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The following terms and expressions are to be understood as defincd.

‘Dam category {Large dam, small dam)
The dams ate categorized in the small dams and large dams corresponding to their height of

lower or higher than 15 mefters in accordance with the criteria of the International Commission
on Large Dams (lCOLD). In relation to-this, the Federal Government of Pakistan has
launched to establish Safety Council for Dams and Reservoirs since 1995, acling as a
coordinating body to examine andor secure dams and reservoirs in whole of the Pakistan.

The following are its applicability of large dam under the Council:

Any large dam, appmt«.nant works:

L. which does or will impound water and which has a height of 50 fect (15 meters) or nmore
from the natural bed of stceam measured at the downstream toe of the dam

2. which has a height between tent (10) and fifteen (1 5) melers prowded it satisfies one of the -
following conditions: o o

2-1 the lenglh of the crest on the dam exceedmg 500 meters (1, 640 1. )
©2-2 the capacaly of the reservoir formed by the dam ‘exceeding one (1) million cubic
meters (400 acre feet), ‘
2.3 the maximum flood discharge dealt with by the dam cxceedmg 2 000 cubic per second |
(700,000 cubic k. per second),
2-4 the dami has known difficult foundation problems,
~- 2-5 the dam is of unusual design, - .
2.6 hydroeleclrlc scheme havmg dam or dlkes slorage of 15 meter helght or more,

Appurtenant_stiuclures: ‘
- Al structures, components and facitities functimately perfaining to the dam, including, but not
limi_tcd to, spillway, outlet works, intakes and conduils, transmission (_:hannel, recharge devicc_s
* in refation (o the dam. '
 Contractor; _ .
The pnvale company, ‘government organization unit rcspomlble for lhe construction of the |
dam andfor rescrvoir as a whole or asa part. ’ ' :
Reservoir; ‘
man-made lake created by construction of a dam body across a river ancl refers to the part for -
storaging river water,
Dam;
. Any barriers, fill or structure that does or may impound water, inclusive of all appurtenant

structures, dam foundation and abutments.
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Delay action dam;
Any barriers, fill or structure that does or may impound water aiming at recharge of the

- groundwater surrounding andfor downstreain of the dam through the dam and reservoir
foundation, and/or recharge devices, e.g. infiltration pond, injection wells or natural river bed,
alluvial fan, as well.

" Dam body, embankment:

Body of dam constructed on the foundation,
Dam foundation:
Ground directly below and around the dam body. “The foundation must have sufficient
: resistivity against outer pressure exerted by the dam body.
- Spillway;
| Outlet works for safely dlschargmg river flow lower than the design flood discharge to ensure
the dam and reservoir safety during the floeding period. '
‘Dam type:
Homogeneous type: More than 80% of the maximuni seclion of the embankiment is composed
_ of homogeneous material. '
Zone type: A fill consisting of an inner or enclosed impervious carth materials
supported by outer zone of relatively pervious materials. Rock fitl dam is
_ categorized into zone lype dam.
- Facing typc: : 'Upslream of the dam is faced with impervious material other than soil.
- Core type: ‘A fill dam provided by core which is composed of impervious materials
' ' '(a-sphall, concrete, etc.) other than soil. .
Concrete dam: - . Concrete dams are structurally  calegorized in concrete gravity dam,
-~ concrete arch dam, concrete buttress dam, and ‘timber dams. ~ This -
: gmdelme is h:mted in scope to con mderallon of the more common type
o of concrete gravity dam.
Fill imalerials; ‘ .
Genetlc term for soil aud rock materials.

Impervious inaterials:

Generic term for {ill material where hydraulic conductivity after compaction is lower than
1x1 0's cmlsec '

Semi-i II'IIDCI’VIOU‘% malenals

Generic term for fill matenal v.herc hydrautic conductivity after compacnon is bet\\\,en (hose
-of pérvious and impervious matenals.

Pervious materials;
" Generic term for fill material where hydraulic conductivity after ‘compaction is' higher than
1x10° cnv/sec.

Height of dam top;

The uppermost surface of the crest of the dam body. Although thickness of protection layer
above the impervious layer is included in the height, hand rail, parapet walt and the part of the
dam crest used as a road are not included.



Height of nonoverflow section;
The uppermost surface of the impervious zone excluding thickness of protection layer.

Height of dam:

Vertical distance from the foundation ground surface to the height of dam top. The
foundation ground means the deepest patt of the foundation crossed by a cut-off wall.  When
the bottom width of the cut-off wall is larger than 10m, the same means the deepest boltom
" surface. In case of the dam without cut-off wall, the dam height accounts for the longest
vertical distance from the upstream end of the dam crest to' the foundation” ground.
‘Design flood discharge:
Discharge used for calculation of the design flood level and determination of flow capacily of

the spillway.
Reservoir water tevel:
Design flood level: Maximum water level directly upsteeam of the nonoverflow section of

the dam when design flood discharge flows through the dam spillway. In case
of the dams with large storage effect {routing} the water depth attributable to
o the said routing effect can be deducted. |
Tull water level:  Maximum water level directly upsiream of the nonoverflow section durihg
non-flood periods. ‘ '
Low water level: The lowest water level to be stored effectwdy in the reservoir in accordance:
wilh dead storage and/or sediment volume. '
Storage _ggpacu _ _
Total storage capacity: Thc storage between the river bed and the normal full water level,
Effective storage capacity: - The storage bel“ een the fow water level and the full water level.
"Flood control storage: ~ The storage reqmred for temporary stormg of flood discharge for the
s purpose of flood contro! - Capacily cf flood rouung is exclusive -
from flood conlro} storage. - :
Seepage line:
Condition of scepage flow in the dam body is mamly gmemed by permeab:hty and the
hydraulic gradient, and is generally flow with free water surface. This free water surface is
referted 1o as the seepage line. ' o
Quanlity_of seepage:
The leakage from the dam embankmenl I'ound1t10n and’ ongmal ground at the side banks of
the river. ' .
Rapid drawdown; ‘ : .
Rapid drawdown of the water level impliés the situation where internal water level of the.

embankment does not decrease together with drawn of the reservoir water level.

Liguefaction:
If shear strength of soils of the dams or lheir foundation ground is lost by excess pore:
pressure developed by an earthquake, the soil is said to have been liguefied.



The cxcavalion at the foundation of the impervious portion of the daim body is réferred to as
the cut-off trench.

Weak foundation:
Weak foundation is defined as that of an N-value of the standard peneiration test of less than

20, and is composed of clay, silt or organic materials,
Quilet works for_rescrvoir lével control:
Ontlet works are installed to evacuate reservoir storage for inspection and repair of the dam

embankmenl or other facilities.

Intake facilities;
Intake facilities perform release of the storage water for groundwater recharge purpose, and
also for the irrigation or other purposes.

- Temporary dnversmn works:

Te mporary diversion works are to be desngned in order to divert flows at the dam sites during
the construction period.

Foundation treatment;
Foundation treatment shall be conducted using the proper method in order to achieve the

required design objectives. Installation of cut-off trench is generally applled for the delay
action damns, besides using groutmg

‘Diverted material:
Diverted material is that of excavated in the consiriction of the damn body, spillway, and
appurtenant structures, and uuhzed for the dam embankment and other filling maienals

nking faclor;
This is a variation rate for the earth volume between the natural condition (in natural ground), .

loose condition after excavation and compacted condition.



PLANNING AND DESIGN GUIDELINE FOR DELAY ACTION DAMS
I PLANNING CONCEPT
| ] Study en Recharge Potentiality of Delay Action Dams

1-1  Hydro-geological Potentiality

' Delay action dam contributes for the groundwater techarge through the dam and reservoir
foundation together with that through river bed downstream of the dam embankment.  Perincability
of the foundation and river deposits shall be ensured to practically estimate the recharge effect.

Seepage discharges through dam and reservoir foundation on various permeability and foundation
depth corresponding to the field survey result are illustrated below. Reading of discharge per meter
of the embankment, the total seepage flow can be calculated by multiplying the bottom length of the

dam embankment.

‘Resulting .from this seepage discharge, sufficient seepage through dam foundation is not'ekpecte’d in
the case that the hydraulic conduclivity of the foundation is léss than 1.00x10"3 cmkec. On
conlrary to this, it is prove'd that the maximum velocity .of the foundation flow increases 1.0x1073 to
2.6x10-3 embkec when hydraulic conductivity is 1.00x 10-2 cmkec, thus it is accompanied with piping

at where unconsolidated particles being accumulated.
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According to the field survey, particles accumuliated in the river beds and alluvial fans arc mostly
classified into well-graded gravel or silty gravel, and hydraulic conductivily ranges from 2x10-4 1o
2x10-3 cmhec due to a few conlent of silt.  On the other hand, transmissibility of the river bed and

alluvial fans ranges 10 to 200 m?'!day, accordingly, high permeability can be expected. In this
regard, hydro-geological survey on the permeability factors of hydraulic conductivity and
transmissibility of the river bed and alluvial fans shall be conducted to ensure the groundwater

recharge effect by the dam constriction during the dam planning and design.

1.2 Meteoré-hydrological Potentiality

Annual run-off coefficient of 5 to 10 % is expected in the Pishin Lora basin referring to the run-off
records observed at Chapper Lift siation. Run-off coefficient varies by scason, lower value ranging

“from 5 to 8 % is observed duriﬁg winter and higher value of 10 to 15 % in summer due lo
¢haraclérislic fainfall pattern in the Study area. Rainfall distribution in different basin in the Pishin
Lora basin is listed below:

Basin : Annual rainfall Relation with rainfall

| | gmevyeary  } in Quetia
Pishin Sub-Basin ' 238.5 1.04
Kuchlagh Sub-Basin 208.3 F 091
Quelta Sub-Basin ' - 230.1 1,00
Kolpur Sub-Basin 11866 0.85
Patki Shah Nawaz Sub- Basm 162.3 o 0.
Shitinab Sub-Basin © 1623 SR (A
Mastung Sub-Basin .~ - 1561 ©0.66
Mangochar Sub-Basin 1 1369 - 0.59
Sardar Sub-Basin . SIsLE 0.66
Kalat Sub-Basin . : 190.8 - 0.83
KopotoSub-Basin | 1908 083 .

Effective run-off of 10 % and annual rainfall distribution listed above shall be carefully examined to
estimate the rechargc'capécily through dam foundation.  In general, the dam site located at hilly
area and beneficial dreas ocated at flat area has topographically certain distance, thus, run-off from
smatler catchment area does not sufficiently contribute to groundwater recharge at the beneficial
areas due to water transmission losses such as evaporation from shallow layers and dispersion ‘of
' secpagc flow under the ground between the dam site and beneficial areas. (see Case-1,2).
Accordmgly, dam site which has larger catchment area shall be prsormzed In addition, the project
s implemented’ giving a priority to higher benefited project, in general In this connection, dam
- project with smaller catchment area is not proceeded if the benefit area is located far from the dam
site.
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In the case that the dam is located close to the beneficial areas (Case-3), obvious disadvantage for
groundwater recharge corresponding to the arca of each dam catchment is not observed because of a
few water losses along the short aquifer. - However, the dam construction cost per one (1) s:torage
capacity is graduvally increased if reservoir capacily becomes smaller because of low efficiency of
storage capacily at lower elevation compared with dam height, as well as uniformed initial
canstruction cost and indirect cost for the dam construction. - In this regard, dam project with smaller
catchment area shall be abandoned takmg these topographlcal and budgelary effectivencss mto :

account. (sec Flg 2)

Fig. 3 explains relation between water availability corresponding. to’ the catchment area and unit
“recharge cost estimated based on dam construction cost and storage capacity, i.c. recharge volune.
-Three (3) casés depending upon the charactenshcs of ‘the anpual ramfall amount in dnfferent

locations are indicated in the figure. It is concluded that:

1) increase ratio for 1.0 m3 water ‘recharge cost is gradually déclined when a larger
catchment area is attained. '

2) assuming that the dam catchment arca is the same, the water availability is varied in
telation to the annual rainfall amount, so that the appropria!e'catchnicnl area is estimated

in cerlain deviation according to the dam site location. .
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As described above, the economical viability on dam site selection regarding hydrological potential is
carefully examined during project planning. '

~1-3 ~ Effective Storage Capacily

The largest storage capacily estimated in the following three cases is applied for effective slorage
capacity of respective dam.

1. Simulation of effective storage capacity

Consi;iéting,t_he iné_ufficignt of the meteorological and hydrologicat data in the Study ‘area, an
- effective storage capacily is eslimated with the following assumptions:

(n - ‘Simu'IatiQn of storage capacity on monthly basis

" Effective storage capacily is estimated by an accumulated batance of between run-off and release
water, i.e. outflow through conduits for ground water recharge. Water balance is calculated for
consecutive several years based on the ran-off discharge from the catchnient and expected recharge

“capacity. Séepage flow through the dam and reservoir foundation is eliminated from the balance
calculation because of ils reductive amount due to siltation accumulated in the reservoir during
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several years after the dam completion.

Monthly precipitalion data are available instead of daily precipitation. Run-off coefficient of 10 %,
and recharge capacitics of 2,500, 5000, 7,500, 10,000 m’day are predicted for the balance
calcutation. A series of the recharge capacities are applied for the simulation taking account of the
expected recharge capacity of the recharge device, e.g. infillration pond, etc. corresponding to its
permeability.

(2) Simuia’tion of storage capacity on daily basis (Flood protection) -

Delay action dam also cotributes to flood protection along with routing in the reservoir. Thus, it is
recommended to determine the storage capacil.y' corresponding to flood mitigation capacity.
Statistical daily precipitation data are available to estimate the required storage capacity. Daily -
precipitation of five (5) year return period is applied to estimate storage capacily conéidering '

magnitude of flood damages.

Run-off coefficient is susceptible to water coht_ent, land scape, ete. Exposed rock, thin soils are
~ conductive to run-off. On contrary to lhis,deep‘dry soils and pérvious gravels are ndl conductive to
run-off in lowland. Fucthennore, intense precipitation may cause run-off by exce'eding the
infiltration capacity of the soils, It is assumed that the coefficient rangés from 20 to 25 % during
'intensive precipitation referring to the high run-off coefficient of 60 % which was equivalent fo a '
depth of 3.63 inches observed at the Hub dam site {catchment area: 3,8875 sq. miles) in August 1984
and annual average run-off of 10 to 12 % in the summer season in the Study area. Storage capacity |
is provided as same amount of total run-off during 24 hours precipitation.

(3) ' Storage capacity of 3 months run-off

River flow during fload is turbid with suspended matetials consisting of silt and clay. Resulting
from the inflow of these materials, reduction of the seepage capacily of the infiltration pond is
observed due to clogging of the porous su‘rface'by fine materials. To prevent'inﬂo'w of these lurbid
materials into infiltcation pond, release of storaged water be refrained for certain peried. On the
other hand, il_isﬁ not recommended to release turbid water without proper reservoir operalidn through-

the year,

~ Annual distribution of precipitation is around 70 % during winter season from December to March. :
Precipitation in the beginning of the winter doés not contribute for rUn-off for (he reason that it is

consumed (o rise moisture content of the ground.  In this connection, run-off for three months from
January to March is stored in the reservoir. R : :

Flow chart of the storage capacity simulation is illustrated in Fig. 4. Simulation results on above
three cases are explained in Fig. 5,and details on monthly basis simulation (case 1) are presented in
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Fig. 6 in accordance with the several combinations of catchment areas and recharge capacities,
These simulations were made applying the precipitation data observed at Quetta. ~ In this connection,
it is nccéssary to consider the locality of precipitation intensity.  Fig. 7 gives average annual
precipitation (case 1), daily rainfall intensily in the five {5} -year return period (case 2) and average
three monthly precipitation {case 3} in Pishin Lora Basin and whole of the Batochistan.
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2. Dam Site Selection on Tope-Geological Aspéct

Dani foundation shall be posséss required strenglh and be sufficiently safe againsl sliding failute or
seepage failure. It is mostly important to investigate strength of the foundation against toad and
seepage, and to examine fill materials such a shearing strength during the planning and design stage,
especially for a gravily dam.

In the topographical point of view, a wide valley with gentle longitudinal gradient is preferable for
the reservoir, while a narrower valley is preferable for the dam conslruction o economize dam
constriction cosl. llowe\'éﬁ wider crest length is also required to cffectively, promptly recharge
storaged water into the ground. [t is also recommended to secure longer crest length to mitigate
reduction of the seepage ability caused by accumulation of the sediment upstceam of the dam
embankment, as explained in the following paragaph, increase of the sediment depth extremely
reduce the scepage ability of the reservoir foundation. - In this connection, appropriate dam planning
~ taking account of minimization of the construction and maximization of the groundwater recharge is
" requiced during dam site selection.

3, Other Constraints for Dam Planning

3-1 S'edimem

As described in Planning and Design Guide Line for Delay Action Dams, the specified sediment }
volume rallge'slSDO to 2,100 m3}kmz&ear according o the survey records in the Study "area.
 Hydraulic conductivity of sediment is-expected around 1.0x10°5 to iOxlD"‘ cmkec because it
mostly consists of fine sand and silt, and is graduaily consohdated by weight itself. Inflow of
sedlmenl into the reservoir occurs during flood, that it is not pracucable to remove sedimun parltclec
_ Excessive accuniulation of the sediment in the Teservoir induces overflow of lhe flood, and resultmg
dam collapse. ' ' '

Accordingly, it is recommended:

1} to install conduits through dam' foundation in order to omﬂow storaged water for :
ﬁcceleraung gronndwater recharge through river bed, '
2) to secure flood discharge capacily of {he spillway, and

3) to allocate sediment volume in total storage volume of the teservoir.

3-2  Salinity Contamination

" Recharge of high salinity water is resiricted. Provided the surface water is contaminated with saline,
concentralion and scasonal fluctuation, permissible concentration for irrigation and domestic use

M- 27



shall be examined. Salinity concentration in the reservoir is gradually increased by evaporation, that
proper gate operation scheine is established to mitigate concentration of sahnity in the reservoir.

3.3 Flood Irrigation

Prior to the project implementation, investigation of the existing flood irrigation shall be conducted.
The investigation mcludcs topographic survey cmermg whole flood irrigation areas, flood irrigation
method and Q&M acuvmcs, household survey of beneficiaries, agricultural productivity, cropping
paltern, ete. Pubhc consultation sum,y is also established to mutually rccogmzc the project scheme
and obstructive issues by the project implementation.

Direct transmission of the water to the beneficiaries by open channel or conduits is available on
condition that the regulation régarding water wtilization and water distribution is observed.

-4, Evaluation of DAD Scheme

4-1 - Bconomic Evaluation

The economic feasibility of the 'p'ropbsed DAD scheme shall be examined.  The purposes of the
economlc evaluatlon ate to concrete the pI‘OpOSLd plan’ and then to put it into hnplementation. The
common’ mdlcalora. of the project evaluation, such as Net Present Value (NPV), Benefit Cost Ratio -
: _ '(BiC) and Internal R:_zte of Return (JRRY), are calculated on cash flow of the costs and benefits of the

~scheme far the projeci life. The project cost is coﬁ’mpo:cd of the construction cost and O&M cost on
the proposed DAD scheme: ' The financial cost excludmg teansfer costs is multiplied by Standard
Com ersion Factor (SCI*) to converl into the econonuc cosl.

The anticipated benefits on gwundwatcr recharge by the DAD scheme are increments in ecoromic
value under with project 4_:onclitioh compared to under without project condition. The groundwates
exbloilalion potential under without project condition is assumed to decrease at optimum leve! in
water balance.. Under with project condition, the total volume' of nataral and attificial groundwater
recharge can be used for'irrigatioh and domestic purposes. ‘The waler penetraled at the dan site will
certainly teach the specifiéd beneficial area and be used there at present use level at the maximum.
The some portion’ of the recharged water conserves groundwaler resources in the basin. The value
of this unspecified groundwaler rechargn is evaluated using unit water value equwalem to minimum
artificial recharge cost in the basin.

The dams have additional functions of flood control. The mitigation of flood damage is evaluated
by the expected annual flood damage calculated with former flood damages and probability of
rainfall.



4-2  Social Soundaess

The development plan should be formulated in consideration of participation and coaperation of
beneficial people and communitics. In the planning stage of the DAD scheme, it is preferable to
inform the draft plan and make interview to the anticipated beneficiaries. The final DAD plan
should be socially sound and acceptable so that the scheme may go successfully and endaringly.

4-3  Environmental Consideration

The delay action dams, in itself, provide positive impact on the physical environment duc to
groundwaler conservation.  If any negative environmenfal impacis arve . predicted in the
environmental impact assessmerit on the DAD scheme, the original plan should be medified to

minimize such impacts.



1. TECHNICAL GUIDE LINE FOR DAM DESIGN, CONSTRUCTION, AND O&M
A Dam Planning

1. Project Purpose

Delay action dams are proposed to store the river run-off aiming al acceleration of groundwater
recharge. Furthermore, flood mitigation is expected due to routing of the flood in the reservoir.

2, Allocation of Reservoir Storage Capacity
Reservoir storage capacily is calculated with following equation:

Reseivair storage = Effective storage + Dead water storage {Sediment volume)

Flood control volume is not allocated in the slorage capacity. Effective storage capacity is estimated
on the basis of the water balance calculélion which is obtained wilth various d.isc_harge of inflowinto:
the reservoir and water rélease composed of evapor'ati6n from the water surface of the reservoir and
outflow correSpéndin'g to the recharge capacity through the dam foundation and through recharge
device located at the downstream of the dam or natural river bed. ' '

Rescrvoir storage capacity is determined to provide appropriate benefits according to the cost and
benefit relation, i.e. the dam construction cost including Q&M cost and agricultural, social benefits.

3. Survey Pkan o

Survey plan consists of the survey for the proposed dam and reservoir, sediment control dam (check
dam, retention bund), watershed management and existing dam, as required.

3-1  Investigalion plan

The investigation for project planning is carried oul to collect necessary data for evalﬁaling‘lhe
| possibility of the dam construction and selection of the proposed dam site, including sediment
“control dam planning and watershed management planning. In addi!ion; investigation for the
- existing dam located in the same catchment arca is carcied oul to collect the necessary data, e.g. flood
analysis, scdimcnlalidn, fccharge condition as well.,



3-2  Investigation Items

(D Investigation items for planning

a) Actoal state of the existing dams in the project area

b) Actual state of the flow regime

c) Development potential of new dams

i) Present state of water use for agricuhtural and other social sector {Present condition of

water shortage)

T oe) Long term prospect of water demand

(2)  Investigation items for design

a} Meteorology, hydrology (temperature, cainfall and run-off, etc.)
b)  Rivercondition

¢)  Topography, geology

d) Eimbankment materials

¢)  Others {(earthquake)

' (3) Investigation items for construction

'a) ' Mctéorology, hydrology {temperature, rain days and run-off)

- b) Distribution of the embankment materials
c)  Labor procurement
d) - General social factors

e} - Land acquisition

£y Accessibility to the site

{4 Investigation items for O&M

2 Meteorology, hydrology
b) River conditions |
c) Water use managenent of existing damé
d)  O&M system of existing dam

(5)  Iavestigation items for compensation
a) Condition of habitation and for improving the living conditions of the surrounding

arca of the dam



©(6)

3.3

b)

Housing land, farmland in the submerged arca

Investigation items for enviconment

Living environment:

2)
b)
<)

Quality and quantity of river water
Present water utilization downstream of the proposed dam site

Groundwater level around the proposed dam site

Natural environment:

a) Land slide and slope failure (disastei prevention measures)

b) Sediment inflow al-ld deposits, river channel evolution

c) Tewrestrial plants, vegetation

Landscape:

a) Meteorological conditions

b) Topography, geology .

) " Basic conditions for afforestation (technical aspects of afforestation) -
d) Adaptability of plants to be introduced for afforestation

“Data Analysis

| (1) . Meteoro-hydrological data =

_Requireddatza . . | Remarks

__Purpose ‘
Design flood and | i} Annual maximurm hourly rainfall | Bxcept excessively short duration
diversion work _ ¢ | rainfall

ii) Annual maxinmim 24-hour rainfall Run-off is analyzed with hydrograph

Estimation of i) Daily ra.infali. daily mean discharge  [If only short period of daily rainfall’
long term -
discharge

Pan evaporation data : - lrecord is available at dansite, all -
- ' © ' lavaitable daily rainfall datain
* ladjacent areas are collected.

ii) Monthly rainfall, monthly discharge

Estimation of : | Anniial dominant wind direction and yearly {Data from adjacent areas is sufficient.
wave height :

wind velocity

Lstimation of | Number of days with less than spocified  [Data from adjacent areas is sufficient,
workable days | rainfall and daily mean temperature '
for conslruction :




(2)  River conditions

Investigation ilems include discharge, water quality, river bed condition. These data are available for
the study of sediment volume, back water and sediment upstream of the reservoir, maintenance of
normal river function, such as water quality, discharge, etc.  Major causes of water pollution consist
of:

a) turbid water brought by flood
b) domestic sewage
¢) mining waste water, and

d} cuirophication of the reservoir

Investigation on the river bed condition includes preparation of eiver longitudinal profile and cross

sectional maps, and river bed materials study.

3) Topography

" Topographic investigalions are important to determine storage capacily and maib structure of the
dam, reservoir, and also grasp problematic points regarding the dam foundation to secure the dam
safely.

i - Topographic invéstigation . 1 " Classification of land form
Topo- m’ip for river basm S Clasqﬁcaug_ of land formy _ .
. | Area coverage includes oveérall river basin for ¢ach proposed '
"Area cov erage mcludes proposed dam dasn site with indication of problemali_c tocations,
' sites, Teservoir areas (preferably : :
‘covers enlire river basin) - - " | Area coverage includes proposed dam site, storage, borrow
o ~ } aréaand its surroundmgs -

| Topo-map for dam site : _
{counter interval of 1-2 m, mapped Geologic investigation

on the ground suivey) - | As arvesult of land form cla551ﬁcat10n, if proposed Jdam site
. : is unsuitable for construction because of geologically _
Longitudinal leveling for damsite . | unfavorable conditions such as collapse, landslide and active
Cross leveling for dam site fautt, it shall be abandoned.

Topo-map for reservoir base .
In the case excavation of foundation or special treatment is
Topo-map for borrow area | considered as safe and more economicat than changing thc .
dam site, detailed geological survey shall be camied out,
Topo-map for related structures
{spillway, intake facilities, eic.)




4} Geological investigation

"""""" T Preliminary stody | Detaited study “Remarks
Purpose Dar site selection - | Collection of geological data " | Subsucface survey
) . required for detailed design and cost | to investigate the
Study of load resistance estimates recharge capabilily
not only dam site
Study of availability of materials | Final selection of botrow area, but downstream of
estimate of available quantity of the dam are
_ . materials required.
Dam site Geologicat map .| Subsueface geology (Dnlhng) Atlcast one
deilling test is
Surface geology (Study on " I Foundation test (Deformation and required to sur:vey
topography, leatigraphy, stiscture, - | shearing test) the depth of the
hydrogeology) - " | foundation,
' : § Sampling test (Geophysical .| permeability of
Subsurface geology (Hydrogeological | constant and unconfined foundation.
map, seismic prospecting) - | compression strength)
Foundation test (Deformation, | (Resulyy
shearing test} . Completion of geological map and
' profile '
{Result) .
Elaboration of geologic map and Base rock surface contour map, slice
profile, permeability, and foundation geotogu‘aI map, rock classification
) _excavation line : ‘| profite, permeable profile) . .
Borrow area | Surface geology (Type of malenals Surface geology .| Improvement of
- | and dtslnbu!mn) . textures of soil
‘ o Subsurface geology materials
Subsurrace geology ' LAl malerials (Drilling)
: Estimate of
(Resd!t) ' © 1 Borrow site (Available quanmy shal! construction ‘cost’
Elaboration of bocrow site geologic | be estimated) '
map with description of matecial * -
classification and quantity =~ o Resul) _ ‘
' ' - .1 | Geological map, geotogical
e - : o longitudinal and cross section map
Around ) Analysis of seepage ' _ ' Anélysis of séepage (If seepage | Ground water
reservoir toward unsuitable direction, . | observation is
Suitability of natural ground -] countermeasures shall be laken.) carried out,
Stability of natural ground
for unsiable area, detailed gco!oglc
survey are required.

‘4, | Dam Site and Dam Type

4-1 ' Dam Site |
An appropriate dam site shall be selected considering followings:

1) Dam site should be close to the beneficial area to effectively elevate the groundwalter level
at the heneficial area.



2) The project must be integrated with other related project. In the case that several dams
are proposed in a river basin, the dam sites shall be proposed in due consideration of total

recharge ability, dam life corresponding to sedimentation, and cost economization as well.

3) A wide valley with gentle longitudinal gradient is preferable for a reservoir site, while a
narrow valley - is preferable for a dam site in the economical point of view. While the
dam is constructed aiming at the groundwater recharge through dam foundation and
river bed, wider dam foundation is considerably effective to accelerate groundwater
recharge. In the case that the sufficient lengih of the dam foundation is not obtained
according to the economization of the coristruction cost as well as technical consideration

for the dam safety, recharge device such as intake conduits shall be installed.

4) Regarding dam construction, existence of embankment materials, accessibility to the dam

and borrow site are also important to select the dam site.

4-2 ° Dam Type :

Dam- type is determined through detailed study regarding the topographic, geological and
- meteorological condition, availabilily: of construction materials, as well as dam height, length and
construction’ pg'riod. Fill type dar is preferable for poor foundation comparing gravily “dam
because of _ilssmaller' stress on the foundation. While when the construction cost of the spillway
occupies the most of the cbnstruciion_' cos, economicai comparison shall be achieved for the dam
_type selection. ' | ' L

(1) Gravity dam

Concrete dam is mainly categorized in gravily dam, arch dam, hollow dam and so on. - In these types, '
gravity dam has high reliability against flood flow and earthquake. Furtherinore, gravity dam
constrirction tends to be easy in the aspects of concrete works and construction control compared to

‘other types.

(2) Fill dam

In the case of a dam of lower height, the homogeneous type= is advantageous in its si'mple'r
construction work. The types of fiil dam other than the homogeneous type, are generally selected
for the dams higher than 25 m for the reasons such as shearing strength of the materials, effect of
pore pressure, etc. Zone type fill dam is widely adopted for a higher dam duc to more prompt
dissipationt of pore pressure by means of the impervious zone and use of the materials of higher
shearing strength,



5. Design Flood Discharge

Regarding design flood discharge, it is proposed that the design fliood of 100 year discharge is
considered for a gravity dam and 6l type dam.

Design flood discharge is given in the following equation:

Qp=3.09 x A x P(T, a24) x PR x T¢'0.8

where  Qp: flood peak (cusecs)

A catchmient arca (square miles)

P(T, a24):  rainfall depth of retumn period T years and duration 24 hours (inches)
© P(T, a24)=P(T, p24) x ARF
- (T, p2'4'):_24 hours poinl rainfall depih of return period T years

{inches)
‘ ARF (ateal reduction factor )
- PR: - percent runoff (following table)
Te: time of concentration (hours)
Te=(11.9 x 1.350.385
* L: catchment length (miles)
H: clevation difference _of catchment (feet)
"+ (height of top catchment - height of interest point)
" Percentage Runoff
Description* (ecturnperiod) - 2 5 10 30 S0 100 200 s00 1000
Hills: : _ _
ractured sandstone ' 'S0 's3 55 . 60 62 65 67 70 75
- and shale . N '
- fractured limesione © O '55 58 60 -85 67 70 72 75 30
non-fractured rock. 65 68 70 BN ‘80 0 82 - 85 90
- Altuvial fan/picdmont 25 28 30 35 37 40 42 45 50
- Lowland/valley floors 0 0 0 ) 5 10 12 15 20
~ Dense vegetationfoult -5 for any return pesiod
Dense forest -10 for any return period

Notes: Percenlage runoff shall be caleelated by weighting the tomgraphlc percentage runoffs according to their
proporlional areas as shown below;




6. Sediment Voleme

Sediment is to be estimated for a period of 30 years. Natute of the sedimentation depends oni such
fundamental elements as meteorology, topography and geology of the catchment area, scale,
frequency and duration of flood, and grading of sand, gravel.

The following ate also referred to the estimates of the sedimentation of the dam reservoir, based on
sedimentation observation records adjacent to the Study Area.

Obsecvation Records of Sedimentation -

River name Observation Catchment  Annual  Suspended sediment Bodload  Sediment - Sediment

point aca  rainfall " load volume!) 2) 3)
(km?)  (mm) (million tons) (toa/km?) (tonfkm?) (tonikm?) (m¥kmd)
Khost Chappas Rift  1,321.0 254 0.41 310 341 256 242
Khost Chappar Rift 25.6 : 511
Beiji Ghatti Bridge  9,609.0 323 4.5 _ 469 516 387 366
Pishin Lora Burj Aziz Khaa 7,601.0 220 3.05 400 440 330 313
Average - - - 3w _

" Notes: 1) Bod Imd is equwalcnl to 10 % of susp:nded sedimentation load,
2): Sedimentation of dam is calculated in accordance with ils rap efﬁcuncy id the reservoir of 75 %.

3): Unit weight of sediment of 1.56 ton/m?3 is applied.

~ 4): Data of Khost (Chapper Rift, A=25. 6km2) is cited from the Research Study on Survey and E\raluahon of
Delay Action Dams in Bslochistan, Pakistan Council of Research in Water Resources.
Sedimentation of dam is caleulated in accordance with its teap efficiency in the teservoir of 100 % -

Unit weight of sediment of 1.040 ton/m3 is applied.

Resulling froni the above, sedimentation volume of the reservoir is estimated. at 390 to 510

Jn31k|112/year (450 m3ﬁ<m2b-ear in average) assummg that thc bed load volumeis 15 % equivalent to-
those of suspended sediment load and trap efficiency of 100 % is applied because all flood run-off
be storaged in the reservoir during the reservoir being empty before flood. s

On the othcr hand the’ followmg were thc scdlment volume in the existing delay acuon dams of
Murgi Kotal, Kach, Wali Dad, and Wali Tangi storage dam. Resullmg from the field sune}' design

specific sedimentation volume of 700 to 2000 m3km2Aear be applied during the dam planning for
the rehabilitation of those dams. It is also concluded the’ less sediment flow was expected in the
catchment area of the Wali Dad dam because of its low sediment productivity due to massive rock-
tibbed configuration in the catchment area. | ' :



Survey of Sedimentation

Dam name Catchment Sedim.ent Trap effici-. Duration Specific sediment .
areatkm®)  volume (m’) ency (%) lime (years) (m/km?fyear)
Murgi Kotal dam 19.65 124,400 45 8 1,766
Kach dam 56.50 494,000 - 4 2,190
Wali Tangi dam -18.13 - - - 723
Wali Dad dam 535 12500 80 10 292

- Source: JICA Study Team .
Notes:  Trap efficiency was estimated according to average C/1 ratio of each reservoir (Sedimentation, Design of
Small Pams)

Data of Wali Tangi dam is cited from Feas'ibﬁily'Smdy for Flood Protection of Hanna_—Urak Valley
Data of Kach dam is cited from Prefeasibility Study for Rehabilitation of Kach Dam, 1987

Resulting from the above, design sedimentation volume is estimated considering the annual rainfall, -
river slope, and aclual field reconnaissance.

" Quictta valley Noithern Quetta Valley | Pishin, Qita Abduliah | Mastung, Kalat

700 m3fkm21yeaf 1,200-2,100 m3fkm2.fycar 700 m3lkm21yeax 500 m3lkm21)'ca::
Remarks: Sediment volome in table is adopied in the case that actual sediment survey is not conducted.
The table above is net applied for the dams situated in Boslan Formation.
In the case that the catchment area is composed of outcrops of hard rock, specific sediment volume of
300 m3fkﬁ1zlyear is applied at minimum. '




7. Soil Materials

Test Items on Fill Type Dam Materials

Materials Tmpervious Semi Pervious Remarks
Test Hems materials | impervious | materials
. | _malerials e
Test for Specific gravity of A A A Grain size of less than 4.76mm
physical soil padticles (Saniple composed of fine
properlies grained soil is arranged in non-dey
Field water content A A A candition for {esling)
Grain size analysls A A A
Liquid fimit A A B
Plastic limit A B B
Organic matter B B -
content
Field density B B B
'[_‘est for Compaction test’ A A A When non-standard mold is used,
dynamic ' allowablé max. grain size is less
properties than 15 of inner mold diameter. -
Inner diameter of mold for
Cone index B - - compaction is more than 10cm
Permeabilily test A A B
Consolidation test A B B Compression index is determined.
Shearing test A A A | When Md<10, dmax<=Md/i0 -
‘ ] : : o : | When Md>=10, dmax<=Md/10-5 -
Fine grained test B B 8 : | Md:mold diameter -~
dmax: allowable max grain size

-"Notes: A:to beimplemented

" B:to be implemented if necessary
Source: Filt Dam {Ministry of Agriculture, Forestry and Fisheries, Japan)



B. Dam Design

1. Scismic Ceeflicient

Seismic coefficient is determined in accordance with statistical analysis of the earthquakes occurred

" in and around the project area, and is defined maximum earthquake probably occurs within 100 year
in the future. Seismic coefficient is estimated respectively, e.g. dam type (gravity dam, cock fill type
dam, carth dam) and foundations (rock, unconsolidated rock, sand-gravel, soil, etc.). Regarding
dain type, proportion of safety allowance of 1.2 is defined for homogencous earth typc dam based
on those of 1.0 for gravity dam and zone type {ill dam. In respect to the foundalion,pro;yorlioh of
safety allowance of 1.2 is-defined for unconsolidated rock foundation, 1.4 for sand-gravel, soil
foundation based on that of 1.0 for consolidated rock foundation.

Based on the earthquake records observed around Quetls, earthquake coefficient of (.44 is given
when magnitude is 7.5, assuming the hypoceatral distance of 50 km in horizontal and 30 km in
depth of focus. Besides, Barthquake coefficient of 0.11 is given when magnitude is 7.0. It is
recommended that the earthquake ct}efficicht of 0.44 be applicd for the dam stability analysis o
miligate seismic risk for further 100 years. On the other hand, it is also suggested to reduce the,
coefficient for the analysié for the reasons that the project life of the delay action dams is 30 years,.
- and damages incurred by dam collapse is less expected thin those of storage dams because the
reservolr is ordinarily empty. . |

Isoseismals of Pakistan is ithusteated in Fig. 8 on Modified Mercalli scale of intensity. The following
- gives refation between Modified Mercalli scale of intensity and gravity facter.



Modified Mercalli scale of intensity and gravity factor

Maodilied Mercalli scale of - Gravity factlor
intensity (zal)
Ty © lessthan 1.0

2 1.0- 21

3 2E- 50

4 50-100°

5 ©100-21.0

6 21.0 - 44.0

7 44.0 - 94.0

8 94.0 - 202.0

9 202.0 - 4320
10 larger than 432.0
i - not defined
2 not defined

Source: The Mcteorological Agency, Japan

During dam stability analysis, the following: seismic cocffrcncnt shall be given for the minimum
‘although isoseismic distribution is varied depending on the area. Furthermor-.,, larger seismic
- coefficient shall be rightly applied on the basis of lhe area map as shov.n in P;g 8,in the case that lhe
‘dam is constructed on lhe week foundation. '

- Damiype ' " Seismic coefficient
Gravxly dam . - Q.20
Fill dam - | Homogeneous type 024
| Others (Zone type) : 0.20

Note: 50% of the above coefficicat is applied for the dun sliding calcutation case of full
water suiface of the reservoir dJe to low pmba‘o:luy of occutience of eanhqu&ke
duting full water surface.



Modified Meccalil scale of | Gravity facior fgal)
Intensity
wssthan 10
2 1.0_- 21
K 2t-50
4 50-130
s 100-210
"8 210440
? 440-940
8 &d40-2020
9 2020-4%20
10 la:gesthan ¢32 ¢
1 N defines
12 hot Gefined

source: Tha Meteoralogical Agency, Japan

Isoseismals of Pakistan on Modified Mercalli Scale of Intensity.




2. Elevation of Non-overflow Section and Dam Crest

Elevation of the dam crest is as follows:

Fill type dams

‘{unit; m)
Design of Small Dams . Pngineering manual Technical manual
{USBR) for for
* Ircigation & Drainage Flood control dam
(MAFR) T (MQ)
Hi+1.22 (4 fec) : Hithwihetrd Hh+0.6
(Fetch js less than 1.61km, 1 mlle) {when hwih2<2, Hf+3)
Hs+hw+he/241
(when hw+h2/2<2, Hs43)
© Hh40.92 (3 feet) Hhthw+l
(Fetch is less than 1.61km, 1 m;!e) {when hw<l, Hh+2)
HE: Normal full water level () Hf: Normal fuld water level (m} - Hh: Désign fleed leyei {m)

Hh: Design flood level {m) ' ~ Hs: Surcharge water level (m)
Hh: Design flood level (m)
hw: Wind induced wave height

(Declay Aclion Dams) o - from reservoir surface {n)
Hi43.06 (10 feet) © he: Farthquake induced wave height
or : from reservoir surface
HI+3,67 (12 feet) " by earthquake (m)
: : © Hd: Overfow depth when design flood
FE Normal full water level (m) discharge:oi'e'rﬂows spiliway {rm)

Sourcy USBR: (U'mlcd States Depmmenl of the lnlenor. Bureau of Reclamahon)
MAFP (Ministry of Agnculture, Forestry and Fisheries, Japan)
. MC(Ministry of Construciion, Japan)
Note:'  Design discharge is obtained by adding 20 percent of 200 year ﬂood for fill type dam (MAFFT, MO)
Design of small dams instructs criteria for the dams not exceeding 15 m {50 feet) i in height. (USBR}



Grayily dams

Design of Small Dams
(USBR)

Engineering manuval for lirigation & Drainage (MAFF)
Technical manual for River erosion control{MC)

Hh+0.92 (3 feet)

tih: Dasign Neod I_evei (m)

(Delay Action Dams)
not applicable

- without flood control gate

Hfthwhe .
{when hw+h2<2, Hi#2)

Hs+hw +he/2

" (when hw+h272<2, Hst2)

Hh+hw
(when hwe<l, Hht 1)

Hf: Normal full water level (m)
Hs: Surcharge waler level {m)
Hh: Design Nood level {m)

* hw: Wind induced wave height

from resecvoir surface (m)

" he: Barthquake induced wave
height from reservoir surface

by earthquake (m)

- with flood control gate

Hf+hw+het0.5
{when hw+h2<1.5, Hf+2)

Hs+hwhe/240.5
(when hw+h2/2<1.5, Hs+2)

Hh+hw+0.5
(when hw<0.5, Hhel)

Hi: Normal full water level {m)

Hs: Surcharge water tevel {m)

Hh: Design floed level (m)

hw: Wind induced wave height

from reservdir surface (m)

he: Barthquake induced wave height

" heighl froni reservolr surface
by earthquake (m}

Source: USBR:{United States Departmeit of the Intedor, Burcau of Rec!amahon)

MAFF (Ministry of Agncu[:ure, Torestey and Fisheries, fapan)

_ _MC {(Ministry of Construction, Japan)
Note:  Design discharge is obtained by 200 year flood for gravity dam. (MAFF, MC)
DuSlgn of small dams instructs criteria for lhe dams not exceedmg lS m {50 fect) in helght

Jo addition to the above e’stimaiitnri of the dam crest elevation, minimum free board of 3.06 m (10

fe¢t) high from spillway ciest must be applied for (he dams

summanzed as below according to the dam he:ght

Elevation of Non-overflow Section is

Dam height-

lower_ than 15m

higher than 15m

Fill type dam

__ Gravity dam ;

. Hf+ 3.00 m and
Hh+100m

Hf+ 3.00 m and
Hh+ 1.00 m

Engineering Manual
for Trrigation/Drainage

Engincering Mannual
for Irrigation/Drainage




3. Stability Analysis of the Embankment

(1y  Fill type dam

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 line passing through the weakest portion of the
dam embankient and also foundation is not circular. -~ In addition, safety ‘against surface sliding also
estimated. The following show cases for examination of the sliding failure described in several
design manuals.  Application of mechanical propetrties of fill materials for stability analysis is below.

(Application of Shear Tesl Values)

The shear steess is estimated by the following shear tests due to the specified condition of the

quantitative pore pressure.
(1)  Total Stress Analysis

When the pore'praséure immediately after the dam construction can not be estimated qﬁanlitali_\'cly,
total stress analysis is applied for the dam stability. The safely factor fdr the slope stability can be
estimated by the total stress analysis using ¢ (cohesion) and @ (angle of shear resistance) obtained
from unconsolidated vndrained test. For slope safely factor calcutation, pore pressure is not
considered in the equation, accordingly "¢" and "@" already include the effect of the pore pressure at

- shear.
C(2) Effective Sicess Analysis

When the pore pressure inmediately after the dam construction can be quantilatively estimated with
- considerable accuracy, strength parameters (c')y and (') of the effective stress ex pression are obtained
from the consolidated undrained test (pore water préssure be obsersed during shear), or consolidated

drained test. Theteafter, the safety factor is estimated by the effeclivc sless analysis.‘

Besides, the effeclive siress strength parameters (') and (¥) can be obtained by the consolidated
drained tests or consolidated undrained tests for the stability analysis after pote pressure generated
during the construction has dispersed. Effective stress strength parameters can be applied for the
stability analysis of the embankment during the dam operation. Consolidated drained test is applied
for the impervious materials because the excessive pore pressure does not occur in the impervious
materials during the construction period and also seepage-flow. Accordingly, consolidated drained

test is applicd for these materials.
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" Stability of the upstream slope of the embankment during the capid dtawmdown of the reservair level
is cstimated by the effective steess analysis with {¢') and (&) obtained from the consolidated drained
test for the impervious materials, and consolidated drained test or the consolidated undrained test

(pore pressure shall be observed during shear) for the impervious materials.
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Cases for Exanination of Stiding Failure (Fill Type Dams)

Design of Smatl Dams
(USBR)

Engineering manual Fechnical manual

for for
lrsigation & Drainage Flood control dam
(MAFEY - (MO)

Stability shall be examined with
"Slip-circle” method. Besides,

" slope of up and downslream is given
for stable foundations.

}lIO.\KX}ENEOUS EARTH DAMS
Materials “Up Down
Datention of storage purposes
(GW,GP.SW.SP) not suitable

(GC.GMSCSM} 1:2.5  1:2.0
(CL,ML) 1:3.0  [:2.5
(CHMH) 1:3.5 1:é.s
Storage purpose i
(GW,GP.SW,SP) - ot suitable
(GC.GM,SC.SM). 3.0 120
" (CL,ML} 135 125
materiaj except
.(.Ci'l,Mll). 1:40 125
zg\'ﬁﬁf"ﬁ FILL DAMS |

(Followin g Table}

-2, Suecharge water level

Safety factor of 1.2 shall be satisfied 1. Normal full water fevel (SF>1.20)
in all cases below: (Effective stress)
(Design seismic factor of S0%)

2. Emply = (SF>1.20)
{Design seismic factor of 100%)
1. Design Mood level
(Effcctive stress, both slopes)
{Seismic factoris not applied) " 3. Empty - {(SF>1.10) .
{immediately after comp]etlon)
(Effective stress)
“(Effective stress, both stopes) {Design seismic factor of 50%)
- {Design seismic factor of 50%)
3. Normal full water level SF; Safety Factor
- (Effective stress, both slopes)
(Design selsmic factor of 100%)

Slopes of up and downstreani is givén :
below. depending on

4. Intermediate water level
! (Effccii\"e stiess, upstréam slope)

(Design seismic factor of 100%) that the dzm is constmc!ed on v\e«ak

" foundation
5. Empty : .
(|mmujnately after completion) Malenals Up Down
(El’fccme stress, both slopes) -
{Design seismic factor of 50%) (GW,GP) 3.0 2.5
6. Rapid drawndown (G\I GC.GOGY) - 3.0 - 2.5
(Total stress, upstream slope) '
{Design seismic factor of 100%:) {§M,8C,50,5V) 3.5 3.0
7. Rapid drawndown (ML, CL) 3.0 2.5
(Effective stress, upstream slope) : o
(Des:gn seismlc factor of 50%) (MH,CHLOV VH) ‘3.5 3.0

-S-&me: "USBR:(United States Department of the Intesior, Buread of Reclamation)
MAFF (Minlstey of Agricultore, Forestey and Fisheries, Japan)
MC (Ministry of Construction, Japan}

Nole: Design of small dams instructs criteria for the dams not exceading 15 m (50 feet) in he;ght



Slope Gradient of Fill Dams (USBR)

Type Purpose  Subject to 1apid  Shell material Core material Up . Down
o drawndown classification __classification slope  slope
Zoncd with minimum Aoy Not critical GW.GP.SW.SP GCGMSCSMCL 1:2.0 1:2.0
corc Al) ML,CHMH
Zoned with maximum  Detention No GW.GP.SW.SP GC,GM 1:2.0 1:2.0
‘core 1) ur storage : SC,SM 1:2.25 1:2.25
CLML ' 2.5 125
CHMH 1:3.0 1.3.0
Zoned with maximum ~ Storage  Yes GW,GP.SW,3P GC,GM ' 1:2.5 1:2.0
core 1) : SC.SM 1:2.5° 1:2.25
' CLML 1:3.0 1:2.5
CHMH 1:3.5 1:3.0

Source: USBR:(United States DLpaﬂment of the Interior, Bureau of Réclamation}
Notes: 1) : “Minimum" and "maximum® size cores are itlustratéd below.

m Maximum ¢ore R Minimem core A, for dams on
.. . impecvious or shallow pervious
: W//A Minimum core B, for dams on deep penvicus fomf:dalions with posirif:: oLoff

foundation mlﬁou& positive cut-off trench weach

/ E (x 1}@1 15/ :‘k‘ :::\tt\\\\ 1 ‘Y-HQ)X
L AN

Examination of Siiding Failure of Bestan Dam

_ Water level o ~ Consider earthquake Not consider earthquake
Normal full water surface o 100 _ ' . l..SO
o . . - (1.00) : s
' Empiy (immediately after completion) -+ L.00 1.25
L : o (1.00) CL50)
. .Rapid.dré\\MO{\n T not applicable 1.20
(120

Source: Small Irrigation Schemes in Balochistan (Kuwau fund 1990)
Case in normal full water surface is considered only for downstream slope.
( ) value is applied for the Mangi dam located at Sibi.
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(2) Gravity dams

1) Generat Layout and Design

Nonoverflow Section

The shape of the maximum nonoverflow section is determined by the prcscribed loading conditions,
the shear resistance of the rock, and the height of the maximum section. The upstream face of a
graw‘ty dam is usually made vertical to concentrate the concrete weight at the upstream face where it
~ acts to overcome the effects of the reservoir water-load.  The downstrcém face will usually have a
uniform slope which is determined by both siress and stabitity req'uiremcn'ts.al the base. This slope
will be adequate to mect the stress and stability requirements at the higher elevations unless a large
opening is included in the dam. | '

The crest thickness may be dictated by roadway or other access requitements, but in any case it
should be adequate to withstand possible ice pressures and the impact of floating objects. When
addilional crest thickness is used, the downstream face should be vertical from the downstream ;edge
of the crest to an intérsection with the stoping downsiream face. A_battcr may be used on the lower
part of the upstream face to increase the thickness at the base to improve the sliding safety of the base.
However, unacceptable stress may develop at the heel of the dam because of the change in moment
arm for the concrete weight about the center of gravity of the basz. If a batter is used, stress and
stability should be checked where the balter intersects the vertical upstreain face. The dam should be -
-analyzed at any other changes in slope on either face. ' -

S pi!lway Section

" The overflow spillway section should be: dcsugned in a similar manner to lhe nonowrf fow section.
The curves describing the Qplllmy crest and the ]unchon of the qlope with thc cnergy d:wpater are
designed to meet hydraulic requ;rements

The slope joining these curves should be tangent to cach curve and, if practicable, parailel to the
‘down stream slope on the nonoverflow section. The spillway section should be checked for -
compliance with siress and stability requirements.  An-upstream batler may be used on lhc spxllway
seclion under the same conditions as for the nonoverﬂow section.

2) Stability Analysis

a. Loading Combinations

Design for gravily dam should be based on the most advérse combination of probable load
conditions. In many case, gravity dams have been designed without regard to silt load.: However,
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on designing defay action dams, the ratio of scdiment volome to total storage capacity is high enough
and it is difficult to neglect the effect of sediment load. Therefore silt pressure should be considered
in stability analysis.

Loading Combinations for Designing Gravity Dams

Case Condition of water level Loading Combination .
1 Design flood level + hw W, P,. Pe, U
2 Sunharge water level + hw + hel? W, P, Pe, U, I, ™
3 Normal full water level + hw +he W, P, Pe, U, 1 ™
Hete, . hw: Wave height from reservoir surface induced by wind

~ he : Wave height from reservoir surface induced by earthquake
W @ Weight of canceate structure '
P : Hydrostatic pressure
Pe : Silt pressure
U : Uplift pressure
1 : Barthquake load on concrete structute
P : Hydrodynamic pressure by earthquake

Note: Design discharge is oblained by 200 year flood for gravity dam. (MAFE, MC)
Design of small dams iastructs ¢riteria for the dams not exceeding 13 m (50 feet}in height.

b Slability'Analysis )

~Stability analysis should be conducted against overturning ‘and shearing, ~In general, it is not
necessary to check resmtance to the compression stress in the case that dam height is lower than about.
15 m.

- Stability againét Overturning _ - ‘
“To fill the requirement for s_tabiliiy against ovérturning, position to ‘which combined force works
must be within the middie third of dam longitudinal length.

- Safety agamsl Shearing

Shear friction faclor of safety calcutated by following formula must be \mhm presciibe safely facto:
to meetthe  restriction for being safe against shearing. ' It is necessary to check shear—fricnon
faclor menuoned above on foundation and joint of dam and foundation.

-Q=1CA+(2N+ ZU)-tand YEV

Here, Q Sheaf friction factor of safety
C - :  Unitcohesion
A ¢ 1 Areaof the section considered
ZN :  Summation of normal forces
XU : Summation of uplift forces
tand : Coefﬁcient: of internal friction
YV :  Summation of shear forces



C.. Safety Factor

Safety factor of 4.0 shall be satisfied for the shear friction of the foundation for the dam which

height is more than {5 m. Besides of this, safety factor of 1.2 estimated disregarding shear strength

shall be satisfied for the foundation and the dam which height is tess than 15 m.

Cases for Examination_of Sliding Failure {(Gravity Dams)

Design of Small Dams
{USBR)

Engineering manval for Irrigation & Drainage (MAFE)
Technical manual for River erosion contiol{MC)

Strain stress is not occurred
in the dam body and fonndation .

Strain stress is not occurred in the dam body and foundation,
shear and compressive stress is within allowable stress under the

and shear and compressive stress following conditions.

is within allowable stress.
{Seismic factor is not applied} 1. Design flood level .
' 2. Sutcharge water level  (Design seismic factor of S0%)
3. Normal full water level  (Design seismic factor of 100%)
For small storage dams, where - Shear friction factor >4.0
failure means loss of life or other
catastrophic occurrences
under normal loading:1)

-Shear friction factor >4.0
under extreme loading:2)

-Shear frigtion factor >1.5

~ For small dams with minimal stocage

where loss of life, extensive properly
damage, or any other catastrophic
occurrence are not involved
under normal normal loading:

-Sheas friction factor >2.0
under extreme toading:

-Shear friction factos > 1,25

* Source: USBR:(United States Department of the Interior, Bureau of Reclamation)
 MAET (Ministry of Agriculture, Forestry and Fisheries, fapan)
MC (Ministry of Consteuction, Japan)
Notes:  1):"Neormal loading” normal waterhead, uplift, and silt
2)."Extreme Toading" drains inoperative, earthquake in normal water!nad of drains inoperalive in manmum
water surface.



{Stability on Delay Action Dams)

Dam safety on sliding failure is essential to determine the section of the dam embankment. In
general, safely factor of 1.2 is applied to secure dam safety. However, there are several factors 1o
decide the safety factor in terms of: '

- study case, i.e. water level in the reservoir and corresponding loads bearing on dam
embankment and foundation,

- "application of shear test values,

- e.arthqﬁake coefficient,

- bearing capacily of foundation,

- dam height, dam type (homogencous type, zone type, including gravity dam),

- circumstance downstream of the dam, i.c. human life, praperties, and

- calculation method as explained in previous paragraph.

With respeét thé above, dam height is most essential factor to determine the dam section.’ Dams are
generally categorized corresponding to the height, i.e. large dam of the height of more than 15 m,
small of less than 15 m, which was laid down by ICOLD. In comparison with a large dam, dam
safety of small dam is not seriously discussed in general because of its reliability against dam failure,
which is much higher in terms of small internalkxternal loads, less hydraulic pressure, as well as less
damages downstream of the dam in case of dam failure. On contrary to this fact, dam safety of a
_larg'e dam is being delegated toward uniformity in dam criteria, owner iiabiliiy in due consideration
of technical, social and economic: sophistication, and tenure of development stage of the country.

_Regarding. the delay action dams, several design criterias have béen applied to examine the dam

safety. - However, these criterias for the dam safety were applied without respective characteristic of

* - the dam and reservoir, such as impounding duration, dam height, embankment materials, dam’
' classification, as well.” To unifd_rmiy maintain thé dam ' safety reliability, two of “dam safely
_ applicalions are proposed, i.e. for large dams and small dams.

(n Largé dams

. Dam safety factor on sliding should satisfy the criteria of Engihcering manuat for Irrigation &
Drainage” ' described previous tables for both of fill dams and gravity dams. Safety factor of 1.2 for
_l\:e fill: type dam is-applied on condition that the dam construction is carried out with careful
: - supervisory works on quality control and working schedule. Besides as described in above, dam
safety is discussed considering ‘economization of the construction cost and also circumstance
downstream of the dam, i.e. human life, propertics.. Most of the dams are to be constructed in
remote area, so that the dam failure does not so seriously damage the human life and properties. In
this connection, it is proposed that the safety factor of dam sliding can be reduced by 1.0 in the case
that the external force of carthquake is considered in the dam sliding calculation. The details are as
foltows:



Examination of Sliding Failure of Delay Action Dams

Walter level Consider carthquake Not consider earthquake
Normal full water surface 160 1.20
Emipty {immediately after compleiion) 1.00 1.20
Rapid drawndown not applicable . 1.20

Note: The above is not applied for the storage purpose dam.

(2) Small dams

Regarding fili type dams, it-is recommended to examine the sliding failure, especially for the dams
constructed on the weak foundation. On the other hand, it is also admitted to apply the standard
slopes of the dams prescribed in “ Design of Small Dam, USBR” conéideringilhe dam location,
embankment materials, bearing capacity of foundation, etc. '

* As to gravity dams, safety factor should be cxaihinéd to satisfy the ¢riteria in* Design of Small Dam,
USBR” , C

(Calculanon of Dam $liding)
' The methods of simple adaplatlon of circle arc and Bishop method are generally applied for the
- stability analysns of the fill typc dams Bqualions aré explained as follows

“These equation provide different safety factor in terms of application on sfat_ically indeterminate soil

" pressure acting on both sides of slice elements. Relatively smaller safety factor is given by simple
adaptation in the case pore pressure is larger, and center angie of sliding arc is larger, and sliding arc
passes deeper portion of ground. In the case of homogencous dam, safety factor estimated by
simple adaptation is 15 to 20 % smalier than that by Bishop method, and uneconomical dam section
is given by simple adaptation. Bishop method is applied for the catculation of the dam failure of the
delay action dams because the method is broadly applied for the calculation in Pakistan.

1) Simple adaptation of circular arc
~-Total stress

S {c 1+ (N-U-Ne) tan )
Fs =
S (T+Te)




-Effective stress
S {c' I+ (N-U-Ne) tan '}
Fs =
S (T4Te)

where, ¢,¢’:  Cohesion (c: total stress, ¢’: Effective stress) _
f, '+ Internal frictton angle (f: total stress, £': Effeclive siress)

I Unit arc length of slice
b: Slice width

N: Normal force on sliding plane
Ne: Normal seismic force on plane
Te: Tangential seismic force on plane
U: Pore-pressure on plane

2) Bishop method
RS {¢' 1cos.a W tan {*) / ma}

s = :
SWx+Kh:W.y+P.a)
tan f’. sin .a
ma = €os.4a
“Fs
where, ¢’ Cohesion
f: Internal friction angle
I: * Unit ar¢ length of slice
W: Total weight of slice (soil + water)
'Kh: Seismic force
‘Rt - Radius of sliding arc
a Angle of plane against horizontal line
D Horizontal distance between centcr of gravity of a slice and center of
e sliding arc
y: Vertical distance beiween cenler of gravuy of a slice and center of
L ‘sliding arc
P ‘Water pressure forcing to slice
a Vertical distance between resultant point of water pressure and horizontal
line through canter of sliding arc

4. Drains

It imay be rare phenomenon that the seepage of the embahkmcnl spouts out from the downstream
slop because uniform seepagé flow is not devéloped in' the émbankment due (6 short storage period
of the reservoir.  However, in the case that the siltation prevent anticipative seepage flow, seépage line
rises in the embankment, thas, proper drainage should be enforced with installation of the drain at the
_toé of the downstream.slopc. 4 '

Rapid drawndown of the water level implies seepage flowing ‘towards the reservoir side due to
reduction of the upstream water pressure.  Consequently, drains should be installed at the reservoir
© side in the dam embankment in the case that the upsiream slope is comparatively steep. (Results of
seepage ling analysis of the embankment are described in 1.3, Drains are illustrated below:
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{a) Toe drain {b) Horizontal drain

= ' . - -~ ——— draln
Pl > S =

{c) Vertical drain : (d) Combined draln

ClassHication of Drains

‘8. Spillway

" Spillway is composed of inlet portion, guide portion and dissipater. The type of the spillway is
"determmed in due consideration of the dam safcty, economy and moslly topographic condition at

‘the dam site.  Tnlet porhon shall be overflow type, and cither stralght crest type of side spillway type
~is proposed for the dam. In delermmalton of the spillway location, geologic conditions are the
primary factor. However, topographnc and hydrauli¢ conditions, relation to other  facilities and
diversion of excavated materials to the embankimént materials are also'to be considered.

. Crest
Flow Flow /,;//
Crest -} — ~—— I e & {

1 > /. '—')-

. ,,/

Side spillway |

Chuletype - . sidespillway

Where the energy of flow in a spillway must be dissipated before the discharge is returned to the
downstream tiver, the hydraulic jump stilling basin is an effective device for reducing the exit

velocily to a tranquil state.



6. Intake Facilitics

Because of the reduction of the seepage flow through the dam foundation together with the
development of the sedimentation in the reseevoir, and also impermeable foundation exists, outlet
device shall be facililated to diverl the storaged water for the recharge purpose through downstream
river bed.

6-1  Components of Intake Facilitics (Fill type dam)

‘The intake
The intake
The driving portion is installed

Intake facilities consist of the intake section, regulating section and driving canal,
portion is an inclined conduit or intake tower for the intake of water from the reservoit.
flow is regulated by gate, valves, located at the inlet or bottom outlet.
to divert intake water under the dam body. Steel pipe and conerete pipe (reinforced concrete pipe)
with ‘concrete protection shall be installed in the dam foundation.  The objectives of the intake

facililies include temporary discharge during construction, discharge for dam inspection, repair and
-O&M. To attain these purpose, hydraulic study related to the reservoir storage volume and run-off

- shall be made to determine the conduit diameter in detail.

6-2 Type of Intake

(1) Fill type dam

: Inclmed conduit or intake tower type is proposed for the inlet device: 'The mlct lype is selected
refemng {o the followmg advantages and d:sadvantages of bolh intake types

“Inlet type

 Advaniages

Disadvantages

Inclined conduit

Construction cost is less than intake
tower. - Construction ' is easy and
foundation with large bearing capacity
is not necessaty. Structure is stable
and maintenance and operauon are
£asY. :

It become longer  where slope  of
original ground is genile. Operation
of spinde is  susceptible to
malfunction ~ when inlet  gate s
installed.

Intake tower _ Control of the gate is casy. Location Construction cost is somewhat higher
: is not restricted. and - O&M is more difficult than
inctined conduit. A firmm rock

‘foundation is required.  Repair cost is

also high.
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(2) Gravity dam

Intet with stuice gates for fully open or close operation is installed at the upstream slope of the dam
bedy. Driving conduils are installed inside of the dam body.

7. Recharge Devices

It is recommended that the recharge of the storage water in the reservoir shall be accelerated at the
downstream of the dam embankment for the reasons that the permeability of the dam and reservoir

foundation ranges 2x10-3 to 2x10-% cmbec, which is classified in semi-permeability, and sediment
accumulation upstream of the dam embankment decreases seepage capability through dam and
reservoir foundation gradually. Accordingly, recharge wells, trench pits and recharge ponds are
recommended to be constructed at the downstream of the dam embankment. It is also possible to
achieve groundwater recharge through natural tiver bed although the high evaporation is expected.
Features of the recharge devices shall be planncd referting to the permeability of the river foundation,
capability corresponding to the seepagc flow area, topogeaphic and geological condition as well as
easmess of O&M activities.

Recharge device consists of two facilities, link canal and infiltration facility.
(1) Link canal

Storage water in reservoir is lead to infiltration facitity by link canal. In this gﬁidéline, open canal
- systém with concrete Immg is proposed for link canal compared to earth lining canal which is eas:ly
suffered frém streamﬂow!ﬂucluallon of watér level and also’ reqmre heavy maintenance works,

The alignnient and compohem of canal system should be dctermihed taking into consideration as
following conditions.

- Route of canat should be selected to reduce its length as mwuch as possible.

- 1tis not preferable to be aligned in the river arca for preventing flood damages. - In’case
“of setting aligninent in the river area, it is necessary to select the route on higher part o -
‘avoid flood damages. ' ' o

- Cross slruciure such as siphon and aqueducl shall be sct up in case of passmg vailcy or
stream,

- Cross culvert for drainage should be certainly altached in.



(2)  Infilteation Facility

Infilteation trench, injection well and infiltration pondidike are gencrally proposed as ariificial
infiltration facilities. In these types, infiltration pond is recommendable from the aspect of
- profitability in capacity of infiltration, costs for construction and OM activities. However, in case of
being difficult to construct infiltcation pond due to site condition, it is necessary to take selling up
“infiltration dike or trench into consideration.

“The site of infiltration facility should be sefected taking account of recharge capacity in aguifer and
expanse conditions of alluvial fan. In general, it is preferable that this facitity should be located at
the clevated portion of atluvial fan. :

Design water depth should be determined according to the infiltration ate. Freeboard of pond
should be suggested to be S0cm in minimum,

The structure of infiltration pond is basically dig-out type. It is desirable that depth of cutting and
height of embankment should be determined taking consideration of total balance of cutling and
em.b'anking volume in earth work. Side slope of pond is recommended 16 be 1:1.0 and inside slope
should be protected with riprap to avoid erosion and slope collapse.
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C. Dam Construction

1. Construction Plan

The major contents of the construction plan are:

1) investigation of the siteé and working conditions, .
2) planning of scale and arrangement of the construction equipment and facilitics,
3) construction method and work schedule,
" 4) planning of the construction ﬁmachinery, materials and labouts, and procurement schedule,
5) establishing standard values of quality control, and,

6) setting the standards for site supeivision.

Properties of embankment ntaterials, soil conditions in the borrow area, availabitity of the stock piles
and availability of the construction machinery are primary factors to establish the construction plan
and schedule. '

2.  Construction Supervision -

Constraction supemsxon is separated into the areas of work schedulé supervision, qualny control
“dimension control and other miscellaneous forms of supervasxon

2-1 ' Work Schedule Supervision:

Supeéw’sion of the work schedile must be carried out by accurately measuring the progress of the
cons!mction and condition bf the construction.  The  facilities and mrking-methods must be
ontmuously monitored since changes in the weather conditions and the river water level will greatly

influence the construction.

2-2  Quality Control

(N Fili type dam

Uniformily in the embankment must be maintained and shear strength and the vatues for the physical
propetties must satisfy the design values. The following are tests for the embankment materials:



Soil Tests for Da:ilﬁmbankmeng

Tlems Soil materials Coarse materials B
Prerequisite tests | Grading analysis Gradmg analysns _
Water content Specific gravily and water absorption
Specific gravity Ficld density test
Field density (controlled by C or D
value)
Field permeabikity test
Laboratory penneability test
. : Standard compaction test %
Tests as required | Consistency Field permeability test
Shearing test Laboratory permeability test
Consolidation test - - | Shearing test

" Notes:C value: (Wet density ufembankmem)!(compacted weldensily at moislure Content of embaﬂkmem)x]{)O
D valee: (Dry density of embankment)(maximum dry density at standard compaction lcsl)xlOO

“{2) - Gravily dam

Fluctuations in the cement quality exert a marked influence over the quality of the concrete.
Therefore, it is recommended that control limitations be set with respect to the fineness of cement, the
_strength and heat of hydration for the purposcs of cement quality control, Following are the testing
method of aggregate and concrete.

Material Tests f Gravity Dam

Teshng method of aggregates N ‘Testing for concrete .
Spec:ﬁc gravity _ - | Sampling : '
Percent of water absorption _ .| Specimen preparation
Abrasion resistance - | Consistency ;

Soundnéss . o 'Uml weight and air conlenl
Sieving - “l'Airconfent

Unit welghl and sotid content - | Mix proportion analysis
Surface moisture _ Mixing efficiency
Moisture-percent and surface moisture Compressive strength

Volume of soft particles in aggregates
Amount of material fincr than 0.074mm '
Organic impurities '
Mortar strength (sand)_

Volume of clay mass

1.95 floating grains

'2-3 Dimension Control

"In order 10 completé the construction, it is necessary to determine suitable standard values for
dimension control and the actual structure dimeénsions must be supervised so that discrepancies with
. the design dimensions can be eliminated.



3. Consiruction

3-1  Temporary Diversion Works

Half river section type and outflow conduits installed in the dam body is recommended for the
temporary diversion works for the fill type dam and the gravity dam, respectively. - Flow capacity is
calcutated in due consideration of: '

l) the ron- off characleristics of the catchmcm area, (frequency of flooding, peak discharge,
total volume of flood run-off and durahon of the flood),
2)  topographic conditions of the dani site,
3) geologic conditions of foundation,
4) size and lype of dam,
' 5) flow period for temporary dwersnon and embankient works, and
6) dégree of obsiruction if drainage performance of the temporary diversion works is

insufficient.
3.2 Excavation of Dam Base

(1) © Filltype dam

The foundation of the dam base shall ha\c sufflCIem res:stanco force to mthstand beanng capacaly,

: sheanng slrengih piping, etc.

-~ In the case of the homogeneous type dam, the follomng <hall be secured durmg lho embankmenl

" works:

1) Where the grain size distributions are extreinely different, (reatment shall be carried out
by means of either the removal of parl of the foundation or the prc,parauon of a zone
with suitable grain distribution. .

2) For bedrock with many open cmcks the W&Rh out of fine parlicles lhrough cncks shall
be prevented by filling thosce cracks with sand crushed gravels. - _ _

3} It is necessary to consider occurrence of uneven selllement. ‘The surfaces are to be :

smoothed by excavation.

Cutoff trench excavation shall be made until the prescribed depth where the specified shearing
strength is ensured.



(2} Gravity dam

“The foundation of the dam base shall have sufficient resistance force to withstand bearing capacity,
shearing strength, etc. Weathered rock, floating rock, opened cracks shatl be properly treated so as
to ensure the strength of the dam foundation. Foundation treatment, i.e. grouting shall be
conducted in order to achieve the required design objectives.

3-3  Embankment materials (Fill type dam)

Soil materials shall be a suuab!c monsrure content and gram size for the embankment The

following methods are recommended for adjustment of the moisture content.

(1)  Humid materials:
i) A rake dozer or scarifier is employed to turn the soit for lhé purpose of drying.
i) * A stockyard 1s constructed, and utilized after moisture content has been lowered.
(2) X D:ry mat%:rﬁls: :
i) In order to increcase the moisture content of dchydrated materials, water spnnklmg, :
' «:praymg are perl’ormed In thé case that lhe abnndant water does not exist near the dam

site, the followmg are recommended:

a) mpemous zone composed of i mpemous malenal with proper mo:sture coment is
“established at the center of the dam embankmient. (F| g9

b) - Increase of compaclion energy makes the maximum dry density increase and
optimum nioisture content decrease. - Accordingly, whole of the embankment or
highly emb'ankménl_ portion shall be compacted with 200 to 300 % compaction

© energy prescribed in ASTM, as well. (Fig. 10)



tmpenvious materials
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(3) Grading adjustmentl:

Grading adjustment is perfornied at a stockyard to mix with fine materials and coarse materials, - The
thickness of the each layer shall be limited to the minimam possible thickness where the uniform
laying out of fine grain materials ¢an be implemented. '

3.4 - Embankment

() Fil lype dam

In general, bulldozer are used for matenals spreadmg Tire’ rollers Wave rollers, lampmg rollers
vibratory roll in addition bulldorer and - wheel-loader are sometimes used for compaction. It is
difficult to standardize selection of compacllon machmery that fully meets dcsngn values, the
nnchmery is determined on the basis of embankmg test at the ficld.

Prior 1o commencement 'of actual embankment, test embankmc'm is performed to: 1) identify the
most economical embankment, iiy determine criteria for construction manageinent, and iii) determine
site standards. '



Application of Compaction Machinery

T;pc Machinery Materials or ground Spreading | Mumber Remarks
“for which machinery depth
_ is applicable i
Rolling Tired-roller Clayey material (dry) 15-25¢em | 6-10 | Muhipleaxis type, more than
compaction 10-30ton is preferable
type _ 3-6ton tractor operatod type

Sheep foot toller | Clayey material (wet) 15-25 G- 10 | 22ton mobile type

Tamping roller | Farth r_nateria!s mixed| 30- 45 5-17
with boulder, crushed

_ rock
Vibration | Tired roller Clayey materials {dry) 20-25 6-8 |3-ilten
type Gravel materials 25-30 5-7
Flat roller Gravel 20 - 30 5-7 | 3-Ston (Compaction surface
_ shall be raked)
Compactor | Gravel  material  or 20-30 3-5 |0.5-2.0ton
abutment porion at
patural ground
Tamper . Abutment portion at 10-20 3.5 50-500kg tamping'rammcr‘or
natwral . ground, or ‘ _ vibeation rammer

narrow area

(2 - Gravity dém

LaYoul of the concrete plant is decided in due consideration of the entire work schedule, daily work
volume, daily operalson time and machine e[ﬁc:ency ‘- Concrete is placed according to lift thickness
‘which hds been determined after considering’ lhe conslrucuon performance capablhty and
temperature constraints The thickness of the lift generally slandardlzed at 1.3 mto 3.0m. Itis
difficolt’ to reduce the . placmg ifiterval. to less than four days.’ When temperature rises, the
temperature of the plicing concrete also rises resulting in the increase of the maximum Iemperalure
~of the placed concrete, and thus cracks are casily formed. ~ Other problems such as cracks due to dry
contraclion, an increase in the slump loss due to water evaporation, deterioration of the workability, a
shortened setting time and an earlier green cut time also occur.  In case when the temperature of the
placed concrete exceeds 25 degree, placing v@ork is avoided or cooling water is employed for the

- concrete mixing. -



D, ¥nitial Ponding, Dam Inspection aiid Operation and Mointenance

1. General

Concerns about potential failurc are increasingly important along with considerable loss life or
property, but limited arcas downstream of the dams. In general, delay action dams are built in arcas
remote from population centers. In this connection, special attention for the dam safety should be
paid in the case that the populated areas are exists or developed at downstream of the dam sites.

Overtopping, leakage and piping through the dam embankment and foundation prominently cause
dam failures. These failures result from a variety of causes: unpredictability of extreme floods,
uncertainties of geologic setting, seepage through foundations and embankments, design and
construction defects, ete.  To secure dam safely, it is necessary to inspect the dam condﬂions in shorl
~ and long-term aspects. Leakage, deformation, stability of the embankment slope be observed for
several months after the dam completion, especially dusing initial ponding. On the other hand,
observation of sedimentation slope stability of the rescevoir area be required in addition to these

observation,

Furlhefmore,'inspeclion of leakage, cracks, land slips and scour of spillw'ay' be carried out
immediately after the floods or earthquake occurs, Dam failure caused by leakage or deformation
in general occurs gradua!ly along with some abnormality in initial fault, which lcads to further
- damage or even disaster. -In this connection, it is proposed to conducl routine mspectron to secure

'~ the dam safely.

Along wilh dam mspcctron proper operation and maintenance (O&M) of thé dam and reservoir is
E ecsenual lo secure dam safety, life of dam and to maintain recharge ability of the dam. | Adequate
seepage is expeclcd through reservoir because of the high permcablhly of the reservoir foundation.

* However, the seepage through the reservoir foundation is gradually reduced along mlh siltation

“development in the reservoir. Accordmgly. it is proposed to install outlet conduits o release the
storaged water to the downstream of the dam embankment. The released water is per»olalcd into the
ground through infiltration ponds, as well.

Wi th rcspects to this, a regulation’ on Teservoir operauon should be prepared with cmphasrs on valw_ ;
control for water release, frequency of release water drscharge maximum depth of the drawdown of -
the storaged water in terms of the dam safety, as well as proper operalrorr of the infiltration ponds.

Various maintenance works are requrred 1o secure the dam safety, and to ensure the recharge ability
for, i.e. cutlet conduits, infiltration ponds, transmission lines, etc. Tnstitutional organizations and
regulations should be established to carry out proper inspection and O&M activities.



2, Governmental Agencies for Inspection and O&M

The Irrigation Depariment has ownership of the dam and is cesponsible for the inspection and O&M
of the dam, reservoir and also the recharge devices, ¢.g. intake, outlet conduits, control valves,

transimission lines and infiltration ponds.

The irrigation Department undertakes regular and emergency inspection immediately after large
- floods or any unusual event such as earthquake occurs for every dams and reservoirs, The
Irrigation Department is responsible for recommendation of necessary steps to be taken to maintain,
improve or restore the dam safety. Routing inspection for devices, installations and equipment
" necessary for safe operation and behavior of the dam should be made at short intervals by the
. opetaling petsonnel. '

3. Initial Ponding

A ponding progress shall be observed aiming at the confirmation of dam safety, function of the

_intake structures, as well,  Particular items to be monitored are the leakage quanliliés, uplift,
deformation. - There ate cases when the measured values for these items increase suddenly under the .

" condilions of constant load, as well as cases when not only do the measured values increased, but the
rale of increase becomes lérger over {he time for the same loading conditions. Such occurrences of
unusual behavior requires the llnplememauon of the emcrgency measures such as lowering the

_reservoir water level in ordu to maintain the dam safely.

‘4. Pam Safecty Ius_pcciion

V:sual mspecnon is 1mponant for the engmeer can draw up a ilst of his own observauons such as
cracks leakage deformahon scour, \agetalmn (sign of scepage), elc. ' In the case frequenlly little or
0 ‘sérious geolog:cal lmesugauon has been performed on the foundation of the dam, in such cases,
dam inspection with assistance of a geologist is mdxspcnsable The geologist's work is not easy
however, for there are no longer any visible excavation, surface rock i is weathered. Howmer good
gcologic_ai data of a general nature ipay have become available since construction.

lhe followmg are lyplcal disorders affecled to the dam safcly on concrete dans, earth dams and
~ their found'mons

(Concrete dams) .

Al disorders in concrete dams are pracucally due to concrete volume change Concrete is a fragile
materials, and generalized or locatized volume change sets up tensile strésses which cause cracking.
The end result is leakage and associated complications. Some cencrete dams are damaged by
deformation of their abutiment, but this is a far less frequent occurrence than concrete swelling or
shrinkage. Shrinkage can be due (o c¢reep under loading or shrinkage prolonged beyond what is
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norimal for the curing time.

(Earth dams)

Apart from the risk of scour of the dam embankment by overspill if spillway capacity is not

sufficient, the main risk facing the embankment is that of retcogressive erosion which can lead to

piping. Special atteation should be given to the inteifaces between fill and rigid members like

culverts, or exposed rock surface on the dam abutments, for these interfaces are often the starling

point of the piping. It is always possible to reinforce dam embankment by placing  draining
materials on the downstream side and, through more rarely, on the upstreani side. Conlact c!ay is

also effective to prevent piping along the dam abutment.

(Foundations)

Instability of the foundation manifests itself in the form of slides or as piping. The solution is
practically always to improve percolation flow, and generally involves clearing the existing drains or
installation of another drains fitled with graded flter materials if Necessary.

* Suitable equipment should be installed before a reliable diagnosis can be given. * The most important
- equipment includes: _ o
1. flow netess,

2. p:ezometem in the dam and foundfmon and
3. settlement gawges to examine the deformation of the embankment.
5. QOperation and Maintenance
1) General

‘The structural pérformance of the dam should be examined. The groundwater recharge is achieved
through darn and reservoir foundation (upstream rechargé) and also Ih'rough mfiltcation pond
'(dmmstrea’m recharge). Artificial recharge flow routes along with delay action dams construction
are broadly calegonzed into three types acwrdmg to the geological conditions.

(a)  Upstream recharge
Upslteeam recharge is quantilatively acce!erated lhrough dam and reservoir foundaucrn with its
}ngh permeability and thick aquifer. However, techarge capacuy is gradually reduced due
to sediment accumufation composed of fine load materials.

" M-67



—————

k.

>

e ————— -
>

Pervious Yayer

\\——._‘
\:-—__.

—

—— e e

. —
laipervious layer T e e
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On the other hand, spillways and oullet siructures should be free of any foreign materials and
unauthorized installations which. might reduce their discharge capacity or effect operational
reliability. O&M works are discussed in following paragraph.

2y Dam and Appustenant Structures
{a)  Damn embankmient and resetvoir

Conceming to the earth dams, rapid drawdowi of more than 30 cm a day should be avoided, and be
controlled by oullel valves to prevent slope sliding toward reservoir side. Meanwhile, rapid and
substantial change of the seepage flow through the dam embankment may offer evidence of
embankment deformalion. Ju this regard, it is recommended to install leakage monitoring system
and deformation measuring system for the dams of which height is relatively high and its foundation



is week such as clay and silt.- Concrete pits are constructed at points where leakage water can be
accomutated from the downstream porlion of the embankment, and then the natural ground. After
the installation of a V-notch weir, the turbidity of the leakage water is observed in conjunction with
measurement of the leakage volume in order to monitor the dam safety. The dam embankment and
foundation is deformed due to their own weight and the reservoir pressure during the construction as
well as after the dam completion, It is therefore necessary 1o gauge the deformation and to utilize
these measurements in the monitoring of the dam. The apparatus, e.g. ‘displaccmeht measuring
mark is generally reccrmmended for measuring the deformation of the dam and foundation.

Measurement of the vertica! and horizontal displacement is extremely imp'orlam in the case of weak
foundation. A number of {a minimum of 3) pipes of approximately 6 cm diameler should be set up
at least the maxinum cross section face of the embankment so as to exainine the seepage line
position in the embankment. . In the case of large embanknient length, pipes should be provided at
intervals of 100 m as required.

- (b) Foundation and abutments

‘Monitoring of seepage through dam foundation and abutments should be carried out to secure the
dam safety. Excessive seltlement, misalignment of the dam or the offset of joints of the concrete '
.‘sir._uclurcs méy be an indication of foundation yielding. “Boiling and piping phenomena should be
examined for the dams of hombgeneous type dams and zone type daims, respeclively. - Furthermiore,
concentration of the seepage flow through highly porous layers should be restored for further fall‘ure
of the dam safety. J

The abutments shoutd be examined for appearancc of sprmgs shdes or surface cracks wh:ch rmy
indicate the development of an mslabihty m the sIOpcs

() Spillway

Spillway chandel is susceptible to erosion by floods, accordingly be protected with concrete, gabion,
masonry, ete. nitial scouring or structural faults should be maintained to prevent further serious
damages of the splilmy Excessive seepage through spillway channel which may be caused by
poor construction manner, should be rehablhlated

(d)  Intake struclures

Intet type is structurally categorized in tower type, inclined type and drop inlet type. lnl:et gales are
installed in various elevations as required (o release storage water from different water deplh
corresponding to the siltation development and forming turbid water'}ayer in the teservoir, especially
after inflow of flood.



Bottom outlets are restricted to install for large dams constructed on the weak foundation. Seepage
flow is concentrated along the rigid materials, that cut-off walls should be provided to prevent
leakage and piping through the bottom outlets. Excessive seepage with turbidity through the
bottom outlets should be carefully examined.

Discharge control devices should be durable. Because a gate or valves is used for a long period, the

gate guide supports and lifting device should be free from rusting and corcosion.  In general, main

valve and sub valve are installed aiming at the discharge control and maintenance of the main valve,
“receplively.

(e) Infiltration pond and transmission channel (link canal)

*Surface layer of the infiltration ponds should be replaced with pervious materials with cerlain
intervals to consecutively maintain recharge capacity of the ponds. Chemical reactions and bacterial,
weed growth should be examined to secure permeability of the ponds. It is recommended to install
stilling basins next to the infiltration ponds for easy desilting. It is simultaneously required to install
maintenance concrete pits along the transmission channel for easy desilting.

(D Access road for O&M

‘Accessibility to the dam sites and also lhe infiltration ponds ﬂhould be attained for the smooth O&M
aclivities, Rehabllllatlon work of the road surface as well as dramage fac1l|tles should be properly
- carried out in certain period.

- {g}  Water man_agemen't‘ -
The following contribute to the smooth water management through the delay action dams:

i)  Recording of storage water
Fluctuation of the water level (storage capacity) should be recorded to utilize for an
. estimate of ground water techarge through the dam and reservoir foundation, river run-off,
as well as'fundamenla! analysis for the dam safely.

i) " Recording of infiltration rate _
Recharge rate through the infiltration pond should be observed 1o eslimate ground water

recharge capacily through the pond, and also further study of recharge devices and its
. O&M planning.

iii) Waterqualuy
Satinity and turbldlty should be exammed aumng at schedulmg of water reIeasc,
appreciation for irrigation and domestic water use, elc.



iv) Desiltation
Groundwater recharge is accelerated by upstream recharge through dam foundation and
downstream recharge through intake devices. Siltation accumulated near the dam
embankment induces a remarkable reduction of the recharge ability through dam
foundation, so that fine materials shall be removed to maintain recharge capacity of the
dam, as required. In respect to the downstream fecharge, removal of fine materials in the
recharge trench pits, replacement of filter materials are required to maintain recharge

capacily.

v)  Observation of grourid water tevel

Groundwater level should be observed in tespective sub-basin. The observation
contributes to ensure the effect of the delay action dams, and also shows crisis of the
groundwater budget caused by excessive pumpage of the water. It is recommended to

observe groundwater level in every month for short and long term analysis.

- Delay action dams have been constructed to realize effective and efficient recharge of lhe ground '
water. However, il was dnff:cult to quantitatively estimate their effectiveness for the groundwaler
recharge because of the insufficient obscrvation data such as meteoro-hydrological observation, |
hydro-geological exploration, together with excessive water extraction by tube wells from the
aquifers. - :

3)  O&M staft

* Provision of stalf for the maintenance of dam, resérvoir and recharge devices should properly made
“in view the Q&M of thesé structures. The following’' O&M staff has been organized in each

irrigation circles.

Chief Engineer
lerigation

[

|

Sibi Circle Loralai Cirele Quetta Circle Kalat Circle Mochanical &
Sibi “hob Quclta Mastung Equipment
Kachhi Locslal Pishia Las Bela }

Dera Bugh Kohtu Turbat
© Khurdar
© Hub

According to the O&M of the delay action dams, the following are achieved in due consideration of

rapid fluctuation of the water level in the reservoir:




Qutline for Monitoring of Fill Type Dam

Items Initial ponding Rescrvoir empty Full water level
Leakage once/day once/month once/half month
Deformation oncefweek once/month ~ once/month
Seepaggll_iﬂc once/week __opce/modth  ence/month

Qutline for Monitoring of Gravily Dam

ltems Initial ponding  Reservoir empty Full waler level
Leakage (Foundation) once/day ancefmonth once/half month
Defonnalion oncedweck __oncefmonth . oncefmonth




E. Relative Structores with Delay Action Damis

Most of the river basins have been devastated due {o severe erosion by precipitation. Acéordingly, it
is anticipated that huge amount of thick sediment in the river bed be flown down towards downstream
by the floods, and consequently fully occupies the reservoir area of the delay action dams. In these
fiver basinis, washout of sediment is supposed to increase year by year. It is therefore necessary to
take cerlain countermeasues to prevent washout of sediment from basins and o flow into reservoir

afea.
i. "Erosion Control Plan

The purpose of constructing erosion conlrol facilitics are principally, i) to seitle and storage sediment,
it) to control erosion by means of loosening riverbed slope, iii} to decrease sediment production from
hillside due to raising riverbed elevation, iv) to prevent the movement of riverbed deposits, ¥) o
reduce the peak discharge of debris flows. o

Heré.' the rise of river bed level and water level will be come up by the result of Sedimem#tion in
‘upsltream area of these schemes during floods. Thea, the deliberate study should be made to prevent

. flood damages and functional disorder of existing intake facilities of cultivating lands or villages
located close to these facilities. ' '

(1) Design sediment volune and design discharge

: i) Desngn sediment volume
- S to 10 years sediment volumc should bc adopled as demgn scdnmcnt volume.

ii)' Estimation of design’ sednmentat;on

" It is possible to estimate design sediment volume by followmg equation,

i mxn 1 - ' :
(m'+n)xh)x w2

Cross section

I:n  River gradient
I:m  Design sedimentation slope



ik}

Hete, it is recommended that design sedimentation slope shall be 1/2 of present riverbed
slope.

Design discharge

It is reconunendable to adopt 30 year probable discharge including sediment in flood as
design discharge. And, it is estimated that involved sediment volume will be about 15
percent of fldod discharge volume.

(2)  Site selection

The site of erosion control facility should be determined under consideration of following items.

It is economically desirable to select the site where width of valley is natcow, riverbed slope
is gentle and large pocket for storage exists for the purpose of storage and control.
However, it is also necessary to select wider section of the streams to disperse flow energy
in the case that the abutment is not stable and foundation is susceptible to scouring.

1In case of having tributary, the downstream site from confluence should be selected.

However, in case that devastation is proceeding in tributary worse than main river, it is _
important to take precedence tributary.
If it is necessary 10 raise the river bed and prevent collapse of hillside, the site should be

selected al downstream of collapse area.

In case of pm\enhng tandslide, it chould be necessary to-select the dovmstream site from

~ the lowest pomt of landslide area. _ .
~ Under condition of targe erosion a‘long river, il is effective to construcl a series of dams
 like stairs.

(3) Type of facility

According to'dam up height, it is recommended to select the type of facility as foltowings:

-upto3d mélers dam up heiéht- - Gabton delention bund
- aver 3 meters dam up height Cobble stone dam or gravity dam

. (4)  Facility pl.amling‘

‘Standard dirﬁénsions of crosion conteol dam {cobble stone dam) and detenlion bund are shown in
drawing (sce Drawing). On designing, it is indispensable to check the stability of facility.

i)

Erosion control dam (cobble stone dam, gravity dam)

-1t is necessary to be designed in accordance with delay action dam.
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it) Delention bund .
It is recommend to adopt stair type slope at upstream slope to utilize the weight of
sediment and make bund stable. And also, for scouring protection, it is desirable not only
to install cut-off wall which height is 1 meters at least on both edges of bund, but also (o set
materials preventing draw-out under bund.

Reference

The foltowing methods have been generally adopted and implemented as watershed treatment in
Balochistan under the Integrated Area Development Program.

- Conservation contour trench

This trench are dug to intercept runoff water and store for infiltration to Eccharge ground water.
‘Dimension of trench is about 3 m wide, 3~5 m long and .0.3~0.5 m deep. In irench, salt bush and
indigenous species are planted. And grass tufts are also planted on the berms of the teench, This .
method is generally adopted in hilly area. '

- Hill side ditch | _

" Hill side ditch is 0.5~1.0 m wide and about 0.3 m deép at a spacing of 30 m. This ditch is dug
along the contour for trapping runoff and conserving for plantation. Dﬁg soil is piled on one side -
in the ditch to reduce 'vetocity of water flow for preveriting erosioﬁ.- Salt bush and tree species are
planted in diiches. * This method is conducted on alluvial fans.

- - Live sills o . | -
" Live sills is adopted in small stream bed where river deposit is composed of silt and clay. Thissill is
- useful for erosion control. ' | '

- Loose stone check dam :
“Check dam is set up by stacking boulder and cobble stone in small stream to decrease water flow
“velocity and store runoff. Genecally this adopted for treatment of small stream for the purpose of
erosion control. U is preferable several check dams are built at a proper interval. Check dam in
- small size is useful as gully plug. - ' : - ' :

2. Land Surface Protection

The yield of sediment, which is mainly depends on the scale of calchhlent arca, topo-geological
conditions, density of vegetation, hydrological feature and land use, is most important factor to
establish sediment control plan, and also to make a appropriate structural design.  Aiming at
reduction of sedimentation in the reservoir and basin conservation, surface drainage ditch, bench
culting, slope protection by means of reforestation are proposed. Meanwhile, relaining  wall
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composed of gabion and stone masonry are proposed to prevent large-scale land slide in the basin.
Contour bund and small-scale check dam across a gully or small river are also recomniended to
eliminate surface crosion, furthermore to trap eroded soil materials for vegetation.

These works should be proceeded covering whole area of river basin, and it is important that

implementation plan should be prepared on basis of the long-term strategy, especially on
reforestation and vegetation planning.
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