spreads. '

b - Geological Section of the Downstream of the DAD



Inferred geological section of the Alluvial Fan area spreading in the downstream of Jigda Site is

shown in Fig.A.39, The dam site is sitvated in the hilly area. According to drilling

investigation relatively thick river deposit, changes into Alluvial Ifan deposits composed of very

thick sands/gravels strata. The thickness of river deposit is approximately 10 meters at the dam

site, and gradually going to be thick as proceeding to the downstreain side. While, that of Fan

- deposits seems to reach more than 200 meters. This deposits extent (o around Tore Shah

locating just before the upstream side of K.K.Bund. However, vailey floor deposits composed
of 51lt<!c]ay strata also underlies around Tore Shah area so that the thickacss of sands/gravels

strata in this area may only 50 to 60 metcr:,

Topographic gradient of the Alluvial Fan is 1 in 40 in average.

The depth to water level is approximately 6 meters at dam site and almost same depth in the
section of river bed. however proceeding to the Alluvial Fan area, it is gradually deeper, and
may reach up to around 60 meters. Hydraulic gradient is in the range of 1 in 30 to 40 in the .
upstream side of alluvial fan, but rapidly changes into very gentle around Tore Shah area.

Hydrogeologic parameters are that: Coefficient of Pchneability; in the range of 1 to 2E-3 cimy/sec
in the river deposits, and 6 to 7E-3 ci/sec in the Alluvial Fan. Transmissivity; in the range of
160 to 170 m2/d. Specific Yield; 23%.

" While around the area of Tore Shah, they show that Coefficient of Penneablhty is SE-3 cm/sec,
' l‘ransmlssmly approx;matc!y 50 m2/d, and Specific Yield is 22%.

¢ ‘Main Aquifers ]nﬂuenccd by DAD

Along the western side of the niountain area, the piedmont slope which is derived from 3 hill
torrents as shown in attached figure. with width approximatcly 5 to 6 km extends. Main
“aquifers exists in this piedmont forming some groundwater layers. The boundary lines that the
recharged groundwater from Jigda Nala may not influence further are shown as in Fig.
Topographic gradient of this alluvial fanis 1/45, and the area of this fan is approximately 12 to
13 km?2.

* River deposits along Jigda Nala in the mountain area are also relatively thick. According to the

* test drilling cacried out in this phase I siidy (June 1996), the thickness of river deposits at be

_ proposed DAD site is observed at 9.5 meters, depth to groundwatcr level is 6.2 meters, and
coefﬁczent of permeability is 1.5E-3 cnvsec.

Two cxisting wells are tocated around this area, One is in the piedmont slope about 2 km away
from the foot of mountain around the northward of Timrak Nala identified as PN-KMT-3
which was drilled at June 1987, another is about 3 km southwest of be beneficiary arca



identifted as Toic Shah which was drilled in May 1988, At the point of PN-KMT-3, depth up
to 72 meters gravels layes, between 72 and 110 meters alternation of clay and sands/gravels
strata, and deeper than 110 meters gravels bearing thick clay slrata up to at least 131 meters.
Bedrock was not confirmed. According to the result of pumping test, the depth to groundwater
level is 32.2 meters, coefficient of permeability 6.2 to 6.6E-3 cm/sec, Transmissivily 160 to
170 m2/d, specific yield 23%, and specific storage 1E-5 1/m.

At Tore Shah, located in the valley floor, the uppermost strata With thickness approximately 55
meters is sands/gravels, and deeper than this depth partly gravels intercalating clay strata, The
pumping test result as of May 1988, shows depth to groundwater level 46.3 meters, coefficient
of permeability 4.59E-3 cm/fscc, transmissivity 51 m2/d, specific yicld 22%, and specific
storage 2E-5 l/m. '

d  Relation with Beneficiary Atca {Speciﬁed Arca and Unspecified Area]

As beneficiary areas of the proposed DAD, the specified farmlands are locating at the left bank

around the way out of hill named Killi Jigda and the arca in the valley floor around the down-

reaches of the alluvial fan, as shown in A 38. Beneficiary areas belong to valley floor regarding

as far as topographical classification, howe\?'cr the uppermost slréta which is composed of

sandslgravcls with (hlckncss 50 meters, belongs to alluvial fan dcposns from geological view
" point.

'_Though the alluviat fan derived from Jigda Nala is as shown in Fig., the boundary from the
other alluvial fans regarding to the other catchment is not so clear. As a result, the recharged
water from proposcd DAD may be radiating to all part of the piedmont area. Permeability is

~inferred fo be almost same, and assuming transmlsswny same, the quanllly of groundwater

cunoff is in proporllon lo the width that groundwater is passing through, and the width is in
- proporlion (o a square root of the arca. Assuming (he influcnced area by proposed DAD as
shown in Fig,, the rate the alluvial fan from Jigda Nala occupies is about 60%, then its square
‘100l approximately 55% is recharged into this altuviai fan. | |

As shown in Fig., because bcncﬁciafy area covers almost all down-reaches of the alluvial fan,
the recharged groundwater into this fan may be treated all for specified aieca. o

In conchuencé., 55% is for specified arca, and 45% is fio‘r llzlspeciﬁed area.
F.  Sanali
a Topo-Interpretation

Fig. A.40 shows the Topo-interpretation Map of Sanzali area. The miountain area is composed
of Bostan Formation of Pleistocene age covered with refatively thick Subrecent deposits. There
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may be geological tectonic line along the western edge line of mountain, and the eastern part
had probably been upheaved such new Subrecent deposits forms mountain and hill. Hillock
arca is mainly composed of Bostan Formation covered with very thin surface gravelly layers.
Bostan Formation is usually composed of impervious clay, but in this arca interbedded partly
with sandstone and conglomerate sirata with thickness of few o ten and few meters, inclining
gently to west-south-west ward. These strata may have relatively excellent permeabitity, and
may recharge into deep aquifers lying in the western area.

Bostan Formation holds low sharing strength in the wet situation, so that a lot of landslide
develops atong the channel.

b Geological Section of the Downstream of the DAD

Inferred geological section of the River Bed and Alluvial Fan area extent in the downstream of
- Sanzali Site is shown in Fig. A 41, The dam site is situated in the hilly area.

The thickness of river deposit is in the range of 2.5 to 10 meters. Topographic gradient of river
bed is approximately 1 in 40 in the upslream ‘side, and becomes gradually looser as proceeding
to downstream reaching approximately 1 in 80.

- The dcpth to water lcvcl is usually several meters; Coefficient of Permeability is in the order of -
E-3 to -4 em/sec, 'l‘ransnﬁssivily seems 10 be in the range of 3 to 4 m2/d.

‘ Whlle in the area of Alluwal Fan and Valley Floor, theic Ihlckncss seems o bc around 150
meters, whos¢ upper section of thickness of about 80 meters is ‘gravel bearing silty sand, and |
lower section is silts/clay, Topographlc gradient is in (he range of 1 in 50 to 60. Depth to water
level is approximately 50m, Cocfﬁcwnt of Permeahmly seéms to be around 1E-3 cm.’sec,

T ransmlsswuy approximately 70 to 80 m2/d.

c Main Aquifers Influenced by DAD

The colluvial deposits forméd by landsliding is loose and mixed with a lot of sands and gravels
derived from upstream sountain area or washed out_lhc' fine material to the downstrcam
resulting good permeabilily. As shown in the Fig.,gthes'é deposits distribute along the channel
relatively widel'y. and forms the small scale of aquifers. According to the test drilling result
~carried out in (hls phase I study (June 1996) the thickness of the river deposits at the proposed
DAD site is 2.5 meters. The more going to the downstream side, the wider and thicker these
colluvial deposits become. Grounduwater is flows down into this surface layer.

‘These groundwater flows into valley ftoor around Pishin Town. In the central part of valley
floor, the maximum depth to Bostan Formation which forms the impervious bed is 140 to
150m overlain by geavels bearing sandy silts having relatively good permeability. According to
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information on the existing well PLV-19 located around | km noth from the way out of Sanzal
Nata to valley floor, the lithology is the fine alternation of gravels and clay layers showing
groundwater at the depth of 85m. Decper than this, Bostan Clay is underlying. Coefficient of
permeability may be around 1E-3 cinsec.

d Relation with Beneficiary Area [Specified Area and Unspecificd Area)

As beneficiary areas of the proposed DAD, the specified farmlands arc the small village locating
along the channel and relying on Kareze fed from the mother well at the near downstream of the
proposed DAD. Depih to groundwater at Mother Well as of November 1996 is approximaiel& 8
meters. Karez has been fed from this one first up to Sualahgai, after that, it is diverged to two
directions of Salagal and Sahbizada. Sahbizada Karez is now out of order because damaged by
flood. The recharged groundwater is flowing further downstream, and recharge into the
aquifers lying under the valley floor, and can irrigate around this farmland where may also be |
considered as specified beneficiary area. From the distribution of the groundwater level shown
in Fig. 3.1.19, the groundwater in this area is flowing toward the Gap of the southern side
Rakhi Lora. Then beneficiary area should be pick up from this direction, and the all recharged
water from the DAD may bc considered to be irrigable to the spectﬁcd area from
hydrogeological view p01m

~G. - Sakhol -
Sa Topanti:rpfelation

- Fig. A42 shows the Topo- mterprc,tauon Map of Sakhol area. The mountain area is composed
mainly of hard and massive hmestones of Jurassic age forming Valley with steep slope This -
valley is buried by thick talus and alluvial deposits, and form relatively wide va_}Iey lh;ough the .
gap at the proposed DAD site and continuing to the piedmont slope (o the downstream.

The downstecam side of the proposed DAD is gradually depressed gently from both directions
of north’and south due to probably erosion surpassing sedimentation. This area has different -
features to some extent fron the other piedmont where usually forming 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 pcrmeablc material. Sand-duric deposits composed of fine sands '
whirled up and transported by strong western wind in winter season through the Gap between
Masmng and Shirinab Sub-Basin covers the piedmont of this area, though the foot of mountain
with width few hundred meters consist mainly of sands and gravels derived from the upslream '
arca. The downstream side of sand-dune is valley floor, as shown in Fig. A.10, which is
composed of very thick silts/clay sirata ceaching its thickaess around 300 meters and covered
with thin eolian deposits. |



b Geological Section of the Downstream of the DAD

Tnferred geological section of the downstrcam area of Sakhol Site is shown in Fig.A.43. 40
meters drilling in Phase I was carried out at the center of river bed along dam axis, and
confirmed sands/gravel strata up to the depth 35 meters underlain by silty sand. In Phasc I,
resistivity exploration up to the depth 200 meters was carried out at alinost same point as
dritting. Then, the silty sand strata seem to continuc up to the depth around 200 meters, and the
Jowest part scemed to be shale. In the downstream area of dam site, sand dune deposils are

~ extent widely forming surface fayers in the area underlain by silts/clay strata for the most part.
‘the thickness of sand dune deposits reaches approxlmatcly 30 mieters as most, and generally
even thickness in cverywherc :

Topographic gradient of sand dune area is approximately 1 in 100,

The depth to water level was not confirmed by diilling in Phase I, however in the downsiream
- after the point of resnsnvuy cxploratlon 32, groundwater from karezes and dug-well is generally
utilized so that water table may be formed within the and dune dcposus as subsoil water flow
‘on the undcrlymg silts/clay strata.

Hydrogeologic pa:amctcrs are that Coefficient of Permeability may be the order of E-4 cnm/sec,
and Transmissivity may be in arange of 2 to 3 n12/d because the thickness of saturated aquifer
may be only several meters. Specific Yicld may be in the range of 10 to 15%.

¢ Main Aquifc’fé Influenced by DAD -

' Sandﬂfgravels slrata along the foot of mountain wuh w1dth few hundred meters may be, like as
UN-MST-4A shown in Fig. A. 10, underlam by snlls!clay strata. Then, the rcchargcd.
groundwa(cr into these sandslgravels strata may be once stored in these aquifers. This is
~ considered from the l'oilowmg 2 reasons; first, relatively many karezes are existing in this area,
and second, inlake groundwaler through karez system is difficult in such a place that aguifers
ahd groundw‘atcr table are exisling in dccp.

“Sand dune deposit may be relallvcly perneable due to composed of loose sands and sills, This

deposus may be underlam by impervious silts/clay, lhen groundwater may flow to the
* downstream within sand-dune deposits. The influenced area by the recharged groundwater
" ‘flowing near ground surface from proposed DAD is restricted by the topography. As a resul, it
is concluded that the area inﬂuehcéd by the recharged water from proposed DAD is the area

bounded by dot lines as shown in Fig. A.42. Topographic gradient is approximately average
1/100.

d Relation wilh Beneficiary Area [Specified Area and Unspecified Areal



As mentioned the above, groundwater flow in this area is subsoil flow. Then, unlike the case
of groundwater recharging into relatively large scale of groundwater basin, seasonal fluctuation
is very considerable for utilizing such as irrigation water. In this case, there is large time lag
between the time recharging and the time intake groundwater in the downstream. As shown in
the figure, because beneficiary area locates in the center of the influenced area by the recharge
from proposed DAD, if the time recharging and irrigating, and the location of karezes and their

- mother wells are optimum, it will be utilized effectively, but if not, plenly of groundwater may
be flowing down without effective utilization.

H. Mangi
a Topo-Interpretation

Fig. A.44 shows the Topo-interpretation Map of Mangi aréa. The mountain area is composed
~mainly of hard and massive Jurassic limestones and Eocene limestone, There are two types of
Eocene limestone, one is relatively hard and massive, another is porous and cavernous so that”
partly aquifers 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 existing Sarbund DAD. Piedmont
'slopc extends widely with width few kilometers atong the western foot of mountain area.
Further downstrcam side up to Shora Rud is valley ﬂoor covered with silts/clay, but the
riverbed of Shora Rud is composed of sands/gravels.

b Geological Section of the Downslrcam of the DAD -

' Inferced geologlcal section of the Alluvial Fan d:smbu!mg in the downslrc,am area of Mang:

~ Site is showa in Fig.A45. Dnlhng in Phase 1 was carried out at the center of river bed along ?.
darn axis, and confirmed sands/gravel steata up to the deplh 27 meters underlam by shale.
Groundwatet was not be confirmed. Fan deposits may be gradually thicker as proceeding to the
downstream side up to 70 to 80 melers at most as far as the section shown in Fig.A.45
" concerned. It may change into silts/clay strata in the downstream area. '

'Topographic gradient of Alluvial Fan arca is approximately l in 100.

Groundwater may fluctuate largely seasonally so that it may almost be lost atdam'sitc indry .

season. Those in the downstream area seem to be in the range of 15 to 30 meters. Hydrauhc :
‘gradient is less than Lin 100,

Coefficient of Permeability shows in very, largc rangc from the order of E-4 to B2 cmfsec
depcndmg on places. Simultancously transmissivity shows wide values from 5 to 500 m2/d
depending on places.

c Main Aquifers Influenced by DAD



The piedmont slope with few kilometers width extend widely in the western side of mountain
arca, Among them, the onc especially supplied sands; gravels, ete. from the catchment area of
praposed DAD is as shown in the Fig. Average topographic gradient of the attuvial fan is
approximately 17100, and the area is around 14 to 15 km2, According to the result of test
drilling in phase I drilled in June 1996, the thickness of the sands/gravels at proposed DAD site
is 27 meters, and bedrock is shale of Oligocene age. Groundwater was not observed at that
lime,

Upstream side may be sands/gravels rich, and downstream side silts/clay rich from existing 4
wells data of UN-PS-3 to 5 and KB-BKB-1 along Shora Rud as shown in Fig. A.15. Bedrock
is gcnérally shate and/or sandstone of Eocene to Miocene age.

'd  Relation with Beneficiary Area {Specified Arca and Unspecified Atea)

As beneficiary areas of the proposed DAD, the specified farmlands are locating at just
downstream of the DAD site and the down-reaches of the alluvial fan, as shown in Fig. A.44.
Both beneficiary arcas belong to piédmom slope and alluvial fan composed mainly of
sands/gravels.

"Though the alluvial fan derived from the catchiicnt area of propdsed DAD is as shown in Fig.,
the boﬂndat_'y from the other alluvial fans regarding to the other catchment is not so clear.
Then, groundwater level and ‘permeability may not change so much cach other so that the
recharged- groundWatér_ from proposed DAD is flowing through this boundary. From the
‘topography, the influcticed area by the recharged groundwater from proposed DAD is as
* shown in Fig., then bénéﬁciafy area occupies appfoxi'matcly half of the down-reaches of this
aréa. In consequénce, 50% is for specified area, and S0% is for unsp'eé_iﬁed arca.

I. +  Kad Kochall
a 1‘§po—lllte|pretalion

- Fig. A.46 shows the Topo-intcrprctatibh Map of Kad Kocha Il area. The mountain area is
'_composé& maialy of hard and massive Jurassic limestones and pbrous and cavernous Locene
'_limcstonc. Jurassic limestone forms steep slopes. In the catchment area of proposed DAD,

- relatively wide valley buried by talus and alluvial are formed and supplicd sands and gravels

from the mountain slope. Likewise, the middle scale of alluvial fan extends theough the Gab of

- near downstieam of proposed DAD. The other alluvial fan from the other catchment area

‘contacts to this alluvial fan. The downward of this alluvial fan is valley floor reaching up to

Rud Sariab.

b Geotogical Section of the Downstream of the DAD



Inferred geological section of the Alluvial Fan area spreading in the downstream of Kad Kocha
1 Site is shown in Fig.A.47. Drilling in Phase I was carried out at the center of river bed along
dam axis, and confirmed all section up to the depth 40 meters sands/gravel strata. Groundwater
was not be confirmed. In Phase 11, resistivity exploration up to the depth 200 meters was
carried out at the isthmian channel point of the just downstream. According 1o this result, the
depth to basement rocks seems to be a little less than 60 meters, and the depth to water table at
this point is in between 40 and 50 meters considered from other geological data.

Tn the downstream side of Alluvial Fan, the basement rocks declines rapidly ‘so that the
thickness of sands/gravels strata of Fan deposits may reach almost 200 meters. Topographic
gradient of Alluvial Fan is in the range of 1 in 30 to 40.

The depth to water table may be approximately 60 meters at dam site, in between 40 and 50
meters at the isthmian channel, and becomes gradually deeper as proceeding to the downstream
reaching probably around _70 meters around Fan Front. Hydraulic gradient may be 1 in 30.

In the Alluvial Fan arca, Coefficient of Pérmeability may be the order of E-3 cm/sec,
Transmissivity may be around 90 m2/d, and Specific Yield may be 15%. '

c Main Aquifcrs Influenced by DAD

Based on the topography, the influenced area by the recharged groundwater from the proposed :
DAD may be limited in the aquifers of the atluvial fan and of the valley floor continiing from
this alluvial fan. Topographic gradicnt of the altuvial fan is 1/30 to 1740, the arcais3to 4 km?
“Sands/gravels strata of thc altuvial fan are getlmg into the silts/clay strata of the vatley floor
resulting semi- conﬁncd or confined aquers in the part of valley floor, as shown in Flgs A IO'
and All1. .

‘According to the éxiSting well data MST-11 dritled in 1974 located in the valley ﬂoor',:lhcse .
semi-confined or confined aquifers have theic hydrogeologic propettics as the following; Depth
to groundwater level was approximately 30 meters as of the date drilled, coefficient of
permicabifity approximately 1E-3 cavfsee, transmissivity approxunatcly 90 mz.’d specrflc yield
15%, and specific storage 85-5 1/m. Unconfined aquifers in the alluvial fan seem to be lugher _
permeability than the above, Some tubewells exist in this alluvial fan. All of them are located
along the southern end of the alluvial fan where is convenient to pump up groundwater, '

d Relation with Beneficiary Area [Specified Area and Unspecified Area)

As beneficiary areas of the proposed DAD the specified farmlands are locating around the area
covering almost all the dowa-reaches of the alluvial fan and valley floor, as shown in A.46.



Unconfined aquifers in the alluvial fan are conlinning the semi-confined to confined aquifers in
the valley floor.

Bascd on Lhe topography, the recharged groundwater from proposed DAD may flow down
" through the alluvia! fan, and flow into the aquifers in the valley floor, Then, these groundwater
may be considered all to be able to irrigate in the specified arca.

J. Ghazlona (Arambi)
a " Topo-lntcrprctaiion

Flg A .48 shows the Topo-inter pretauon Map of Ghazlona (Arambi) avea, The mountain area is
composed mainty of shale of Eocene age which forms impervious bedrock. The downstream
from around the proposed DAD is generally low telief hilly area with gradually the width of
riverbed widening little by litte ranging from some tens of meters to hundred and some tens of
* meters. Ghazlona Nala ﬁnally joins to Arambi Manda. Arambi Manda has generally wide
_ riverbed. The left bank in the upstream side of Arambi Manda from joining point is composed
. mainly of gully eroded talus. In the downstream of Arambi Manda after joining with Halkai
Arambi Nala, very wide riverbed with width reaches 2 km extends.

b Geological Section of 1he Dowhslrcam of DAD

qucrrud gcologlcal section of the downstream of Ghazlona Slte is shown in Fig.A.49. Aquifer
" is river deposit. The thickniess of river deposit may around 10 meters at dam site, and gradually
~ become lhicker as procccdmg fo the downstream. Around the conflux pomt with Arambi-
Manda, it secms to reach around 30 meters. Topographic gradlent of river bed is in the range of
1 in 50 to 6O

© The depth to water table may be several meters in the upslreahl and ten and several meters in the
downstream. Coefficicnt of Permeability may be the order of E-3 env/sec, and Transmissivity
may be around S m2/d.

¢ Main Aleliférs Influenced by DAD

Aguifers to bc'recharged by the proposed DAD is the alluvium of the riverbed. It is generally
composed of cobble and gravels having high permeability. Groundwater flows within the
“surface alluvial layers because bedrock is impervious shale. The topographic gradient of the
. river bed is 1/50 to 1760. The width of the river is 40 meters at the narrowest and approximately
200 meters at the widest, '

The groundwater flowing surface layers of Ghazlona Nala river deposits flows into the large
scale of alluvium of Arambi Manda.



d Relation with Beneficiary Area [Specified Arca and Unspecified Area]

As beneficiary areas of the proposed DAD, the specified farmlands are focating at the left bank
around thc'way out of Ghazlona Nala and the near downstream of joining poiht of Ghazlona
Nata and Atambi Manda. The former is relying only karez for intake groundwater, however the
latter both karez and tubewell are the way to intake water. The recharged water is further
flowing down to the alluvium in the downstream.

'A.4.3 Other Proposed DAD
A.  Ghutai Shera
a Topo-Interpretation

The catchment area of Ghutai Shera DAD is éomposcd of Permo-Triassic to Jurassic limestone
and Subrecent deposits. Limestones form steep mountains. While Subrecent deposits are seimi-
consohdaled dense gravelly strata are usually dissected hrlly area formmg comphcated ups and
downs in relief. :

In the downstream of the DAD site, Alluvial fan'is extent with a’pproxinialcly? kilo-meters '
wide. ' o

b Main A'qUifers Influenced by DAD

; Geologlcal secnon in the downstream of DAD is 1nfcrred as shown in Frgure Alluvnal fan wnh
- approximately 2 kilo-meters wide i is extent in the downslrcam of DAD site, and change into |
silts/clay steatain the down reaches of valley floor. Topographic gradlcm 1s approximately 1 in
" 40. At DAD site, river deposits exist up to the depth approx;matcly 4 meters underlain by
Subrecent deposits which consist of mainly sands in the upper layers and mainly silts in the
lower layers. River deposits are mainly composed of sands/gravels, Coefficient of Permeability
of which is approximately 9E-3 cm/sec. According to the existing data QA-ANK-2,
sands/gravels up to the depth 54 meters lics over Subrecent clay deposits. Depth to water level
was approximately 20 mieters as of October 1987. hydrogeological properties were 6.7E-3
Coefficient of Permeabilily cm/sec, 45 m2/day Transmissivity , and 23% Specific Yicld,

B. Wali Dad
a Topo-Interpretation

The catchment aréa of Wali Dad DAD is composed of Jurassic limestone and Cretaceous
limestone, sandstones, and shale. DAD is situated on Jurassic limestone. Aluvial fan is extent

A - 43



in the downstream with 3 to 4 kilo-meters wide, though the isthmus was formed by smatl
isolated hills at approximately 1 kilo-meter downstream, seaching up to Sariab Lora. Though
the shape of Alluvial fan is not typical, its radial angle is approximately 120 degrecs, with
topographic gradient of 1in 25 in average.

b Main Aquifers Influenced by DAD

~ Geological section in the downstream of DAD is inferred as shown in attached figure. The
 thickness of Alluvial fan deposits is in the range of fifty to one hundred and tens of meters at
maxinmum and changes into valley floor deposits from around Sariab Lora. Between:
= sands/gravels of fan deposits and silts/clay of valley floor deposits, sandy strata are existing.
- Depth to bedrock is approximately 150 meters around Sariab Lora which was confirmed by
existing data. Cocfficient of Permeability of fan deposits is 2 to 3E-3 em/sec. Transmissivity is
50 to 60 m2/day in mid-fan, and 20 m2/day around the border of alluvial fan and valley floor.
Specific yicld is 20% or more in alluvial fan, and 15% in valley floor. Déplh to water level is
approximately 20 meters around Sariab Lora as of 1988, and becomes decper grédually to the
upslream side. '

C. Samaki (Arainbi)
a TopQ-Intcrprctaiion_

The catchment area of Samaki DAD is composed of Miocene Sandstone intercalated with Shate
which form hydrogcological bed in this arca. North-Western mountainside shows remarkable
tincation and continue to valley forming Arambi Manda, Talus-like very gentle hills are sitvated
linealy with width few kilo-meter between Arambi Manda and mountains. Sl_r’;:a'ms'derivcd
from these mountains cut these hills and pour to river-bed of Arambi;Mmldé.

b Main Aquifers Influenced by DAD

~ Aquifer to be recharged by the DAD 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 coefficient of permeability not so good.

-D.  Iskalkoo
a  'Topo-Interpretation

The catchment area of lskalk_oo DAD is composed of Miocene limestone, This limestone is
porous and cavernous in many localitics and easily eroded by water forming hitly topography.
The dam site is located at the mid-area in the hills. The western side of those hills, where dam
sile is located, is dissected, and covercd by relatively thin Alluviums.
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