5. IMPROVEMENT CONCEPT OF PLANNIG, DESIGN AND
CONSTRUCTION OF DELAY ACTION DAMS

5.1 Groundwater Recharge Device

Groundwater recharge process is categorized in a gravitative infiltration recharge of the
precipitation through original ground and river bed, and an artificial recharge :lhrou'gh recharge -
devices such as infiltration well and pond. Gravitative recharge is quantitatively less expected
because of small precipitation of 230 nim per annum in and around the Study Area. River run-
off does not contribute to groundwater rechargé due to its short duration, in addition the severe
surface erosion caused by floods devastated the groundwater conservation conditions in the
drainage area. Consequently, artificial recharge devices especially delay action dams have been
practicably constructed in the Study Area. As described above, several recharge devices,
infiltration wells and ponds have been introduced to accelerate the groundwater recharge.
Delay action damis are mostly practicable among these devices taking account of the
hydrological, socio-economical situation in the:Sllld)’ Area and readiness of the operation and
maintenance (O&M) activities of the recharge devices. The comparisens of these devices are
detailed in the table below: o

Featues of Recharge Devices

flems Descriptions ____infiltration well Tnfiltration pond Delax_acuon dam
Hydrelegical River run-off continues | Perennial run-off is Storage facilities sachas Flood 1s stared in the
condition - * | in short dusation, ] necessary to | reservolr are pecessary 1o - | eeservoir. Most of river
. | immediately afier quantitatively accelerate | continuously diver wales to| run-off is effectively |
rainfall. grouadwater recharge. | infiltration pond. In the :nﬁ[uated into ground when
T Infiltration wetl is not case of river run-eff . feservoir capacity is
recommended due to-. | recharge quantily is éimited | suf ﬁcunt
short duration of run-off | ducto shoit duration of ‘
in the Study Arca. | run-off. : . .
- poor : - peor o pood :
Alluvial fan is Whm water is diverted Inf‘luauon pond i3 Réservoir operation is
composed of niver from river, intake shall be | constructed oo permeable | uhrelated to aggrada[mn
deposits. Recharge is constructed at where a - | foundalion. Inthe casc that| and degradation of ‘river
accelerated through strcam is in stable Most | the pond is constructedon | bod Tevels.
alluvial fan located of the dvers are notina | the alluvial fan, cortain © | However, itis n-ctessary to
upstream of beneficial | regime in the Stedy Area | counlermeasures are allocate sediment volyme in
area. Movement of - | required to prevent {lood the total storage capauty of
water ¢ourse and dainages such as scouring | the reservoir.
aggradation/ and silling.

degradahon of river bod
fevels are induced by

debeis flow. . B
— : poor fair good ‘
O&M Because niver flow | Inflow of fine particles Silting is developed onthe | Sediment is accumutated in
cortains fine matedials, | shall be controlled. ftis | pond surface. Fine the reservoir, Accordingly,
sile and clay, recharge | difficuit to remove Hine matedals shall be techarge device is
capacity of foundation | materials because of its ¢ | pediodically removed, and | construcied downstream of
may be gradvally strectore, fiker materials shall be the reservoir. Proper O&M
reduced due to replaced by wachinery. | | works are required for the
clogging. : | dam and its appurtenant
' — slouglures.
. poor fair L Bood
Construction Des:gn ard construction | There are many | Most of the works are There are many
of stiuctures achievernents on : leveling works. There is no| achicveients on dam
infiltration wells difficulty on design and construction. Technical -
construction. consteaction. study §s tequired for the

dams of theit height of
1_more than 15m.

good good ) good
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. Btems

Descriptions Infiltration well [~ Infilimbion pond ™~ 1.~ Defay action dam
Regional Recharge volume In the case that storage - | Most of rivers are dry vp | Projéct benefit is less when
characteristics | depends on river rua- facility is not constructed, | during the dry scason, -| quantitative availability of
QNF.‘R Project infiltration wells shallbe | Storage facility such as run-off is small,  Adequate
impleincatation is constructed at where a FESErVOr is necessary lo capacity for sediment
determined by stream is pereneially increase recharge voluine. | volume shall be allocated in
availability of the observed. Hanna nver the reservoir capacity.
structures, arca(*1) in the cast of
Quetla is solely proposed
in the Study Area. o _ L
- poor _fair od
Project Net value by a unit of Sterage facdity is Storage facility is required | Most of river run-off is
just:fication water Is cstimated tequited 1o increase 0 increase rechargs available for recharge.
considering capital cost | cecharge volume. Inthe | volume, In the case that Water utilization ratio is
and D&M cost. Project | case that water is direcily | water is directly diverled ralher higher compared
benehit is dependent o | divedded fron the river, from the river, O&M cost with other aliematives.
availability of recharge | Q&M cost for for rehabilitation and Capital cost is high, besides
volarme. rehabiiitation and sedimeat remnoval shalibe | less O&M cost is required.
sediment removal shall be | estimated. Constniction
estimaed. cost is relatively small. .
) . fair fair good
Note: In the Study, no defay action dasm is proposed in the Hanna niver area,
5.2 ‘Planning of Delay Action Dams

In this se;ction, dam site selection, design siltation voluine, groundwater récharge by the delay
“action dams, O&M of the delay action dauns shall be discuissed with reference to the reviews of
the existing delay action dams planning.

(1}~ Dam site selection

According to the dam site selection, 1) slahility 10 load and scepage, recharge ability of the dam
foundation, 2) topographic, geologic condition and siltation voluie; 3) flood control capacity,’
. 4) dam construction method, 5) relation between dam and irrigation systems z'md_ 6) relation |
- between existing and proposed dams shall be synthetically considered. Detailed discussions :
are described below. '

1)

- Stabilily for load and recharge ability of the dam foundation

Stability for load and secpage of the dam foundation shall be pfcferenlially studied during the
: _dém sile sclection. In this discussion, description about a weak foundation composed of silt,
clay {(N-value of the standard penetration test of less than 20) is omillcd‘becau;‘;e those weak
foundations are scarcely observed in the Study Area. It is, however, necessary to explore
profile of the foundation by drilling at the alluvial fan where silt-clay layers may exist,

Regarding permeability which dominates the groundwater recharge capability of the
foundation, drilling and field permeabilily test shall be carried out to find the depth of the
permeable layer and its permeability. These explorations are especially required when the
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foundation has alternative layers of aquifer and silt-clay which not only depresses scepage
capacity of the foundation but increases the pore pressure of the dam embankment.

From the point of view of the accelerating of the recharge capability of the dam, a narrower
valley is not recominended for a dam site, but a widely open alluvial fan is preferable to
groundwater recharge even though a longer dam may be necessary.

2) Geological condifion of topography and sediment production of
drainage hasin

Deposition of silt in the reservoir causes reduction of the storage capacily and decreases the,
recharge capability through the reservoir foundation. In this regard, appropr_iatc structures
which restrict sediments inflow to the rescrvoir shall be planned. These shall be based on the
predicted sediment production with reference to topographical and geological conditions of the
catchinent area. It is necessary to determine the river bed gradient and tractive force which
depends on grain size distribution of the sediment yield during the planning of sediment control
[Macility.

3) Fleod centrol capacily

Willi 'rcs'pcct to the flood control by the delay action dams, flood control capacity of the
reservoir shall be maintained. Thus, flow capacily of the spillWay and app:r_opriate storage
capacily' of the reservoir shall be secured even after the siltation over long period. Delay action

© dams, in general have relatively small storage capac:ly, rcduchon of the ﬂoocl control capacily |
due to siltation sha}l be particularly considered durmg splllway dcs:gn

.'Fiu-lhermorc, agriculmi'al losses caused by ﬂood.'as well as movement of the water channels
on the alluvial fan shall be siudicd in the cases where existing flood irrigation systems are
‘widely opetated at the downstream of the dam site.

4} Dam construction

It is economically preferable to collect embankiment materials from a bortow area and quarry
- close to the dam site. ‘The quality and avaitable quantity of impervious and perVEOLls materials -
near the dam site are the critical factors in selcc_tibn of the damn site“. River deposits, graﬁ:cl, _
sand and weathered soil materials available near the dam site have been used for the existing '
dam embankments. Improvement of textures of the sandy malcna]s by mixing of soil matcn'ﬂs
shall be planned in cases where materials available near the dam site have poor gradallon or
subject to piping caused even though these may be more costly and require long haulage. '
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S} Dam and irrigation system

Recharged groundwater from the dams is extracted by tube wells or is transmitted by karezes
and open canals to the beneficial areas for irrigation and domestic use. The dam must be
located at most effective site resulting from the field investigation of the groundwater flow
spreading between proposed dam site and beneficial arca. The dam site should, therefore, be
as near as possible to the beneficial arca to cffectively wtilize water. 1In the case that the .
proposed dam is located far from the beneficial areas because of a larger storage capacily or
cost reduction, an appropriate water conveyance device, such as opea canal shall be constructed
to convey water toward beneficial areas.

6) Alfernative study associated with the existing delay action dams

When a proposed dam is constructed close to an existing dam which has been fully silted up or
damaged, the following points shall be taken for consideration:

()] The proposed dam is constructed downstream of the existing dam,

- Extrusion of siltation accumulated in the existing reservoir may be induced by
floods together with dam collapse. Hence, enlatgement of the storage capacity
of the existing dam is maintained so as to prevent extrusion of siltation and also -
dam collapse. o .

-+ Flowout of fine materials, which causes reduction of the recharge rate through
the proposed dam foundation, is dominant rather than coarse materials during
* floods. Removal of fine materials or installation of intake devices shall be
- realized (o maintain the recharge capability of the proposed dam.

(i) The proposed dam is construcied upstream of the existing dai,

- Proposed dam shall bé located at where back water of the existing dam does not
: reach. o ‘ -

- lmpc'rmeable materials :iccumu_lattid in the existing dam may obstruct
' groundwater récharge. Substitutional conduils shall be installed to ensure the
smooth groundwater flow {o the downstream area.

(i) The exisling dar crest is raiscd to ealarge its storage capacity.

- Because drain capacity of the existing dam have been calculated corresponding
“to the previous water level, additional drains with sufficient drainage capacily
“shall be planned corresponding to the elevated water level. (in the case of rising

- crest height of more than § m) :

- - Existing dam has been consolidated for a long period. The joint beiween .
existing embanknient and supplemental embankment may encourage piping. In
this regard, drainage layers shall be installed along those boundaries to safety

© “drain out and release the pressure.

- ~ Sufficient drains shall be installed against rising of the seepage line in the dam
embankment.
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(2) Design sedimentation volume

Scdimentation volume of the delay action dam is estimated on the basis of topographical,
geological and meteoro-hydrological conditions in the drainage basin. Sediment volume
equivalent to the dam service life of the dam shall be allocated in the reservoir capacity.

The following were the sediment volume of the existing delay action dams of Murgi Kotal,
Kach, Wali Dad and wali Tangi. The specific sediment volumes of these dams widely ranges |
between 300 to 2,100 m¥km?/ycar reflecting topographical and geological conditions of the
basin. Therefore, it is important to evaluate the basin conditions such as vegetation, geological
property, landslide, crosion, ete. In addition, the detention bund (crosion control dam) against
debris flow shall be constructed if possible flankslip is observed in the catchment area.

Survey of Sedimentation

Dam name Catchmenl Sediment  Trap efficiency’! Duration Specific sediment
e area (kin?) volume (m3) (%) time (years) (m3/km?lyear)
Murgi Kotal dam 19.65 124,400 45 8 1,760
Kach dam 56.50 494000 - - 4 2,190 *2
Wati Dad dam 5.35 12,500 o 80 - 10 : 292 .
Wali Tangi dam 18.13 - - - - - 72343

Source: JICA Study Team _
Notes: “*1 ° Trap efficiency was ¢stimated according to average C/1 ratio of cach TESCIVoir (Scdnme nlauon :
Design of Small Dams)
*2 | Source: Pre-feasibility Study for Rehab:hlauon of Kach Dam (NESPAK, 1987)
*3  Source: Feasibility Study for Flood Protection of Hanna-Urak Valley (National Development
Consullants 1988) :

For cstimates of the sedimentation volume of the existing dam, the following were introduced -
referred to the Research Study on Survey and Evaluation of Delay Actioni Dams in Balochlstan, |
- Pakistan Council of Rcsearch in Walter Resources. - The observed data of Khost river at
Chappar Rift (catchment arca: 25.6 km?) for the period 1962 to 197] was used for the -
estimates of the sedimentation volume.

Average suspended sediment load: 462 tonfkm2fyear, or 444 m¥km?lyear
(cquivalent to 1.040 ton/m? of sediment unit weight)

To estimale sedimentation of the rescivoir, further 15 % of bed load and trap efficiency of 100 -
" % should be applied, accordingly, the specific sedimentation volume was calculated at 531
ton/Km¥year or 511 m3/km¥year. '

Besides of this, the followi-ng are also referred to the estimates of the sedimentation of the
reservoir, based on sedimentation observation records adjacent to the Study Area:
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Observation Records of Sedimentation

River name Obscrvation  Catchment  Aonual Suspended sediment  Bedload  Sediment  Sediment

point arca rainfall load volume!} 2) 3
(km?) (mm) (million tons) (toafkm?) (lonvkm?) (towkm?) (m¥km?) -
Khost Chappar Rift 1,321 254 0.41 310 341 256 242
Beifi - Ghatti Bridge 9,609 323 4.5 469 516 387 366
Pishin Lora Burj Aziz Khan 7,601 220 3.05 400 440 330 313
Averags 307

Notes:  1): Bed load is equivalent to 10 % of suspended sedimentation load.
2): Sedimentation of dam is calculated in 1cc0rdancc with its trap efficiency in the resérvoir of 75 %.
3): Unit weight of sediment of 1.056 ton/m3 is applied.

Infercing from the above, sedimentalion volume of the reservoir is cslimatcd at 390 10 510

m¥/km?/year (450 m3¥/km?/year in average) assuming that the bed load volume is 15 %
equivalent to those of suspended sediment load and trap efficiency of 100 % is applicd because
all NMood run-off be stored in the reservoir since the reservoir is empty before flooding. In the

case that the storage capacily of the reservoir is comparatively smaller than run-off, reduction of

sedimentation volume can be considered based on C/I ratio (capacity-inflow ralio), i.c.

reduction of trap cfﬁciencies_of 80 % in C/10.05, 85 % in 0.1, 95 % in 0.5, empirically.
. (3)  Groundwater recharge by the delay action dams
1)  Recharge rate and storage capacity of the delay action dams

* Reservoir capacily is estimated on the basis of the run-off (daily or monthly rainfall) at the dam
site and rechargc rate through the dam foundation and/or river deposits downstream of the dam.

Reservoir capacuy is slausucally estimated based on annual variation of water balance of the
reservoir aiming at econommng the construction cost. Rcservonr capacity-elevation curve sha]l

be prepared to determine the details of the dam and reservoir.
2} Reduction of recharge rate due to siltation

‘The reduction of the recharge rate due to siltation in the reservoir is concluded as follows:

1) - Fine materials being a suspended load is accumulated near the dam
. embankment, It induces a reduction of a recharge rate through reservoir

- foundation because fine materials are subject (o being accumulated ncar the dam

~embankment as a suspended load and have small hydrautic conductivity. -

2} Sand-gravel siltation of hydraulic conductivity of 103 cnv/sec causes 15 %

- reduction of recharge rate with its thickness of 1.0 m, or 30 % reduction of
recharge rate with its thickness of 5.0 m. Silt-cay siltation of hydraulic
conductivity of 10-5 cmi/sec causes 30 % reduction of recharge rate with its
thickness of 1.0 m, or 50 % reduction of recharge rate with its thickness of 5.0
m. {see Annex 1.3)

3) - Decrease of the storage capacily du¢ to siltation directly reduces the quantitative
-recharge capacity of the reservoir.
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Fine materials accumulated near the dam ernbankment form impervious layer.
Horizonta! flow does nol occur, and hydraulic gradient also become small. Accordingty,
recharge capacity (recharge amount) is reduced.

- _ o _
Siltation with F 3 1 3 1 3 3 4/A>

- fine materials . ~.. S,

3) Downstream recharge through conduits

Downstream recharge through conduits (steel pipe: ¢ 150 mm) installed in the dam foundation
“has been applied recently together with upstream recharge through the dam foundation.
Supplemental improvement is discussed below:

(i) Inlet shall be adjusted to inflow elevation to prevent clogging by rising sediment
surface.

(ity . Mud flow is restrained to flow into the conduits by means of strainer screen
installed around the inlet pipe. However, accumulation of fine materials on the
strainer surface reduces flow capacity of the intake, especially near the dam

‘ cmbankment where fine matenals are accumulated,

- (iii) Seepagc capacity of the trench pit of 3mx 3 m x 3 mis insuf ﬁc'_ien:t. Secpage
capacily by trench pit is estimated at around 200 - 300 m3day.

(iv)  In view of no control devices, the out flow dlschargc comspondmg to the
recharge rate is not reguiated.

: Consldenng the above the followmg nnprovemcms are suggestcd

(i)  TInletshould be installed upstream of the resérvoir, where only Coarsc matemls
. are deposited, or additional inlet holes should be installed with pioper allowance
- against rising of sediment surface.

(ii) Infiltration trenches or ponds shoulcl be constructed to accelerate a recharge at
the downstream of the dam embankment.

(i)  Excessive out flow from the reservoir exceeding the recharge rate of the
recharge device increases evaporation loss from the ground surface downstream
of the dam. To avoid such losses, a discharge conltrol device, i.e. val\c should
be installed to pmpcrly control out flow discharge.

(iv)  Plural intake conduits with scouring device shoutd be planned to prcvénl
clogging with soil and foreign materials.
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(4) Operation and maintenance {(O&M) of the delay action dams

In order to ensure safety of the dams, the necessary supervision work§ shall be included.

a) = Ordinary supervision
- Observation of impounding level and leakage of the dam and foundation

- Inspection of intake/recharge device

b) Periodic supervision
- - Monitoring of deformation and settlement of embankment
- Observation of seepage tine {dam height of 15 1 or more)
- Inspection of slope protection and spillway
- Monitoring of siltation in the reservoir ahd nafural grmmd around abuiment, etc.
c) | Emergency '{during flood, earthquake)
- Inspection of dam embankment (leakage, slope protection, cracks and landslide,

ete.), natural ground around abutment and spillway (abrasion and scour) shall
be carried out during or aller flood and earthquake. -

5.3 Design Aspects

' In this section, dc:51gns of dam embankmcnt sp:llway and groundwater recharge dcvmes shall
“be discussed.

(1) Da_m design
1')' l*lnitba‘nkmcnt materials (!“ill dam)

Fill materials are classified into soil materials and rock materials. The latter is further classificd
into sand-gravel and rock. Soil arc employed as an impervious materials, and sand-gravel and
rock are utilized as a semi- pétvio'us or pervious materials. Impervious ate defi ned as those
materials where the hydraulic conductivity after compachon is less than 1x10- -3 cm/sec, and
perwous are those whete the hydr'mhc conductivity after compacuon is less than 1x10-3
“envsee. Semi- -pervious materials lie belween these two liinits. Suitability of the fill materials
“ate given in the table below.
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Suitability of Fill Materials

Lharactensbes Suitabthity
Em Foundafion -
Pernmeability Shearing ('ompress:bxllty in Workability  Homo- Impervicus Pervious Seepage  Secpage
afies compachion sirength In saturaked condition as banking  geacus flow  fow oot
Symbol safwrated auserial dam 2008 zone  consideredconsidercd
GW Pervious Excellent Almost nothing Excellent B . ] - 1
Gp Highly pervious Good Almost nothing " Good - - 2 - k.
M Semi-pervious Good Almost nothing Good 2 4 - 1 4
- impervious :
aC Impervious Good-fair Extremcly small Good 1 1 - 2 &
SW Penvious Fxcellent Almiost pothing Excellent - . At - 2
sp Pervious Good . Extremnly small . Fait - - 4 - $
Sat Seand-pervicus . Good “Small “Fair 4 5 . T3 7
' - impervious
sC Ipervions Good-fair Small Geod 3 2 - 4 8
ML Semi-pervious Faic Medium Fair 5 3 . e 9
- frupenices
L Impervious Faic Medium Good-fait 5 3 - 5 10
MH - Sewmi-pervious Fair-poor Large Poor 2 2 S 8 12
| Eimpervious .
CH Impervioos - Poot Earge Poor B R 7 B 9 ‘13

* Soueee: Fill Dam, Ministry of Agriculiure, Forestry and Fishésies, Japan
Notes: (*) means high gravel content. Undec "Suitability”®, the targer number shows lesser suitability.

‘With the increase in the licight of dam, pervious zones and impervious zones become necessary
for secpage and mechantcs.  In most cases, materials for the homogeneous type fill dam.
- consists principally of that for which the percentage of thc fine grained impervious and semi-

~ pervious materials is hlgh Accordingly, as dam height increased, slope gradient is xcduccd

" Consequently, cmbankmcnt volume increases and the dam becomes relatively costly thana

L. zone type fill dam. O the other hand, where the dam height i is low, the homogeneous type fill

dam is advantagcous from a construction point because uniform material is utilized.

The review of the existing delay action dams indicates that most dams have been constructed as

a homogencous fill type dam with their sandy, soil materials mixture ratio. of 3:2. leavily
“weathered materials or talus deposits around the dam abutment were utilized for soil materials.

Embankment materials were excavated and transported by bll“dOZCl’S In this connccuon,
“borrow sites of most of the dams were located within 150 m distarice from the dam sites.

River deposits at up-downstream of the dam sites were utilized for sand-gravel materials, Well
grained materials were avaitable for embankment, which were accumulated at gentle slope sites
on an alluvial fan. Besides, river deposits accumulated at steep slope site of the river were not
always recommended to be utilized for the embankment due to high coarse particle content.
Excessive pore space in coarse materials causes piping cven though sufficient compaction is
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performed. Coarse materials are gathered focally when materials are 1noved by bulldozers in a
long distance.

In due consideration of the above, it is proposed to prepare a stockyard for performing grain
adjustment (mixing) of soil and gravel-sand. In addition, there are methods available to add
water to increase moisture content of dehydrated materials, which are required for in the most
materials near the dam sites in the Study Area. Alteinatives of soil (impervious layer) and
- sand-gravel (pervious layer) resulting from poor grain adjustment induce piping due (o the
 concenlration of the seepage line along sand-gravel layers.

Soil tests should be conducted to examine the dam stability, especially for the dams of more
than 15 m height. In addition, ground exploration for perincability and aquifer depth is
required to practicably examine the seepage rate through the dam and reservoir foundation, as
well as the stability of the embankment, Soil test equipment is given in section 6.10. As to
ground exploration, drilling rigs owned by the [rrigation Department are available.

2)  Freeboard of embankment

Free board of 3.06 m (10 fect) height from s'pillway crest has been adopted for most of the
cxisting detay action dams. Siltation in the reservoir reduces flood contro! capacity of the
reservoir and consequently causes o'\'/c;ﬂ'ow over the dam crest.  Thus, allowance against
siltation shall be added during decision about the crest elevation. Allowable height of at least
3.0 m from siltation surface will be allocated in view of the experience gained from, Murgi

Kotal, Kach and Wali Dad dams in Quetta District. Parapet can also be used to secure an
allowable height to prcvent overflow caused by silt development in the reservoir. Proposed
~ freeboard js discussed in the Planning and Design Guideling for Delay Action Dams.

"L Crestwidth: 6.0m

.Parapel'\ I“

B Crest
#/\VAVA‘UK"I\\..
' Shcm slrenglh and pemleabihty of the materials (l*lll dam)

Materlals for the exisling delay action dams principally consists of sand and gravel. The shear
' slrcngth of the sand and gravel materials depend on the hardness, grain shape, gradation, dry
“derisity and the steess conditions. In general, hard and well graded material having high dry
density has high shear strength. The permeability depends on the gradation, particularly on the
fine grain content, Impermeabitity of less than 1x10-5 cn/sec can be obtained with fing paiticle
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content (0.074 mm) of more than 8 %, Permeability of mixed materials of soil and sand-gravel
with water content of alittle larger than optimum water content {Wopt) is minimum. Hydraulic
conductivity does not substantially increase even when the water content becomes larger than
the above value. On the other hand, when the water content becomes smaller than the Wopt,
the hydraulic conductivily greatly increases. Hydraulic conductivity becomes larger when
coarse grain content (4.76 mm or larger) is more than 30 - 50 % in the materials. Well grained
malerial improves workability, resulting in high dry density. The more a material contains
coarse grains and the larger is the dey density, the tess is deformation after construction,

Since embankment materials of the delay action danils consist of saud-gravci matcrials obtained
from around the dam site, the perincability relationship between the fine particle content, and
water content during cb}llpaclion shall be examined. - Furthermore, larger materials cxceeding
compacted larger thickness shall be removed before the compaction, Sedimentary rocks (shale,
sandstone of Pleistocene period, ete.) shall be carefully ntilized for embankment construction.

4) Seismic inertia force
a) General |

Mechanical propettics of soil, e.g. shear strength and deformation mbdﬂles'gencrélly vary
“under static and dynamic stresses. It is important to examine the inechani;:éﬂ properties of soil
" during dynamic load stressed. Since Sand~gravcl inaterials are mostly used for the embankment

of the delay ‘action dams, reduction of the shear strength becomes an issue of the dam stability -
-~ during carthquakes In addition, inciease of pore pressure together with Ilquefactlon caused by
' cxccsswc ‘shear force duration may e oceur in the unconsolidated and saturated dam foundation.

As mentioned above, examination of stabilily' of the dam embankment, and also the liquefaction '
of the dam foundation durmg carthquake arc essential for the dams’ wh1ch storage water for -
longer period.

b) Seismic coefficient and stability analysis

Seismic coefficient is determined in accordance with statistical analysis of historical earthquakes

in and around the project area. It is defined as the maximum éarthqu'aké that could probably

occur within 100 year in the future according to the dam manual in Japan. Seismic coefficient
" is estimated for different dam types (gravity dam, zone type fill dain, homogencous lype dam)
and foundations (rock, unconsolidated rock, sand-gravel, soil, etc.). Regarding dam type, a
safely allowance of 1.2 is assumcd for homogeneous type dam based on those of 1.0 for

gravity and zone (ype fill dams. Similarly a safety allowance of 1.2 is assumed for

unconsolidated rock foundation, 1 4 for sand- -gravel, soil foundation based on that of 1.0 for

consolidated rock foundation.
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The Quclla area has been the location of a number of large destructive earthquakes.
. Earthquakes have occuired near the Chaman fault and Queita fault where the Eurasian plate and
Indian plate are attached to each other.  Distribution of earthquakes in Balochistan Province is
shown in Fig. 5.3.1. The follewing ate principle earthquake records which have occurred
adjacent to Quetta:

Principle Narthquake Records {Quc {ta)

. Date Magmiudc Date : Magnitude

2nh August 1931 7.4 © o 24th June ¢ 1979 4.7
30th May 1933 1.5 12th  Décember 1981 4.7
2nd June 1935 6.0 220d  Febovary - 1983 4.4
18th  February 1955 6.0 Ind May 1985 4.2
Ist April - 1969 4.8 10th  October - 1986 4.6
18th  August 1969 4.8 26th  Masch 1988 4.6
22nd  February ~ 1974 4.9 26th  Febpuary 1990 5.4
3 . October 1975 4.8 14th  October 1990 4.7
13th  July 1977 5.1 30th  September 1991 4.5
A1th  July 1978 4.4 4th May 1992 4.9
24th  June 1979 4.7 26th  July 1093 4.1

Source: Metcorological Department, Quetta
Note: Magnitude is in Richter scale

'Earthquake coefficient of 0.44 is given when magnitude is 7.5 assuming the hyp’occntr’al
~distance from epicenter of 50 km in horizontal and 30 km in vertical direction.’ Besides;
callhquakc coefficient of 0.11 is given when magmtudc is 7.0. Tt is recommended that the
carthquake coefficient of 0.44 should be applicd for the dam slability analysis to mitigate
-séismic ri'sk< for further 100 years. ' On the other hand, it is also suggested to reduce the
~coefficient for the analysis for the reasons that the project life of the delay action danis is 30
years, and damagcs occurred due to by dam collapse is cxpcclcd to be less than those of storage
‘dams because the reservoir is ordinarily emply.

The followin g are the earthquake coefficients applied for the stability analysis for the dams
located in the study area;

' Dam name Dam type Foundation Dam height  Cocfficient of carthquake
Brewery dam Gravity dam * Limestone rock 330 m 0.45
- Bosian dam " Barth dam : River deposits ‘16,0 m 020
Kachdam Easth dam ‘Shale, sandstane 262 m 0.1-0.2

Note:  Coefficient of 0.1 10 0.2 {s assumed because Kach dam is located at "Zone-1" area in i Pak:slan accordmg
10 the report of *Pre-feasibility Study for Rehabilitation of Kach Dam, NESPAK, 1987

¢} Study forliquefaclion
" The factors conceming the liquefaction are as follows:

(i} Saturated sandy foundation is generally considered to be easily liqueficd as
compared to foundation which contains a few silt and clay.
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(i)  Liquefaction generally occurs in comparatively unconsolidated foundation in
which N value (Standard penctration test) is N < 2z (z: depth in meter). In most
cascs, relative density is 0.75 - 0.80 or less.

(i)  Liguefaction dose not easily occur when confined pressure is large, and there is
not a liguefaction at depth of 15 - 20 m or lower.

(iv)  When uniformity cocfficient is 5 - 10 or smaller, particularly easily liquefied.
Relatively coarse sandy materials are subject to liquefaction.
(Example: 0.074 mm<Dg<2.0 mm, or 0.2 mn<Dg<2.0 mm)

There is hardly any occurrence of ]iquefactioﬁ in the delay action dais because the stored water
of the dam is drained or infiltratcd rapidly within 1 to 2 months. Accordingly pfobability of .
carthquake occurrence is quite small during the dam embankment and its foundation being
satliratéd. However, where sldragc condition is muaintained for 3 to 6 months duc to poor
infiltration of the dam foundation, as observed in Khushab and Tirkha (Pishin district) dams,
fundamental countermeasvres should be taken.

dy Sfability analysis of the embankment
(i)  Fill type dam

-Slope gradients of 1:2.0 (upstream slope) and ]:3.0'(d6wn's{ream slope) are empirically applicd
for most of the delay action dams of their dam height of lower than 15 m. ‘Impounding
duration of the delay action daim is considerably short, and also excessive pore pressure is not -
observed because of high permeability of the embankment 111atciial. Due to this fact, stability -
of the delay action dam is more tolerant than the storage damn because of less intémallcxtémal '
force acting on the dam body. Dam stability against sliding shall be examined in accordance
with standard requirements for the darns of more than 15 in height, and those having longer
storage duration, ' S : EEE L

" Analysis method for the sliding failure is broadly categorized in sliding surface method and
stress analysis. The circle arc method is employed for the fill type dam. However, the sliding
wedge method is adopted in case that the estimated sliding lin passing through the weakest
portion of the dam embankment and also foundation is not circular. In addition, safely against
surface sliding is also estimated. Planning and Design Guideline for Delay Action Dams
cxplains application of mechanical propettics of fill materials for slability analysis. |

5) Cut-off trench

Cut-off treiich was not constructed in most of the delay action dam in the Study Area.
Embankment were constructed afier excavation of the unconsolidated river deposits. Since the
delay action dams have been constructed aiming at the groundwater recharge through the dam
foundation, it may be rather effective not to install cut-off trench to accelerate groundwater
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recharge. However, 25 % reduction of the seepage was obscrved associated with installation
of the cut-off trench of which 50 % thick replacement of the eniire dam foundation depth, in
genetal. It is recommended to install a cut-off trench along the dam axis where maximum
cmbankment load is placed so as to obtain sufficlent bearing strength of the foundation.

6)  Slope protection

Up and downstream slopes of the existing delay action dams have been protected with stone
riprap with their thickness of 0,45 m (1.5 feet) and 0.225 m (0.75 feet), respectively. 1t was
observed on the dam recently constructed that the riprap protection on the downstream slepe
was not placed. Downstrcam slope must be protected from gully erosion with proper
compaction. Riprap material of 30 - 50 cm diameter should be properly placed for slope
protection together with filter layer.

T) Drains

It may be rare phenomenon that the seepage of the embankment spouts out from the
downstream slope because uniform secpage flow is not rapidly developed in the embankment

_due to short storage penod of the reservoir. However, in the case that the siltation prevent
anl:c;pated percolation rate of the reservoir foundation, proper dralmge should be provided to
lower scepage surface in the embankment with-installation of thé drain at the tac of the
downstream slope (refer to Annex ).

Rapid drawndown of the watcr level unphcs secpage flowing towards the beﬁl"VOIl' side due to
'reducnon of the upslrcam water pressure. Conscqucmly, drains should be installed at the
reservoir side in the dam embankment in case that the u pstream slope is comparatlvcly steep.

Flow net during rapid drawndown

{2) : Design of spillway
1) ‘Design flood dischargﬁ

- Design flood diScharge of the delay action dams was estimated as explained in Planning and
- Design Guideline of the Delay Action Dams, Thirty year flood, which statistically occurs once
“in 30 years was applied for spillway corresponding to the project life of the delay action dams.
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Delay action dams will not be demolished cven after 30 years, and siltation during the period
causcs remarkable reduction in the flood control capacity of the reservoir (routing).
Accordingly, floods were used to flow down not through spiliway but overflow the dam body,
consequently inducing collapse of the damy embankment,

In this regard, it is proposed that the design flood of 100 year discharge is considered for a
gravity dam, and for fill Llype dam.

2) Design of spillway”(existing‘ dams)

Spillways were constructed applying favorable geographical condilions, at where the dam
embankment and spillway canal were isolated by natural undulations, Required section of the
spillway canal was secured on the rock foundations with blasting at tnost of the dain sites.
Canal protcctioh was not constructed for rock base canal. On the other hand, stone riprap
- protections were constructed to prevent erosion on the wholly or partly canal surface of soil
base canal. Embankment and spillway were isolated with the retaining wall composed of
concrele or stone masoiy, where spillway canal was not able to be constructed separately from
- the embankment due to steep abutment, etc. '

For the dams located at hilly siles, talus deposits or picdomont dcposils were widely excavated
to secure canal section, and riprap protection and cut-off walls (depth: 0.9 ni) were einbedded
with intervals of 20 - 30 m to control canal erosion and scouring. '

Regaidillg spillway intet lypc,'chutc type inlets were Sclécted in most of the delay action dams.
- Side inflow type spillway is also alternatively planned in the case that cxcessn'c excavation on'
 the dam abutment is required to secure flow section of lhe spltlway canal

 Overflow cr'csl was not installed at inlet portion of thc'spillway,‘so that discha_rgé coefficient
was theoretically estimated at ranging from 1.5 to 1.7 {critical flow). However, total head
(including velocity approdeh head) of the spillway of the cxi'sting dams were cstimated by
discharge coefficient of 1.89 in SI dimension, that actual total head above crest might be higher
‘compared wilh estimated total head.  Chute cénals have been constructed with gentle slope
along with natural terrain, or in step form to dissipate flow :enérgy. However these canals :
constructed on the soil foundation are susceptiblé to scouring by flood. Furthennore, guiding
canal at the downstream of the spillways were not constructed. Flood water frequently might
inundate downstream of the dam eimbankiment. '

3)  Flow obstruction by siltation

Excessive siltations were observed at Murgi Kotal, Kach and Wali Dad dams in Quetta District,
Siltations surface had risen up to the spillway crest elevation in each dam, and flood water
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overfiowing these dam crests, caused dam collapse. Siltation cover in the reserveir area is flal,
and floods have flowed down through concave portion in the reservoir over the dams crests not
through spillway.

4) Improevement on spillway design

The following are recommended for the design of spillway:

a) Design flood of 100 year discharge is proposed for a gravity and fill type dam.

| b) Spillway crest is installed to improve discharge coefficient, as reqﬁiréd.
¢) “Adequate flood control capacity shall be secured in the rcscrvmr cven af ter
excessive siltation is developed. :
d) Spillway canal shall be protected to climinate scouring, except in rock surface.
¢)  Guiding canal at the downstream of the spillwa.ys shall be constructed to attain

smooth flow towards downstreany, as required.

) * Gentle slope shall be giventoa spillway canal to accelerate scouring of
suspended sediment on the canal bed. Furthermore, proteclton for canal slopes
and bed shall be provided to prevent scouring.

2) ~ Side inflow inlet type should altemalwcly be studied to secure ﬂow sec!mn of
- the spillway canal, if topographlcally imposed. :

3y Design‘ for groundwater recharge déviccs
1) Upstream recharge (Recharge through dam fuu'n.dation).

Delay action dams were constructed aimi'ng at grmmdwatcr.rcch'arg'e mainly ihrbug:ﬁ the
reservoir and dam foundation. Recharge ability depends on the permeability and thickness of
~ the river deposits. No recharge device is required if high permeability is available.

2) Dowastreamn recharge (vecharge through foundation downstream of the
~ dam)

‘Downslream recharge is accelerated lhrough intake devices comprising of conduits installed
“under the damembankment and recharge trench or pond located downstream of thc dam
embankmcnt The followmg are typlcal devices installed at the existing dam sntcs

- ]nlct pipe: ‘Steel percolated piPC (8150 mun) with steainer
- Conduits: | Steel pipe (8150 inm)
" - Recharge trench pit: Sprawl filling (3m'x 3mx 3m)
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Infet with sirainer
Discharge control valve

RN Sy " Hecharge trench pit
Smallo\\\ @ l 3 P
\\;\\ Q‘k =7 '

Conduits ey —

intake devices of the existing delay action dams

Intake device L Discharge control valve
| Coarse matenais ~gn _..i'Finem_a!erial_s;f:,_';. : ) X
A Conduil pipe Z It = \

inlet is located al upstream of reservolr at whers coarse materials are deposited.

As described in Section 5.2 {3), seepage capacily through the dam and reservoir foundation is
“ gradually decreased duc to sediment accumulation in the reservoir. Downstream recharge

through the river bed is, therefore, cssentially . Impounded water in the reservoir is diverted to

thé downstream through the intake facilities. Groundwater recharge is, in principle, altained

through the river bed. However, river bed gradient is not uniform, and therefore recharge
“through an infiltration pond is recommended to obtain sustainable and stable recharge éffects
“and easier activities such as removal of fine materials. Surface area of lhe infiltration pond is
‘based on a transmissibility of aquifer. ' '

5.4  Construction of Delay Action Dams
(1) General .

Rivér dcposits (sand-gravel) accumulated upsteeain and dowastream of the dam site’ and
weathered materials (soil) on the abutment were generally utilized for the dam embankmient,
Materials were excavated and transporied by bulldozers to the dam site, and compacted by
roller. Embankment slopes of upstream and downstrcam were protected with stone riprap or
sprawl with their thickness of 0.45 m (1.5 feet) and 0.225 m (0.75 feet) rbspecuvely Rlprap
materials were transporled by tractors from quarry sites. In the case that the nprap was not
available near the dam sﬂe its was transported from 2010 30 km (hmnce

(2) Quality confrol of the cmbankment

Dry density control is most important for the embankment. The principle points with regard to
density controt are as follows:
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- Due to quite jow humidity, the field moisture content tend to be on the dry side
of the optimum moisture content (Wopt). The moisture content of the
embankment material shall be adjusted to be stightly on the wet side of the Wopt
by means of water sprinkling, ete.

- Most of dams have been constructed as a homogeneous fill type dam with their
sandy, soil materials mixture ratio of 3 : 2. However, mixtore of these materials
was not propetly conducted. Mixing in a stockyard for grain adjustment would

- be more effective. Horizontal impervious layer composed of clay soil induces a
seepage spouting out from the downstream slope of the embankment due to
anisotropy of perimeability, and consequently canses piping.

- Either of dry density or relative density control is applied for the quality control
to ensure a uniformity of the embankment. Single compaction degree for the
banking is determined in accordance with the result of field banking lest. The
shear strenglh and compaction degrees shall be periodically checked, also
immediately after materials used for embankmeant are changed. -

{3) ~Seepage flow through the dam embankment

Monitoring of the hydraulic conductivity shall be carried out during the dara construction. In
~case where piping is expected, e.g. foundation is impermeable, or the groundwater level is
high, it is a general practice to install drains. Where dam height is around 15 m, a toe drain is
installed. When dam height is around 25 m, horizontal drains covering the éntire downstream
dam foundation are ‘planhcd. Vertical drains are established at the center of the dam body in the
- casc of the dani height of over 25 m, which serve to rapidly lower the seepage line. Ample
cross section for these drains is necessary. Considering fluctuations in hydrau!ic conductivity,
- a safety margin in cross section of 10 - 100 fold shall be allowed. Where the hydraulic
conductivity of the drains is larger than those of the émbankment matemls a filter shall be
dntroduced to prcvmt wash out of fine gradcd malenals

Contact clay wilh 5 to 10 cm thick shall be placed on the boundary ‘of the rock dam foundation
and embankment in order to mitigate scepage flow along its boundafy.

(4) Construction of spillway and intake facilities -

Suf ficient ceest width, as well as smoothening of canal surface shall be obtained to safely
release a maximum flow cquivalent to the design flood discharge. Riprap protection shall be |
_consteucted for earth foundation canal. Energy dissipatér is installed at the downstrcam of the
“spiliway to dissipate hydraulic energy, as required.

Regarding intake facilities, cul-off watl shall be installed along conduits to prevent piping along
the conduits. - Conduits are deeply !aid in the dam foundation to protect the conduits from
eccentric toad pressure in case where a cut-off trench of the dam embankment is installed.
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5.5 Operation and Maintenance of Delay Action Dams
(1) General

According to the O&M of the delay action dams, the following are achicved in due
consideration of rapid fluctuation of the water level in the reservoir:

The leakage and deforination depend on the embankment materials and quality control values
on the fill type dains. Detailed monitoring plan be initially deliberated taking those phenomena
into account. ‘Monitoring devices, especially for leakage are required due to its difficully to
determine the leakage route.

It is vital for either regular or temporary inspection to be implemented in order to observe the
conditions of the dam embankment and the natural ground around abutments. Furthertore,
inspection for leakage, cracks, land slips and scour of spillway is carried out inimediately after
the flood or carthquake occurs. Moniloring after flood or earthquake is also necessary for
~ cerlain period as was obvious from some examples where dam embankments had collapsed
after a few days due to the development of piping or cracks. : '

(2) Q&M for recharge capacity

" Groundwater recharge is accelerated by upstrecam recharge through dam foundation and
downsttcam recharge through intake devices as ex'plaillcd in lhe'previous section. Silt
‘accumulated near the dam embankmeént causes a remarkable reduction of the rCéh_'&rge rate
i 1hrough dam foundation. Fine malterials shall, therefore, be removed by machinery to maintain
- recharge capacity of the dam, if vital from lhe'_economical point of view. - | :

In'cases b_f the downstream recharge, rcmo{/a_l of fine materials in the infiltration trenches and
* ponds, replacement of filter materials are required to maintain recharge capability. ' '

5.6 Related Structures to Delay Action Dams
(1) E Erosion control pian

- The principal purpose of constructing erosion control facilities is as l‘ol'ldxys_:' :

i) to settle and store sediment |

ii) to control erosion by means of controlling riverbed slope

iii}  todecrease sediment production from hillside due to raising riverbed elevation

iv)  to prevent the movement of riverbed deposits
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v) to reduce the peak discharge of debris flows

In some river basins within the Study Area, large quantities of soil flow downstream due to
devastation of the catchment area, and it causes reduction of the function of delay action dam.
Therefore, erasion control facilities should be proposed for reduction of sediment production
and also seitlement and storage of sediment. In addition, it is expected that such erosion
control facilitics would to contribute to groundwater recharge along with the dam itself,

1) Design sediment voluine and design discharge

In the Study Area, riverbed slope of small/medium scale river is generally steep over 1/20 and
sediment volume stored by one unit of sediment control facility is limited. On the other hand, il
is supposed to be expensive to increase slorage capacily by constructing large scale facilily.
Therefore, it should be desirable to adopt § to 10 years sediment volume as a maximum design
sediment volume. '

It is necessary lo estimate design sedimentation slope for calculation of sediment velume and
the design sedimentation slope of 1/2 or 2/3 of present riverbed gradient is generally applied.
- In some eases; it was informed that riverbed slope was less gentle below 1/2 where small grain
- size sediment was produced. According to the results of grain size analysis at prdposed dam
sites in the Study Area, 90 % grain size of sediment was almost bigger than that of finc sand at
each site, so that it is estimated that design sedimentation slope of 1/2 of present riverbed slope
is applied for estimates. - '

Erosion control dam {upsiream)

-  Design sedimentation gradient
{Ix1/2-2/3) -

- Present river gradient (1)

Erosion control dam (downétre‘am)

s su_ggcsticd to estimate désign sediment volume stored upstream of the sediment controt
facilities by foHowing formula adopling the design sedimentation gradient mentioned above,

' Dcsign'ﬂood discharge of 100 year probability is adopted for structural design of the sediment

“control facilities in general. However, it is recommended to adopt 30 year probab].e diséhargc
“including 1§ % sediment contents in flood in consideration of the economic aspects and
experience of facilily planning by the Irrigation Department of Balochistan.

- 188 -



2) Site: sclection

The site of crosion control facility should be determined under considering the following items:

- It is desirable to select the sile where valley is narrow, riverbed slope is genltle
and large capacily for storage cxists for the purpose of storage and conttol. -In
the meanwhile, the facilities be constructed crossing wider river bed to reduce
specific discharge at where week foundation and abutments are exposed.

- The facililies are constructed downstream of the confluence of tributarics.
However, in the case that devastation is proceeding in tributary worse than main
river, it is important to give precedence (o fributaries.

- When the facilities are constructed aiming al looscmng riverbed slope, the site
should be selected at downstream of collapse area.

- When the facilities is aiming at preventing landslide, the site should be selected
at the downstream of landslide area. '

- Plural and lower facilitics are to be conlmuously constructed to secure structural
© stability.

_Q:f

Plan of multiple &rosion control dams

3y Type sclcctioh

- ‘Concrete type, masonry and gablon slruclurcs are smtablc for sediment coutrol faC!]IIIGS
(detention buad). Grawly dam, masonry structure are;limited at where sufficicnt bearing -
capacily of foundation is attained. On the other hand, gabion type is preferable for weak
foundation due to its flexibility. The following selecllon is applicd accordmg to dam height:

- 3 m heightor lower gabion type

- 3 m height or higher: Concrete or Masonry slructurc
(Slabxhly shall be examined) ;

4) -Facility planning
a) Detention bund

There are many small scale bund comprising of gabion of 2 m height and 1 to 2 m width of
crest in the Study Area. For the structural planning of the detention bund, it is recommend to
adopt stair lype slope at upstream slope to wtitize the sediment weight contribuling to stability of
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the structure. Furthermore, at least 1 m cut-off wall is installed at the both end of the structure
to prevent scouring by floods. Filter cloth is also effective to prevent drawout of fine materials
on the foundation.

b) Erosion control dam {concrete or masomy structure)
It is necessary to examine the structural stability in accordance with delay action dam.
(2)  Land slide protection

- Aiming at reduction of sedimentation in the reservoir, surface drainage ditch, bench culling,
* slope protection by means of vcgelétion and retaining wall composed of concrete and stone
masonry are proposed to prevent land slide in the catchiment area.. These countermeasures shall
be applied in the reservoir area to prevent broadly slope collapse owing to rising groundwater
level by ponding. ' '
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6. DEVELOPMENT CONCEPT
6.1 Farmers' Characteristics in the Study Area

Farmers in the Study Area are strongly motivatal in agriculture in general, while income
difference among the farmers is conspicuous. According to the result of the farmers survey
obtaining 131 effective replics conducted during this Study period, the farmers in the Study
Area can be divided into 3 typical pattems by applying cropping manner, namely, food grain
producers who cultivate wheat and Barlcy at more than 67 %, mixed cultivators who mainly
‘cullivate vegetables and grains and so on, and fruit growers who crop deciduous fruit trecs at
more than 50 % of their farm areas. As a whole, the fruit growers arc prominent shearing 45

"% of all replyers, while the food grain producers are minority shearing 19 % of all replyers in
the Study Area. Principal water source in irrigation is tubewells sharing around 60 % of all
kinds of irrigation water sources including springs and karezes.
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A relation between agricultural income and owned farm area of farmers is shown in below
ﬁgure by their cropping manners, Each farmers geoup by cropping manner also form an
income group, the fruit growers indicate highest income, and the food grain producers indicate
lowest income.  The mixed cultivators take up their position in middle income leve! of the both
farmers groups. History of agriculture change in the Study Area, shiﬁing from grain
harvesting to fruit producing through mixed cultivating with vegetables, can be supposed by
the result and the fact that orchard area has been increased year by year.

Farm Income-Cropped Area {Phase 1&H)

1,000,000 Q

900000 | — | e ____._.I

800,000 §oo— o e IR S

700000 |— -~ @ - b

_____ SR N e B} e ST -
600,000 - ® o 0 Fruit >=50%

500,000 |-— @} - ——— @~ : — e e — - ¥ Cereal >=67%
400,000 | —-®.. 4 U S S Y .\ - . ' AOthers

{Rs./Year/Family)

300,000 8 SRR SRS EU S

200,000 |- e B S L I J—

100,000

Farm income form Annual&Perenial Crops

20 25 300 3% 40
Cropped Area (ha)

Anther information was ablained through the farmers survey as showing figure in before page.
There are two categories of agriculture, subsistence agriculture and marketing agriculture, in the
Stedy Area. Subsistence farmers assuming with annual agricultural income less than Rs.
25,000 are at about 33%, while remaining majorily perform matketing agriculture. The
subsistence farmers own small farmland, of which 86 % have a farmland of less than 5 ha, |
| ~ being _gram harvcs!mg_depcndmg not tubewells but traditional water sources. Meanwhile,
farmers in marketing agriculture own wider farm land, and perform fruit cropping positively.
They have greatly relayed upon groundwater itrigation through tubewells. Reminding that the
- objective of the Study is to make groundwater usc in the Study Area be sustainable, the target
bcncﬁcmry of the Study should be the farmers in marketing agriculture who have extracted
groundwater prmmnenlly as the substantial grohndwater usess for fruils harveslmg Providing
that the farmers in marketing agriculture are put on target rather than subsistence farmers in the
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Study, development stratégy should be a plan secking profitable agricultare rather than
sufficiency of products.

Furthermore, the result of farmers survey shows the fact that small land owners also perform
fruits harvesting actively, about 50 % of them are categorized in fruits growers. They have
also used groundwater for fruit ircigation purposc by their own tubewells. This Study should
consider small land owners as well as big land owners because they are the beneficiarics of
groundwater. By these reasons, this Study is not aimed at large land owners only.

6.2 Constraints for Development in the Study Avea

Major and critical constraints in the Study Area is shortage of water. Water use structure is
going o precipitate as a real crisis in the Study Area, where no remedial steps have been taken
against increase of water demand under the given condition of limited waler resources.

In the Study Area, more than 90 % of water demand is supplied by.groundwaler. Present
exploitation of groundwater is far exceeds the recharge in natural condition. Such over-
cxploilation causes worst symptoms such as loweriﬁg of groundwater table, which might cause
serious harm for sustainable use of groundwater. Two remedial nieasures can be takei for the
critical deteriorating situation in groundwater use. One is to enhance trecharge by artificial
expedients, another is 1o increasc efficiency of groundwater utilization. . Delay act_io'n dam
{subject of this Study) is a core attempt in the former direction. - N |

* Besides tﬁis’ critical constraint on =watcr in the field of natural ¢ondilion, sone soci'olbgfcal and
-“agricullural constraints were rccogm?cd which directly mﬂucncc success of the development
or indircctly reduces the benefits of investment in groundwater developmcnt These constramts
in the Study Area for development are enumerated as follows: '

1) Scarcity of irrigation water

~ Annual rainfall in the Study Arca is very low and vanablc from year to year.

' The continuous lowering of the water table due to increased pumping of ground
water with tubewells is a particular concern in terins of long lerm sustainability - |
of the irrigated agriculture. In addition ovcr-irrigalioh is sometinies found in: the
Study Area due to lack of scicntific information and advice. Unreliable
elcclricily supply for pumping with the application of fixed charge tends to

“enlarge excessive pumping. ' '
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2)

3)

: )

6)

Inadequate supply of agricultural inputs-

At present the Agricullural Sector is furnishing far less than the required sced
for the major agronomic crops and the required fruit seedlings. The use of
fertilizer in the area is low which is attributed to its non-availabilily at the proper
time and place particulatly in remote areas due to lack of access. Efforts will be
also made to introduce integrated pest management technology and nionitor the
quality and residual effeets of chiemicals now in use. Although use of
agricultural machinery has increased, often the equipment used is not suited to
the conditions of the soil and there is little knowledge on the part of operators
about proper land prz,parauon techniques and eqmpmcnt care and maintenance.

Lack of agricultural supporting system

The Extension Service of the province is understaffed and needs to be
strengthened. In many districts, facilities and transport are not adequate as well
as inputs to effectively carry out basic extension functions. There are
constraiats of the system of inter-disciplinary collaborative problem-solving

rescarch is minimal and the rescarch-extension linkages for a twe-way flow of

information are not operating véry effectively. There is an overall shortage of

- technical manpower in the Agriculture Department and a number of budgeted

posts have remained unfilled.

" Poor establishment of cooperatives
“Though thefe are around 400 agricultural coopcrahvcs in the Study Area,
“average number of member ship per cooperative is only 23 that is very small

compared to total numbes of farni houscholds, and share capilal and working
capital are'also very Fmited. Formcﬂy there have been traditional groups of
water users in several irrigated areas. In these arcas tribal custom is still so
prevailing that the top position of such a group is usually occupied by the
person who constructed the irrigation facilities, his successor or the big land
owner. -

" Week agricultural credit system

Dcsplle the avaitability of the institutional credit at reasonable lcrms most crcdn
needs are met informally by borrowings from family or individuals of the same
tribal group or from money lenders. Such credits system have not been utilized

“efficiently due to people's sense of dislike for a debl as a traditional notion.

Uneven Land Holding
Though large scale farmers with more than 20 ha farms is minor in number,
they occupy some 42 % of the lotal farm area. Uneven land holding is
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recognized in the Study Area. There is a virtue of tribal custom in the Study
Area, on which the large scale farmers look after the small farmers as masters of
their tribe. This results into an uneven distribution of wealth,

h Unregulated marketing system

A large amount of fruits is exported lo other provinces al harvest time. After
several months of storage there, the fruits are fe-imported to Balochistan during
the season when higher price is expected which is due to lack of capacity of cold
storage capacuy in Balochistan, Furthermore, tost farmers make contract with
pre-harvest contractors at the blooming time of fruits. The pre- “harvest
contractors manage the orchards at their own expc'n'scs till harvest time and
market the fruits. |

. 8) Undesirable influence of traditional tribal system
‘In the villages of the Study Area, traditional tribal custom still remain so deeply
in their communitics that a few people in ruling class have big powers and
- control the communitics.

9)  Exlreme low !é\;elof literacy rate
Literacy rate, especially in rural areas, is very low and educational conditions
*are poor. It will take the great efforts and long periods to resolve such a -
sitvation.” The low literacy will hamper to beneficiary's excc_u'ti'on of .
: .groundwalcr'use c'o'ﬁl'ro_l, and enhancement of sense of saving water. .

"10)  Low status of women _ _ o
" The status of women in the society is very low and lheir living ciluation is very |
* poor.  Despite her hard work in daily life, women have not been Justly
recognized for their great contribution to the community.

11)  Delay of social infrastructure semces
' The population. growth rate in the Sludy Arca is conslderably hlgh in
. - ¢omparison with the national : average. The preparahon of rural infrastructure
~ " still Iag behind due to the Iow populatton density and very scaltcud dwellmg

Moreover, institutional draw backs such as lack of cooperation between various agcncics are ..

still major constraints for development, despite the endeavor by P & D Department of GOB to
renovate. ' '
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6.3 Regional Development Policy

Basic rcgion'a] development policy is to enhance suslainabili{y in the Study Area of space for
living, producing and resting. In this Project, the sustainability shall be directly and indirectly
sought by means of consteuction of delay action dams.

Clearly contribution of the delay action dam scheme in the present circumstance is recognized
for improving domestic water supply conditions. Delay action dams increasce groundwater
availability to be used for domestic water purposcs by enhancing groundwater recharge.
Furthermore, the dams’ may improve the groundwater basin in qualily of water by improving
~ hydrological cycle of groundwater. Contribution of the delay action dam scheme aim at
* crealing condition for impro‘:ving agricultural productivity by indreasing the supply of irrigation
water and livestock production through by making water available all the year round.
Additional increase of agricultural production is expected if farmers organization and exteénsion
services are sirengthened. Furthermore, recreation spaces will be created by making water-
front appearance thronugh construction of delay action dams. Providing watershed conservation
together with delay action dam conslrucnon would further enhance, establishment of spaces for -
' lwmg producing and resting.

On the basis of prescnt situ'at_ion mentioned above, following items will be takén into
- consideration for preparation of the development plan:

1} It shall be rocommcnded to execute the regulanon of wnorganized and limitless
~ useof g:ouudwater and to promote efﬂcnent use of groundwater throngh the
rational waier management, ‘

2) It is soidifﬁculi (o introduce immediately the planning éoncep't based on the
" modern social structure, Planmng shall be done l'ikmg into consideration of lhe
lradluonal tribal custoins.

3)  On the basis of the current education level in the Study A'rca, the agricultural
development plan shall be prepared to be accepted easily by the beneficial

. farimers,
4 Operation and maintenance plan of the Project facilitics shall be prepared not to

- force the bc’neﬁciariqs to work with highly advanced and complex specification.
'5)  The ddvclopmem plan shall not force the women to much harder works.

6)  The participation of the beneficiaries in the Project shall be promoted in order
that they confinn the project as one being implemented for themselves.

- 168 -



0} ‘The necessary recommendation shall be made to promote the rapid construction
of the rural infrastructure concerning closely with the Project.

8) Administrative structure shall be strengthen to be effective without wasteness,
under the appropriate development plan harmonized with severe natural
condition, and adequate recommendation in consideration with peculiar social
situation in the arca. Especially, the institulion which can enhance water
management accompanicd with groundwater usc control effectively, shall be
proposed in the Study.

6.4 Agriculfural Development Strategy

Agricultural development strategy in the entire-study-area is to prontote sustainable agriculiure
and livestock with due consideration for the present natural conditions. Proposed delay action
“dam will contribute to make present itrigation practice sustainable against extending irrigable
- arca with newly dcveloped groundwater. Along with this, agricuﬂure including present
"_croppmg patlern needs te be improved by promoting agricultural ¢xlension, strengthening

framers organization and elevating avarlﬂblhty of agricultural credits, so as to make effective -
" uscof lnmtcd water, '

" Insearch _fOr'bcltcr cropping péltcm, irrigalion water requirémcnt, prﬁﬁlﬁbility, marketability,
- tequired labor force, and suitability of soil and climate ete. should be considcrcd" In case
proﬁlabrhty is the only goal, orchard croppmg is much profltab!c rather than others, as far as
_  available water is limited. According to the farm economic survey in the Siudy Area, farmers
' cultivaling mono-serial are in lowest i income group, farmcrs with vcgctablc culllvauon are
ranked middle, and orchard farmers are at the top. Itis, lhcrcforc,, proposed to shift mono-
cercal to a paltern including vegetables, and to shift the patteén with vegetable cultivation to a
pattern introducing fruits. However, 100 much of d shift toward orchard cultivation is'not
realistic, and not sound in agriculture, even though highest income could be expected. A timie
lag between planting and growing of trees for harvesting fruits need to be considered in farm
economy. “To set the cropping paltern, marketability, av*ulabrlrly of labor force, soil suitability,
farmers intention besides proﬁtably have to be considered. Considering these factors for
cropping pattern, a trial study was done to obtain recommendable cropping pattern in cach
district in the Study Arca as follows: '
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. Quctta Pishin/Qila Abdullha - Mastung/Kalat
Orchard 40-50 % 25-35% C10-20%

{42%) (23%) (119%)
Yegetables 20-30 % 20-30 % C30-40%
(25%) (21%) (27%)
Cereals 2030% 3545 % 15-45 %
(29%) (54%) (52%)
Foddass 5-10% 5-10% 10-15%
(4%) (25%) (10%)

Comparing the present cropping with the above, Quetta and Pishin have already attained the
recommended pattern, Mastung and Kalat are siill behind the target, R'cfefring these resull, an
improved croppmg pattern will be proposcd to allocate limited water resources more cffectively
without not increasing present irrigation water requirement.

Further, extension services for fanming technology is required. In the farm economic survey in
“the Study Area, big difference in income was found in each farmers group categarized by

cropping pattern, which seems to be dug to knowledge of farmers' agricultural technology.

Even among the farmers practicing fruits cropping, there is a variation in their income by their
~ agricllural skills, application of chemicals, and so on. Végetable farmers group is also
~ showing same variation. These evidences show that introdvction of improved lcchnoIogy
through extension services and strcngthemng of agricultural credit to enable the farmers to use
agricullural materials and hm, Iabor ss cssential,

There is little relationship between better quality and higher value in agricultural products in the
Study Area, and it is almost true about the whole counlry': However, if this relationship is

. tecognized more widely in the area, it is possible to get the saine return with reduced culuvated :
area, which w:ll contribute (o save walcr in the arca.

Livestock production is also one of the important agricultural activities in the arca. Fodder
_ crops should be incorporated properly in the cropping pattern to enhance livestock production
- of the area. Besides fodder crops from cultivated ficlds, natural vegelation is also used as
animal feed resource. Due to sparse densily of the vegetation, the land tends to be overgrazed
which may cause deterioration of the grazing land and severe soil erosion. To encounter the
land degradation, range land management will be necessary measures alohg with watershed
management. In the Study Area, around 8 % of crop intensity has been shared for fodder
cultivation. According te the analysis for feed balance, 50 % of required fodder of animals in
the Study Area, has been oblaincd by grazing. In comparison with allowable quantity of
-grazing to be sustainable, fodder production is recommended to increase to maintain the same
- head number of livestock in the area.
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In purstance of BFYP, the Government of Balochistan have directed their extension effoits
towards increasing milk and carpet wool production, increasing per animal productivity by
saising body weight, introducing new fodder varieties, and substantially reducing number of
sheep and goat. Following this concept, promotion of livestock having no mal-effect in natural
environment is recommended by means of restraint of number of sheep and goat, and
increasing cropping arca for fodder with introduction of new varicties.

As mentioned in Scction 3.7.4, the existing agricultural cooperatives are insufficient for
deveiopmen{ of agricultural production. A very simall numbet of farmers joins coopcranvcs as
most of the cooperatives are lacking financial and human resources. -In addition, the traditional
tribal structure of rural comiunities, that are ruled by the village chicf and a few elders, are not
appropriate for coopcratwe activities. Furthermore the contractors or wholesalers have the
strong powers in the marketing of the agricultural products, especially of fruits.

To strengthen agricultural cooperatives, these will have to be cxpanded to increase ils members.

- A federation of cooperatives has to be established at district or division level to enhance the
powers of the unil cooperatives. The provincial government should induce farnicrs to join the
new or improved village cooperatives and make village cooperatives organize the federation.

“ The active and powerful federated cooperalwcs must be able to ift up the socio- cconom:cal |

- standing of rural farmers. '

The traditional irrigators' associations mainly for the maintenance of karezes have recently been
_we'akcncd due to the development of tubewell irrigation. -However most of tubewells: are
instalicd privately and none of the modern water user's assocuanon for the use of groundwater

are found in the Study Area, The usc of groundwater for lrngauon should be slnctly r«,gulaled o

to prevent the decline of the groundwater level, and along with the construction of delay acilon '
dams, cfficient water use on farm should be adopted.” Otherwise, no matters how many chay -
action dams were constructed, the raising of groundwater level would not be realized due to
continuous cxcessive consumption of groundwater. 1t is, therefore, essential that farmers
recognize the critical situation of groundwater resources, and act to improve the current
inadequate-irrigation farming by themselves. The provincial govermnent ‘'should also make |
farmers establish the modern water users’ association by imgalcd farm arca to achicvc the
scheduled and reasonablc use of groundwater '

6.5 Trrigation and Drainage Development Strategy : L.

Surface irrigation methods have been widely practiced in the Study Area. Rapid lowering of -
groundwater table in the basins seems to be caused by low irrigation efficiency which is 40 to
50%. This calls for introduction of modern irrigation methods such as drip ircigation which
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has been successfully attempted by the Agricultural Department.” Electricily consumption will
also be saved by improvement of irrigation method. However, it should be kept in mind that
major water loss during irrigation returas to underground. The high investment on drip
irrigation may, therefore, be not justified in all cases as the net water saving may be small,

In a conclusion for this matter, surface irrigation methed may be changed to new irrigation
- method where hard-soil with low permeability is encountered, and where available electricity is
* limited, or groundwater stage is to be quickly stabilized.

chu!a'lion pond constructed with tubewell is recommiended for wider acceptance. Many
existing regulation ponds in the Study Arca with night time irrigation capacity are effectively
used both for irrigation and domestic water supply. Some farmers have experimentally
“introduced dri'p irrigalion in the Study Arca, bul this has not worked very_silcccssflr}]y due to
- lack of knowledge of farmers. For the introduction of new irrigation method such as drip
irrigation, farmers’ understanding abowt its necessity and the technology is necessary.

Drainage can be calegorized into surface drainage, flood water drainage, and groundwater
drainagc the best one is a major countermeasure against saline harm. Since there is o problem
of surface drainage in the Study Areas, no such facilities are proposed. Some ftood way
“should be provided against flood flow. Drainage module at 52 liter/sec/ha for 5 year return
period’s rainfall of 20.9 mmvhr is cxpectcd Construction of dralmgc channel against flood is
r«.commcndcd whert, there is no suitable natural drainage channel.

Gcncrally speakmg, groundwatcr dramagc is necessary corresponding to 1mgatlon pracuce n
ordcr to mitigate salmc harm and water-loggmg where groundwaler level is con31clerably high.
However, no groundwalcr drainage is required in the Study Areas because groundwater table is
tow due to over exploitation, thal no saline harm has been found in the Study Area.

6.6 Groundwater Development
6.6.1 Groimdﬁﬁtef'Development by DAD

Groundwater use in the Study Area is wnder critical situation due to extreme over-exploitation.
:De.'la'y action dam s an effective measres to enhance recharge of groundwater if it would be
- planned adequately at the suitable site, and designed satisfactorily. More delay Action dams are
proposed to be constructed in the Balochistan Province, especially in the Study Area.

Imigation area is not expected to be increased due to limited water avaitability even if proposed
delay action dams are constructed. The present irrigated area is also not sustainable if the
groundwater basin is continued to be exploited indiscriminately by the ever increasing number
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of tubewells. Certain new additional water souice is therefore required to make the present
irrigation water use sustainable. Recharged water by the delay action dam may be enough to
prevent the lowering of groundwater level. Delay action dams mtay be spread over a wider arca
within basin against isolated specified beneficial arca for continuity of groundwater. While
agricultural land located downstream of proposed delay action dam in close proximitly is more
convenient for use of recharged groundwater rather than remote lands in the same basin, benefit
of groundwater availability after construction of delay action dam for other areas with in the
same basin can not be neglected. |

Delay action dam scheme should not be considered as dam canstruction activity only, but
* should be dealt with along wilh a comprehensive package program consisting of necessary
components so as to obtain sustainable effects in harmony of those components, in which delay
action dam consiruction is a keystonc. The components are watershed conservation,
improvement in irrigation praclice, gronndwater use contrel and innovation of agricullural
structures, While cach component is significant within the delay action dam packagcd schenie, |
it can be expected to contribute independently as dcmgnatcd in the five year development plan
of Balochistan Province as shown in Fig. 6.7.1.

6.6.2 DAD Patterns by Shape of Aquifer

- Mechanism of groundwater recharge by delay action dani depends upon shape of dam site and |
characteristic of aquifer extending downstream. Effective recharge could be fulfilled through
the rechaiging dcvnces meeting with characteristic of aquer ‘As mentioned in Chapter 4, each .
proposed delay action dam has dlffcrenl form of aqulfer being different in availability of -
- groundwater and using method of groundwatcr cxplmtanon Aquifcrb concerned with '
proposed delay 1cl|on dams may bc categorized ina broad way into 3 palterns as shown below.
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As to these categories, Type T'has a clod of thick unconfined aquifer extending downstzeam
where niany number of tubewells were dug.  Six proposed d:lay action dams, namely,
‘Brewary, Wali Dad, Dara, Murgi Kotal, and Kad Kocha are in this category. Type II has
cramped and shallow aquifer than Type 1, i_h which shallow-wells and karezes are available.
“ Three proposed delay action dams, namely, Sakhol, Santaki, and Ghutai Shela are in this
category. : Type I is under poor condition in’groundwater use because of no aguifer
‘downstream.  In this Type, only irregular karezes are available collecting sub-surface water
flowing ihfrough"rivcrbéd layer. Five proposed delay action dams, namely, Kach, Jigdé,
'Saniali, Ghaziona, and Iskalkoo are in this category.

Delay action dams to be constructed at the sites for the Type T aquifer shall contribute to recover
- groundwater use by existing tubewells, and Typé 11 aquifer will help karezées and shatlow-
‘wells. " For the Type 1, sub-surface water use by existing karezes may be improved as a
specified bcncﬁcnary Beside this effect, recharging outcome ¢an be expected on the aquifer
!ocalcd fqr downstrcam asa unspccnﬁed benefit.

At prcScnt, d'ela:y action dam site selection .by the Jrrigation Depatiment, is done by topo-
- graphical condition for cconorical dam construction. Rechargebilily of the site seems to be of |
scéondary importance. Some dam sites were approved for construction, for flood miligation
- with small rechargebility characteristics. Selection of dam sites of proposed delay action dams
of the Study follows the PC-1 prepared by the Frrigation Department. In this Study, only minor
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modification on dam sites will be done, and the suitability of dam site will be determined by
project evaluation,

6.6.3 Rechargeable Quantity of Groundwater

~ Groundwater recharge contributed by delay action dam is categorized into (wo types. Oneis a
recharge from reservoir bed and another is downstrcam recharge in the fan for the later water is
supplied through conduit inslélled under the dam body. Each recharge volume of water is
subject to hydrogeolo’gic characteristic of related groundwater layer, scale of rescrvoir, dam
facilities, rainfall pattern, and reservoir stage. In order o estimate recharge volume, a dam
opesation study is required to be conducted.

The dam operation study was done to calculate reservoir stage monthly, by input of runoff into
reservoir from catchment, and outputs of evaporation from reservoir water surface, recharge
from reservoir bed, and.relea'sing water for downstream recharge. Runoff from catchment is
' neglected when reservoir is full of water. " And no evaporation and recharge occurs when
reservoir is empty of water. Runoff from catchment was estiniated by actual rainfall multiplied
by runoff factor which vary from 8 % in summer to 15 % in winter. Evaporation cah:u!aled by
Penman method was used in the dam operalion study

;'Rccharge from reservoir bed was estimated in consnderatlon wnth charactcrlsncs of dam.
foundation layer for permeablhly and stage of reservoir using ‘results of seepage ana]ysm For
this estimation of the seepage from teservoir bed, the effett of siltation was considered whach

decreases permeability of reservoir bed corrésponding to increase of siltation in the feSETvoir.

L Rcchargc 0nﬂown$lream area was eslimated in consideration with the arca spread and its .

" characteristic of permeability. Such downstream’ recharge was also calculated by estimated
dlscharge of pipe which was related to condition of reservoir stage.

Dam operation study was conducted using conditions as shown in Table 6.6.1. Recharge
_ volumc of water was calculated through the study s:mu’ltancously obtamcd rsscrvonr stagc time
to time. Annual expected recharge volume of watcr is as follows:

Annual Recharge Volume o
: ‘ : (1,000m37Year)
DAD '  Recharge Volume DAD - Recharge Yolume

1 Brewary 5102 8 - Sanzali . 2133
2 Ghutai Shefa 314 9.1 - Ghazlona C 1407
3 Wali Dad 1379 92  Samaki - 578
4 Dara 389.5 10 Sakhol 2061
5 Murgi Kolal 394.5 it Mangi 1,091.3
6 Kach 1,147.0 12 KadKoechall 508.9
7 Jigda 3280 13 Iskalkoo 109.3
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6.6.4 Groundwater Use Plan

Delay action dams are further categorized into specificd water use and unspecified water use.
The specified water use is using recharged groundwater for specificd beneficial area tocated
downstredan of the delay action dam in short distance. Unspecified water use is an utilization
of water in the concemned groundwater basin, by any beneficiary or for any purposes of
agricultural use and drinking use.’ In this Study, quantity of recharged groundwater for the
specified water use is estimated considering the physical possibility to reach the specified area.
chhaining recharged water consisting of the downstream récharge other than used for specified
water lise, and recharge water from reservoir bed, is appropriated for unspecified water use.

The division of downstream recharge into specified water use and unspecified water use is
though difficult yet, it may be simplified. The recharged groundwater by delay action dam is
supposed to flow toward direct benefit areas, and diffuse widely to other aréas. Pumped watet
by existing wells in the specified benefit areas within the total _rechérgéd waler flowing toward
these areas is defined as a quantity of recharged groundwater on specified benefit. Recharged
water diffused ont of the specificd benefit areas, and recharged water passing through the
specificd benefit areas without being pumped even flowing toward the areas, are defined as the
‘recharged water for unspecificd b'cneﬁ Even the usable recharged water flowing toward the
specified areas wnll not be availed in the areas if wells are not operated Following this
situation, pump operalmg durauon can be regarded as the avallabmty fatio for specified
. beneficial use. For the karezcs use, the availability ratio for specmcd bencficial use may be
~ bounded out by acrial ratio of aff: tccted range of karezes. The understanding for deﬂmlton of
. the groundwalcr USEC is schematlcaily shown below.

- Recharge from : ' -
" Reservoir-bed , Specified Grougdwaler_

Use

_ Pun'fpcd recharged water during passin g through the specified areas:
60 % in tube-well areas (considering pump opérating condition)
below 30 % in karezes areas

b F)ownslreani Recharge | - Un-specified
. . A B - Groundwater Use

Definition of the Groundwater use

Based upon these considerations, available quaatity of recharged water for specified
groundwater use and unspecified groundwaler use were estiinated as follows:
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Available Quantity of Recharged Water -

{1,000m3/year) )
DAD Specily Unspeceified DAD Specily  Unspecified
1 Brewary 306.1 2041 8 Sanzali 340 1719.3
2 Ghutai Shela 15.0 16.4 9-1 Ghazlona 41.4 99.3
3 Wali Dad 82.1 552 9-2  Samaki 17.0 40.8
4  Da 2337 155.8 10  Sakhol 98.4 107.17
5  Murgi Kotal  188.6 206.3 11 Mangi 654.8 436.5
6 Kach 407.4 7350 12 KadKochall 3053 203.6
T

Jigda 84.1 4440 13 Iskalkoo 32.1 ‘712

6.7 Development Components

In pursuance of the integrated development concept in which delay action dam construction is a
keystone, the other components are watershed conservation, improveinent in irrigation praclice,
groundwater use conteol and inmovation of agricultural structures. While ¢ach component is
significant within the delay action dam packaged scheme, it can also be expected to contribute
independently as designated in the five year dcvélopment plan of Balochistan Province as
shown in Fig. 6.7.1. | o

Walershed conscrvation is the most important matter in the Sludiﬁ Areas even in the relation
with groundwater recharge.  Artificial intervention in watesshed such as tree felling or grazing
~ seems to have caused essential watershed destruction, The first and the foremost important
issue is the regulz{lion of artificial activilics in watershed. ‘As application of the reguhtioh is an
individual concern, pamclpatory approach is the shortest and most effective routc Although
‘watershed management with participatory approach is not the subject of thls Study yet, the
 Study Team would seek to joinl with other watershed managcmenl program to emphasizé it
impb'n‘a_néc for water conservation, | R '

Watershcd conscrvation component in the Sludy shall be specified ‘within the waiershed
concerned in proposed delay action dam schemes. Furthermore, the elements of watershed
conservation shalt be specified, which coniributé to water feeding or environmental
improvement and to make dam life tong by means of reducing siltation. Fauhlles in the -
component are vegetation cover and construction of check dams Range managcmcnt in thc
arca downsiream of the proposed delay action dams seems to be a possnblc to intervcnllon

Most essenlial constraint on irrigation in the Sl'udy Arcas are shortage of groundwaier
resources. This project shall seek to mitigate this constraint in particular, and no other -
remarkable constraints are recognized in irrigation field, As present irrigation practice can
mostly be adopted in future, no remarkable development components are necessary to proposc
as long as water availability is enhanced. No drilling of tubewells are proposed from now on
with the exception of replacement of existing wells. Karezes which can still function and can
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possibly be maintained in future by their beneficiaries organization, are proposed to be
rehabilitated within this Project.

Ilood control by delay action dams will be conspicuous. Such benefit consists of reduction in
flood damages of agriculture and infrastructure. Only some additional facilities for catching
runoff from adjacent catchment and diveding to beneficial area are proposed.

“Constraiots in agriculture in the Study Areas are, insufficient agriculiural extension services,

poor establishment of cooperatives, week agricultural credit system, lack of storage facilities
~ for agricultural production, and unregulated marketing system. As some constraints have deep
- global roots, countermeasures should be taken on global scale such as district level, division
level or provincial level, against handling thése in development plan of each delay action dam
program.

The agricultural component of delay action dam scheme is limited the karez level to
strengthening of farmer's organization's considering tribal custom and ils syster with zrespect.
The existing farmer's organizations are expected to be strengihened to maintain and opcrate the
deiay action dam fa:ciiilics, to interact with agriculture extension, and to be a global regutatory
body for groundwaler use control.

"'-_6.8 - Groundwater Management
6.8.1 Operation and Maintenance

Laborious operational work as wéll as maintenance work are’ not frequently requited for the
dam embankments and appurtenant structures proposcd i in the Study. However, periodical
0&M works, and consccutive beneficiaries' activitics enumerated below may be encouraged.
Proper Q&M plan with participation of the beneficiaries, the Irrigation Depariment and other
governmental agencies relevant to the project is conceived during the project implementation,
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O&M Aclivities and Responsible Agencies
O&M activities _ _ Description Responsible agencies

(Dam and reservoin)

Dam ¢mbankment 1y Irrigation Department _
Reservoir Dredging Irrigation Department, beneficiaries
Calchment arca Vegetation control, ete. Relevant agency, beaeficiaries

{Transmission structures)

Recharge controf valves Operation, as required Irrigation Department
Maintcnance of karez, pond Periodical ¢leaning works Farmers association
Maintenance of be wells Opération and repair works Owners

(Technical transfer)

Agticultural extension service. Ordinary Agricultural Dep‘arlme'm

Technical support for irrigation Ordinary - - Irrigation, Ageicultural Department
- {Others)

Q&M for other [acilities Emergency repair Irvigation Department

Notes: 1): details in *Planning and Design Guideline for Detay Action Dams”

It is not practicable for the delay action dam project to collect water fee according to its
characteristic as a public service, and no cost recovery for the investment can be imposed on
any beneficiary due to difficulty of specifying beneficiaries clearly. However, beneficiarics
paﬁicipaiion is inevitable to accelerate watershed management and to encourage O&M activities
on water transmission lines. ' ' ' |

6.8.2 Water M_a_na'geme'nt Plan
1) lmpo'rlan.cc{‘)f gréundwater"mé‘ma.geinem

Although the: Government of Balochistan has cstablished the ordinances on imrigation
+ development including groundwater management as menlioned in Section 3.10, appropriate
enforcement of the ordinances for the control of groundwater extraction is difficult due to the
following reasons. ' '

- Publicity media to the populace and monitoring system on groundwater crisis

are poor in the province, and public participation to recover from the crisis is
very weak. _ S ' o .

- Appropriate implementation of the basin wide water management decisions is
 difficult due to the lack of a master plan on provincial basin wide groundwater -
resources developiment in the province. : :

- ‘Coordinating function of the authorities on groundwater management is not
strong to build up public consensus on equity concept of waler right.

- Groundwater exiraction right belongs to the owner of the tand in the Islamic

traditions, and it is not adaptable concept that groundwater is collective
resources for public.
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In this situation, various groundwater development studies have been conducted by related
agcnéics, and it is said that the solution of the problem can not be achieved by only irrigation,
because the depending groundwater in the basin is collective property of the basin populace
including other competing waler Users.

Balochistan Groundwater Resources Reassessment, 1996, ADB, one of the prominent reports
is reccommending policy measures to be newly introduced as follows:
- The prime concern of any policy document which is created to assist in

oplimizing nse of water resources should be that there is cquitable distribution to
ail consumers.

- Water can no longer be provided free of charge. However, a working and
extensive distribution system has to put in place before a charge is made.

- A water awareness campaign has to be established using all facets of the media,
wastage of water has to be considered a crime against the community.

- An Integrated Valley Development Authority (IVDA) has to be established to
~ control all aspects of supply and demand. Local representation also necessary,

- In arcas whete there is a deficit, existing or potential, the IVDA would be
responsible for decisions about allocation of the resources between competing
puonucs _

" There are 1wo mutually s'uppoﬂing measures on the efforts to mitigate the critical groundwater
problems. One is gcncratlon of additional water resources mc!udmg delay action dams

- program, and anothcr is water saving by means of efficient groundwater utilization on equuablc
' b‘iSIS ' '

- In p]"a‘ces where the excessive groundwater is under extraction, groundwater table is
continuously going down (about 1 to 2 m/year) heading toward a ranning out of water, the on-
- going delay action dams project is not the ultimate selection due to its limited magnitude.

Consequently, strong. institutional méasures on the groundwater control are incvitablc to
recover groundwater resources for sustainable basin wise reglonal devc?opment until a gigantic

.+ trans-basins water transfer pmject is realized.

fCo_nventiOnat approach by the Iin_e_ ministries with vertical administeation cmnpletdy lacks

coordination. The institutions with dictatorial @pproach are ot always dccepted by the
cominunitics. An organizational revision and strengthening of coordinating functions at
provincial and basin level will be needed to obtain a comprehensive and pamc;patmy response
from relevant communities.
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Water resources development plan including equity will be studicd based on the evaluation of ©
available résotirces in cach basin, Education and mobitization of communities will be necessary
to compreheiid that the groundwaler resources are scarce and fragile. Through communications
with the government agencies, they will understand the necessity of collaboration on the
establishment of groundwater management program which is cquitable and sustainable. The
established program participated by the communitics will be vital for the enforcement of the
ordinance on waler management.

Water conscrvation iplan for sustainable groundwater use will be elaborated together with
operation of the groundwater recharge scheme taking account of excessive groundwater -
abstraction in the Study Area. To achicve waler conservation strategy given above, monitoring
on the groundwater level and restriction o additional tubewell installation, as well as restriction
of groundwater use by existing tube wells, are expected to be realized by the folowing
institutional reformis.

~2) - Institational refonns

The ebjectives of this Study are to carry out a feasibility study on the in‘igélioh waler resources
" development with delay action dams project, and contribute to improvement of the quality of
life in rural community in Balochistan, To realize this objective, an institutional reforms on the
groundwater managémcm_ are considered in this Study, because the sustainable agriculture in
* Balochistan is surely ‘dependent on the sustainable groundwater résources which will be
: prbmis%:d by the j:lidiciaﬁ operation of groundwaler management. - |

Tt is recommended to establish tésl)ohsible agency (e{ g, IVDA) éimin’g at bropcr surface and
 subsueface water manag‘ehwnt in whole of Balochistan Province. The agéncy is r.csponsib'lc' for
| monitorihg of groundwater shortage, encouragement of water conservation, planiing of

sustainable groundwater use program, legislation of groundwater exploilation, restriction of
. groundwater use, monitoring groundwater quality, coordination of related agencies concerned
-with the groundwater development. Institutionat chart is proposed below which coi_npides: with
" a proposal presented in the Groundwater Re-assessment Project by ADB in 1995, |

The proposed agency of IVDA will esiab]ish:sixb-agem':'ic.s of Valley Dé’vehpmen't Board
(VDB}) in each district chaited by the Depinty Commissioner (héad of district), and the VDBS_
will be résponsible for all basin policy and planning déciSiOn_s, and representatives from all
sections of the community will sit on the Board. The aim of the Boards should be to provide a
¢lean water stipply to all members of the community located within the basin and make
decisions about alternative uses for other water using commercial and public service activitics
as and where appropriate. The IVDA and VDBs should also be responsible for resolving
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conflicts or potential conflicts between the water resource demands of different sectors of the
community. Planning should aim to identify and resolve, any potential conflicts before they
arise. Both inter basin and intra basin conflicts must be identify and resolved, by mutual
agreement between the authoritics, the boards and especially the regional and local
communities. The organization structure is figured as follows:

Monltoring & Evaluation Planning & Development Line Departments

TPlanning and
. Development
Department

Irrigation and Power,

Depariment Resources Development

Integraled Valley |=st— ; Agencles
] b Development . |t 3=/ = PublicHealth™ ]
Bureau of Waler Authority (WDA) |g— gl Engineoring
Resources Provincial level Department
coordination  (Trigation and Power
Department

Balochistan Valley Developmenl [T AgRculias
Environmental © ‘q.___—__.___p Boards (VOB) P 5 Oepartment
Protection Agency ] Valley/district

. ] level Liaisiqn Foresiry
: Department

-

Civif

Administration - T _ - |TTWASA Guella |
' : Development
- Authority, etc.
, Water and Power
NGOs Davelopment
eg BRSP Z Authority

" IVDA:  Coordination devetopment & kmplementation
of valiey development plans

. VCB: Local side of development & implementation -
of vaﬂey developmeant plan

Recommended Integrated Valley Planning and Development Organization

6.9 Environmental Conservation Strategy

' Enviconmental conservation in the Study Area should be based on “Balochistan Conservation
- Strategy (BCS)”. Although BCS has not been announced officially yel (as of December 1996),
BCS Unit organized in the Urban Planning & Development Depariment is planning the

process, institutional arrangement and completing the documents so as (o establish lhc
substantial and realistic strategy.
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The BCS, which based on “National Conscrvation Strategy (NCS)”- published as
environmentat conservation policy and measures on national level in 1992, will be established
on provincial level to achieve the rehabilitation of natural environment and the improvement of
human environment in Balochistan. In the concept paper for BCS prepared by BCS Unit, it is
inclined a basic policy as well as major environmental problems of Baltochistan, urban
environmental problems, potential industrial pollution and legal and institutional issues are
recogiized. Corresponding with the concept, outline of environmental conservation plan in the
Study Arca should be considered as follows: |

1) In order to resolve the water issues of natural environment and to ensure the sustainable
use of groundwater resource, a comprehensive package programme to avid or slow
down the decline of groundwater level should be implemented.

2) In order to improve the vegetation of natural environment and 1o ensure the sustainable
use of fuel and feed resources, a comprehensive rehabilitation package programme to
mitigate or control the degradation of rangeland should be implemented.

3) In order to conserve topogtaphical and geological condition of natural environment and
to ‘improve the social, life and health issues of human environment, watershed
management project such as soil erosion and loss control to reduce ﬂood damages caused
by flush flood should be tackled. ' N

4) In order to protect soil feruhly and water quallty of mtural environment and the health

isstes of human env1ronment educatlon ‘and lralmng programme to introduce the

: appropnalt, use ‘and maintenance of persistent pesticide andfor mtrogen fertilizer should
“be touched by skilled staffs-and farmers. ‘

'5) Inorder io’protect and preserve the total'bio-divérsity'of the fauna and flora, 'h'a!b_i-{al and
ecosystem issues of biotic environment, legal and institutional arrangement to control the
decline in bio-diversity should be considered.

In the concept paper it is stressed that institutional setting for BCS is not through the
“conventional department approach but through lhe consultauon and collaboration of adequatc
inter-sectional or between public and private instititions, NGO's and communities.

Although BCS has not established, some organizations such as international agencies, banks,
donor countries and NGO’s have already pfépar‘cd a conservation project or piogrammd for
Batochistan, consulling NCS. Out of above-mentioned plan, items of number 1 to number 4
have just beén practiced in “Integrated Area Development Programme (IADP)” by Food and
Agriculture Organization (FAO), and number § has been attempkd in “Balochistan Natural
Resources Management Project (BNRMP)” financed by World Bank. These programme and
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project have conltributed to the environmental conservation considerably in the Study Area. As
referred to Section 2.5, JADP comprises five on-going projects which aim at conservation of
natural resources and the improvement of human environment. The programme has been
emphasized the role as comprehiensive package programme mentioned in number 2. BNRMP
includes institutional arrangement telated to environmental conservation and attempts to protect
the bio-diversily including improvement of Hazarganji - Chiltan National Park.

“In this Study it is necessary to establish effective plans in order (o attain improvement of
environniental situation and to avoid negati(wc impacts caused by the construction of dams.
- Detay action dam construction can be recopnized as a component for a comprehensive package
programine mentioned in number 1 of the outline of environmentat conservation plan. Number
3 ceincides with the major objectives of the DAD projects. Above-mentioned items of number
2 and number 4 should be practiced through the proposed Integrated Valley Development
Authority (1VDA) which is new agency recommended as an institutional reforms of the
operation and maintenance plan established in the Study, being involved as environmental
conservation component for the DAD prc}jects Therefore, environmental consérvation
component for the DAD projects established in the study corresponds with the outline of
cnvuonmen{al conservation plan, and contributes environinental conservation in the Study :

Arca.

' As a result of the above consideration, cnv:ronmental conservation plan for the DAD projects
can be summanzed as follows '

l) It is expected that cffectwc groundwatcr ucharge by means of DAD mitigates serious
: dcclmc of groundwater level, Tt implies that groundwater resources availability is
- enhanced. Inorder to ensur¢ the avallabﬂ;ty of water, proposed IVDA should execule

. adcquato water managcmenl and altain lhe sustainable vse of groundwater resource.

2) DAD mitigates and controls serious flood damages. Soil-saving facilities such as
detention bund, check dam and counter trench should be considered in order to reduce
soif loss. This plan is necessaty {or protection of topographical and geological condition

* of natural exvironment and improvement the social life and health issues of human
chvironment, '.

- 3) In order to reduce soil crosion and loss, proposed IVDA shoutd consider comprechensive
rehabilitation programme for the rangeland, fecognizing the approach, progress, results
and work plan of “Integrated Range and Livestock Development Project” executed by
FAO. This plan is important for conservation of the vegelation of natural environment
and establishment of the sustainable use of fuel and feed resources.
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4) In order to reduce the deterioration of soil and water qualily, proposcd IVDA should

strengthen education and training prograinnes to introduce the appropriate use and

maintenance of persistent pesticide and/or nitrogen fertilizer to the concerned staffs and

farmers, referring the approach, progress, results and work plan of “Outreach and

Transfer of Fruit Technology in Balochistan” executed by FAO. This plan is important

for conservation of the vegetation of naniral environment and establishment of the

sustainable use of fuel and feed resources.

5) Proposed IVDA should apprcc:atc the progress, results and work plans of “Balochistan

Natural Résources Management Project” executed by World Bank in order to avoid

negalive impacts of the construction or rehabilitation of DAD against the total bio-

divessity of the fauna and flora, habitat and ecosystem issues of biotic environment.

6.10  Implementation Program for Delay Action Dam Schenies

The Imgallon Department, Balochistan is responsible f for the implementation pmgram of the

de!ay action dams. To properly nnp!cment the program, the followmg arc to be seitled

according to the present constraints during the project implementation.

1y

R

3

4).

3)

6)

‘Effect of the delay action dams is riot accurately cvaluated and technical crltena '

for the dam planning and design is not available.

‘Study on the dams structuge and recharge method is insufficient duc to a enough

shortage of budget. Limited number of the dam conslruction is not to meet
water requirement, and the dam construction is not propcrly achieved in lmc_

* with the specification.

Constmctlon machinery and equlpment owned by the lmgau{m Depaﬂment and'

~ contractor ar¢ insufficient to propetly achieve the conslruction works.

" Because of a lack of the construction engineer, proper construction supervisory

work is not attained during the construction period.

Budget for the operation and maintenance works for the complucd dams is not
enough to erisure the dam opetation. - :

- Monitoring plan regarding geoundwater recharge through the, dam is nat yet -

cstablished, and no effort is made to accumulate data and materials i in lcrms of -
dam plamiing, dcsngnmg and construction method,

In above co‘nst-:aims", 1), 4) and 6) are 'able to be iinprchd referring to the technical guideline

prepared in the Study. For the matter of 6), data accumulated through continuous groundwater

tevel observation in and around typical existing delay action dams should be examined and

reflected in planning, designing and constructing for further delay action dam schemes. These
task should be conducted by the Btzlr'cau'o_f Water Resources. As to 3), it is suggested that the
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Irrigation Department should elaborate the construction plan as well as optimization of the
construction schedule by means of appropriating construction machinery together with technical
and financial assistance of the foreign donors.

As cexplained in paragraph 2.4, most of conslruction machinery possessed by the Frrigation

Departnent has been worn out. In addition, the contractors have insufficient machinery, so

that proper construction can not be performed due fo deterioration of their working capacitics.

With respect to this, it is recommended to procure the construction machinery and equipment
- for carth, transportation, concrete and other temporary works aiming at improving construction

plan-and quality control, etc. The concept on the machinery selection and required nunber is

given below in duc consideration of the experimental construction of the delay action dams, and
- proposal given in PC-1, Reference is also made to the long-term budget allocation prescribed
in the Eighth Five Year Plan (1993-1998) of the Balochistan Governiment.

(Number of machinery and equipment)

Several alternatives in terms of specification and combination of the construction
machinery and equipment are proposed depending on the construction period of
the each dam, especially in the case that multiple dams are simultancously
constructed, :

According to PC-1, amount of Rs. 400 million is cstimated for the proposed 66

~ delay action dams, and amount of Rs. 305 million is allocated for the delay

action dams in the Eighth Five Year Plan. In relation (o the above, 50 dams in

five years; say 10 dams per annum can be constructed from the financial point

of view, Meanwhile average embankment volume is éstimated at 110 thousand

- .m’ a dam, total 550 thousand m’ embankment is completed per annum.

" Specification and combination of the construction machinery and equipment
should be determined with respect (o these assumptions. - '

' (’Speciﬁcat_ioin of machinery and cquipniént)

) ‘River deposits are mostly utilized for the embankment of the fill dams. The
materials are excavated and hauled by the bulldozer to economize construction
cost. When the embankment volume is larger, hauling distance becomes
longer, and consequently material loss during hauling is not negligible.
Furthermore relatively large size of materials are accumulated in the
embanknient. To uniform the embankment materials, dump trucks are proposed

- 1o haul the materials: Dump trucks are available for the material hauling from
- the borrow area located far from the dam site and for those produced from
- spillway excavation, -

- 2) Ficld moisture content of the embankment materials is mostly on the dry side of
the optimum moislure content, so that moisture content shall be adjusted by
~ means of water sprinkling, ete.” Mixing of pervious and impervious materials is
- required for the dams which has impervious zone in the embankment, For these
works, earth moving machinery for material loading and hauting are required.

3)  Tamping roller and vibratory roller are required for the materials of clay and

sand-gravel, respectively. . Contact clay must be constructed on the boundary
between foundation of dam abutments and embankment to mitigate secpage
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4)

3)

6)

7}

through the boundary, thus hand-tamper is used for the compaction of the
contact clay.

Existing road located in the dam and required area should be replaced during the
dam construction. Motor grader is suitable for spreading and surface smoothing
of the pavement and sub-grade of the roads.

Cargo trucks are required for material and ccl(uipment transportation. Truck with
optional crane is also useful for loading works. Mixer truck and dump truck are
required for concrete hauling.

Concrete plant is inevitable for the gravity dam , spillway and stonc masonry
works. Plant capacity is determined in conformity with concrete placing plan.

Water supply facilitics is necessary for moisture adjustment of the earth

-materials, concrete mixing, elc. In the case that the surface waler is not

available, groundwater shall be pumped up by the tubewell, as well.

" Generation facilities are also required for water supply facilities and other

purposed.

Soil Tests for Dam Embankment

Items Tesit Items Objeclives

Physical

Specific gravity Basic data to analyze soil test results

properiies Water content Soil properties (compression, strength) -

Dynarﬁic _ o
propertics | Permeability test - "~ | Permeability to determine compaction criteria

Grain size analysis . | Uniformity coefficient, permeabilily, average grain size
Liquid limit, plastic limit Classification of s0il . o ' '

Compaction test -] Utilization to compaction criteria _
Unconfined compression test | Bearing capacity of dam foundation
Triaxjal compression test Dam stability analysis -

Dircct shearing test .| - divo -
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