(D Wali Dad dam

Catchment area of the propased dam is wholly situated at Brewary Limestone. Both sides of
the river are composed of outcrops, and rise steeply, that vegetation is not observed.  The
river forms narrow gorge of its width of three to four meters composed of limestone 2 km
upstream from the dam site. Relatively large gravel and cobble stone are deposited in the
narrow gorge caused by a mountainside collapse.  Few vegetation cover is observed in the
catchment arca.

Steep limestone walls of the both sides produces narrowest gorge of its width of 10to 15 m
~aind that is preferable to detention bund construction.

(m) Samaki dam

‘The catchment area of the proposed dam is broadly composed of Shaigalu Formation composed
of shale and partly inbedded sandstone. Talus deposits werc accumulated on the mountain
foats along the river,  Vegetation is well growing on the talus deposits thickly deposited in the
river.

Detention bund is not recommended because of sleep riverbed gradient of 1:10.

{n) Iskalkqo dam 7

* Proposed dam sile is sitvated in Kirthar Formation compose of limestone and Nari Formation
¢omposed of shale and Mudsl'one. Talus deposits have beenf'lhickly accumulated on' the
hitlfoot along the river,  Vegetation is well growing on the talus dcposils. : '

Series of lower height detention bunds are proposed 1o control erosion by loosening riverbed |
slope and o prevent the movement of ri_vtrbcd deposits.

: [.4.4 Design of Dam, Sediment Contro! Devices
(1) - Brewary dam

(i) Geology of catchment arca

Karaksha nullah is located at the center of the catchment area which forms 14 km from south-
wesl to nosth east, and 3 kit from nosth-west to south-east. = Shirinab formation, comprising
of alternate beds of limestone and shale is exposed in the upstream of the catchment arca.  The
limestone is thin to medivm bedded, and the shale is calcareons. The Chiltan formation



comprising of massive, thickly bedded is exposed in the downstream of the catchment area. It
has conformable contact with the lower Shirinab forihation.  Piedomont deposit is thickly
deposited and forms rolling terrains.

(i) Topo-geology of dam site

Proposed dam site is situated in Brewary limestone, which dominantly consists of nodular to
massive limestone with subordinate shale.  Dam site is located at a very narrow gorge about
6.0 m width composed of limestone of Brewary limestone. Rock is exposed on thic both
abutments. Because the strike of the beds is almost perpendicular, limestone beds continue on
(he both the abutments and can be correlated.  Itis observed that the bed rock exists 8 to 10 m
depth from the tiver bed according to the drilling profile 15 m downstream of the dam body.
Limestonc in abulments is moderately hard to hard, moderately fractuted and jointed without
infilling.

Rescrvoir is comprised of partlly Brewary limestone and Ghazig shale.  The right side ridge,
c’bmposed of Brewary limestane, is almost straight having dip slope face towards the resetvoir.
The left side ridge is composed of Ghazig shale having an ineguiar'gcﬁllc escarpirient face
“towards reservoir. - Piedomont deposus and talus wéte (hickly deposited at the mountain foot '
~ofthe nght side ndge

(iii) Design of dam :
Dam site is situated in ‘narrow gorge composed of hmestonc “Gravity dam is proposed .
because base foundation rock exists 7.5 m depth’ from the river bed surface, and distance of
both abutments is 6 to 15 m. Fill type dam is riot suitable due o excessive rock excavation to
secure spillway channel.” Recharge through dam foundation is not expected becauseé of rock |
' foundatibn, so Lhat reéhargc downstream of the dam site is accclc_fatcd through intake facilitics.
Overflow depth is 3.2 m considering existing gorge width, and foundation replacement with
lean concrete materials to the depth of 15 m river deposits is required for the 19.5 m lcn;glh
energy dissipater to ensure the bearing capacily of the foundation. ' |

Vertical pipe (9250mm) with intake pipe (¢125num) is planed to be instated at the upstream
face of dam for outlét device.  And discharge should be controlled by operaling sluice valve
which is ms!allcd at the end of driving canal.

Dara  Catchment Crest Dam Embankment Totad storage Effective storage - Sediment Flood discharge

type . area(km®) length (m) height (m) volume (m') volwne (m*)  volume(m?)  volume(m'} (mifsec)
Gravily 259 2.0 322 10,500 749,000 360,000 389,000 165




(iv) Design of recharge devices

Rechargeable water is estimated at 3,240 m’/day and permeability is also estimated at 2.50x 10"
*emvs.  Then required area for recharge is 1,500 m?.  Infiltration pond should be located
adjacent to plunge pool in consideration of connection with basin and river.

(v} Design of sediment control devices

The land slope is not steep and density of vegetation is not poor -in this basin.  Further,
watershed management program is now on going. Then it is realized the necessity of selling
erosion control facilities is low in this detay action dam project.

%) Dara dam

(i) Geology of catchment area

The caichment area is broadly composed of well bedded limestone {(Chiltan limestone).
- Piedomont deposit is observed at foothills of the limestone, which is easily eroded by stream
- flow. Several narrow gorges with their width of 5 to 10 m were developed in the middle and
 upstream in the calch'mehl area. Some slumping of the weathered limeslone were also
- occuired at the fold and fault portions. Ghazig shale is mostly observed along the Kazha
Shela nullah located to the north of the dam site. |

(it} Topo'geology of dam site : _
~ Proposed dam site is located at the fan head of the. alluvial fan.” Right side abutment is

_composed of interbedded shale, and Hanna Urak conglomgrate is exposed. These forms hilly . -

undulation terrains. - 1ft side abutnient is composed' of Chiltan limestone, which are
- naudulated. - River deposits or atluvial fan with thin sitt iayers were developed with their depth .
" of around 20 ni from the river bed at the dam site.  Silt and clay layers with depth of between
20 10 30 m exist below the river deposits. The layer contains a few limestone concretions.
The unconsolidated deposits continued upto the depth of 40 m.

Gii) Design of dam o |

' Left side abutment is composed of outerops of limestone and right side of conglomerate which
. has sufficient bearing capacity for a dam foundation.  Dam axis is proposed at downstream of
confluence of two m'ajor tributarics to enlarge dam' storage capacity. Dam axis bends to
. upstream direction at the right side abutment.” Dam foundation is composed of the permeable
river deposils of its depth of 20 m and hydranlic conductivity of 1.49x10® cmvsce.
~ Homogericous type fill dam is suitable to reduce hydraulic gradient along the dam foundation

" against piping. River dcposits is available for the semi pervious embankment materials,



Downstream recharge through intake conduits is proposed because of gradual reduction of
seepage flow through the dam foundation due to siltation.  Spillway channel is at the right side
abutment comprising of conglomerate. Crest length of 41 m (overflow depth is 1.8 m) is
required considering: topographical condition. Flood flows toward large alluvial fan and
energy dissipater is not facilitated.

Dam Calchment  Crest Dam Embankment Total storage Effective stofage  Sediment  Flood discharge

type  arca(km?) leagth{m) height(m) volume (?) volumie (') volume (n)  volume (m') (m’fsec)

Fill type 166 405.0 23 ‘297,000 389,000 240000 349,000 ) 196

Inclined pipe is planed to be installed on the left bank in the reservoir in consideration of slope
condition and shortening conduit length. Proposed dimensions of outlet devices are
sunmarized as follows. '

Inclined Pipe _ Intake Pige Conduit Type A Condvit Type B ° Conduit Type C
$400x L 24m #250% 6 seis 400 x 1, 50m #400 x L 120m #400x 'L 35m

. (iv) Design of recharge devices
Rcchargeablc water is estimated at 9,856 m*/day and permeability is also estlmatcd at 1.COx 10
- l.S_Oxl()3 cnvs.  Then required area for recharge is 11,400 ny, Infiltration pond is
desirable 10 be located on the top of alluvial fun which is at about 1.0 km downstream from the
dam site. ' '

f :(v) Design of sediment control devices . ‘

It is recommended sediment comrol devices should be constructed at about 2. 5 km and
3.3 kmupstream from the dam site. At2.5 km point, it is preferable to adopt detention bund.
‘However, at 3.3 km upstream site, narrow valléy is formed by the rock which extend from
mountain side into river and it is possible to obtain large capacity for sediment slorage. 'l‘ﬁen,
it is useful to adopt gravity dam which height is 5 m from the river bed.

3) Murgi Kotal dam

(i) Geology of catchment area

- The upstream area bounds with the catchment areas of the dams of Bostan and Dara. Murgi
Kotal nulizh flows down toward south-west with its length of around 9 km, and the catchment
area has its width of 2 km in average. The catchment area is wholly ‘situated in Chiltan
limestone formation al the left side and limestone of Alozai Gr. at the right side, and partly in
Ghazig shale. River deposils comprising of mixture of gravel, cobble stone and sand with
some silt occupled the river bed.  Piedomont deposits were developed at foothills. Thin
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bedded limestone which was thinly bedded and closely fractured with thin marly bands fornis
mountainous hilly and rolling terrains.

(it) Topo-geology of dam site

Proposed dam site is located in a gorge about 80 m width, and composed of Chiltan limestone.
Limcstone is exposed on the both abutments. ~ Limestone beds continue on both the abutments,
however, river deposits accumulated in the river bed is more than 40 m in thickness.
Limestone exposed at the right side abutment is almost straight having dip slope face towards
river bed. . Limestone at the left side abutment was naodilated.  River deposits comprising of
gravel and boulder were thickly deposited.

River deposits comprising of fine materials of 10 m thick were accumulated in the reservoir due
to the dam construction.  Piedomont deposit and talus deposits were developed surrounading
" the ‘reservoir area. These materials are susceptible to erosion during floods, and some
-~ stumping of the deposit js likely to occur by inundation of the reservoir area.

" (i) Lx;sung dam condition
“The reservoir has been full of sediments composecl of clayey silts at the upstream of the dam
embankment with its depth of around 10 m. Thu strata in the wpper 10 m depth are
* unconsolidated and have low relative densities.  As the composition of the upper deposits, the
strata changes to boulder, gravel, which 'Scems original river deposits or altuvial fan deposits..
Four number of Dutch cone penetration tests (CPT) were petformed between the depths of 11
to14m.  CPTat I minterval refused beyond penetration depth of 15 cmi and gave high value
cof N of more than 50 {Standard penelrahon Test). No water table was found in the bore hole
" m the deposits in the nservoxr ‘ | B

 Alluvial fan dep:osils observed closing to the downstream of the existing dam embankment is
composed of gravel and few sandy clay.

(iv) Design of dam
‘Dain site is localed at the fan head of al[uwal fan and constructed i in limestone gorge of its width
of 80 m. (xmwty dam is not suitable owing to poor bearing capacity of 40 m river deposits.
There are (wo alternatives of the dam axis, located upslream and upstrcam of the cxrslmg dan.
"Pamcular features are spcc:ﬁcd as follows:

Upsteeam:  Embankiment volume is 280,000 m*.  Rentoval of sediment of 110,000 m? in the reservoir is
considerably large. . Spillway is located at the right side of the reservoir. :

Downstream: Embankment volume is 460,000 m®  Spillway construclion located at the right llmc.slone
abutment cosls a great deal because of hard rock excavation
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Comparing with the alternatives, upstream dam is cconomically preferable.  Dam foundation
is composed of the permeable river deposits of its depth of 40 m.  Homogencous type fill
dam is suitable to reduce hydraulic gradient along the dam foundation against piping. River
deposits is available for the semi pervious embankment materials.

Downstream recharge through intake conduits is proposed because of graduat reduction of
secpage flow through the dam foundation due to siltation.  Spillway channel is at the left side
of the reservoir.” Excavated materials of spillway channel are utilized for the dam embankment,

Dam Catchment  Crest  Dom - Embankment Total slorage Effective storage  Sedinent  Flood discharge

type  arealkm!) leagth (m} eight () volume (m*) volome (m') ~ volume{m®)  volume (m") {m*sec)
Fll type 19.7 1300 356 278,000 1,147,000 260,000 £87,000 131

Inclined pipe is planed to be installed on the left bank in the reservoir in consideration of slope
- condition and shortening conduil length.  Proposed dimensions of oullet devices are
summarized as follows. '

: Inclined Pipe . Intake Pipe Conduit Type A Conduit Type B Conduit T;.p:lC
BH0xL 25m - p250xBsets 2400 x L 84m TS0 L [63m G400 x I 47m
(#400 % L 30m) (0250x8 gts)' (9400 x L. 75m) (SH00xL130m) ~  (p400x L 315m)
" Note) Upper : Downstream Lower : Upsiream ‘ ‘

- (v), DE:Slg!l of recharge devices

' Rechargcablc waler is estimaled at 7,776 nﬂ’day and pcrmeablhly is'also estimated at 1.00x10
? envs. . Then requned arca for recharge is 9,000 m®. * Infiltration pond should be located on
' the right bank top of ailuvnal fun which is at about 200 m downstréar from the dam site. :

(v'i)' Design'of sediment contro} devices _ _ |
Itis proposed that 4 detention bunds will be built. * The first will be located at about 2.0 km
upsteeam, (he second at about 3.0 km, the third at 5.0 km and the last at 7.0 kin upstrcam
respeclwely from the delay action dam site.

(4) ' Kach dam
(i) Geology of catchment area ‘
Geological formations mainly consist of limestone slab, sandstone and cong!omemte The

conglomérates, sandstone and shale beds belonging to the Urak group are the youngest rocks
of the area and occupy synclinal structures.
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Spintangi limestone is exposed approximately 700 - 800 m upstream of the dam site.
Spintangi limestone belongs te carly to middie Focene age and is overlain by Urak group and
underlain by Ghazij shales.

(it} Topo-geology of dam site

Most of the dam and reservoir area is occupied by exposed shales of Ghazij formation, The
shale beds from an anticlinal bend across the stream, and form semi-rounded hills of low relief.
Most of the hill slopes over the shale deposils are talus, indicating high erosive nature of the
shale.  Surface run-off from these slopes brings heavy silt load into the rescrvoir in addition to
the transported sediments brought by the flood from the catchment area.

(iii) Existing dam condition

The remnants of the dam embankment overtopped by the floods present a dilapidated scape.

The overtopping due to floods has eroded a considerable portion of the dam crest. An
~ approximately 22 m decp cut has been created along the crest in the form of a vertical cut.

* Cut-off concrete core wall has also been destroyed by water pressure of the storaged water.

“The reservoir has been full of sediments composed of clayey silts and disintegrated shale.
‘These deposits contain *excessive moisture and unconsolidated.  Bed load materials
-comprising of cobble, gravel, sand and sill mixture with occasional boulder has been thickly
deposited at the upstrean of the reservoir area.

Spillway of the éxisting dam was loé_aied in the hills ncar the right abutment. ~Overflow crest
' porti'on' stands completely 'deslroyccl by flood. .Spiliway channel comprised a cut section in |
the shale formation without any profection on the bed and the side stopes. The flood water
had éroded the entire channel. ' | |

A circular wet type RCC intake structure of 3.35 m diameter and 23.0 m height was also
damaged by soil pressure.  One inlet was near bed level and two other inlets at various levels
were prbvidéd with manual operation. The 450 mun diameter RCC pipe is connected to the
- stecl pipe outlet from the intake stxucmrc.' This pipeline joins at a distance of about 5.5 km
- anothe similar pipeline from the Sra Khula dam for conducting combined flow. It was being
" used by the local population of the nearby village at the point of the first breakage at a distance
~ of about 500 m downstream from the toe of the dam embankment,

V) Design of dam
Comparing to two alternatives of the dam axis, rising of existing dam crest is cconomically
‘preferable.  Particular features are specified as follows:



Rising crest: Embankment volume of dun is 480,000 m’. In adkition, 123,000 m’ is required for the
embankment of existing spitlway channel.

Dowristeeam: Embankment votume of 600,000 m® is atmost as same volume as the total embankment of the
rising crest plan  In addition to the dam construction, rehabilitation works of the existing dam
is necessary to prevent outflow of sediment accumulated in the reservoir.

Unconsolidated shale surface is susceptible to a erosion and bearing capacity is also insufficient
for the gravity dam construction. Downstream recharge through intake conduils is proposed
because of impermeable foundation.  Dam axis is 50 m downstrcam of the existing dam crest,
Zone type fill dam of its dam height of 45.9 niis proposed. Impervious zone is banked at the
upstream side and seni-permeable zone at the downstream side of the embankment. Drainage
is accelerated through vertical drain located at the ‘downstream of the impervious zone.
Oveiflow depth of 2.5 m is required considering topographical condition of the right side
abutment.  Spillway channel is protected with concrete to prevent an erosion by floods.

Dam  Catchment Crest Pam . Embankment Totalstorage Effective storage  Sediment Flood discharge

type  area(km®) length(m) beight{m) volume (m’) volome (o) voluwe (m')  volume {m') - {m’sec)
Fill type ‘565 3300 . 459 480,000 2,387,000 . 1,200,000 1,187,000 329

Inclined pipe is planed to be installed on the left bank in the reservoir in consideration of slope
condition and shortening conduit length. -~ Proposed dimensions of outlet devices are
summarized as follows. In addition, there i$ a canal of Seragurg Irrigation Scheme in the
downstream arca of Kach site. Then it is necessary to supply irrigation water to this canal
 after completion of Kach dan. B ' |

e

Inclined Pipe Tntake Pipe ConduitType A -~ * Condyit Type B " Conduit Type C
p250 % L 12m 150 x 3 sets $250XL 130m $250x L 177m :
(#2500 L 29m) - ($#150 x 9 sets) . C(p250 % L 135m) (P50 x L 180m)
* Note} Upper : Existing site  Lower : Downstream site '

- (v) Design of recharge devices

Rechargeable water is estimated at 5,184 m’fday and permeabmly is also esumatcd at 1.00x 10
3 crfs.  Then required area for recharge is 6,000 m’.  Infiltzation pond is planed to be
' located on the left bank point which is at about 3.5 km downstream from the dam site, |

(vi) Design of sediment control devices

Detention burds should be proposcd al the downstream site of Inzar Nullah and Spol Nullah '_
respectively.  In Kuchnai Nullah basin, its geographical feature is not steep and densily of
vegelation is rather thick. Also some loose stone check dams have been built in small
tributary. ~ Then it is low in priorily to set up erosion control facility.



On the other hands, in the small sub-basin located in upstream from the delay action dam on the
left bank, landslide is heavily proceeding by weathering and mining.  And a’so, vegetalion is
scarce in- whole basin. ‘Then, it is supposed that sediment yield and washout will increase
year by year. Therefore, it is recommended strongly that conservation works as counter
trench, loose stone check dam and forestation should be operated.

(5) Jigda dam

(i) Geology of catchment area’

The catchment area is also composed of Murgha Fagirzai shale, and Piedomont deposit at the
foothills along the river bed. Small particles of gravel and sand river deposils were
accumulated in the relatively wider river bed.  Silt and clay conteit is very small in the river
deposits at the upstream of the catchment acea.

" (i) Topo-geology of dam site _
The dam site is situated in Murgha Fagirzai shale, and Pledomont deposits were developed at

“the foothills. ~ Shaighalu sand is also thinly inbedded. Since the shale was severely

weathered or eroded by water, the surface was ciacked, and vertically dipping.  Gravel, sand
and boulder stone originated from the shale fully occupied the river bed with their depth of
around 10 m at the dam site.  Weak foundation composed of silt and clay river deposils exists
5 to 8 mbelow the river bed.

" Rescrvoir is bounded by hills prcdominaﬁlly formed of thin Picdomont deposit at the left side,
~and weathered shale at the r_ight‘sidc.

“(iii) DLSlgll of dam S o :
Dan site is occupied by exposed shale and forms hilly terrains.  Shale surface was severely |
weathered and cracked.  River deposits™is permeable (Hydraulic conductivity: 1. 15x10
. cm/sec) and has around 10 m in thick, Homogeneous type fill dam is suitable to reduce
hydrauhc gradlenl along the dam foundation against piping. River deposits and excavated
. materials~ of : the : spillway - are available for the semi pervious embankment - materials.
' Dow.nstrcam.rcchargc through intake conduits is also accelerated because of poor scepage
~ capacity of the 10 m thick foundation and also gradual reduction of secpage flow through dam
- foundation due to siltation. Spillway is constructed at lefi side of the dam embankment.
'Spillway channel slope composed of shale is protected with the stone masonry. Overflow
depth of 1.5 mand crest length of 46 mvis required considering topographical condition of the
abutment.  Flood is diverted to the adjacent valley coxllposcd of shale,” so thal energy
- dissipater is not facilitated.



Dam  Catchment Crest Dam Embanksient Totat slorage Efféctive storage  Sediment Hood discharge
type  arcalkm?}  length (m) - height (m) \_’(ﬁil yme (mY)  volume (m?)  volu nmc_(im’} volume (i my  {m'fsec)
Flltype 208 2100 238 114,000 503,000 290,000 218,000 142

Inclined pipe is planed to be instatled on the right bank in the reservoir in consideration of slope
condition and shortening conduit length. Proposed dimensions of outlet devices are
summarized as follows.
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Tnclined Pipe Intake Pips Conduit Type A Condult Type B Conduit Type €
400 x 1. 33m #250 x 7 seis 400 x L. 80m ¢400x L 123m w-100x!..35m
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(i\?) ‘Design of recharge devices

Rechargeable water is estimated at 14,904 m’/day and permeability is also estimated al
1.15x40% cnvs. “Then required arca for recharge is 15,000 m’. ‘There is one karez system
on each side of the river respectively.  Then, for the purpose of groundwalter recharge and
steenglhening karez function, recharging facilities are proposed to be set up.  On the right
bank, infiltration pond which capacity is 6,000 m’ is located at about 1.2 km downstrean.
‘From dam to pond it is not avoidable to pass river bed, then in this section, pipeline should be
adopted as link canal. - On the left bank, infiltration pond which capacity is 9,000 Y is
planned, In addition, two karez systems which locate downslrcam from mflltranon ponds are
planed to be rehabilitated. T hese total length of k'uez are 2100 m.

(v) Demgn of scdnnent control devices _

Yigda delay action dam has only fifteen years capac:ly for sedimient. ~ Therefore itis necessary
to secure fiftcen years sediment capacity for scdlment control devices. In addition, it is
impossible to construct these devices in the mlddle of river named Takhoi'and Tcmbal area
where some cultivated land and orchards are scatters on the riverside in' the consideration of
backwater by debris. - Then it is limited to select the sites for debris and it is supposed to list
just three sites, at the point of about 2.5 km, 3.0 km and 8.0 km upstream from the dam site.
In consideration of the sediment capacily, it is proposed to select wet stone masonry type which
heightis 5 m.

{6) Sanzali dam

- {1) Geology of catchment area

Upstream of the catchment area is composed of Subrecent- recent deposmon compnsmg of
rounded gravel, sand and clay. Rest of the catchment area is composed of Bostan formation.
Subrecent-recent deposition fornis mountainous hilly and rolling terrains, aid was heavily
ctoded by precipitation.  Slope failures of the Bostan formation are observed along the river,
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and it causes huge sedimentation in the reservoir associated with the dam construction.
Because of the susceptibility to crosion of the Bostan formation, few vegetation cover was
observed especially in the upstream of the catchment area.

River deposits composed of gravel, sand, silt and clay were originated from the Subrecent-
recent deposition. -~ Fine particles of Bostan clay caused by erosion was not accumulated in the
river bed, and transferred towards downstream as a suspended solid.

(ii) Topo-geology of dam site

Proposed dam site is situated in Bostan formation composed of silt, sand and radish clay.
Since Boslan clay is susceptible to erosion, the configuration around the dam site forms rolling
and hilly terrains.  Gravel and clay river deposits were accumulated in the river bed with their
thickness of 2to 3 m.  The base foundation of Bostan clay has depth of more than 40 m at the
dam site, and thin sandstone layer of 2 n thickness is inbedded at the depth of 13 to 15 m from
the river bed.  Groundwater was observed on the clay foundation, 1.5 m below from the river
bed.  Both abutmenis were deeply eroded by precipitation, however clayey foundation was
well consolidated, Thus bearing capacity of the foundation is enough to construct the dam
embankment.

: (m) Design ofdam

Dam is constracted on the impermeable sand, claycy layers of ils hydraulic conduchvnly of
1.54x10* civ/sec at the d;qu center. Bcsndes, dam is constructed on pervious foundation at
the left abutment, ho'mogcnéous type fill dam is suitable to reduce hydraulic gradient along the -
dam foundation against p1pmg "River deposils and a part of the excavated materials of the |
spillway are available for the semi pervious embankiment matenals " Downstream ru:ha:g.c |
through intake conduits is accelerated because of poor seepage capac;ly of the dam foundation.
‘Spillway is constructed at right side gorge of the dam site. Spillway channel base and side
~ slopes “are protected with the stone masonry due to susceplibility to crosion of the
unconsolidated sand and clay foundation.  Overflow depth of 1.5 m and crest length of 26 m
is re‘quirc_d considering topographical condition of the gorge. Spillway channel traverses
existing karez, 40 m length energy dissipater is fapililated to protect the karez. -

Dam  Catcheeat’ (‘rcst ©° Dam  Embankment Total storage Bffective storage  Sodiment ﬂooddischarge

type  afea(km’) Ienglh(m) height {m) \ro!ume(m’) _volume (m') - volume (m?)  volume (m?) (m¥/seq)
COFlltype - . 104 2100 140 114,000 508,000 290,000 218,000 T 142

Inclined pipe is planéd to be installed on the right bank in the reservoir in consideration of slope
- condition and shortening conduit léngth.  Proposed dimensions of outlet "devices are
suminarized as follows.
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Tnclined Pipe Intake Pipe ' Conduit Tyge A Conduit Type B Conduit Type C
oZOOxI 24m #1235 x Isets g200x 1. 22m 200 x L 90m ! 9200 x L 27
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(iv) Desiga of recharge devices

Rechargeable water is estimated at 2,592 m’/day and permeability is also estimated at 1.00x1¢
> envs.  Then requited area for recharge is 3,000 m’.  Infiltration pond is plancd to be
located on the right bank where is at about 1.5 ki downstream from the dam site. With this
device, it is possible to recharge groundwater and strengthen the function of existing karez.
In addition, two karez systems which locate downstream from infiltration ponds are planed to
be rehabilitated.  These total length of karez are 2700 m. '

(v) Design of sediment control devices _

It is recommended that 4 detention bunds will be built,  The first and second will be located at
about 2.5 km and 3.0 km upstream in main stream, the third and fourth will be at about
100 m upstream respectively from the confluence of Zebra Nullah and Aglibargai Nullah, In
addition, devastation in this river basin is widely proceeding and it is recommended that
watershed conservation in the basin wide by counter trench and loose stone check dam and
forestation should be operated. ' '

(1) Sakhol dam

) Geology of catchment area
The catchment area is composed of Chiltan l;meslone, Shirinab formahon, Spin Tangi
limestone and Bostan formation, “having ‘the age from Permo-Jurassic to Recent..  The
catchment area forms mountainous hilly and the materials for sedimentation was derived from |

~ surrounding out-crops of older rocks. Piedomont deposits were ‘accumulated at the foot of |
limestone mowntains.  Talus deposit and river deposit are observed in the wider valley.  Sand
dune was developed at the lower part of the proposed dam site. ' '

(n) Topo-geology of dam site : _
Dam site is situated in 1,000 m wide fan head at where semi impermeable river deposils
comprising of gravel, sand, clay has been accumulated in 100 m thick. ‘Both abutments are
composed of out-craps of the limestone. The water impounded in the dam reservoir will secp -
into reservoir bed and ultimately drain into the area downstream of the dam site.

(iit) Design of dam .
‘The hydraulic conductivity of the dam foundation shows 3.06x10* cm/sec. Homogeneous
type fill dam is suitable to reduce hydraulic gradient along the dam foundation against piping.

I-71



River deposits are available for the semi pervious embankment materials, ~ Downstream
recharge through intake conduits is also accelerated because seepage flow through the dam
foundation is gradually reduced due to siltation in the reservoir.  Spillway is constructed at
center of the dam axis. Spillway channel base and side slopes are protected with the stone
masonty due to susceptibility to erosion of the river deposits.  Overflow depth of 1.5 m and
crest length of 42 m is required considering topographical condition.  Earth canal of its height
of 2.0 m is excavated downstream of the spillway channel to protect agricultural lands from

inundation.
~ Dam  Catchment =~ Crest Dim  Embankmept Totatstorage Effective storage  Sedimeal ~ Flood discharge
type  area(km’) length{m) height sn) volome (m’) volume (m}  velume{m®)  volume (m’) (mPfsec)

Flitype 23 1.090.0 145 187,000 545,000 210,000 335,000 199

Hill slope is less than 15 degree and safe against destruction of pipé by differcntial scttlement
and land sliding. Then it is possible to collect water by perforated conduit which will be
settled from the boltom of reservoir up to low water level point. - Proposed dimensions of
outlet devices are summarized as follows. '

B - ey

Inclined Pipe i Intakc Pipe Conduit Type A Conduit Type B8 - Conduit Type C
- - A 150 x L i90m C 9150 x L 68m ) pISOXL {8m

reou = SRVTIVS Y B ruacm

(W) Design of rcchargc devices

Rcchargeable water is ‘estimated at 976 m*/day and permeablhly is also estimated at 1.00x10?
~onvs.  Then required area for,re‘charge is 1,130 m?’. River depqs_it is thickly accumulated

and alluvial fan spreads widely toward downstream. Then it is possible that infiltration pond
~ will be located closed to the dam.  And it is capable discharge water will be lead by driving
- canal without link canal, In ‘addition, three karez systenis which locate downstream from

infiltration po’nds arc planed to be rehabilitated, ~ Thesc total length of karez are 2500 m.

(v} (Dgsugn of sediment conlrol dewces)
~1n Sakhol b'mn land slope is gentle and vegétation density is not dlspcracd Gradient of river
- bed is rather gentle.  In addition, the area which provide sediment yield is hardly found. On
the other hand, judging from conditions of sediment in the reservoirs of existing dams which
ar¢ adjacenl to above proposed dams, it is supposed the amount of sediment discharge is not
plenty. Therefore, it is low priotity lo construct crosion control facilities in this basins,



8 Mangi dam

(i} Geology of catchmerit arca

The catchment aica of the proposed dam is composed of Nimragh limestone at the upstream,
left side ridge, and Shirinab formation comprising of limestone with abundant interbedded
shales in the remaining.  Nimragh limestone is exposed in the eastern mountainous range, and
yiclds some springs. ~ Alluvial fan deposit is observed at the dam site and also upstream of the
catchment area, where is bounded by mountainous hills predominantly formed of out-crops of
" Nimragh limestone. Picdomont deposit originated from Nimragh limestone composed of
‘gravel, sand and silt has gentle slope.  Sarbund delay action dam is located at the upstream of
the proposed dam.

(ii) Topo-geology of dam site

‘Dam site is sitvated in 700 m wide fan head at where semi imperimeable river deposits
‘conmprising of gravel, sand, clay has been accumulated in 27 m thick. = Right side abutment is
composed of oul-crops of naudulated Jimestone. Left side abutment is composed of
Piedomont deposit originated from Shirinab formation. River deposits composed of bouldef,' '
gravel, sand and clay is thickly accunulated at the dam site. Base rock of shale (Shirinab
formation) is observed at the depth of 17 m from the river bed. '

- (iii} Design of dam : . .

The hydraulic conductivity of the dam foundahon shows 1. OﬁxlO“ cisec. Homogeneous
*type fill dam is suilable to reduce hydrauhc gradient along the dam foundation agamst plpmg

- River deposits are available for the senu pervious c;_nbankment malerials. Downstremn_
recharge through intake conduits is also accelerated because sci:pago flow through the dam
~ foundation is gradually reduced due to siltation in the reservoir. © Spillway is constructed at the
left abutment. Spillway channel behind overflow section is protected with concrete to prevent
etosion because of high susceptibility to erosion of the foundation. Overfllow depth of 2.0-m
and crest length of 85 m is required considering topographical condition.

Dam  Catchment Crest Dam  Brbankmenl Total storage Elfective storage  Sediment Flood discharge -
Ttype  arca(km?} lengih{m) “height(m) wvolume (m¥) volume(m’)  volume ')~ volume {m*) {m¥/sec)
Fill type © 394 5300 127 170000 1,011,000 - 420,000 591,000 6000

" Inclined pipe is planed to be installed on the right bank in the reservoir in consideration of slope

condition and shortening conduit length. Proposed dimensions of outlet devices are
sutnimarized as follows.

Tactined Pipe Intake Pipe  Conduit Type A Conduit Type B Conduit Type C
@500 x L 16m _ $300x 3 sets p500x L 145m #500 x L 72m #3500 x L, 57m
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(iv) Design of recharge devices

Rechargeable water is estimated al 12,960 m’/day and permeability is also estimated at
1.00x10° cns.  Then required area for recharge is 15,000 m®.  Conditions of river deposit
and topographical feature is as same as those of Sakhol. Then it is possible that infiltration
pond will be located closed to the dam. It is capable discharge water will be lead by driving
canal without link canal. In addition, two karez systems which locate downstream from
infiltration ponds arc planed to be rehabilitated.  These total length of karez are 6000 m.

(v) Design of sediment control devices
Conditions of Sakhol and Mangi river basin are generally smular on topographical feature and
vegelation. Therefore, it is low pnonty to constiuct erosion control facilities in these basins.

(9) Kad Kocha I dam

(i) Geology of éatchment area

The catchment area is composed of Chiltan limestone, Shirinab formation, Spin Tangi
limestone and Bostan formation, having the age from Permo-Jurassic to Recent.  The
catchment area forms mountainous hilly and the materials for sedimentation was derived from
surrounding out-crops of older rocks. - The upstream area mostly forms a narrow valley.

The lower part of the dam site received fine sediments like clay and silt and some coarser
materials like sand and gravel are due to flood storms, which could not be rolled out, but less

‘Piedomont conditions exists in the dam site, whilé desert cdndilion where in Seolian sand and
silt also slarted accumulatmg in the downstream of the dam s;te " No perennial flow was
observed ‘in the area.” Soil production’ is not so hlgh due lo deposition of sandy, silty -
~ fommtmn and shortage of water. '

(ii) Topo-gcolo’gy of dam site

-Dam site is situated in 700 m wide fan head at where semi impermeable river deposits
comprising of gravel, sand, clay has been accumplated more than 40 mthick. Proposed dam
is constructed across the wider valley of ils width of acound 400 m. Both abutments are
- composed of out-crops of the limestone. River deposits are composed of boulder stone, . -
gravel, sand and sill. Boulder size is relatively large, 20 10 40 cm. The water impounded in
* the dam reservoir will seep into reservoir bed and ultimately drain into the area downstream of
Cthe damsite,

(i) Dcsngn of dam
The hydraulic conductivity of the river surface shows 3.18x10% cmvsec. Homogeneous lype



fill dam is suitable to reduce hydraulic gradient along the dam foundation against piping.
River deposits are’ available for the semi pervious embankment materials.  Downstream
recharge through intake conduits is also accelerated because scepage flow through the dam
foundation is gradually reduced due to siltation in the reservoir.  Spillway is constructed at the
right side river bed. Stonc masonry is constructed between the embankment and spillway
channel.  Spillway channel is connected to scoured portion of the existing river. Minimum
flow section of overflow depth 2.5 m and crest length 50 m is planned to avoid excessive rock

excavation.
Dam  Cetchment Crest Dam Embankmeat Toial storage Effective storage  Sediment ' - Flood discharge
ype  arcatkm?) keegth(m)  height{m) volume (m’) volume (') volume (m*) volurme (m’) {m'/sec)
Fil type 152 5950 140 152,000 368000 140,000 228,000 389

Inclined pipe is planed to be installed on the left bank in the reservoir in consideration of slope
condition and shortening conduit length. ~ Proposed dimensions of outlet devices are
summarized as follows.

e

inclined Pipe Intake Pipe Conduit Type A Coaduit Type B Conduit Type C '
@500 x L Lim $350 % 3sets #600 x L 20im #600 x L 65m - ’

W TELAE

.(iv) Design of 1ccharge devices : o ,
Rechargeable water is eslimated at 12, 960 m’lday and permeability is also eshmated at
1.00x 10 cns., Then required area for recharge is 15,000 m? like Mangi dam.  Conditions
“of river deposit and topographical feature is similar to Mangi dam.~ However, there is narrow
gorge just downstream.  Then itis proposed that infiltration pénd_ will be located after passing
‘this gorge. I ' ' :

(v) Design of sediment control dev1c<,s

Conditions of Sakhol, Mangi and Kad Xocha H river basin are. generally smular on’
topographlcal feature and vegetaiion. Thereforc, it is low priority lo construct erosion control
facilities in Kad Kocha 11 basins. ' I

{10) Ghazlona dam

{i) Geology of catchment area

‘The catchment area of the proposed dam is broadly composed of Ghaﬂg shale, and sandstone
is partly inbedded.  Bostan formation overlain the shale is observed at the most upstream of
the catchment area.  Some steep slumping were occurred on the shale, on conirary to this,
widely surface erosion were developed on the Bostan formation.
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River deposits were thinly accunmiated in the river bed due to steep river gradient.  Out-crops
of shale are observed in the river bed in the middle and upstecam of the catchiment area.

(i) Topo-geology of dam site

Proposed dam site is situated in Ghazig shale formation, which dominantly consists of cracky
and vertically dipping direction.  Surface of the shale was severely weathered or eroded by
water. Both of abutments form hilly configuration, and deeply eroded guilies were developed,
especially at the right side slopes. - Gravel, sand and boulder originated from the shale occupy
the river bed with their depth of 3 to 4 m at the dam site.

(iii) Design of dam

Homogencous type [ill dam is suitable to reduce hydraulic gradient along the 5 to 6 m thick
dam foundation against piping. River deposits composed of shale are available for the semi
pervious embankmient materials.  Compaction criteria for weathered shale materials is
carefully examined to prevent settlement of embanknient by saturation.  Downstream recharge
through intake conduits is also accelerated because seepage flow through 5 to 6 m dam
foundalion is not so high, and these is gradually reduced due to siltation in the reservoir.
“Spillway is constructed at the left side abutment.  Spillway channel slope composed of shale is
protected wilh stone masonry. Overflow depth 1.5 m and crest length 35 m is planned
considering topographical condition of the abutment. Flood is diverted to the adjacent valley
composed of shale, so that energy dissipater is not facilitated. |

"Dam  Catchment- | Crest . Dam ~ Embankment Total storage Effective storagé  Sedimeit Flood discharge’

ype  area(km®)  length (m) _height (m) \'olwm(m") voluma (¥}~ volume (m?)  volume (m) (m'fsec)
il type 91 1950 209 76,000 © 331000 140000 191,000 109

lncliiléd pipe is plan'c'd to be installed on the left bank in the reservoir in consideration of slope
condition and shortening conguit length, " And from about low water level ilp to dam crest
Jevel, air vent pipe will be settled on embankment slope by concrete anchor block. Proposed
dimensions of outlet devices arc summarized as follows.

T SN TR SRR Ty R AR e e ek

" ichinedPipe - taakePipe  ConduitType A Conduit Type B Conduit Type C
¢200x L 38m “g125 %5 scls ¢?.001L28m @200 2 L 100sm g200 'L 18m
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* (iv) Design of recharge devices
Rechargeable water is estimated at 662 m®/day and pernieability is also estimated at 1.00x10?
envs.  Then required area for recharge is 770 m?,  Recharging capacity is supposed to be
small near dam site because of narrow flowing width in the river and its shallow- aquifer.
Then infiltation pond is planed to be located on the right bank where is at about 1.3 km
downslream from the dam site.



(v) Design of sediment cantro! devices
Two detention bunds should be proposed at the point of about 2.0 km and 3.5 km upstream
from Ghazlona dam site.

(11) Ghutai Shela dam

(i) Geology of catchment arca

Catchiment arca is situated in consolidated and unconsolidated Piedomont deposits
(Fanglomcr‘atc). Gravel and cobble stone are deposited in the river bed. - Picdomont deposits
have been eroded by precipitation and form undulated terrains.  The upsiream area bounds
with the catchment arcas of Brewary dam and composed of Ghazig Shale.

(i) Topo-geology of dam sile

Dam site is located at the fan head, and composed of Subrecent deposits forming hilly terrains. -
Gravel and sand deposits with its thickness of 28 m have been accumulated in the river bed.

Base rock foundation composed of consolidated Subrecent deposits is observed under the river-
deposits.  Both side of dam abutments are also composed of consolidated Subrecent deposits .
comprising of gravel and fine materials. ~ Piedomont deposits are accumuiated in the CSCrvoir

areca,

© (i} Design of dam _ :
Unconsolidated and per meable river deposus of its hydraulic conductivity of 9. 50):1{)3 cmvsec
has becn accumulated 28 m in thick. In ih:s conncchon, homogcncous type fill dam is

-~ suitable to reduce hydrauho gradient along the dam foundation agamst p:pmg River deposits -
are available for the semi pefvious embankment materials. * Downstream ru:ha:gn through -
intake conduits is also aceelerated because the seepage flow capacity is gradually reduced due to
siltation in the reservoir. = Spillway is constructed at the right side abutmeiit. Overflow depth -
of 1.7 m and crest !ength of 6.0 m is planned considering topographical condition of the

abutment. Energy dissqnler is not facilitated. ‘

‘Dam Catchiment  Crest “Dam  Embankment Total itorage Effective storage  Scdiment | Food discharge

type  atea(km?’) length(m} height {m) volume (') volume (m') - \:_oiuni:(m’) svolume (m¥) 1 (m¥sec)
_IE!I)-pe 1.8 1550 110 33,000 800()\'3 42000 0 T 3B000 28

Inclined pipe is planed to be installed on the left bank in the reservoir in consideration of slope
condition and shortening conduit length. Proposed dimensions of outlet devices are
summarized as follows.
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Inclined Pipe ~ IntakePipe Condult :l‘ype A Condiit Type B Conduit Type C
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(iv) Design of recharge devices

Rechargeable walter is estimated at 4,815 m'/day and permeability is also estimated at 9.50x10"
*envs.  Then calculated necessary area for recharge is 590 m’.  However, it is desirable
water depth in reservoir should be kept within 1.0 min the consideration of economical factor
and casiness in operation/maintenance. - Therefore recharging area is planed to be 4,900 m’.
Near dam site, recharging effect is not expectable to be high because of thick silt/clay
accumulation.  Then infiltration pond should be located at the about 500 m downstream from
the dam site on right bank.

(v) Design of sediment control devices _
Two detention bunds are planed at the point of about 2.0 kim and 3,0 km upstream from the
dam site.

{12) ~ 'Wali Dad dam

(1) Geology of catchment area :

- Catchment area of the proposed dam is wholly siluated at Brewary Limestone and partly
“alternatives of sandstonc and shale. . Moslly equal river bed of its river bed width of 20 to 30
‘m continues from proposed dam sits' to two 1o three kilometers upstream. The river forms
‘narrow gorge of its width of three to four meters composed of limestone 2 kin upstream from
the dant site.  Gravel and cobble stone have been deposited in the river bed, however, fine'
material is not observed.

(ii) Topo-geology of dawm site

Proposed dam site forms narrow gorge of around 12 m width composed of Chiltan limestone at
~ the both abutments. Limestone is exposed on the both abuiments, and limestone beds
. conlinue on the both the abutments and can bé corrclated. It is observed that the bed rock
 exists five to six melers depth from the river bed.  Limestone in abutments is moderately hard
-~ to hard, moderately fractured and jointed wuhout infilling. Gravel and cobble stone have been
| accunmlatcd in the river bed at the dam site.  Reservoir afea is also situated in limestone area,

(iii) Design of dam |

Proposed dam site is located at a narrow gorge of limestone, 400 m upstream of the existing
“dam site. Rock foundation exists 5 m depth from the river surface, and both of iclam
abutments are composed of outcrops of limestone with its distance of 10 to 15 m. In this



respect, gravity dam is selected.  Fill type dami is not suitable due to excessive rock excavation
to secure spillway channel.  Recharge through dam foundation is not expected becatise of rock
foundation, so that recharge downstream of the dam site is accelerated through intake facilitics.
Overflow depth is 2.0 m considering existing gorge width, and length of energy dissipater is
16.0 m

Dam  Catchient Crest Dam  Embankment Total storage Effective storage  Sedinent - 1lood discharge
type  arealkm®) length(m) beight(m) volume (m") volume(m?)  volume(m')  volime (m') {m¥sec)
Gravity 54 200 230 3700 139,000 © 50,000 43,000 C86

Vertical pipe (g300mm) with intake pipe (¢200mm) is planed to be installed at the upstream
face of dam for ontlet device. And discharge should be controlted by operating sluice valve
which is installed at the end of driving canat. '

{(iv) Design of recharge devices

Rechargeable water is estimated at 7,020 m*/day and pcrmeab:hly is also esumated at 1.00x10

Yemfs.  Then required area for recharge is 8,125 m’. It is not expected to recharge through
- the river bed because of its shallow aquifer. - Therefore infiltration pond should be located at

- the point of about 3.0 km downstream from the dam site. - And also, pipeline as link canal is

adopted in consideration of sheer cliffs on both banks. ' '

v) Dcstgn of sediment control devices
Three detention bunds are planed at the pomt of about 2.0 km, 2.5 km and 3.0 km upstneam
from the dam site. '

(1% Samakidam

(i) Geology of catchment area

The catchment area of the proposed dam is broadly composed of Shaagalu Formation composed
of shale and parily inbedded sandstone. - Shale and sandstone strata have the prevalence of
folded structures. Talus deposits were accumulated on the mountain foots along the river.

© Damsite is located at the confluence of the two tnbutanes ' River gradtcm is rclallvcly slecp NS

1:10. River deposits have thickly accumulated in the river bed -

(i) Topo-geology of dam site _

Dam site is composcd of shale and sandstone, and for ms mountainous hilly terrains. Shale has
been weathered and cracky, vertically dipping dircetion. A thin layer of shale is well jointed
and scverely weathered on their surface.  Both site of dam abutment has undulated terrains.
River deposits comprising of gravel and stone of shale and sandstone have been accunulated at
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the depth of 17 m in the river bed.

(iit) Design of dam

-Homogeneous type fill dam is suitable to reduce hydraulic gradient along the 17 m semi
pervious dam foundation against piping.  River deposits are available for the semi pervious
embankment materials. Downstream recharge through intake conduits is also accelerated
~ because seepage flow through dam foundation is not so high, and these is gradually reduced
duc to siltation int the reservoir. - Spillway is constructed at the right side abutment composed
of hard shale. Spillway channel slope is only protected with stone masonry.  Overflow
depth 2.0 m and crestlength 12 m is planned to prevent excessive rock excavauon ‘Energy
“dissipater is constructed to control flow discharge and to prevent scourlng of the dam

embankment.
Dam  Caichment ~ Crest Dam  Embankment Total storage Effective storage  Sediment Flood discharge
type  arealkm®) length(m) height (n)  volume (m*) volume (m')  volume (m¥}  volume (m*) (m*/sec)

Ful dam 25 800 155 35,000 153,000 100,000 53,000 b}

: Inclined pipe is planed to be installed on the left bank in the reéservoir in consideration of slope -
condition” and shortening . conduit length. - Proposed dimensions of outlet devices are .

summarized as follows.
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Inclined Pipe Intake Pipe Conduis Type A~ ConduitType B Conduit Type €
¢200x L 15m '_pl 25 x4sets o @200 x L 20m #200 x L. 85m 5400 L 10m
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* (iv) Design of recharge dcwccs
Redlargeablc water is estimated al 1, 296 m’lday and permcabxhly is also esumated at L. ()Oxl(l
3 el - Then required arca for rucharge is 1,500 ar’. Infiltration pcnd is planned to be
located on the top of alluvial fan where is at about 50 m downstream from the dam site.

(v) Design of sediment controt devices
No detention bund is proposed.

:(14)  iskalkoo dam

(1) Géology of catchmcnl area
- Proposed dam site is situated in Kirthar Formation compose of limestone and Nari I‘ormauon
- composed of shalc and Mudstone.  Scveral layer of shale and sandstone are well jointed, and
talus deposits have been thickly accumulated on the hillfoot along the river.



(ii) Topo-geology of damsite

Dam site is located at Nari Formation composed composed of shale and mudstone, and forms-
mountainous hilly terrains. Shale is well jointed and its surface has loosened solid rocks.

Dam abutments form mountainous hill and terrains,  Consolidated clayey layer is observed on

the right side and lower pait of the river bed,  River deposits composed of gravel and cobble
stone of shale and sandstone have been accumulated with their thickness of 6.5 to 30 m from
the river bed surface.  Kirthar limestone is observed under the river deposits.

(iii) Design of dam

Homogeneous type fill dam is suitable to reduce hydraulic gradient along the 5 m semi
pcrvioﬁs dam foundation against piping. River deposits are available for the semi pervious
embankment materials. Downstream recharge through intake conduits is also accelerated
because seepage flow through dam foundation is not so high, and these is gradually reduced
due to siltation in the reservoir.  Spillway is constructed at the right side abutment. Inflow and
chute sections of the spillway channel, comprising of weathered is protected.  Overflow depth

2.0 m ang crest length 28 m is planned considering narrow abutinent width of 40 m Energy |

dissipater is constructed to control flow discharge and lo prcvént scouring of the dam

embankment,

Dam Catchment - Crest © Dam Ewmbankement Total storage Effcctive storage Sediment - Flood discharge
_ type _EE‘:"_(L“E}__ ledgth {im) © height (m) voluroe (¥} volume (m’)  volume (m%) ' sgl‘iihc(ﬂl‘) - m¥secy
" Filt damn 58 100.0 160 46,000 170,000 80,000 90,000 113

* Inclined plpc is plancd to be installed on the left bank in the reservoir in consxdcrahon of slopc”

condition and shorlening conduit lcngth " Proposed dmwnszons_of outlet devices are = -

-summarized as follows.

T e e TR R A - XS - ST D aar

Inciined Pap\, Intake Pipe Condoit Type A ~ Cenduit Type B Conduy Type C
€200 x L 10~ $125 x 3 sets P00 X L 20m #200x L 85m #200 x L 500m

—rarireon LRI = R L o

{iv} Design of recharge devices _
Rechargeable water is estimated at 2,592 m’*/day and permeability is also estimated at 1,00x10
* cwvfs.  Then fequired area for recharge is 3,000 m? Infiltration pond is planned to be
“located on the top of alluvial fan where is at about 500 m downstream from the dam site
because of its shallow aquifer in' the river. ~ And pipeline is- proposed as -link canal in
consideration of steep mountain slope. '

(v) Design of sediment control dewces

Two detention bunds are planed at the point of about 2.0 km and 2.5 km upstream from the
dam site. - And also two detention bunds are proposed in the tributary which meet on left bank
at the point of 500 m upstream from dam site.

! -8t
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Table 1.4.4

Design of Recharge Devices

Design of Infiltration Pond

DamSitc ~ Water  Permeability R‘:ﬁ;‘;; ® Width  Leagth Ca’;‘:;“’d ;‘;’:;f‘: Pond Depth
- (m¥dav)___ (covs) (m’) {m) {m) () {m) _ (m)
Brewry 32400 250503 1,500 15 100 1,500 - 2,160 2.700
Dara 9,8560 1.00E-03 11,407 110 105 11,550 '0.864 - 1.400
Murgi Kotal 7,7760 - 1.00E-03 9,000 100 90 9,000 0.864 1400
Kach '5,184.0 1.00E-03 6,000 80 75 6,000 0.864 -1.400
Yigda (Right) 5961.6  1.15E-03 6,000 40 150 6,000 0.994 1.500
Jigda (Left) 89424  LISE03 9,000 60 150 9,600 099 1.500
Sanzali 2,5920  1.00E-03 3,000 60 50 3,000 0.864 1.400
Sakhol 9760  1.00E-03 1,130 40 - 30 1,200 0.864 1.400
Mangi 12,9600  1.00E-03 15,000 130 116 15,080 0.864 1.400
Kad Kochall 129600  1.00E-03 15,000 100 150 15,000 0.864 1400
Ghadona 661.5  1.005-03 766 30 26 780 0.864 1.400
Ghutai Shela 48150  9.50E-03 4,815 70 70 4,900 1.000 - 1.500
Wali Dad 70200  1.00E-03 8125 100 . 85 8,500 - 0.864 1.400
Samaki 1,2960  1.00E-03 - 1,500 40 40 1,600 0.864 1.400
Iskatkoo 12,5920  1.00E-03 - 3,000 60 50 3,000 0.864 1.400
Design of Link Canal
Dam Site - :Water D?si;'frr:gu - Width g:;f; Height  Gradicnt - ?_Vf,lociiy %‘:L‘;";:S:;S
. ' (ndayy - (mfsec < (m) (m) i (m) (mfsee) . {mifsce)
Brewry 32400 C0.038 Co. . - . - o
Dara 9,856.0 0.114 0.200 ~ 0.197 0400 1100 1.465 0.114
Murgi Kotal 1,776.0 0.090 - 0200 0165 0.400 1180 L1497 T 0.090
. Kach 5,184.0 " 0.060 0.200  0.130 0.300 1770 - 1.430 0.06}
Jigda (Right) 5,916.1 0.068 0200 0.138 0.400 1170 1.479 . - 0.070
Jigda (Left) 89424 0004 0200 0.183 0400 - 1490 S 1484 0104
Sanzali- 2,592.0 0.030 0200 0075 0300 1440 - 1.450 0.030
* Sakhol 976.0 - 0.011 - - . C . - S
Mangi 12,960.0 0.150 - - - . - S
Kad Kochall  12,960.0 0.159 0200  0.236 0.500 - 1120 1.472 0.152
Ghazlona . 6615 0.008 0100 00350 0200 1440 © 1084 0.009
Ghutai Shela 4,815.0 0.056 0200 0.120 0.400 - 160 1.476 0.056
Wali Dad 7,020.0 0.081 - - - - e e
Samaki 1,296.0 0.015 0.100 0065  0.300 130 1.400 0015
Iskatkoo 2,592.0 0.030 - - - - - -
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1.5

Watershed Management

The most of the immediate priorities in rural areas of the Study Area arc related to water
shortage and degradation of the surrounding watershed areas.  Delay action dams contributes

to recharge of the groundwater, and to mitigate flood damages, ctc.  However, the excessively

high sediment production of the dam catchment area reduces the dam capacity, furthermore

causes dam faitures resulting from an overflow from the dam ceest,

People’s participation is inevitable to successfully continue watershed management with

“cooperation of FAO. TFAO set the following watershed management objectives under the

Integrated Area Development Program in Balochistan, and has launched their activities in and
around the Study Area through the Forest DBepartment .

1
2)
- 3)
4)
. 5)

recharge of groundwater aquifers,

control of floods and the resulting darnage to the agriculture crops,
developrent of surface water resources for agriculture crop production, -
rehabilitation of degraded watersheds and range lands, and

‘enhancement of fue} wood production.

Regarding the watershed ilimiagemeilt of the Imegra'ted.‘_ Area De?elopment Program in
Balochistan, the foltowing activities aré being carried out by FAO.

1)

-
3)
)

3)

treatment of hilly aréas -with’co'ns?erval'ion contour trenches at 'a;s'pacing of 3x 8 m,

-_plantmg of bushes and indigenous species in the trenches, grass tufts planted on the

berms of the trenches.

treatmient of the alluvial fans wath hillside ditches at a spacing of 30 m, plantmg plts
dug out in the pitches at a spacing of 3 m with the soil piled in the ditch on one side of
the pil to break the conlinuity of the water flow in the ditch, planting of bush and tree in

the ditches. .
“treatment of the streains with check dams at a proper spacing. Check dams are aims at
“increasing the residence tim¢ of the flow and thus enhancing infiltration and

groundwater recharge. _
construction of small earth dams with the aims of recharging (he groundwater, as well

“as providing a surface waler resources for irrigation, water supply, livestock drinking,

ele, o
water harvesting and spreading contribute to flood mitigation, water supply for
ircigation use. Flood protection dikes is effective for crop protection, soil erosion

* from the agriculiural lands, efc,
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Because the watershed management nceds several years and continuous’ effoits are required, it
is nccessary that the Irrigation Department and the Forest Deparlment positively pursue the
watershed managemeént together with technical and financial assistance to the beneficiaries.

1.6 Implementation Procednre for the Construction of Delay Action Dams

- Proposed site is identified by ficld engineer or by notable of the arca. Detailed survey s
carried out, and then PC-1 and estimate are prepared by the Icrigation Departivent.  The PC-1
is processed with the Planning and Development Depariment, which considers its approval iri a
conmittee named “Planning and Developmenl Wo.rking Party”. The Irsigation Department
then puts' the work to tender and awards contract subject to a availability of funds.
Construction of the work is supervised by staff of the Imrigation Department of the respective
Division and Circle.

. Provincia) [rrigation Department .

r_l—)etaiie{{ I Site PC-1 ] _ Phanning and Developoient
_ Survey Investigation “Estimate : : " Working Party

"| Chaieman: Additional Chief Secretary (P&D) -

" Provincial Inigation Department Finan CI al Department
E{Jqslruclmn 1 Contract Tender [T Secretary/Chiel Engineer of Irrigation Dept.

Supervision

: ‘ Representative from Chief Minister Inspection Tea
- ~ | Chiefol Water Section (P&D) '

1.7 O&M Planning

1.7.1 Operation and Maintenance of Delay Action Dams

' The Irrigation Department is tesponsible for plans, designs, supervisory works, construction,

and furthermore for ‘operation and maintenance of the delay action dams. Reservoir
opéralional work is not frequently required for the dams of which groundwater recharge is
naturally accelerated through dam and reservoit foundation.  For the’ damss of which
impounding capacity is being allocated for the ircigation s’yétem by gravity, or constructed on
impervious fbundation, frequent reservoir operational work by the Irrigation D_cpziﬂmcht is
inevitable to regularly release impounding water in the reservoic toward downstream of the
reservoir through the outlet conduits.



Maintenance works for embankment, spiliway and other allied structures are conducted by the
Irrigation Department.  Generally two (2) percent of the capital cost of l_hé dam construction
based on demand and nature of work required at sites is allocated for the O&M activities at
present.  Rehabilitation works of the spillways are mostly required for O&M because of their
severe erosion on the canal beds and collapse of gabion protection walls.

1.7.2 Construction Machinery and Equipment for Dam Construction and O&M
(1) Present condition’

The Irrigation Departiment owns construction machinery and equipment for the construction
works as tabulated below. These machinery is mainly used for the O&M activities of canal
systeny, small dams, flood protection embankment, flood irrigation schemes and delay action
dams, and also used for the dam construction on rental basis to the contractor. Machinery and
equipment are maintained al workshop in Quetta, Trigation Department, Machinery &
Equipment Section is responsible for the works.



Machinery and Equipment of Irrigation Departiment
Machinery - |Description] Numberof [ Location 6pu'imon WManulactures FPreséat condition
Machinery peaod (Operational/Repair)
(years)
Bulldozer
Caterpitler DED 40 HP 2 TE USA/UIK/Japan 18 out of order/under repair
Caterpitter DIG 00 1IP 2 1?7 USA 2 out of orderfunder 1epair
Caterpitles DAHELI6 HP 2 1 Japan 1 ovt of ocderfunder repaic
31 Case 14308 [H40HP 1 10 UsA 3 out of orderfunder repair
1 beyond economic repair
Fiat 14C 20 He 20 18 Haly 14 out of orderfunder tepair
. ) 5 beyond economic reprair
Backhoe - 2 DMJamali |10 Japan Faic/requires repair
2 -do- 2 Japan/Komatsu Good
2 -do- 2 Japan Hitachi -do-
2 Loralai 0 Japan Fair/requires r:pmr
Wheel Loader  ¥- i Fishin 16 USA Working condition
3 DMJamali |2 Japan/Furukawa |- do -
. n Hub 1] USA -do-
Vibratory . 6 B Jamalt |3 Tapan/Sakai Working condition
Compaction rolled | I Loralai 13 USA -di -
umpteuck - 3 DM amall  [13 “T0SA Working condition
I Loralai 13 usa -do-
2 Hub 13 USA -do-
1 Queita 12 USA 1 out of ordec
(Workshop) : 3 poor condition’
Fratfer/transport §- | DBMJamali |17 Germany Poor condition
| Quelta 15 USA Good
{(Workshop)
Trucks i DM jamali 14 USA Good
3 Quetta 18/16 USAJJAPAN 4 poor conditiva
. : Werkshop) (Missan) - |4 outof order
" {Motor Grader q DMBmali {2 Tapar/Mitsubishi - [Good
Compressor S Quelia i3 Fapan/Mitsubishi . [T poor condition
‘ : (Workshop) 4 out of order
enerator t Quelta 15 . Ot of order
{Woikshop) ) ;
Water Truck { D.MJamaty |17 USA Peor condition
3 Quetta 225 UKfUSAlapan 7 pocr condition
(Workshop) : (Hino) 1 out of order
3 DM Jamali |2 Pakistan i |Good

Source: Irngahon Department, Balochistan (as of December 1996)

~ Most of the machmery were used for a tong pcrlod more lhan 10 1o 15 years, so lhal the
' workmg capacuy have been detenoraied despite of proper maintenarce works by the Imgalxon
'Dbpanlmenl_. Maintenance eqmpmenl facilitated in the workshop of the Irrlgalmn Department

are as follows:
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Maintenance Equipment and Toot of Irrigation Department

Nime of Shop Machinery/ Function of Machinery © { - Status of machinery
equipment
Machine Shop]i.Lathe machine 16’ Turning, plishing, etc In working order
2 Lathe machine 4' - do- - do -
3 Radial drill machine Heavy duty coiting & boring [Not working
4 Milling machine Making of gears - do -
5.8urface grinder For surface grinding - do-
6.Tool grinder For tool grinding In working order
7.Grinding machine For ginding - do -
8. Hydraulic track pian press Track chain repair - do -
9.Dxill machine - do -
10.Hydraulic press Straightening of lineareent |- do-
11.Crank rebuild machine  |Rebuilt of etank shaft Not working
- |12.Hacksaw machine - |For metal cutting in working order
Welding shop |1.Electric welding plant For welding In working order
2.Spot welder -do- - do -
3.Gas welding plant For gas welding -do-
4.Mobile welding ptant For inohile welding Not working
Compressor  |1.Compressor (3 rios.) For air system In working ocder
shop _ .
Hydraulic 1. Hose culting machine For hose cutling In working order
shop 2. Nipple préss machine - do -
- |3.Washing unit (2 nos.) |For washing parts _|Not working
- |Brake shop - |1.Brake service machine Wheel drum polishing In working order
" |Engine 1.Head shop Engine head scats selting &MHn working ceder
overhaul 2.Valve grinding machine  [polishing - do-
-~ |shop 3.Cylinder boring machine . [Valve refacing - do -
4.Spray washing machine  [Block cylindér bering - do -
I _ Tor engine washing .
Calibsation * |1.Calibration machinc Fuel injection pump repair - |In working order
“|shop 2.Injector tester © - do- -do-
: 3 Nozzletester (2 nos.) - |Hnging nozzle tester -do-.
|Electsic shop {L.Electric test bench Checking  “short ~ circuit, |In working onder
o _ _ . [amature, dybamo and
2.Battery charger (2 nos.) - [generator -do-
Charging of ballery
Tire shop 1.Tire risn remaver Ritn remove In wotking order
Black - sminth1.Dyill machine In working order
shop 2.Air blower - . |- do-
Servicé stationf1.Lifting jacks For vchicle lifting + |In working ocder
' 2.Waler pump For service -do-

2y Machincry and equipment for proper dam design and construction work

The following are machinery and equipment for proper dam design and construction work:
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Machinery and Equipment roquired for Proper construction and Q&M

Items Descriplions Machinery/Equipment Remarks
Barth works |Excavation works Bulldozer Specification and numbers of machinery are
Backhoe determined refeming to an earth volume, eanth
Breaker moving plan and implementation schedule off
Loading works Wheel loader dun projects.  When eath works are in a
Spreading works Motor grader consecutive wotking process of excavation,
Compaclion works Vibratory roller loading, transportation  and  compaction,
Tamping roller combination of machinery shall be properly
Hand tamper planned.
Comipactor .
\Hauling Soil materials Dumptruck Dumptrucks and tractors are used for the hauling
works Tractor of eath materials for embankment, stone
masohry. slope protection.  While, common|
Construction materials [Commen truck trucks  are for comstruction materials  and
' Truck with crane equipment such as cement, forms, rcinforcing
' bar and steel products.  Specification and
Transportation of Trailer number of m‘achine{y shall meet the requirement
construction machinery of cath moving plan -and materdal supply
schedule,
Concrete Concrete mixing Concrefe plant Concrete is supplied for spiliway and masonry
mixing  |structutes.  Specification of concrete mixing
works Concrete transporiation JAgitator truck * Jplant is doteramined in line with concrete placing
* iplan in each project site. ' :
Concrele placing Vibrator . ‘
:l.‘emporary Water supply faéilitiés Submersible pump  |Water supply facility is planned for moistuse
works ' ‘ - |watertank [eontrol, concrete mixing and nraintenance of]
' Water spreading truck foonstruction machinery.  Generator is for the
' operation of pump and other machinery, and
Géneration Generator . B conpressor is' used for breaker  or  other
‘  [construciion puiposes. - These facility capacity
Air supply Facilities Compressor shall be exaniined to meet their requirements.
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Hems:

_‘__Srg__i‘:! Tests for Dam glllbankmem :

L L Test ltems ' _Coarse materials

[Physical Specific gravity - | Basic data to analyze soil test results

propeities Water content Soil propertics {compression, steength)
Grain size analysis Uniformity cocfficient, permeability, average grain size
Liquid timit, plastic limit Classification of soil

Dynamic Compasiion test Utilization to compaction criteria

properties Permeabilily test Permeability to deterinine compaction criteria
Uniconfined compression test Bearing capacity of dam foundation
Triaxial compression test Dam stability analysis
Direct shearing test - ditto -

1.8 Monitoring Plan of Delay Action Dam

 1.8.1 General

Considerably high agricultural productivity, as well as maintaining normal living standard have
been achieved by utilization of the groundwater through tube wells and open wells, especially
in arid or semi-arid area.  Sustainable groundwater development can be allained together with
propér preservation of the groundwater resources.  Excessive extraction by pumpage beybnd
the possible rechargc capac;ly te the aguifer promptly induces shortage of groundwalcr, and

‘also causes the lowering of groundwatcr table.

' ‘Balochistan Province is located in semi-arid region with mean annual precipitation between 150

to 200 m.l‘l:l. Almost all rivers and’ streams are ephemeral, "accordingly dependence upon -

- groundwater resources has been risen up day by day to develop agricultural productivity and to |

- ma_\inlziin living standard.  Rapidly increasing water demand and promptly falling groundwater

table is mainly because of high population growth and electrification, especially in rural areas in
and around Quetta City.

The Government of Balochistan issued edicts which restricted further grotmdwater extractions

~ aiming at agricultural development by means of tube well construction in the Quetta, Pishin and

- Mastung Distri_cts.: In the meanwhile, the Government has lauriched a series of delay action

dams consteuction projects to explore and to improve groundwater recharge,' especially in
northern regions of the Pishin Lora and Zob Basins. - However, it was also discussed about
sustainability, durabitity and effectiveness of the delay action dams from the quantitative and
economical points of view because of their susceptibility to siltation in the reservoir areas and
also negligible availability of run-off from the catchment areas compared with basin basis
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drawdown of the groundwater level. " Besides delay action dams, other alternative arlificial
recharge devices, ¢.g. injection wells, diversion weirs, flood dispersion dikes have been
constructed to accelerate groundwater recharge.  Unfortunately, available data are available to
assess the effectiveness or magnitude of these schemes at present is very limited and
insufficient.

In this respect, it is jmipcralive to establish monitoring systems/regulations regarding
groundwater recharge to contribute to planning and design of these artificial recharge devices
for further groundwater development.  Furthermore, planning be included for a long term
operation and maintenance, and thal monitoring of the performance of the recharge devices be
carried out routineiy and systematically over a long term.

1.8.2 Present Monitoring System

Water and Power Development Authority {Hydrological Unit, WAPDA) has undertaken
groundwater level monitoring in the areas of Quetta, Pishin and Mastung valleys. Presently,
the Burcau of Water Resources established under the Irrigation Départment is responsible for
thesec monitering works since 1994, Obscryalion wells and piezomefers at locations 31, 33,
" 42, have been installed for groundwater level monitoring in Quelta Nérme'rn_\féjlcy, Northern
Pishin Sub-basin and Mastung valley, respectively.  Water level observation was _conducted '
by autographic water level recorders or manual micasurement wilh the intervals of quarterly
basis. Surface flow has been observed by WAPDA for several years, and succéeded 1o the
Burcau of Water Resources at the observation stations. - '

‘Because monitoring ‘of the water level is being continued at critical locations in dedicated

monitoring wells at where rapid drawdown has been observed due to excessive extraction by

tube wells, it was also difficult to analyze water balance between groundwater recharge

infiltrated through ground surface by precipitation, those through river run-off, and excessive
pumpage. In addition to the above, monitoring has been carried out at the center of these
valleys to predict the drawdown tendency of the groundwater basins by excessive extraction,

but not for exploration of the groundwétcr recharge from basin peripherics.  In this connection,
nionitoring devices should be located close to the artificial recharge devices i.e. delay action

dams, infilication wells, weir diversions, food dispérsion dikes and other structures to
accurately analyze the effeétiveness attributed to the conslruction of these devices.  Monitoring

should be continued 16 claborate proper groundwater development plan, which reaches an

appropriate and realistic equilibrium of the groundwater resources in this semi-arid areas.
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1.8.3 Monitoring Plan
(1)  Monitoring purposecs

Monitoring wells and piezometers have been properly distributed in the valleys of Quelta,
Pishin and Mastung, and observation data are being analyzed by the Burcau of Water
Resources together with surface run-off data.  However, as described above these information
contributes to present rapid drawdown of groundwater surface by pumpage, but not for
constructive groundwater restoration plan by recharge devices.  Thus, it is reconmended to
establish supplementary monitoring equipment to examing the effectiveness of the groundwater
recharge structures, i.e. delay action dams and other facilities. Furthermore, moﬁitoring-
systems for pumpage volume of groundwater be simultaneously set up to not only estimate the
water balance between inpul and output but observe present waler use for irrigation and
domestic uses, which is inevitable to reatize sustainable groundwater use,

(2)  Monitoring plan
| (a)  Basic approach

Movement of groundwater inﬁluat_cd through recharge devices depends on geo-hydraulic

- conditions in the underground between the structures and the beneficial areas. Proposed
location, recharge abilily of rechargé device and its appurtenant structures such as- inﬁl&élion
pond, injeciioﬁ wells should be planned taking account of the geo-hydraulic conditions of the
aquifer.  Sufficient gronndwater recharge is altained through the dam anid reservoir foundation
at where aquifer has high' permeabilily and also has thick layers.  On conlrary to ihis.
'g'roundwaicr recharge is accclérated by su;iplcmentary recharge deviccs,‘c.g. infilteation pond,
injection wells at where aquifer is less permeable andfor shallow.  Accordingly, various
monitoring methods arc elaborated corresponding to the movement of groundwater,

On occasion of groundwater analysis, easiness to investigate flow route of groundwater and
conseciiti\;cfahd plain groundwater surface result in agreeable flow simulation.  Rolling fold
© and deep fault in base foundation occasionally directs to intricate approach of groundwater
B simulation.  On the other-hand, water surface close to the reservoirs is rapidly, -eminently
 reflected ensuing impomlding of the reservoir.. However, water surface fluctuation far from
[CSEIVOir is considerélbly small duc to dispersion of (he recharged flow, and also includes
conjunctive flow from adjacent catchment areas. Closing to the beneficial areas, pumpage
volume by tube wells dominates water fluctvation in and around the areas, accordingly
groundwater recharge through reservoir is not estimated till the pumpage volume is not
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accurately measured.

As explained above, it is essential to precisely explore and investigate geb-hydraulic condition
of the aquifer and pursue accuracy of water balance between recharge and extraction during
monitoring. During a discussion on effectivencss of delay action dams, it is alse important to
compare the groundwater level improvement before and after the dam construction.  For the
proposed dams, it is suggested to carry out a groundwater tevel observation prior to or during
the dam constiuction. While existing dams, recharge volume is estimated by means of the
measurement of the water level fluctuation in the reservoir or in the ground downstream of the
reservoir.

In the beneficial areas, water valume extracted for the uses of irrigation and doméstic purposes
has not been observed.  Tube wells pumps are continuously operated during power supply by
WAPDA. ‘fhus, it is practicable to estimate pumpage volume referring to power supply
duration and motor output of the tube well pumps in specified beneficial arca. However,
beneficial areas are located at the center of the basin and groundwatér originated from the basin
peripheries concentrately flows down to the center of the basin through alluvial aquifer.  Thus,
groundwater level is predominated by the flows from basin pcnphcr:es gravitative infiltration
of the precipitation through ground surface and seepage through river beds, alluvial fans during

“floods. Considering these conjunctive flows, it is' impracticable to identify recharge . flow
through délay action dams and other structures.

In this regard, water level measurement at downstream of the dams a:c preferable to precisely
estimate groundwater recharge capacily by delay action dams, as well as other structures.

(b)  Monitoring of delay action dams

To directly estimate recharge capacity through delay action dams, infiliration pond and injection
wells at the downstream of the reservoir, staff gauge is installed in the reservoir to observe
river ran-off, released volume of the reservoir including cvaporaixon toss, and sinwltancously
siltation volume.  Accurate relation curve between uscrvmr clevatton and slorage capac;ly i
‘investigated to estimate these volumes.

On the other hand, recharge magaitude in specified areas is supplementarily estimated by means
of direcl measurement of groundwater level, and quantitatively calcutated corresponding (o the
transmissivily or porosity of the aquifer.  Fluctuation of the gronndwater level is recorded by
a series of piezometers located at downstream of the reservoir.  Transmissivily or porosity is
expected by pumping test during piczometer installation. These piczometers be free from any
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water flows from other catchment areas,  In the case the groundwater recharge is accelerated
through recharge devices, c.g. infiltration pond, injection wells and trenches, cither current
meter or triangle, square notch be installed to measure the release discharge at outlet structures
of dam. However, both are not practicable due to their laborious works for continuous
observation.

Consequently, obscrvation of the reservoir water level is preferable to estimate recharge
capacity by detay action dams, as well as river run-off estimate. Autographic recording is
installed int the reservoir in the case of rapid drawdown of the water level in the reservoir due to
high percolation rate of the reservoir foundation.  Groundwater level downstream of the
teservoir is observed by wells and piezometers to supplementarily examine the groundwater
movement toward beneficial areas,  Observation of siltation also provides inevitable
information for the detay action dam planning. '

3) Conclusions

The Irrigation Department has succeeded groundwater monitoring work from the WAPDA.
Monitering is carrying out by means of observation wells and piczometers. While the
observation stations are located in the specified areas, Quetta valley, Pishin, Mastung and Kalat
sub basins, supplemental stations should be cstablished, especially Kuchlagh, Shirinab and
- Mangochar sub basins.  In addition, observation stattons to examine the groundwater recharge
effect by the delay action dams or other recharge devices should be installed in the vicinity area
“of these structures. - Furthermore; malhematicﬁ niodel should be created to accurately assess
groundwater sources and 1o utilize the aﬁalysis results for the delay action dam planning and
~ design. ' | | -

1.9  Vurither Study for Pam Construction

Necessay ficld investigation and dcsign of the dam and its appurtenant structures, recharge
devices, sediment control facilitics are described in the Planning and Design Guideline for the
Delay Action Dams in Annex M. The following are paiticularly required during detailed
design of the delay action dam project.

(1)  Geological investigation

- Test drilling to explore dam and recharge pond foundation
- Permeabilily test of the foundations at dam and recharge pond
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{2y Topographic survey
- Survey of dam and reservoir area, and recharge pond
- Survey of detention bund site
- Survey of temporary yards for the construction
- Survey of route for road replacement
- Survey of borrow and quarry sites

(3)  Material survey
- Test drilling and trench pits excavation to investigate materfal properties and
available volume of the embankment. |
- - "Soil tests for dam design

(4) Dandesign
- Sliding analysis for dam embankment
- Earth moving plan, construction plan, machinery/equipment plan
- Te'l'nporary work plan - |

{5) Structure design
- Detailed design
- Temporary work plan

(6) Cosl estimate _ _
- Re-estintates of project cost according to detailed desiga

1.10 Soil Tests

" Soil tests were conducted aiming at design of dam embankment of thé delay action dams.
Shearing sirength and permeability are required for the analyses of the dam stability and
seepage analysis. The following are the soil tests conducled by the Study Team.

1) Moisture content , _ - 7
Field moisture content is observed to decide necessary water volume to_adjus't"_ the
moisture content of the materials during the compaction period. ' '

2) . Specific gravily

© 3) Sieve analysis
4)  Atterberg limits
5) Compaction test (dia. 15cm, 3 layers, 100%:25 nos, 300%:75 nos, 60%:15 nos.)
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6}

7

Perimeability test ; Samples be compacted in optimum moisture content and 4% dry side
in respective compaction encigy.

Triaxial compression test: Samples for triaxial compression test be compacted in
optimem moisture content (different compaction energy) which gives maximum dry
density.

UU , CU tests for impervious materials, and UU, CD tests for semi-permeable
materials.

Maximum pressure is determined taking account of the maximum height of the dam of
30 m.

Tes.t method was instructed in British Standard Methods of .test for Soil for ¢ivil

engineering purposes or ASTM Standards Section 4,

The following are remarkable conditions of the materials and dam construction:

a)

: b) !
" Thus, shearing strength with rcduced compacuon energy of 60% be provided to secure

dy

()

Moisture content of the materials are in the dry condition through the year due to small
precipitation, so that compaction is carried out in poor moisture content, Thus,
permeability test was cartied out in two moisture content of the material, i.e. uader the
oplimum moisture content and i_lé' dry side (examplc 4% reduction). Furthermore, a
series of compaction energy were provided to reduce required moisture content.
hnprop'er conmpaction work is cicpectcd due to poor supervisory work of the contractor.

the dam safety.

- The materials near ihc dam sites are mostly composed of senii- pcrmeablc malt,nals

Impermcablhly of the dam embankment is uqu:rcd to prevent piping in the dam body
and also throngh the permeable foundation which is composed of river deposit.
Homogeneous type dam is presently recommended for the dam to attain small hydcautic

~ gradient. However, it is also necessary to design the zone type fitl dam when the dam
: height is higher than 20m and also the impervious foundation exists in shaltow depth.

Field moisture content

RcSulls_of the field moisture content are tabulated in Table L.10.2.  As shown in the table,

-field moisture content of the river deposit surrounding the proposed dam sites-are lower (han

5.0 % in mosty all the sites.  These moisture contents are rather lower than the optimum

nioisture contents of 10 to 15 % for seini pervious materials and 15 to 20 % for impervious

materials resulting from the compaclion tests in Table . 10.6. In this respect, adequate water

is required to properly conduct a compaction work of the dam embankment during compaction
works, especially for the surface materials with a few contents of fine particles.
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(2)  Specific gravity

Results of the field moisture content are tabulated in ‘Table 1. 10.3.  As shown in the table,
specific gravity of each materials ranges 2.65 to 2.70 ton/m®,  All materials are suitable for the
embankment.

3 Sieve analysis

Resulls of the sieve analysis are tabutated in Table. £.10.1.  As shown in the grain distribution
curve, most of the materials show well grained and distributed in pervious to impervious
materials except the impervious materials of Kach dam (C1). Impervious materials of Kach
dam can be used for the center core and both sides of the dam embanksuent should be protected
with pervious or semi pervious materials to secure dam safety.

G)) Atterberg limnits

Liguid/plastic limits and Atterberg limits are tabulated in Table. 1.10.4. Most of the river
deposits around the dam sites are categorized in GW group (well-graded gravel), GP group
{poorly graded gravel) , GM group (silty gravel) and SM (silty sand). ~ Materials categorized
in GW and GP groups are not used for the homogencous type fill dam because of their high
permeability. GM, GC, SC, SM groups are svitable for the embankment of the h01noge11e0115
~type fill dam. When GW and GP groups ar¢ ulilized for the homogeneous type fill dam,
" mixture with fine material is required to satisfy the fines more than 12%. |

Shale material located at Kach dam sites is categorized in CL group (lean clay). CL group is
impervious, and low comprcsﬁibiiiiy in saturated condition after compaction when PI (Plasticity
Index) is larger than 20. Howc’ver,' CL group does not have a large shearing strength, zone
type fill damm wnlh core matenal of CL group is smlable for hlgh dam, Soil Classification -
Chart is shown in Table .1 l 2. ' | |

(5) Compaction test

Results of the compaction tests are tabulated in Tablc 1.10.6. In addition, dry density of the
embankment of the existing dams of Kach and Morgi Kotal are tisted in Table 1.10.5.
Optimam moistuce conlents of 10 to 15 %, and 15 to 20 % are given for semi impervious and
impervious materlals, resp{'clwcly Optlmum moisture conlents of the mlxed malerials, semi
impervious and impervious materials ranges between those of ¢ senn ll‘l'lpEl‘VlOllS and impervious _
materials.  Dry density shows so high weight, so that 20% reduction is requlred for the vis¢ of
dam stlabih[y analysis, as well. _The failure might cause volume meastirement efror of the _
samples. | : |



(6) Permeability test

Results of the compaction tests are tabulated in Table. 1.10.7.  Samples were compacted in
optimum moisture content and 4% dry side in respective compaclion energy to prove the
difference of the permeability under this condition. Resulting from the tests, 4 to 90 times
difference was proved. River deposits have high penineability even after proper compaction for
example 1x10° - 3x10” cm/sec according to the permeability test referved to Table. 1.10.7.
To improve the permeability of the dam embankment, it is effective to mix both materials of
sandy and clayey soils. * Permeability tests indicate that the permeability of mixture of both
- materials are improved twenty to hundred times as low as sandy materials. - However, it is
“also important that a4 poor mixture of both materials induces concentration of seepage flow
“along sandy layers, consequently causes piping.

(7 Triaxial compression test

Results of the compaction tests are tabulated in Table. 1.10.8.  Compression tests indicate that
effective angle of internal friction (8') of 35 - 40%is expected for sandy materials (river
deposits). While, effective cohesion (¢’) of 1 - 5 ton/m? and 0" = 18 - 25° are expected for
‘clayey materials which contains fine materials more than 12%. Accordingly, ¢ :1 -5
ton/m® and o> : 35° are expected for the mixed malerials of both sandy and clayey materials.
To improve safety factor against surface sliding of the dam embankment, it is effective to install
“high shearing strength material on the surface side of the embankment.

Detailed compression test shall be achieved for sliding analysis of the embankment during
- detailed dééign stage.
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Table 1102 Field Moisture Contents

Dam name

Field Moisture Contents

(%)

Dara

192

I-114

1.0 2.0 10

Murgi Kolal St s o I
1.0 1.0 2.0

Kach s a e o _
3.0 13.0 10.0

Jigda LSt 82 0 1 S R
5.0 60 20

Sanzali 51 2 one
2.0 20 20

Sakhol s s G e
2.0 1.0 30

Mangi s s e
2.0 5.0 5.0

Kad Kucha -1 & 83 S
1.0 1.0 2.0

Ghaziona _S1 . .82 Cl L

- 9.0 9.0 6.0 .



Table 103  Specific Gravity

- 115

Dam nama Specific Gravily
{ton/my® ]
Brewary PrLy P2 PE3 (P4 ) ~ I
B 2698 | 2.683 | 2658 | 2.663
Dara PT-1 | PT-2 | PT-3{ PT4 | PT-S | PTG [ PT-7( S1 | 52 | Ci _
2648 | 2616 | 2.678 | 2.684 | 2.654 | 2.664 | 2.646 1 2700 2.720| 2.680
Murgi Kotal PT-1[PT2 | PT3 [ PTA4} PT-S | PT6 | PT-7 1 S1 | CI | Ei | B2
2,658 2.660| 2.616 | 2.675 | 2.636 | 2681 | 26611 2.670| 2.690 | 2.690 | 2.700
Kach PT:1| PT2| PT3 | PT4 | PT:S | PE6 | PT7 . 81 | C1 | Bl | 12
26821 27021 2.668 | 2.645| 2.658 | 2.674 | 2.683 | 2.730 2.780 | 2.670 | 2.720
Jigda PT-1L| PT2 | PR3 | PT4| PTS| P | PT7 | ST | S2 j ¢l |
12636 2659 2.661 | 2.680| 2,691 | 2.648 | 2.658 | 2.260| 2.670 | 2.690
-|Sanzali PT-1)| PT-2 | PT-3 | PT4 | PT-5 | PT-6 | PT-7) 8§ [ 82 | CH |
2658 | 2.662 | 2.662] 2.672{ 2.658 | 2.679 | 2.633 | 2.710 | 2.650 | 2.690
Sakhol pr-1 | PT-2 | PT-3 | PT4| PES | PT6 | PR7| 81| 82 | CI )
2671 | 2.645 | 2664 | 2.658| 2.665 | 2.673 | 2.655 | 2.630 | 2.690 | 2.690
Mangi Pr-1 | P2 | PT-3 | PR4 | PY-5 | PT6 st | s2 e |
‘ 26711 2659 1 2.660| 2,635 | 2.615| 2665 | 2670] 2.650| 2.690
Kad Kucha Il PTL|PT2 | PT-3 | PT4 | PP-S| PTG | PT-7 | 81 | 82 | 83 |
2.665 | 2.661 | 2.6711 2,638 | 2.644 | 2.658 | 2.658 | 2.660 | 2.670 | 2.650
Ghazlona PT-1| PT:2 | PT3 | PT4| PTS | PT6 | PT7| SI | S2 | CI |
. e Lo L1 - jaes0] 2670 2.69
| Ghutai Shela T pr2|pr3ipralpes| o ()
; 2649 | 2691|2668 26381261 | . |
Wali Dad el pr2 | ped|pralprs | pre | Pr7 | o f o ol |
N 2675 2.672| 2.616 | 2663 | 2.698 | 2.678 | 2.652 '
- [samaki PP PT2 PT3 | PRA [ PSP | T [
4 2713 2.665 | 2.693] 2.671 | 2684 2.663 | 2671 |
Iskalkoo PT-1 | PT2 | PT3 | PTA|PTS PTG | PRI | | 1
2684 | 2.678 | 2650 2.618 | 2.636 | 2.648 | 2.655
Titkha PT-} ff‘}?- Pra NN DR Sl - B N
. 26781 265812688]| |
Khushab pTr | PT2lPT3|PTa|Prs Pre) | | N
2.658 | 2.683 | 2.681 | 2.685 | 2.666 | 2.693



Table L10.4  Atteiberg Limits

[ Dam name Atterberg Limits (%)

Brewary o | AP-UT P2 4 TP3  TR4

LL a1 |26 |28 | 3t [ ~ o] I
CPLOUNP G 2 ) 22 L [ B Y ISR P

Dara TP-1 | P27 | TP-3 | TP-4 | TP:5 | 7P-6 | TP-7 | ST [ 82 [ CI_

CLL | 16 | 12 14 14 1 13 113 | 12 | NP [ NP | NP
PL | NP | NP | NP | NP URP T NP [ NP [ NP NF| NP

Murgi Kotal | | TP-1 | TP-3 [ TP-3 | P-4 | TP-5 | 1P | TP-7 | SI_| CI | BI [Tz

L, 33 4 32 | 10 | 12 | 26 ¢ 02 | 33 | NP | 31 |} NP | NP
TPLTT9 12U TNe TITNP 3 | NP {19 | NP |23 NP | TNE”

K:af-h. ~ O TIAPL [P | P3| TP4 | TPs | TP6 | TP-7 | St | CI | BI B2

|vigda | {APT TIP3 | TP3 | P4 | 195 | 1P-6 | Tp7 | SI | 82 | CI_

CLL P Iy o hodo f d2 8 M 13 L NP T UNP [ 26 f
PLOP NP L NP FONE NP | NP 4 NP | NP | NP | NP | 21 ;

Sénzali . L TPt TP-2 § TP-3 | TP-4 | TP-5 | TP-6 | St:f 82 | € |

AL 9 fo12 o0 | 20 f 10 | 12 | | NP | NP 2% |
CPL|TNP {TNP NP 16 | NP | NP CIReINP |2

+ [Sakhol T e TR TP P | 1P [ P6 [ AP7 |_SL | .82 | C1 [

CLLT Ti0 T p s T8 | 14 | ar 4 16 | NP | NP | NP |
_PL_{ NP | NPT NPTITNP T NP [ TNP NP | NP | NP|TNP |

Kangi oo | TR TR2 YR L TPA | TS Y TR6 | 1 81 | 82 1 Cl

Sl 20 0 10 | T a2 18 C ] NP | NP} 33 1 -
PL| NP | NP ITNPT|ITNBITRE TTH6 | INP NPT T30

Kad Kocha Tl - CTP-T [ 1P-2 | AP3 | TPA | TP-5 | TP6 [TPT TS | 52 | 83|

CLL L8 a2 T s ) e | 12 ) 18 | NPt NP | NPT
PLI NP ¢ NE | NP NP { NP f NP | NP | NP | NP | NP

Ghazlona [ TTAPA | TP [ 1P-3 | TP | AP | TP6 | 1P7 | SI | 82 | CI | 77

LLob o T _[INPTENP L 23 0
P JNPOp NP OGO M9 L

 [GhwaiSEela TR TP [ TP3 [ TPA | TP

: Pl 9 § NP NP | NPT }
Wali Dad b P TRl TP TP3 L TP4 | TPS | TR | TPT S
' JLLoo1e | 12 1 18 b 29 | 10 | 12 A8 B}
PL ;NP I NP | NP | 22 | NP | NP | NP S VU I PO
Pl NP | NPV NP 7 NP | NP | NP
C[Samaki - | AR TR-2 - TR-3 [TP4 | TP-S | TP-6 | TiP-7 ) L I
: LL 10 4126 1w | 12 21 3| LT -
JPLOP NP L NP 122 1-NP [ NP |26 ¢ 23 ol o
: : Pi |'NP | NP 4 ) NP | NP 6 10 ‘
- |¥skalkoo oo ARV TP-2 1 TP-3 4 TP4 ) TP-5 | TP-6 ¢ TP-7 | | . _
: JLL 28 | 19 112 f 32 )8 19 .1 13 - _ .
CPL 2L [ MNP b 20 ONPO| NP | NP} e
: IR E 2 NP 12 NP | NP i NP
Tirkha 4. PTAP-L | TP2 | TP | DR I
I L P O 0 O V0 O N i I —
L PL 17 NP _| NP | _ I I R
Pl 2 NP | NP B ) B |
Khushab o LTP-1 L TP-2 | TP-3 | TR4 1 TP-S [ TP-6 | | N N
1 JLL b2 b6 ) 8 [ 12 f 9 o2 | ol L i
JPLL NP ) NP | NP | NP | NP 12 1 _ ] - a

PI_| NP | NP | NP | NP | NP'| 3
- LL:Liquid Limits LL:Liquid Limits P1:Plastic Index
NI"Non Plastic ' '
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Table 1.10.5

Field Density Test

Dam Name

Sample

Dry Density
t'm?)

Field Moisturc Contents
(%)

Kach

Murgi Kotal

1.974
1.539

12.76
9.12

0.49
322

Table 1.10.6

Compaction Tesl

Dam Name

Materials

| Wopt (%)

P
15 blowsperlayer
Dry deasity (#/m?)

____25blowsperlayer .
Wopt (%)

Compaction Energy

10

30

Dry density (Um’)| Wopt (%)

_-75 blows per fayer
Dry density {Umh

Murgi Kotal

o los|

SR 1 SO U o A

N+ | IO A D . | SO 2 S 11 1.94
skl 140 186l ta,y wsy o o -
Kach T SRR TSN IUUURUT T R S o
el e e 0 16 es) 178
sisCl - Cooloasl sy -
digda L I DOSTECT A HTART MU
- Sloaa3p o nen o 9s 210}
D | o asa o asa o mer 200
_SIClp 138 11 w2 19m 931 206
Sanzali . ) SRR P TR SR o
S - T 7 R . R X 1.94
= | ™ IO £ ) N ¥ | B = 1 5 2,03
StsCl| _ - - 92 200 e D
Mangi o IR EEEUNE SR
o - e D ,A205 R -
U~ | B R RN 7 I 1| -
swerl b o8 199921 210

Note: Container ASTM, 2.5 kg rammer, 305mm drop height

Wopt means Ortimum moisture content
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Table 1.10.7: Permeability Tests

Dam Name Compazcted under Optimum Moisture Content Compacted under Optimum Mofsture Content-4% -
Compaction En_c}é;-wrﬁv*ii o Compaction Energy -
Materials|  60%|  100%] 0% | 0% 100% 300%
MugiRotal  } & W
$1 = 3.86x10° SR N S SO . < . [ it I -
cal - 2.5x107]  2.03xi0* - a70x10% _
L sIaCY 6ax10? 1.74x10* - 4.5x16%  4.26x10* -
Kach _ | - ) —
S1 T 3.60x107 _= S W X3 o I

el o aseao’ 6360’ | | osoxto’
1 £ o1 | __f:-_‘.i.’E!!)'_’ . - - - -
: !i_gﬁa S IR § S e
B si = 3.86x10° - 15107 .
) Ct| ~ uug.ajxi_o’ - <t o62x10? -
Shac 74x109  191x10* :.2..24xl.0;'57'7 l.?jxiﬂ" oa0exi0Y -
Mangi _ — o W e
.| R N 1111 x I {2430 -
el - 1.80x10°%] 3 - 820007 -
1 6o | I ' 2.84x10” 2.05x10° B - 2.43x10%): -

t-ti8




Table1.10.8 Shearing Strength
Dam Name Shearing Strength (Compacted Wopt)
Materials ___i5blowsperlayer -~ |  25blowspeclayer | 75 blowsgperlayer
e Cohesion Intemat angle | Cohesion | Internalangle | Cohesion Internal angle
MurgiKotal | - o o |
s w 4 1iss . 4
_.....tb T 00,  3%%0 o -
ST T I I N 5T 00| 286 252
ey : 4 o ol 408 310
~_ §I4Ci Uy 408 9.5 51 24.4) =
Ch 0.0 36.0 0,102 33.0 =
Kach L N . o N
st wu . 1 oo T 3es| o :
__Cp| - ] 0,00 40.0; .- o -
o Cl uu - - 1.43 0.0 092 4.4
oy -1 B 1.22 18.0; 1.84 20,0
_ S14CI [HY 0.61 17.7] -
Ccb - 4.08 17.0 -
Jigda ; . L
- S1 uu - - 1.02 - 244 - -
e B S .
Cl uy|. - - 5000 0.0, - -
I« R s 250 0% 310
s14ClI Uy 16323 0.0 1428 - 0.0] 3.06] 314
cD 0.15 .6 -0.306 340 0204 380
Sanzali - i B 1 ‘ -
I ! | uy| e 2.16 317 o
o - 1 ose 45.0] A
cl__ Uy - os2| el -
: s - o - . 082 25.0 -
Sicl__uu[ - T ewm  Teol S
CD - 0.0]. 420
Mangi SR - _— . 5l
. SL__wu R AN V. SO £ IS NN o
Ccb _ < oxsp . 390 o -
Ct U ul . asel 0 el
o “CU| - _ 051 204 0 4
si+«C1 ouw <L N 194 0.0 5100 121
CD - 0.255 31.0 -
" Dam Name Shearing Strength (Compacted Wopt-4%)
Materials tSblowsperlayer | 2Sblowsperlayer | '~ 75blowsperlayer
Cohesion |~ Intemnal angle Coheslon Internal angle | Cohesion Internal angle
Kaeh L _ | S
sy e _...5.6] 26| e
F— CD _ - o __l,'_z e §i0 et S
RO o MO L. - SR IR F| SIS || S .
Cu _ 0.12 18.0 -

Note: Cohesion ((m")

- 119




PERCENTAGE PASSING

PERCENTAGE PASSING

fgim} b {mm)
212 415 1S 63
British S1andard Sieve Sires 63 15-0 30 0 1181 33 56} 04 N0 56 75
= TETTTU VT 4 T L —— LI T
1] L 1 t (| 1 1
() (002 0006 Q.02 0.06 02 048 W0 60 200 &xr
Fine ' ] Mediom Coane fine ] Mediom I Crarse Fine Medism Coarse
CLAY COBBLES | BOL1DERS
. sy SAND GRAVEL

British Standard Sicve Sizes

Fig. 1.10.1.1  Pasticle Size Distribution (Dara Darn)

315 63
335 363 1014 20 28 1)

3

t o |

20

00

Medium

Fine Medum Fine Medin Coanse

COBBLES

ST

SAND GRAVEL

BOULDERE

Fig. 1.10.1.2  Parlicle Size Distribution (Murgi Kotal Dam)
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PERCENTAGE PASSING

0

©

PERCENTAGE PASSING

fpm} I (mm)

Nt 4 1% 63
British Stancurd Sieve Sirs 6% 1507300 0 LiE 2 335 563 W14 MW ST

— G

1 1 (] 1 ] ] i A i i i i
{mm) 0007 . G006 002 006 02 05 20 50 20 L)
Fire I Medium Coarse Fine | Meditm I Coarse Fine Medium | Crarse .
CLAY : — COBEBLES | BOLUDERS
SNLY . SAND GRAVEL ’ .
Fig.1.10.1.3  Partick Size Distribution {Kach Dam)
o am | Gy . :
- fi2 oA . N3 63,
Brinsk Standurd Sieve Sizes ) 65 1500 300 600 1B ) 133 iey ¢ .13 W 23 is
- f e nd e B b : T T T
. I 1 i | I 1
{mind 0002 D006 002 606 02 1] 2 20 - 60 200 &0
Fire Medium Coarse Fine I Medium Coarse Fine Medivm ] Coane . . .
CLAY - - : COBBLES | BOULOERS
LT SAND © GRAVEL

Fig.1.10.1.4  Particle Size Distribution (Jigda Dam)
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FERCENTAGE PASSING

PERCENTAGE PASSING

Em) | (mm)
Hnr A5 15 6} ‘
Pritish Standird Sieve Sives 83 50 M0 500 18 2 338 563 160 14 20 18 3 s
T NN Bk B i | ¥ ¥ T T F LN |%
i ! L L 1 1 | t t 1 1 L
{mrz) Q002 0.00¢ 002 006 L 46 2 £ X 80 200 L]
Fine Medin Coarse Fine I Medivm [ Coane * Fine Medivm [ Coarse .
CLAY ] COBBLES | BOULDERS
SAT SAND GRAVEL
Fig.1.10.1.5  Particle Size Distribution {Sanzali DDam)
@y | tmm
. . 2 423 . 375 3
British Standasd Siese Sizcs 63 1507300 600 Lif 2. 335 563 0K 0B N0 B
- - - T - T ¥ ¥ TTTTY T T LA M T B B | 7f e P
1 ] i 1 1 i 1 I i | L] |
msn) - 042 0006 - '] 006 a2 a8 20 P 00 &}
" Fine | Medivm Coarse Fine l Medium I Conise Fine Mediam I Coame ' .
CLAY - - —_— COBBLES | BOULDERS
: ST $AND GRAVEL

Fig. 1.10.1.6  Particle Size Distribution (Gharlona Dam)

- 22



PERCENTAGE PASSING

PERCENTAGE PASSING

80

w

(umd | [mm)

Ml LK
63 159 M0

L L) L] T— % 1 T ¥ 1_3-—‘]_,—*"—1

P

5 »5 8
€00 316 T 335 S63 10 14 202, 50 7%

- e e s ey

Buitish Seandard Sieve Sizes

s

i 1 k i . i 1 E 1

1 1 L 1

mis)_ 0002 0006 002 006 02 08 2 ¢ 20 &0 00 600 _
Fine Medium Coarse Fing l Medum Coarse " Fine Medium I Coarse
CLAY |-—— COBBLES | BOULDERS
SILT SAND C GRAVEL :
Fig 1.10.1.7 - Patticle Size Disteibution (Sakhol Dam}
wm} | (ma
45 . ) - 318 &)
3] §50° 300 600 C1IB 2335 563 1014 2028 50 18

Bricish Suanctard Sigve Sizes

Y 1 v F .1 L]

ci /  __ . | ,7,_,__,

—
LM* L | 1

= b
(mm} 0401 0006 002 .06 02 06

3 4 L i
2 20 o RE) &1
Fine ] Medium | Coune Fine ! Medivm l Coarse Fie | Modium- | " Conrse .
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SILF SAND - GRAYEL ’

Fig.L10.1.8  Pariicle Size Distribution (Mangi Dam)
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100

?Egg:g:-m\cl: PASSING
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(e} | (mm)

a4 315 83
Briick Standurd Sleve Sizes 63 100 M0 603 bR 2 X3S S63 |0 M4 20 2% 50 73
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Fig- 110.1.9  Particle Size Distribution (Kad Kocha Il Dam)
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I.1%

Procurentent Plan of Embankment Materials

Resulting from the soil test in paragraph 1.10, procurement plan of the embankiment materials

of the proposed dams is established as shown in Table. I.11.1.  The following are remarkable

point on the procurement plan.

D

2}
3)

4)
)

6

o

Materials calegorized in GW, GP groups shall be mixed with fine materials or GM, GC,
SC, M, CL group rnaterials to attain low permeability for the homogeneous type fill
dam. '

Embankment material shall be compacted in the wet side of the optimum moisture
content to secure shearing strength and impermeability.

Filter zones are introduced out side of drain to prevent internal erosion or piping.
Filter zones should function to prévent movement of soil particles.

Thickness of the fine gravel filter should be more than 30 cm in embankment slope.

" made up of coarse materials. In embankment slope formed of fine material, filter:

materials after grading contro! should be spread to a lhickhess of 30 cm or more.
Excavated materials from spillway site is available for dam embankment materials.
Detailed procurement plan shall be established referring to the soil test results and also
earth moving plan including stock piling and soil mixture works.

In the procuremicnt plan, excavated material from the dam foundation is not used for the

* dam embankment because the surface soil includes organic mattets.

With respect to availability of excavated material from the spillway - site to dam
embankment, ' it is roughly estimated in accordance with | topographic * condition,

 thickness of the top soil, vegetation,’ cost for earth moving dislance so'on. Detailed
“study shall bc carsied out during (Ietaxled demgn stage,
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Table111.2

Soil Classification Chart (Desiga of Smali Dams)

WL CARSSIFICARION
CRLTERIA FOR ASSIGAING GROUP SYMBOLS %D I R —=]
GROUP WAMES USIMG LABORATORY TESYS GROYP GROUP WAME ©
SYMBOL
CRAYELS CLEAY GRAVELS Cerdand LeCoed?® ev | Well-graded graved ¥
More than SO of | Less than 53 ffpes € 77 7 TTTTTOTTTmITTI TR
tearse fraction tu cdandfor 1> Cc>3¢ ] 6P Pooedy graded gravel !
retatngd on . e .
No, 4 sieen i - ; f" n
5 GRAVELS WiTd FINES Fines Classify a5 M of MU o Siley gravel 3
- )
] § Mare than VI fines € - ’ toh
a £, Fines clasyify a5 €L oo CR | &0 Chiyey graver o3¢
p=] 3 o R —— -
¥ i )
§ §8' LT3 CLEAN 88405 Cud> 6anél g a3t 1] Weltograded sand §
-3 .
doe o $0% or moce 0f LEss than ST fimes A |7 ‘ T
g2 z2# corrse frackdon Ui lte < s angior V> ey 3E ] sp pooriy graded saed |
3 v passes Ko, & e ]
4 sieve - i ] .4
2 SANDS WITH FINES Fires classify as ML or B3 | SH Bty sang ¥e0
More than 121 fines ¢ : T .
Floes classlfy a5 CLoor CH | 5¢ Clayey sang I
P15 7 and glots on or sbave 19 Lean chay R
SIHTS AND CLAYS A" line
. $norganic .
Liguig 1ielt [
8 Tess than 90 1 < & or plots belew A° e | " H ) Tl
-] . .
w 8 . . . - 'RER)
4 = organlc Liguid 1imit - oven dried ¢ 0,75 8 Croaalc cday * %
5 s Gi T et gt < T Cee
- : Grganic siit "°
g g : _ - -
5 g SILTS AXD CLATS PI plots on or ibove "A” e o | fat oy B0
" : fnor ganic . : . N
¥ % : Liguld Himit . PR
w 5) or more PI plots telow "A" line XH Elasefe sift "'
. : [ ; . _ .
S 1 Liguld dialt - oven &rled ¢ 0,75 o organtc clay F1e2e8
o eresale @1d YIalt ™= nat 4rTed R
: Organic st "% 4
T RIghly brgante sellls ¢ Fricartly organic matter, dark in color, and PF Peat
: organig odor o

| UNOR—. -

b.
<.

6¥-GM well-grade

EN-GC welt-grade

GP-GH poorly gee

R GP-5C poorly gri

R well-grade

-3 well-grade

o SP-SM poorly gre

- SP-30 poorly gra
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